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Mr. Michel Frybourg, Conference Chairman 

........ Keynote AddreSS higher-impact collisions; that have better 
.......... braking and vehicle control mechanisms, 

greater occupant protection and restraint 
SECRETARY BROCK ADAMS systems, and overall structural safety 
Department of Transportation 

improvements. 
United States 

As worldwide attention focused increas- 
It is a pleasure to address this distinguished ingly on problems relating to energy con- 

gathering and to participate in the opening of the sumption, environmental pollution and the 

Seventh International Technical Conference on cost of personal transportation, so did we 

Experimental Safety Vehicles. broaden the scope of our concerns. 

It is fitting that we meet this year in Paris, for Our international commitment to the 

this is where we began our cooperative effort development of cars that are safer grew to 
......... more than eight years ago. include commitments to the development of 

Since that historic first conference, tremen- cars that are more economical, fuel.efficient 
dous advances have been made in the technology and socially responsible. 

of motor vehicle safety--advances toward We have made great progress--pushing the 

which all nations have contributed--and from boundaries of automotive technology into new 

which each nation has benefitted, frontiers of safety, economy and efficiency. 
Through individual innovation and interna- But we have a long way to go. 

tiona! cooperation, we now have the capacity In my country last year, more than 50,C~30 

to design automobiles that can withstand persons lost their lives in motor vehicle 

1 
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accidents. Untold thousands of others were phase of our integrated vehicles program. 

senselessly injured. This new phase will begin this year, and will 

We have reduced the speed limits on our support the development of new systems- 

nation’s highways to 55 mph, and still oriented standards to be effective in the 

excessive speed claims the lives of thousands decade beyond the mid-1980s. 

of motorists each year. The effort of this year is analytical and 

We have pursued our efforts to promote includes further accident analysis, demand 

the use of seat belts and other passenger modeling and a review of the impact of 

restraint systems, and still people die in planned standards. This analytical phase will 

accidents where use of a seat belt might have be the basis for advanced prototype vehicles, 

prevented such senseless tragedy, which will include not only automobiles, but 

We have increased programs aimed at keep- light trucks and vans as well. 

ing drivers off the roads if they have been This is the foundation upon which we will 

drinking, and still alcohol is the leading cause continue to build. 

of all traffic fatalities among young people, The next stage is already underway. 

and a primary contributor to traffic deaths Last month, in Washington, President 

overall. Carter and I met with the chief executives of 

These initiatives are vital, and we will con- the American auto industry in a White House 

tinue to pursue and enforce regulations that "summit" conference at which we agreed on 

can potentially save thousands of lives on our the principles of a cooperative industry- 

nation’s highways. But while we must do all government program of directed basic 

that we can to produce safer roads and better research in automotive technology. 

drivers, we must look first and foremost at the This effort will involve our university, 

safety value of the car itself, industrial and federal research centers 

The United States has contributed to and bringing the nation’s top scientific and 

profited from the International Experimental engineering talent to bear on the fundamental 

Safety Vehicle Program. Our initial ESV pro- disciplines related to the automobile. 

gram concentrated on exploring the Ultimately, this basic directed research is 

technological limits of safety. Later, we expected to produce a pool of vital research 

expanded this program into a more corn- information to aid automotive engineers in 

prehensive Research Safety Vehicle Pro- their essential automotive design prob- 
gram--seeking to balance safety requirements lems especially those related to the social 

with requirements for improved fuel economy concerns of fuel economy, air pollution emis- 

and reduced emissions, and meet a wider sions and safety. 

public demand for such vehicles. It is our hope and intention that this pro- 
As you know, these RSVs are now being gram will lay the technology base for a truly 

tested worldwide, different car by the end of this century--one 

The result of some of these tests, which will with new structural concepts, materials, con- 

be presented later during this conference, are trol systems, and possibly, a totally new and 

tremendously encouraging, innovative engine. 

Indeed, they reconfirm my belief that when Last week, in Belgrade, I invited the 
the technologies developed through this member nations of the European Council of 
cooperative effort are applied universally, we Ministers of Transport to join us in this 

wilt count the number of lives saved in the effort to broaden the scope of the Interna- 

tens of thousands annually, tional Experimental Safety Vehicle Program 

In conjunction with our RSV efforts, we to include all facets of automotive tech- 
have been planning and developing the next nology. 

2 
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I extend that same invitation here today, significantly to this effort to develop cars that 
By any standard, the cooperative effort are safer, structurally sounder and more 

toward the development of cars that are struc- socially responsible. Much of the success we 
turally safer ranks as one of the most suc- have shared to date in creating a safer 

cessful of all modern international initiatives, environment for motor vehicle drivers and 
........ We can do no less in our efforts to develop passengers is due in large measure to the work 

a car of the future--a technically superior, these dedicated individuals began and have 
totally integrated and fuel efficient vehicle carried on so faithfully. 

that can take us into the 21st century. On behalf of all nations participating in this 
This is an effort to which I am totally com- conference, I am proud to join with the U,S. 

mitted. And I seek your commitment. National Highway Traffic Safety AdminP 
In a few moments we will be honoring here strator Joan Claybrook in presenting these 

today many of these who have contributed so awards for engineering excellence. 

Welcoming Address 

MINISTER JOEL LE THEULE policy, implementing all measures that aid in 
M i nistry of Transportation improving road safety. And so, investments in 
France road construction have grown at a fast pace 

and significant regulations have been laid 
.......... down concerning speed limits, the com- 
.......... I am pleased to welcome the participants in 

the Seventh International Technical Con- 
pulsory use of seat belts, and the monitoring 
of drivers’ alcohol consumption, while 

ference on Experimental Safety Vehicles and modern information methods were utilized to 
especially Mr. Brock Adams, Secretary of 

raise the awareness of users and to increase 
Transportation of the United States, to Paris, 

the effectiveness of regulatory measures. 
.... Your presence, Mr. Secretary, as well as that Vehicles have been clearly improved, either by 

of many important figures of the automobile 
the automatic incorporation of research 

world who have honored us by participating 
results or as a result of the development of 

in this conference is a sign of the progress 
technical regulations, 

made since 1971, the date of the first con, 
ference, here in Paris, which witnessed the 

This policy has borne fruit; it has enabled 
specifically a 30°7o reduction in road deaths, 

launching of the research program on 
which droppedfrom 16,900 in1972 to 12,1~ 

experimental safety vehicles, 
in 1978, a figure that does not satisfy us, 

These eight years have been highlighted by 
Therefore this policy will obviously be con. 

six conferences at which representatives of the tinued (our new objective is to reduce the 
United States, the European manufacturing 

number of deaths to fewer than I0,~), and countries, and Japan shared the results of 
their research aimed first of all at gaining fur. 

the work you will do during this conference 
will be a significant contribution, 

ther knowledge on road accidents, at defining 
With respect to vehicle design, the French 

realistic criteria for the effective protection of 
occupants under real accident conditions, and 

government has always attributed special 

at improving each part of the vehicle afford- 
importance to the following four concerns: 

ing this protection. ¯ The safety of vehicle occupants as well as that 

Along with study and research efforts, the of other road users, especially pedestrians 
French government conducts a coherent ,, Fuel savings 
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* Environmental protection against noise and cars, the major part of research results on 

pollution systems and subassemblies presented during 
o Manufacturing and consequently sales at previous conferences. Thus, the weight of the 

the lowest cost cars developed is 800 kg. 

The research program conducted in You have seen these cars and you were able 
to note that nothing about their appearance is cooperation with the automobile industry was 

designed in terms of these four concerns, spectacular; they would go unnoticed in the 

Therefore, it seemed essential, from the streets of Paris. Their size and weight place 

outset, that the improvement of vehicle safety them at the bottom of the line of medium- 

not result in a considerable increase in vehicle sized French automobiles. And yet, taking 

weight. This would be reflected in an increase into account all criteria currently used to 

in fuel consumption, which is completely evaluate the protection given to occupants 

unacceptable today, and pedestrians in collisions, these cars have 
demonstrated results that are far superior to Once again, I would like to underscore an 

important point, since it is related to energy those for automobiles coming off the 

savings. As early as 1971, the French govern- assembly line today. Thus, in a front end col- 

ment stressed that improved vehicle safety lision standardized at a speed of 65 kmh, the 

should not affect weight and price to a large occupants do not suffer any stress or decelera- 

degree. This constant concern is not surpris- tion greater than those that they now receive 

ing since, of all cars sold in the European ina good car at 50 kmh. 

Community countries, French cars have the The aforementioned vividly reflects that, 

lowest average fuel consumption, with energy proportional to speed squared, 

The average consumption measured these experimental vehicles give their 

according to the European standard was 8.5 occupants, in cases where the impact is twice 

liters/le<) km in 1976, which corresponds to as great, a quality of protection equal to that 

3/4 liter!km less than the average for other of good automobiles on today’s market. 

European cars. Does this mean a change tomorrow from 

In the years ahead, efforts made to reduce the prototype vehicle to mass production? 

consumption must be appraised in terms of The specialists here are not unaware of the 

this starting point. The cooperation that now large gap that exists between demonstration 

exists between manufacturers and the French and industrialization, as well as between the 

government has led to plans for the produc- development of a laboratory product and its 

tion in 1985 of a line of automobiles whose commercial production. 

average consumption, greatly reduced, would And yet, it was necessary to show that an 
automobile could, by combining a number of be 7.3 liters/l¢~) km. The reduction in per- 

centages is significant; the results in absolute technical devices, provide in the aggregate 

values are of greater import, clearly improved safety; each of the devices 

The two experimerital vehicles exhibited at could be introduced progressively in mass 

this conference by French manufacturers are produced vehicles. For example, the Renault 

the result of the joint program financed by vehicle uses a pyrotechnic belt whose reten, 

both the government and the manufacturers, tion capacity is optimal since it ensures a 

No less than 4.5 million francs were ear, perfect coupling between the occupant and 

marked for each of the two programs. The the vehicle from the moment of impact. This 

development of these experimental vehicles belt has been perfected and could be mass 

aimed first at showing that it is possible to assembled. 

include, in the design of a small car having the Likewise, composite materials could be 

general features and appearance of today’s used elsewhere to attenuate the stress 
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undergone by the automobile body at the mo- prehensive proposal for regulations covering 

ment of impact, energy being dissipated in a the protection of occupants involved in front 

controlled deformation of the materials, end collisions. It has expended efforts in the 
To accelerate the improvement of vehicles, United Nations and intends to do the same in 

the Government provides technical regula- the European Economic Community, so that 

tions. The French government feels that it is a modern European regulations will be issued 

basic objective to modify technical regula- very soon. 

tions, on an ongoing basis, in accordance with In conclusion, I would like to thank you for 

increased knowledge and research results, having come to Paris to participate in this 

Indeed, what would be the use of all the ef- conference, to thank all those, especially the 

forts and energy expended in research if the French automobile manufacturers, who 

results were not applied as rapidly as possible played an active role in organizing the con- 

in industrialproduction?Tothisend, in 1978, ference, and to wish you success in your 

the French government prepared a com- work. 

Address 

H. KURT GSCHEIDLE important dimensions to the ESV project, 

Ministry of Transportation and Post and making the problem much more difficult. 
Telecommunications I welcome that those involved in the ESV 

Federal Republic of Germany project are facing the widened task with great 
dedication and the whole wealth of ideas of a 
vehicle engineer, in order to achieve a satisfac- 

From the beginning, the Federal Republic tory balance between safety, environmental 

of Germany has supported the worldwide factors, and energy saving. 

efforts towards a car of greater safety for all The joint discussions about the ESV project 

road users because government and industry began in Paris and were then continued in 

in the Federal Republic have recognized and Stuttgart. I should be delighted if the 8th 

accepted that fundamental improvement is ESV-Conference could again be held in the 

necessary. Federal Republic of Germany and you would 

The readiness to take part in the joint effort accept our invitation. 

equally applies to the widened task that is to My sincere greetings go to all participants 

be solved under the ESV project. The of the conference wishing at the same time 

environmental burden and energy consump- that a good step can be made towards the 

tion connected with the car have added new ambitious goal. 
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Intemationai Safety Awards for 
Engineering Excellence 

Ni|s Bohlin 

Professor Ernst Fiala 



AWARDS PR ESENTATIONS 

U.S. Department o~ Transportation 

Senior Engineer for Automobile Safety, 
AB Volvo 

Mr. Bohlin’s long and distinguished career in the field of 
automotive safety began in 1958 when he became the head of 
the Safety and Occupant Compartment Section of AB Volvo. 
His work at that time resulted in the introduction, in 1959, of 
three-point safety belts as standard equipment on all Volvo 
models, at least a decade before such equipment appeared in 
most other cars. He initiated the development of "multi- 
disciplinary accident investigations" which provide designers 
with vital safety inforrnation and which is now a permanent 
part of Volvo’s safety design process. Mr. Bohlin’s study and 
evaluation of more than 28,000 accidents provided vital data 
which supported the effort in the United States to require lap 
and shoulder safety belts in production cars. 

Head of Research and Develop- 
ment and Member of the Super- 
visory Board of Vo~kswagenwerk 
AG 

Professor Fiala is an international authority in vehicle safety, 
dynamics, and driving cybernetics. His early research into 
causes and remedies for occupant injury resulted in the 
development of numerous advanced occupant protection 
systems. As a part of this work he has published a number of 
technica! papers and patents. Dr. Fiala recognized early the 
advantages of passive protection, and won support of the VW 
company to proceed with the development of the passive belt 
system and its introduction into the production of Volks- 
wagen Rabbit. In the development and application of the 
passive belt system for Volkswagen Experimental Safety 
Vehicle, Dr. Fiala and his team were able to engineer a degree 
of automatic occupant safety unmatched in automotive in- 
dustry. Dr o Fiala has proven that zealous and concerned in- 
dividuals can move a corporation to do far more for the 
benefit and safety of the motoring punic° 
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Dr. Enzo Franchini                             ~ 

Receiving for Yoshiro Okami 
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Director, Fiat Safety Center 

Mr. Franchini is one of the earliest proponents of automobile 

safety engineering. He developed the concept of "survival 

space," which is particularly important to designers of small 

cars. He established vehicle front end design characteristics to 

minimize injuries to pedestrians and has developed several 

motor vehicle safety test devices and procedures that have 

contributed to the use of standard safety requirements by 

many nations. Among his other significant achievements are 

the development and patenting of reinforced longitudinal 

beams for motor vehicle doors, improvements in passenger 

car body structures that retain passenger space integrity while 

providing energy absorption at the front and rear of the car, 

and the development of an articulated steering column that 

helps to reduce injuries to the driver in a frontal crash. 

Research Supervisor, Japan Automobile 

Research Institute, Inc. 

Mr. Okami has been a pioneer in Japan’s crash safety 

research. He was instrumental in the early training of the 

Japan Automobile Research Institute’s collision safety team 

and played a major role in the drafting of the specifications 

for the Japanese Experimental Safety Vehicles. His accomp- 

lishments include the design and construction of the new col- 

lision test facility in Japan including the data gathering and 

processing systems for analysis of test results, and the 

extension of vehicle collision test engineering to motorcycles 
as part of the Experimental Safety Motorcycle program. Mr. 

Okami has also been active in the development of accident 

analysis techniques, including scale-model testing. 

11 
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Mr. Jurcjen Paul 

Mr. P. Ho Richards 
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Manager, Hydraulic Components 
Developments, Daimler Benz AG 

Mr. Paul has been engaged since 1969 in the development of 
Anti-Locking Brake Systems. His efforts have included the 
early testing and refinement of first-generation mechanical 
spring-mass sensors, the development of an anti-locking brake 
system using electromagnetic sensors, and, finally, the 
development of a reliable production anti-locking brake 
system using modern electronic computer technology to 
assure excellent vehicle stability under extreme braking condi- 
tions. This braking system is currently offered on Mercedes 
Benz production automobiles and is a major advancement in 
the state-of-the-art in crash avoidance safety research. 

Chief Design and Development 
Engineer for Triplex Safety Glass 
Company LTD 

Mr. Richards led the effort to develop a new, thin laminated 
windshield with a very strong inner layer. This new glazing 
reduces the risk of lacerations by more than 99 percent in 
automobile accidents and virtually eliminates the possibility of 
disfiguring cuts to the face or eyes of persons thrown against 
the windshield. This development is a significant advance in 
automotive safety performance and this glass is now in use in 
several production automobiles. 

13 
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Dr. Ulrich Wo Seiffert 

Dr. Cla~=de Tarri~re 
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Safety Director and Deputy 
Director of Research for Volks- 
wagenwerk AG 

Dr. Seiffert is an internationally known safety expert and 
engineer who has been responsible for significant and unique 
developments in vehicle crashworthiness and advanced occu- 
pant protection systems for small cars. He has contributed to 
the development of a new generation of integrated, automatic 
occupant crash protection system concepts that can substan- 
tially improve the safety of people in small cars. Dr. Seiffert’s 
pioneering work leading toward the development of the 
passive safety belt and its successful introduction into produc- 
tion cars in advance of Federal requirements has demonstrated 
that safety does sell. Hundreds and perhaps thousands of 
Volkswagen passive belt car owners who have been spared the 
misery of serious and fatal injury can be grateful to Dr. 
Seiffert for his care and dedication. 

Head of the Physiology and 
Development Department of 
Peugeot-Renault Association 

Dr. Claude Tarri~re, a physician, began his work in auto 

safety investigating accidents that had no apparent cause. He 
has, for the last decade, concentrated on the protection of 

people in collisions. His work supports the improvement of 

restraints and protection in lateral impacts and a reduction of 

pedestrian trauma from impacts. He was responsible for the 

establishment of a permanent, multidisciplinary crash survey 

and analysis program that included automobile, pedestrian 
and two-wheeled vehicle accidents. This program emphasizes 

cooperation with the police and local hospital staffs. The 

results of Dr. Tarri~re’s work are a valuable contribution to 
motor vehicle safety research and are being used as a basis 

for the establishment of safety standards. His work has aided 

in the development of experimental and production vehicles, 

including the Experimental Safety Vehicles presented by 

Renault at the 5th and 7th ESV Conferences. 

15 
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Mr. Philippe Ventre 

Receiving for Mr. Hiroyuki Yoshino 
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Head of the Bodywork Structure 
and Occupant Protection Depart- 

ment of Renault 

Mr. Ventre has been involved in vehicle crash testing since it 

was begun at Renault in 1959. He has been in charge of 

Renault’s Occupant Protection Research and Testing since 

1970. He and his staff have developed the methods and 

measuring equipment currently used by Renault in accident 

analysis. These methods include use of the yielding dyna- 

mometric barrier, estimation of speed variation and mean 

deceleration from vehicle deformation. This equipment and 
these methods were used in the study of aggressivity and com- 

patibility between vehicles. His work has been instrumental in 

the development of two experimental vehicles. The "Basic 

Research Vehicle," which was presented at the ESV Con- 

ference in London in 1974 and the Experimental Safety Vehi- 

cle which is on display here today. Mr. Ventre is responsible 

for applying research results to production vehicles. Modifica- 

tions of several Renault models have been made as a result of 
this work. Mr. Ventre’s most recent efforts involve studying 

real-life accidents and their relation to current crash testing 

for certification. The results of these studies have lead to his 
proposal for use of a 30 degree asymmetrical crash test. 

Honda Motor Company, Ltd 

Mr. Yoshino is a key contributor to Honda Motor Com- 

pany’s efforts in motorcycle safety. He was responsible for 

the overall coordination of the accident causation factors 

study, as well as the development of the accident investigation 

methodologies employed in the study. The study highlighted 
the problem of the visibility of motorcycles to other drivers. 

As a result, Mr. Yoshino, working with staff members of 

Honda R&D, designed motorcycle headlights that remain on 

during daylight operation. This appears to be a practicable 

and reasonable way to make motorcyclists more visible. He 

was involved in the human factors identification study and in 

the development of programs to improve rider-vehicle perfor- 

mance. Mr. Yoshino is also responsible for the development 

of the first tubeless tire and its wheel for motorcycles. In 

addition, his work in motorcycle handling has helped us to 

understand and improve motorcycle handling and stability 

characteristics. 
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S.~ecial Award Certificate of 
Appreciation for Contributions to 
Automotive Safety 

Receiving for Mr. Johanes Cornelius Bastiaanse 
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AWARDS PRESENTATIONS 

Principal Engineer for the 
Development of Occupant 

Protection Systems at the Organization 
for Applied Scientific Research 

For the last fifteen years, Mr. Bastiaanse has devoted his 

talents, time, and energy toward saving the lives of children 

and reducing their injuries in motor vehicle crashes. He has 

made outstanding contributions to this field by applying 

biomechanical and accident information to the establishment 
of criteria for evaluating the injury saving capabilities of child 

restraint systems. He has devised test procedures for child 

restraints and has developed a family of child test dummies to 

evaluate child restraints that are commercially available. As 

the Organization for Applied Scientific Research (Organisatie 

voor Toegepast Natuurwetenschappelijk Onderzoek, TNO) 

representative to the European Economic Community 
activities in child protection from motor vehicle injuries, he 

has been a leader in the development of the regulation, 

"Restraining Devices for Child Occupants of Power Driven 

Vehicles," which has been submitted for adoption by the 

United Nations Economic Committee for Europe. The 

regulation will serve as a model for the countries of Europe 

to improve the safety of children in automobiles. 



Status Report of the United States Today, I hope to tell you of our goals, our 
regulatory plans, and how they are intimately 

MICHAEL M. FINKELSTEIN 
related to the integrated safety vehicle (ISV) 

Associate Administrator for Rulemaking, program--how the regulatory goals of the 

NHTSA/DOT U.S. Government are shaping the next genera- 
tion ISV’s and how the current research safety 

DR. R. RHOADS STEPHENSON vehicle (RSV) is providing the foundation for 

Associate Administrator for Research and our present rulemaking program. 

Development, NHTSA/DOT 
THE PROBLEM 

It is a pleasure to have the opportunity to Our work begins with the definition of the 
describe the very ambitious plans the United 

accident environment. Last year, 154 million 
States Government has for making the socially 

vehicles traveled one and one half trillion 
responsible automobile a reality. When mar- 

miles and killed 50,145 persons. More than 
ket forces do not deliver products with attri- 

half the crash victims were passenger car occu- 
butes that best serve society’s needs, in the 

pants. Almost half those killed died in single 
United States, the government frequently 

vehicle accidents. From the following table, 
intervenes, 

the diversity of ways with which we have 
With respect to motor vehicles, governmen- 

learned to kill people with motor vehicles 
tal involvement has taken the form of regula- 

becomes clear. 
tion. Beginning only 12 years ago, the U.S. 

Department of Transportation’s National~ 
Table 1.1 Traffic fatalities--1978.* 

Highway Traffic Safety Administration 

(NI-ITSA) issued the first Federal Motor Vehi- Total 50,145 cle Safety Standards. Today, the Federal 
Passenger Car Occupants 28,120 government regulates vehicles for safety, 
Truck Occupants 7,420 emissions, noise, damageability, and fuel effi- 

(Pickup/Van Occupants) (5,950) ciency. The regulatory goals and objectives 

are clearly articulated in the enabling legisla- (Heavy Truck Occupants) (1,010) 

tion authorizing government action. But it (Other Truck Occupants) (460) 
takes more than just clearly articulated goals Motorcyclists 4,500 
to intelligently regulate a sophisticated multi- Pedestrians 7,920 
billion dollar industry. It also requires a com- Pedalcyclists 890 
prehensive understanding of motor vehicle Other 1,295 
technology and constant probing and testing 

to extend the state-of-the-art. *Estimated as of 2/16/79 
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The next two tables show that a major chal- savings in human resources that resulted. We 

lenge faces all of us interested in upgrading 
can attribute as many as 20,000 lives saved to 

safety because of the mix of vehicles sharing 
the 55 mph.3 Now, compliance is clearly erod- 

the roads. Growth in fatalities involving ing and fatalities on high speed roads are 

trucks are outpacing all others and in a multi- increasing. 

vehicle accident involving trucks, passenger 
car occupants are almost invariably the losers. Safety Belt Use 

1978 saw the end of a 10-year trend in the Each year now sees new lows reached in belt 
reduction of the fatality rate as a function of use. Whenever we believe that usage can go no 

vehicle travel. From 1967 to 1977, it had de- lower, we unhappily discover that we were 

clined from 3.21 per hundred million vehicle wrong. Only 14 percent of all motorists and 8 

kilometers to 2.01. In 1978, it rose to 2.03, percent of people in serious accidents are 

and for the first few months of 1979, it is con- wearing safety belts.4 Despite this there is con- 

tinuing to rise at an alarming rate. In part, tinuing opposition to belt use laws. We are 
this epidemic of highway deaths is attribut- discovering that one of the reasons for low 

able to the very deep: ~seated attitudes of so usage is the poor comfort and convenience of 
many motorists to the risks they face on the virtually all contemporary belt systems to 

highway, many people. 

Motorcycle Helmet Use 

In 1974, in response to the energy crisis, the In the last four years 26 states have repealed 

U.S. Congress adopted a national speed limit the laws that require motorcyclists to wear 

of 55 mph. While it was gratifying to see the helmets. Our studies have shown that repeal 

energy resources that were saved by establish- 
of a helmet law is followed by a decline in 

ment of this limit, far more gratifying was the helmet use from nearly 100 percent to less 

Table 2.2 Fatalities by type of vehicle involved. 

1975 1976 1977 1978 

Fatalities* in accidents involving: 
34,840 34,960 36,328 36,950 6.1 

Single unit trucks 9,306 10,214 11,434 13,000 39.7 

Combination trucks 3,311 3,909 4,198 4,680 41.3 

Motorcycles 3,425 3,525 4,240 4,680 36.6 

*Includes both occupant and nonoccupant deaths 

Table 3.2 Passenger car occupant fatalities. 

1975 1976 1977 197_.__8 o_/o Ch9. 75-78 

In all accidents 26,269 26,647 27,535 28,120 + 7.0 

In accidents involving single unit 
trucks 2,807 2,982 3,423 4,000 + 42.5 

In accidents involving combina- 
tion trucks 1,814 2,059 2,191 2,480 + 36.7 
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than 60 percent in the first year after repeal portation, Brock Adams, amended Federal 
and a further decline to about 50 percent in Motor Vehicle Safety Standard No. 208 to 
the second year.5 Motorcyclists deaths have require automatic (passive) restraints, begin- 
increased over 35 percent in the last two years: ning with full-sized cars in model year 1982 

......... and covering all passenger cars by model year 
Alcoho~ 1984. Monitoring and evaluating progress 

toward achieving the benefits of automatic 
Finally, alcohol, after all of our efforts still restraints is the top priority of the NHTSA. 

is a contributing factor in about 50 percent of So far, implementation of the occupant crash 
highway fatalities, a remarkably constant protection Standard Noo 208 is going forward 

...... figure’6 as planned. 
Unfortunately, we have not learned how to 

The major manufacturers and suppliers are 
modify motorists’ behavior. Deep, seated atti- 

moving ahead with the development of pro- tudes with respect to speed limits, belt and 
helmet use, and drinking seem too deeply in, 

duction, automatic restraint systems and com- 
ponents. Two manufacturers, Volkswagen 

......... 
grained to materially alter. So far, they have 

and General Motors, are currently selling cars 
..... defied our solutions, 

to the general public with automatic belt sys- 
tems, and several others are expected to follow 

REGULATION soon. Three manufacturers have announced 

Having had only limited success in chang- plans to offer air cushion systems in produc- 

ing driver behavior, we have concentrated our tion cars in the 1981 model year, as much as a 

efforts on changing the motor vehicle to make year before they are required, and others also 

it more forgiving in a crash, may do so. The performance of systems cur- 

The most ambitious of these vehicle modifi- rently in use, both automatic belts and air 

cations will occur through Federal Motor cushion restraints, has been consistent with 

Vehicle Safety Standard No. 208, Occupant past estimates of their potential capability to 

Crash Protection. Presently, compliance with reduce occupant fatalities and injuries by 40 

this standard is effected with manual (active) Percent’2 
safety belts’ NHTSA’s repeated evaluations Tests of public opinion have shown strong 
have shown that these belts are 50 to 60 per- public support for automatic crash protec- 
cent effective in reducing fatalities and in- tion. And when asked to choose between air 
capacitating injuries, provided they are worn bags and automatic belts the public divides its 
by occupants.4 preference about evenly, with price surpris- 

Unfortunately belts are used very little by ingly being a consideration for fewer than a 
the U.S. motoring public, thus yielding an third of the people surveyed.7 There is a defi- 
overall effectiveness about 5 percent in reduc- nite constituency for each system. 
ing fatalities and incapacitating injuries.4 While a large share of the agency’s efforts 

Other paths to increased belt usage, such as have been directed at the occupant crash pro- 
mandatory safety belt use laws or the starter tection regulation, since 1968, the U.S. Gov- 
interlock feature in new cars that made it nec- ernment has promulgated almost 50 separate 
essary to buckle safety belts before a car could regulations aimed at reducing the likelihood 
be started, have not succeeded largely as a of the crash occurring or minimizing the 
result of strong Congressional and public sen, juries that occur in a crash. 
timent against such measures. With respect to accident avoidance, mini- 

In recognition of the great life saving and mum performance standards now exist for 
injury reducing benefits of occupant restraint braking systerns, lighting and mirror systems, 
systems and the public’s resistance to using tires, and controls and displays. We are now 
manual safety belts, the Secretary of Trans- in the process of upgrading requirements for 
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rearview mirrors and establishing require- 
address compartment integrity in a most com, 

merits for direct visibility, 
prehensive sense, including door retention, in 

Once a crash has occurred, we try to mini- order to deal with a very persistent safety 

mize injury through performance standards 
hazard: occupant ejection. 

that require energy absorbing interior surfaces With respect to accident avoidance rule- 

and steering columns, specify glazing require- making, braking remains NHTSA’s number 

ments and windshield bonding, establish one priority. In addition to the extension of 

thresholds for side door strength and roof Federal Motor Vehicle Safety Standard No. 

crush resistance, and insure the integrity of 105 (Hydraulic Brakes) to light trucks, near- 

the fuel system in a crash, term rulemaking is planned in two other 

Studies by the General Accounting Office, areas. In the interest of resolving safety ques- 

an agency of the Congress, concluded that tions raised by the recent judicial review of 

these measures had, by themselves, saved Federal Motor Vehicle Safety Standard No. 

28,0~ lives between 1968 and 1974.8 Extrapo- 121, Air Brake Systems, the NHTSA is cur- 

lating through t978, motor vehicle safety rently soliciting comments regarding a new air 

standards have probably saved almost 55,000 brake regulation for trucks, trailers and 

in the U.S. buses, to replace Federal Motor Vehicle Safe- 

We are now in the process of extending ty Standard No. 121 in its present form. A 

many of these important measures to light notice of proposed rulemaking is planned for 

trucks and vans, the fastest growing segment 1979. 

of our vehicle population. To chart a course Moreover, in order to deal with the safety 

for the taature, one year ago, NHTSA pub- hazards of poorly maintained brakes, the 
lished its first rulemaking plan in seven years.9 NHTSA plans to issue a notice in 1979 requir- 

One year later, it is gratifying to state that ing that brakes on all vehicles under 10,000 

many of the goals in that plan have been pounds be designed so that the brake shoes or 
achieved. Obviously, much more awaits to be pads and other components can be inspected 

done. without removing the wheel. 

With the issuance of Standard No. 208 in As progress is being made in reducing the 

1977, vastly improved frontal crash protection traffic casualties of motor vehicle occupants, 

for passenger car occupants will become a the problem of pedestrian casualties becomes 

reality in the early 1980’s. With that problem more acute. In the near-term the NHTSA 

ameliorated, the agency now turns to other contemplates issuing a regulation with a notice 

priorities, most of which are specified in our of proposed rulemaking scheduled for later 

Rulemaking Plan. this year, to modify vehicle front and bumpers 

Side crashes, the killer of 8,~ people last and hood edges to lessen pedestrian injury, 

year, is the target of some of our most concen- particularly for children. Last year we killed 

trated efforts.2 In order to improve occupant 
8,000 pedestrians2 and it is time we con- 

crash protection in side crashesi the NHTSA 
sciously designed vehicles to do less harm, as 

will upgrade Federal Motor Vehicle Safety 
Europeans and Japanese have done for 

Standard No. 214 for passenger cars and ex- 
years.12 If we can achieve results in the near 

tend its coverage to light trucks, NHTSA will term, we would then turn attention to the next 

define requirements through dynamic per- stage in pedestrian protection, the modifica- 

formance requirements established for vehi- tion of hood surfaces and windshield headers. 

cles struck by a new moving barrier currently With the accident data showing an alarming 

under development.1° Injury criteria as meas- increase in motorcyclist deaths, we will be 

ured on an advanced anthropomorphic 
concentrating more of our resources on im- 

dummy will measure compliance. 1~ This pro- proving motorcycle braking and increasing 

posal is planned for issuance in 1980, and will motorcycle conspicuity. 
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R EG U LATIO N AN D TH E I NTEG RATED and integrated into vehicles. During this inte- 
SAFETY VEHICLE gration process, many trade-off decisions 

Having taken credit for our accomplish- must be made. Some of these are objective-- 

ments to date and having promised a rather such as, can a soft front end bumper which 

ambitious plan for the future, it is useful to provides lower leg injury reduction for pedes- 
examine how integrated vehicle research in trian impacts also provide acceptable damage- 
general, and the RSV, in particular, support ability protection in low speed impacts? This 

rutemaking, relationship must be quantitatively developed 
The NHTSA has historically conducted its so that the correlation of pedestrian protec- 

own researchanddevelopmenttodemonstrate tion with vehicle damageability is known, 

alternative systems which can satisfy safety along with the consumer response to systems 

performance criteria. A major objective of which provide various levels of performance. 

the integrated vehicle research program is to This allows the rulemaking official to make 

demonstrate that safety regulations can be informed decisions of appropriate perform- 

incorporated into practical and acceptable ance levels. This, by the way, is precisely the 
......... vehicles, path we are taking to develop the initial pedes- 

...... The R&D aimed at developing counter- trian safety standards described earlier, 

measure systems for crash protection is sys- The current integrated vehicle research pro- 
tematically advanced. First, a safety problem gram, the Research Safety Vehicle Program, 
is identified, and a goal is established which is now entering the fourth and final phase, 
will substantially reduce this problem. For where NHTSA with the help of foreign and 
example, a 60 percent reduction in fatalities of U.S. laboratories will test the ability of these 
automobile occupants was the goal of the vehicles to meet goals in safety, fuel economy 
R&D to support the occupant restraint regula- and emissions, and economy of ownership, 
tion. The next step is the identification or while simultaneously providing the consumer 
development of technological alternatives that with a well-designed, comfortable, convenient 
can meet this goal. One of the alternatives is vehicle that can compete in the market. Dur- 
then chosen, along with specific performance ing this testing and evaluation phase, NHTSA 
objectives which are related to the initial will supplement RSV test results to support 
goals, the rulemaking program. 

We then conduct basic R&D which is de- Perhaps the most impressive performance 
signed to satisfy the performance objective, of these vehicles will be their ability to provide 
Initially, the research direction purposelycon- frontal occupant crash protection at speeds 
tains few constraints so as not to inhibit de- well above those required by regulation in all 
signs which will meet the research objective. 1984 passenger cars. The Minicars RSV has 
As candidate systems are developed, they are already demonstrated fully passive frontal 
evaluated to determine if they satisfy the ini- crash protection at speeds up to 50 mph while 
tial performance objectives. The next step is at the same time achieving a 32 mpg fue! econ- 
the integration of these systems into vehicles omy level.13 Our analyses indicate that such a 
in a manner which will satisfy the Consumer vehicle would increase the estimated 9,100 
demands in the marketplace, lives per year, which the 30 mph Standard No. 

Integrated vehicle research is a cornerstone 208 will save, to about 18,0(;~ lives per year.13 
of NHTSA’s rulemaking efforts. It is here The complexity and sophistication of the re- 
that all the objective and subjective issues of a straint systems in the Research Safety Vehicle 
possible rulemaking initiative and its associ- are quite similar to those developed for lower 
ated vehicle systems are addressed. Vehicle speed protection. Thus, in addition to demon- 
systems which provided specific levels of per- strating the ability to meet high speed protec- 
formance in the basic R&D effort are installed tion and provide a greater lifesaving potential, 
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the Research Safety Vehicle provides absolute damageability tests will allow a detailed evalu- 

confirmation that the current regulations are ation of RSV performance. 

clearly feasible and achievable. Collision avoidance and collision severity 
Since side impacts account for almost one- reduction is an area where the RSV’s or for 

third of all passenger car fatalities, and an that matter any research vehicle must rely on 

ever~ larger fractior~ of injuries, a major design a different method of evaluation. For exam- 

objective of the RSV was enhanced side ira- pie, the RSV’s have a goal of reducing wet 

pact protection. Both the Minicars and Ca!- 
pavement vehicle stopping distance by 30 per- 

span RSV’s have demonstrated in various tests cent. Today, we cannot determine the abso- 

substantial improvements in side impact per- lute number of collisions which will be avoided 

formance over that available with currem pro- due to this performance level. NHTSA is 

duction vehicles. These vehicles have illus- 
developing a simulation model, but in the in- 

trated the ability to provide this improvement terim, we must rely on engineering judgment 

with systems which are attractive to con- to support this goal. Indeed, the vehicle sys. 

sumers. During the Phase tV Test Program, terns which provide a collision avoidance im- 

we will further document the lifesaving poten- provement will be analyzed to determine their 

tial of these side impact improvemems and expected costs in mass production. 

use the information to provide much of the As we look to the longer term, we expect to 

foundatior~ for our future regulations, upgrade vehicle occupant protection while 

Each year, about 100,000 pedestrians are simplifying the array of regulatory require- 

injured by impacts with motor vehicles, and ments. In place of our occupant crash protec- 

the vast majority of these are injuries to the tion standards that make up the 200 series 

lower leg. NHTSA has developed a research regulations, we would go to a new 400 series, 

methodology which allows the assessment of a consisting of dynamic standards in each of 4 

vehicle bumpers’ propensity to cause lower leg crash modes--frontal, side, rear, and roll- 

i@jry. Using these research criteria, RSV over. The next generation dummy, a dummy 

bumpers were developed which can reduce that correlates well with human responses 

lower leg injury by utilizing soft materials over a much wider range of injury types and 

which applies the impact load over a large crash modes, will be the principal evaluation 

area, thereby reducing the likelihood of lower device. 

leg injury. Additionally, these bumpers pro- NHTSA’s next generation integrated vehi- 

vide the ability to absorb low speed crash cle research program is intimately tied to this 

energy without significant vehicle damage, rulemaking program, The culmination of the 

This combination of pedestrian protection research will be the development and fabrica- 

and vehicte damageability reduction is an ex- tion of integrated vehicles which demonstrate 

cellent example of integrating designs which the feasibility of upgraded Federal Motor 

can provide enhanced performance in a hum- Vehicle Safety Standards~ The research plan 

her of different areas, 
to support the 400 series contains five 

The Research Safety Vehicles have been elements: 

designed to reduce the injury to occupants 
volved in crashes as well as reducing pedeso ~ Systems Analysis and Systems Engineering 

trian injury without sacrificing iow-speed 
® Biomechanics and Advanced Dummy 

vehicle damageability resistance. In all of Development 

these areas, NHTSA has evolved both a test 
® Crash Environment Simulator Development 

environment and a measuring device to evalu~ ~ Advanced Dummy and Simulator Evalua- 

ate vehicte performance.~°’H’~ Dummy reo tion 

sponses in crash protection and pedestrian 
® Integrated Vehicle Development and Fabri- 

tests, atong with the costs of vehicle repair in cation 
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The product of the Systems Analysis and sion avoidance, vehicle damageability, fuel 
Systems Engineering effort is a model which economy and emissions. 
would estimate lives saved and injuries re- This demonstration will provide NHTSA 
duced for various rulemaking actions in the with the engineering foundation for the next 
1990’s accident environment. Detailed anal- generation of rulemaking. 
yses of crash test data will be conducted to 
define the crash characteristics of contempo, REFERENCES 
rary vehicles. This will provide a benchmark 

1. "Traffic Fatality Estimates, 1975-1978," against which vehicle improvements may be 
NCSA Highway Safety Facts, Special objectively measured. Finally, analysis of 
Edition, April 1979. materials and designs will be conducted to 

2. Fatal Accident Reporting System, National verify their ability to provide enhanced vehicle 
Center for Statistics and Analysis, !978. crash performance, along with the weight 

3. Highway Safety--A Report on Activities 
required to obtain this performance. During 

Under the Highway Safety Act of t966 as these analyses, constraints will be imposed so 
that materials and designs which are investi- Amended, U.S. Department of Transpor- 

tation, DOT-HS-803-372, June !978. gated are capable of mass production at an 
4. Hedlund, James, Preliminary Findings acceptable cost, in the time frame anticipated 

for rulemaking, from the National Crash Severity Study, 
April 1979. 

The Biomechanics and Dummy Develop- 5. Progress Report, Colorado Motorcycle 
merit research will provide a dummy with 

Accident and Helmet Use Study, April 
............. more human like response, along with criteria 

1979. 
...... which relates these responses to levels ofoccu- 

6. Fell, James C., A Profile of FatalAccio 
pant injury. These test dummies will allow a 

dents InvolvingAlcohol, September !977. 
thorough evaluation of the protective per- 

7. Peter D. Hart Research Associates, Inc., 
formance of integrated vehicles.11 

Public Attitudes Toward Passive 
The third element of the research program straint Systems, August 1978. 

is the development of test devices and proce- 
8. U.S. General Accounting Office, Effec- 

dures that simulate the motor vehicle crash 
tiveness, Benefits and Costs of Federal 

environment, Devices to measure the crash- Safety Standards for Protection of Pas- 
~worthiness as well as the aggressiveness of senger Car Occupants, July 7, 1976, 
motor vehicles will be designed. 

CED-76-121. 
The fourth element will evaluate these ad- 9. National Highway Traffic Safety Admin- 

vanced dummies and crash environment simu’ istration, "Five Year Plan for Motor 
lations in actual vehicle crashes. Staged Vehicle Safety and Fuel Economy Rule, 
crashes wilt be conducted which are represen- making," March 16, 1978 (updated April 
tative of injury producing real crashes. The 26, 1978). 
responses of the vehicle and dummy in the 10. Burgett, August and James Hackney, 
staged crash will improve the confidence in "Status of Research and Rulemaking Aco 
these test tools, making them available for tivities for Upgrading FMVSS No. 214- 
integrated vehicle evaluation. Side Impact Protection," Seventh Inter- 

The fifth and final element is the actual national Technical Conference on Experi- 
development and demonstration of the inte- mental Safety Vehicles (Technical Session 
grated vehicle, using the research methods No. 3), Paris, June 4-8, 1979. 
and tools developed. The culmination of this 11. Backaitis, Stanley and Mark Haffner, 
phase is the final demonstration of enhanced "Development of the Advanced Dummy 
vehicle performance--including crashworthi- for the Occupant Protection Upgrade 
ness, aggressivity, pedestrian protection, colli- Systems Standard," Seventh Interna~ 
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tional Technical Conference on Experi- Safety Vehicles (Technical Session No. 5), 

mental Safety Vehicles (Technical Session Paris, June 4-8, 1979. 

No. 2), Paris, June 4-8, 1979. 
!3. Boehly, William, Leon DeLarm and John 

12. Eppinger, Rolf and Sam Daniel, "Con- 
Morris, "Upgraded Frontal Protection," 

siderations in the Development of a Seventh International Technical Confer- 

Pedestrian Impact Injury Mitigation ence on Experimental Safety Vehicles 

Safety Standard," Seventh International (Technical Session No. 1), Paris, June 

Technical Conference on Experimental 4-8, 1979. 

Status Report of Japan_ 

MASANDO HANAJIMA 
Director General 

35 millions as of the end of December, last 

Traffic Safety and Nuisance Research Institute year (1978), which resulted in 2.6 times in, 
crease as compared with 10 years ago. The Ministry of Transport 
number of passenger cars in use increased to 
21 millions, which is comparable to the num- 

I am (Dr.) Masando Hanajima, the Director bers in European countries. As for the domes- 

General of the Traffic Safety and Nuisance tic cargo transportation in Japan, trucks ac- 

Research Institute, the Ministry of Transport, count for one-third of the total volume of the 

Japan. transportation, and the rate is expected to be 

tt is a great honor for me to attend this 7th 
increased in coming years. 

International ESV Conference and to have The number of persons who possess driving 

the opportunity of presenting the status report licenses was 39 millions as of the end of the 

as a representative of Japanese Government. last year (1978), which means that one person 

Taking this opportunity, I wish to extend out of three has the license. The overall in- 

my sincere appreciation to the Government of crease rate for the past decade is approxi- 

France, the sponsor of this Conference, the mately 1.4 times while that of female drivers is 

Government of U.S.A., the prornoter of the about 2.5 times more as compared with 10 

Conference and other people concerned who years ago, and the increase among young 

have extended their utmost cooperation, female drivers in their 20’s and 30’s is signifi- 

Placed under the situations that motor cant. 

vehicles now play a vital role in land transpor- 
tation media and that a number of problems 
related with safety, pollution contro! and 

Status of Traffic Accidents 

energy conservation are continuously occur- As mentioned earlier, while the number of 
ring, it is quite significant and useful to hold a motor vehicles has shown a rapid increase, the 
conference of this nature, number of fatalities caused by motor vehicle 

traffic accidents has been decreasing over the 
OUTUNE OF SITUATIONS IN JAPAN past decade after the peak level observed in 
SURROUNDING MOTOR VEHICLES 1969 owing to various traffic safety measures. 

Nevertheless, over 8,700 persons were killed 
Status of Motor Vehicle Traffic in motor vehicle accidents just for the one 

First of al!, let me explain the situations in year of 1978, and it is considered that the im- 

Japan surrounding motor vehicles. In Japan provement of motor vehicle traffic safety will 

the number of motor vehicles inuse exceeded still constitute one of vital tasks in future. 
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A particular feature of motor vehicle acci- the type designation or a notification of the 
dents in Japan is the fact that the rate of new type motor vehicle concerned to the Min- 
accidents involving pedestrians and bicycle istry of Transport in cases where such vehicles 
riders in other words, motor vehicles are the are to be manufactured or sold, and such 
assaulters of the accidents--is higher as com- vehicles are subject to the technical tests car- 
pared with US and European countries. Yet, ried out by the Traffic Safety and Nuisance 
this type of accidents has been showing a Research Institute of the Ministry of Trans- 
gradual decline owing to the betterment of port. Upon type designation, motor vehicles 
traffic environments and safety education for concerned must receive the tests to ensure the 
pedestrians, etc. On the other hand, the rate uniformity in production and receive the des- 
of casualties of occupants of motor vehicles ignation by the Minister for Transport. 
has been increasing. A recent marking feature 

Furthermore, motor vehicle manufacturers is that large trucks often drag in pedestrians 
or importers are obliged to notify the Minister 

and bicycle riders who are at the left side of 
for Transport concerning the defects, causes 

the vehicles to the left rear wheels when they 
and improvement methods, etc. in cases where 

are making left turns (in Japan, motor vehi- 
some defects are found for the motor vehicles 

cles are to run the left side of roads. There- which received the type designation or for 
fore, it corresponds to the right turns of vehi- 

which type notification had been submitted, 
cles in the countries where motor vehicles run 

in order to prevent accidents caused by the 
the right side of roads), 

defects of motor vehicles. 

TRAFFIC SAFETY MEASURES IN JAPAN 
Periodical Inspection of Vehicles 

Systems Those who use motor vehicles must receive 
periodica! inspection once in every two years I will firstly describe traffic safety measures 

taken in Japan. for passenger cars and once in every year for 

As for the safety-related regulations on commercial vehicles. This inspection is obliga- 

structure and equipment of motor vehicles tory, for every vehicle except motor-driven 

"Safety Regulations for Road Vehicles" were cycles and small-sized special motor vehicles, 

established in 1951 as the technical standards etc. Approximately a half of the implementa- 

for motor vehicles pursuant to "Road Vehicle tions of the inspection are carried by national 

Act." inspection stations located at 78 places 

The Safety Regulations have been amended throughout the country and the remaining 

since 1951 over 44 times and the contents have half by approximately 15,000 private service 

also been improved in response to the changes shops designated by the Minister for Trans- 

in traffic environments, the transition of port. 

usage of motor vehicles and the improvement 
in the levels of industrial technologies. Periodical Inspection and Maintenance 

In order to ensure the operations of motor 
vehicles in the conditions to conform with the In order to prevent accidents caused by the 

said Safety Regulations, following systems are motor vehicle failures on roads, it is provided 

implemented in Japan. by law that motor vehicle users carry out the 
daily inspection prior to the initiation of the 

Designation of Motor Vehicle Types, operation. In case of motor vehicles used for 
business, a periodical inspection and mainteo Notification of Motor Vehicle Types 
nance are mandated once in every month, and 

Motor vehicle manufacturers and importers for those used privately, once in every six 
are required to make a prior application for months. 
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Characteristic Features of Motor Vehicle Transport," "Mechanical Engineering Labo- 

Safety Regulations 
ratory, Agency of Industrial Science and 
Technology," "Police Science Research Insti- 

A particular feature in Japanese traffic en- tute, National Police Agency," "Civil Engi- 
vironments is that motor vehicles, pedestrians neering Research Institute, the Ministry of 

and bicycles, etc. are using roads closely to Construction" as the governmental bodies, 

one another (mixed traffic), which results in research laboratories in universities, "Japan 

the high rate of accidents involving pedes, Automobile Research Institute" as a private 

trians and cyclists. Emphasis, therefore, is organ, and research divisions of motor vehicle 

placed on the prevention of such accidents: manufacturers are carrying out various R&D 

for example, the elimination of motor vehicle activities. 

exterior protrusions, the prohibition of pro- 
jection of rotating units, and the improve, Objectives of Research 

ment of visibilities in immediate front and left 
of vehicles. In order to prevent the accidents 

Research activities related with motor vehi- 

occurring frequently when large trucks are cle safety include studies on kinetic perform, 

making left turns involving pedestrians and ances to prevent accidents, studies related 

cyclists by the rear wheels, since the inner with the reduction of damages of occupants 

wheel dif%rence is increased due to the tong upon accident, studies concerning the infor- 

wheel base upon such occasionsi some steps marion systems such as lights and lamps of 

were taken recently, and major ones are as motor vehicles to ensure safe operation of 

follows, vehicles, and studies on prevention of acci- 

¯ Through the addition in number and the dents attributed to the defects of vehicleso 

enlargement in size of mirrors, the recogni- On the other hand, researches related with 

tion of obstacles in forward and leftward pollution control are for the reduction of ex- 

directions is made easier for the drivers of haust gas emission, the noise abatement, the 

large trucks, reduction of running vibrations, and the 

¯ In order to inform pedestrians that a large development of electric motor vehicles. 

truck intends to make a left turn, a large Energy and resources conservation studies 

and bright direction indicator is added to include the weight reduction of vehicles, the 

the center of each side of vehicle body. improvement of fuel economy, the reduction 

¯ The improvement be made to the involve- of various losses, the development of new 

ment prevention device so that a pedestrian type engines and the study on alternative 

will not be dragged into the rear wheel of a fuels. 

large truck, even if the truck should hit the R&D on motor vehicle overall traffic con- 

pedestrian, trol technologies are also under way, aimed at 

The above three items have been made the decrease of motor vehicle traffic jams 

obligatory by the amendment of the Safety together with the preventions of accidents and 

Regulations. pollutions. 

R&D IN JAPAN FOR MOTOR VEHICLES ACTIVITIES CONCERNING ESV/RSV 
IN JAPAN 

Research Institutes 
Backgrounds of ESV R&D Activities 

Research and development activities related 
with motor vehicles are carried out by several Backgrounds 
governmental and private research bodies and 
institutes. That is, "Traffic Safety and ESV Program in Japan was initiated by the 

Nuisance Research Institute of the Ministry of exchange of memorandum between US Gov- 
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ernment (the Department of Transportation: sions, etc. were introduced to the delivered 
DOT) and Japanese government (the Ministry ESV’s. Additional1 y, active eftVorts v~ ere made 
of International Trade & Industry, and the on the energy absorbing vehicle structure for 
Ministry of Transport) that took place in the reduction of damages, and the installation 
November, 1970, concerning R&D status of of air bags which open up by means of radar 
ESV’s aimed at the reduction of damages sensors or g-sensors, and passive belts, etc. 
caused by traffic accidents, the pursuit of for the protection of vehicle occupants. 
motor vehicle safety and the exchange of in- Performance tests were carried out between 
formation. September, 1973, and June, t974 by Japan 

It was decided that the development of Automobile Research Institute° The tests ma?, 
ESV’s be proceeded by the contract between be classified roughly into a) accident avoid- 
Japanese Government and Japanese manu- ance performances (conspicuity, indication 
facturerso As a result of the offer for public and control devices, steering, handling, brak- 
subscription, Toyota Motors and Nissan ing and anti-turnover performances, etc.) and 
Motor decided to participate officially in the b) impact and rollover tests. Tests were car- 
R&D, while Honda Motor decided on in- ried out about 800 times for 30 detailed items. 
formal participation. The performance tests 
of ESV’s developed by these companies were Achievements and Results 
entrusted to Japan Automobile Research In- 
stitutes. The purpose of ESV tests conducted by 

Major specifications assigned to the R&D Japan Automobile Research institute was to 

of ESV are the following two items, implement the tests of developed ESV’s on 

the basis of development objectives by the * The vehicle shall not overturn at sudden 
Institute that is independent: and neutral 

turn of the steering wheel at the vehicle 
body, so that the tests would be helpful [’or 

speed of 110 kmh (accident avoidance per- 
the evaluation of ESV’s and [o obtain data 

formance), that might form the basis of developmem 
* The vehicle shall satisfy the safety criteria 

safety vehicles in future. 
for the occupants at the impact velocity of 

All items of ESV tests were completed as 80 kmh against a fixed barrier. 
scheduled and the test data were reported a~ 

SI~eci~ic C~)~lte~s 5th ~nternational ESV Conference held in 

London, in July, t974. The test data serve 
In May, 1971, an ESV of 2000 pound class sufficiently [’or the evaluation of ESV’s and 

with specifications based on a US ESV of 4000 contribute to the formation of a basis for the 
pound class was completed modified to Japa- safety control steps taken by the Governmen~ 
nese environments, and the design of motor vehicle safety in 

Since then R&D was carried out respectively future. 
by the participating companies for over 2 

Techn ologies related with the ESV Program years with the cost of approximately 2 billion 
and applied already in vehicles sold on marke~ yens for the trial production of ESV’s. Be- 
include the following items, which show one tween September, 1973, to December of the 
of significances of the ESV Program. 

same year, Toyota and Nissan delivered 10 
ESV’s each total 20 ESV’s to Japan Auto- ~ Impact energy absorbing vehicle structure 
mobile Research Institute. Four-wheel disc (including bumper) 
brakes, safe tires that allow vehicle operation ,, Antioskid brak e 
even if the tires are punctured, periscopic ® Belt system 
rear-view-mirrors and electronic devices such ® Various warning devices (warnings against 
as electronic-controlled anti-skid devices, engine, brake, light and belt failures or 
electronic-controlled automatic transmis- troubles) 
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, Electronics (various electronic control studies are being made for the details of the 

devices) implementation of the experiments. 

* Interior These experiments will be completed in this 

Two ESV’s developed by the ESV program year, and the data will be prepared after then. 

are exhibited in 1:his Hall. Please take a look at 
them. FUTURE PROBLEMS IN JAPAN 

SURROUNDING MOTOR VEHICLES 
Experiments on RSV’s 

Backgrounds 
Various Social Demands 

There are no special vehicle R&D programs Social demands in Japan against motor 

in Japan after tee completion of the ESV Pro- vehicles include 1) the improvement of safety 

gram. However, according to the inquiry for the prevention of traffic accidents; 2) the 

made in 1977 by US Government (DOT) con- improvement of the performance of preven- 

cerning our possible cooperation in the evalu- tion of exhaust gas emissions and motor vehi- 

ation and experiments related with RSV’s cle noises; and 3) the improvement of fuel 

developed in U.S.A., it was decided that economy for energy-saving. 

Japan would e>:tend her cooperation in light 
of the process of ESV development. Improvement of Safety 

Following tests are, therefore, scheduled to Although detailed descriptions will be made 
be conducted by Japan Automobile Research later on, I would like to point out now that 
Institute (JARI) having experience in evalua- the intensification of the Safety Regulations 
tion tests for ESV’s. for Road Vehicles will be made, taking ac- 

count of the status of traffic accidents in 
Contents of Experiments (Tests) Japan. 

RSV Test Program in Japan will be of 
research nature aimed at the collection of Improvement of Prevention of Exhaust 

various basic data related with RSV’s. Specifi- Gas and Noise Emissions 

cally, foltowin~ tests are scheduled. As for exhaust gas control performances, 

~ Car to Car, Frontal the Regulations, made more stringent as NOx: 
* Aggressivity 0.25g/kin, HC: 0.25g/km and CO: 2.10g/kin 

* Side Protection (according to 10-mode tests), have been en- 

~ Rear Impact forced since 1978. 
* Handling and Stability As for commercial vehicles (trucks and 
® Visibility buses), the provision on NOx emission was 

* Steering intensified this year against the conventional 

~ Braking provision with the classification by vehicle 

Of the above items, "Car to Car Impact weight, or the type of fuel or engine, as the 

Test" wilt be conducted by preparing Japa- first stage of the Exhaust Gas Reduction Pro- 

nose vehicles sold on market, having equiva- gram for such vehicles. 

lent vehicle weight and the number of seats For diesel commercial vehicles, for exam- 

with those of Calspan’s RSV and Minicar’s ple, emission levels of NOx (540 ppm for 

RSV and the test will be carried out between direct injection type, and 340 ppm for auxil- 

the above rnemioned Japanese cars and these iary chamber type), HC: 510 ppm, CO: 790 

RSV’s. ppm (according to bench 6-mode tests) were 

One RSV made by Calspan arrived in Japan provided. Particularly, for the reduction of 

at the end of April, this year, and reviews and NOx emission of commercial vehicles, target 
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values for the second stage are planned for the review the recommendations submitted in 
attainment by 1985. September, 1972, taking accounts of changes 

Concerning noise prevention performances, in the usage of motor vehicles and technical 
more stringent noise targets for the first stage developments, etc., the deliberation by the 

...... of Noise Abatement Program were also intro- Council was started again in December, 1976, 
....... duced this year against conventional noise to prepare a new long-term program. The 

levels. For example, the noise level for large Safety Regulations will also be strengthened 
trucks and buses was changed from the con- according to the new program. These recom, 
ventional level of 89 dB(A) to the new level of mendations also cover the items which should 
86 dB(A), by which the abatement of 3 dB(A) be studied and developed in future on a long- 
can be attained. As for the second stage of the term scale, in addition to the items that need 
Noise Abatement Program, 83 dB(A) is also immediate attention. R&D in future will be 
proposed, based on the foregoing. 

Improvement of Fuel Economy International Unification of Standards 

Due to the increase of social demands for According to the increase of the importance 
energy-saving motivated by the oil crisis, 

of motor vehicles as international commercial 
certain guidelines are considered in Japan for products, discussions on the international 
the improvement of fuel economy of motor unification of motor vehicle safety standards 
vehicles, are particularly heated recently. 

As I have explained, there are strong social 
demands in Japan for the safety measures, 

It is a pleasure to see that the unification of 

exhaust gas and noise emission controls, and 
these standards is being promoted in here, 

European countries, with the initiatives of energy-saving measures, and efforts are con- 
Economic Commission for Europe (ECE) and tinuing to satisfy these demands at high levels 

with appropriate balance among some contra- 
European Community (EC). 

dictory tasks, As you know, Japan, on the other hand, is 

an Oriental island country, isolated by the 

Future Tasks Related With Motor 
long distance from US or European countries, 

Vehicles Safety and the culture, history and geographical con- 
ditions are rather particular ones. Some of 

The intensification and strengthening of the usage of motor vehicles and the road environ’ 

Safety Regulations for motor vehicles should ments, therefore, also differ from those in US 
be promoted not by short-sighted and allo- or European countries. Thus, to our regret, 

pathic attitudes but on the basis of long-term motor vehicle standards also exhibit Japanese 

visions. In view of the foregoing, the Minister particularity. Nevertheless, in light of the 

for Transport requested recommendations recent situations, efforts are being made to 

from the Council for Transport Technics con- collect information of US and European 

sisting of the representatives of university pro- standards and attention is being paid to unify 

fessors, Japanese motor vehicle industry, our standards with international standards as 

motor vehicle maintenance/service industry, much as possible, upon amendments of the 

police officers engaged in traffic controls and standards. 
road-related groups, etc. As a result, "Long- In order to unify standards in spite of the 
Term Program for Safety Regulations," cov- difference among countries, a length of time 
ering 63 items was established in September, and steady efforts are required. In order to 
1972. Based on this Program, the Safety keg- reach this goal, it will be necessary to facilitate 
ulations were amended in July, 1973 and active exchange of information on world-wide 
November, 1974, After that, in order to scale andtodeepenourmumalunderstanding. 
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][ do hope that rny presentation has been information concerning motor vehicle safety 

useful in one way or another for you to under- technologies, and to deepen our mutual 

stand our country, understanding. In concluding my statement, I 

It is a universal and earnest desire of man- do pray that this International Conference 

kind to reduce the victims of traffic accidents will bring out favorable results in that respect. 

even if one by one. From this point of view, it Thank you. 

is very significant and fruitful to exchange 

Status Report of italy 

DR. ING. GAETANO DANESE protection, even for the purpose of regula- 
General Manage~, Civi~ Motorization tions to be adopted in the future. 
Ministry of Transportation Some studies regard acoustic problems and 

contribute to the activities of noted expert 
tn the period between the sixth and seventh groups such as GRB (Report Group on Noise) 

Conferences the Italian Administration has which depends on WP 29 (group of experts in 
not neglected its activities, both indirect and the construction of motor vehicles) of the 
direct, with regard to the study and research ECE/UNO of Geneva. These studies concern 
program concerning the problems of vehicle the following subjects: 
safety~no~ separate at present from those of 
environmental protection and the economy of 

, acoustical alarm signals of special vehicles 
(police, ambulances, etc)--to achieve the 

energy, efficiency of the signal and its possibility of 
Numbered among the studies carried out 

individualization with the minimum dis- 
directly by the Administration are: 

turbance to the environment; 
* performance and driving quality tests on * warning horns for efficient vehicles at high 

the CALSPANiRSV vehicle; speeds--a problem never so present as 
* achievement of a safety seat for motor vehi- today because of the soundproofing of the 

cles, with incorporated restraining devices; interiors of motor vehicles, internal ventila- 
* studies on the aggressivity of vehicles and tion systems, spread of radios; 

on the compatibility between vehicles in 
case of collision, let alone studies designed 

* perception of acoustical signals by motor- 

for the simulated reproduction of accidents 
cyclists and automobilists wearing crash 
helmets. Study on the frequencies absorbed 

in order to supply numerical elements for by protective and internal covering ele- 
biomechanical research, ments and on the modifications to be 
~dt the research, as well as that part en- brought about without compromising 

trusted to outside laboratories such as the Fiat safety standards. 
Research Center and I.S.A.M. is directed by ® incidence of low frequencies on the noise 
the Center for Higher Research and Testing of produced by motor vehicles. The aim of the 
Rome, which depends on the Ministry of study is to make the methods of measure- 
Transportation. ment adhere more to the real conditions of 

Furthermore, the Administration conducted disturbance caused by motorized traffic. 
studies, often equipped with laboratory meas- 
ures and testing, which, even involving it in Besides in the fight against noise, the Italian 

different areas from those of the ESViRSV Administration is collaborating closely in the 

program, aimed at attaining greater intrinsic area of environmental protection with UNEP 

safety of the vehicle and better environmental (United Nations Organization for the Protec- 

34 



SECTION 2: GOVERNMENT STATUS REPORTS 

tion of the Environment) for what concerns both entrusted to the representative of the 
both air pollution produced by exhaust gases Italian Administration. 
and the possibility of achieving economy of Finally, it is to be noted that the studies and 
energy, research on aggressivity and compatibility, 

In particular, UNEP’s referring the worked- besides those mentioned above in the area of 
out practical regulations on the subject to the ESV/RSV program, have been carried out 
W P 29, proved a considerable contribution to and others are in the process of being carried 
the activities of this group, with the study of: out on the behalf of the European Economic 

* the perfecting of methods of measurement Community Commission. 

and the lowering of legal limits for the emis- After this synthetic framework, I can affirm 
sion of pollutants; that the Italian Ministry of Transportation 

- a regulation for limiting the emission of maintains its firm conviction that, today, in 
pollutants in motorcycles; the immediate future, and for many years to 

, methods of control of emissions in diesel come, a motor vehicle, in order to be admit- 
motors of vehicles in circulation, ted to share the roads as an object of prog- 

For the purpose of a practical utilization, ress and wellbeing without being a source of 

more or less immediate, of the results of the death or damage, must answer to strict stand- 

ESV/RSV program concerning the character- ards of: 
istics of intrinsic safety of the structures, the 

® active and passive intrinsic safety; 
Italian Administration is actively participat- 

- environmental protection from pollution 
ing in the special GRCS group (Report Group 

caused by noise and noxious emissions: 
on the Behavior of the Structures) which 

- reasonable consumption of energy. 
depends on WP 29, which itself has the aim of 
adapting the results of the research to the The vehicle will have to, then, be a modute 
totality of production in the automobile in- possessing some polyhedral characteristics in 
dustry; GRCS takes into consideration above contrast among themselves which mus~ be 
all the activities of WG 5 of the EEVC. The united in an intelligent compromise, or even 
direction of works of WG 5 and GRCS are better, in an harmonic equilibrium. 

Status Report of the Federal Republic of Germany, 

PROF. DR. H. PRAXENTHALER 
President of the Federal Highway Research and, indeed, was worked ou~ during that con- 

Institute ference, which conflicting objectives will have 
Federa! Republic of Germany to be coped with; e.g. conflicts between tl~e 

reduction of noxious exhaust gases and the 
Once more I have the honor to present to consumption of energy and, in the same con- 

you at this conference, on behalf of the Fed- nection, between the desirable weight reduc- 
eral Republic of Germany, the status report of tion and the safety of vehicles. What was pre- 
my government, sented as a problem at the time has by now 

By way of introduction, let me recall the become an imperative challenge of the future, 
outcomes of the 6th ESV conference in Wash- mainly because of the energy situation° occu- 
ington 1976; even then we were strongly aware pying the minds of us all, which ranges from 
of the way the objectives of environment, the instability in the Middle East over the 
energy consumption, and economy besides problems concerning the use of nuclear energy 
that of vehicle safety are going to influence to the development of new er~ergy resources. 
the car of the future. It could also be seen So much more, or~ the other hand, has it be- 
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come necessary not to lose sight of the objec- o The large-scale test, started in 1974, on the 

rive of vehicle safety, for we should always effects of a rigid speed limit of 130 km/h on 

bear in mind that engineering can still make the motor ways versus a recommended 

an important contribution to improving the speed guideline of 130 km/h has been com- 

accident record, pleted meanwhile. The study has shown 

Nowadays, the awareness of single catas- 
that a 130 km/h speed limit will not have a 

trophes only too easily makes one forget that 
major adverse effect on the process and 

road traffic world-wide claims an annual 
flow of traffic while promising an improve- 

death toll which equals the population of 
ment in the accident situation as against the 
recommended speed guideline. However, in 

large cities, 
the overall analysis, i.e. especially allowing 

After an encouraging decline from 1972 to for economic aspects outside the accident 
1976, the total number of road accidents in situation, the group of experts came to the 
the Federal Republic of Germany rose again conclusion that the speed limit might have 
by about 14% from 1976 to !978; of which to be rejected if particular emphasis were to 
about 5% are personal injuries. The 1978 be laid on those aspects whereas it was pre- 
death toll howe~’er, following a modest in- ferable should the safety aspect be predomi- 
crease in 1977, was about 6% lower than in nanto Consequently, they could not without 
1976, i.e. 14,647. These figures should be seen qualification recommend an introduction. 
in context with mileages, which went up about 
7.5% from 1976 to 1978. Before the back, 

In the Federal Republic of Germany, the 

ground of this increase, it may be stated that 
free development of personality is given 

the risk of fatal accidents is declining in the 
high priority, and there is general political 

Federal Republic of Germany--certainly the 
consensus that regimentations should be 
limited to cases of irrefutable necessity and 

result of joint ei~forts on the part of govern- 
ment, society, and industry, 

prospects of pronounced success. Special 
studies have revealed that a majority of 

Let me now gi~’e you a brief outline of some motorists are against a speed limit on the 

of the more recent measures and activities in motor ways. What the public is particularly 

the field of safety in our country, concerned with is the rate of fatal accidents: 

® Restraint systems (seat belts) have been pre- a total death toll of about 14,650, about 

scribed by taw for all seats in new cars since 6.5% of which on the motor ways. 

May this year. Outward seats immediately Therefore, the Federal Government. in 
behind windscreens must have three-point 1978, permanently introduced the recom- 
belts at least; for the remaining seats, the mended speedguideline. Independently, you 
regulation considers lap belts to be ade- will find local speed restrictions on par- 
quate. We would have welcomed a require, ticularly dangerous stretches and danger 
merit, within l:he European Community, of points; they are also prescribed for wet road 
three-point belts for outward rear seats, conditions. 

¯ Given the further increase in the number of 
mopeds and heir substantially greater in- * The view that the seat belt is of great value 

volvement in accidents with personal in- holds unchanged in the Federal Republic. 

juries, the Federal Government, in June Mandatory belt use, as you know, became 

1978, introduced mandatory crash helmet law in 1976; on the other hand, in the 

use for vehicles of this group faster than 25 Federal Republic, you are not prosecuted 

kmih; whether this mandatory helmet use for not wearing the belt. In the spring of 

should be extended to include also the 1979, the rates of belt usage were 85% for 

slower range of mopeds is a matter of cur- the motor ways, 67% outside towns, and 

rent discussions. 45% inside towns. What is worth noting is 
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the average increase of 7°70 points from the The reduction of exhaust gas emission con- 

spring of 1978 to the same time in 1979. The tinues to be a priority issue, mainly by further 

discussion, conducted between the Federal development of conventional Otto (controlled 

Government and the governments of the ignition) and Diesel engines. Furthermore, 

Bundeslfinder, about the introduction of a alternative drive systems, too, are studied 

penalty for not wearing the belt, is still such as gas turbine and electric drive. 

undecided. Another positive change of In accordance with the objectives of its 
behavior may be brought about by a judg- environmental program, the Federal Gov, 
ment of the Bundesgerichtshof of March ernment has introduced, at EC and ECE 
1979, which says that a motorist must pay level, proposals for pollutant limits of the 

...... for any part of his own damage caused by eighties as well as for a modification of the 
his failure to wear the belt. test procedure. These proposals would mean 

It has been further confirmed that the num- to a large extent reaching the target of reduc- 

ber of cases where the belt may possibly ing pollutant emissions to a tenth of the 1969 

aggravate the effects of an accident is very averages. However, it appears that the posi- 

small, tion of the Federal Republic in this matter is 

The search for new technologies has been supported by few countries only; specially 

intensified and has been given important economic reasons are mentioned. All indica- 

stimuli. Thus, in analogy with the objectives tions are, therefore, that the effective date 

of the S3E concept, the "Forschungsauto" proposed (1982) cannot be realized. 

project was advertised in early 1978, as part of Under a research project that has been 

the expansion of the motor vehicles and road going on for some time, the development is 

traffic promotion program. This project is an promoted of an advanced lean concept with 

attempt to translate the latest state of art as low emission of pollutants, good driveability, 

achieved in various fields of automotive engi- and low fuel consumption. 

neering, into integrated overall concepts of Several research and development projects 

test car models. Guidelines are to be pointed are studying the suitability of noble-metal and 

out for further research and development, non-noble-metal oxidizing catalysts as a low- 

The first stage of the project, the prepara- pollutant drive concept for use in European 

tion of specifications and the design of cars, motor vehicles. There is some hope that cata- 

got under way in May 1978 with the participa- lysts will be found which retain their activity 

tion of the big German car manufacturers and up to about 50,000 km even at a lead content 

some university institutes. The stage of devel- in the fuel of up to 0.4 g/lit. 

opment will follow in mid-1979. The results of Measures to limit the pollutant emissions of 

development are to be demonstrated in the vehicles with Otto engines as welt as of Diesel 

years 1981 and 1982. This project is aimed at a engines are a legal requirement both in type 

passenger car with 30°70 average improve- approval and series production supervision. 

ments over a comparable present-day produc- Air quality, however, depends largely on the 

tion vehicle in saving energy and resources, in emission properties of vehicles in actual traf- 

protecting the environment, in safety, econ- fic on the road. A simple meaningful method 

omy, and efficiency, of control is therefore being worked out. 

Besides this project, individual schemes are The Federal Government has further con, 

promoted whose results are to directly flow tinued its efforts to reduce the noise emission 

into the project; for instance, to improve of motor vehicles. Large-scale research proj- 

compatibility in collisions and to increase ects are studying the actual noise emissions of 

service life (long-life car). This includes vehicles in urban traffic, and prototypes of 

studies of the advantages and disadvantages low-noise cars are being designed in the fore- 

of light,alloy bodies, field of endeavors to reduce the EC limit 
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values. Work for an acoustic optimization of the effect of the "seat belt" system as such but 

the engine gives rise to the expectation that also its interaction with the structure of vehicle 

noise emission~ of passenger cars with Otto depending on the type collision. The material 

engines wilt be capable of reduction down to currently available for this purpose is more 

the roiling noise level, by improvements on than !,000 accidents where seat belts were 

the engine itselg; the Diesel engine will require used, a figure to be nearly doubled by the end 

a capsule. Specifically are being developed of 1979. Also, an accident material of 10,000 

cars with body-side capsule and with tight passenger car accidents served for compati- 

engine capsule, low-noise lorries of 85-380 PS bility studies; another study is dealing with 

power, as well as light motorcycles with collisions between cars and lorries. 

throttle-type engines. Further componems of For 1980, the German motor vehicle insur- 
motor vehicles such as gearbox, radiator/fan ers are planning new comprehensive evalua- 
system, axle drive, tires and suspension, as tions of more than 50,000 accidents, so that 
well as the exhaust system are included in the topical and representative analyses of traffic 
measures to reduce noise under a demonstrao safety problems can be carried out in future, 
tion project, too. 

in another point-of-main-effort project, Expansion and deepened analysis have also 
alternative energies for road traffic are being been features of research initiated and fi- 
studied. This project is to run until 1982 and is nanced by the state. The following are but 
concentrated on alcohol and hydrogen tech- key-words of research in the field of passive 
nologies as well as etectric traction and hybrid safety: 
technologyo Top of the agenda is the testing, 
close to real life, of the most promising con- ,, Surveys on the sites of accidents have been 
cepts under actual road traffic conditions, carried ou~ in Berlin and Hanover since 
Accompanying studies serve to analyze and 1973. Over 1,000 accidents have been aria- 
evaluate the energy chain from generation lyzed so far. The results of these efforts are 
over distribution, stock-keeping, storage to reported in a large number of publications; 
the use in the car° These activities in the field apart from investigations of vehicle passen- 
of alternative [’uels should also be seen in the gers, analyses of accidents involving motor- 
context of emission reduction, cyclists are of particular importance. 

Accident research is intensified continu- 
~ in cooperation with European car manu- 

ously. This is true of the government and its facmrers and research institutes both home 
research assignments but no less of both and abroad, a Joint Biomechanical 
dustry and the research of the associatior~ of Research Project has been set up in the 
German motor vehicle insurers (HUK). We 
should first give prominence here to the activi- 

years since 1977. Its objective is to establish 
the correlation of tolerance and protection 

ties of that association: Investigators into criteria. Selected accidents (head-on, 
approximately 1,2(>0 accidents with two- lateral, and pedestrian accidents) are 
wheelers and, up to ttow, 3,000 accidents in- 
volving pedest:rians, have laid foundations for 

reproduced in expensive laboratory tests 
with dead bodies and dummies. First results 

accident characteristics and injury risks of are going ~o be presented at this conference. 
pedestrians a~,d two-wheelers. These studies 
are cominuously expanded and deepened° * Injuries of persons using belts were ana- 
What emerges here are starting points for lyzed carefully ~n severa! stages. As a result, 
possibilities of partner protection by an the probability of the belt worsening the ef- 

optimization of the structure of vehicles even fects of an accident is about 1%. From the 
for pedestrians, and two-wheelers. Another oh- engineering point of view, it is generally felt 

jective of these studies is to analyze not only that further improvements in the seat belt 
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and in the interaction between the belt and complete without a reference to the growing 

the vehicle are possible and should be cooperation of all research institutions and 

implemented. These efforts are to be aimed research-promoting agencies. Since the last 

also at the function of vehicle seats and, in ESV conference in particular, the interaction 

particular, at a further mitigation of the between government, industry, insurance 

passenger compartment, companies, and universities has become 

¯ As far as the air-bag is concerned, it is still markedly close and, consequently, more 
effective. agreed that it cannot replace the belt. Fur- 

ther research and design efforts wilt have to Let me conclude with a few words about 
show just how important the air-bag may the issue of the harmonization of regulations. 
become as a supplementary system in addi- We are starting from the assumption that the 
tion to the belt. necessity of harmonizing regulations for the 

The research of the German car industry design of motor vehicles, trailers, and vehicle 

will be discussed in detail at this conference, components, given the world-wide trade of 

Therefore it may suffice here to make a few these products and the increasing assimilation 

brief remarks, of traffic conditions, is widely accepted and 
that, in the long run, such harmonization will 

o After extensive preparatory work, the sys- be in the interest of al! of us. So we especially 
tem of automatic anti-locking is now ready welcome the statement made by the represen- 
for series production; it can be expected to tatives of the United States of America within 
make an important contribution to active the EDE, that the NHTSA wil! endeavor in 
safety, future to closely cooperate with the European 

¯ The behavior of passenger cars with single- authorities in those areas which provide good 

axle trailers is another focus of research, prospects for harmonization; especially in 
those fields where new regulations are to be Proposals have been worked out for a 

standard European definition of braked issued. 

and unbraked axle loads. As objectives for the future, we feel the 
following should be considered: 

¯ Special investigations have been conducted 
for the Calspan Research Safety Vehicle, ® Exchange of new research results, such as in 

the areas of passenger protection, lateral 
¯ Since 1976, a large-scale research project collision, test dummy design. 

has been studying ~man as driver," the ~ Convergence of requirements and test 
stress he experiences from the transfer of methods. 
visual and auditive information. ¯ Early information about new plans for reg- 

o For vehicles with a gross weight rating of ulations and modifications. 

over 3.5 tons, preparatory work has been 
made to create the basis for requirements With great interest we are looking forward 

on the anchorage of seat belts and for the to the 7th ESV conference and the treatment 

design certification of belts and the injury- of the conflict of objectives, more or less 

reducing design of passenger compart- solved so far, between the safety requirements 

ments, and the necessity to make full use of all capa- 
bilities for saving energy. Because this conflict ¯ In a fundamental investigation a model for 
of objectives, currently and presumably for a 

the execution of cost/benefit studies in the long time to come, is overshadowing other 
field of traffic safety was developed, 

objectives, we think that it is one of the 
This picture of the research efforts in the important tasks of this conference to preserve 

Federal Republic of Germany would not be the due place for the call for safety. 
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Status Report of the United Kingdom 

J. W. FURNESS 
dents. For example an in depth study of 

DirectorlChief Mechanica~ Engineer, TRRL pedestrian injuries is reported and suggestions 

Department of the Environment-Department of are made on how to minimize such injuries by 

Transport improving the fronts of cars. A possible 
design of soft energy absorbing bonnet and 
front of car is given. 

Other papers concern side impact problems 
Since the last ESV Conference in 1976 the involving cars which continue to be a major 

United Kingdom has continued with its vehicle type of accident throughout the world. Special 
safety work in collaboration with other Euro- and urgent attention should be given to the 
pean countries. This has taken place with due development of a suitable regulation on this 
regard to the need for light weight, low cost subject because of its good potential for 
vehicles which have !ow energy demands and reducing injuries. A British proposal for using 
are environmentally acceptable, a small rigid faced mobile barrier is described. 

Many accidents and injuries could be Energy absorbing padding is considered nec- 

avoided or minimized by road or traffic im- essary for cars whether or not the occupants 

provements or by greater skill or care on the are using their restraint systems. A study of 

part of road users. Clearly road safety educa~ accidents has indicated that ejection of car 

tion, training and publicity all have a part to occupants in side impact collisions is not 

play and in Britain these aspects are not over- unusual and the international Regulation con- 

looked. Speed limits and enforcement are also cerning door latches and hinges needs to be 

irnportant factors. But since the design and changed to ensure that the door and body 

construction of vehicles have such a consider- structure are taken into account to prevent 

able influence on the severity of injuries it is inadvertent door opening in such accidents. 

right to consider whether these can be im- A great deal of effort has been given to 

proved to enhance road safety. This Confer- frontal impact testing of current production 

ence affords a useful opportunity to exchange cars. The 30° angled impact test into a barrier 

knowledge on this subject, seems to relate closely to many types of road 
accidents. A speed of impact of 55-60 kph 

In Britain the national accident statistics (approximately 38 mph) seems more appro- 
show that most injuries concern pedestrians in priate than the 50 kph (approximately 30 
collision with cars, car occupants in single mph) frontal impact test at 90° but much will 
vehicle accide~ts and car occupants in car/car depend on the human tolerance levels chosen 
collisions. Motorcycles in collision with cars for the restrained dummies used in the tests. 
and in single vehicle accidents are showing an If the 30° angled barrier test is eventually 
increasing trend in injury accidents. A more adopted internationally it will be necessary to 
detailed study of the 1977 injury data together consider the future of the perpendicular test. 
with an explanation of current accident inves- In our judgment both tests will be necessary 
tigation work in Britain will be given later this but the perpendicular test should be improved 
week in the accident investigation and data to ensure that the steering column of the im- 
seminar, pacted car always yields in real accidents and 

The various other UK papers to be consid- that the steering wheel center is sufficiently 

ered at the Technical Sessions are mainly large to minimize chest injuries. Accident 

related to these more frequent types of acci- investigations have shown that where a driver 
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is not wearing his belt or it is not properly proving the trajectory of the rider in frontal 

fitted the energy absorbing steering column collisions and important suggestions are made 

jams and so fails to collapse as intended, for improving the conspicuity of the rider and 

Clearly the problems of how to ensure com- machine. Lack of conspicuity is a factor in 

........ patibility of car fronts and car sides of differ, about 30% of the accidents involving these 

..... ent makes and models become more difficult vehicles. 

if both pedestrians and car occupants are to Other technical contributions from Britain 
be considered. International standards or include improvements in the braking and 
legislation may be necessary to achieve a braking stability of commercial vehicles and 
reasonable degree of compatibility, developments concerning underride guard 

protective devices for these vehicles. There is a 
The use of modern dummies in vehicles for 

the 30° angled impact type of barrier test has 
paper from a user organization about safety 

shown that the results are not always repeat- 
features of cars which are not covered by 
legislation. The newly developed Triplex 

able even though the tests are identical. Prog- 
10/20 thin laminated windscreen is now in 

ress towards safer cars will be delayed unless a 
more realistic dummy becomes readily avail- 

production. A second version of the Dunlop 

able internationally. Also there is a need to 
Denovo tire is available to provide additional 

improve the dummy setting up procedure, 
safety for vehicle users. 

The UK is aware that research into these sub- Work on the strength of passenger coaches 

jects is proceeding but we are far from opti- has been carried out in Britain in an attempt 

mistic that an acceptable dummy specification to minimize the dangers of roof collapse in 

......... will emerge. Perhaps closer collaboration be- overturning accidents. The strength of the 

tween USA and Europe is necessary through coach seat mountings has also been investi- 

the United Nations Organization if this sub- gated and designs for minimizing breakage in 

ject is to reach a satisfactory conclusion in the frontal impacts have been finalized. Seat belts 

near future. The UK is prepared to collabo- have been fitted to a limited number of 
...... rate closely in any worthwhile study of the coaches but these have been subsequently 

problem, removed because of lack of use by the 

For side impact tests there is also an urgent 
passengers. 

need for a suitable dummy specification and This review is not comprehensive but at- 

setting up procedures. These are being studied tempts to set out the general situation on vehi- 

in Europe (EEC). However progress is not as cle safety developments in Britain during the 

rapid as we would like. past 2-3 years, We are disappointed at the 

My comments so far have related mainly to lack of progress with international legislation 
to help minimize injuries to pedestrians and to cars where major injury reductions are pos- 

sible. But accident injuries involve other occupants of cars involved in side impacts. It 

classes of vehicles. One particular class which is hoped that rapid progress can be made on 

has increased considerably in numbers in these topics in the next year or so. As I have 

recent years is the motorcycle. Further in- said there is an urgent need for an interna- 

creases in motorcycle casualties are likely tional collaborative effort to develop an 

unless vigorous countermeasures are adopted, acceptable dummy specification which gives 

In the exhibits at this Conference the UK is repeatable results in angled impact barrier 

showing its ESMI motorcycle. A paper will be tests. 

presented which shows possible ways of im- The collaborative efforts in testing cars and 
proving the safety of such vehicles including motorcycles carried out between USA and 
brake developments and leg protection de- United Kingdom has been useful and con- 
vices, There is also a suggested method for im- structive. 

4! 



EXPERIMENTAL SAFETY VEHICLES 

Status Report of France 

MICHEL FRYBOURG bility of a small car that performed better with 

Director respect to secondary safety and yet remained 
Transportation Research Institute acceptable from the cost/benefit perspective 

while its other performance remained un- 
Government subsidized research in the con- changed (road holding qualities, fuel con- 

~ext of a program called "Programmed The- sumption, etc.). 
matic Activities-Vehicle Safety" started in The development of the two prototypes by 
France in 197t. French manufacturers, carried out through 

Ideas from various sources were solicited Government research assistance contracts, 
on five different occasions, most recently in constitutes in our opinion an important step 
January 1978. Thirty-eight million francs of forward and is the result of years of effort and 
public funds have been earmarked for this research. Because these vehicles are practical 
project. Sixty research contracts were ap- examples, they have confirmed the validity of 
proved; one half have been completed and a systematic, methodological, and ongoing 
approximately 30 are underway, approach. 

As a reminder I would like to mention the A similar effort must be made for trncks 
amounts allocated to some of the large ques- and two-wheeled vehicles. In this respect, it is 
tions: essential that a number of participants from 

* "phototheque"--6 million francs outside the automobile industry be involved 

* synthesis veh:~cles--3.35 million francs in research. It is now possible to measure the 

* development of a tractor trailer truck with progress made since our research results have 

improved stability to prevent overturning become an important factor in prescribing 

3.35 million francs policy for regulations. 
A slide presentation will illustrate, better 

With the dew.~!opment of the synthesis vehi- than a long speech, the results of our work in 
cle, "Programmed Thematic Activities" has France. 
reached an impartant stage in its development 
in the area of the private automobile. The TEXT OF THE AUDIO-VISUAL 
actual developmem of the synthesis vehicle PRESENTATION: PROGRAMMED 
could be under:aken only after an initial pre- 

THEMATIC ACTIVITIES AND 
developmental stage, during which we were 

VEHICLE SAFETY 
able to determine the best methods of evaluat- 
ing and increasing our technological know- Progress in vehicle technology is one of the 

how. The first French experimental safety major factors in improving road safety. Thus, 

vehicles were the B.R.V. Renault and the 1974 the French Government has decided to pro- 
V.S.S. Peugeot, certain features of which mote industrial and laboratory research in the 

have already been incorporated in mass pro- context of Programmed Thematic Activities 

duced vehicles, concerning vehicle safety. The Institute of 
The synthesis vehicles introduced today Transportation Research, assisted by a Scien- 

should make it possible to modify the lightest- tific Committee, defines the priority research 

weight cars by using the technical solutions areas and contacts members of the profession, 

reached during previous stages. This will be that is, industry, engineering firms and re- 

necessary for the adoption of regulations search laboratories, to solicit ideas. The Insti- 
applicable to a].t cars, On the basis of the re- tute then approves research assistance con- 

suits obtained, it was necessary to demon- tracts and ensures their implementation. The 

strate both the technical and economic feasi- Government usually subsidizes 50% of the 
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program costs, and the contractors are re- the ~’black boxes" were developed to register 
sponsible for the remaining 50%. speed and accelerations at the moment of imo 

Al! research is concerned with accident pre- pact. It is also necessary to analyze structural 
vent!on, which we call Primary Safety, and deformations in real accidents in order to 
ways of affording greater protection to occu- compare them with the results of impact tests 

....... pants once an accident has occurred, which on cars against standardized obstacles. This 
we call Secondary Safety. This research method is called "phototheque." 

focuses on private automobiles, as well as Finally, we are trying to get a better under- 

trucks and two-wheeled vehicles, standing of the human body’s tolerance to ira- 
Initially, research was aimed basically at the pact. We can increase our knowledge of bio- 

......... private automobile. One of the objectives was mechanics by performing tests on models rep- 

the improvement of visibility, especially at resenting the human body. It was therefore 

night, which is an important safety factor, possible to modify the dummy being used at 

Several devices were designed and developed that time, by developing, for example, a 

to this end: dummy’s head that would allow us to evalt~ate 

¯ a non-glare rear view mirror facial lesions. 

......... ~’ a mechanism to allow a gradual switching Specific analyses during impact on how side 
from high beams to low beams to avoid the rail type structures of the automobile were 
"black hole" or unlighted area that occurs affected make it possible to establish: 
the moment before two vehicles pass each ¯ optimal types of deformation, 
other o results of impact speed, 

Another objective was the development of    ** effects of foam fill. 

driving aids: Finally, research is being carried out on the 

~, a governor to improve the respect of speed possibility of using special grades of steel or 

limits, 
composite materials. 

~, devices to encourage more frequent wearing We shall refer to frontal impact and latera! 
........ of seatbelts, impact, and then study the protection afforded 

¯ a means to warn drivers of collision risks to persons outside the vehicle: two,wheeled 

through the use of radar detectors, vehicle riders and pedestrians° 
¯ a way of spotting that drivers are becoming In the study of frontal impact, a twofold 

less alert because of fatigue, approach is used: 
o and, in a more general way, devices that 

monitor the good mechanica! condition of 
* the theoretical approach that studies the 

the vehicle, 
problem by preparing mathematical models 
of the car’s structure. 

Most of the research to date has focused on * the experimental approach that, based or~ 
secondary safety, data obtained from simulations in crash 

We shall go into detail on some pertinent tests, indicates the improvements to be 
data in order to have a better understanding made on the front end. 
of real accidents. By obtaining information at 
the accident site, we can establish an accident Thus: 

file including: a description of the accident, a * the deformation of the front end is pro~ 

report on the type and severity of injuries sus- grammed by pinpointing the rupture 

tained by the occupants, a report on the defor- points, in marking the side panels; 

mations of the car’s structure. * reinforcements are added behind the 

Moreover, it is necessary to determine the wheels; 

importance and severity of every kind of colli- * and longitudinaI supports are installed at 

sion in the whole spectrum of accidents. Thus, door level. 
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These change:s should lead to a maximum proceed in an experimental way by doing car- 

deformation of the front end during impact, to-car lateral impact tests. In this way, we ob, 

while leaving the passenger compartment in- tain the basic parameters playing a role in this 

tact. There is therefore a need to study occu, type of impact, which point to some standard 

pant restraint, once again by using a twofotd improvements: 

approach: ® strengthening the lateral structures to re- 
o theoretical, with the help of mathematical duce the intrusion of the impactingvehicles, 

models of occupant restraint, * installing protective padding inside the 
¯ and experimental, by doing bench tests on doors. 

dummies to measure biomechanical param- Finally, there is the problem of the com- 
eters, patibility between the structural improve- 

ments made in the case of frontal impact and With respect io the seatbelt, the main com- 
ponent in the restraint of occupants in frontal their effects in lateral impact. 

impact, several improvements are possible: We are also trying to improve the protec- 
tion afforded persons outside the vehicle. Im- 

¯ increasing the width of the strap to lessen pact tests were done on two-wheeled vehicles 
pressure on the thorax, 

¯ developing a pressure gauge to ensure grad- 
and on pedestrians. The results of these tests 
may be corroborated by a mathematical model 

ual restraint, ¯ finding a better anchoring position of the    in the case of pedestrians. 
The resulting improvements involve pri- 

seatbelt and the seat, 
¯ reducing the play that exists between the 

madly a reduction of the aggressiveness of the 
hood and of the windshield in relation to the 

strap and the occupant’s thorax to make 
head. 

the restraint system more efficient, for ex- These sectorial studies naturally give some 
ample, by using pyrotechnic devices, 

¯ finally, developing an inflatable belt that 
idea of a synthesis vehicle, derived from exist- 

better distributes pressure on the thorax, 
ing models among the medium sized cars. It 
must afford a level of protection defined by a 

As to the dashboard, it is possible to make set of specifications. The development of pro- 

the parts that Faight strike the occupant less totypes by French manufacturers aims at 
aggressive: proving the technical and economic feasibility 

¯ by installing a retractable, telescopic steer- of the cars with the best performance with 

ing column to prevent the backward thrust respect to secondary safety and at providing 

of the steering wheel, guidance in the choice of future regulatory 

¯ by installing a deformable trigger catch measures. 

along the interior crossbeam, As concerns trucks, the main concerns with 

¯ by modifying the rigid parts of the steering respect to primary safety are improving brak- 

wheel and dashboard, ing and, more recently, improving the stability 

¯ by reducing the aggressiveness of the wind- to prevent rollover. This study will lead to the 

shield, development of a tractor trailer truck with 
much greater stability. The problem has been 

A new arrangement of the interior of the greatly simplified by a mathematical model 
vehicle has been conceived to protect unre- that helps to define the parameters to be 
strained occupants in low speed impacts. A modified. 
seat providing added safety for children was In the area of secondary safety, the im- 
studied, provement of occupant protection has also 

In the lateral collision study, the use of been studied. This has pointed to the need of 
mathematical models is less helpful than in increasing the resistance of the cab in colli- 
the case of frontal impacts. Therefore, we sions against fixed obstacles or between 
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trucks. Finally, it has proven necessary to pro- decisive stage in the area of the individual 
tect other vehicles by installing shock absorb- automobile. A similar effort must still be 
ing devices especially on the front end of made for trucks and two-wheeled vehicles. To 
trucks, this end, it is desirable that many participants 

To date only one study has been done on from outside the automobile world play a role 
two-wheeled vehicles on the improvement of in diversifying the research approaches to 
the protective features of the helmet. Research improve vehicle safety. We can state at this 
was done based on experiments aimed at time that"ProgrammedThematicActivities" 
determining the tolerance of the head to is serving an important function in road safety, 
impacts, since the results of its work up to now are a 

In developing synthesis vehicles, "Pro- basic factor in defining regulations for future 
......... grammed Thematic Activities" has reached a vehicles. 
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Dr. R. Rhoads Stephenson, Conference Technical Chairman, United States 

Introductory Remarks three development, and are now entering the 

phase four testing period which is being con- 

ducted under international cooperative agree- 
DR. R. RHOADS STEPHENSON ments. The Calspan/Chrysler car is further 
Conference Technical Chairman 
United States 

along in its testing phase, and preliminary test 

results on that car will be presented in the 

afternoon session. 

I am Rhoads Stephenson, Associate Ad- There are two changes in today’s program. 

ministrator for Research and Development of The paper by Volvo will not be given. Due to 

the National Highway Safety Administration. a mistake, they were given inadequate notifi- 

I welcome you to the opening Technical Ses- cation and time to prepare their paper. I apol- 

sion of the 7th International Experimental ogize for that oversight. In the afternoon ses- 

Safety Vehicle Conference. This session sion there is also a change. The paper by the 

covers several vehicles which have been devel- United Kingdom on the frontal impact testing 

oped and tested over the past few years. It is of the Calspan vehicle will not be presented. 

of such importance that we scheduled it with- Because of schedule delays outside of their 

out parallel sessions, so that all of you could control, these tests have not been completed 

participate. There will be six other technical and will have to be presented at a later date. 

sessions over the next two days on specific We will now proceed to the presentations, l 

aspects of vehicle safety. However, today’s ask that you make notes of any questions or 

emphasis is on the systems level--the total in- comments and hold those until the discussion 

tegrated vehicle, period at the end of this morning’s session. 

This morning we have papers by Renault, Will the authors of each of the papers 

Peugeot, and Volkswagen; an experimental please remain in the front of the room. After 

safety motorcycle presented by the United the last paper has been presented, I will ask all 

Kingdom; and papers on the two United the authors to come up and sit at the front 

States sponsored research safety vehicles, table. We will then accept questions or corn- 

These vehicles have completed their phase ments from the floor. 
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Peugeot 104 Safety Vehicle. 

JEAN DERAMPE 

PeugeotHead’ Safety Research Department 

t ROAD SAFETY AND THE 
9.3~ .,~                     ~J 

" 

CONSEQUENCES OF THE ECONOMIC 
CRISIS 

0" 275,000 

At the 5th International Technical Con- 
.-" I ..... Jr 258,000 ference on Experimental Vehicles in 1974, the 
250.000 

"’/" ................ 

l 
E.E.V.C. put forward the objectives of the 

/F"’-- 
248,000 

next generation cf safety rules. ," 388,000 ~. 
These objectives, based on information 353,000 353,000 

from accident stl.tdies and on the results of 338,000 

laboratory tests, were expressed no longer in 
’1"6,20;] °°’o, 

terms of the limitation of deformation, but in 
terms of ~’protection criteria" measured on 13,800 

dummies in crashes representative of real acci- 13,10d"" 
dents. A year and a half later, in December "-. 
1975, the E.E.C. adopted the conclusions of 
the E.E.V.C. as the main points of the future 

971 1972 1973 1974 1975 1976 1977 t978 
European Rules on the protection of occu- 
pants. -- Fuel consumption Fuel consumption, 

........ Road accidents accident number, 
In the meantiine, the crisis in November _____ Injuries accident severity 

1973 has completely altered the economic ........ Dead evolution from1971 
situation, changing prospects and priorities, to 1977 

Petrol has become scarce and its basic price 
has quadrupled; the cost of other raw mate- not followed this progression; they have 
rials is evolving fast. Growth rates have sud- 

diminished slowly whilst the number of peo- 
denty slowed down; the demand for vehicles 

pie killed in road accidents has diminished 
which had been g:owing at t0% annually, has 
become less regular and the average annual 

considerably. 

growth rate is much smaller. 
This improvement of road safety is of 

course due to measures taken by the Ad- 
And yet road traffic, after faltering in 1974, 

ministration, to the improvements made to 
has begun to grow again, tess quickly but 

cars and roads, and also no doubt to changes 
regularly all the same. Accidents entailing 

in the mentality and habits of drivers, who 
bodily harm and the number of injured have 

have no doubt listened to the lessons of the 
road safety campaigns that have been orga- 
nized for them. 

Today we must prepare economies of energy 
for the future, which means finding ways of 
reducing consumption considerably, but at 
the same time we must continue to improve 
safety. 

The role of the VLS 104 is first to propose 
solutions, to check their effectiveness and 
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their cost, and above all to allow the choice of The required performances for each type of 
the best measures; in no case will it be possible impact are set out in the chart below. 
to adopt all the solutions assembled in the The vehicle must be modified to improve 
VLS, They could together weigh and cost too the protection of the pedestrian: the first con, 
much. clusions will be drawn from this study and the 

........... But we shall have to choose among them test results. 
those which most improve safety without All these performances must be obtained 
jeopardizing the necessary reductions in without significantly affecting the fundamen- 
weight without imposing on society unaccept- tat characteristics of the vehicle: 
able extra costs. * road handling, 

........ In our opinion, that is the usefulness of the 
* internal and external dimensions, 

...... VLS. * performance, 
¯ fuel consumption. 

OBJECTIVES OF THE STUDY Despite the precautions taken to ensure ef- 

.......... For the implications of the results obtained 
fective and light solutions, the modifications 

........ to be generally valid, the study has been made 
on the VLS when put together would lead to 
an additional 10% in weight, lower no doubt 

on a small, widely sold car. than the increase with ESVS, but too great, as 
The vehicle must be one that can be regis- 

we have already stated, in the context of the 
tered as a 1980 model particularly as far as ex- 

present crisis. 
haust control, noise, and safety in general are 

........... concerned. 
According to the terms of the contract this Choice of the Basic Vehicle 

vehicle must protect its occupants in the fol- The vehicle chosen is a Peugeot 104. 
lowing cases: It is a small saloon-car measuring 3.48 m in 
® frontal impact at 55 kph against a fixed rigid overall length, capable of transporting 4 to 5 

wall at an angle of 30 degrees to the trajec- passengers and weighing 780 kilos when ready 
tory of the vehicle, to drive. 

¯ lateral impact with a car of similar type with It has four side doors and a fifth door at the 
impact at 50 kph and at 90°, when the ve- rear. The back seat can be folded forward in 
hicle is standing, order to increase the size of the luggage corn- 

® rear impact at 35 kph caused by a moving partment if necessary. 
flat rigid barrier weighing 1100 kilos, The 104 has front wheel drive, driven by a 

® roll over at 50 kph. transversely mounted engine. The 1124 cm3 

FRONTAl_ LATERAL ROLL REAR 

IMPACT IMPACT OVER IMPACT 

Biomechanical tolerance ................................... 
,~ ¯ ~ 

o 
Non-opening of doors on impact ............................. ¯ ¯ ¯ ¯ 

Possibility of opening at least one door by 
hand without tools ....................................... * * * o 

Possibility of extracting the dummies in one piece 
after impact without tools ................................ ¯ ¯ ¯ , 

No fire ................................................... * ¯ 

NO fuel leakage ........................................... ° ,, ,, ,, 

No total ejection and at no time the upper members 
stuck between the vehicle and the ground ................... o ° ,, ,, 

No unlocking of the seat fixtures ............................. ,, ° ¯ ,, 
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engine develops 57 hp at 6(~90 rpm, and 7.8 For the sake of this contract, the speed was 

redaN at 30430 rpm. fixed at 55 kph, that is 10% more than the test 

There is independent suspension on all four speed at present prescribed; this means 20% 

wheels, more energy to be absorbed at each deforma. 
tiono 

TECHNICAL CONCEPTION OF According to the accident analysis made by 
the Peugeot-Renault Association, it is at this 
speed that 93% of all people injured receive 

The vehicle presented, known as the VLS their injuries, and 74% are killed and serious. 
104--light safely vehicle--was conceived on ly injured whereas at 50 kph the figures are 
the basis of the 104 and has kept all its essen- respectively 90% and 60%. 
tial characteristics. The major modifications 
involve the structure of the vehicle and the Frontal Structure 

protection devices necessary to allow the el’ The energy of a frontal impact is dissipated 
fects of each type of impact, by the gradual deformation of structural ele- 

ments working in compression and placed at 
Conception of the Frontal Impact two levels: 

It is not generally accepted that the most ¯ at underframe level, the lower forward 

representative o~ frontal crashes on the road is crossmember distributes the load over the 

the so-called 30" impact, engine cradle and the lower rails of the 

The choice of the test speed at impact is wheel pane!; the compression load is trans- 

essential because it is that speed which deter- mitted to the bottom runners under the for- 
mines the amount of energy concerned that is ward part of the floor and linked at the rear 

the size of the structures and the type of to the side members by means of the cross- 

restraint system, member under the front seat, 

"5O 



SECTION 3: INDUSTRY STATUS REPORTS 

* at waistline level, the load is applied to the 
DETAIL "A" reinforcement of the wheelhouse, resting 

directly on the beams set above the front Hinge reducing play 

and rear doors. 

The steering-column mounting has been 
modified to reduce the strains caused by the 
rear-ward movement of the toeboard. 

Special arrangements have been made to 
facilitate the opening of at least one door per 
row of seats (door,frame reinforced; doors 

Cross bar 

Chamfered 
DETAIL "B" 

external panel 

Anti-aggressiveness 

cross-member 

....... Lock bracing / 

Hinge 

Engine support reducing-plaY 
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strengthened; crossbars placed in the pillars; of a torque bar placed between the axis of the 

measures taken t:o reduce play and chamfered retractor and the retractor box. 

external panels). In the front seats, the buckle is fixed on the 
seat to allow the correct positioning of the 

Protection Devices pelvic part of the strap, whatever the size of 

The protection of occupants at front and the occupant. 

rear is assured by automatic three point seat In the rear seats there is a special device 

belts. Because of the additional 20% of energy, which has been developed to obtain sufficient 

it has power necessary to stiffen the strap re- verticalization of the pelvic strap (some 60°), 

ducing its elongation rate to 6%. whilst making sure that the rear seat can be 

To avoid pressure on the thorax above that maneuvered easily. 

which the human body can tolerate, a load The windscreen, stuck to its frame, is a 

limiting mechanism has been devised made up Securiflex one: this Securiflex is made up of 

0.50 mm 
2.2 mm 
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four layers, one of which--on the inner The testing of frontal impact at 59 kph on a 
side--consists of a layer of plastic to reduce converted vehicle also gave satisfactory 
the risk of cuts from flying glass, results. 

Results for Frontal Impact For Rear I m pact 
The results obtained during sled tests at 

The structure of the VLS 104 is reinforced 
55 kph are satisfactory, by two small rails running beneath the rear 

part of the floor. The petrol tank is protected 

I Front Rear by a structural frame inside the rear axle, 
Hybrid II 50th percentile which rests on the side rails of the underbody. 

SLED TEST 
50th percentile female In the case of rear impact, the protection of 

Driver R L R the occupants in both front and rear is assured 
by means of seat backs and head rests; for the 

Head t~t3ms (g) 62 64 72 84 

Thorax l~l 3 ms (g) 52 40 52 48 

Abdominal criterion 0 0 0 0 

Rear axle resting 

Hybrid ! 

GLOBAL TEST 50th percentile 

Driver R 

Head    HIC 858 806 

Thorax 1~13ms (g) 56 46 

Femur load F (daN) L 
120 400 

R 660 120 

Abdominal criterion 0 0 
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rear seats the head rests are fixed to the upper variation which the occupant is subjected to 

cross member of the rear window so as to on impact. 

allow the seat to be folded forward. This speed variation for the occupant on 
impact, which characterizes the gravity of the 

Results accident, is closely related to the inner panel 

The results measured on 50th percentile 
speed at the time when the occupant hits it. 

This speed variation for the occupant is 
male dummies in the front and 5th percentile 
female ones in the back can be seen below, 

often far greater (more than 50°7o) than that 
for the vehicle which is hit, particularly in 

No fuel leak was observed either during nor cases where impact leads to intrusion. 
after the test at 135 kph. Our first task was therefore to reduce inner 

For Lateral Impact 
panel speed. 

Researching il:~to this type of impact is a Reducing Inner Panel Speed 

relatively recent practice; as a result the The means used for the VLS are as follows: 
choice of test procedures based on real acci- * the structure of the passenger compartment 
dent conditions ~as not been universally agreed 

has been reinforced. 
upon. -- the floor has been strengthened by three 

transverse members with strong cross 
Information (;leaned From section inertia, on which the rails of the 
Accident Anailyses underbody, itself reinforced, rest; 

To improve protection in cases of lateral -- the resistance of the side wall has been 
impact, it is necessary to reduce the speed improved by a central roll bar; the doors 

35 km/h rear Front occupants Rear passengers 

crash fiat ri§id Hybrid II 5th percentile 

moving barrier 50th percentile female 

1100 kg Driver Occupant L           R 

Head ]~13 ms (g) 17 21 42 34 

Hyperexter~sion < 60° < 60° < 60° < 60° 

Thorax I~13 ms (g) 13 9 43 39 

Pelvis I~l 3 m~ (g) 23 29 36 36 
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v 

Fn/s 

B Test 

Fata~ cases 50-60% 20-30% 15-25% 
Vp Calculation 

Any degree 
60-70% 15-25% 10-20% 

Vp + 10% 

of severity 

Distribution of side impacts by type of obstacle. ~ 0 

50 1 

40 Probability 5 

3O 

20 ~ 0 ~ -- 
90 degrees 50km/h 40 kmlh 65 km/h 

75 degrees 10 

0 ! 

420 Comparison occupant AVT/cNculated Viop, 

Location of impact point in car to car collision, e2d ¯ Vlo 

V    = 
io 

eld cos L~ + e2d 
V [~] zXV vehicle 

m/s 
D VT occupan~ zXV2 

_ Vi° 

to2+V ~p     - 
Vlo 2T o 

10 - 

2,V2 - Vio 

Vio                                 ~p + Vio 

Vp’ 

o 
90 degrees 50 km/h 40 km/h 65 kmih 

75 degrees 

P 

Comparison vehicle AV/occupant transverse 
speed. Determination of occupant-walt impact speed. 

have been strengthened to avoid local- it is the lower part of the structure which 
ized perforation; the chaining of the causes impact thanks to a cross member 

doors has been improved; placed far to the front just beneath the 
the side wall has been braced at pelvis bumper and opposite the side rail of the 
level, that is at the level of the bumper of underbody; 
the vehicle causing impact; -- the upper part of the structure has been 
the frontal structure of the vehicle caus- located 104 mm back from the lower 
ing impact has been made tess aggressive; cross member. 
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Reducing the Rigidity of the Inner Panel 

The second parameter to be taken into ac- This means that the rigidity of the inner 

count in order to reduce the gravity of impact panel must be reduced, and that it must be 

at a given body speed is the deformation ca- equipped with padding of appropriate rigidity .... 
pacity of the inner panel, so that the energy of The VLS is equipped with semi-rigid three 

impact of the occupant can be absorbed with- centimeters thick foam at chest height and 

out intolerable strain, four centimeters thick foam at pelvis height. 
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Results 

The results of lateral impact of VLS against Padding 

VLS at 90° and at 50 kph are given in the chart: 

104 VLS 

DUMMY Rear Rear 
Driver :)river 

Passenger Passenger 

HEAD 

HIC 265 139 !70 400 

CHEST 

SI 807 50 112 201 
I~13 

rns (g) 65 19 40 40 

PELVIS 
Seat reinforcement             Bracing 

t~13 ms (g) 105     45    52     40 

The results obtained from tests with the Protecting Pedestrians 
Hybrid II dummy confirm the homogeneous 
character of the various techniques tried. But An earlier study presented in London on 
we know that the dummy type is not suffi- the Peugeot safety vehicle put forward the 
ciently representative of the real behavior of idea of a deformable front, intended to reduce 
an occupant, the severity of initial front impact. 

We therefore intend to confirm the value of Research work has continued, and has been 
the principles used on the VLS once a more facilitated by better knowledge of pedestrian 
representative dummy has been found, and two wheel vehicle accidents. 

Anti-aggressiveness cross-member 

Curb weight 

Hinge reinforcement Bolt Pillar "B" reinforcement 
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Vehicle/pedestrian impacts injury origin. 

Head vehicle Injuries Average 

contact areas importance severity 

Windshield frame 33.5 4 

Bonnet & fenders 22.6 3.4 

Bonnet deck 12.9 3.7 

Windshield 10.6 2.9 

Facia panel I 9.2 5 

Side accessories 
I 

2 2.1 

Injuries importance Average Severity 

~(AlSelement)3 

/~(AIS)3 \/-7- 

that most often these injuries are caused by 

the vehicle when the head hits either the rear 
part of the hood or the windscreen. 

The dangerous parts of the vehicle have 

been found to be above all in the windscreen 
frame, which is a very rigid area. 

Conception 

On the VLS 104 solutions are proposed to 

make this windscreen frame area sufficiently 
Analysis of Accidents deformable (collapsible windscreen frame in 

Various analyses made show that the worst case of impact and covered by a polyurethane 

accidents are caused by head injuries, and skin). 

Vehicle/pedestrian impacts: ~njury distribution. 

importance of        Overall        Importance of 
Criterion of injuries 

Body Regions injuries Due Importance ~njuries Due 
importance 

to the Vehicle of ~njuries to the Ground 

Head 40.7 53 12.3 

Neck 0.7 0.9 0.2 

Chest 7.3 11.3 4.0 ~ (AlSbody region)3 

Upper Members 3.4 4.7 1.3 £; (AIS)o 

Abdomen 0.3 0.3 0.0 NOTE: The numbers 

Lumbar Column 0.2 0.3 0.1 shown should be taken at 
their relative value, they 

Pelvis 1.7 2.1 0.4          have no simple absolute 

Lower Members 25.5 27.4 1.9 significance. 

TOTAL 79.8 100 20.2 
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Absorbing structu re 

Lamp and 

concealed 
head lamp 

As far as the influence of the parameters of 
shape and rigidity on the trajectory of the 
head are concerned, the results obtained with 
sophisticated mathematical models show that 
only the shape has any influence on the point 

On a flexible frame of impact; the way of the rigidity of the front 
"Secu riflex" stuck 

of the car is spread has a style influence on the 
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speed of impact. Impact between vehicles and lo4 
dummies confirm these results. 

The Securiflex windscreen is also only a                              ~__ 
slight danger to the pedestrian: it ensures the 
protection of the head over a very big surface. 

Yhe axes of the wipers are protected by 
elastomer pads. It should be added that the 
front of the vehicle is deformable in axe to 2 

V LS 104 
reduce the severity of the initial impact on the a50 

dan 
pedestrian (Nose of the hood and bumpers in 
polyurethane foam). 

Test Results 

The characteristics of the elements have 
been determined by test with a pendulum 
equipped with a striker adapted to the area of 
the vehicle. Impact against bonnet nose. 

The comparison of the results of tests show 
that the braking attitude has little influence 
on the localization of the point of impact of 
the head on the vehicle and the degree of ~ 
severity, i 

The attitude has an influence on the locali- 
zation of the first impact on the knee. On the 
VLS, this impact has been localized just 
beneath the knee of the adult with polyure- 
thane foam with a density chosen so that the 
Constraints remain beneath the limit of 
tolerance. 

It should be noted that this protection of 

the lower members is compatible with the 

104 

VLS 104 

effective protection of the vehicle during 
VLS 104 

7~o It is preferable for the car to be able to 
da’,~ 3 

resist without damage the results of small im- 
pacts caused when parking, that is at a speed 
less than 4 kph. This means compatibility be- 
tween the front and rear contact areas at a 
height proposed by the ISO standard if not 

Leg impacttbumper VLS 104 bumper, lower than it. 
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104 V LS 

90 km/h 6.21 6.03 
CONSO 1/100 km 

120 km/h 8.49 8,08 

Liters 

100 km 

14- 

12 

lO 

8 

6 

4 

! I I I 

60 80 100 120 140 Km lh 

450 mm 
Consumption. 

In general the amount of room inside has 
been maintained except for elbow space, 
which has been reduced, because of additional 
door paddings. 

CHARACTERISTICS OF THE VLS 104 The external length of the VLS has been in- 
creased by 40 mm; this lengthening has been 

The adaptation of these various solutions made necessary to allow protection of the 
has led to the birth of the VLS 104. pedestrian against initial impact on the front 

This safety vehicle maintains the general of the car. 
concept of the original saloon. In the rear there is a fifth door together with 

It is a four-door saloon capable of carrying a rear seat that can be folded forward. In 
four people in the protective conditions al- order to preserve this possibility and still en- 
ready described, sure adequate protection of the rear seat pas- 

sengers, the buckles of the rear seat belts have 
had to be mounted on peduncles placed in a 

COMPARATIVE hollowed out part of the seat, and the retract- 
CHART able headrests have had to be fixed on the 

upper crossbeam of the rear window. 
104      V LS 

_ To ensure better pedestrian protection, the 
outer shape has had to be modified; a flexible 

Vehicle 6 CV 7 CV 

Mass 57 72 front has replaced the classical one, and this 

Engine 6000 58O0 also ensures the protection of the vehicle dur- 

Max power is DIN hp 8,2 11 ing parking. It should also be noted that the 
Max torque in mdaN 3000 3000 assembly of the roof has been changed to 
Kph at 1000 upens 24.9 28.5 avoid the risk of a door being struck in case of 
Maximum speed kph rpm 147 153 roll-over: this has been done by doing away 
Max speed at 4% 114 121 with the rain gutter along the sides of the roof. 
Standing start 400 m 20.6 19.7 /kS far as the mechanical side is concerned, 

1000 m 38.7 37 most elements remain similar [o those in the 
Hill start                    27%       32%      basic model. 
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From and rear independent-wheel suspen- measures to improve safety are possible and 

sion is that of the basic saloon apart from the they are technically compatible with each 

fact ~hat the front axle has to be adj usted to ot her. 

allow for ~he increase in the weight of the car. What remains is to choose the best of them 

The VIS has been equipped with puncture- and to marry them with another objective, the 

proof F)enovo II tires, which make it possible reduction of weight and fuel consumption, 

-~o drive with a fiat ~ire. Doing away with the which is today the aim of another ’°Action 

spare wheel has meant that we have been able Program" in France. 

to ire, prove the load-deformation character- There is no doubt that among the measures 

istics of the hood in cases of impact from the tried in this study, many wilt finally be 

head. adopted in a way that remains to be improved. 

The rackotype steering is absolutely identi- Useful results have already been integrated 

cal with that of the basic saloon, in the studies in progress, each time that an 

t-he power of the vehicle has been modified improvement of our knowledge has made that 

to ~ake into account the extra weight of the possible. 

~trucmre and protection devices. In order to One important point in this study is that we 

keep fuel consumption down, to that of the can confirm that a small car can give excellent 

basic saloon, and to similar vehicles, the results when it comes to safety and just as 

engine in the VILS has capacity increased to good protection from impact as a big car, and 

1360 cm3. This develops 72 hp and torque of that the improvements envisaged today in no 

11 dmdaN, way exclude small cars. 
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Status Report of Minicars’ Research Safety Vehicle 

DONALD E. STRUBLE cord stratified charge engine, and has 
Vice President of Engineering & Research demonstrated fuel economy in excess of 32 
Minicars, Inc. mpg. The low weight and the high fuel 

Minicars, Inc. has been involved in the economy are nevertheless consistent with 

Research Safety Vehicle program continuous- outstanding crashworthiness, which has been 

ly since 1974. During much of that time the demonstrated in 17 verification crash tests 

Contract Technical Manager has been Mr. covering the full spectrum of significant real- 

Jerome Kossar, and we would like to world accident modes. This synthesis of fuel 

acknowledge and express appreciation for his efficiency and crashworthiness is made possi- 

contributions to the success of the program, ble by the vehicle structure. As Figure 2 il- 
lustrates, the structure is comprised of closed 

RSV STRUCTURE box sections. These are fabricated from light- 
gage low carbon steel with typical thicknesses 

Shown in Figure 1 is the RSV as it appears of .030 to .050 inches. Where the cell volumes 
today. It is a compact size car weighing less are appropriate, they are filled with 2 lb/ft3 
than 2500 lbs. It is powered by a Honda Ac- polyurethane foam, which stabilizes the sheet 

Figure 1. Minicars RSV. 
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Lower door ~ 

Fron~ seat 
box \ 

Luggage 

\\ Fender boxes compartment 
floor 

Rear seat box / 

/ 
/ Bolt-on nose 

/ 

Fuel cell / 
stowage area Si!l A-pitlarsZ 

cen[er 
spine 

Figure 2. RSV foam-filled areas. 

metal and contributes substantially to the Figure 2. Foam-filling is accomplished by 

ability of the structure to absorb energy when machine mixing and pouring the liquid 

crushed in a variety of directions, reagents into each cell, as in Figure 3. The 

The RSV is not based on a current vehicle, foam then rises and solidifies to fill the 

but ~s a new design from the ground up. This volume. 

allows maximum flexibility regarding the 
vehicle architecture. With reference to Figure 
2, the longitudinal load paths start with the 
foam-filled luggage compartment floor and 
front fender boxes, and continue through the 
foam-filled door reinforced with longitudinal 
struts, and terminate in the engine compart- 
ment. The gas tank is a rubberized fuel cell 
stowed under the floor in the rear center 
spine, well forward of the rear wheels. 

Intrusion resistance in side impacts is pro- 
vided by the foam-filled door, which seats 
against ample shut faces on the silt and the A- 
and B-posts. The bottom of the door is 
secured by the latch, and by crash pins located 
just below the daylight opening. The A-post is 
supported by the cowl and foam-filled 
toeboard. The sill is supported by foam-filled 

boxes under the front and rear seats, see Figure 3. Foam-filling process. 
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Other important plastic components are the inserts, see Figure 6. The bumpers and reac- 
reaction injection molded exterior parts, and tion injection molded parts were developed by 
the flexible urethane bumpers. The front Bailey Division of United Shoe Machinery. 
fascia and fenders are made entirely from The front bumper prevents damage at colli- 
reaction injection molded urethane; these sion speeds up to 8 mph. Between 8 and ap- 
parts attach to the fiberglass hood surround proximately 17 mph, damage is limited to a 
and base structure, as shown in Figure 4. The bolt-on module, which can be easily replaced. 
hood is a foam-filled laminate made of a reac- At higher speeds, damageability becomes less 
tion injection molded outer and a fiberglass important than occupant injury, and the 
inner. Similarly, the rear fenders are made of strategy is to save the occupant--not the car, 

.... reaction injection molded urethane. The rear These features are provided by the force- 
bumper fascia is made from hand fabricated deflection characteristic shown in Figure 7. 
flexible urethane to reduce tooling costs. This characteristic resulted from avery careful 
Parts away from bumper strike areas are analysis of the variety of accident modes in 
made of fiberglass, as indicated in Figure 5. which the RSV could be involved. 

The bumpers are made of flexible foam in In particular, the RSV is designed to collide 
conjunction with rubberized fabric (or rubric) with existing vehicles in the population. In 

Ri_rn 

Fiberglass                                                     Nose section 

Rim 
Fiberglass hood 
surround 

RSV bumper fascia\               RuSric 

Polyurethane foam 

Rim 
Rim 

Figure 6. RSV bumper design. 
Figure 4. Front exterior parts. 

Fiberglass Force 
fender 

Fiberglass Main front 
structure 

Bumper 

Rim urethane 

Figure 7. RSV front structure and crush chara¢~ 
Figure 5. Rear exterior parts, teristic. 
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frontal collisions with those vehicles or with translatable into a mass-produced, affordable 

fixed objects, the concern is with occupant product, and to be durable in regular driving. 

protection, due to the RSV’s low weight. Con- To meet these goals, the Budd Company par- 

ventionat cars, on the other hand, are most ticipated in the structural design activity and 

vulnerable when struck in the side--even large performed a vibration screening test on the 

cars. The very soft RSV front structure is the structure. Additionally, a 15,000-mile acceler- 

result of trading off, on the basis of total ated life test will be performed at the Chrysler 

societal losses, aggressivity in side impacts Proving Grounds. 

versus occupant protection in frontal impacts. Getting back to the crash environment, 

The specific crash modes are shown in Figure 8. Test 8.10 a frontal barrier crash of the final 

In addition to dealing with the crash envi- design RSV--produced a very favorable crash 

ronmem, the structure was designed to be pulse, with a peak of 43 g’s and a crush of 45 
inches, see Figure 9. Even though the total 
velocity change was 54.4 mph, the structure 
maintained its integrity and provided a favor- 

RSV FISV ~ Small able environment for the restraint systems, as 
Barrier 

~i 

we shall see later. Both doors were readily 
.--~ opened after the crash. 

RSV Smal! 
~ 

RSV 

~ Large 

RSV FRONTAL CRASH PROTECTION 

......... The driver restraint employs no belts, to 
Rsv Large 

~ 
keep it fully passive. The system consists of 

~ the seat, dual-cell airbag, inflator, column, 

Occ. aggressivi~y Prot~.ct~on knee restraint, and appropriate bracketry, as 
shown in Figure 10. The inner bag inflates 
first to fill the gap between the wheel and the 

Figure 8. RSV compatibility, torso; the gas is vented to the outer bag and 

reused to control head motions later in the 
event. Figure 11 shows the major components 
in the driver restraint system. As indicated in 

(head) 
Column 
E/A 

Knee 

/ restraint Seat 
Inflator 

Figure 9. RSV 50 m ph frontal barrier perfor- 
mance. Figure 10. RSV driver restraint. 
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Foam knee 

/~ restraints 

.~ Aft column 
1.7 cu. ft. outer bag 

bracket ~ .//"2".. ~’~",~:~\\ 

.\~ 

Reaction plate 

Knee’deflector                        1                                                            / 

GM ACRS wheel j/ 

/ GM ACRS 
/ column housing 

1 
//                ring / 

Clamping 
Bag cover 

\ jJ GM slip ring / 
1.0t cu. ft. 

~ / 
assembly Thiokol 

inflator inner bag 
Tube mandrel 
ea unit 

Figure 11. RSV driver restraint components. 

Figure 12 the column is a Minicars tube and metric stability in the presence of bending 

mandrel unit integrated with a General Motors movements, provides 6 inches of stroke, and 

ACRS column housing and steering wheel, is almost totally insensitive to upward rim 

The column possesses a high degree of geo- loads, which can be as high as 500 lbs. 

GM ACRS 
steering colu mn~.~ 

Mandrel 

EA tube 

~ 
GM ACRS wheel 

" Firewalt I T o steering 
gear 

Figure 12. Column stroking mechanism. 
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The system has been shown to demonstrate 
occupant protection well in excess of FMVSS 
208 criteria, with speeds in excess of 50 mph. 
The results of Table 1 were produced in the 

)nflator / barrier crash test referred to above. For occu- 

pants other than 50th percentile males, pro- 
Knee 
restraint r--- ~’. 

tection has been demonstrated by sled tests, 

~~QtSgrs7 ~v.iSeat The results shown in Table 2 are the outcome 
of 39 sled tests, which led us to conclude that 

Heater. lV__~ v _<.=j~ / _~    / ,/ 

protection can be provided within FMVSS 208 I Folded (’~’-’-’----.~{ / 

criteria to speeds of 45 mph for occupants at 
bp~gckage 

the anthropometric limits. 
The RSV passenger restraint operates on 

principles similar to those of the driver re- 
straint, in that a torso bag quickly fills the gap 
between the torso and the reaction surface; 

Figure 13. RSV passenger restraint. 

subsequently, gas is vented to a second bag to 
control head motions later in the event. A Cow~ 
crushable knee restraint is also employed, see 

"~ structure 

Figure 13. Restraint hardware is shown in 
Figure 14, including the cylindrical inflator, brackets 

Performance of this system has also been 
demonstrated for 50th percentile male occu- 
pants at speeds of 50 mph. The results of 
Table 3 were obtained in crash test 8.10. For 

Dual cell 
air cushion    Inflator 

Table 1 RSV driver restraint performance 50th Foam knee restraint 

percentile male. 

FMVSS Figure 14. RSV passenger restraint configura- 
Parameter RSV 208 tion. 

Criteria 

Table 3. RSV passenger restraint performance 
Velocity AV (mph) 54.4 30 + 50th percentile male. 

HIC 304 1000 

Chest Gs 45 60 FMVSS 

Femur Load (Ib) 1575 2200 Parameter RSV 208 
~~ Criteria 

Table2. RSV driver restraint performance Velocity .&V (mph) 54.4 30+ 

anthropometric limits. H~C 554 1000 

Chest Gs 48 60 

5th Percentile 95th Percentile Femur Load (Ib) 890 2200 
Paramete[ 

Female Mate 

Veiocity’AV(mph) 45.4 44.8 5th percentile females and 95th percentile 
HIC 528 . 615 males, protection within FMVSS 208 criteria 
Chest Gs 55 60 is provided to at least 46 and 40 mph, respec- 
Femur Load(tb) 900 2000 tively, see Table 4. These conclusions are 
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Table 4. RSV passenger restraint performance 
anthropometric limits. 

5th Percentile 95th Percentile Parameter 
Female Male 

Velocity AV (mph) 46.1 40.1 

HIC 710 700 

Chest Gs 49 47 

Femur Load (Ib) 200 690 

based on 33 sled tests of the system. Further 
tests are planned with out-of-position occu- 
pants. Figure 15 illustrates the packaging of Figure 15. RSV dashboard, showing finished 
the driver and passenger restraint systems in front seat restraints. 
the vehicle. As with the driver system, the 
passenger system is fully passive in that no at each of the anchorages, see Figure 16. Sled 
belts are employed, tests have demonstrated performance of this 

In the rear seat, however, low occupancy system at sp,eeds of 40 to 45 mph, depending 
mitigates against all but the simplest restraint on the occupant size. 
systems. The RSV belt system looks similar to In side impacts, the restraint system consists 

.... conventional 3-point harnesses, but it employs of padding on the door and potential strike 
low stretch webbing, and tuned force limiters surfaces. Aside from providing appropriate 

’D" ring 
Shoulder belt guide 

cover 
g5rce 

Lap belt                                                     limiter 

justment 

Outboard force 
limiter (not visible) 

Inboard 
force limiter 

Under seat box 
delta support 

Figure 16. RSV rear seat belt system: 
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energy absorption in crashes, a major consid- Table 5. Volume comparison. 

eration is to minimize the claustrophobic ef- 
fects that have sometimes been demonstrated. Car 

Passenger Luggage 

This is accomplished by extensive sculpting of 
(Ft3) (Ft3) ......... 

the door pad, as shown in Figure 17. Based on Fairmont 96 17 

car-to-car crash test results, we found that Audi 5000 90 15 
RSV door padding elements can be developed RSV 90 13 
using dummy impact tests at about 25 mph. volvo 89 14 

Such dynamic tests ted to a urethane shoulder 4-dr Accord 82 14 

pad of 5 inches, and a hip pad of 6 inches, 4-dr Audi Fox 84 11 

Shoulder 
target Vent protected by a fiberglass cover, as shown in 

window Figure 18. Despite the extensive padding, the 
vehicle maintains an interior volume in the 
compact car range, as indicated in Table 5. 

Pedestrian impact protection is being inves- 
tigated in a series of tests at Battelle Institute. 
An initial series of 13 tests, utilizing a new leg 
impact test device, indicated that proposed 
knee injury criteria are inconsistent with other 

Do6~ latches 
requirements imposed on the bumper, such as 

Hip target reducing damageability. A further series of 
tests on a special pedestrian impact dummy 

Figure 17. RSV door interior, will examine the adequacy of the RSV bumper, 

soft fascia, and flexible hood in reducing 
whole-body injuries, 

~ .~ 

ACTIVE SAFETY 
Shoulder pad        ~:i’; 5" With respect to accident avoidance, the 

Fiberglassq~t":’~i~’;" :i~i 

~~ 

RSV meets all ofthe IESV handling require- 

cover ~ 
ments, except for ride and returnability. The 
IESV specifications were based on large cars. 

~~ 
Returnability tests were run in two directions 

Structural 
~"foam at two speeds. Results were satisfactory in 

Door .o, three tests and were marginal in the fourth. 
pu~ !~.i Most of the RSVs to be delivered for Phase 

~,~: IV evaluation will be equipped with the four- 

~ wheel disc system from Fiat Xl/9’s. How- 
ever, a high technology version of the RSV is 

Hip__.~,. being developed, and one of its features will 
pad 

consist of a Bendix anti-lock brake system. 
This system will be modified to accommodate 

box collision mitigation capability, which would 

be employed when a high speed collision is 
unavoidable. The collision mitigation feature 

Figure 18. Cross section, will quicken brake system response by dump- 
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ing hydraulic accumulator pressure directly Table 6. Radar specifications. 
into the anti-skid valve. This feature is de- 
signed for circumstances in which the driver Frequency t7.5 GHz 
does not perceive a dangerous collision situa- Power output 20 mW 
tion soon enough, and when braking action Horizontal beamwidth 3 Deg 

should begin automatically to reduce the colli- Vertical beamwidth 5 Deg 

sion speed to a level that can be handled by Antenna gain 30 dB 
Total antenna size 77 x 2! x 3 cm the occupant crash protection system. 
Range rate 0-60 mls 
Range 

THE HIGH-TECHNOLOGY RSV Collision mitigation 6-30 m 

On the high-technology RSV, the collision Headway control 6-50 m 

mitigation feature requires some "eyes" in 
the form of a radar system, which is interfaced 
with an onboard microcomputer. These sys- The existence of the radar and the com- 
tems make possible a "smart" cruise control puter make possible a "smart" cruise control. 
which will be discussed below. Other features When no car is in front of the RSV, the car 
of the high technology RSV are a special flex- travels at the selected cruising speed until the 
ible-format digital display, a turbocharged cruise control is overridden by the driver, just 
Honda Accord engine, and a manual trans- like a conventional system. However, when 
mission shifted automatically under computer the RSV comes up behind a slower moving re- 
control, so that engine power and driver con- hicle, the RSV slows down accordingly and 
venience can be improved without undue sac- maintains a safe following distance. We think 
rifice of fuel economy, that this system illustrates one way of packag- 

The radar, shown in block diagram in Fig- ing a safety device in the form of a desirable 
ure 19, is a non-cooperative FM/CW system convenience feature for car buyers. 
using two antennas (one for transmit and one In the high technology RSV, the basic Hon- 
for receive) is bistatic, homodyne operation, da 5-speed manual transmission is shifted 
Radar specifications are shown in Table 6. automatically under computer control. The 

Figure 20 shows how the radar sensitivity computer is based on an Intel 8080 CPU, with 
pattern is biased to the right. This bias, 16k of PROM and 32k of RAM memory. This 
coupled with computerized signal processing, is all located on two cards. Th e computer gen- 
appears to eliminate all false alarms, erates analog signals which drive actuators for 

17.5 GHz /N A +50 MHz 
f V \ -50 MHz 

Transmit>~. 

BCrna.ta~l~~r~d~f=~ 
G~_~ 1 kHz-r-LJr-L. 

antenna ( {--~IF--’--{M°dulat°r 

Receive Signal 
antenna 

o ~ processor 

Preamp Post amp 

Figure 19. Block diagram of Ku-band FM/CW radar. 
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the clutch, shift rails; and throttle, shown in 

Distance (m) Figure 21. 
The engine is turbocharged to provide im- 

proved acceleration, and to permit the instal- 
lation of power consuming accessories like air 

-4o dB 
conditioning, with minimal sacrifice in fuel 
economy. The most significant feature of this 
turbocharger installation is the application to 
a stratified charge engine; the third valve per 

.6o cyclinder requires that the blower be mounted 
ahead of the carburetor. Furthermore, the 

-40 dB 

~. 5o presence of the onboard computer that shifts 
~ -3_5dB the transmission also provides a means of 

knock control by controlling the operation of 

~7 
~-3o dB the wastegate. It is expected that the turbo’ 

(,~ 
charging will boost the maximum power from 
68 to ll0hp. 

dB 

THE LARGE RESEARCH SAFETY 
VEHICLE 

An important outcome of activities like the 

, ’ ’    I I ~ ~ RSV program is the transferral of technology 
3,0 2.0 !,0 0.5 CL 0.5 1,0 2.0 3.0 to other car designs, Accordingly, we under- 

Left (m} ...... Right (rn~           took to illustrate the application of RSV tech- 

nology to a full size 6-passenger car. The result 
Figure 20. Radar sensitivity pattern, was the Large Research Safety Vehicle, or 

{b) Throttle actuator 

(a) Clutch actuator                                                                     (c) Shift actuators 

Figure 21. RSV high-technology transmission actuators. 
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LRSV. The goals for this vehicle are shown in current plans are focused on the GM X-body 
Table 7. 4-speed and the Volkswagon Rabbit 5-speed 

The most important objective was to dem- transaxle. 
onstrate 27.5 mpg fuel economy, via combi- Engine development focused on reduced 
nations of weight reductions and power-train friction, increased operating temperature, and 

........ substitutions. Being larger and heavier than multiple spark ignition. For maximum power 
the RSV, there is less need for high speed im- to avoid detonation with turbocharging, 
pact protection, and therefore Level II safety water injection was used, with spark retarda- 
performance was established as the goal. Re- tion as a backup. This work was done by 
search goals were adopted for emissions, and Volvo of America. 

..... acceleration performance was to be compar- The transverse front engine installation is 
able with existing vehicles, shown in Figure 22. 

A major step in meeting these goals was the The use of the smaller engine was made 
development of a modified Volvo B19 engine possible by a series of weight reductions that 
with a triple catalyst emission control system, amounted to 868 lbs relative to the base ve- 
Turbocharging was to be used if necessary to hicle, which was a Chevrolet Impala. Table 8 
provide suitable acceleration performance, shows that the largest reduction was in the 
An appropriate transmission was to be engine and transmission, although significant 
selected for front wheel drive application, and weight savings were affected in the structure 

and bumpers despite the increased crash pro, 
tection requirements. This was accomplished 

Table 7. LRSV goals,                         by the use of foam-filled sheet metal elements, 

applied in a fashion similar to the RSV design. 
Fuel economy: 27.5 mph Of course, the front engine installation pre- 

cluded the use of a forward foam-filled lug- 
Safety:               40 mph front 

gage compartment floor as in the RSV, but on 
30 mph side 

the other hand, note the foam-filled fender 

...... Emissions: 0.41 GPM HC 
boxes, sills, and seat box in Figure 23. The 
front end structure that has resulted from 

3.4 GPM CO 
design and development testing is shown in 

0.4 GPM NOX Figure 23. It is conceptually similar to the 

Acceleration: 0-60 mph 
in 15 sec Table 8. LRSV and Chevrolet Impala weight 

comparison. 

Wei ht in Pounds 

Chevrole:t 

Engine/transmission 778 488 - 290 
Running gear 493 27I I -222 
Underbody and frame 442 275 | - 167 
Bumpers 152 60 . 92 
Exterior elements 188 96 I - 92 I 
Restraints 0 35 + 35 
Miscellaneous 394 

Total 
Figure 22. LRSV engine compartment.                                 . 
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Foam-filled Foam-filled 

sheet metat urethane 

structure rear fenders 

Damage -esistant                                                            ~" 

front bumper 

\                                                                                                    Damage 

umper 

Bumoer support structure Foam filled structure 

Figure 23. LRSV foam-filled areas. 

s~ructure in the operational mockup intro- 
duced in 1978~ but it differs significantly in 

2 ft3 bag design details. 
GM ACRS 

Shown in t~igure 24 are the results of a bar- wheel 
tier test at 39 mph, with a total velocity RSV column 
change of 43 mph. The maximim deceleration e/a unit 

was 48 g’s with a crush of 45 inches, Large 
crush, coupled with the compartment integ- 
ri~ y, permitted the restraint system to perform ~.-~ 

Inflator 

very wetI in the tes~. 
Knee restraint 

The driver restraint shown in Figure 25 is an 5" thick 

adaptation of the RSV system. The main dif- 

Figure 25. LRSV driver restraint. 

ferences are l) a single bag configuration, 2) a 
two-inch increase in column stroke, and 3) a 
steeper column angle. 

The passenger restraint system, shown in 
Figure 26, provides protection for passengers 
in both the middle and outboard seats. This is 
done via side-by-side single cell bags for the 
head and chest, coupled with a separate knee 
bag. Spent gases are vented to the engine com- 
partment. Both the driver and passenger seats 
are modified versions of the RSV seat. 

For 50th percentile male occupants, crash 
testing at 43 mph velocity change has indicated 

Figure 24. LRSV 40 mph frontal barrier perform- excellent protection in all three positions. See 

ance. Table 9. The driver system is designed to ac- 
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Table 11. LRSV passenger protection 5th per- 

~::_. ~T~g~b ~_s~ i,~ centile female. 
//.~.~--~-~ /bags (3.5 ft°) 

Inflators///~// 

X~,,#i 
Velocity = 40 mph 

Chest Gs = 37 
Femur loads                = 250 Ib 

lnflator"~nee ~.._F°lded [ //~ 
/’-bag 

/~ // 
~blag~ {t3~ packages Modified 

~’~ RSV seat 

Figure 26. LRSV passenger restraints. 

Table 9. LRSV occupant protection: 50th male 
at AV - 43.0 mph. 

Mid Right 
Parameter Driver 

Pass. Pass. Figure 27. LRSV prototype. 

HIC 174 169 178 omy has been demonstrated in a vehicle that 

Chest Gs 37 31 30 looks and behaves very much like a produc- 

Femur Load (tb) 1135 1120 1090 tion car, see Figure 27. It should be noted that 
- -- the LRSV development has occurred on a 

scale that was very limited with respec~ to 
commodate 5th percentile females through both time and money, and that the degree of 
95th percentile males. Sled testing at 40 mph finish in this design is nowhere near that of 
has confirmed this performance, as indicated the RSV. But we do think that this exercise 
in Table 10. The passenger system is designed has demonstrated the potential for the trans- 
to accommodate 5th percentile females through ferral of RS¥ technology to the full range of 
50th percentile males, with the bias toward vehicles that are sought by the American con- 
smaller occupants being based on observed sumer. 
occupancy patterns. The performance indi- Going to the other end of ~he spectrum, 
cated in Table 11 was achieved in sled testing. RSV occupan~ protection concepts have been 

Performance with regard to the S3E con- demonstrated in a Chevrolet Chevette. In a 
cept~safety, energy, environment and econ- barrier test at 32 mph, both the driver and the 

right front passenger were protected by airbag 

Table 10. LRSV driver restraint performance systems, again well within the FMVSS 208 
anthropometric limits, criteria. 

In conclusion, the RSV and related pro- 
Parameter 5th Percentile 95th Percentile grams sponsored by the National Highway 

Female Male Traffic Safety Administration have demon- 
~ strated that higher speed occupant protection 

Velocity ~V (mph) 39.8 39.8 can be provided for a full range of vehicle 
HIC 259 435 sizes, and that national goals for safety, fuel 
Chest Gs 40 52 

Femur Load (Ib) 850 1675 economy, and emissions can be mutually 
compatible. 
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Report by VNkswagenwerk AG_ 

DR, U, SEIFFERT changes in the societal requirements relating 

Research Division to energy questions and other problem areas. 
Corporate Research and Development It was felt during the first safety vehicles that 
Volkswagenwerk AG the cost of improving vehicle safety could be 

passed on to the consumer. In the course of 

INTRODUCTION time. though, the more useful approach was 
found to be the use of benefit-cost analysis. 

This year’s ESV conference in Paris con- The selected safety concepts were then com- 
dnues the sedes of Conferences on the subject bined with other parameters such as fuel 
of Experimental Safety Vehicles. Actually, economy, emission behavior, and vehicle per- 
one might say that we are meeting today at the formance, into an integrated vehicle design 
very place where the first conference was held concept which was called the Integrated Re- 
on this very subject, search Volkswagen. 

Volkswagenwerk AG has been deeply in- Here again are the specifications of this 
volved in the motor vehicle safety improve- vehicle (fig. 2): 
ment program. This is illustrated by some 

60 miles per gallon (US vehicles that were developed by our company Fuel consumption 
target for 1985 27.5 mpg) 

(fig. 
Frontal impact against 40 miles per hour The ESVW I in t972 fixed barrier 

The EWVW II in 1974 lower than 0.41/3.4/1.5 
The IRVW in 1976. Emissions grams per mile 

In addition, Volkswagen participated in (HC/CO/NOX) 

Phase I of the RSV project. Acceleration from ir approximately 

The successive changes in the devetopmen~ 0 to 60 mph 13.5 seconds 

objectives for these vehicles reflect the Maximum vehicle velocity approximately 100 mph. 

Figure 1. The RSV model together with the ESVW I and ESVW II vehicles. 
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Fuel consumption: 3.9 1/100km(US- 

combined) 

Safety: 64 km/h frontal 
impact with 

rigid barrier 

Emissions: 0.41/3.4/1.5 gram/ 

mile (HC/CO/NOx) 

Acceleration: 0-100 kmih in 14 

seconds 

Top speed: 160kmih 

External noise level: 75dB(A) (ISO- 

R 362) 

Figure 2. IRVW (Integrated Research Vehicle). 

....... The required compliance with numerous Volkswagen as well as by the other European 

applicable standards in the area of fuel con- automobile manufacturers have revealed the 
sumption, vehicle safety, noise and exhaust major problems that are posed by the defini- 

emissions in combination with the effects of tion of a representative test procedure and 
the present energy situation makes it increas- adequate criteria for the evaluation of lateral 

.... ingly necessary for rulemakers and industry to impact data. The CCMC will present to this 
submit essentially integrated design concepts conference a paper on this subject. Permit me 
that provide for optimum fuel economy, ex- to deal briefly with the major results of this 
haust gas emission and noise levels without investigation. 
leading to adverse effects on safety. The Working Group Crash Worthiness 

(CCMC) of the European Car Manufacturers 

FUTURE TASKS carried out an extensive program for the in- 
vestigation of lateral crash test results 

The essential objective of this conference obtained with various collision configurations 
again is to provide for increased motor vehicle in order to gather information on the follow- 
safety in traffic. After almost fifteen years of ing two major aspects (fig. 3): 
extensive activities in motor-vehicle safety we , To determine whether the proposed ECE 
should now determine what the specific fields Test Procedure WP 29 463, Rev. I (35 kmih, 
are on which future efforts should focus. Rigid Mobile Barrier Test) is a proper and 

We feel that these are the following areas: realistic simulation of lateral collisions. 
¯ Lateral collisions ¯ To establish data bases for the development 
¯ Frontal collision at an angle against a rigid of possible test procedures and perform- 

wall ance criteria for the simulation of lateral 
¯ Increased protection during collisions with collisions. 

weaker or stronger road users (pedestrians, 
The results of these investigations suggest 

pedalcyclists, motorcyclists, trucks), 
the following conclusions. 

The ECE barrier test and vehicle-to-vehicle 
Lateral Collisions tests are not comparable in the following areas 

One of the main topics of this ESV Con- (fig. 4): 

ference will be the subject of Lateral Colli- * Energy absorption by the impacted vehicle; 
sions. Extensive investigations performed by ¯ Dummy results. 
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-- -- Car-to-car 
Barrier Car-to-car tests tests 

Test Mode tests ECE identical cars various 
WP29o463 makes 

|m~act angle        90 
90 90 90 75 75 90 

[degree] 

Impact 
35 40 50 65 40 65 50 

velocity [kmh] 

Struck car: A,8,C Dummy 
A,B,C Striking car: D,E position 

Number of 10 9 

f i14 

4 9 6 11 

tests: 63 

Figure 3. Test configurations. 

I ECE-test O Identical cars 
12 

1 t ares 
pelvis 

10 

9 

7 -- 

6 -- 

5 -- 

3 w 

2 

1 

0 50 100 150 200 250 300 350 400 450 

si [mini 

Figure 4. Dummy data vs. passenger compartment intrusion for identical cars. 
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While a complete test procedure cannot be of collision (fig. 5)° The five most significant 

specified at this time it is suggested that the types of collision, determined by the level of 

struck vehicle be stationary and the impact personal injury, are investigated with the aid 

angle be 90° to the center line of the direction of mathematical simulations and real-life 
of impact, aligned with the front-seat occu, tests. In addition, tests are performed on pro- 
pant of the struck vehicle, duction vehicles and modified versions. Dif- 

The ECE barrier should be replaced by an ferences in dummy loads are determined in 

impact device which is more representative of order to establish a base for the determination 
the European car population. CCMC is cur- of the benefits resulting from the vehicle 
rently involved in investigations on deform- engineering modifications, with the aid of aco 

..... able barrier which it considers a more realistic cident statistics and biomechanical data. 

..... approach to lateral impact testing. CCMC Mathematical simulations are employed for 

believes that a special dummy should be devel’ the determination of the benefits in those 
oped also suitable for lateral impact testing, types of collisions that are not covered by 

The test results have illustrated some of the real-life tests. This approach permits the 

problems posed by the development of an determination of the overall benefits resulting 

accident simulation procedure for lateral col- from all investigated vehicle engineering 

lisions that can be used all over the world, measures. 
Under no circumstances should lateral impact The second paper is called "Mathematical 

test procedures be specified for present-day Optimization of Car-to-Car Protection Char- 

vehicles that were designed for compliance acteristics with a new Audi 80." It describes a 

.......... with perhaps premature rules based on insuf- 

....... ficient research. An approach like that might Collision typ_ e Ranking position 

substantially increase costs without signifi- 
cantly improving the vehicle’s safety features. 
The present approach, i.e., the almost exclu ........... 
sive concentration on vehicle-to-vehicle im- 
pacts should be changed to provide for the 
replacement of the impacting vehicle with a ~v 
more realistic barrier. 

Frontal Collision                            v 
7 

At this time, there are several more thor, 
oughly researched accident simulation proc- 

~v~ 

5 
esses for frontal collisions. The primary 
objective in this area will be to find a test pro- 
cedure that would be most effective in order 

w~~f~ 3 

to ensure proper occupant protection during 
frontal impact. Volkswagen and Audi will v~ 
submit to this conference two reports on the 
subject of compatibility. The first paper is 
titled "A Concept of Increasing Compatibility x 
of Passenger Cars." That project was spon- 
sored by the German Federa! Ministry of Re- x~ 

search and Technology. The report may be 
summarized as follows: 

The entire scope of vehicle-to-vehicle pas- 
senger car collisions is defined by twelve types Figure 5. Ranking order of collision types~ 
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methodological approach to improve passen- yet possible at this time. It becomes apparent, 

ger-car compatibility characteristics. A sum- though, that in relation to real-life accidents 

mary is presented below, the 30° angle wall impact test may be the more 
The cumulative frequencies of vehicle suitable test for the investigation of vehicle 

masses and maximum front structure defor- collisions with fixed obstacles. 
mations during a 50 km/h wall impact are 
determined for the German Federal Republic Pedestrian Protection 
on the basis of a market analysis and registra- 

One of the most important areas in the field 
tion statistics. A simple collision model is pre- 

of passenger-car safety is pedestrian protec. 
pared with the essential vehicle-related param- 

tion. The determination of the kinematics and 
eters such as mass and front structure stiffness. 

of the loads on the impacted pedestrian re- 
This model is used for the simulation of the 

frontal collision of a vehicle with any possible 
quires mathematical and experimental simula, 

other road user. The collision velocities are set 
tions of vehicle-to-pedestrian collisions. These 

on the basis of accident statistics: The accident 
simulations should be based on statistically 

frequencies are based on registration statistics, 
certain parameters. This kind of data is sup- 

The results of the simulations permit the 
plied by accident research. Recent publica- 
tions describe the extensive work Volkswagen 

assessment of vehicle occupant protection and 
does in the area of pedestrian protection. 

of the protection of other road users. This ap- 
proach was used first for the new Audi 80 

During this conference we will present some 

which offers a maximum of occupant and 
results of our experimental work on produc- 

other road user protection (fig. 6). 
tion cars (fig. 7). This information is required 

Both papers illustrate the deep involvement 
primarily for the following two reasons: 

of the Volkswagen Group’s research work in 
¯ To acquire more knowledge of the behavior 

the area of frontal collisions and the protec- of production vehicles in vehicle-to-pedes- 

tion of other road users. Final evaluations, trian collisions under special conditions and 

especially in comparison with the present acci- to define vehicle improvements, and 

dent simulations with the aid of the 0° and 
¯ To acquire data which can be used to verify 

30° angle impact against fixed barriers are not mathematical simulation programs. 

When we add up all problems posed by 
vehicle-to-pedestrian collisions and their sim- 

, ulations (experimental and mathematical) we 0.9 
~ffective protection of 

other road users 
find that the benefits produced by vehicle’ 

~ ~[ related measures will not be so substantial as 

z ~ 
those that may be expected to be produced by 

t~ 
I 

~,~ Total restraint-system deployment. 
>-- 0~8 -~ i 

~ctiveness ~- ~ Improvements are called for especially in 
~ t Vehicle occupant 
u. ~! protection regard to active safety, i.e., accident preven- 
t~u" ~, 

effectiveness~ tion, in order to increase the protection of 

[ pedestrians in traffic. This goal can be achieved 
I 

400 500 600 mm 700 only by close cooperation between rulemakers, 

DYNAMIC DEFORMATION town planners,motor-vehicle manufacturers, 
and pedestrians themselves. 

Figure 6. Vehicle occupant, other road users, 
and total protection effectiveness as Accident Prevention 
a function of the dynamic deforma- 
tion stroke during the 50 kmlh-crash There is another area in which I feel insuffi- 

against the rigid barrier, cient efforts have been made so far. This is the 
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increase in motor-vehicle safety by vehicle 
engineering measures aimed at accident pre- 
vention. We may say that, at least in regard to 
European vehicles, a maximum safety leve! 
has been reached. Therefore, any further re- 
duction of the accident rate could be achieved 
only by providing the motorist with better in- 
formation on the current traffic situation. 
What I have in mind is information on road 
conditions, accidents, possible alternative 
routes, in case of traffic back-ups. Informa, 
tion like that would not only reduce accident 
risks but would also substantially contribute 

}0 [km/h] Impact speed          to the saving of energy and fuel (fig. 8). In this 
connection, I may refer to a research project 
that is being carried out by Volkswagen under 
a contract awarded by the German Federal 
Ministry of Research and Technology. The 
project is the development of a system that 
complements the present traffic broadcasts 

~ and supplies the motorist with information on 
.......... traffic signs, obstructions of traffic, and 

Figure 7. Pedestrian protection, weather conditions. 

! Destination code Data acquisition 
and transmission unit 

Directional-instructions 
and traffic information 

Figure 8a. On-board guidance and information system for motorist (LISA). 
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Routing 

~:faof:imCa t i o n 

Figure 8bo LISA: on-board display. 

Fuel Consumption which is meant to prevent so-called bagatelle 
damage in the lower speed range. We have 

Even though the main subject of this con- stated repeatedly that compliance with this 

ference is safety, I feel that it should be made requirement does not entail any favorable 

quite clear that any improvements in motor- benefit/cost ratio for the consumer nor the 
vehicle safety that lead to higher vehicle rulemaker. Any increaseoftheextenttowhich 

weights may result in detrimental effects on economy considerations are included in per- 

fuel consumption because the latter essentially tinent computations will !ower the benefit/ 

is determined by vehicle-weight, aerodynamic cost ratio. Even if we base our deliberations 
drag coefficient, engine concept including the on a very economic vehicle, i.e., the present 

air-fuel mixture preparation system, and VW Rabbit, a reduction of the impact velocity 

transmission design. It goes without saying from 5 mph to 2.5 mph could lead to a cut of 

that the motorist himself can very significantly approximately three billion liters per year if 

affect fuel consumption if he tries to change this cut is uniformly apportioned to the entire 

his mode of driving and becomes more energy American automobile population. 

conscious. The amount of this cut is based on the pres- 

It was mentioned earlier that increases in ent vehicle mileages per year. 

vehicle weight mostly result from vehicle engi- This example alone shows that unilateral 

neering modifications that were performed in approaches no longer suffice (fig. 9). All 

order to increase vehicle safety. This may be vehicle engineering measures including those 

illustrated by the requirement for a ’°5 miles in the area of noise and exhaust emission 
per hour no-damage protection" of the vehicle levels should be investigated thoroughly for 
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Measure 1 

Units 
s .Ac 

Points ol consistent measures 
Ac 

Measure 2 

B1. z~C P2 

t 

1 
1 
1 
1 
I 
1 
I 

1 

L. _C2 ~ 1.0 Units 

Cl COST OF INDIVIDUAL MEASURES 

Figure 9. Principle of consistent measures. 

their effects on the other parameters. Gen- 
erally speaking, we feel that the American 
approach in regard to fuel consumption rules 
is less useful than the European model. It 
appears that a reasonable approach to a solu- 
tion is a free market-oriented competition 
among the individual automobile companies. 

Volkswagen has developed a special engine 
concept within the framework of the Research 
Safety Vehicle program. A gasoline-engine 
concept was to be developed for a passenger 
car in the inertia weight class of 1,350 kg that 
would produce most favorable fuel consump- 
tions in the US composite cycle (fig. 10), 

Additionally specified requirements call for 
acceleration from 0 to 100 km/b in 12 seconds Figure 10. Turbocharged engine with suction 
and compliance with the US-75-cycle exhaust carburetor, 
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emission standard of 0.41/3.4/1.6 g!mile consumption and high torques at low engine 

HC/CO/NOx. A 1.6 liter gasoline engine with speeds. 

exhaust gas turbocharger was selected for this The engine design concept provides for a 

purpose. The following design concept was compression ratio of ~ = 8.0 and a max- 

chosen with a particular view to optimum fuel imum charge pressure of 1.6 bar. The turbo- 

12 

1l 

231 
10 

-3 

-4                                                       I      ~      I         ~ 

60    100 i 40 180 220 260 300 340 380 420 460 500 540    580 

ENGINE--RPM 

Figure 11. SFC-Chart. Lines of constant values in g/hpho 
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charger was tuned to small flow at low loads, becomes effective even at partial load leads to 

The excess exhaust gas at high engine speeds is very low specific fuel consumption through- 

blown off through a wastegate. The turbine out broad section of the map. 

housing was moved close to the cylinder head The table shows the fuel consumption and 

in order to utilize a large portion of the exhaust emission data produced by this US engine. 

gas energy. The air-fuel mixture is formed in a This data is compared with that of other 

two-stage carburetor located on the intake power plants installed in vehicles in the 3,000 

side of the compressor. The swirling of the lbs. inertia weight class. Fuel economy meas- 

mixture and the heat input into the compressor urements show a 65~0 more favorable con- 

provide for very effective mixture preparation sumption of 4.6 liter per 100 km when corn- 

and permit short ways to the cylinders. An pared with that of gasoline engine of the same 

electrically heated device with small protrud- performance. A comparison with a similar 

ing heater bars improves the mixture prepara- diesel engine shows roughly the same fuel con- 

tion further during the warm-up phase, sumption and a 30% increase in the output of 

The exhaust side is equipped with an oxygen this design concept. 

sensor that controls the two-stage carburetor 

for stoichiometric mixture with an electronic 
control unit, and a three-way catalyst of con- SUMMARY 

ventional design. 
The engine concept includes a 5-speed Vehicle safety features should continue to 

manual transmission. The purpose of the high be a significant part of future vehicle develop- 

axle ratio is to ensure that the specified driv- ment. Efforts should be undertaken, regard- 

ing cycles can be performed in the range of less of present rule-making, to further espe- 

favorable fuel consumption, cially those vehicle safety measures that pro- 

Figure 11 is the engine fuel consumption duce positive effects on fuel economy because 

map and shows that the charging which of the urgent need to save energy. 

Features of the Experimental Safety Motorcycle m ESM1. 

P. M. WATSON * antilocking brakes 
Head of Motorcycle Safety Section ¯ increased conspicuity 
Transport and Road Research Laboratory 
Department of the Environment-Department of ¯ digital display speedometer 

Transport = chest pad 

United Kingdom o leg protection. 

The technical backgrounds to these features 
ABSTRACT are briefly described and progress towards 

The paper gives details of six safety features general adoption is indicated. The paper also 
which have been incorporated in the first discusses the trends in the usage and accidents 
United Kingdom Experimental Safety Motor- of motorcycles during the last two decades 
cycle (ESM1). These result from the motor- and indicates the likely influence of legisla- 
cycle safety research and development tion. This study together with ~wo accident 
program which has been carried out by the studies formed the basis of the developments 
Transport and Road Research Laboratory leading to each of the six safety features. The 
since 1973. The features are: first four improve accident avoidance and the 

¯ sintered metal disc brake pads other two reduce the risks of injury. 
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INTRODUCTION ® Improved conspicuity 

The Experimentai Safety Motorcycle Mark * Digital speedometer 

t exhibited at this Conference by the United ® Chest pad 

Kingdom has six safety features which have ® Leg protection 

been studied by the Transport and Road Re- Motorcycles have been used as personal 
search Laboratory. They result from several transport since the turn of the century and 
investigations into how to improve the safety they outnumbered private cars in the United 
of motorcycles which have principally been Kingdom until well into the 1920s. The pat- 
concerned with the majority of motorcycles in tern of ownership is particularly interesting 
use, namely the smaller rather than the larger for the years 1953 to 1975 (table 1). By 1960 
machines. However because it is easier to get motorcycles made up about 19 percent of all 
features adopted first on larger and more vehicles in use after which their proportion 
expensive motorcycles, these six are fitted to declined steadily to about 6 percent. 
the 750 cc Triumph Bonneville to make the The changes in the numbers of motorcycles 
ESM1 now being exhibited. Trials are planned and total traffic together with the respective 
using a number of ESM1 rnachines with vehicle distances travelled for this period are 
several of these features, shown in Figure 1 which also gives the changes 

The six features on ESM1 are: that occurred in the motorcycle casualties. 
¯ Sintered metal disc brake pads These keep in phase with both the total num- 

¯ Antilocking brakes hers of motorcycles licensed and with motor- 

Table t. Motorcycle statistics, Great Britain 1953-75.9 

Total Total New Total Motorcyclist 
Total 

vehicle Total 
motorcycle motorcycle motorcyclist casualty rate 

vehicles 
usage Year mo[orcycles 

usage registrations casualties (casualties) 
(thousands) 

(thousands} ~109 km) (thousands} (thousands~ (per 105 km) 009 km) 

1953 1,009 6.8 139 49 1.9 5.341 65 

4 1,108 6.9 165 52 2.0 5.827 70 

5 1,22! 7.6 185 64 2.2 6.466 77 

6 1,290 7.4 143 64 2.2 6,977 81 

7 1,43I 8.4 206 72 2.2 7.844 80 

8 1,475 8.4 183 77 2.4 7.960 93 

9 1,678 9.8 332 97 2.6 8,662 104 

1960 1,796 10.0 257 99 2.6 9.439 112 

1 1,790 9.7 212 95 2.5 9,966 122 

2 1,779 8.7 140 87 2.6 10.562 128 

3 1,755 7.6 166 82 2.8 11.446 136 

4 t,741 7.5 205 91 3.1 12,370 152 

5 1,612 6.7 150 83 3.2 12.938 163 

6 1,406 6.0 ! 09 2"3 3.2 13.286 173 

7 I 1,350 5.2 138 64 3.2 14,096 182 

8 1,228 4.7 112 58 3.2 14.447 191 

9 
I 

1,127 4.2 85 52 3.2 14,752 196 

!970 1,048 3.9 105 50 3.3 14.950 207 

1 , 1,02t 3.8 !28 48 3.3 15,377 220 

2 982 3.5 153 44 3.2 16.117 232 

3 1,006 3.7 194 45 3.2 17.014 244 

4 1,042 4.0 !90 47 3.1 17,252 237 

5 !,161 4.9 265 56 3.0 17.501 241 

Data for motorcycles include all powered 2 wheelers 

86 



SECTION 3: INDUSTRY STATUS REPORTS 

87 



EXPERIMENTAL SAFETY VEHICLES 

cycle usage except for a short period begin- by the regulations, and it became necessary to 

ning in 1962. If the motorcycle casuatty rate is redefine a moped in terms of maximum speed 

studied in terms of casualties per distances in 1977. 

travelled by motorcycle, instead of failing 
with the number of motorcycles with their 

ACCIDENT STUDIES 

reduced usage, it increased to almost double Two studies have been carried out by the 

from 1953 to 1965 (table 1). A possible reason Transport and Road Research Laboratory to 
for this is the large increase in other traffic look at motorcycle accidents in detail. From 
during this period. There has been a reduction March 1970 to April 1972, 120 motorcycle 
in the rate more recently although the total and moped accidents were investigated by the 
casualties among motorcycle riders and on-the-spot Accident Investigation group of 

passengers rose to 71,689 in 1977. the Laboratory1 and in 1974 483 accidents 

were studied together with the associated 
LEGISLATIVE IN FLUENCE ON injuries to 421 riders and 29 passengers.2 
CASUALTIES TO MOTORCYCLISTS The main points from these studies were: 

It is interesting to speculate on the reason ¯ In about 1/3 of the accidents the motor- 
for the reduction in motorcycle casualties in cycle was not seen by the other road user 
the two year period t962-3. Regulations came prior to the accident. 
into force in January 1962 preventing learner o Thirty percent of the accidents investigated 
riders of motorcycles from riding machines occurred when the road was wet. 
with an engine capacity of 250 cc or over. ® A frontal impact for the motorcycle was the 
From Figure 1 it may be considered that this most common direction of collision. 
regulation had the effect of reducing the ¯ Other vehicles were the most prominent 
casualties by those represented by the shaded cause of injuries to motorcyclists which 
area, i.e., possibly saving 12,000 people, were particularly to the legs. 
After three years the accident pattern again Improved conspicuity and better braking 
tended to follow in phase with the number of offer the best chance of reducing the proba- 
motorcycles being ridden, bility of motorcyclists being involved in acci- 

A similar situation existed in 1972. Regula- dents. Rider protection for frontal impacts 
tions were introduced in December 1971 which and some protection for the legs in less severe 
allowed 16 year olds to ride only mopeds 
which were legally defined as motorcycles 

impacts must be considered as being the most 

with an engine capacity not over 50 cc and 
important priorities for those accidents which 
have not been avoided. 

equipped with pedals. These regulations were 
introduced to limit the speed and acceleration CONSPICUITY 
of machines that could be ridden by 16 year 
olds in the hope that this would reduce acci- Motorcycles are more difficult to see on the 

dents to this class of rider. The reduction in road than other motor vehicles and it has been 

casualties was encouraging during the first found that this is a contributory factor in 

two years after the regulations were intro, about 1/3 of their accidents. To improve the 

duced but subsequently the number of casual- chance of a motorcycle being seen, separate 

ties to 16 year old riders increased. This in- consideration has to be given to day time and 

crease coincided with the introduction by night time conditions and some measures can 

some manufacturers of the "sports moped" be applied to the rider but others are appro- 

which was basically a light motorcycle, priate for the motorcycle. Rider treatments 

Although it met the requirements for a moped are restricted to improvements in clothing 

at the time, its performance was considerably which will give a better chance of being seen, 

higher than that which was originally intended whereas applications to the motorcycle could 
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take the form of variation in finishes, the cycle provides a directional beam, experi- 
addition of accessories and the use of lighting, ments were carried out with small additior~al 
The advantage of any treatment which can be lights fitted with 18 watt bulbs but giving a 
applied to the machine is that the features are high scatter beam pattern. The use of two of 
there whenever the motorcycle is in use these lamps was found to be the only option 
whereas clothing varies and there is a choice which significantly improved the detection 
to be made at the start of each journey for the rate over either the use of a large headlamp or 

rider, the rider wearing a fluorescent jacket. The use 
Experimental work has been carried out by of one of these lamps is equivalent to a large 

the Institute for Consumer Ergonomics at the headlamp or the wearing of a fluorescent 

University of Loughborough (reference 3) to jacket. 
study the likely effect of various options that ESM1 is fitted with two daytime running 
were measured against a control which con- lamps, one each side of the standard head- 
sisted of a standard unlit motorcycle on which lamp. The frontal area of the combined 
was seated a rider dressed in drab clothing for weather shields and leg protectors is finished 
the daytime situation. Laboratory simulation in basic unpigmented white paint as a further 
techniques were used together with field trials, aid to daytime conspicuityo 
In the field trials the subjects were not aware The preliminary results at TRRL on night- 
that they were taking part in an experiment time conspicuity have identified problems on 

until after the event. Variation in detection a larger magnitude than informed opinion 
rate of the frontal view of the motorcycle and would previously have suggested. At night the 

rider was considered in each case. distance required for an observer to detect a 
Because of the small frontal area of a motorcycle is considerably less than for a car 

motorcycle it was found that variations in sur- and the estimation of the motorcycle’s speed 
face finishes applied to the machine had no is also less accurate. Variations in the vehicle 
significant effect; this was also the case when lighting layout and the application of retro- 
the rider attached small pieces of brightly col- reflective materials have so far not provided 

ored material (such as fluorescent half sleeves) any apparent solution to this disparity 
to his clothing. To significantly improve the between motorcycle casualties and cars. 
detection rate over the control it was found Although between a third and a half of the 
that a large area of high visibility color is nec- motorcycle casualties occur at night this is 
essary such as is given by a rider wearing a because the risk per mile at night is twice as 
fluorescent jacket or waistcoat over his nor- high as during the day although the accident 
mal riding clothes, sites are similar (i.e., junctions and round- 

The daytime use of lights continuously is an abouts)o Research to identify possible soluo 
option which has had to be carefully consid- tions to the night-time problem continues. 
ered in the United Kingdom because of the 
wide range of motorcycles from small to very 

ANT~-LOCK BRAKING 
large machines. The small machines have low 
power lighting equipment and it was found Perhaps the main and most important dif- 
that the use of these lights on such vehicles in ference between the motorcar and the motor- 
daytime did not improve the chance of detec- cycle from the safety point of view is that the 

tion over that for the unlit control motor- latter is much more sensitive to steering and 
cycle. To be as conspicuous as a rider wearing braking procedures. Any slight mistake in 

a fluorescent jacket it was found that the braking under adverse conditions can quickly 

motorcycle has to be equipped with a large 12 develop into a spill and, if circumstances are 
volt headlamp with 40 watts output. Because adverse, a serious accident can occur. An 
the normal lighting equipment on a motor- indication of the m.agnitude of this problem is 
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given in the accident figures for 1972 in Great 

Britain (table 2) which shows that the 
proportion of skidding in personal-injury 
accidents is significantly higher for motor- 
cycles than other vehicles particularly when 
the road is wet. 

The problem associated with motorcycles 
skidding has been known for some consider- 
able time and by 1964 the Transport and Road 
Research Laboratory had constructed a 
motorcycle with an anti-lock system fitted to 
the front wheel which included a full flow 
braking system controlled by a flywheel over- 
run device using an early version of the Dun- 
lop Maxaret system4. The system was con- 
structed to demonstrate the principle of an 
anti-lock braking system fitted to a motor- 
cycle and was an experimental system rather 
than a prototype design suitable for produc- 
tion. Shorter stopping distances were obtained 
with the unit switched in comparison with 
standard braking with the front wheel locked. Plate 1. Motorcycle front wheel fitted with 
In the latter case, the machine fell onto its prototype antilock braking system. 
side. 

The current system used at TRRL is a devel- 
opment for motorcycles of an experimenta! Figure 2. Test runs were made both with and 

system originally designed for cars. Plate 1 without the anti-lock system at 48 km/h (30 

shows the installation on the front wheel of a mile/h) on a wet slippery surface and the 

motorcycle. The system has the benefit that it braking distances noted. Each rider in turn 

can be fitted to a!l motorcycles having made five runs. A "failure" was recordedif, 

hydraulic disc brakes without major design when braking without the anti-lock system, 

changes being made. It has been fitted with the rider caused the wheels to lock and the 

excellent results on very large heavy motor- machine to fall sideways onto the protective 

cycles as well as on lightweight machines of skids which were fitted. No "failures" 

90 kg (200 lbs) without any changes to the occurred with the anti-lock in operation and 

systems engineering for any type of machine.5 reduced braking distances were noted. 

The results of tests carried out using a One of the TRRL motorcycles was also suc- 

motorcycle equipped with the complete sys- cessfutly tested in the USA under contract 

tern on both front and rear wheels is shown in from N.H.T.S.A. during 19776. 

TabLe 2. Skidding in personal-injury accidents in Great Britain--1972. 

Dry We1 Ice/snow All conditions 
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Rider 

I 

~~ ] 26 Improvement 

~ in braking 

distance 

U-~’" ~ t 35 (percent} 

] 24 

_] 20 

l 10 20 30 40 

n control 
0 20 40 60 80 100 120 (ft) 

Control lost 

i.e. "failure" ~ Without anti-I~k ~ With anti-I~k 

Figure 2. Braking. 

A further advantage of anti-lock braking is 
that the rider can steer when braking hard 
because he has no reason for losing control or 
falling off unless he attempts to require of his 
motorcycle a greater lateral force than its tires 

R = 61 rn ~ M can generate on the road surface being tra- R 
versed, For example Figure 3 shows a rider 

v = 46 km/h 
travelling at 46 km/h around a bend which Sideway force 

requires him to incline his machine to about 
16° from the vertical. This requires a tire-road 
friction coefficient of 0.27 or more. Suppose Norm~ ~rce 

that a coefficient of 0.45 is available then the 
rider can brake on this bend at up to about ~.<--~ LgS -0.27 

0.36 g without any problem. Without anti- 
locking brakes the wheels would lock if he 
braked harder than this, but with the ESM1 
anti-lock this would not happen and however 

vR - 0.45 hard the rider braked, his machine would 
~a = 0.36 

decelerate at not more than 0.36 g. The only 
circumstance in which the rider would be Figure& Effect of machine camber on brak- 
expected to fall off would be if he banked at ing, 

more than 24° equivalent to the full 0.45 fric- Some consideration has been given to alter- 
tion coefficient available, native braking systems. These include pres- 

ESM1 is fitted with this anti-lock system on sure limiting valves on front or rear brakes, a 
both front and rear wheels, load sensing valve which reduces the braking 
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on a wheel if the full vertical reaction is not on by the brake pads. Any excess water over 

being exerted and coupled brakes. The first the amount required to form the laminar coat 

two reduce the probability of motorcycle is in the form of turbulent flow across the sur- 

wheels inadvertently being locked but with face of the laminar film. Although the water 

some loss of braking deceleration in many in turbulent form is unlikely to have a signifi- 

conditions. They do not prevent wheel locking cant effect on the braking efficiency, its pres- 

if excessive braking efforts are exerted or if ence acts as a reservoir to restore the laminar 

the conditions are very slippery. Coupled film quickly if the latter is partly broken down 

brakes ease the task of a rider but need the use by the action of the brake pads. This explana- 

of valves in the brake system to achieve any- tion is supported by experimental results 

thing like optimum braking. Overall perform- which show that braking efficiency decreases 

ance and simplicity of operation cannot be as the amount of water fed onto a disc is 

achieved without anti-locking brakes, with or increased. 

without coupling of their controls. The options studied in the experiments in- 
cluded brake discs in stainless steel and cast 

BRAKING WITH WET DISC BRAKES iron. These were tested with a plain surface 

Disc brakes were fitted to some large for comparison with similar discs which had 

motorcycles, for road use, about ten years been drilled and radially slotted. The pad 

ago. Originally they were fitted only to the materials tested in conjunction with the ex- 

front wheels but more recently they have been perimental discs were plain organic, patterned 

fitted to rear wheels as well. These brakes are organic and a range of sintered metals. Test- 

now often standard equipment on even the ing was carried out at a fixed brake pressure 

smallest machines, with the braking system both wet and dry and 

Disc brakes offer riders distinct advantages the stopping distances for each condition were 

over the drum/shoe counterparts they have compared. To simulate wet weather condi- 

replaced. They are more sensitive to a rider’s tions, water was fed directly by a forked bar 

response and maintenance is simpler, particu- with three 1.57 mm (0.063") holes per side 

larly when they are hydraulically operated, onto both sides of a disc. The f!ow rate from a 

Problems of brake fade associated with some water reservoir carried on the motorcycle was 

drum/shoe braking systems have been largely adjusted between 36 and 72 cubic decimeters 

overcome. On the other hand it has been (8 and 16 gallons) per hour for the front 

found that motorcycles fitted with disc brakes brake. 

often have problems when braking in the wet Of the options investigated, using the com- 

and riders have experienced significant and in- parative test technique, cast iron discs gener- 

consistent reductions in wet braking efficiency ally produced longer stopping distances than 

after a few thousand kilometers of use. They stainless steel discs. Drilling the discs usually 

are not then able to judge the amount of had a detrimental effect. The use of selected 

brake application pressure required to provide sintered pads on stainless steel or cast iron 

a desired level of deceleration and because the discs improved the performance in the dry 

road surface is also wet, overbraking can lead and the stopping distance when the discs were 

to wheel locking and loss of control, wet was little different from that when dry7. 

TRRL carried out basic research to identify The sintered metal material used for the 

the cause of inadequate braking being avail- motorcycle pad application is one of a series 

able in wet conditions. The reduction in brak- developed by Dunlop. 

ing efficiency was shown to be caused by a Figure 4 shows some of the results obtained 

thin but continuous laminar coat of water when stopping from 48 km/h (30 mile/h) and 

which is not easily removed by the pads and using the front brake on one particular 

which covers the surface area of the disc acted motorcycle. The hydraulic line pressure was 
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(ft)     (m) 

800 - 

70O - 

200 

600 - 0.05 

500 - 150 

400 - 

~oo 
300 - 

200 - 

50 0.2 

100 - 

F~ F 

0.3 

25 0.4 

0 - 0 
Stainless Stainless Stainless Stainless Castiron 

Disc       plain        plain        plain       slotted       plain 

Pad Organic Sintered Organic Organic Organic 
patterned 

E~] Dry ~ Wet (8 gal/h) ~] Wet (16gal/h) 

Figure 4. Braking of motorcycle with various disc pad combinations. 

2758 kNm-2 (400 psi) in all cases. Four of the machine at the same time as observing the 

disc/pad options described in Figure 4 are not road scene and his instruments. Motorcycles 
.... acceptable for a rider who is trying to stop on have to be fitted with speedometers and riders 

a wet road. Figure 5 shows three options must observe the speed limits which are in 
tested at an hydraulic line pressure of 1379 force. Experiments at TRRL have shown that 
kNm-2 (200 psi) in all cases using the same a significant difference exists in the time riders 

motorcycle. At this pressure the patterned take to read their speedometers and this 

organic pad option also exhibits an unaccept- depends on the type of instrument fitted. A 

able level of consistent performance and only large dial speedometer takes on average 1 °62 

the sintered pad gives the braking expected by secs to read but this time is reduced to 1 °04 

riders. ESM1 is also fitted with sintered brake secs if a digital display is used. During 0.58 

pads for consistent performance, secs a distance of 8 m (25 ft) is covered at 
48 km/h (30 mile/h). 

DRIVER TASKS ESM1 is fitted with a digital display speed- 

Controlling the speed and direction of a ometer which uses part of the circuit of the 

motorcycle requires the rider to carry out anti-lock brake system for its speed infor- 

tasks such as operating the controls of his marion. 
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(ft) (m) 

2OO 

600 - 

50O - 150 

400 - 

100 I 
300 -- 

200 - 

50, 

100 -- 
25 

oL- o 
Disc ~ Stainless steel 

Pad Organic Organic patterned Sintered 

Dry ~ Water at 8 galth 

Water at 8 galih 
~ Water at 16 gat/h 

(until start of brakin.q) 

Figure 5, Three disc pad options tested at 1380 kNm-2 (200 p,s.i.). 

To allow a rider to concentrate more fully kinetic energy. Dynamic tests have shown that 

on the road scene there may be a need to at present the rider is ejected head first off his 

improve the ergonomics of the task of riding a motorcycle at almost the same speed as that of 

motorcycle. Some progress has been made on the impact of the motorcycle (plate 2). The 

standardization of a layout for controls and Laboratory has carried out tests on various 

instruments but further work is needed on the types of energy absorber mounted on the 

response of the motorcycle and the forwards motorcycle including crushable foams, air- 

and rearwards vision for riders, bags and chest pad restraints. Variations in 
rider trajectory and ejection speed due to 
changes in shape of fuel tanks have also been 

FRONTAL IMPACTS studied.8 A major problem associated with 

Frontal, or near frontal impacts account the introduction of these types of restraint 

for over 80 percent of accidents involving was realized early on to be that of accepta- 

injury to motorcyclists. Fatal accidents are bility by the motorcyclist. Crushable foams 

often caused by the rider being ejected head for energy absorption must have a reaction 

first over the handlebars and into the hard plate ahead of them and they had to be high 

obstacle with which has machine has collided, to restrain the rider at chest level. Although 
About 1 meter of space exists on a motor- they offered good energy absorption proper- 

cycle which could be used to absorb the rider’s ties the acceptability of this passive system 
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Plate 2. Dummy rider being thrown head first off a "traditional motorcycle" during impact test 

would be reduced by such a large volume. Ex- conditions "g" levels can be measured on a 
periments with pre-inflated airbags provided motorcycle which are higher than those e> 
encouraging results as reported by previous perienced initia!ly in a car impact° A sensor to 
researchers. Acceptability of an engineered trigger the inflation of the bag would prob- 
inflatable bag system on grounds of appear- ably have to be placed behind the steered axis 
ance is unlikely to be a problem; the cost how, for practical purposes and as such would have 
ever may be. Development of this restraint at to initiate during either a short period later in 
TRRL was not pursued on grounds of tech- the crash phase at a very high "g" level or a 
nical performance. Firstly there is the accident lower ~’g" level over a lo~ger time. If the time 
which involves the motorcycle with two taken for either of the ini,~iation delays is 
impacts, the first impact inflates the bag so added to the bag inflation time the rider is ~o~ 
that it is not available at the second or subseo protected if this exceeds 50 ms ir~ a 48 kmih 
quent impact. Secondly there is the problem (30 mile/h) impact beca~se he wiIl already 
of sensing the impact and inflating the bag i~ have lef~ his machine. These problems should 

time to restrain the rider. Under road accident be solved for the 
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before further work can be justified on this side. No test results are available at present 

system which otherwise has much to offer, but some preliminary results should be avail- 

The chest pad restraint fitted to FSM1 able later in ~he year. 

yields at a present load as the rider pus~-~es 
against it during an impact. From tests at 48 THE FUTURE 

km!h (30 mile/h) it has been shown that the Work on improving the safety of motor- 

rider is ejected at only 13 kmih (8 mile/h} in cycles certainly needs to continue and TRRL 

an upright position. It can be seen that his has a full program. There is the unresolved 

chances of survival are much higher than on a problem of lighting which will be studied to 

rnotorcyc|e without any restraint. To improve improve day and night-rime conspicuity. 

acceptability for riders the chest pad yields Work is also being undertaken on the very 

under light pressure in normal use but this different subjects of motorcycle stability and 

free movement is stopped during an impact, protective clothing including safety helmets. 

For the sake of appearance when the motor- A fundamental review of helmets has been 

cycle is parked the chest pad can be stowed in started with accident and injury data being 

an unobtrusive position. Alternative designs used as a basis for formulating design im- 

have been made up at TRRL so that accept- provements. Accident and injury studies are 

ability by riders can be assessed, being undertaken at the University of Bir- 
mingham, the Oxford Road Accident Group 
and the London Hospital. It is encouraging 

LEG PROTECTION that the TRRL accident study has already 

The high incidence of serious injuries to the been able to show that the higher standard 

legs for riders and passengers has directed full faced helmets offer better protection in 

attention to possible methods which could accidents than do open face designs particu- 

reduce the severity of these injuries. Although larly by preventing facial injuries. There is 

the most common direction of impact for scope however for research on methods to 

motorcycles is frontal, the object hit (usually overcome hearing impairment and some 

a car) is not perpendicular to the heading of development on helmet equipment which will 

the motorcycle, and there is a glancing ira- reduce glare from sunlight without the rider 

pact. In the 483 accidents investigated 60 per- having to darken his visor. 

cent of the casualties with severe injuries had kater this year the results will be available 
2 from a national survey of many aspects of severe inj ury to the leg s. 

ESM1 is fitted with leg protection for both motorcycle usage carried out by SCPR (Social 

rider and passenger. The system is designed by and Community Planning Research). For the 

Wilson of Bristol in conjunction with the first time exposure data and the related 

Laboratory to give some weather protection casualties wilt be available for each class of 

plus space for carrying small piecesofluggage, machine. This information will help deter- 

The protection is designed to provide a sur- mine priorities ~or future research. 

vivaI space for the legs at a speed equivalent to 
a perpendicular impact at 48 km/h {30 
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mile/h}. It is desirable to provide protectio~ The work described in this paper forms part 

up the whole of the side of the motorcycle of the program of the Transport and Road 
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height, lished by permission of the Director. 

Progressive crush at the point of impac~ 
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Status Report of Renault Experimental Safety Vehicle 

PHILtPPE VENTRE countries to become more and more interested 
Renault Crashworthiness Department in the regulations of vehicles in the area of 

....... motorist protection and in numerous cases 
......... INTRODUCTION governmental organization began or partia!ly 

To establish the present stage of Renault’s financed research with numerous laboratories. 
research regarding the protection of motorists In France this research was regrouped within 

it is helpful to rapidly recall the path trave!led, the framework of the French Programmed 

Since 1959 Renault has been interested in the Thematic Actions managed by the tnstitut de 

problems posed by the protection of vehicle Recherches des Transports and Renault 

occupants and produced its first collision tests actively participated in this research. 
in different configurations, without remain, At the beginning of the American ESV Pro, 
ing strictly within the framework of frontal gram, the French had preferred a more units 

impacts. The work continued thus far for 10 parts analytical method consisting of working 

years, resulting in 1969 in the decision to separately on the different sub-systems that 

establish a multi-disciplinary investigation of constitute an automobile and which relate to 

real road accidents. It is an important turning motorists’ protection. Looking back we still 

point, since this investigation rapidly raised think that it is a good method and, as far as 

many more questions than it answered, we are concerned, will pursue it. 
It brought about the development of re- But for an automobile manufacturer, there 

search in several areas that has not stopped are certain times when he needs to verify that 
developing since, the different sub-systems on which he is work- 

Parallel to these activities the evolution of ing separately, each having arrived at an 

the road conditions lead public officials of all vanced stage of state, are capable of being 
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reassembled as a vehicle capable of being a o integration of the latest knowledge acquired 

feasible and marketable automobile, tt is in in all fields, 

particular for this reason that Renauk o attainment of performances adapted asbest 

presented a synthesized safety vehicle, named as possible to real-life driving and costs of 

BRV, at the ESV Conference in London in technical solutions, 

1974 whose specifications were close enough e and application of this orientation to small 

to those of the RSV (fig. 1). in 1976 an ex- vehicles. 

ample of the BRV was successfully tested in The result is this vehicle called EPURE 
the USA for frontal as wetl as lateral impact. (Etude de la Protection des Usagers de la 

Since t974, the Renault research has gone in 3 Route et de l’Environment--Study of the 

particular directions: Protection of Motorists and of the Environ- 

* the development of biomechanical ment) (fig. 2). 

knowledge, 
~ the development of research for the protec- SPECIFICATIONS 

tion of motorists, pedestrians and riders of Summary of Objectives -- Figure 3 
two-wheeled vehicles, and for the protec- 
tion of occupants in lateral impacts, Establishment of the Specifications 

~ and the development of technological in the beginning, a small synthesis vehicle 
research to reduce the weight and cost of that had to allow verification of all the quanti- 
solutions, tative performance objectives in regard to 
It is in particular on this last point that the occupant protection fixed by the EEVC in 

interests of Renault and the French gov- 1974 was attainable with reasonably accept- 
ernment through the institute of Transporta- able cost supplements, and performance losses 
tion Research focused to produce a new small in the other areas (noise, pollution, fuel econ- 
safety synthesis vehicle, but adhering to the omy, accelerating and road handling). 
strict requirements in the area of motorist But taking account of the progress achieved 
protection. It is the result of this work which in the area of road accident knowledge as well 
is presented in detail for the first time. as in the technology of the solutions, Renault 

However this new experimental vehicle of and the Institute of Transportation Research 
Renault is at the same time the product and decided to work on higher goals allowing an 
content of the same course of action: even greater number of motorists to be in- 

* synthesis of work on the sub-system ftuenced by the anticipated solutions. The 

(assembly), eventual modifications had to do with test 

Figure 1: Figure 2. 
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RENAULT E,P.U.R.E OBJECTIVES 

STUDIES AND SOLUTIONS 
ACCIDENTOLOGY FOR EACH COLLISION 

CONFIGURATION 

PRESENT E.E.V,C. 
PROJECTS 

I 

SYNTH ESIS VEH ICLE 

Homogeneous: solution levels 
representative of statistical weight 

of collision configuration 

Good cost/benefit ratio 

INTEREST 

Technical and economical 
estimate of feasibility of a 

vehicle complying with future 
regulations projects 

] 
Realistic vehicle category 

Mass = 850 kg SPECIFICATIONS 

Figure 

speed in frontal impact, lateral impact and demonstrated to us that it is not necessary to 
collisions with pedestrians (fig. 4). design and produce an entirely new vehicle to 

These objectives were defined after the verify the validity of the foreseen technologi- 
analysis of real accidents either directly from cal solutions. Furthermore, the desire to verify 
our own investigations or using the data sup- that our objectives and our solutions were ap- 
plied by other European teams, plicable to a small vehicle led us to select 

starting points dictated by the different types 

TECHNOLOGY of impact. For frontal impact, and particu- 
larly for a vehicle with front wheel drive, the 

The experience accumulated over the years lay out of the front mechanical parts is deter- 
as well as the costly experience of the BRV mined at the same time by the requirements 
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SPECIRCATIONS* 

PASSIVE SAFETY 
OTHER REQUIREMENTS 

* NO dOOr ooemng ounng imoacl: Complying with E.C.E 14 
Pollution E.C.E. 15 

~ POSSlbihty Of manuai opening ot 
N JURY CRiTERiA ~eat betts ancnoragest 

at least o~e door after ~rnpact 

~ Man~a~ extraction ot oumm~es HeaO; 80 g/3 ms Complying wlt~ E.C.E. 17 Braking 
E.E.C. directive 

~ No fuR{ ~eakaf~e--no nre Chest: 60 g/3 ms seats ana seat anchorages Noise ~evel 

~ur{n~ rnpac~ sierrastan dumn’, internal fltbngs 

~oart 572 necsl 

~ Complying ~tm E.C.E. 25 Projectea stanoares 

~eaarests 

I 
Fc ’ward field of view 

rigid movabIe barrier !100 kg Defrosting 

Rear wow mirrors 

~ - Glazing surfaces 

FRONTAL IMPACT TEST _ATERAL IMPACT TEST Roll over test 

INJURY CRITERIA iNJURY CRITERIA 50 Km/n 

Fuel consumption equal 

E.E,V.C p R.A.°- E.E.V.C. P R.A *’ to average vatue m tins 

H~C -~ 1000                                                                     category of vehicle ( ± 10%~ 
HtC _< 1000      H~C < t500            Head                         H~C < 1500 

I Road behavior 

Cheer ~    50 g/3 ms 60 g/3 ms Chest 60 g/3 ms ISO TC 22 SC 29 

Pelvis ~ no suomannlng effect Pelvis 120 g~3 ms 

FrontaHalera car lo car 

Figure 4. 

imposed by the structure, and by the harmful For lateral impact, we began with the least 

bracing effects which it entails. To try and wide of our most recent models. This forces 

cover the targest number of cases we chose a us to: 

design with a transverse engine set almost flat. ~ on one hand optimize the anticipated tech- 

In such a way, the room occupied lengthwise nological solutions to the maximum, for the 

is almost the same for a north-south engine, structure as well as for the padding, 

and the room occupied in the width is almost * and on the other hand, this allowed us to 

the same as for a transverse engine, measure the lower limits of the exterior 
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width of the vehicle for an acceptable in- The structure of the doors could be adapted 
terior space, taking account of the space without changing the thickness of those of the 
used for the structure and the padding, vehicle we used as a base (base model). 
The choice of existing production parts cen- The interior protection systems are more 

tered on external panels, time consuming to unusual and merit a few comments. 
design and expensive to manufacture, but the 
structure of the vehicle was greatly modified. The Belts 

Also, it cannot be judged according to its True to our confidence in this means of 
appearance, restraint we have not hesitated to preserve 

them, even to attain higher performance levels. 
Brief Description We also kept the width of 60 mm used for our 

production vehicles. The improvement af- The structure is classic for us (fig. 5), a 
fected is a technological evolution of the solu- unit body with integrated chassis. The per- 
tion adopted for the BRV in 1976: pyrotechnic formance is obtained by improving the design 
retractors (fig. 6). But here, in the place of of the parts and the use of materials with very 

good mechanical characteristics, linear preloaders difficult to install in a vehicle, 
we used pyrotechnic reel retractors. The tech- One point in particular that we would like 
nology was developed by one of our suppliers, to mention is the deformable front hood pro- 
but our contribution consisted of the device truding over the fenders, going up to the 
specifications and its electronic control: disen- windshield, designed for pedestrian protec- 

tion. The hood is used as deformable pad- gagement time, time to attain restraint effort, 

definition of this restraint effort and duration ding. This requires leaving sufficient space 
under the hood for its deformation. When of restraint effort. For this we used our mos~ 

recent work in the area of biomechanics. this space was most reduced at the level of 
front suspension upper connecting points sup- 

Door Padding (fig. 7) plementary padding was used to optimize the 
crush characteristics. Another point to men- This required a considerable amount of 
tion concerns the front bumper whose shape work of optimization to reduce the thickness, 
was studied in such a way so that in case of the weight and the cost. Unfortunately, this 
collision with a pedestrian the impact point padding was defined for a Hybrid Ii dummy 
would be situated below the knees of an indi- because it is the only means of officia! judg- 
vidual of the height of a 6 year old child, ment (standard to go by) we have today. But 

Figure 5. Figure 6. 
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when designing this padding, demonstrated 
that the result is not perfectly adapted to 
humans and there remains work to be done to 
proceed from dummies to humans, entailing 
probably the use of more space in the vehicle 
by an increase in the thickness. In the same 
vein as the principle padding the peripheral 
padding was studied to protect the head 
(fig. 8). 

Finally the dashboard was studied to be an 
eventual supplementary padding, its use being 
greatly diminished by the use of efficient belts. 
(fig. 9). 

Figure 7, 
MAIN CHARACTERISTICS -- Table 1 

The main statement that we can add to the 
table is that if higher performances in frontal 
impacts have not affected the interior hori- 
zontal space, the interior width cannot be 
considered acceptable. Consequently, and 
considering that it must be difficult if not im- 

possible, to produce a lesser door thickness, 
the small vehicle of the future will have to 
have an exterior width increased to about 
lO0 mm to be able to be judged habitable. 

Comparing the size characteristics of the 
EPURE and BRV, both of them having fairly 
close protection performances, one can see 

Figure 8. the technological progress achieved: 

3.6 m instead of 4.4 m 
850 kg instead of 1200 kg 

Table 1, Comparison of characteristics 
E.P,U.R.E. and B.R.V. 

CHARACTERISTICS E.P.U,R.E. B.R,V. 

Overall length 3.636 m 4,410 m 

Overall width 1.525 m 1.690 m 

Wheel base 2.434 m 2.620 m 

Front wheel track 1.352 m 1.450 m 

Rear wheel track 1.240 rn 1.443 m 

Front elbow room 1.260 an 1.406 m 

Figure 9. Width at front window sill 1.150 m 1.281 m 

Rear elbow room 1.150 m 1.400 m 

the work led simultaneously by our Biome-o Width a~ rear window sil 1.130 m 1.280 m 

chanics l,aboratory in conjunction with the Curb weight 850 kg 1.300 kg 

Institute of Orthopedic Research at Garches, 
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Table 2. Injury criteria measured on part 572 dummies during frontal collisions against 30° angled 
barrier at 65 km/h Comparea Results: R t4 (production car); Renault E.P.UoR.E 

HEAD THORAX 
HIC F FEMUR 

"~3 ms ~3 ms 

DRIVER 845 70 g 51 g 490 kg 160 kg 
R14 
PASSENGER 1493 102 g 47 g 190 kg 160 kg 

DRIVER 552 50 g 41 g 480 kg t50 kg 
RENAULT E.P.U.R.E. 
PASSENGER 777 70 9 42 g 150 Kg 260 kg 

TEST RESULTS In all the collision configurations tested the 
protection criteria were no~ exceeded. 

Front impact table Table 2 
Lateral impact table Table 3 CONCLUSIONS 
Pedestrians Table a. 

195%1979o 20 years of research work con- 
ducted by Renauk m order to come to 

Table 3. Renault E.PoUoRoE. occupant protection grips with the many problems associated with 

in lateral impact collision at 50 kmih road accidents and to ~mprove road users’ 
75°. mjury criteria measured on a part protection, A new experimental vehicle being 
572 dummy seated in front on the side presented is the opportum~y ~o take stock of 
of the impact, the situatior~, even if ~t is onl z partial. 

Renault has ate:erupted to solve the prob- 
Production~ Modified vehicle lens wkh respect ~o their actual stadstica~ 

R 14tR 5 R 14. E.P.U.R.E importar~ce, a~ much for the order of priority 
as for the level ot protection w~thm the vehicle. 

Head H.t.C. 102 61 B~dt On these two points, th.e 1mootlance of 

Thorax 73 ms 48 ,~ 30 g legislation is of the utmos~ importance. The 

Pelvis 73 ms 85 g 49 g legislator ~s the one who decides on the re- 
- - quiremen~s, both for the :)rde~ in which the 

problems are to be dealt with and the mira- 
mum bvd of protcctior, te be provided for 

Table 4. RenauLt E.P.U.R.E, pedestrian orotec- each of them. 
tion. Impacts against t~e vehicle injury Wha~ do we have a~ our disposal ~o do this? 
criteria. Work carried out ~, all the public and pri- 

vate mares workbg on this subiect and° as far 
Collisions at Collisions at as Renauk is concerned, i~ has punished all 

24 kmth 32 kmlh the results of its work and actively partici- 

1 3 1 2 pared m every internmional meeting 
~ But it is clear ~o ever ybody thm this will not 

Head H.I.C. 151 87 111 suffice. Even though a considerable mass of 
Thorax 7 3 ms g 15 11 20 20 

! 29 data emsts o even though an experimental 
Petvis7 3 ms g 38 47 36 ~ ~ 55 hide such as EPURE shows the technical 
Kneevmaxg 150 180 1t5 200 I !60 teasibititv of performing solutions, even if 
Ankle7 max g 

.40 ~ 
40 57 t 65 

most car manufacturers have ~hown they 
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know how to overcome these problems, the be concentrated on the lateral collision and 

fact remains that we all still have gaps in our collision between vehicles and pedestrians 

knowledge, and that the world economic and two-wheelers. This is the order of sta- 

juncture has made it even more difficult to tistical priority. 

specify satisfactory economic compromises. * Finally, legislators and constructors together 

Drawing up a list of these gaps means speci- working in an atmosphere of mutual confi- 

fying the work program for the future. It dence must specify protection performance 

would now seem to us that the priorities have requirements that are compatible with cost, 

been classified, energy economy and raw materials require- 

o Improve our knowledge in biomechanics ments. For engineers, this means obtaining 

and give it concrete form in the shape of a 
the same performances with reduced weight 

dummy that is really representative of and cost; for economists, this means decid- 

human body behavior. What is the point ing on compromises that can be supported 

spending considerable energy in research 
by the states. 

work, and large sums of money on technical It was to attempt to make progress in these 

solutions destined to protect dummies and three subjects that Renault has concen- 

which are inefficient for humans, trated its efforts in these three directions, and 

¯ Considering that the solutions to frontal it also seems to us that large meetings of ex- 

collision problems are now known, and that perts like this conference would be even more 

it only remains now for an efficient legisla- efficient if they also were to concentrate on 

tion to be drawn up, research efforts must the same subjects. 

Status Report on CaispanlChrysler Research Safety Vehicle 

G. J. FABIAN iNTRODUCTION 

Calspan Corporation 
The overall objective of the National High- 

G. FRIG way Traffic Safety Administration’s Research 
Chrysler Corporation Safety Vehicle Program is to develop techno- 

After describing the reasons for, and the logical data applicable to automotive safety 

methodology used in, the development of the requirements for the mid-1980s and, in addi- 

Calspan/Chrysler Research Safety Vehicle, tion, to evaluate the compatibility of these 

the fina! car is presented and its features safety goals with environmental policies, 

enumerated. Such aspects of the design as energy utilization and consumer economic 

styling, front, side and rear structure, chassis considerations for that time period. To assist 

and body components, restraints, aerody, NHTSA in obtaining information appropriate 

namics, weight and cost considerations are ex- for formulating meaningful automotive stand- 

amined in some detail and the tradeoffs and ards for that era, a multi-phase research pro- 

compromises made in an attempt to attain the gram was undertaken to develop a light weight, 

desired RSV performance are identified. Ex- advanced safety vehicle (RSV) suitable for 

perimental results obtained on prototype family transportation. Current regulations 

vehicles are addressed, augmented where were not to be constraint on RSV design; al- 

possible by information from tests of the ten ternative safety features were to be explored. 

final vehicles that have been built and The design was to be compatible with mass 

delivered to the U.S. government. A discus- production techniques, fuel economy and 

sion of results and conclusions completes the emissions requirements for the eighties. The 

paper. RS¥ was to be constructed of readily available 
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materials, to be easily recyclable and also 
quire minimal energy in manufacture; it was 
to have reasonable initia! and operating costs, 
as well as good consumer acceptance. Most 
importantly, it must provide a high level of 
safety for its passengers, occupants of other 
vehicles and pedestrians. 

The car designed to meet these goals, fabri- 
cated for testing during the fina! fourth phase 
and representing the end product of a five 
year Calspan/Chrysler research program is Figure 3. Calspan/Chrysler RSV. 
shown in Figures 1 through 4. All test vehicles 
now have been built and delivered. Testing is 
currently being accomplished and some of the 
results are to be reported later in this confer’ 
ence. 

While a broad spectrum of data went into 
the evolution of the RSV, there obviously had 
to be some constraints. The most important 
of these concerned program size and timing. 
Since actual production and sale of the auto- 
mobiles was not contemplated, funds and 

Figure 4. Calspan/Chrysler RSV. 

scope were significantly less than would be in- 
vested by an automotive company to develop 
a new production vehicle. Selectivity was 
necessary in choosing the areas where research 
and development could be most beneficial. 
Final development activities were directed pri, 
marity toward crash safety systems with mini- 
mum concern for refinement of basic auto- 
motive systems common to current cars. For 
instance, the major expense of developing a& 
vanced emissions systems for 1985 was not in- 

Figure 1. Calspan/Chrysler RSV. curred; instead, current systems were accepted. 
In fact, the. choice of developing the RSV 
from a current mass produced vehicle, while 
providing a reliable basis for production 
aspects, imposed some design and perform- 
ance limitations on the final design. Timing 
was, of course, important. To be effective as 
an aid to defining 1985 safety requirements, 
the RSV program had to be completed suffi- 
ciently early to permit reasonable lead time 
for rule making if the production cars were to 

Figure 2. CNspantChrysler RSV. be expected to include similar features. Con- 
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sequently, in many instances, where an entirely Takata Kojyo, and Thiokol. Finally, and 

new concept or direction was involved, devel- most importantly, the contributions of 

opment could only be carried to a feasibility Franklin G. Richardson, NHTSA Program 

demonstration level; while the RSV points the Technical Monitor, are gratefully acknowl- 

way, additional research, development and edged. 

testing will be required before new standards Previous publications have discussed the 

could be iinplemented in those areas, many aspects of the program (references 1 

Many people and organizations have con- and 2). A Phase II status report, as well as 

tributed to the RSV program. Calspan is the reviews of technical aspects of the design were 

prime contractor, but a large measure of the presented at the Sixth ESV Conference (ref- 

effort was undertaken by Chrysler Corpora- erences 3 through 9). More recent activities in 

tion. Calspan led in overall program direc- Phase III have been covered in reports and 

tion, being primarily involved in the back- papers (references 10 through 27). That doc- 

ground investigations that led to the design umentation will be referenced below in the 

specification, occupant restraint system brief review of the earlier work that is in- 

design, component and vehicle evaluation cluded to provide continuity and an appro- 

testing as well as being instrumental in crash- priate frame of reference for the subsequent 

worthiness development. Chrysler’s activities description of the final Calspan/Chrysler 

included structural design of the body and RSV. 

chassis to meet performance goals within the 
anticipated capabilities of future manufactur- PROGRAM DEVELOPMENT 
ing technology, pedestrian protection, and 
engine and driveline installation, fuel econ- In the first phase of the program, initiated 

omy, emissions, and styling. Subcontractors in January 1974, an analysis of the environ- 

and suppliers to this project span the automo- ment in which the vehicle is to operate in the 

tive industry, but the following organizations mid 1980s was developed through investiga- 

should be recognized for their support: Allied tions of trends of automotive usage, accident 

Chemical, Bendix, Cibie, Creative Industries, data, population growth, and the prediction 

Davidson Rubber, Goodyear, Great Lakes of economic and resource status. From that 
Steel, Hexcel, Modern Engineering Services, postulated environment was developed a deft- 

Motor Insurance Repair Research Centre, nition of vehicle characteristics suitable for 

Roblin Industries, St. Gobian, Sheller-Globe, 1985, including vehicle performance specifica- 

t00 
< 1500 # 

~ 

1500- 2500 # ~    Cars 
Projected ~ 

50     .--,--------.-,....~_...~ ~ RSV~ 
2500- 3000 # 

> 4oo0 # 
~ 3ooo-~ 4000 # 

~ .... < 4000 # Trucks 
4000 - 10,000 # ~ 

~ "~ ~ ~ ~ 10,000 # "~ 
0L I ~               ~ ~ ’ 

1970 1975 1980 ~1985 1990 1995 2000 

YEAR 

Figure 5. Projected vehicle mix. 
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tions and preliminary design concepts. A 
review of accident statistics indicated priorities 50- Ground 
tO be placed on crashworthiness (occupant . -- 
protection) and pedestrian protection. Eco- 40- 
nomic and environmental constraints imposed . 
limits on vehicle weight and power.1 30- 

On the basis of the automotive usage trend 
- Hood 

analysis and the continuing scarcity of fuel, as 
~o- Edge 

well as the other considerations, the initial 
_ 

~ 

Bumper~ ~r 

F d vehicle was defined as a 2700 pound sedan 
lo- Grille Other (fig. 5)having a capacity suitable for anormal _ r---1 r---] 

family use and fuel economy approaching 30 
0 miles per gallon. Recycling of materials to (46.9) " 

_ - 8 
conserve vital fabrication also were design 145.1) 
objectives. 

The Phase I study included analysis of the 
distribution of traffic fatalities in 1972. Some Figure 7. Injury producing elements--all pedes- 
of the results are shown in Figures 6 and 7. trian injuries in front impacts with full 

The occupants of passenger cars represent 62 size American automobiles. 

All fatalities 

56,600 

Occupants 

1 

Exterior 
44,700 11,900 

__1 
[ 1 

Other                Trucks Pass cars Pedestrian Other 
i 

4,100 5,500 35,100 10,700 1,200 

Vehicle to vehicle Single vehicle 

19,660 15,440 

Figure 6. Distribution of U.S. traffic fatalities. 
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percent of the total. Pedestrians struck by Phase II activities2 were directed toward 

vehicles make up another 19 percent. Reduc- some refinement of the RSV specifications, 

tion of fatalities and serious injuries in these thoroughly testing the Simca !308 to deter- 

categories would appreciably reduce the cost mine the base car performance, preliminary 

of transportation. In addition, a preponderous design of the crash safety elements and build- 

portion of pedestrian injuries arises from ing and testing of prototype.s to establish the 

vehicle fronta! impacts. Significant reductions capabilities of the design to meet crashworthi- 

in the pedestrian statistics might be achieved hess goals.2 Figure 9 illustrates the method- 

by a new approach to the design of the front ology adopted to bring the various vehicleele- 

of the car. Such accident statistics in corn- ments into harmony. Particularly to be noted 

bination with a wide variety of background is the prominent part played by computer sim- 

factors ted to the RSV crashworthiness goals ulation which makes possible exploring design 

summarized in Figure 8. Many other goals tradeoffs and compromises. Carefu! attention 

were established for a variety of other RSV has been paid throughout the program to im- 

capabilities as indicated in the table at the end portant considerations such as producibility, 

of this paper. Cost/benefit studies were not costs, and other "real life" factors to assure 

performed at that time on specific features credibility of the results and their applicability 

because actual on-the-road experience was to the 1985 time frame. 

deemed to be required to accurately assess Economics of the design were also ad- 

their value, dressed. Consumer costs were established 
Since it was felt that the mass production based on an assumed annual production of 

capability of the vehicle was of paramount 300,000 units. Research and development 

importance to the credibility of the data, the costs, materials, facilities, and production 

approach taken utilized a Chrysler Simca tooling costs were also assessed. The analysis 

1307/1308 as the base vehicle which was sub- of RSV costs provided increments between 

sequently modified to achieve the design those for the RSV and a car of similar size and 

goals. Although bringing with it certain design type designed to meet current governmental 

limitations, the base vehicle provides dimen, regulations. The RSV was assumed to be an 

sional, weight and handling characteristics all new, regular production model requiring 

that approximate the Phase I RSV specifica- implementation of all new tooling in an exist- 

tions. In addition, the Simca 1308 manufac- ing manufacturing facility. 

turing facilities furnish a realistic basis for Phase III included not only the refinement 

estimating the effects on cost and producibility and testing of the areas addressed in Phase II, 

of design or process changes attendant to the but also considered additional characteristics 

achievement of RSV safety, emissions, and not previously covered, such as durability, 

efficiency performance, handling, acceleration, limited emissions con- 

Impact speed (MPH) 

Impact object Configuration ~ 
Comments 

Minimum 

Fixed flat barrier 0° to 45° 550! 40 Injury criteria--front seat occupants 

Fixed pole barrier Center impact 

ii~ I50 

40 Injury criteria--front seat occupants 

Fixed flat barrier 0° 35 30 Injury criteria--all positions, egress doors 

Front 
Fixed flat barrier 0° 25 20 Maximum barrier force 60,000 Ibs 

RSV 50% offset 40"~ Injury criteria--front seat occupants 

RSV Center impact 50~ 1 40~ 
Injury criteria--front seat occupants 

Side RSV 0°to45° 445I~0I 40 lnjurycriteria-occupantsstruckside 

Rear RSV 0° 45 Injury criteria--all occupants 

~Speed for each car 

Figure 8. RSV crash performance specifications. 
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Base vehicle 

characteristics 

vehicle computer 
simulation simulation 

Figure 9. RSV crash safety activity. 

fro! deveJopmem, collision repairability, and Styling 
compliance with Federal Motor Vehicle Safety 

Standards. Although the RSV resembles the Simca 1308 
from which it was derived, the shape forward 

RSV FINAL DESIGN of the windshield is all new and the wheel base 
Before discussing Phase III test results almost three inches longer. In addition, the 

demonstrating the performance achieved with RSV has a new rear bumper and hatch lid. 

the Calspan/Chrysler RSV, it is appropriate to Wind tunnel testing led to the rounded front 

first review the features of this design.26 A shape that is also beneficial for pedestrian im- 

synopsis of many of the features of the RSV is pact protection. Other aerodynamic effects 
shown in Figure 10. led to reduced size of the cooling air inlets, 
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lower front end air dams, addition of front 
wheel flares, rear hatch lid spoiler, and 

smooth wheel covers, as well as removal of 
the rear segment of the drip rail (figures 1 
through 4). 

Interior appearance also is similar to the 
Simca except for items needed to provide 
occupant protection in the attempt to realize 
the high speed impact goals (figures 11, 12 and 
13). Most noticeable among these changes are 
the thicker door trim pads with enclosed 
aluminum honeycomb energy absorbers for 
occupant protection during side impacts (fig’ 
ure 14). Energy absorbing foam pads are Figure 13. RSV rear interior. 
placed on upper A, B and C pillars and above 
door openings to attenuate head contact forces 
in side impacts. Aluminum honeycomb mate- rial similar to that in the doors is also used in 

the lower instrument panel to reduce forces 
from knee impacts during frontal crashes (fig- 
ure 15), "See-through" head restraints are 
provided for front seat passengers both for 
improved driver visibility and for a feeling of 
added interior roominess. Passive restraint 
systems, described later, are also major factors 
in the interior appearance. 

Structure 

Though not outwardly visible, the Simca 
based structure of the RSV has been altered 
extensively] The impact speed goals of 40 to 
50 mph necessitated major alterations through- 

Figure 11. RSV driver air bag and instrument out. Few completely original Simca sheet 
panel, metal stampings remain in the RSV structure; 

they are shown as unshaded parts in Figure 16. 
Also seen in this illustration is the abundant 
use of high strength low al!oy (HSLA) steets 
for weight efficiency and structural strength. 
Limited use of such materials is occurring in 
present production automobiles,6 but not to 
the extent shown in the RSV because of weld- 
ing difficulties. Wherever possible, the body is 
assembled using production type spot welding 
for tow cost with minimal amounts of arc or 
MIG welding. Mechanical fasteners are of 
production type throughout, in spite of its 
light weight, aluminum applications are re- 

Figure 12. RSV passenger air belt and knee stricted to hood and hatch lid inner and outer 
blocker, panels which can readily be removed when the 

111 



EXPERIMENTAL SAFETY VEHICLES 

Hexcell aluminum 
honeycomb energy 

absorbing material 

Vacuum formed 
trim cover 
over ½"’ foam 

Figure 14. Energy absorbing door trim. 

car is scrapped to preserve RSV recyclability. 
Modified Simca upper 
instrument panel It was found that even minimal contamination 

either by aluminum or steel makes the result- 
ing scrap of very low value so care has been 
taken to avoid material intermingling in any 

Steel knee components. Chrome plating has been elimi- 
su~po~ nated for similar reasons. 

Front 
Hexcet aluminum 
honeycomb energy A unique "three-zone" approach was con- 
absorbing materia! ceived (fig. 17) to meet the requirements of 

Vacuum formed pedestrian injury mitigation, limited low 
knee bolstercover speed vehicle damageability, and reduced 

"aggressivity" with small cars and in side im- 
Figure 15. instrument panel construction, pacts while still permitting occupant surviva- 
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Figure 16. RSV materials utilization. 

H igh speed 
Compatibility impact 

Pedest ria n 
& property 

255 ~ 

559 mm 22 in 

953 mm 37,5 in 

Figure 17. Front structural concept. 
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bitit y in high speed frontal crashes. The first impacts (fig. 18). The side structure also 

zone, combining the needs of pedestrian safety serves to provide a load path for some of the 

and reduced low speed vehicle damage, de- frontal crash forces as well as to limit side im- 

velops the lowest level of impact force. Proper pact intrusion. 

material selection (.urethane foam) gives forces 
proportional to contact area, so a small object Side 

like a pedestrian receives a low force, but a Structural modifications to the RSV sides 
large one like a car experiences a greater (fig. 18) include stronger door hinges, inter- 
force. The second zone, having intermediate locks into pillars and sills, as well as large 
force levels, provides the limited aggressivity, door beams to carry loads across doors. This 
]’he highest crush forces are developed in the HSLA beam, extending from glass to sill and 
third zone, to protect RSV occupants in high from latches to hinges, is bonded to the door 
speed impacts. Such a scheme does not pro- outer skin for increased efficiency and reduced 
vide the highest crush efficiency in frontal im- weight. The front door glass was shortened at 
pacts; in fact, it leads to somewhat higher its forward end to clear the beam and rear 
peak accelerations on the vehicle, since only door window glass opening distance was re- 
low crush forces are experienced during the duced for the same reason. Reinforcements 
initial portion of structural deformation in were added to the A, B and C pillars. Utiliza- 
higher speed impacts. However, it was felt tion of a single stamped "aperture panel" for 
that this drawback was outweighed by the im- the area surrounding both front and rear 
provements effected by providing pedestrian doors reduces the number of weld joints and 
protection and limited aggressivity, improves side strength. To prevent the side of 

A very careful tuning of the design was re- the car from collapsing inward during impact, 
quired to satisfactorily attain the desired corn- a roof reinforcement (rollbar which also pro- 
bination of all these capabilities. Tradeoffs vides improved roof crush strength) was 
were necessary between vehicle aggressiveness added across the top between the B pillars and 
and crashworthiness and between intrusion a transverse reinforcement was similarly added 
and structural collapse. Reduction of body to the floor under the front seats. 
pitching on impact had to be effected consist- These elements serve to limit intrusion dur- 
ent with energy absorbing crush. However, as ing side impact. Minor deformation of the 
is the case in any tuned system, variations in door beam occurs after initial contact by a 
any single element seem to have a dispropor- striking car. Through the door interlocks, the 
tionate effect since they de-tune the whole beams then engage the rigid base formed by 
system. Consequently, in order to insure the the transverse members and strengthened 
proper operation of the individual elements so door openings. Thus, the beams act more 
that the expected superior performance of the efficiently as tension members rather than as 
balanced system can be realized, additional simple bending elements and combine with 
effort (and cost) will have to be expended on the rest of the structure to provide exceptional 
inspection and quality control during vehicle side impact performance even when hit by 
fabrication than is utilized for cars manufac- much larger cars. 
tared to current standards. 

Major front struct ural elements exclusive to Rear 
the RSV include the upper fender beams, front 
longitudinals designed to collapse in a pre- The rear structure of the Simca required 

scribed manner, strengthened cowl sides, and minimal modification (fig. 18). The fuel-tank 

the central tunnel and floor pan reinforce- filler neck was rerouted to obtain better pro- 

ments which limit engine intrusion into the [ection in crashes. Location of the Simca fuel 

passenger compartment in high speed frontal tank between the rear wheels, well forward of 
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Reinf. 
3-pillar 

Reinf. 

Reinf. 
Secondary 
hood latch 

Front Ion~ 

Door 

beam 
Reinf. 
floor Sil 

Tunnel and cross interlock 

floor pan member 

reinforcements 

Figure 18. Phase III structure. 

the rear end, was retained although its capacity were used, the most significant being the soft 
was slightly reduced to provide added luggage foam filled bumpers, new front and rear light- 
volume. Rear longitudinals and rear cross- ing, special windshield, and the hood latch 
member were reinforced primarily for low systems. 
speed damage reduction and the rear end of The soft urethane plastic, foam. filled 
the hatch lid and rear fenders were altered to bumpers are unique, as shown in Figure 19.8 
permit attachment of the soft bumper and They protect the RSV from damage in barrier 
spoiler, impacts up to 13 kph (8 mph), 8 kph (5 mph) 

rear collisions, and 21 kph (13 mph) front-to- 

Body Components rear crashes between RSVso1~J5 More impor- 
tantly, with this bumper, a capability for the 

Although mostbodyhardwarecomponems reduction of pedestrian injuries has been 
on the RSV w,ere retained intact from the demonstrated a~ speeds up to 32 kph(20mph) 
Simca 1308, a number were somewhat modi- for both adults and children.~ 
fled to better suit specific requirements of the Preliminary computer studies were used to 
RS¥. These include the instrument cluster, establish the bumper shape and its force- 
seats (reinforced and recliner mechanism deflection proper~ies. Both fac~orswerefound 
removed), window mechanisms, most glass, to be significant in limitir~g injuries. Force 
door and hatch latches, and various other properties primarily limit bone fractures and, 
small componems. Some special elements combined with overall shape, can affect 
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High density 
rim molded skin 

Mild steel 
mountin 

Low 
urethane energy 
absorbing foam 

Figure 19. Pedestrian protecting bumper. 

pedestrian Mnematics after contact forces 
with other car elements and with the ground° 
The aluminum hood, in addition to saving 
weight, enhances the bumper properties by 
being "softer" than a steel hood. (There is 
some disadvantage, however, in that the hood 
can be more readily damaged in non-impact 
situations.) Fortunately, the rounded bumper 
shape has proven to be compatible with aeroo 
dynalnic needs, although it does not fully 
comply with present U.S. bumper standards 
and was not designed to do so. In fact, current 
U.S. standards pertain to protecting the vehicle 
on which the bumper is installed rather than 
pedestrians. The fixed headlamp covers, 
stalled primarily to improve aerodynamics, 
also aid the pedestrian by providing surface 

Figure 20. RSV plastic headlamp. 

continuity. 
RSV headlaraps (fig. 20) have only one proper beam usage. A suspension activated 

beam and use a plastic lens to attain precise hydraulic headlamp aiming system is available 

aiming for improved lighting with reduced to automatically compensate for vehicle load- 

glare while effecting a weight savings (figures ing and dynamic effects. High-level rear lamps 

21 and 22). While not fully developed, this are located on the rear roof pillars (fig. 23). 

system could have safety advantages by pro° They combine running, side-marker, stop, 

riding better lighting, and eliminating imo and turn functions in a highly visible location. 
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Figure 21. Standard tungsten sealed beam low beam, 

Figure 22. RSV headlight beam. 
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"[he RSV windshield is similar to currem -. 
U.S. three-layer units but is somewhat thinner 
and has a [ourth plastic inner layer. This 
layer, [o a large extent, eliminates lacerafive 
iniuries to unrestrained occupants. Figure 24. Secondary hood latch, 

A special hood latch system with the sec- 
ondar> catches remotely located along the 
hood rides is used (fig. 24). A conventional, system. The parametric studies were con- 

imerior-actuated primary latch is located at t’irmed by tests on a HYGE impact sled. While 

the Dora of the hood. Secondary catches pro- 
the sled results were not exactly equivalent to 

vide improved crush efficiency for the light- the computer predictions, based on FMVSS 

aluminum hood by increasing the 208 tolerancelevels front seat occupants could 

number of buckles formed in it during [fontal be assured survivability with the projected 

impacts. The secondary latches prevem the 
RSV structural response. The Phase II cars in- 

hood from entering ~he windshield lower zone corporated such a belt to take advantage of 

and s~abilize the fenders laterall> in angled o~ ~he indicated greater impact speed potential. 
Subsequently, for use in Phase III, NHTSA 

o ffset colti sio as. 
awarded additional cont facts for development 
of air bag type restraints for both the driver 

Restraints and front passenger. The passenger system 

Development of the RSV occupa m restraims was not developed sufficiently to be included 

began early in Phase tl using the Calspan de- in the vehicle, but the driver air bag system4 

,:rash victim simulation compmer was selected for the final RSVs to demonstrate 

program {CVS tti)5 with inpm decelerations an available alternate passive system. 

provided by complete car crush simulatio~s The driver’s restraint (fig. 25) incorporates 

from Chrysler. Preliminary results of ~hese a steenng wheel mounted air bag with a 

studies indicated ~hat an advanced belt sys sodium azide inflator, porous nylon bag, dual 

tern~9 could provide a survivable impac~ speed radiator yoke mounted impact sensors (1973 

ar~om 8 kt~p (5 mph) grea~er ~ha~ an mr bag GM ~ype) and a dash mounted diagnostic box 
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Slip rings 

Dual radiator 
mounted crash 
sensors~~’~ [~1~ D iagnostic 

box 

Inflated 
bag 

~[~111~ 

extent 

J Thiokol 
inflator 

Integrated 
knee restrai nt 

Figure 25. Illustration of driver air bag system, 

with integral back-up crash sensor. For the The air bag system has advantages in that it 

front passenger, the restraint system (fig. 26) is completely passive, unobtrusive, and pro° 

is a motorized, passive inflatable torso belt vides effective distribution of impact forces 

with the inflator mounted between the seats (a on occupants. A strong point for the imo 

single inflator could serve two belts for both proved belt is that it is anchored farther back 

front occupants), force limited webbing, and in the vehicle structure and thus may not be as 

an inertia retractor. Both systems offer op- susceptible to degradation of performance 

tional active lap belts made of force limiting should serious intrusions occur. Also, since as 

webbing to supplement the previously de- a normal belt it provides satisfactory restraint 

scribed "knee blocker" instrument panel and up to 30 mph, belt system inflation could be 

to minimize chances of ejection during im- deferred to a higher impact speed than the air 

pact. In the interest of simplicity, the belt bag. This could result in repair cost savings 

system uses the same sensors as the air bag. since restoration of the system after crashes 

When deployed, the inflatable element elimi- would be needed in fewer instances. In addi- 

nates belt slack (required for comfort), dis- tion, a belt supplies some lateral support for 

tributes forces over the torso and, since it ex- accidents other than frontal impacts. On the 

tends under the chin, reduces passenger head other hand, the automatic inflatable belt has 
motions. Force limiting webbing limits the two major shortcomings: it is nearly as expen- 

occupant accelerations to accepted tolerance sive as the air bag and it is far more likely to 

values. When the ignition is turned off, a result in owner/occupant objections to its dis- 

motor drives a flexible cable pulling the mov- comfort, inconvenience, and appearance. 

able D ring forward to the upper right corner Force limiting webbing is used in the active 

of the windshield, allowing ready entry and belts for the three rear seat positions. Three- 

egress by the front seat passenger, point restraints with inertia retractors are pro- 
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Vehicle sensitive 

Movable D-ring _ inertia retractor 

forward position ~ 

D-ring 

Fixed D-ring 

Electronic 
Iogi 

\ ~ Energy absorbing 
\ ~ ~ulder belt webbing 
\ 

D-ring \ \ \ 

Inflatabelt inflator 
& manifold 

Energy absorbing Optional lap belt 
knee bolster 

Electrical connection 
to diagnostic box 
& crash sensors 

Figure 26. Inflatable shoulder belt--Phase III. 

vided for the outboard positions and a lap on a Phase III prototype and the measured ef- 

belt for the center. While these devices pro, fects on drag are tabulated in Figure 27. Some 

vide a lower level of impact performance than tradeoffs were made to achieve this level of 

the front seat restraints, they were considered 
satisfactory and consistent with maintaining 
reasonable vehicle costs in view of markedly 
lower use of the rear seats. Sheet metal panels Config- Description CD ACD% 

on the backs of the front seats serve to absorb 
uration 

1 Base car ,474 0 
rear passenger knee contact forces and. pre- 2 (1) w/45 mm rear spoiler .438 7.8 

vent consequent injuries to front passengers. 3 (2) w/Headlamp covers .421 11.4 

4 (3) w/Flush wheelcover .415 12.6 

5 (4) w/Convex wheel fairing ,413 13.1 

6 (5) w/Faired drip molding & 
Aerodynamics rear quarter window .412 13.3 

7 (6) w/Rear wheel arch skirt .411 13.5 

An aerodynamics study was undertaken 8 (7) w/Front vertical air dam .408 14.1 

9 (8) w/Center grill inlets only 

during Phase II126 involving a complete, full- and two aerodynamic 
mirrors .405 15.4 

scale car test performed at the National Re- 
search Center wind tunnel in Ottawa, Canada. 
Many aerodynamic features were investigated Figure 27. RSV wind tunnel test results. 
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performance. For example, the initial rear CO, and 2.0 NOx gpm. The high cost of de- 
vision goal was similar to the current proposed veloping an entirely new type of emissions 
standard for indirect visibility. An analysis of systems would have diluted the primary objec, 
that goal indicated a need for very large out- tive of safety. Instead, a current production 
side rear view mirrors on both sides of the car. engine was selected to replace the $imca unit. 
The right side mirror had the further disad- Installation of a 1.7 liter Omni/Horizon 
vantage of having to be placed atop the right engine in the RSV required redesign of the 
fender forward of the windshield. The size engine accessory drives and relocation of 
and location of these mirrors would increase other engine compartment components as 
drag as well as present a potential hazard to well as an increase in the front overhang. The 
pedestrians. It was decided that these elements very good aerodynamics of the RSV result in a 
outweighed the advantages of improved in- fuel economy rating exceeding the 8.55 litresi 
direct vision. The fixed headlamp covers de- 100 km (27.5 mpg) combined city/highway 
scribed earlier in the bumper section were average required of all U.S. cars by 1985. 
similarly found to provide maj or aerodynamic Emissions levels meet 1979 California require- 
improvements as well as a potential advantage ments. The remainder of the RSV driveline is 
to pedestrians. Therefore, they are used in the also Omni/Horizon with both manual and 
RSV despite their non-concurrences with cur- automatic transmissions available. 
rent U.S. regulations. The other chassis items have been changed 

from their Simca or Omni/Horizon counter- 

Chassis parts only as required to meet the specific in- 
stallation or weight requirements of the RSV. 

...... The RSV goals include a 7.84 litres/100 km The Simca brakes have been altered to pro- 
(30 mpg) combined city/highway EPA cycle vide a diagonal split (fig. 28) to give improved 
fuel economy and emissions of .41 HC, 3.4 braking when the system is partially failed, 

&        ~’~’~-~’% Circuit 1 
~..~. ~’~L~( t. frt & rt. rear) 

~,~ ~/~-~" ~ ~\\~, J Existing residual 

,~ ~ ~~ / /pressure valve 

~ 
~ (~2" ~~ / 

/(Circuit1) 

Circuit 2 ~ ~~ ~~ 
(rt frt &It rear) ~            ~ ~ 

F~ure 2& Bra~e I~ne rout~n~ for NSV w~th 6~a~onal s~l~t sgstem. 
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~’urther development of an adaptive (four provide an instrument panel indication when 

wheel, modutated~ braking any of the four tires has less than 115 kilopas- 

~ystem is currently underway for installation cals ( 17 psi). The car can be driven up to 65 km 

on the RSV_ (40 miles) at speeds up to 65 kph (40 mph) to a 

A break-away lower steering column mem- service station without damaging the tire, pro- 

ber (fig. 29) is used to reduce steering wheel viding added safety by eliminating the hazards 

rearward motion during high speed frontal of roadside tire changing. There is also a small 

impacts by separating the steering rack and weight savings (albeit at added cost) afforded 

pinion gear from the upper column after by replacing five tires and the jack with four 

about one inch of crush takes place aft of the flatproof tires even though they weigh more 

front wheels, individually than the standard ones. A sub- 

The tire system utilizes a flatproof tire (fig. stantial increase in luggage volume is also 

30). When the pressure is removed, the thicker achieved, 

sidewalls support me car weight and car han- 
dling response is not severely affected. A low 

Weight 

tire pressure warning system is included to Since fuel economy is closely associated 
with vehicle weight, particular attention was 
paid to changes in weight resulting from design 
modifications during the development of the 
CatspaniChryster RSV.2~ The success of that 
activity is attested by the fact that the meas- 
ured curb weight of 1213 kg (2675 lbs) is only 
13 kg (7 lbs) above that shown on the Septem- 

greak~a~ay 

section ber weight report, several months prior to 
completion of the first Phase IV RSV (fig. 
31). The curb weight represents an increase of 
161 kg (355 lbs) over the base French Simca, 

Ims~ 
;~ 

it is estimated that about 60 kg 

~~ ~ ~ (132 lbs) would have to be added primarily for 
but since 

emissions, bumpers, and door crush resistance 
to meet current U.S. regulations, the weight 
attributable to the RSV features is about 
t01 kg (223 lbs). 

Fi~are 29~ Breakaway steering shaft. 

Costs 

Obviously, al! of the added RSV safety 

features cannot be obtained without some 
penalties. As noted, the curb weight of the 
Calspan/Chrysler RSV is estimated to be 
10t kg (223 lbs) greater than a "federalized" 
Simca. That added weight results in increased 
operating costs due to reduced fuel economy, 
In addition, the added complexity of the ve- 
hicle subsystems and structure might result in 
additional maintenance costs. Increased part 
and labor content in the more complex RSV 

Figure 30~ Ftatproof tire wilt probably result in higher manufacturing 
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Phase I II 

KG Lb~s 

Base car (Simca C-6) I050.794) (2317.00) 
.... Adjusted base car 1026.844 2264.19 

Front structure 62.608 138.05 

Side structure 73,22 161.45 
Side exclusively (20.843) (45.96) 

Front/side (48.803) (107.61) 

Side reliever (3.574) (7,88) 
Rear structure 3.598 7.94 
Environmental protection 9.614 21.20 
Occupant protection 39.610 87.34 
Steering & suspension -4.739 -10,45 

Producibility & shipping 

Total car 1210.755 2669.62 

Figure 31 Research safety vehicle crashworthiness weight status. 

costs and consequently increased consumer 

cost. On the other hand, however, the benefits Additional 

of reduced damageability and improved safety 
Part group consumer 

cOSt 

might more than offset those increases. 

A detailed consumer cost analysis has been Body-in-white $ 203 
Front sheet metal 23 

carried out by Chrysler personnel, assuming. Glass 28 
an annual production of 300,000 units with a Paint, sealers & deadeners --0- 

Bumpers 107 
normal amortization.26 Since the Simca is Grille&lights 31 
neither manufactured nor sold in the U.S., Exterior ornamentation 54 

..... Instrument panel -o- 
and the French manufacturing facilities, pro- Steering wheel -0- 
cedures, and labor rates are not specific to the Interior trim 138 

U.S., an actual total consumer cost for a fed’ 
Front restraints & knee blocker 642 

Rear restraints 34 

eralized RSV is not available. However, cost Chassis & electrical 22 

differentials between the RSV and a car of the Flatproof tires & sensor sys. 102 

Adaptive brake system 325 
same size and general features meeting current Headlamp leveling system 45 

U.S. standards (federalized Simca) were de- Miscellaneous 41 

~ived as summarized in Figure 32. The total To=~ $1795 

consumer cost differential including research 

and development, facilities, tooling, and other Figure 32. Consumer cost summan/. 
expenses associated with bringing such a car 

into production is shown to be $1795 in 1979 the costs for the passive restraint systems, anti, 
dollars. Although a major number of the skid brakes, and flatproof tires which corn, 

items appearing in the estimate are the type prise the high technology category of the RSV 

Chrysler presently fabricates, a dispropor- features as shown in Figure 33. The !vendor 

tionately large dollar portion of the estimate is supplied costs for these three elements are 

associated with a limited number of compo- dependent on the supplier’s estimate of the 

nents that are not now in production and market that does not admit detailed analysis; 

would have to be purchased. Chrysler had they dominate the cost differential, represent- 

only vendor’s estimates to use in assembling ing 60 percent of the total incremental cost, 
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capabilities of components and systems being 
Consumer 

cost designed and built for the RSV. Static crush 
tests1° were used to predict structural per- 

High technology features formance in dynamic impacts, sled tests4’19 
Front passenger restraints, incl. knee blocker $ 642 

Ftatproof tires & low pressure warning 102 with a postulated acceleration pulse to in- 
Adaptive braking system 325 dicate dummy occupant performance in car 

(60%} $1069 
crashes, a number of barrier and car-to-car 

Discretionary features crash tests11-18’21 were run to evaluate occu- 
4-Ply windsheild $ 28 

Rear spoiler 30 pant survivability, and handling tests22’23 pro- 
Halogen head lamps & covers 14 vided information on vehicle driveability and 
Headlamp adjusting system 45 

High leve~ rear lamps 21 response. In addition, aerodynamics, fuel 

Rub strip molding 24 economy, emissions, fiatproof tire perform- 
Soft whee~ covers 30 

Aluminum hood & hatch lid 16 
ance, braking and acceleration were investi- 

(t1%~ $ 20---g" gated experimentally.26 Results of the per- 
Basic features formance of the RSV obtained by test and 
Body structure & hardware $ 210 

Soft front & rear bumpers 77 measurementz7 are shown in the table at the 
Interior trim & padding 138 end of this paper. Also included are specifica- 
3-Point rear belts 34 

Miscellaneous other items 59 tigris that were proposed early in the program 
(29%) ~ and references to reports in which the infor- 

Total (100%) $1795 marion is contained. It is hoped that the scope 

Figure 33. FISV consumer cost feature care- of the experimental information contained 

gorization, therein can be enlarged by the results of other 
tests to be reported at this meeting by repre- 

Concurrently, the basic vehicle features which sentatives of other nations who have cooper- 

are closely related to parts currently being ated in this international effort to enhance 

manufactured account for only 29 percent of automotive safety. 

the total, with the optional or discretionary Information in the table is, in most cases, 

features constituting the remaining 11 percent self-explanatory. The internal width of the 

of the cost difference. RSV is, in fact, that of the Simca base car 
Although we believe this to be the best esti- minus the space taken up by the additional 

mate that can currently be obtained, since it is energy absorbing padding on the sides. A 

based on the most reliable information avail- decision was made for Phase III to proceed 

able, it is true that the closer an item is to be- with the design and fabrication of the RSV on 

ing in production at the desired rate, the more that basis rather than to spend the additional 

nearly the actual cost can be assessed. Chrysler money required to provide the internal room 

has expressed a view that while these costs are needed to comfortably seat three people side- 

realistic, they may be somewhat optimistic: by-side. The braking performance exceeded 

they should fall within a normal 10 to 20 per- the specification after the first preburnish 

cent band. However, since 60 percent of the test.26 The RSV prototype stopped from 

cost represents three major elements not yet 96.5 kph in 46 meters (60 mph in 151 feet) 

scheduled for production, careful monitoring with a maximum pedal force of 68 kg (150 lbs). 

of variations in these costs will be necessary In subsequent fade and recovery tests, the 

because of the leverage of these items on the pedal force to obtain a deceleration of 3 meters 

total cost differential. (10 feet) per second per second (.31 g’s) varied 
from 12 to 14 kg (26 to 31 lbs), while that re- 

TESTING quired to achieve 4.6 meters (15 feet) per sec- 

A number of tests were conducted during ond per second (.465 g’s) varied from 20 to 

Phases II and III to assess the performance 24 kg (45 to 52 lbs). 
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Table 1. RSV system performance. 

PERFORMANCE PROPOSED RSV 
CATEGORY SPECIFICATION ,PERFORMANCE 

REFERENCE 

1.0 Vehicle Description 

1.1 General Configuration 

Weight (Curb) 2500-3000 Ibs 2675 tbs (1213 kg) (27) 
Payload 
Occupants 4-5 Family of 5 

Trunk Volume 14-19 ft3 19 ft3 (0.538 m3) 
Test Payload 

1.2 Interior Dimensions 

Head RoommF 37.6 in. 37.5 in. (0.95 m) (26) 
R 36.8 in. 36.1 in. (0.91 m) 

Leg Room--F 40.0 in. 40.85 in. (1.04 m) 
--R 36 in. 33.85 in. (0.86 m) 

Shoulder Room--F 49.8 in. 48.7 in. (1.24 m) 
R 52.5 in. 50.8 in. (1.29 m) 

Engine Description 1400 cc. 1716 cc. (104.7 in.3) 
Transverse Front Transverse Front 
Engine and Drive Engine and Drive 

1.3 Exterior Dimensions 

Wheelbase 106 in. 105.7 in. (2.68 m) (26) 
O/A Length 180 in. 177.8 in (4.52 m) 
O/A Height 55 in. 53.1 in. (1.35 m) 
O/A Width 72 in. 67 in. (1.70 m) 
Wheel Tread 62 in. 55.71/54.72 in. (1.42/1.39 m) 
Turning Circle 42 ft Less than 38 ft (11.58 m) 

2.0 Safety Performance 
Requirements 

2.1 Vehicle Handling 

2.1.1 Braking Performance 

Service Braking: 

60 mph/straight 190 ft 151 ft/150 Ibs 

Pedal Force (46 m/68 kg) 
.31 g = 26.3 tbs 

(12 kg) 
.46g = 521bs 
(24 kg) 

Emergency Braking: 

Booster Failure 350 ft 192 ft (58.5 m) 
1/2 System Failure 400 ft 329 ft (100.3 m) 
Proportion System 250 ft 157 ft (47.9 m) 

Parking Brake 30% Grade 82 Ib (37.2 kg) 

Vehicle Jacking FR 17055 FR 17055 

2.1.2 Steering (22) (23) 

Yaw Response 
.4g, 25 mph Gain = 30 
.4g, 50 mph Gain = 38 
.4g, 70 mph 

Transient Response 
.4g, 25 mph Satisfactory 

.4g, 70 mph 

Returnability 
.4g, 25 mph Satisfactory 

.4g, 50 mph 
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Table 1. RSV system performance (ContJ. 

PERFORMANCE PROPOSED RSV REFERENCE 
CATEGORY SPECIFICATION PERFORMANCE 

2.1.3 Handling                                                                      (22) (23) 

Lateral Accel. Exceed Spec. 
.59g Outer R 

at 5 psi (34 k pascal) 

Contro~ at Breakway 

Dry Pavement Return in 4 sec. Return in 4 sec. 

Directional Stability 
Steering Control 

No Power Assist Torque 5 x power Ok 

Pavement Irreg, Deviatiop, 1 ft Ok 

2.1.4 Overturning Immunity (22) 

Slalom Course 50 mph 50 mph (80 kph) 

Drastic Maneuvers 50, 60 mph Satisfactory 

2,1.5 EnginetDriveline (27) (26) 

Passing Time 
30-65 mph 24 sec 16.3 sec 

(48-105 kph) 
50-70 mph 22 sec 17.4 sec 

80-113 kph) 

Range at 55 mph 220-250 rni 257 to 390 mi 

(88 kph) (414-628 kin) 

Lateral Force Constant Output 

2,1,6 Ride Performance Freq uencies (26) 

F .9-1.1 Hz F = 1.08 Hz 

R 1.2-1.4 Hz R = 1.27 Hz 

2,2 Visibility Systems                                                               (26) 

2,2.1 Driver Visibility 

Direct Field of View 37FR7210 Satisfactory 

Driver Size 
Shade Bands SAE Jl00 

Light Trans 

I-V 70% 

V 60% 

Obstructions Satisfactory 

Indirect Visibility 36FRl156 Below Spec 

Backlight Defog Heated Backlight 

2.2.2 Lighting 37FR22801 Single Beam F 

Defrostldefog FMVSS 103 High Level Rear 

2.2,3 Vehicle Light Colod Light Colod 

Conspicuity Contrast Stripe Contrast Stripe 

2.3 Driver Environment 

2.&1 Controls and S-O-A Practive SOA 

Displays 

2.3,2 Warning Devices Restraint Status Restraints Flat Tire (26) 

2,3.3 Environment S-O-A S-O-A 

2.3.4 Emergency Equipment Standard STD 

2.4 Crash Energy (1) (2) (26) 

Management Systems 

2.4.1 Structural Systems 
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Table 1. RSV system performance (Cont.). 

PERFORMANCE PROPOSED RSV 
REFERENCE 

CATEGORY SPECIFICATION PERFORMANCE 

2.4.1.1 Front Structure 
........... Wide Barrier Impact 

= 0° 40 to 50 mph 43/40 mph (69/65 kph) (18) (21) 

2.441.2 Side Structure 40 to 45 mph 39.1 mph (62.9 kph) (14) 

Car-to-Car 

2.4.1.3 Roof Structure 30 mph rol~over Not tested 

2.4.1.4 Rear Structure 45 to 50 mph 40.4 mph (65 kph) (20) 

Car-to-Car 

2.4.2 Exterior Protection (11) 
Property Damage 

Front Barrier 8 mph 8 mph (12.9 kph) 

Front-to-Rear 13 mph 13 mph (20.9 kph) 

2.4.3 Fuel System No fuel leakage Satisfsctory (11) 

all test conditions 

..... 2.5 Occupant Systems (26) 

2.5.1 Seating Primary restraint Primary restraint for rear 

rear collision collision 

2.5.2 Restraint Front--Goal - F--Air Bag (19) (4) (18) (21) 

Passive Restraint; Satisfactory. 

.... FMVSS No. 208 Inflatabe~t did not demon- 

injury criteria for strate 208 compliance in 

all crash tests. 65 kph (42 mph) barrier test, 
but passed others. 

Rear--30-35 mph R--Satisfactory 

barrier. 

2:5.3 Flammability Interior FMVSS Satisfactory (26) 

No. 302 fuel, elec- 
trical, exhaust~ 
containment of 
fuel and exclusion 
of volatile mate- 
rials in contact 
with ignition 
sources during 
crash: 

2.5.4 Interior Design FMVSS No. 201 (26) 

2.5.5 Emergency Egress One half doors Satisfactory 

operable during 
35 mph frontal 

barrier and other 
crashes. 

3.0 Vehicle Systems (26) (27) 

3.1 Engine, Fuel, Cooling, S-O-A S-O~A 

and Exhaust Systems 

Fuel Economy 20-30 mpg            27.6 mpg 

Weight/Power 30-40 lbs/bhp (8.5 L!100 km) 

Cruise 60 mph/5% grade 38.5 Ibs/bhp) 
(17.5 kg/bhp) 

32% Grade177 Ib 
(34 kg) 

500 tb load HC = 0.34 
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Table 1. RSV system performance (Cont.). 

PERFORMANCE PROPOSED RSV 
REFERENCE 

CATEGORY SPECIFICATION PERFORMANCE 

Grade Start 32% Grade/450 b CO = 4.69 

Emissions Compliance with NOX~= 1.045 

most recent 
standard 

3.2 Tire and Wheel Systems "Run Ftat"--Tires Run Flats (26) 

3.3 Electricaf Base vehicle S-O-A 12V (26) 

system 

3.4 ~nterior Comfort Base vehicle S-O-A (26) 

system 

3.5 Maintenance Base vehicle S-O-A (26) 

character 

4.0 Producibility (2) 

The steering and handling information are the DOT this year will provide more evidence 

taken from References 22 and 23 which, in of the performance that can be achieved. 
summary, states that the RSV handling char- In general, in all areas where RSV perform- 

acteristics satisfactorily meet the specifica- ance was quantified, test data show minimum 

tions in all respects. The structure of the RS¥ goals were met or exceeded. RSV weight, for 

was designed with the goal of having the front instance, is below the 1360 kg limit even with 

seat occupants comply with FMVSS 208 in- a fully optioned car; braking performance 

jury criteria for barrier impact crashes in the levels were easily exceeded; handling goals 

65-80 kph (40-50 mph) range.1° As indicated were met; acceleration performance is accept- 

in the test reports,18’21 the two frontal barrier able. A few areas, however, did not yield 

crashes at 69 and 65 kph (43 and 40 mph) did results anticipated. Frontal impact perform- 

not provide valid tests of the restraint systems ance’met minimum goals, but better capabili- 

because of malfunctions in ancillary compo- ties were expected. Structural response was 

nents. However, in a recent barrier test of one generally good, but somewhat higher deceler- 

of the Phase IV RSVs in Phoenix, Arizona, ations than anticipated were required to 

the driver protected by an air bag mounted in achieve the three-zone concept.26 

a modified steering wheel passed FMVSS 208 
requirements at 66 kph (41 mph). The rear RESULTS AND CONCLUSIONS. 
crash of a moving barrier into an RSV at 
65 kph (40 mph)2° demonstrated satisfactory Primarily, a design has been developed for 

occupant performance. When struck from the the manufacture of a safe family automobile 

side at 62.9 kph (39.1 mph) in another test14, for the middle 1980s, that can be utilized to 

the dummies on the struck side, as well as investigate the applicability of safety require- 

those in the striking RSV, indicated survival, ments and their compatibility with environ- 

In another test, a 4200 lb Plymouth at 51 kph menta! considerations. The design of the vehi- 

(32 mph) striking the RSV on the side at 60° cle and the delivery of two pedestrian test ar- 

provided similar results.16 We hope that fur- ticles and eight driveable RSYs to attest its 

ther experiments with the RSVs delivered to performance are tangible results. In addition, 
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certain conclusions can be drawn from the demonstrated compliance with FMVSS 208, 

relative success achieved in the conduct of the such performance in a fully integrated, near 

program. During the development of the RSV production car like the Calspan/Chrysler 

from the Simca, major improvements were RSV that also provides improved pedestrian 

achieved in the capability of the vehicle to safety as well as limited aggressivity is proving 

provide occupant protection. However, the to be harder to achieve than thought pre- 

detailed quantification of the life-saving bene- viously. Since the 80 kph (50 mph) vehicle 

fits realized is not easy to assess, speed implies almost three times the energy of 

One conclusion that can be drawn from the the current (to 1984) 48 kph (30 mph) reguta~ 

present program is that a significantly higher tion, it is questionable that such an increase in 

level of traffic safety is potentially attainable production vehicle capability could be avai!- 

..... in the near future, albeit at an increase in pur- able even by the end of the 1980s. It is not 

chase cost to the consumer. However, that in- clear that even without hitches in the develop, 

itial expenditure should tend to be offset by ment there would be sufficient time to accom- 

the low operating cost and reduced expense plish all the tasks that are associated with 

related to accidents. Also, a vehicle like the bringing out and proving a new production 

RSV could be manufactured in facilities vehicle. 

similar to those in current use. Further, mate- Development of air bag restraints on the 

rials required to build the RS¥ are generally RSV indicated a need for positioning the 

available, and some manufacturing cost say- steering wheel very close to the driver in an 

ings might be realized by design for particular almost vertical plane (horizontal column). 

recycling capabilities.6 At the same time, how- Such a wheel position is sufficiently removed 

ever, some manufacturers might have to from those generally indicated to be satisfac- 

change to new products because of material tory or preferred in tests of driver comfort, 

substitutions attendant to new developments fatigue and vehicle handling that it is feared it 

such as the urethane bumper system, would not be acceptable, particularly for large 

As previously mentioned, although the drivers. Hence, further research would seem 

minimum goal of 65 kph (40 mph), driver sur- to be required to resolve this dilemma. 

vival of a barrier crash has been demonstrated, It has been our aim to provide in the RSV a 

the desired 80 kph (50 mph) impact speed was rational basis for the formulation and assess- 

not successfully attained. While structural ment of motor vehicle regulations for the 

response was generally good, the necessity of 1980s. Of course, only history can tell, but 

staying below the relatively low levels of ac- adoption of the features incorporated in the 

celerations needed to ensure non-aggressive overall design of this car will, we feel, also 

performance in crush zones one and two provide an indication of the success of our 

resulted in higher than anticipated accelera- program. 

tions of the occupant compartment when 

zone three is crushed in order that the total 

crash energy be absorbed before the bound- REFERENCES 

aries of the occupant compartment are seri- 1 Miller, P. M., DuWaldt, F. A., Pugliese, 
ously violated. It is clear that the degree of 
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difficulty of designing a structure to be fabri- 
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cated by current mass production techniques 

Safety Vehicle (RSV)," Calspan Report 
that simultaneously satisfies the various 
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Performance and Driveability Tests On Calspan RSV_ 

RODOLFO ETRUSCHI Acceleration and Pick-Up 

lstituto Sperimentale Auto E Motori, S.P.A. Power at the wheels 
Italy Handling tests 

The Italian test program involved the Calspan Slalom 

RSV evaluation in the following three major Overtaking 

areas: Cornu spiral 

1. Fue! Economy Steering pad 

2. Vehicle Response, Braking and Handling Speed track (Vallelunga speedway, near 

3. Driver Environment Rome) 

The results obtained with the Calspan RSV Braking 
have been compared with those obtained, in Driver compartment physiology and 
the same tests, with ten European medium ergonomy 
class vehicles. Driver compartment noiseness 

These vehicles are: Pedal force 
o ,~Afa Romeo Alfetta 2.0 Driver’s position (Physiology test) 
o Alfa Romeo Giulietta 1.6 Visibility 
~ BoM.W. 520 2.0 
~ B.M.W. 320i 2.0 

Complementary controls 

-., ® Citroen CX -- 2.0 Weights and distribution 

l® Fiat 132 -- 2.0 Ground clearance 

.~..o Lancia Gamma -- 2.0 Turning circle 

....... ~ Peugeot 305 SR 1.5 Engine oil consumption 

..... * Renault 20 TL 1.6 A brief description of the procedure used, 

....... ~ Simca 1307 S 1.3 accompanied by sketches, is underwritten 

The European vehicles have been selected together with the results of the Calspan RSV 

with reference to the displacement, weight tests compared with those obtained with the 

and body mold of the Calspan RSV. European vehicles. 

All vehicles have been tested in the same FUEL CONSUMPTION TEST 
general conditions as following: 

CONSTANT SPEED 
~ Rectilinear test base and plain with a slope 

Fuel consumption is determined on a basis 
no greater than 1.5% 

of 4 kilometers, 2 kilometers in each direction. 
o Pavement of the test base with asphalt or 

cement with an adherence coefficient similar 
Having established the test speed, the vehi- 

cle drives 2 kilometers in one direction and 
to that of national roads or highways 

then does the same in the opposite direction at 
® Approach base and test base perfectly dry. 

the same speed. By means of the instrumenta- o Atmospheric temperature between 0-25°C. 
tion described below, the quantity (in weight) 

~ Atmospheric pressure 730-770 mm Hg. 
of fuel consumed by the engine at a given ~ Relative humidity 50-80%. 

~ Wind velocity no greater than 3 misec, 
speed to travel a base of 4 km (2 km in each 
direction) is found. 

A complete list of the tests performed with Vehicle load: driver, fuel tank half full, 
the vehicles is the following: 50 kg of instrumentation. 

Fuel cor~sumption test-constant speed The instrumentation consists of an ISAM 
Performances fuel consumption meter which is installed 

Top speed parallel to the vehicle fuel system, 
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In the same manner the test base is covered 
Fuel Gonsurnption (11100 Krn) 

in the opposite direction; afterward the test 
Cars Speed (Kmlh) tank is weighed with a precision scale accurate 

60 80 90 100 120 140 ’150 to a gram (also used, of course, to weight it 
before the test) thus finding, by taking the dif- 

........... RSV 5.80 6.72 7.28 7.90 9.43 12.04 !4.22 ference, the quantity of fuel consumed by the 
A -- 7.09 7.70 8.36 9.88 11.87 13.15 engine in order to run the total test base of 
B 5.62 6.22 6.70 7.36 9.22 11.90 13.63 

4 km. The photocell also actuates a chronom- 
G 6.49 7.40 8.24 8.56 10.16 12.18 13.55 

D 6.52 7.62 7.94 8.88 10.53 12.70 14.20 eter, accurate to a thousandth of a second, at 

E 6.32 7.37 7.94 8.56 10.06 12.23 13.57 the same time as the valve, permitting an esti- 

...... F 6.54 7.70 8.33 8.99 10.48 12.50 14.05 mate of the exact test speed. 

G 7.18 7.95 8.45 9.02 10.66 13.05 14.55 By repeating the procedure described above 

H 5.61 6.42 6.97 7.68 9.60 12.25 13.85 at various speeds, we find the consumption 

I 5.35 6.36 7.10 7.97 10.12 13.29 15.30 curve as a function of speed. 
L 5.09 5.75 6.19 6.73 8.57 11.67 13.68 

TOP SPEED 

Within the meter is a special electrical valve 
The top speed of the vehicle is determined 

which makes it possible to shift between the 
on a test base of 100 meters, following accel- 
eration of approximately 4.5 km. Five trials 

normal fuel tank of the vehicle and the one 
are carried out in each direction. The time 

contained within the device itself. This sec- 

........ ond tank consists of a small removable glass 
(and thus top speed) considered to be valid is 

......... vial which can hold approximately 2000 g of that found from averaging the two best times 

recorded, one for each direction. fuel. In the consumption meter there is also a 

fuel pump which makes it possible to feed fuel Vehicle load: the driver, fuel tank half-full, 

to the engine at the same pressure as the 
20 kg of instrumentation. 

regular fuel supply system even when the fuel 
The instrumentation consists of a chronom- 

..... level is being read in the test tank. eter accurate to a ten-thousandth of a second, 

The electrical valve is controlled by a 
actuated by a photocell installed on the 

photocell which emits special signals to indi- 
bumper of the test vehicle, which records start 

cate the beginning and end of the test base. and. stop when the vehicle passes over the 

When the vehicle, traveling at a predeter- 

mined speed, reaches the start of the test base, 

the photocell actuates the valve which shifts 

the fuel from the vehicle tank to the test tank. Cars     Max Speed 
At the end of the base (2 kilometers), the 

reverse operation is carried out. (Km/h) 

RSV 154.882 
, A 184.063 

.... ...... B 174.140 
C 178.315 
D 180.589 
E 176.687 
F 170.697 
G 180.905 
H 155.56-4 
I 159.454 
L 163.3~ 

133 



EXPERIMENTAL SAFETY VEHICLES 

Northwest 

Test base for top speed and consumption test 

The test base is designated with ground 
markers every 5 meters. 

During testing, the photocell records the 
markings and transmits them to the chrono- 
statigraph, which records them directly as a 
function of time. 

In acceleration the first marking is indicated 
with the appropriate signal, showing the exact 
moment at which the vehicle begins to move. 

In the Pick-Up test the exact speed at which 
white lines which designate the test base. This 

the vehicle enters the test base is recorded 
sarae photocell also actuates a rpm counter 

using the same instrumentation. 
which gives the Lotal number of engine rprn 

In both the tests not only the time required 
needed to cover ~he test base. to cover the base of 1000 meters, but also the 

Acceleration and Pick-Up 

These items are determined on a base of 
1000 meters. 

Weight of the vehicle: the driver, rue! tank 
half-full, 50 kg of instrumentation. 

Instrumentation: ISAM Chronostatigraph 
{records data on graph paper as a function of 
time) and photocell. 
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Time (sec) Way Out Time (sec) From 0 to (Kmlh) 

Cars Speed 

0-400 m 0-1000 m (Km/h) 20 40 60 80 100 120 

RSV 20.324 38.074 134.128 1.2 3.4 6.7 11.0 ’ 17.8 27.2 
A 16.820 31.216 164.233 0.8 2.2 4.1 6.5 9.5 13.8 
B 17.597 32.981 153.646 0.8 2.2 4.5 7.4 11.0 16.3 
C 17.907 33.146 155.776 1.0 2.5 4.8 7.6 11.4 16.6 
D 16.862 31.232 164.158 0.8 2.1 4.1 6.3 9.5 13.6 
E 18.182 33.665 154.506 1.0 2.6 4.9 7.8 12.2 17.7 
F 18.195 33.827 151.515 1.1 2.6 5.0 7.8 12.2 17.5 
G 17.871 33.004 157.205 1.1 2.5 4.8 i 7.4 11.4 16.4 
H !8.626 35.242 140.460 1.0 2.5 5.0 8.3 13.0 20.0 
I 19.107 35.813 141.176 1.1 2.9 5.7 9.3 14.1 21.6 
L 18.622 35.044 143.597 1.1 2.8 5.2 8.5 13.2 

Time (sec)From 40 to (Km/h) 
time it takes to carry out the various gear 

Cars changes and the duration of the gear times 

60 80 100 120 themselves by sending the appropriate signal 

to the chronostatigraph (this is, of course, 

RSV 8.10 16.70 26.40 38.20 only true for a vehicle with a manual gear 

A 6.15 11.85 17.80 24.45 shift). 
This reading is taken five times for each B 7.90 15.00 22.40 30.80 

C 6.00 11.80 18.10 24.90 
direction, and the times considered are those 

D ’ -5.00 ~-, 9.90 -- 15.30 21.30 
found as the averaging best time recorded for 

each direction. 
E 7.20 14.60 21.90 29.90 

F 7.80 14.50 21.50 29.60 Power at the Wheels 

G 5.20 10.20 - 15.20 ~20.50 For this item the vehicle is positioned on a 
H 6.80 13.40 20.90 30.60 roller stand in a room with a controlled tem- 

I 6.90 13.90 21.30 29.90 perature of approximately 20°C. 

L ~.30 ~16.00 +24.20 +34.60 

3rd Gear     4th Gear 
Cars 

vehicle speed upon leaving the base are                  (HPtrpm)      (HP/rpm) 

recorded. 
A special microswitch is also mounted on RSV 54.314,430 51.514,406 

the vehicle which permits the recording of the A 103.315,100 102.815,095 

B -- 

C 95.0/5,265 93.0!5,026 
D 94.015,748 90.5/5,548 

E 80.2/5,434 71.9/5,161 
F 86.815,660 84.9/5,480 

G 97.8/5,000 95.314,960 

H 62.9/5,500 59.8/5,230 
I 73.115,244 68.315,009 

L 69.7/5,522 66.315,513 
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are in contact with the rollers, are inflated to a 
pressure of 0.5/1.0 arm greater than that for 
the normal full load operation of the vehicle. 

The instrumentation consists of a Schenk 
364/25/100 roller stand with a maximum 
speed of 200 km/h and with a power limit of 
200 CV. 

In addition there is a temperature probe for 
recording the temperature of the intake air. 

HANDLING TESTS 

Slalom 

The vehicle, with only the driver on board, 
must cover the test base in the least amount of 
time possible without knocking down any of 
the cones which mark the course. The test is 
repeated several times in both directions in 
order to obtain the best time possible. 

The wheel power is recorded in the various 
gears, keeping the accelerator pedal com- 
pletely depressed to the floor and regulating 
the brake load in order to find several points 
to plot the power curve for a given ratio. The 
curve correction is in accordance with the 
I.G.M. regulations. 

Vehicle load: driver and fuel tank half-fulE 
Special conditions: the drive wheels, which 

.... 5 ~ 20 ...... 20 ................ 40 ---20 --~ 20 45 - 

5.5 

[ ~ ~ -’~ ~ ° .......... 4 

~"~’~.~ Photocells /J 
Overtaking 
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The times required to cover the base, i.e., The Cornu spiral test is carried out in two 

the average speeds, are recorded using mark~ spiral courses, and the time found by averag- 

ings on the ground and a photocell which ing the best times on the two courses is taken. 

transmits signals to an electronic chronometer Steering Pad 
which is accurate to a ten-thousandth of a 
second’ Three circles of various diameters are nero- 

In general the test is considered valid when tiated, using the most suitable gear ratio at the 

the test official has five times for each direc- highest speed possible in order to make the 

tion which are within 5°70 of the best absolute vehicle skid during the test. The test is carried 

time. out in both directions, and the average of the 

The five times, averaged, provide the test best times for the two directions is recorded as 

result. 

Overtaking                              - 

Compared to the test described in the pre- 
vious section, only the design of the course is 

’ "f’’----’--~-~7._--_. " " changed ~ .~ . 
In the case of vehicles with manual gear 

anceShift’ the highest ratio is used for the per form-of this test. 
~’~ ~_~£~~o 

Cornu Spiral 75 .... 

The same test conditions as described in 

Slalom prevail with the exception of the                ~ 
courses. 

The test is performed in the highest gear in ¯ 

natural deceleration, without braking. ~. 

For each test the entrance and exit speeds "~-~._.____.~1235.5 

are recorded as well as the total time required Steering pad 

to cover the entire base. 

From 1001 cc Greater than 
Category Up. to 1000 cc 

to 1600 cc 1600 cc 

Length of entry 5.00 5,00 5.00 

Length of exit 5.00 5.00 5.00 

X-Y dimensions 58.50 - 32.95 68,35 - 38.46 78~10 - 4&95 

Minimum radius of curvature 23.95 27.95 31.90 

Cornu spiral 
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Steering Pad (sec) Cornu Spiral 

Slalom Overtaking Way-in Way-out Cars (sec) 
(sec) ~ 25 m ~ 50 m (~ 75 m speed speed 

Total Time 

(Km/h) (Km/h) 
(sec) 

RSV 13.935 4.724 9.058 12.618 15.489 81.448 56.250 4.912 

A 112.003 4.259 8.984 12.419 15.137 80.357 55.901 4.819 

B 11.616 4.234 9.000 12.212 15.140 77.586 55.901 4.557 

C i 11.598 4.345 ...... 
D i 10.590 4.020 ...... 
E 13.222 4.388 ...... 
F 12.199 4.293 8.999 12.202 14.894 80.357 68.441 4.792 

G 11.497 4.319 8.518 11.740 14.497 82.569 60.403 4.687 

H 11.396 4.274 8.717 12.040 14.808 81.818 61.017 4.895 

I 13.078 4.430 9.336 12.772 15.785 75.742 46.392 5.294 

L 12.172 4.267 ...... 

the best time required to cover the entire 
Average l Maximum 

circle. Cars Time 
Speed    Speed 

The test conditions are the same as de- Min Sec 1/1000 sec (Kmlh) (Km/h) 
scribed in Slalom. 

RSV 1 19 236 81.781 88.626 

A 1 10 711 91.641 139.535 
Speed Track B ..... 

C 1 13 546 88.108 129.964 
The following page shows a diagram of the D 1 09 726 92.935 139.481 

speed track. E 1 14 776 86.659 127.119 

F 1 14 185 87.349 126.761 
After two or three warm-up laps, the driver G 1 12 295 89.633 130.388 

covers a total of 10 laps. H ..... 
The time and top speed of each lap are I 1 16 106 85.144 124.870 

recorded. L 1 14 046 87.513 122.574 

As the result of the test, the best of the 10 
times and the top speed are taken. 

A ~ Length 1800 rn 
Test courses 

B ~----1 Length 3200 m 

Va|le~unga speedway 
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Vehicle load: driver and fuel tank half-full. In addition to "the distance traveled while 

The instrumentation consists of an ISAM braking at a certain speed, the force applied 

triple digital chronometer, accurate to a ten- to the brake peda! during the test and the 

thousandth of a second actuated by photocell deceleration of the vehicle in m/sec2 can be 

lines at 10 meter intervals on the main stretch, recorded. 

BRAKING DRIVER COMPARTMENT PHYSIOLOGY 
AND ERGONOMY During this test [he vehicle has the same 

load and the same instrumentation as Driver Compartment Noisiness 
scribed in Acceleration and Pick-Up. The only 
new feature is an ISAM brake pedal force Load of the vehicle: driver, one passenger, 

recorder, fuel tank half-fnllo 
Braking is recorded at various speeds. Mainly the noise present into the vehicle 

A microswitch indicates the exact time at after the vehicle has begun to travel the test 

which the brake pedal is depressed, base at various predetermined speeds is 

The ISAM chronostatigraph makes it pos- recorded. 
sible to record the exact speed before the initi- For each speed the passenger records ~he 

ation of braking without blocking of the noise present within the passenger cornpar~ 

wheels and the distance traveled by the vehicle merit at the level of the driver’s right ear and 

during braking, at the ear level of the passenger in ~he rear 
seat, seated in the center. 

Braking Distance (m) From Speed of (Km/h) The readings are taken in both directions 
~ various tachymetric speeds. 
Cars 60 80 !00 110 

The ins~rumemadon used consists of a 
photometer meeting ~he EEC standards: the 

RSV 17.7 30.7 48.1 59.5 ] data are recorded on the C scale~ 
A 21.0 37.7 59.6 ~72.5 

B 19.4 34.2 53.0 

C 18.1 ~32.0 51,5 63.0 

D 17,5 32.5 53,3 65.7 

E 18.5 34.5 53.3 65.0 

F 18.6 32.3 50.8 ~ 61.5 

G -- 17.3 32.2 50.0 59.5 

H 20.0 33.5 50.8 61.1 

I 4~ 23.6 40.2 ~60,0 70.6 

L 18.2 32.3 ~51.2 6!,71 
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Ambient Constant Speed (Km/h) -- Front/Rear Noise (dB) 
Cars Noise 

(d B) 40 60 80 100 120 140 

RSV 60 95/93 96/96 97/96 98/98 102/100 104/102 
A 64 86187 86/87 87/89 88/89 92/93 93/95 
B 55 85186 86188 87/89 90/91 92/93 94/95 
C 48 -- 86/80 79/81 81/82 85/86 86/87 
D 52 90t89 83188 89/90 90190 92/93 96/95 
E 52 88/90 90,/95 89/92 89/92 94!94 94/95 
F 60 90193 90/94 90/95 93/96 93!96 94/97 
G 48 82/84 82/82 84/86 87/88 88/88 90193 
H 56 86188 90191 91/92 92/93 94/95 94/95 
I 52 88/89 86,/86 89/89 90190 92/92 95!94 
L 58 90190 90/90 90190 90/90 92/92 93/94 

Pedal Force Driver’s Position -- Physiology Test 

The same instrument as for the braking test The criteria taken into consideration in 

was used for this test. order to arrive at a reasonable estimate of the 
It is an ISAM transducer rigidly anchored degree of comfort and suitability of the 

to the brake or friction pedal which, when various dimensions of the passenger compart- 
subjected to pressure, transmits the appro- ment and seats in vehicles are based on various 
priate signal to an indicator which gives an parameters. 
instantaneous reading of the kg of force ap- The first parameter is that of the "anthro- 

plied by the foot to the pedal being tested, pometrically valid" sample of a few subjects, 
i.e., those having body characteristics con- 
sidered representative of a vast majority of 
the Italian population. 

We wish to list here the anthropometric 
characteristics of the "representative per- 

Brake Friction sons" selected. 
Cars (Average) 

(Kg) (Kg) Short Average Tall 

stature stature stature 

RSV 24.5 18.5 
A 19.5 7.0 

Height 159 cm 172 cm 189,! cm 

Height at chest 85,9 cm 91,8 cm 98.1 cm 
B 32.5 7.0 Chest size 85 cm 92 cm 99.2 cm 

C 29.5 9.5 Arm 51 cm 57 cm 63.1 cm 

D 19.5 11.0 Leg 74.1 cm 83.7 cm 94.3 cm 

E 25.0 10.0 
F 22.0 6.0 Here we are dealing with so-called "nor- 

G 32.5 7.0 mal" subjects, i.e., in between "the taller 

H 25.0 7.0 types," who tend to be taller rather than 

I 26.0 6.5 broader, and the "broader types," who are, 

L 23.0 10.0 
on the other hand, those subjects with 

. broader shoulders and hips, short thick necks 
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and legs which are short in relationship to tion of the steering wheel as well as of the 

their trunks, pedals, to the right or the left. 

The subjects selected as "representative" These displacements, which are very corn- 
satisfactorily reflect the majority of the driver mon especially in smaller vehicles, are of 
population in Italy insofar as they comprise a enormous importance with regard to driving 
statistical percentage of at least 80°70. fatigue. 

The technique adopted is based on the abil, The estimate of the proper positions of the 
ity of the "representative" subjects to assume passengers is naturally of clearly less impor- 
the best possible driving position from a tance than that for the driver, and thus in this 
physiological point of view. regard the measurements are much simpler 

......... Best driving position is defined as: since, obviously, the shoulder joints and those 
of the upper limbs and the position of the feet 

* The position in which all the joints assume 
angles and axes which are not at odds with are not taken into consideration. 

functional anatomy, i.e., which fully per- In the evaluation of each individual part of 
mit, if required, maximum free movement, the driver’s body, each joint and each muscle 

* Complete relaxation of all muscle groups, group has its own importance; however, the 
............ * Full visibility to the rear, to both sides and greatest emphasis is given to the support sup, 

to the front by means of the appropriate plied to the spinal column by the seat, parti- 

mirrors, etc. cularly in the lumbar region, where frequently 

* Possibility of making all maneuvers con- painful symptoms known as "jeep Krankhiet 
nected with driving without any greater [jeep sickness]" can occur. The study of the 

force than the minimum required by the inclination of the head on the neck also 
specifications of the vehicle, complete assumes particular importance, especially in 

naturalness of movement, very tall subjects or those who are fairly short; 
for the former the low roofs of some cars 

Having established these basic concepts, 
force them to bend their head and neck for- 

the angles of the joints which best serve to ward considerably in order to have sufficient 
define proper driving positions are taken into visibility in front and above; for the latter, on 
consideration. The angles formed by all the the other hand, the steering wheel and the 
fundamental parts of the spinal column are hood can obstruct their field of vision, parti- 
examined: the cervical, dorsal and sacro- 
lumbar parts and also an ideal vertical line, 

cularly in front and below, forcing an un- 

In addition, the inclination of the head on 
natural hyper-extension of the head and neck 

the neck is taken into consideration, 
in order to improve the field of vision. The 
angle formed by the spinal column and the 

The following angles of the upper limbs are 
arm is more or less extended as a function of 

examined: the angle formed between the dor- the driving position: in general, the angle 
sal spinal column and the arm (shoulder must not be too large so that the scapolo- 
joint), the angle between the upper and lower humeral joints are not forced into a vitiated 
arm and finally the angle between the forearm 
and the hand (wrist). 

position. 

Naturally, the steering wheel grips must be The inclination of the steering wheel must 

given due consideration, be such as to reduce to a minimum the angle 

Of the lower limbs the joints of the thigh formed between the forearm and the hand. 

and pelvis, the knee and the ankle are con- The position of the thigh with respect to the 

sidered, trunk is extremely important: this angle must 

Further measurements are being carried out never be too acute. The position known 

in order to check possible displacements, with humorously as "driving with your knees in 

regard to the natural theoretical driving posi- your face," certainly ir~ addition to being par- 
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ticularly uncomfortable, also inhibits rapid pedals must occur at a normal angle and with 

and precise movement of the pedals, maximum traction. 
It is not acceptable for subjects with long As in the other tests, a grading system has 

legs to drive with their legs spread wide apart, been adopted for a practical evaluation of the 

as frequently occurs: the arrangement of the main aspects examined. 
steering wheel of some vehicles also forces a 
person with legs which are slightly longer than Visibility 
normal into this uncomfortable and unnatural 
driving position. 

The sketch on the next page shows the di- 

The placement of the feet is not satisfactory 
mensions which are considered in these tests. 

in vehicles which have front wheel wells which 
The test assumes a driver of average height, 

protrude rather prominently. In this case the 
adopting the correct driving position. 

pedals are displaced towards the center of the 
vehicle and, consequently, so is the driver. If 

Cars     A      B      C      D      E 
this displacement is minor, it does not cause (CM) (CM) (CM) (CM) (CM) 
any problems; if on the other hand it is fairly 
accentuated, it can cause premature fatigue RSV 201 200 115 125 2054 

even if the driver little by little becomes com- A 199 391 112 136 1637 

pletely accustomed to this driving position. B 190 401 115 137 1601 

Many vehicles do not provide a rest or sup- c 20! 402 119 138 1279 

port for the left foot which is not continu- D t78 486 112 132 1371 

ously in use. 
E 205 410 115 127 1169 

F 190 487 116 135 886 
In conclusion the lower limbs must be sup- 

ported for almost the entire length of the 
G 202 460 113 127 2635 
H 176 467 111 125 896 

thigh by the seat, the foot must reach the I 196 476 115 130 1268 
pedals naturally, the contact between the sole L 192 308 118 130 943 
of the shoes and the plane of support of the 

1        2        3        4        5        6 
Cars 

FISV I 271 28 I 27 25 126 26 18 18 18 22 24 25 25 26 26 18 22 24 
A I 241 28 128 26 I 26 26 28 29 29 26 27 27 26 27 27 23 26 27 
B I 251 28 I 27 26 I 27 27 28 28 27 28 28 27 26 27 29 17 24 26 

C t 271 27 127 27 I 28 27 27 27 27 24 26 26 25 27 27 22 26 26 
D I 18128 128 27 128 25 28 28 28 22 27 27 18 28 28 16 24 27 
E ! 181 28 125 25 125 25 24 28 28 22 27 27 20 27 27 24 27 27 
I= ~271 29 129 25127 27 28 28 28 26 28 28 27 28 28 20 24 25 

281 28 128 24 125 25 27 27 27 23 27 28 28 28 28 24 24 27 

~    , 27 I 27 127 25 I 26 26 27 24 27 27 25 26 27 22 26 27 

LEGEND: 

1, Head and neck position 4. Legs and feet position A = Tall stature 

2, Chest position 5. Front seat M = Average stature 

& Arms and steering whee~ position 6, Rear seat B = Short stature 
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Visibility 

A 

COMPLEMENTARY CONTROLS 

Weights and Distribution 

Maximum Load Minimum Load 

.............. Cars Tot Front Rear Tot Front Rear 

.......... (Kg) (Kg/%) (Kg/%) (Kg) (Kg/%) (Kg/% 

RSV 1,630 800/49.1 830!50.9 1,280 740/57.8 540/42 

A 1,540 680/44.2 860155.8 1,190 630/52.9 560/47 

B 1,520 670/44.1 850!55.9 1,170 610/52.1 560/47 

........... C 1,650 770/46.7 880!53.3 1,300 700/53.8 600/46 

......... D 1,470 690/46.9 780/53.1 1,120 620/55.4 500/44 

E 1,670 980/58.7 690/41.3 1,315 890/67.7 425/32 

F 1,600 745/46.6 855/53.4 1,250 680/54.4 570/45 

G 1,770 910/51.4 860/48.6 1,41 5 840/59.4 575/40 

H 1,350 650/48.1 700/51.9 1,005 560/55.7 445/44 

.......... I 1,580 840/53.2 740/46.8 1,230 750/61.0 480/39 

........ L 1,470 740/50.3 730/49.7 1,120 660/58.9 460/41 

Ground Clearance 
Turning Circle 

Maximum Minimum Turning Circl~ Steering 

Cars (M) Wheel 
Cars Load Load 

(mm) (mm) Left Ri(. Diameter (CM) 

RSV 80 125 i RSV 13.00 12. 36.5 

A 100 125 A 11.60 11. 38.5 

B 90 120 B !1.31 11, 38.0 

C 115 150 C 10.90 10, 40.0 

D 95 140 D 10.50 10, 37.5 

E 150 150 E 11.80 11.90 41.0 

F 110 140 F 11.90 12, 40.0 

G 95 130 G 11.75 11.60 38.0 

H 95 145 H 10.75 10, 39.0 

I 105 142 I 11.50 11 41.0 

L 80 120 L 11.15 11 38.0 
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Engine Oil Consumption 

Cars G Rf! .000 KM 

RSV 341 

A 349 

B 316 

C 404 

D 591 

E 787 

F 248 

G 248 

H -- 

t 36! 

L 306 

Results of Handling Tests With the Caispan RSV__ 

DR. ADAM ZOMOTOR due to the unexpected good weather condi- 
Daim/er-Benz AG tions during the test period it was possible to 

perform the most important part of the test 

INTRODUCTION program in two weeks only. Originally there 
were estimated 4 weeks for the program. 

The German working committee "safety Given the time frame and in order to meet 

vehicle" within the VDA (Verband der the schedule of this ESV-conference, we 
Automobilindustrie e.V.) agreed to test the decided to leave some specifications regarding 
handling qualities of the Calspan R SV in Ger- braking unchecked. 
many as its share of the worldwide test pro- Only straight line braking in a curve with 
gram. The German government as the partici- regard to stopping distance and path keeping 
pant in the RSV program has delegated the were tested. 
test work to an ad-hoc working group consist* The drastic steer and brake maneuver were 
ing of the German car manufacturers with the disregarded also with respect to their low 
BASt (Federal Highway Research Institute) priority according to the above mentioned 
acting as a coordinator, priority list. 

The organization and the test program were 
worked out in several meetings and a priority TEST CONDITIONS 
list was established for the test sequence. Due 
to the late arrival of the testcar--the car ar- The tests were carried out with the Calspan 
rived mid May the prioritylist became highly RSV no. 7 (fig. 1) on the proving grounds of 
important and the test sequence had to be fol- the Volkswagenwerk in Ehra-Lessien. General 
lowed very strictly, data of the testcar are shown in the table in 

However, due to the outstanding coopera- Figure 2. 
tion of all participants and last but not least The measured values are shown in Figure 3. 
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Figure 1. Calspan RSV. 

Curb weight 2739 Ibs 

Weight (loaded to 60% capacity) 3346 Ibs Figure 4. Measuring equipment. 
Axle load distribution 

(vehicle loaded to 60/capacity) 53/47% 

Track front 61.5 in 

rear 61.0 in The procedures performed were: 

.............. Wheelbase 116.0 in 

............. Tires P 185/70 R 13 Goodyear 
o braking in a straight line (stopping distance 

and stability) 
Figure 2. Caispan RSV general data. ¯ braking in a turn (stopping distance and 

stability) 
~ steady state yaw response 
~ transient yaw response 

.......... Steering wheel angle 
~ steering returnability 

Steering wheel velocity ® maximum lateral acceleration 
o control at breakaway 

Steering wheel torque 
~ crosswind sensitivity 

Yaw velocity o steering control sensitivity 

Lateral acceleration e pavement irregularity 
~ slalom course 

Forward velocity 

Stoppi ng d ista rice 

TEST RESULTS 

.... Figure 3. Instrumentation. The results are presented in a format as 
given in the RSV-specifications. Therefore all 
data collected are in English units for easier 
comparison with published calculation results. 

Figure 4 shows the measuring equipment The fol!owing figures will present the 
used during the test. This unified instrumen, specific test results. 
ration package is typical of the general state of Figure 5: At 60% and 100% loading condi- 
the art in Germany. It consists of: tions and the initial speed of 60 MPH the re- 
~ steering wheel measuring device 
¯ stabilized platform Stopping distance 

Loading Initial 
¯ rate gyro % capacity speed 

Required I Measured 
¯ optical correlation speed sensor 
¯ tape recorder 60 159 feet 

60 MPH <190 feet 
The tests were performed according to the lo0 165 feet 

ESV-RSV-specifications at 60% and 100% 
load capacity. Figure 5. Calspan RSV braking in a straight line. 
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quired 190 ft stopping distance will be met limits with the exception that the curve for the 

with 159.4 ft respectively without leaving the initial speed 70 MPH is identical with the 

lane. boundary. 

Figure 6: This figure shows that the car Figure 10: All the curves measured with 

stopped in 78.2 and 85.6 ft as compared with respect to the steering returnability of the test- 

the required 90 ft stopping distance in the car lie within the limits. 

braking in a turn test. However the latter The table in Figure 1 ! shows the maximum 

distance was only 5°7o below the requirement, lateral accelerations reached compared to the 

The steady state yaw response, as shown in requirements. All the requirements were met. 

this Figure 7 is within the limits for the .4 g The measurements on wet pavement have 

lateral acceleration test for all 3 initial speeds, not been performed due to lack of time. 

The results of the transient yaw response With respect to the RSV specifications, the 

test as shown in Figures 8 and 9, are within the performance of the car regarding control at 

breakaway was also ok. 

Loading Initial Stopping distance In the field of directional stability the re- 

% capacity conditions 
Required Measured 

quirements for crosswind sensitivity will be 

met (fig. 12). 
60 Radius 357 feet 78.2 feet Figure 13: All the measured data for the 

Speed 40 MPH 90 feet 
100 (lat, acc..3g) 85.6 feet steering torque are greater than the lower limit 

of 5 inch pound. Therefore the car fulfills the 

Figure 6. Calspan RSV braking in a turn. requirements at all of the specified test speeds. 

10 20 30 40 50 60 70 

TANGENTIAL VELOCITY MPH 

Figure 7. Steady state yaw response. 
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120 

RSV 

m .j 
A = 25 MPH lower boundary 

/ 

~z~.~> 
/i~,,J,~’~ 60 / / 

! 
0 0.5 1.0 1.5 2.0 

TIME, SECONDS 

Figure 8. Calspan RSV transient yaw response (at 25 MPH). 

180 , , , 
pe 

l 
RSV 

70 MPH upper boundary 

0 0.5 1.0 1.5 

TIME, SECONDS 

Figure 9. Calspan RSV transient yaw response (at 70 MPH). 
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~o 12 
~u ~, 25 MPH CW 

~: z~ 25 MPH ccw 
¯ 50 MPH CW 

O 50 MPH CCW 

Upper limit ~50 MPH 

Lower limit ~ 50 MPH 

0 0.4 0.8 ! .2 1.6 

TIME. SECONDS 

Figure 10. Free control heading. 

Lateral accelerations (g) fixed cont’ol 
Tire 

Surface 
pressu re                            Required                         Measured 

Design value 0.60 0.70 

120% 0.60 0.70 

Dry 
80%                                   0.55                              0.63 concrete 

or 
asphalt 120% front 

0.63 0.68 
80% rear 

80% front 0.59 0.65 
120% rear 

(Ski! number (wet)~) = ay (dry) Wet concrete or asphalt Design av wet) \Skid number (dry)./ 

Figure 11. Calspan RSV lateral accelerations. 

In addition to that, there is no measurable skilled drivers to drive the car through the 

deviation from the straight line during the course at the required minimum speed of 
pavement irregularity test. 50 MPH. The maximum average speed reached 

Figure 14: With regard to the slalom test as was 47.8 MPH. 
one out of two proposed tests for overturning Therefore the overturning immunity could 

immunity there is no indication that the car not be proved according to the specification 
will turn over. But it was impossible also for at the given load capacity. 
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0 50 1 O0 150 200 

DISTANCE TRAVELED IN TWO SECONDS -- FEET 

Figure 12. Allowable course deviation by crosswind. 

Speed 
Steering wheel torque 

_ ~ 
’ 

~eet 
I 1000Ferret                                                 O 

MPH Required Measured ~ 

30 14.5 

50 ~>5 in. pound 22.6 

70 26.7 CALSPAN RSV SLALOM COURSE 

Figure 13. Calspan RSV steering control sensi- Minimum average vetocit¥ 

tivity. Required Measured 

SUMMARY                                              50 MPH          47.8 MPH 

According to the mentioned test results the OVERTURNING ~MMUNITY 
Calspan RSV has performed in general the test 
specifications set up for the RSV program. 
However in some aspects the performance Figure 14. Overturning immunity. 

was marginal. 
For example: The result of stopping dis- Additionally, the steady state yaw response 

tance in the braking in a curve test at full curve represents the highest amount of under- 
rated load was only 5% below the target, steer allowed at higher speeds. 
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The curve of transient yaw response results in the steering geometry as it is the case in the 

at 70 MPH coincides with the boundary after RSV. 
2 seconds. The investigation of the Calspan RSV 

Although the short time did not permit a shows that compliance with a number of quite 
detailed subjective handling evaluation a reasonably chosen criteria of detailed disci- 
short ride revealed and safe driving in real plines will by no means grant guarantee that 
traffic would not be possible due to the steer- t he driver will be able to safely control and 
ing system. The steering effort characteristic handle the vehicle in actual traffic situations. 
was unsteady over the steering angle and the There are still reservations regarding the 
feed-back of road contact was poor. test procedures themselves and their validity 

The required lateral accelerations were ob- with respect to safety as derived from hand- 
tained by wider special tires, and the soft tire ling qualities. 
rubber, which most probably is not suffi- 

In conclusion the test results do not show 
ciently resistant against abrasion, also pro- 
vided the required braking performance, any significant progress in handling qualities 

However, it is doubtful whether this is the of the tested car compared to the standard of 

correct way towards better primary safety, today’s European production cars. 

especially if the space requirements of the Active safety will still require quite a bit to 
wider wheels result in difficult disadvantages do on research safety vehicles. 

Presentation on Lateral Collision on Caispan RSV 

DANIEL CRITON Table 1. Test conditions. 

Renault 

INTRODUCTION / 

The aim of this paper is to present the 75° 
results obtained as regards protection of the 
occupants of the RSV (Research Safety Vehi- 
cle) in a lateral collision with Renault 20. 

The testing program developed in conjunc-            ~ - 
tion with the National Highway Traffic Safety 
Administration (NHTSA) specifies two lateral 
collisions at different impact speeds per- 
formed by Peugeot and Renault, the main 
features of which are as follows: 

tmpacted vehicle: the RSV developed by 
the Calspan Corporation under contract to 
the NHTSA. Speed of impact: R’SV stationary, R 20 at 

Striking vehicle: a Renault 20, 1979 model. 50 kmih for Peugeot collision and at 65 km/h 
Target: projection of R point of front seats for Renault collision. 

onto doors of RSV. Occupants: three instrument-equipped 
Direction: the trajectory of the R 20 forms dummies in the RSV, two in the front seats 

an angle of 75° with the centerline of the body and one in back, on the impact side; two 
of the RSV (table 1). ballast dummies in the front seats of the R 20. 
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DESCRIPTION OF TEST PERFORMED Table 2. Vehicle test weights and attitudes. 

BY RENAULT (65 kin/h) 

A view before the impact (photo 1) shows 
the RSV positioned over a wide glass-covered 
pit for film coverage of the structure from 
underneath. It is positioned in such a way that 
its centerline forms an angle of 75° with the 
launch path of the R 20 and the longitudinal 
centerline of the R 20 passes through the pro- 

...... jection of R point on the outside sheet metal 
IR20TS ]Ricl’~t side ] 645 mm 1 550 mm 

of the right front door of the RSV ...... 
The tailgate and hood were removed to ~ I~eftside 1641 mm.___.__~ 555rnm _ 

allow rnovie cameras to be carried, providing, I ~1785 kg ! 715 kg 1500 k_aI 
]RSV IRicl;tside1614rnm I 570rnrn in combination with the side top and bottom 

views, complete film coverage. I      ~Lett s,oe 635 mm I 590 mm 
............ The weights and trim of both vehicles were 

kept the same as in the crash at 50 kmih. In 
Table 2, the trim heights are those of the wheel 
wells as measured directly above the front and The retention devices were those of the 
rear axles. RSV: knee bar and air bag in steering wheel 

The two dummies placed in the R 20 were for driver; knee bar and inflatable passive 
Hybrid II’s not equipped with instruments, shoulder belt for front passenger (photo 2); 
serving as ballast, but also making it possible active three-point belt with strap 50 mm wide 
to study, in the filrn, the behavior of the re- for rear-seat passenger (photo 3). 
raining devices (in this case, two inertia-reel Lateral protection was provided by rein- 
belts with straps 60 mm wide), forcement of the sides of the structure, the 

.............. Three dummies equipped with instruments most significant features of which were the 

and calibrated in accordance with Part 572 reinforcement of the doors, the securing of 
were placed in the RSV following the proce- the doors to the body bottom, the center pillar 
dure described by standard FMVSS 208. or the rear pillar, and the installation of pad- 

They were accordingly equipped with tri- ding on the upper door silt and at the bottom, 
axial accelerometers (head, thorax, and pelvis) alongside R point. 
and strain gauges (both femurs). The trans- 
verse accelerometers were duplicated to pro- 
vide against any failure. 

Photo 1 RSV and R20 vehicles positioned in    Photo 2. Right front passenger in RSV side 
the impact configuration,                     impact test. 
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Photo3, Right rear passenger in RSV side Photo4, Front passengers in R20 vehicle. 

impact test, 

The energy absorbing material used in both same powder was used to determine the travel 

the knee bars and the door padding was an of the safety belts of the striking vehicle in the 

atuminum honeycomb structure, inertia reels and to obtain tire tracks on the 

In addition, acceleration pick-ups were ground to evaluate accuracy of aim. 

ptaced at various points in the structures of 
the RSV and the Renault 20, and also in each RESULT OF CRASH 

of the doors on the right side, in line with the 
The R 20 hit the RSV at 64.6 km/h; the tra- 

thorax and pelvis of the dummies (table 3); 
jectory was accurate and no significant offset 

Just before the crash (photo 4), a white 
was found on the basis of the marks on the 

powder was sprayed on parts inside both 
ground and through examination of the film. 

hicles with which the dummies might come 
Both vehicles were displaced parallel to 

into contact, such as dashboards, knee bars, themselves and stopped 7.20 m from the point 
side padding, etc ..... to determine the points    of collision (photo 5). 
of impact of the dummies with precision. The 

KXAMINAT!ON OF THE RENAULT 20 

Table 3~ The maximum indentation of the right 

Sensor position                 R20TS      front section was on the order of 400 mm. 

LeftApiitar 

~’~tXY 

XY 

Right A pillar XY XY 

Engine X Y 

Right wishbone 

X; I 

X 

Air bag sensor 

Left B pillar 

Right B pillar 

Left C pillar X Y 

Right C pillar X Y 

Rear cross member 

Right front door--thorax level 22Y1 

Right front door--pelvis leve~ 

~2Y 

Right rear door--thorax level 2Y 

Left rear door--pelvis leve! 
Photo 5. Post test, RSV and R20 vehicle: top 

view. 
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The four side doors could be opened easily, 
No head impact was noted, but there was 

contact of the thorax with the bottom of the 
steering wheel and an impact of the knees of 
both dummies with the dashboard, without 
the deformation that would have resulted 
from a violent impact. 

EXAMINATION OF THE RSV 

The general condition of the RSV was satis- 
factory. Its centerline remained perfectly 
straight. The floor was not very deformed. 

The right-side doors remained closed; only Photo 8, Compartment intrusion right rear door. 

the fastening of the front door to the body 
bottom failed. Maximum indentation was The pyrotechnical systems (air bag and in- 

........... 240 mm at the first point of impact and flatable belt) fired 55 msec. after the first con- 

....... 152 mm at the front R point (photo 6). tact (photo 9). 

The reduction in room was greater in front: 
141 mm at the front R point as against 35 mm BEHAVIOR OF RSV PASSENGERS 
at the rear R point (photos 7 and 8). 

Table 4 gives the transverse acceleration 
curves of the thorax and pelvis of the two pas- 

sengers. Table 5 gives the significant values 
delivered by the accelerometers of the three 
dummies, together with those measured on 
the passengers of an R 30 under the same con- 
ditions. 

The driver of the RSV was displaced from 
left to right inside the vehicle and the delayed 
inflation of the air bag accentuated this dis- 
placement up to impact with the front passen- 
ger (95 ms). 

The front passenger touched the top of the 

Photo 6. Post test, view of RSV. center pillar with his head, the padding at the 

Photo 7~ Compartment intrusion right front    Photo9. Post test view, front passengers in 
door.                                    RSV. 
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Table 4. RSV test: thorax and pelvis accelerations on impacted side dummies. 

Thorax 
Front passenger RSV 

.... Pelvis 

~ .,. 10o- 

5 10 15 

Time (1/100 s) 

IO0 

~ Thorax 

Rear passenger RSV 
Pelvis 

10 15 

Time (1t100 s) 

top of the door with his arm (indentation The rear passenger hit the rear pillar with 

30 mm deep), and the padding at the bottom his head, the padding at the top of the door 

with his thigh (wide indentation up to 20 mm with his arm (indentation 10 mm deep), and 

deep), part of the bottom padding with his pelvis. 
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Table 5. Dummy responses of 2 collisions tests. 
R20 against R30 
R20 against RSV 

Pelvis Thorax Hea 

Dummy responses t~V ~v ~ 
-¢rhax    -~3 ms SI ~,max ~,3 ms SI ";,maxI SI HIC 

trans, trans. 

RSV front 
93      79      562    10 m/s    121      70      506     9 mls    170      7,~       256 

passenger 

Impacted side 

R30 driver 245 160 3102 14.5 m/s 75 67 588 12 mls 78 52 338 

RSV driver 39 35 144 10 m/s 65 45 186 6 m/s 146 51 225 

’ Opposite side 

R30 front       trans    trans 10 m/s     63      52     239    10 mls     87      33       231 
passenger 39 36 

RSV rear right 
79 43 321 13 m/s 78 60 360 12 mfs 119 82 730 

passenger 

Impacted side 

R30 rear left 
233     210     4266    19 mls     65      60      232     8 m/s    222     512      3508 

passenger 

COMPARISON BETWEEN THE RSV AND A driver of the R 30, and that of the right rear 

PRODUCTION CAR (RENAULT 30) passenger of the RS¥ to that of the left rear 
passenger of the R 30. 

........... For the behaviors of a Renault 30 and the When the R 30 was impacted by an R 20, 
RSV to be compared, the test conditions had the impacted doors of the R 30 neither opened 
to be exactly the same (table 6). nor failed. However, the indentations were 

The RSV was impacted from the right and much greater than in the case of the RSV 
the R 30 from the left. Since the structure of (compared in table 7) (photo 10). 

...... the R 30 is perfectly symmetrical, the compar, The indicators of severity measured on the 
ison can be made provided that the behavior dummies on the impacted side were substan- 
of the driver of the RSV is compared to that tially different as regards the pelvis and head 
of the front passenger of the R 30, that of the (table 5). Briefly, no passenger in the RSV had 
front passenger of the RSV to that of the an SI or HIC exceeding 900, but in the R 30 

the driver had an SI pelvis of 3102 and the 

Table 6. Summary of 2 collision tests,          rear passenger an SI pelvis of 4266 and an 
R20 against R30. HIC of 3508. 

R20 against RSV. In both collisions, the front dummies on 
- the opposite side showed comparable reac- 

Crash R20-R30 Crash R20-RSV tions; both struck the other front-seat OCCU- 
Parameter 

R20 Ra0 ~20 ~sv pant at the end of the collisiom 

Test weight kg 1435 1512 1405 1510 

Impact velocity km/h 64.9 , 0 64.6 0 

m~s 16.02 o 17.94 0 CONCLUSION 
Final velocity m/s 7 10 7.5 9 

Velocity change m/s 11.02 10 10.44 9 

Initial kinetic energy kJ 233 0 226 0 Two vehicles were impacted by a Renault 20 
Energy dissipated kJ 122.1 125,4 under identical conditions. One was a mass- 
Max compartment 

acceleration g 17 20 25 31 production vehicle, a Renault 30, and the 
Max compartment other an experimental vehicle designed by the 

intrusion 
g t 520 / 240 

............. Calspan Corporation: the RSV. 
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Data concerning the passengers on the hn- 
pacted side showed: 

= the reinforced structure of the RSV together 
with ample, soft door padding minimizes 
pelvis injury indicators; 

® that overly rigid padding at the tops of the 
doors of the RSV resulted in no improve- 
ment as regards the thorax: 

® that padding the windshield pillars, center 
pillars, roof sills, and rear pillars limited the 
maximum acceleration recorded during an 

Photo 10. Post test, view of R20 vehicle, impact of the head. 

Experimental Simulation of Car-tooPedestrian Collisions 
With the Caispan RSV__ 

RUDIGER WEISSNER                                                                                     ~ 
Research and Development 
Volkswagenwerk AG 

INTRODUCTION 

This paper presents results from ex- 
perimental simulations of car-to-pedestrian 
collisions between the Calspan RSV and a 50 
percentile male dummy and a 6 year old child 
dummy, respectively. 

Because a driveable Calspan RSV was not 
available for the tests, a Calspan RSV-Buck 
was used. Figure 1. Equipment used for simulating 

A total number of 12 tests was performed-- vehicle-to-pedestrian collisions. 
seven tests with the 50 percentile male dummy 
and five tests with the 6 year old child Dummy 
dummy. The impact speeds were 15, 20, and 
25 mph. The same bumper type was used for Two dummy types were used for the tests: 

all tests, a similar test series was planned with ¯ 50 percentile male dummy, type Humanoid 

a modified bumper type; this bumper, how- 572-50P 
ever, was not available in time. * 6 year old child dummy, type Humanoid 

572-6c 
DESCRIPTION OF THE The dummies are shown in Figures 2 and 3. 
EXPERIMENT SETUP The dummies were instrumented with three 

The equipment, which was used for the axis accelerometers located in the head, the 
tests, is described in References I and 2. Fig- chest and the pelvis, in addition the 50 per- 
ure t is an overall view of the entire facility, centile male dummy was equipped with two 

Detailed information about all the compo- other accelerometers in each leg to measure 
nents of the equipment can be taken from the the lateral acceleration of the knee and the 
literature mentioned above, foot. 
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Figure 2. A 50 percentile male dummy, type    Figure 3. A 6 year old child dummy, type Hu- 
Humanoid 572-50P.                           manoid 572-6c. 

Test Car TEST RESULTS 

The test car was a Calspan-RSV (Research The numeric results of the tests are pre- 

Safety Vehicle). Because a driveable car was sented in Tables 3 and 4. In addition the main 

no~ available a "buck" was used (fig. 4). results for the primary impact are presented in 

The buck was mounted on a moveable bar- Figures 6 to 9. 

rier (fig. 4). The barrier was equipped with a Figures 10 and 1! show the movement of 

brake system (fig. 5) which was activated in the dummy-head relative to the car. The influ- 

the moment of impact to simulate an emer- ence of the irnpac~ speed and the dummy size 

gency braking. Diving of a real car was simu- is obvious. 

tated by corresponding fixation of the buck 
on the barrier. 

CONCLUSION 
The purpose of this investigation was to 

demonstrate the behavior of the Calspan-RSV 
TEST PROGRAM during a car-to-pedestrian collision under 

Table 1 shows which tests were performed special conditions. 

with the 50 percentile male dummy and Table Unfortunately it is impossible to estimate 

2 those performed with the child dummy, the overall efficiency of the Calspan-RSV 
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Figure 4. Calspan RSV-Buck. 

Table 2. Tests with the child dummy. 

Test 
Impact speed Hood impact 

Nr. 
(mph) area 

366       ’         ~ 

362 

368 

363 

36_ 9 . 

regarding pedestrian safety in rea! accident 
situations. This is due to mainly two facts: 

Figure5. Brake system.                        ,, the number of tests for each parameter 

combination is too small in order to draw Table 1. Tests with the 50 percentile male 
dummy, statistically secure conclusions. It is well 

known that the reproducibility of car-to- 

Test Impact speed Hood im pact pedestrian collisions is very poor concerning 

Nr. (mph). area . the dummy loadings. 

15 1 20 ~ ~ soft 
¯ the tests were made under very special con- 

.... ditions. Up to now it is impossible to cor- 
381 X X relate the dummy-test results to the real 
370 X X accident situation for mainly three reasons: 
377 1 X X limitation of test parameters in compari- 
379 I X X son to the real accident situation, 
380 I X 

v I 
X insufficient simulation of the pedestrian 

382 - ~X by the dummy and 
383 

X1_" _] 
X --insufficient protection criteria for the 

- - -~-----J impacted pedestrian. 
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Table 4. Results of tests with the child dummy. 2oo 

~ *- 
~ 

p. ~ 160 Primary impact 

~ ~ .- .~ .~ 

~ >i > ~ ~E ~ > ~ , * 50% Male--dummy 

Head Chest Pelv s 

362 31.8 7.7 48 35 181 23 35 1t 141 8 83 23    ~% . _ _ 

36340.712.5 55 125 333 49 51 224 72 6~ 110 ~ 0 - ~ 10 15 20 25 
366 24.5 6.4 20 61 55 58 27 83 45 64 

~ IMPACT SPEED (MPH) 
368 32,0 11.4 32 93 170 28 ’, 48 87 56 49 28 

369~39,1 15.8 41 48 27 37~ 51 141 49 67 331 

Figure 7. Max. res. chest acceleration vs. im- 
pact speed. 

2~0. 2000. 

~ ~600 Primar~ ~m~act < ~600 Primar~ ~m~aet 

~]200 ~ Child--6umm~ - ~200 
~ Chil6--6umm~ 

~ 
~ 50% Ma~e--dummg ~ 50% Male--6umm~ 

~ 
0 N 80. 800 

~ 400 ~ 400 

~ ~ . . 

0 ~     ~0    ~ S 25 ~% 0 ~     ~0    ~ s 20 25 
IMPACT SPEED (MPH) IMPACT SPEED (MPH) 

Figure 6. HIC vs. impact speed. Figure 8. Sl vs. impact speed. 
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Figure 10. Movement of the dummy-head relative to the Calspan-RSV; 50 percentile male dummy. 

Figure 11. Movement of the dummy-head relative to the Calspan-RSV: 6 year old child dummy. 
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Safety, Fuel Economy, Transportation Capacity, 
Performance -- Partial Functions of a Method for 
the Simultaneous Adaptation of Car Design 
Parameters to Changing Requirements_._.. 

H.-H. BRAESS there is a strong desire for combined calcula- 
Porsche Research and Development Center tion methods to facilitate decision-making 

during the design phase and mainly when it 
comes to harmonize conflicting objectives~. 

When developing a new vehicle concept, The latter are typical phenomena in automo- 

the stipulation of the basic design parameters tive design and occur in all sectors including 

such as the main dimensions and the determi- transportation capacity, driving performance, 

nation of the size and position of the vital fuel economy, exhaust emission, safety, and 

units must be considered as being the most noise reduction. 
essential decisions within the overall concept So, the present paper is meant to highlight 

phase, as, during the subsequent development the interdependence between different indi- 

phase, it will hardly be possible to correct any vidual properties and essential design param- 

errors made during concept finding, eters and to show the adaptation to changing 

For that reason, it is of utmost importance requirements. 

to make use of appropriate calculation 
methods to support decision-making at the 

VEHICLE PROPERTIES AS A FUNCTION 

earliest possible development stage. These 
OF DESIGN PARAMETERS 

methods must permit to evaluate the influence Introductory Remarks 

of an utmost number of design parameters on The following properties are considered: 
the various properties of an individual vehicle ¯ dimensions of the passenger 
type. compartment PC 

The present paper is meant to be a contri- ¯ acceleration capacity ACC 
bution on this special field. It shows the deri- ¯ fuel economy                     FE 
ration of a system of equations allowing the ¯ potential occupant protection POP 
simultaneous adaptation of the design param- ¯ potential compatibility PCB 
eters to given changes of requirements. These The properties are to be represented as 
considerations are based on a known vehicle functions of the following design parameters 
concept and take into account technological 

(fig. 1): 
possibilities and a variety of marginal condi- 
tions. 

¯ Length of the passenger 
compartment Lpc 

o Width of the passenger 

When deve!oping new vehicle concepts, compartment Wpc 

special importance must be attributed to o Overall width W 

determining the basic design parameters such o Length of the frontal crush zone LFCz 

as overall dimensions, wheel base, size and ,, Engine displacement V 

position of units, length of the crush zones, ¯ Vehicle weight VW 

and last but not least the overall weight, which The calculations refer to the following basic 

essentially influence the basic vehicle proper- vehicle: 

ties. ¯ vehicle length L = 4.40 m 

Due to the multitude of both vehicle prop- * length of the occupant 

erties and design parameters to be considered, compartment Lpc = 1.70 m 
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LEH 

v 

Lpc 

L 

Figure 1. Longitudinal section of a passenger car with standard drive unit. 

* overall width W = 1.70 m into this equation we obtain: 
o width of the occupant 

compartment           W~,c = 1.47 m        APC 
= 60. zXLvc + 68. AWec (1) ° lateral protective distance LPD = 0.25 m PC 

(see Potential Occupant 
Protection) (zXPC/PC expressed in %, z~Lpc, z~Wpc ex- 

° vehicle weight VW = 1200 kg pressed in m) 
(including 2 passengers) 

° length of the engine hood LEH = 1.25 m 
Acceleration Capacity 

o engine displacement V = 2.01 Another important primary requirement to 
be fulfilled by a passenger car is a satisfactory 

Passenger Compartment driving performance with a sufficient acceler- 
ation capacity. Though the tractive resistance 

One of the primary demands on a passenger varies with changing driving conditions, the 
car is the availability of a sufficiently large relative change of acceleration can be con- 
and well accessible useful space, sidered as a function of the vehicle weight 

When assuming a constant inner height and change and closely approaches: 
taking into consideration only the character- 
istic main dimensions, the relative change of zXACC AVW 
the passenger compartment can be expressed ACC =    VW 
as follows: 

If the engine concept is maintained, the 
zX P C _ A L p c + ZX W p c acceleration level can be further approximated 

PC Lpc Wpc and approaches: 

When substituting the initial dimensions of ZXACC zXV 
the basic vehicle (see Introductory Remarks) -ACC = ~ 
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When substituting the values of the basic 
vehicle into this equation we obtain: 

0.8 
ZXACC _ _ 0.0833,zXVW + 50,,zXV (2) 
ACC ~ ~ 0.6 

(~XACCiACC expressed in %, zXVW expressed 
in kg, zXV expressed in 1) 

0.2 

Fue~ Economy                                   __ 
0 20 40 60 80 100 120 

If no adaptation of the engine and the 
SPEED km/h 

transmission ratios takes place the influence 
of the vehicle weight on fuel economy is rela- Figure 2. Influence of the driving speed on the 
tively unimportant with the standardized driv- air drag-fuel economy function (from 

ing cycles (e.g., references 2 and 3). reference 6). 
However, as the fuel consumption strongly 

increases with increasing acceleration (e.g., where: 0.32 = v = 70 km/h 
reference 4) the influence of fuel economy- 0.69 = v --~ 110 km/h 
weight function under real traffic conditions 0.80 = v = 130 km/h 
can be considered as being: 

Assuming constant values for the vehicle 
)F~ -(0.25 ./. 0.40) zXVW           height and air drag coefficient we obtain: 
FE =           " V~ 

AW 
(0.32 ./. 0.S0) ¯ 

where 0.25 represents relatively steady driving FE 
0.40 represents driving with frequent 

accelerations When using the values of the basic vehicle 

Similar to the vehicle weight, the influence (see Introductory Remarks), the relative 

of the engine displacement on the fuel econ- change of the fuel economy is: 

omy is considerably greater with sharp accel- 
erations than with standardized driving cy- zXFE = -(0.020 ./. 0.033), AVW 

cles2’5, so that, for real traffic conditions, we FE -(18 ./. 35) ¯ AV 
can assume: -(19 ./. 47) ¯ AW 

zXFE -(0.35 ./. 0.70) ¯ -- where: zXFE is expressed in % (3) 
EE V F---~- 

zXVW is expressed in kg 
where 0.35 represents relatively steady driving AV is expressed in 1 

0.70 represents driving with frequent AW is expressed in m 
accelerations 

The influence of the air drag strongly depends 
Potential Occupant Protection 

on the driving speed. The efficiency of occupant protection dur- 
From Figure 2 we can see that: ing collisions is the result of the complex in- 

teraction between the so-called "primary" 

.A.FE~ = -(0.32 ./. 0.69 ./. 0.80)                                    ¯ ~zXCDA 
protection (offered mainly by the restraint 

FE CDA systems) and the "secondary" protection en- 
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sured by the vehicle body structure (e.g., ref- Length of the Passenger Compartment 
erences 7 to 9). 

As the increase of the forward occupant 
Within the framework of the present paper, 

displacement is a further means to reduce 
consideration will be given to those features 

occupant deceleration, the influence of the 
of secondary protection which can be ap- 

passenger compartment length can be formu- 
proached as functions of the parameters stated 

lated in a simplified manner as follows: 
in Introductory Remarks. 

The corresponding values are: 
&POP &Lpc 

¯ the length of the front crush zone influenc- 
POP - Lpc 

ing the efficiency of occupant protection 
....... during fronta! collisions, Lateral Protective Distance 

¯ the length of the passenger compartment 
influencing the efficiency of the restraint The lateral protective distance which is a 

systems and the forward displacement of further design parameter to be observed 

the passengers, (fig. 3) incorporates three partial functions 
¯ the width of the lateral protective zone, i.e., namely: 

the lateral distance between the passengers * location of specific components to obtain 
sitting at the side of impact and the outer adapted stiffness of the lateral body struc- 
vehicle contour, influencing the occupant ture 
protection during lateral collisions, ¯ space allowing lateral deformations without 

¯ the vehicle weight influencing the compati- intrusion into the passenger compartment 
bility during vehicle-to-vehicle collisions. 

As an increase of the three values mentioned 
in the first place does not "automatically" Wpc 

entail an improved occupant protection, one 
can only speak of a "potential" improvement ’ 
of passenger protection. In addition, there are 
only some specific ranges (e.g., the collision 
speed) where these values will produce an 
effective increase of occupant protection. ~ 

Front Crush Zone 
, i~ 

The longer the crush zone the smaller the , 
decelerations of the passenger compartment L.PDi e .wpe kPD 

under identical impact conditions with similar 
overall design and without impairing the occu- ,, ~v ,~ 
pant survival space. The mean deceleration of katera~ protective distance: 

the passenger compartment being a measure 
w-c-Wpc Of the accident severity and the injury prob- Lpo 

ability respectively (e.g., references 10 to 12), 2 

the change of the potential occupant protec- (c ~ 0.95) 
tion can be formulated using the dependence I c 
of the mean deceleration on the length of the /x LPD = --t~ W- -- ~WpC 

2     2 
crush zone: 

&POP _ &vcz Figure 3. Definition of the lateral protective 
POP LFcz distance. 
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¯ mounting of a protective padding to the Figure 4, e.g., shows that the frequency of 

inner door side to attenuate occupant im- severe accidents strongly increases. 

pacts The increase illustrated in Figure 5, how- 

Though exhaustive knowledge is still lack- 
ever, is essentially smaller. 

ing to date (e.g., reference 13) it is possible to 
It must be mentioned that different coun- 

approach the influence of the lateral protec- 
tries and different vehicle-types (size, model, 

tive distance on the potential occupant protec- 
tion as follows: 

< 2 
APOP    ALPD 
POP     LPD 

The influence of the relative movement of 05 
passengers sitting side by side, is neglected in < 

the present context. 
50~-kg r    1000 ’ 150~ 

Vehicle Weight DEAD WEIGHT 

From accident investigations it can be seen 
that lighter vehicles offer less occupant pro- Figure 5. Injury rate versus vehicle weight 

tection than heavier ones (e.g., reference 14). (from reference 15). 

x (.931 

.70 ¯ 
¯ 19~ Models 
x 1969 Models 

.60 
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Frequency of severe accidents versus vehicle weight (from reference 14, paper 48). 
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year, etc.) are concerned. The influence of the The present paper takes into consideration 
vehicle size which cannot be separated from two design parameters of special importance, 

the vehicle weight (see above) has been taken namely: 

into consideration, too. ¯ the length of the engine hood influencing 
In the framework of the present paper, the the pedestrian protection 

results obtained from Figure 5 are used. This ,, the mass ratio influencing the protection of 
means that as far as the basic vehicle (dead the occupants of other vehicles. 
weight of 1050 kg) is concerned, the dead 
weight has no significant influence on the in- Length of the Hood 

jury frequency. This applies to a broad range The front hood should be as long as possible 
of weight changes, in order to minimize the frequency of pedes’ 

trian head impacts on the (stiff) windshield 

Overall Function frame (e.g., reference 16). 

When combining the influence of front 
So, for reasons of simplification, it is as- 

crush zone, passenger compartment length, 
sumed that the potential pedestrian protection 

and lateral protective distance, the relative 
be proportional to the length of the engine 

change of the potential occupant protection 
hood. As this value is no variable in the pres, 

can be expressed as follows: 
ent paper, it is also assumed that the change 
of the engine hood be considered as the change 
of the front crush zone (see fig. 1). 

APOP 1 1 
POP = LFC-’-"~ " ALFcz + 

In addition, this effect results in an im- 
Lpc proved occupant protection in smaller and 

........ 1 lighter vehicles. 

° ALI~c + LP’---’~ " ALPD Consequently, the first partial function of 
the change of the potential compatibility 

When substituting the values of the basic 
reads as follows: 

vehicle we obtain: 
APCB 1 1 

........ APOP PCB = ~ ° ALEH = ~ ~ ALFcz ...... ~ = 167 . ALFcz + 59 LEH LEH 
POP o ALpc + 200 Mass Ratio 

¯ AW - 190 . AWvc (4) 
In the case of vehicle-to-vehicle collisions, 

APOP 
the mass ratio of both vehicles is an important 

is expressed in °7o parameter (e.g., reference 17). 
POP As can be taken from Figure 6, the relative 

All other values are expressed in m. 
frequency of passenger lesions in the vehicle 

Equation (4) gives the occupant protection struck increases with increasing mass of the 

offered by the basic vehicle. No components impacting vehicle. 

have been added or stripped. It is assumed This effect is contained in a characteristic, 

that the passenger survival space is maintained defining the accident severity during lateral 

while the occupant protection is improved by impacts, and presented in Reference 17. 

increasing ETS or AV. The modified form of this characteristic 
reads as follows: 

Potential Compatibility 1/6 

The main problem of compatibility is the CH = mB mB 

mA 

¯ mA1-~ o VB (5) 

protection of pedestrians and occupants of 
smaller and lighter vehicles during vehicle-to- where A = struck vehicle 
vehicle collisions (e.g., reference 8). B = impacting vehicle 
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APCB 
where:         is expressed in 

t PCB 

~ 2.5 ALvcz is expressed in m 
I-- - 

~ 2.0 AVW is expressed in kg 

OVERALL SYSTEM 

< 0.5 Summary of the Vehicle 
.............................................. Property-Parameter Functions 

600 kg 800 1000 1200 1400 

DEADWEIGHT 
When combining the property-parameter 

-- functions (1) to (6) derived in Vehicle Proper- 

Figure 6. Injury rate versus weight of the im- ties as a Function of Design Parameters, we 
pacting vehicle (from reference 15). obtain: 

,&PC 
= 60- ALpc + 68- AWpc According to Reference 17, the load on the PC 

near-side passengers increases with increasing 
CH. Thus the potential compatibility can be        AACC 

= -0.0833 ¯ AVW + 50 . AV 
considered as being inversely proportional to ACC 
CH. 

The impacting vehicle only is to be treated. AFE 
= - (0.020 ./. 0.033) ¯ AVW 

This means that the compatibility must be FE       -(18 ./. 35) ¯ AV 
considered as a function of the impacting 

- (19 ./. 47) 
vehicle weight. 

From (5) we obtain: 
APOP 

= 167 . ALFcz + 59 
POP 

1 1 1 " ‘&Lpc + 200 - AW 

PCB - 190- AWpc 
ml/6 m m7/6 

‘&PCB 
resulting in: PCB = 80 . ‘&LFcz - 0.1 ¯ AVW 

(7) 

,&PCB 7 ,&VW The change of the vehicle weight ,&VW can 
PCB 6 VW be considered as being derived from the pa- 

rameters contained in the model, if only the 
Overall Function vehicle dimensions are changed and if no 
Surnmarizing, the change of the potential modifications are made to the vehicle concept 

compatibility can be expressed as follows: and equipment. 

APCB    1 7 AVW 
Change of the Vehicle Weight 

PCB - LEH ALFcz 6 VW Leaving additional measures and thus addi- 
tional weight increases out of account (which 

With LE~ = 1.25 m would result e.g. from a distinct increase of 
VW - 1200 kg the ETS), the weight change, as a function for 

the parameters cited in the Introductory Re- 

we obtain: marks, can be formulated as follows: 

APCB AVW = f (ALpc) + f (AW) 

PCB = 80"ALFcz-0"I°AVW 
(6) + f (ALFcz) + f (AV) 
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When summarizing all data concerning the + (60 ./. !20). ZXLFcz 

bodies-in-white, chassis, and engines and tak- + (80 ./. 160) ¯ zXV (8) 
ing into consideration the materials available 
today, this function can be expressed as 
follows: 

Mathematical Model of the Overall System 

........... zXVW = (100 ./. 200),ALpc When substituting equation (8) into the 
+ (250 ./. 600) ¯ AW           system of equations (7), we obtain: 

APC 
PC 

apcLec apCwpc 0 0 0 ALpc 

zXACC 
ACC aACCLpc 0 aACCw aACCLFcz aAccv z~Wpc 

AFE 0 avEw 
aFEv ZXW 

FE aFELpc aFELFcz 

APOP 0 
~ ALFcz POP apOPcpc apOPwpc apOPw apoPLvcz 

APCB 

L                                             AV _ PCB apCBLpc 0 apCBw apCBLvcz apCBv _ (9) 

With the coefficients of the chosen basic 
vehicle: 

= 60                     1) low values:     light construction apCLpc 

= 68                          high values:    "traditional" 
apcwpc construction, 

aACCLpc = -- (8 ./. 16) ] increase of track 
and wheelbase 

aACCw = -- (20 ./. 50) 

] 

1) 2) low value: "traditional" 

aACCLFcz = --(5 ./. 10) construction 
high value: light construction 

aACCv = 37 ./. 43 2) 3) low value: light construction, 

= - (2 ./. 7)       3)                           low accelerations aF~Lpc high value: "traditional" 
aF~w 

= -- (24 ./. 67) 4) construction, 
high accelerations, 

avE~_Fcz = - (1 ./. 4) 
5) wheelbase increase 

aFl~v = --(20 ./, 40) 4) lOW value: light construction, 

apopLpc = 59 low accelerations 
and driving speeds 

apopwpc = -- 190 high value: "traditiona!" 

apoPw = 200 construction, 

= 167 high accelerations, 
apOPLFcz track increase 

apCBLpc = --(10 ./. 20) ] 5) low values: light construction, 

apcBw = --(25 ./. 60) 

/ 

low accelerations 

= 68 ./. 74 
1) high values: "traditional" 

apCBL~.cz construction, 

apcBv = -- (8 ./. 16) high accelerations (9a) 
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The system of equations (9) constitutes a +o.216m =* 
complete mathematical model, allowing the 

+12.7% 

adaptation of the vehicle parameters to chang- +10% 

ing requirements, ¯ he individual requirements 
can be given either separately or jointly in a 
modified form. 

Aw a L FCZ A V 

As this model is a linearized one, the given A FE 
/~ Lpc 

changes must be limited. However, it is not FE 
possible [o calculate the limits, 

-5.8% 

FUEL ECONOMY ~NCREASE 
The first application of the "adaptation _-0"184m&10.8% 

model" concerns the reduction of fuel con- -0.190m 
sump[ion by 10%. The other properties con- -13.0% -12.0% 

sidered in ~he model shall be constant. Con- Figure 7. Adaptation of the vehicle design 
sequently, the system of equations (9) reads as parameters for an increased fuel 
follows: economy. 

0 "~ -apcL~.,c .... z~Lpc +32.3 ~:g 

0 a,~CCL~c .... AW~c 

= aFELp( 

0 ! apoPLpc .... ZXLFcz 

0 AV apCBLpc 

(t0 

First, today’s common materials and di- 
mensions, and average driving style are used 
to solve the system of equations (10) for the decreased 

W            Z14 kg -66.5 kg 

chosen basic vehicle. The values are summar- 
ized in Figure 7. Figure 8. Individual influences on the weight 

The following details should be mentioned: decrease. 

® ~n order to reduce the fue! consumption by +3.5% +1o% 
10%, the engine displacement and vehicle 
weight must be reduced by tess than 6% if Due tO 

~                 
~x~ 

the vehicle width is decreased adequately, 
decreased 
W           o 

~ The vehicle width influences both the air +7.4% +0.2~ 

drag and ~he overall vehicle weight, whereas 
~he vehicle length has an effect on the vehi- 

Due to 
decreased 

cle weight only. That is why the adaptation v ~’~’1 L F C Ze t:o 

model results in a reduced width with a simo 
iDn~reased 

ultaneo~sly increased vehicle length. Lpc L\~ 

~’ Figure 8 shows how the weight decrease by ~~,1 Resulting 
increase 

66,7 kg (or 5,5% respectively) has been -1.1% of FE 
realized (according to equation (8)). 

Figure 9 illustrates the increase of the fuel Figure9. Individual influences on the fuel 

economy, economy increase. 
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INCREASE OF THE POTENTIAL stronger reduction of the interior width as 
OCCUPANT PROTECTION compared to the exterior width) improves the 

The second application of the "adaptation potential occupant protection by approx. 6%. 

model," the system of equations (9), is the in- The increase of the interior length improves 

crease of the potential occupant protection by the potential occupant protection by about 

10%. The vehicle equipment is to remain un- 3%, while the extension of the front crush 

changed and no additional weight-increasing zone produces an increase of approx. 1%. 

measures must be taken. It is obvious that the improvement of the 
In this special case, the system of equations potential occupant protection by 10% requires 

(9) reads as follows: distinctly less extensive modifications to the 

vehicle than the 10% fuel economy increase 

- 0- - . . . .- .-.-" (see fig. 7). 

[ This is to be attributed to the fact, that for 
0 ...... I an improved occupant protection only the 

, [ vehicle dimensions must be adapted and that 

(~ 
i additional weight-increasing measures, such 

..... . 
as stiffening elements or heavier restraint sys- 

tems are not taken into account in the present 

_ 0_ . .... _. a calculation example. 

(11) 
In most cases, however, more severe re- 

quirements inevitably result in such weight in- 

The calculation results, i.e., the vehicle creases which then must be taken into consid- 

parameter changes for the basic vehicle with eration also in the "adaptation model." 

today’s common materials and dimensions To this end, we proceed again on equation 

and average driving style, are summarized in system (7). While previously the weight 

Figure 10. change AVW has been considered as being 

When substituting the results (fig. 10) into derived only from the vehicle parameters, it 

the equation of potential occupant protection may also incorporate an additional weight 

(4) one will find that an increase of the width term for special components to be added or to 

of the lateral protective distance (due to a be removed. 

+10% 

/// 

/ / / +0.049m ~ 
+2.89% 

/1// +0.92% +0.00541 ~ +3.96 kg ~ 

+0,27% +0.33% 
YZ AWpc AW 

~ ,~ ..... F777] 

~Lpc ~._~//’~ 
’kPOP [//./1 -0.0105 m~ ALFcZ ~V i~VW 

POP 

-O.0437 mg ~ 

-0.62% 

-2.97% 

Figure 10. A6aptation ol the vehicle 6esign parameters for an increased potential occupant ~mtec- 
t~on. 
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In this case, the equation system (9) reads as follows: 

z~PC apcLpc .... "ZXLpc 0 
PC 

zXACC zXWpc 
aACCvw ACC aACCLpc 

AFEFE = 
aFEI~pc              . . . . * ~W + aFEvw * zXVWadd 

zXPOP 
POP apopLpc .... Z~LFcz 0 

~PCB 
_ PCB 

apcl3tpc .... 
_ _zXV apcl~vw (12) 

where: The greatest influence is exerted by the 

values apoPw and aFEw. aACCvw = -- 0.0833 (see equat. (2)) 
An increase of apoPw (occupant protection 

0.020. --vehicle width--function) by 10070, which, in 
aVEvw = -. 0.0 (see equat. (3)) 

the basic vehicle configuration means a 
smaller lateral protective distance (see fig. 3), 

apcBvw = --0.1 (see equat. (6)) results in stronger changes of the passenger 
compartment width and length by 14.5% 

(12a)    each. 

For another calculation example let us An increase of aFEw (fuel economy vehicle 

assume that besides the potential occupant width--function) by 10°70, which meanseither 

protection of 1007o an increase of the frontal a greater vehicle weight per width or a keener 

impact speed (ETS) by 10°70 necessitates an driving style, reduces the changes of the 

additional weight increase by 10%. The results passenger compartment width and length to 
11.6% each. of this extended adaptation model are repre- 

sented in Figure 11. Of general importance are also the coeffi- 

As compared to the calculation without cient aACCw, aFEw and aFEv, which exert a 

additiona! weight increase, the parameter distinct influence on all vehicle design param- 

changes required are considerably greater, 
eters. Only coefficient aFEL~cz can be practi- 

When substituting these values into the cally neglected. 

equation of the potential occupant protection 
INCREASE OF THE POTENTIAL 

(4) we see that the frontal impact has been 
COMPATIBILITY improved, whereas the lateral protection has 

been deteriorated. Another calculation example concerns the 

An additional insight into the function of increase of the potential compatibility by 10%. 
the adaptation model, equations (9), is fur- The results for the basicvehiclewithtoday’s 

nished by a sensitivity investigation carried common materials and dimensions, and aver- 
out to examine the increase of the potential age driving style are shown in Figure 12. 

occupant protection in conjunction with an When comparing Figure 12 to the equation 

additional weight increase. (6) for the potential compatibility, we see, 
The corresponding results can be taken that the compatibility improvement is realized 

from Table 1. by increasing the front crush zone and thus 
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+0.110 m~ 
+18.35% 

+10% +10% 
. . ~ -/’/~ +0.1476m~ , / ~ 

+0.13181 ~ 

~ +60.12 kg 

/ ~ 0.62% ~ V ~ VW 
~POP ~ VWadd ~ kpc 

,/ / 
POP 

/ / 

~ Adaption without 
// ~ additional vehicle 

-0.205 m~ =- ..... weight 
-12.05% 

Figure 11. Adaptation of the vehicle design parameters to the increase of potential occupant protec- 
tion, with a weight increase for a higher ETS. 

also the front hood. The model does not ADAPTATION OF THE BASIC VEHICLE 
display a decrease of the mass aggressiveness. WHILE COMPLYING WITH SECONDARY" 
Within the overall potential occupant protec- REQUIREMENTS 
tion, however, the increased front crush zone 
favors the protection in frontal crashes, while The results of the calculations for increased 

deteriorating the lateral protection, fuel economy and improved potential occu- 
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Table 1. Results of the sensitivity investigation. It is possible to maintain certain properties 
by stipulating limiting values which must be 

2xLpc z~Wpc AW ALFcz AV adhered to. A corresponding example is the 
passenger compartment width, which should 

apCLpc - - + - - 0 not remain under a specific limiting value re- 
quired to maintain the driver’s working place 

apCw~c + + - + + 0 and seating comfort. The following is meant 

to show, in how far this secondary require- 
aACCLpc + + + 0 + ment influences the adaptation of the other 

design parameters. 
aACCw ..... + --- The main demand is the increase of the 

potential occupant protection by 10°70 (see 
aACCLFcZ    0        0       0      0      + 

above). 
aACCv - - - 0 Assuming a passenger compartment width 

change of: 
aFELpc      +       +      0      0      0 

zXWvc = - 0.05 m 
aFEW ........ +    + + 

(instead of -0.125 m as shown in fig. 11), we 
aFELFcz 0 0 0 o 0 obtain from equation (9): 

aFEv      + +     + +     +     --     _ 
APC 

.- = 60 . ALpc + 68- AWpc = 0 
apOPLpC -- -- o o o PC 

that is: 
a~o~wpc ...... o 

zXLpc = 0.0567 m 
apoP~                + + +            + + +              +                   +                   + 

So, when taking into consideration the ad- 
apOPLFcz .... 0      0      0 ditional weight increase raising the frontal im- 

apCBLpc - -- 0 + 0 pact speed, the equation system (12) reads as 
follows: 

apCBw      + +      + +      0      -- -      0 

AACC/ACC + 10.6237 = 

apCBLFCZ + 0 o -- o - 35&W - 8Z~LFcz + 40AV 

apcl3v - 0 + 0 zXFE/FE + 3.4835 = 40Z~W 
- 3ALFcz - 30AV 

Explanations: The modification of the individual coefficients 

by ~- 10% results in an influence of: zXPOP/POP - 12.8453 = 

o - o./. ± 1% 200AW + 167ALFcz 

_ - ± 1% .1. __ 5% 

± ± - _+ 5%.~. ± 10% APCB/PCB + 12.8505 = 
- 38AW + 72ALFcz - 12AV 

>+ 10% 

<- 1°%                                                          (13) 
pant protection show that substantial modifi- 
cations are required in some areas in order to The equation system (13) is simply over- 

comply with the changing requirements, defined: i.e., for a given value of z~POP/POP 
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+0.121 m= 
+20.15% 

+10%                                                     "" \ \ 
\\\ 

~~ 
+0.086 m~- \ \ \ 

+5.56% \ \ \ 
\\ "x 

+0.0020 m’--" \ \ \ +0.00061 ~ 
~Lpc 

+0.1~2% o 
\ \ \ +0.03% Z~VW 

A PCB 
x~xx~ Zk Wpc f~ W A LFCZ !k V -2.04 kg -& 

PCB 

~_~ 

-0.! 7% 

-0.092 m~ 
-5.41% 

Figure 12. Adaptation of the vehicle design parameters for an increased potential compatibility. 

there are three different solutions for each in- While the changes of the overall width 

dividual design parameter, and the displacement zXV are almost identical 
with Figure 11 (no secondary requirement), 
the increase of the front crush zone length is 

1st Solution twice as great. This means a strong shift within 

The 3 partial equations: 
the overall potential occupant ~rotection: 

zXPOP/POP = 59zkLpc -- 190zXWpc 
AACC/ACC + 10.6237 = ~ 200zXW 4- 167AL~.cz 

- 35AW - 8ZXLFcz + 40zXV 

- 59 o 0.0567 

&FE/FE + 3.4835 = - 40AW - 190- ~-0.05) 

3ALFcz 30AV 200( - 0.204) 
- 167 o0.227 

ZXPOP/POP - 12.8453 = zXPOP/POP = -r 3.3 /frontat protd 
200AW + 167zXLvcz - 9,5 - 40.7 (lateral 

prot.) 
are resolved as follows, using: zXPOPiPOP = - 37.9 - 10 (frontal 
10%, zXACC/ACC = AFE/FE = 0: prot.~ 

&W = -0.204 m (-0.205 m in fig. 11) The distinct reduction of the overall width 
accompanied by a slight decrease only of the 
passenger compartment width reduces the 

ZXLFcz = + 0.227 m ( + 0.110 m in fig. 11) occupant protection in side impacts by approx, 

30%, whereas the increase of ~he front crush 
AV = + 0o 133 1 (+ 0.132 1 in fig. 11) zone improves the frontal protection by 38%. 
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2nd Solution With the 3rd solution, the "inbalance" of 
the potential occupant protection is rather 

The three partial equations: 
small, while the acceleration capacity, the 

2xACC/ACC + 10.6237 = equation of which has not been considered in 
the present case, has decreased by 6.5%, 

- 35AW - 8ZXLFcz ÷ 40z~V 
Summarizing, we can say, that an "inter- 

ference" with the adaptation model prevents 
zXPOP/POP - 12.8453 = 

"balanced" solutions, at least as far as the 
2002xW + 167&LFcz example of the compartment width is con- 

zXPCB/PCB + 12.8505 = 
cerned. 

- 38AW + 72ZXLFcz . 12zXV 
COMBINED ADAPTATION TO 

can be resolved as follows, using: zXPOP/POP TWO CHANGING REQUIREMENTS 

= 10070, zXACCiACC = APCB/PCB = O: In order to exemplify a combined adapta- 
tion procedure, an increase of the fuel econ- 

,hW = - 0.131 m omy and of the potential occupant protection 
(including the necessary additional weight) by 

2xLvcz = +0.139 m 10% each has been pre-determined. 
Since the adaptation model (9) is a linear 

AV = +0.179 1 one, the superimposed solution (fig. 13) is the 

sum of both individual solutions (see Fuel 
With this solution, the shift towards a dete- Economy Increase and Increase of the Poten- 

riorated lateral protection is less pronounced tial Occupant Protection). 
than with the 1st one. However, the fuel econ- Attention should be drawn to the remark- 
omy, the equation of which has not been con, ably strong increase of the vehicle length and 
sidered in the present case, is reduced by more the strong decrease of the width. 
than 

SUMMARY 
3rd Solution The present paper shows the establishment 

The 3 partial equations: of a linearized mathematical model, describing 
the potential of basic properties of a passenger 

zXFEiFE + 3.4835 = car as a function of its essential design param- 
- 40zXW - 3zXLvcz - 30AV eters, and aiming at the simultaneous adapta- 

tion of these parameters to one or several 
2~POP/POP - 12.8453 = changing requirements. 

200zxW + 167ALvcz The calculated results have shown above 
all, that--at least as far as the data of the 

zXPCB/PCB + 12.8505 = chosen basic vehicle are concerned--an in- 
- 38zXW + 72ALFcz -- 12zXV crease of the fuel economy, while maintaining 

all other requirements, entails a strong reduc- 
can be resolved as follows, using: ~xPOP/POP tion of the vehicle width and increases the 
= + 10%, AFEiFE = zXPCB/PCB = 0: overall vehicle length. 

This results in a shift within the overall 
2xW = -0.116 m occupant protection to the disadvantage of 

the protection in side impacts, which is also 
ALFcz = + 0.122 m true for those cases, where weight increasing 

components are required to improve the occu- 
~V = + 0.026 1 pant protection. 
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Figure 13. Combined adaptation of the vehicle design parameters. 

Shifts or non-compliance with individua! contribute to the finding of balanced vehicle 

requirements results also from the predeter- concepts and to an appropriate combination 

ruination of secondary requirements, of the most essential basic design parameters, 

The proposed calculation procedure, which furnishing optimum conditions for the execu- 

is still at the stage of development, is meant to don of detail work. 
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Introduction become all too common these days. He does 
not favor, conglomerate arrangements and his 

MS. JOAN CLAYBROOK 
company is founded on the idea that it should 

Administrator, NHTSA 
make things with motors: cars, motorcycles, 

U, S. Department of Transportation motorized agricultural equipment: He be. 
............ lieves that research is the cutting edge of a 

........... Good afternoon. It is a great pleasure for company and established Honda Research 

me to have the opportunity to introduce to and Development in 1960 to carry out that 

you this afternoon Mr. Honda, who is here philosophy, He said recently (and I quote): 

to speak to us. "The degree of safety in a product reflects 

He has been a lifelong innovator, sustained whether the firm places greater emphasis on a 

a great interest in learning about new ideas short-term profit or on technological progress 

and has been a progressive force in Japan, ad- through research." 

vocating, for example, the use of motorcycle I think the progress of Honda Motor Com, 

helmets as a part of his business of selling pany and the career of Mr. Honda is really a 

motorcycles, tribute to that philosophy. 

......... He is a fiercely independent and generally This afternoon, the Department of Trans- 

........... self-taught individual. Rather than having a portation of the United States would like to 

formal engineering or business training he present to him a Certificate of Appreciation. 

began as an apprentice mechanic. Starting He has devoted his career and his boundless 

work in a motor vehicle repair shop he soon energies to the development of a major in- 

opened a branch of his own; and, at about the dustrial concern. His unique combination of 

same time, he obtained his first patent for technical and entrepreneurial talents has been 

bicycle spokes made of cast metal, applied to all aspects of automotive design 

In the 1930’s he closed his repair business and manufacture. He has also been a major 

and established a new company to make advocate of safety design. 

piston rings. But he was as daring in his per- Upon his retirement several years ago, he 

sonal life as he was in his business exploits. He left a legacy of innovative management and 

was seriously injured in 1935 while driving an engineering that continues to meet the tradi- 

automobile of his own construction in a race tion of innovation that he established. He 

after he set an all-Japanese speed record, holds more than a hundred patents himself, 

Mr. Honda started the Honda Motor Com- and has committed his firm to a strong 

pany in 1948, making motorized bicycles, us- research and development program that in- 

ing surplus military materials. His philosophy cludes the development of a stratified charge 

on business and technology would warm the engine for improved fuel economy and era- 

heart of a true free-enterprise advocate. Hon- missions control and a program to develop a 

da Company has maintained its independence unique new type of air bag restraint system. 

from the corporate/State relationship that has Mr. Honda has shown how technology can be 
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used creatively to meet social needs. It is with present him with the certificate and ask him to 
special pleasure that t have the opportunity to speak to us this afternoon. 

Guest Speaker 

opinions with leaders in automotive tech- 
nology from many parts of the world. The 
growth of my company to date has been made 
possible through the great achievements made 
by the forerunners of today’s automobile 
industry as represented by yourselves, and for 
that reason I would like to express my deep 
appreciation. 

At this international conference, I am look- 
ing forward to hearing valuable opinions and 
achievements from you, and I am confident 
that the results of your research will further 
ensure continued progress in this field. 

I have been associated with the automotive 
industry throughout my career, and I have 
learned from my own experience that the basis 
of corporate management and of technology 

SOIOH~RO HONDA is man. I attach a great deal of importance to 
Presid ent 
Honda Motor Company the principle that tectmology, or for that 

matter, science as a whole must serve man- 
kind and must be easily utilized by man. I should like to extend to everybody con- 

cerned my heartiest congratulations for this For this reason, I have felt the keen need 

Seventh International technical Conference for reviewing the relationship between science 

on Experimental Safety Vehicles. and technology and human nature from a 

Yesterday, I was gratified by the oppor- broad viewpoint, and for seeking to achieve a 

tunity of listening to speeches on traffic ad~ civilization filled with humanity. 

ministration from Transport Minister JoE1 Le Ever since I founded Honda Motor 
Theule of France, Transportation Secretary Company in 1948, I have persistently 
Brock Adams of the United States, and followed the philosophy that an enterprise 
President Frybourg of the ESV Conference. which gains its strength through technology 

It is my great honor to be given this oppor- should serve society with technology, that 
tunity of speaking to you here in the capital of technology exists only for the good of 
France, whose automobile industry has made mankind, and that only through service can 
numerous unique contributions for many we maintain our social position and make 
decades since the days of Panard and De contributions to the progress of the society. I 
Dion. have been fortunate in being able to make my 

As an individual who has followed motor- company grow to what it is today through the 
cycle and automobile technology throughout cooperation of my young employees and 
his career, rather than as the founder of understanding and support received from 
Honda Motor Company, I am most pteased many quarters including government offi- 
by this opportunity of being abte to exchange cialso 
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Progress and thorough pursuit of science sophy. What had given him his impression 

and technology must start from the stand- apparently was not only our products but also 

point of respecting humanity. And I believe such specific acts of mine as attempting to 

that corporate profits are merely the results of give bright hopes to my employees, respecting 

efforts to incorporate in commercial products their ideas, and non-discriminatory and fair 

the achievements made in such sciemific and evaluation of their performance. 

technological pursuits. It is wrong to attach In any event, it is most important to have 

the primary importance to profit-making and the philosophy of respecting humanity. It 

to neglect improvement of products. One must be recognized that the best service to the 

must not feel complacent simply because his general public and the customers is to produce 

company’s profit picture looks good today, things that are safe and free from pollution. 

When air pollution caused by automobile And this, I believe, is a natural obligation for 

exhaust emissions became a major social manufacturers. 

problem and stringent controls were being Furthermore, in developing, manufacturing 

studied by the governments of Japan and the and marketing products, it is imperative that 

United States, I told my employees: "With you recognize and respect culture, religion 

the technology we have, we can become the and custom of the marketplace even if it 

first to come up with an engine to meet those works against, you. It is wrong to think that 

emission standards. Then we will make a lot people are the same all over the world. It 

of pro fits with our patents." The employees, goes without saying that mutual understand- 

however, countered by saying: "We are not ing is most important in this world, and if 

working on new engines for profit-making people really understand each other, I believe 

alone. As manufacturers of automobiles that most of the problems in modern civilization 

emit pollutants, we have the social obligation will be resolved. I am of the view that if 

to develop engines that do not pollute the at- encounter something I do not know about, l 

mosphere which is the common asset of all should only ask someone. In order to be able 

mankind. We do not want you to think only to do so, it is important to always maintain 

of making profits." I immediately realized good human relations with a large number of 

that I had been wrong in my thinking. At the people. And I am convinced that human corn- 

same time, I began to know that at least some munications begin where people can teach 

of my employees had grown up to think of each other. 

our social responsibility more than I did. This In discussing the question of traffic safety 
incident was one of the reasons that prompted which we face today, it may be useful to 
me to retire, view history. It is widely recognized that 

When a corporate executive seeks to do mobility constitutes the basis of human 
something, it is essential that he gain under- actions. It is no exaggeration to say that the 

standing of his employees. He may be able to history of mankind is the history of develop- 

make them work for a while through such ing means of mobility. Needless to say, mobil- 

authority as power or money or organization, ity was very important for mankind in the an- 

but this will never last very long. If I had cient days as a means of securing food. Mobil- 

steered the course of my company from solely ity, however, is also important even from the 
profit-making motivation, I do not believe my spiritual point of view, as mobility plays an 
employees would have worked as gladly as important role in maintaining normal menta! 

they did. conditions of humans. Psychologists tell us 

Recently, an outsider who is well ac- that if a man is deprived of mobility and 

quainted with my company said that human- placed in a secluded room, he will imme- 

ism and romanticism constituted the basis of diately become abnormal. In short, mobility 

Honda Motor’s corporate management philo- is part of the human instincts. 
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Means of achieving mobility have under- forts into improvement of the vehicle itself 

gone many changes; from the most ancient and to overlook human aspects. 
methods of walking, to riding horses, thento There is no denying that many problems 

the invention of horse-driven carriages, The await an urgent solution with respect to 

development of horse-driven carriages, how- vehicle safety. What we must remember, how- 

ever, resulted in such disagreeable phenomena ever, is that no matter how much progress is 

as bad odors, horse manure and flies. Auto- made in this field, it is the man, namely, the 

mobiles were invem ed in the midst of all this. driver, who plays the final and the most deci- 

This revolutionary tool gave mankind a sive role. It is necessary to develop technology 

greater degree of ease of mind and a greater that suits a natural human tendency toward 

sense of freedom than had been anticipated, laziness wherever possible. 

Further progress in technology has resulted in There is one thing that I cannot over em- 
the invention of airplanes, which has made phasize. And that is the importance of taking 
traveling much easier, steps by foreseeing the future. I have already 

Wi[h the establishment by Henry Ford I of mentioned the failure to see ahead when the 

a rnass-production system, automobiles means of transportation shifted from the 

spurred progress in civilization and economic horse to the car. Today, science and technol- 

benefits for society~ As automobiles were im- ogy have made such progress that it is per- 

proved to incorporate easy handling features, fectly possible for us to foresee the future and 

their numbers increased drastically. And this indeed I think it incumbent on all of us manu- 

in turn created such social problems as inn facmrers to do so. In order for us to prosper, 

creased energy consumptiom pollution from it will be necessary forever to continue study- 

exhaust emissions° and traffic accidents. All ing measures to ensure the safety of our cus- 

of them are serious concerns for the general tomers, and the ESV program could be one of 

public, the means of achieving this goal. 

What we must bear in mind is that when the Lastly, I would like to touch on the passive 

automobile was invented, nobody was able to restraint system, which represents a new tech- 

foresee w~at social impact it would have m nology for safety. It is the United States which 

~ne future. The problem of air pollution was first introduced this technology, and I would 

~otally unforeseen, Considering the low tech- like to pay my respects for the determination 

nological standards of the time, nobody was and courage of that country in doing so. 

~o blame for not being able to foresee such Much research work has been accumulated, 

problems. The general public was simply and the passive restraint system is about to be 

delighted that the car would eliminate the introduced in the mass market. The air bag, in 

kinds of problems they had had to face with particular, is an entirely new technology with- 

~he horse, out resemblance to anything that has been 

I now wish m speak on what must be done tried in the past. Its introduction into the 

from now on, what measures must be taken ~n 
market can be termed as an epoch-making 

the flature. It is a well known fact that the 
event in the history of automobiles. 

question of traffic safety has many facets and Nevertheless, my thinking is that the best 

thin it has three maj or elements: road condi- method of occupant protection is the conven- 

tions and o~her environments, the driver, and t ional seat belt. The reason is that, in my 

the vehicle. I have long ~hought that it is imo opinion, it requires the driver to take an 

portan~ to incorporate accident avoidance action before he starts the car, and this makes 

characteristics into an automobile. I am him conscious of safety, which in turn reduces 

afraid, however, that generally speaking, the chance of his causing an accident. I be- 

people have ~ended to concentrate their ef- lieve that mandatory fastening of seat belts, as 
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exercised in Europe and Australia, is a very shortcomings in that it could be expected to 

effective means. Thus, I regard the passive be disadvantageous in roll-overs and lateral 

restraint system as the second best system, al- collisions and that it might not offer 100% 

though I think efforts are needed to eliminate reliability. Further efforts are needed to solve 

the risk arising out of the driver being too lazy these problems. 

to bother to fasten the belt. Although Honda We must always keep in mind that our ex- 

Motor has been working on the passive re- istence as manufacturers can only be assured 

straint system, we have not yet completed if we continue our endeavors for ensuring the 

either the air bag or the passive belt, as we safety of the general public through a most 

continue to face technical difficulties at- effective utilization of what time is left for us. 

tendant on small, lightweight automobiles. ! wish to thank you, ladies and gentlemen, 

The biggest advantage of the air bag is that for your kind attention. In closing, I wish to 

it does not tie down the occupants and that thank Administrator Joan Claybrook of the 

they can continue to ride and drive in a re- United States National Highway Traffic 

laxed manner just as they do today. In this Safety Administration for giving me this 

........... sense, there is a good possibility that the air honor to speak at this conference, which has 

............... bag will be accepted by society without resist- served to remind me of the important respon- 

ance. The air bag, on the other hand, has sibility which we carry. 
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Mr. Howard Dugoff, ESV Prograrn Chairman. United States 

........ Introductory Remarks Secondly, I discern a consensus that an 

evolutionary rather than a revolutionary 

approach to advancing technology is realistic 
M R. HOWARD DUGOFF and is an appropriate focus for our considera- 
ESV Program Chairman tion. Third, I discern a very general view as to 
United States the need for continued research on methodol- 

ogical aspects of technology: testing tech- 

Let me exercise the Chairman’s prerogative niques, particularly improved dummies; im- 

by making the observation that it seems to me proved analytical techniques; improved 

we find an extraordinary consensus among all methods of accident reconstruction; and data 

of the nations participating in this program at analysis. And, it seems to me further that the 

this point with respect to a number of very consensus views as to the proper direction to- 

fundamental issues germane to the develop- wards which the program should be turning 

ment of advanced vehicles, are mirrored in the actual evolution of the 

First, the universal recognition that efforts program. 

must be pursued within the context of a broad I detect in the presentations by the various 

........ automotive systems orientation which recog- technologists today that the people who are 

.......... nizes the intimate and often conflicting trade- actually doing the work on the program are 

offs among advances in safety and advances directing that program towards goals that the 

in other attributes of what Secretary Adams policymakers seem to agree are appropriate. 

has called "the socially responsible auto, With my own biases now on the table, let 

mobile," namely environmental protection, me invite members of the audience to make 

fuel efficiency, and economy of operation, comments or ask questions of the panelists. 

Panel Member Statement 

DR. R. RHOADS STEPHENSON search safety vehicle (RSV) program. Both of 

Associate Administrator for Research and these are under the broad category of inte- 

Development grated vehicle systems (IVS), in which opti- 
National Highway Traffic Safety Administration mized vehicle designs are developed, tested, 
U.S~ Department of Transportation and evaluated. 

The IVS program has influenced produc- 

Since its beginning, NHTSA has been in~ tion vehicles in a number of ways both in the 

volved in the development of integrated United States and i~ Europe. The individuals 

vehicles to support its rulemaking program, who are best qualified to enumerate these 

The first program, the experimental safety effects are the manufacturers themselves. 

vehicle (ESV), was followed by the current re- However, I would like to mention some of the 
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positive impacts on production cars that we plication on production cars are the soft 

have observed, bumpers and run-flat tires. Laboratory tests 

An item by item type of component or sub- indicate these bumpers are capable of provid- 
system listing of features that first appeared ing reduced vehicle damageability in low 
on experimental vehicles, and were later used speed impacts, while simultaneously reducing 

on cars for the marketplace could be devel’ lower leg injuries to struck pedestrians. 

oped and examples will be given later. In addi- The IVS program has supported the estab- 
tion, we believe that the development of the lishment of balanced priorities for automotive 

ESV systems performance specifications has standards and is expected to be even more in- 

had a significant positive effect on production fluential in the future. It has supplied data 

cars. While some of the initial specifications from trade-off studies for balancing occupant 
which were developed in the early 1970’s were protection standards, including FMVSS 208, 
later judged to be too stringent and in conflict with structural performance requirements 

with other goals of low aggressivity and high which in the future will include vehicle,to- 
fuel economy, this does not detract from the vehicle crash compatibility. In the area of 
value of this approach. The second round of pedestrian protection, trade-offs have been 
IVS specifications led to the RSV program, made with low-speed damage resistance, 

These considered the total vehicle and at- engine cooling requirements and aerodynamic 
tempted to trade-off various types of per- shape. Trade-off studies between front, side, 
formance in relationship to the overall rollover, and real occupant protection, be- 
perceived costs and benefits, and were more tween safety and fuel economy, between crash 
oriented toward mass production. This avoidance and crash mitigation, and between 
approach continues to be valuable in design- visibility and aerodynamics--all supply sup- 
ing production cars as we attempt to balance porting data for establishing priorities, 
various aspects to safety with potentially con- The ES¥/RSV program has interacted with 
flicting needs for low fuel consumption and and influenced all other automotive safety 
reduced emissions pollution, as well as low- research programs. One of the major contri- 
speed damage resistance and pedestrian pro- butions has been in the area of testing. What 

tection, tests and what measurements are meaningful 
The I¥S program has also played a pioneer- in determining the safety of an automobile? 

ing role in the identification and quantifica, From questions such as this, attention has 
tion of handling characteristics and in car-to- been focused on the need for more representa- 
car crash compatibility. Great forward strides tive test devices. This has led to ongoing pro- 
have been made in analytical and simulation grams to develop better dummies for both 
procedures in both these areas under the aus- side and frontal impacts. Another ongoing 

pices of the program. In addition, there are program is working on the development of a 
many safety features on today’s cars that are more realistic barrier for impact tests. 
traceable in whole or in part to the program. The ESV/RSV programs have been in the 
To mention a few, the program has been forefront in the integration of automotive 
influential in the commerical development of structure with occupant restraints. While it is 
malfunction analyzers, safer fuel tanks, accepted today that such integration is funda- 
energy absorbing structures, improved occu- mental in occupant crash protection, they 
pant restraints, advanced electronics appli- were considered as essentially separate sub- 
cation, improved pedestrian protection, im- systems prior to IVS. Later work on the 

proved braking and handling, along with a United States program has also stressed both 
host of other safety features. Two of the more producibility and consumer acceptance, two 
recent innovations which are being used on attributes of any design which the manufac- 
the RS¥ program, and may find extensive ap- turers have recognized as being important 
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ever since the program began. The ESV/RSV resulting in an estimate of lives saved and in- 
program has contributed to the harmoniza- juries reduced for various safety counter- 
tion of international standards. The interna- measure scenarios° Secondly, detailed 
tional conferences, of which this is the analyses of crash test data will be conducted 
seventh, have furnished a forum for getting to define the crash characteristics of contem- 

............ acquainted, communicating technical posi- porary vehicles. This wil! provide a bench~ 
tions, and exchanging data, The program has mark against which vehicle improvements 
also been active in striving for standardization may be objectively measured° Finally; analyo 
of test procedures, measurement techniques sis of materials and design will be conducted 
and data formats. Experimental vehicles have to verify their ability to provide enhanced 
been exchanged for testing and there has been vehicle crash performance. During these anal- 
coordination between ISO and the several yses, constraints will be imposed so that 
government regulatory agencies. Much prog- materials and designs which are investigated 
ress has been made in this very important area are capable of mass-production at an accept- 
and it is imperative that this cooperation con- able cost, in the time frame anticipated for 
tinue as our countries move forward in rulemakingo 
deve!oping regulations for the next decade. When the advanced dummies and crash 

The future of the United States’ ESV pro- environment simulators are developed, they 
gram, now called IVS, is closely tied to the will be evaluated in actual vehicle crashes; 
development of the 400 series of safety stand- staged crashes will be conducted in which 
ards. The IVS work will consist of (1) systems known injury has occurred in a real:world 

.............. analysis and systems engineering, (2) crash. The response of the vehicle and dummy 
............ advanced dummy and simulator evaluation, in the staged crash will allow validatlon of 

and (3) integrated vehicle development and these test tools, making them available for 

fabrication. The development of advanced integrated vehicle evaluation. 

dummies and crash environment simulators Using the research methods and tools de- 

will be conducted as parallel projects within scribed above, integrated vehicles will be 

NHTSA’s research and development organi- developed and demonstrated to support the 
.... formulation of the 400 series of safety stand° 

zation, 
ards: The culmination of this phase wit1 be the 

The systems analysis and systems engineer- final demonstration of enhanced vehicle per- 
ing effort is an analytical effort.with three formance, including crashworthiness, crash 
basic objectives, First, a detailed analysis of compatibility with other vehicles, pedestrian 
the accident environment today, as well as protection, damageability reduction, collision 
that predicted for the future will be con- avoidance, fue! economy, and emissions 
ducted. A predictive model will be exercised reduction. 

Panel Member Statement ........... ____ 

DR. HAROLD TAYLOR an involvement with the International Vehicle 
Chairman Safety program throughout its existence~a 
European Experimental Vehicles Committee period which is now approaching a decade of 

continuous activity. The EEVC was formed 
On this occasion I am speaking from the for the express purpose of cooordinating the 

viewpoint of the Chairman of the European vehicle safety technical activities of European 
Experimental Vehicles Committee. My views participants in the internationa! program and 
wil! however be essentially my own based on most of the car designing countries of West- 
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ern Europe are represented; the Commission problems might often be found fairly easily if 

of the EEC is also represented at EEVC the resulting penalties could be ignored; of 
meetings by an observer, course there is scope for innovation but it has 

Panel members have been asked to consider to be tempered most severely by cost, accept- 
five points in making their contributions, ability, energy, environmental impact and 
three relate to the past record and achieve- other considerations. I suspect therefore that 
ments of this international program, popu- the so-called ’quantum jump’ approach to 
larly known as the ESV program~ and two to achieving major gains in car safety quickly is 
the possible future role of the program. I bound to disappoint; progressive gains in 
propose to deal very briefly with the past. safety are I believe more likely to result from 
Nevertheless it would be a major injustice to painstaking research and development work 
past achievements not to acknowledge the allied to much more thorough surveillance of 
impact that the United States’ initiative has the safety performance of new models after 
had on the world car safety scene and to they have been put into service on the road. 
welcome the scope for co-operative working This work needs to be carried out against the 
offered by the links which have been forged predicted performance of the vehicles which 
by the ESV program, in turn may best be expressed in terms of 

Two strangely conflicting aspects of car specific and realistic performance standards. 
safety seem to stand out from the early years Clearly there continues to be considerable 
of the ESV program, at least in Europe. There scope here for co-operative international 
was a considerable amount of R&D informa- working. 
tion already available but not applied which As I have said it is clear that safety for the 
promised to eliminate some of the more future has to be considered as only one of 
readily identifiable deficiencies of models several important design considerations. 
then current; on the face of it the car safety Though this may seem to be too obvious to 
problem was reasonably well understood. But need mentioning I suspect that technical co- 
it became increasingly obvious that much ordination of the various organizations con- 
basic information, essential to the design of a cerned at both national and international levels 
future population of safer cars, was not avail- is somewhat fragmentary at the present time. 
able. This problem was particularly acute There is probably scope for considering the 
when considering car populations comprising future of road vehicles with particular ref- 
widely differing sizes of cars and when con- erence to the composition of the vehicle popu- 
sidering the safety of road users other than car lation in terms of vehicle types, size and per- 

occupants. Much more work was needed formance and of the journeys envisaged. It is 

before it would be possible to upgrade the somewhat sobering to realize that major 

safety design of cars so that the overall effect changes proposed for vehicles as a result of 

on all casualties involving cars and not just current work will not have a major impact on 

their occupants would be beneficial and the road for 10-20 years. It is also necessary to 

assured. In recent years a great deal of work try and take account now of other possible 

has been, and is being carried out to provide measures and events that will in the future 
the required answers. This situation has been affect road safety and may greatly influence 
reflected in a somewhat disappointing rate of the safety design of vehicles. For example, ex- 
progress with safety standards, ternal control of vehicle speeds and move- 

So let us turn to the future and to the con- ments could have a major effect on accident 

tribution that the international vehicle pro- patterns ...... 

gram may be able to make. As with so many In broad terms these wider considerations 
facets of road safety, solutions to car safety prompt a question; how much more safety 
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than can now be envisaged is it realistic to ex- technical program to cover energy conser- 

pect to be built into future vehicles when vation and other factors but it may well be 

safety is balanced against all other other con- that this conference should stick to safety 

siderations? Perhaps another question is, to issues. Otherwise the opportunity for de- 
what extent should this international pro- tailed discussion of safety might be elimi- 
gram attempt to cover other classes of vehicle nated. 
as well as cars? ¯ For the immediate future there is a consid- 

One of the great contributions of the inter- erable amount of work in hand to imple- 
national vehicle program has been to bring to- ment better standards of car safety and a 
gether government and industry representa- great deal of detail work is required on acci- 
tives in circumstances which have facilitated dent investigation including following-up 
frank and detailed discussion of important the safety performances of new car models, 
issues together with the publication of up-to- on biomechanics and on test methods. 
the-minute R&D results. This opportunity, There is an urgent need to establish a closer 
which gives these conferences a unique char: research collaboration between the USA, 
acter is not duplicated in more conventional Japan and European countries in order that 
international technical conferences. I person- research results and views on such topics as 
ally believe that they can provide a useful con, dummy development, human tolerance 
tinuing service, levels and test methods can be regularly 

It is not of course possible to maintain a discussed2 
continuing technical dialogue on the basis of 

............ biennial conferences. In Europe the EEVC 
° For the longer term it might be timely, in 

......... has made progress in discussing basic issues view of recent events, to ask ourselves 

by setting up international Working Groups whether we still have the correct program 

of members who are actively engaged in the targets and priorities. This might well give a 

chosen subjects; Working Groups that are lead to deciding whether to include vehicles 

purely technical and free of executive and leg- other than cars as major ingredients of the 

islative duties. By setting clear programs program and what aspects of safety should 

and timescales for work of the Groups, con- receive emphasis. Some aspects of car 

clusions are reached expeditiously and the safety have received an enormous amount 

proliferation of committees is avoided. These of attention while others have been ne, 

Groups can make valuable contributions to glected; perhaps some should give way in 

the international standards committees not the international program to other aspects 

only by providing technical advice but also by of car safety, or to safety aspects of other 

clarifying the views of individual countries for types of vehicles. 

the benefit of others. In my view it would be The kind of basic investigation needed to 

beneficial for vehicle safety to extend this answer these questions would also make an 

European approach to include representatives appropriate subject for international study. 

from other parts of the world who are actively ° In the finat analysis the level of public con, 
engaged in crucial R&D subjects, cern will be crucial in deciding the accept- 

In summary then ! wish to make the follow- ability of the safety standards which are 
ing points: adopted. There may well be scope for giv- 
° We need to distinguish between the inter- ing much more thought to the best ways of 

national vehicle program and the associated providing the public with a clear under, 
technical conferences. It may be desirable standing of vehicle safety issues over the 

to extend the scope of the international long term. 
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Panel Member Statement_ 

T~SUO SOMA subsystems for accident avoidance as well as 

Head, Technology Section, Automobile for collision performances, have contributed 
Division to the progress of safety engineering in and 

Machinery and Information Industries Bureau out of our country. But, in another part, the 
Ministry of International Trade and Industry same effort toward the high-level target 
Japan reveals the problems of significant weight 

increase, decreased producibility, lack of 
I am very happy to have this opportunity to reliability, and the resulting increase of cost of 

talk about the Experimental Safety Vehicle vehicle construction, when and if applied in 
program as a Japanese government repre- production models. Taking the weight prob’ 
sentative, lem, for example, an intense effort was done, 

To begin with, let me review briefly the such as the development of new materials and 
Japanese ESV program. The program started construction, but in the end we were not able 
in 1970, under the agreement between both to attain full conformity to the safety 
governments of the United States and Japan, requirements within a given limit of weight 
to develop ESVs of sub-compact category in with other necessary requirements. 
which Japanese industry has a sort of exper- Here, I should say a word about our con- 
ience. Nissan and Toyota participated in cern in RSV program. When it was proposed 
those of 2000-2500 lbs weight class, and by U.S. government, the Japanese industry 
Honda in that of 15!Y0 lbs class, while Ameri. was not able to be prepared for participating 
can ESVs were those of 4000 lbs weight class, in the complete vehicle development program, 
Nevertheless, for 2000 lbs ESVs, we pre- because of various difficulties in social and 
scribed the safety performance specifications economic environment, and thus the govern, 
essentially equivalent to those of American ment decided the participation in Phase IV 
ESVs to emphasize the. experimental test of American RSVs, and the test has now 
character, and this led the participants to started from last May of this year. 
two different approaches. Toyota ESV was Now, speaking of the effect of Japanese 
designed to aim at complete conformity to the ESV program on production cars, I could 
specifications in the form of a brand-new point out that the following improvements 
model (with two seats), while Nissan ESV, have started to appear in production cars in 
with priority in the limit of maximum weight domestic markets since after the program: 
and minimum capacity of compartment to 
seek the extent of attainable performances. ¯ Body structure design of improved crash 
These models were completed in 1973 and the energy absorption, and increase in use of 
tests were ended in March, 1974, and the high-tension steel. 
results of construction and tests were already ¯ Adoption of high,strength and slim-shape 
reported in the past ESV Conferences, and pillars. 
therefore I will not repeat them here. ¯ Improved fuel-piping and electric-wiring 

To reflect the outcome of the Japanese ESV design. 
program, it has in one part benefitted the pro- ¯ Improvements in lighting and signaling de- 
gram that we have attempted to reach a target vices, and direct and indirect visibility. 
of considerable height and have thereby ¯ Improved brakingperformances, and ergo- 
gained substantial experience and skill in nomic design of controls. 
safety engineering. I believe the various 
outcomes from the development of ESVs, In addition, energy-absorbing bumpers and 
such as those of unique novel devices and integrated warning and diagnostic-aid devices 
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are in process of application in production more sophisticated analysis is in progress, 

cars. with the ESV specifications as a reference. 

Then, concerning the effect of ESV Concerning the subject of rule-making, or 

program on post-ESV activities of research the safety standards, my colleague representa- 

and development for safety in the Japanese tive from the Ministry of Transport is ready to 

industry, I should mention that some discuss with the panel on rule-making on the 

manufacturers have been conducting their 4th day, and I would only outline the national 

own multi-disciplinary research program for situation. 

small-size cars in near future, in order to seek The Ministry of Transport of Japan, which 

reasonable trade-offs among various require- I will refer to as MOT, is in charge of national 

......... ments such as safety, pollution, economy, ac- vehicle standards, and started the first five- 

...... ceptabi~ity~ compatibility, with traffic envi- year plan of rule-making for safety in 1972, 

ronment, cost-feasibility, and so on. From the and the second five-year plan from 1977, and 

programs of manufacturers themselves, a thus we are at the beginning of this second 

group of new devices and sub-systems has five-year program, right now. The MOT is 

been emerging. These are, for example: now paying much more consideration than 

ever on the following points° 
* Radar-actuated anti-skid braking system. 

* Improved air-cushion system and passive- * The overall rationalization of legislative 

belt system, system. 

* Soft front-end of a vehicle for pedestrian * International problems relating to the rule, 

protection (with polyurethane energy ab- making. 

sorbing material). * Reinforcement in effectiveness over the 

* Automatic lifting of head restraints by pas- vehicles with the technology of present-day 

sengers, only when seated to maximize and in near-future. 

direct-view angles. 
Since this 5-year program has more or less 

However, these novelties are still in merely ex- the nature of rolling-plan, the trend of 

....... .... perimental stages and need further develop, research and development as well as other 

ments in performances, compactness, light- factors will possibly be considered. 

weight, low-cost, etc. Concerning the problem of harmonization, 

Other examples of technical progress by in- in connection with the standards, we do not 

dividual manufacturers are: think the technical aspect of road vehicles is 

* Computer-aided optimization design of 
the major portion of the causes of difficulty in 

body structures and of occupant protection 
this problem, but still we understand the 
effort of international collaboration and coot- 

system. 
* New safety tires, 

dination in research and development pro- 

* Seat-belt design improvement in wear- 
grams, like those of ESV and RSV, would 

comfort, 
make visible contributions from the long,term 

point of view. 

I should also add, as another indirect but Before speaking of the future of the ESV 

positive effect of ESV program, that obvious program, I would like to confirm our basic 

expansion and reinforcement of research idea of handling the safety problems. To rain, 

facilities and test engineering for safety prob- imize the casualties and cost of road-traffic 

lems have been in progress in the most part of accidents, which is our final target, the meas, 

the auto-industry, Engineering practices in ures should be sought for minimizing both the 

safety might also be influenced by ESV activi- rate of accidents and the loss caused by col, 

ties. An example is seen in the steering and lisions, and thus the cost/effectiveness ratio 

handling performance criteria, in which a of the measures should be minimized over 
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both of these two areas of pursuit. In this priate assessment of accident avoidance meas- 

connection, we feel we should place more ures in its full term. 
effort on the area of accident-avoidance in In the second place, in view of the recent 

post-ESV program to see whether or not we economic and social situations, I feel the 
are planning to force excessive cost in crash future program, specifically in terms of the 
injury reduction measures. Also, the term vehicle, would have to deal with the correla- 
"accident avoidance" should obviously be tion among various requirements on motor- 
interpreted in terms of three constituents of vehicles, such as those of pollution, noise, 
road4raffic accidents, namely, vehicle, man fuel-economy, material resources and their re- 

and road-environment. We should not forget cyclings, transportation efficiency, and 

the fact that statistical accident analysis tells others. 

us that the apparent causes of a large portion In the third place, in order to secure the 

of fatal accidents could be attributed to the 
feasibility of the program against complexity 

traffic violations of drivers, as being 96°70 in of the problem, I would also suggest that the 

Japan for example. In terms of road-environ- 
specific research and development should, in 
the first phase, be encouraged in the level of 

ment, I might add another example of an as- devices and sub-systems rather than for inte- 
sessment in Japan in which they forecast the grated vehicles, if once an appropriate target 
decrease of accidents in road-crossings by of vehicle performance specifications be 
complete installation of signals, as being one- drawn. 
third of the current figure. Finally I hope all of us could agree on a 

To summarize, therefore, we hope that any feasible and encouraging future program, and 
international program in post-ESV phase of if and once this could be formed, the Japa- 
research and development for road-traffic nese government would be ready and willing 
safety would, in the first place, include appro- to cooperate in it. 

Panel Member Statement 

DR. WILU REIDELBACH R&D have in a modified form found their way 
Director, Passenger Car Body Basic Research into vehicles of current or near future produc- 
Daimler-Benz tion. As for instance: 

¯ Safety belts with improved comfort, fit and 
The ESV/RSV Program is in existence now convenience anchored at the seat 

for ten years. The original vision to create o Passive belts 
within a few years by a quantum jump an o Emergency tensioning retractors 
almost unrestricted safe automobile has been ~ Air bag systems 
funneled into a steady and continuous o Anti-locking devices 
development which, as we believe, would 
have taken place anyhow and is performed Total vehicle concepts, however, could not 
using considerable financial and personnel be carried over mostly due to their economical 
efforts. Without any doubt, the RSV program disadvantages and the fact that the first ESV 
has influenced decisions in respect to concepts did not address themselves to the 

priorities and given some impulses in the energy problem. 

development of production vehicles, especial- An unquestioned merit of the ESV Pro- 
ly in the areas of occupant protection. Conse- gram is to recognize a certain lack of 

quently, some single components of the ESV knowledge, especially in the area of physical 
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and technical basics. A consequence was and and will not be disturbed by hasty, 

will certainly be for a longer time period to inconclusive regulations. 
induce systematic basic research in such areas Even though in the RSV Project, safety is 

as no longer the exclusive factor as compared to 
¯ The evaluation of handling and stability, the ESV Program, the problems associated 

¯ The compatibility in traffic with vehicle mix, with energy, raw materials, and environmen, 
¯ The biomechanics, and tal protection cannot be solved as to their 
¯ The development of dummies, priorities in a Research Safety Vehicle Pro- 

In addition, increased interest is focused on gram. Consequently, the question has to be 

pedestrian safety. Therefore, it is important raised whether the RSV Program, as it exists 

not only to define the goals to be reached and today, will satisfy present actual require- 

to select methods and possibilities, but to ments. 

check the achievement with thorough and Unfortunately, we fail to recognize any 

uniform analysis of traffic accidents, influence of the results of the ESV/RSV Pro- 
Nevertheless, this research in its first stage grams in the rulemaking. The earlier ESV 

has over-enhanced safety and neglected the specifications were not attuned between the 

problems associated with energy and economy, regulatory agencies of the countries, and 

Meanwhile, the automobile technology has many requirements were not justified by the 

arrived at a serious conflict as far as the actual facts of real world accident analyses. Further- 

aim is concerned. Real or allegedly harmful more, even after ten years of ESV Programs, 

exhaust emissions and the fuel consumption there are only a few indications of harmoniza, 

should be reduced drastically, tion of international standards or require, 

Prerequisite for such progress are new ments. 
aerodynamic concepts and an equally drastic We hope and wish, therefore, that in future 
reduction of the weight of the vehicles, conferences progress will be made especially 
whereas increased compatibility and improv- in this direction. May we also suggest that title 
ed occupant protection means principally an 
increase in weight. Only a well balanced route 

and agenda clearly underline the unbreakable 

between these competing requirements in 
connection between energy needs, economy, 

and safety, and emphasize the fact that not a union with the technologies will lead to a 
positive result, if--as a further considera- Research or Integrated Safety Vehicle, but an 

tion--this development is based on a sound Integrated Motor Vehicle should be the 

scientific basis and systematically carried out assignment for the future. 

Panel Member Statement 

DR. ENZO FRANCHINI Fiat’s aim was to evaluate from a realistic 

Director, Fiat Safety Research Center point of view the requirements initially set for 
the Experimental Safety Vehicle program. To 

Fiat, SPA 
this end as many as three Experimental Safety 

Fiat’s activity within the Experimental Vehicle models, weighing 1500, 2000, and 

Safety Vehicle program can be subdivided 2500 lbs. respectively, were designed, manu- 

into two phases: factured and tested. Fiat invested a great 

In Phase I between the Second Experi- amount of money and accomplished extensive 

mental Safety Vehicle Conference of 1971 work in an extremely short time as compared 

(Stuttgart) and the Fourth Experimental to other car manufacturers. The conclusions 

Safety Vehicle Conference of 1973 (Kyoto), drawn from Phase I were presented in the Fiat 
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technical presentation in Kyoto. They can be In our research programs priority has been 

summarized as follows: to meet the Experi- given to compatibility. In the Sixth Experi- 

mental Safety Vehicle requirements would in- mental Safety Vehicle Conference of 1976 

volve weight and cost increases of about 40 (Washington) a new methodology was pre- 

percent, thus leaving out of the market that sented based on the use of a moving deform- 

considerable fraction of consumers with lower able barrier and ad hoc mathematical models. 

buying power. This approach can be used in evaluating the 

The 1973 economic crisis strengthened this behavior of both the structure and the occu- 
view giving rise to the present trend toward a pants in frontal, rear, and side collisions. 

globa! approach to safety, environment, These applications are the subject of a Fiat 

economy and energy issues, paper presented in one of the technical sessions 

In Phase II Fiat’s work has been devoted to during this conference. Thanks to such 

the optimization of safety characteristics of methodology the number of tests is reduced 
production vehicles. Many design features of and more comprehensive and in-depth infor- 
the Fiat Experimental Safety Vehicle cars mation will be provided than that presently 
have been incorporated into production obtainable with the current test procedures. 

vehicles. Some are evident such as the shield- Moreover, it allows the rating of a vehicle in a 

shaped deformable bumper of the Ritmo traffic mix. 
mode! and the protective plastic band along It is worth stressing that to achieve the 

the sides. Others are not so evident such as an future goals of safety, the two conditioning 

increasingly improved design technique, parameters must be available: 

These features more and more enhance the ,, a reliable dummy 
safety characteristics of our vehicles, o "reliable" human tolerance criteria. 

Panel Member Statement _. 

MICHEL FORICHON would like to remind you of the results 
Managing Director obtained and to formulate the conclusions for 
Design and Development Division the future, to be drawn from these results. 
Peugeot This small vehicle has been selected, 

because it certainly is the most difficult to 

I would like to briefly recall the subject of work upon. At present it constitutes an 

the study undertaken at the French Plan important part of the French car population 

Level, the study which originates from a pro- and we may expect it to continue to progress 

grammed thematic action proposed to Regie in the present conjuncture. 
Renault and Automobiles Peugeot by the In the course of development study, we did 

French Public Powers, the Institute of not come up directly with the results now 
Research on Transportation. Essentially the exhibited. We have first been working on "in- 

aim was to ascertain whether the ambitious complete mule cars." During the initial phase, 

but realistic targets set up in the domain of results obtained on certain mule cars were 
safety were compatible between them and disappointing, regarding front and side 

could be attained in the case of a small vehi- impacts, this being due to our efforts for max- 

cte, what difficulties were liable to occur, imal structural simplicity on one hand and to 

what results could actually be obtained and at exaggerated interior arrangements (padding 

what costs. As to the vehicle which I know and seats’ reinforcement) on the other. This 
well, without going once again over the VLS went certainly against the pleasing interior 

104 presentation given by Mr. Derampe, I which we intend to offer to our customers. 
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The study evolved towards accrued struc- technological progress. More specifically 

tural efficiency by means of important rein, conformity to modifications of side struc- 
forcements and also towards an improved tures, inside arrangements such as pad- 
interior space, offering more hospitable dings, bracings, and also to eventual reduc, 

surfaces, tion of frontal aggressiveness of the 

What is to be retained of the various tests vehicles would be thus ensured, the latter 
already performed? being indeed of secondary importance but 

¯ In the case of front impact we applied the none the less far from being negligible in 

procedure of global wall impact at 30°, this type of impact. We also have taken 

typical of the majority of real accidents into account a parameter which we deem to 
be of prime importance: the speed of the according to accidentology. In this pro- 

cedure, one side only of the structure is inner side surface impact against the occu- 

working, which is rather severe, however pant. This inner surface speed accounts for 

impact duration is a little longer here, We the severity of the impact upon the occu- 

then took measurements on the dummy, of pant, which is not at all the case with the 

values corresponding to safety criteria, speed of the oncoming hitting vehicle; All 

which values should stay under those of the tests have been carried out with the 

protection tolerances, known through Hybrid II dummy, which is the only one 

biomechanical data. We have obtained available to us at present, although it does 

good results, at 55 km/h, with this vehicle not always have the right behavior in the 

by means of adjustments of structure and case of side impacts. This is why work has 

........... of equipment, been initiated on dummy evolution, more 

..... Nevertheless, we want to draw attention to specifically so by the Laboratory of 

the fact that prior to considering such Physiology of Peugeot/Renault Associa, 

impact speed severity, it is indispensable to tion, it will be the subject of a report by 

standardize the procedures, such as global Mr. Tarri~re, 

impact, for evaluationandmeasurementof During the progress of tests, we have 

the attained protection levels, noted, in particular, the basic interest of 

In another connection, we have equally having the inner side impact speed reduced 

taken into account accidents of lesser by rendering the outer door shell more rigid 

severity: unbelted occupants, more through use of the seats to brace up the 

specifically using padded instrument panel lateral sides of the body, thus limiting 

and back rests of front seats and also intrusion and reducing severity of impact 

laminated "securiflex" windshield, with sustained by the occupant. We also have 

inner anti-laceration plastic layer, noticed the high efficiency of inside pad- 

¯ In the case of side impact, a realistic and 
ding made from semi-rigid foam. 

most simple procedure has been chosen, * In the case of rear impact, we have 

which is the collision vehicle against vehi- estimated the attained safety level by 

cle. Impacting and impacted vehicles being measuring protection criterion values such 
as head, thorax and pelvis accelerations as 

identical, this ensures that the test cor- 
responds to real life accident, well as extension angle at the cervical 

vertebrae. Here again, through some brac- The case would not be the same with a 
mobile rigid barrier, nor, doubtless, with a ing we have ensured better fuel tank pro- 

mobile flexible barrier which would not tection. 

follow the technical design evolution, in the ¯ Concerning collisions with pedestrians and 

course of time, of the front end of vehicles, cyclists, the relative frequency of occur- 
while a vehicle against vehicle impact rence of this type of accident should be 

automatically ensures conformity to the recalled. It is responsible in France for 
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more than 40% of body injuries (18% tion), as expounded yesterday by the French 
pedestrians, 25% cyclists), which also is the Minister of Transportation, it seems 

case in a large number of countries, unavoidable that a heavy accent shall be put on 

The important point is, first of all, to this last parameter. 
render flexible the probable head impact Thus it is suitable to bring out the elements 

zones. These are located at the rear end of transposable onto the future vehicle from the 

the hood, on the windshield and on its work on safety which has been or will be per- 

frame. It is also appropriate to rearrange formed, in order to obtain for the former the 
the front end of the vehicles, in order to best trade-off between efficiency-safety and 

limit in number and gravity leg injuries to weight and costs. 
pedestrians. It is hardly necessary to remind the double 

The basic ideas of these arrangements, per- incidence of weight reduction on energy con- 
formed with pol:y~arethane parts on the VLS, sumption: reduced quantity of raw materials to 
should lend themselves to be transposed be treated and elaborated and, later, in the 
onto flexible sheed steel parts, for the sake usage of the vehicle. 
of sirnplification and economy. If today we may say that we know how to 
We have also to note the windshield impor- build vehicles of still improved safety, through 
tance, though it is a less dangerous zone incorporation of compatible systems for 

than its frame, various kinds of impacts, we can not claim to 
Fol!owing these first results, we are con- possess the know-how to meet simultaneously 

sidering the pursuit of this work, trying for a new consumption requirements imposing 
better understanding of the phenomena in- optimizing weight-aerodynamics and also tak- 
volved during collisions so as to draw lessons ing into account all the safety improvements as 
that will contribute to a proper synthesis of tested upon the 104 VLS. 

vehicles. Research for compromise and for new solu- 
Today we know that this synthesis must take tions appears to us to be indispensible. 

into account a few aspects: that of safety, Finally the economical context the vehicle is 
pollution and economy of energy and that a placed in should be kept in mind and, as a 
certain balance must be obtained between result, the importance of cost a highly impor- 
these elements, often in opposition to each rant element to a contemplated solution 
other, should not be neglected. 

With the aim at reduced fuel consumption, 

to 7.3 1 per 100 km (mean effective consump- 
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Introduction having an international audience. Secondly, Dr. 
Fiala was a professor. He was a well-known pro- 
fessor at the renowned Technical University of 

MR. MICHEL FRYBOURG Berlin where he was responsible for studies and 
Conference Chairman tests that were advantageous to automobile 

vehicles. Thirdly, Dr. Fiala was connected with a 

........... We vail close today’s session with a statement number of automobile companies. He worked at 

from a guest of honor who I am pleased to in- Daimler-Benz from 1954 to 1963o Since 1970, he 

troduce to you. has held important positions with the Volkso 

Dr. Fiala, whom most of you know--which wagen Company, first as chief of the research 

considerably facilitates my task--will make a department and then as head of research and 

statement as the representative of the European development. Today he is a member of the 

automobile industry. The selection of Dr. Fiala board of directors of the Volkswagen Company. 

seems fully justified, not only because he was the I do not believe it is necessary to further ex- 

choice of the industrialists themselves to make plain the many reasons that justify our having 

this presentation, but also for three other reasons appealed to Dr. Fiala to make this statement 

which I would like to mention, concerning the European automobile industry. It 

First, Dr. Fiala was born in Vienna. Vienna, is indeed a privilege for me to introduce him, and 

as you know, is now the third site of the United I shall now give him the floor without further 

Nations and this affords him the opportunity of delay. 

Guest Speaker 

The world of the automobile has changed 
much more during the ten years since the ESV 
specifications were issued than during the ten 
years preceding that date; and--unless we are 
grossly mistaken--future developments will 
be much faster. 

In 1969 man had just experienced that his 
technology enabled him to reach other celes- 
tial bodies safely. Should there not be abso- 
lute safety for automobiles, too? We found in 

PROF. DR. ERNST FIALA our space efforts that what is technically pos- 

Vorstand sine is not necessarily useful economically. 

Volkswagenwerk, AG Similarly, we have become more realistic as 
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far as automobile safety is concerned. There is think that accidents could largely be 
uniform agreement that the overheavy ESVs avoided by prudent and intelligent driver 
with their forged bumper system were the behavior. 
wrong approach. A group of birds flying in different direc- 

The actual progress in road traffic safety is tions may give us an idea of the control 
an indirect result of the ESVs. Primarily, this capacity of biological systems. We should 
progress should be attributed to the gradually make use of this capacity because information 
increasing use of safety belt systems which processing systems become increasingly avail- 
had been recognized as an excellent safety in- able to the road traffic population. Let us 
strument more than 10 years ago. While there find the right compromise between matter 
are some doubts already that the bumper and information, between muscle and brain. 
MVSS will increase vehicle safety, there are ,, In order to evaluate safety measures we 
no doubts at all that the type of bumper speci- must have a ranking order of their useful- 
fled in those rules will increase fuel consump- ness. This requires a special instrument, 
tion and raise the levels of exhaust gas emis- namely the cost benefit analysis. Unfor- 
sions. tunately, progress in that area has not been 

What I just said about the effects of the what we had hoped. 
ESV program, though, should not be misun- ® Safety rules should be the same worldwide. 
derstood as a negative remark. Let us find out People are not so different that exceptions 
calmly what we understand better today, and would be j ustifiable. This applies especially 
let us continue with what is essential. That is to Europe where differences in safety rules 
to say making road traffic safe. 

would be absurd in view of the ever-increas- 
What would we see that is different today 

ing traffic across borders. Difficult prob- 
from what it was ten years ago? lems are posed by system-related differ- 
o The automobile is a machine that has 

ences, such as the weights of different 
become indispensable in man’s everyday vehicles. This problem should not be aggra- 
life. In order to be available economically, vated arbitrarily. 
it must not claim an unjustifiably high por- o Motor vehicle design requirements have 
tion of our incomes, nor must the magni- changed. The very high level of motor ve- 
tude of price increases prevent any replace- hicle safety leaves room for gradual im- 
ment of the automobile population, provements only. 

,, The automobile cannot be only safe, only 
non-polluting, nor only a fuel saver. It must It is not surprising, therefore, that ESV 

Conferences have become RSV Conferences, be all of these, and it must represent a 
balanced compromise between the essential and that the essential topics of the dialogue 

requirements it has to meet. The weighting are future fuel consumption and thus energy. 

of individual components that are part of I continue to think that the European 

this compromise will change in accordance 
system of free competition among vehicles 

with the effects that, for instance, the Los 
with low fuel consumption produces more 

Angeles smog or political events will have favorable results than the system in the USA 

on our lives, 
where the rulemaker requires specific fuel 

~ There are some limits to automobile safety, 
consumptions for given vehicle types or man- 

These limits are set by cost considerations, ufacturers’ fleets. 

We Europeans live on a continent that is 
Under the European system, on the other 

poor when compared with the United 
hand, the individual driver is more motivated 
to save fuel. 

States, and we have felt these restrictions 
earlier. Passive safety measures involve the ¯ Fuel economy should be improved by 

use of materials and energy. We tend to vehicle weight optimization, aerodynamics 
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and efficiency of engine and power train, it Permit me to summarize briefly: 

should be borne in mind, though, that the Our joint efforts in the area of the ESVs 
increasing use of alternative materials and and RSVs suggest that the present course 
electronic subsystems must not lead to should be corrected. It is important to recog- 

............. detrimental effects on the vehicle’s opera- nize all requirements which frequently may 

.......... tional safety, call for measurements that conflict with each 
* The continuing desire on the part of the other. We must find intelligent alternatives, 

rulemaker to amend the wide variety of and we must arrive at a reasonable ranking 
applicable regulations and standards should order and international cooperation. Let us 

be limited to those areas that offer a poten- bear in mind that the future wi!l face us with 
tial for real progress, even more exciting challenges than the past, 
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Seminar One 
Frontal Crash Protection and 

Passive Restraint Development 

Dr. Kennedy Digges, Chairman, United States 

Study of a Safety Seat With Transports to conduct the study in coopera- 
tion with the Higher Testing and Research 

Incorporated Belts                      Center of Rome, which undertook this work 

and paid particular attention to the physio- 
F. MOSCARINI and A. BIAGI logical aspect. As a result, a totally new seat 
Istituto Sperirnentale Auto E Motori S.P.A. has been designed and built and will be sub- 

At the 5th International Technical Confer- jected to crash tests after the Paris confer- 

ence on Experimental Safety Vehicles held in ence, so that results obtained within the 

London in 1974, the Civil Motorization Office framework of passive safety can be evaluated. 

of the Italian Ministry of Transports presented The driver’s position is one of the most im- 

a study carried out by the Higher Testing and portant factors which determines the efficient 

...... Research Center in Rome, working within the operation of the vehicle. The fatigue is partly 
framework of the ministry itself. This study due to the position of the driver’s seat, seat di- 

involved an energy absorbing seat. An experi- mensions and shape, and flexibility in adapt- 

mental model was built, which, thanks to the ing the steering wheel to the physiological and 

cooperation of the Fiat Central Research anthropometric characteristics of the driver. 

Office, was placed in a Fiat ESV vehicle. This It is therefore essential, in our research for 
vehicle underwent crash tests conducted by more efficient driving and improved safety 

the U.S. Department of Transportation at the and accident prevention, to study the position 

Dynamic Science Test Facility in Phoenix. of the operator when driving. We have carried 

The results of the test were satisfactory. In out this type of research on the static position, 

fact, in comparison with a conventional seat, in order to determine if the driver’s seat and 
there was on the average a notable reduction the passenger compartment adhere to the an- 

in the severity index and a deceleration of less thropometrical build of the driver. This work 

than 15°70 to the head and 33070 to the thorax, will continue and will be developed into a 

The seat belt load was reduced by half, and dynamic biomechanical projection, that is 
there was only a slight increase in the femur considering driver movement as a result of 

loads. This we can overcome by improving the accomplishing different vehicle maneuvers. 
shape of the seat. The basic factors for a correct operating 

In conclusion, the Italian Ministry of Trans- position are the following: 

ports desires to have the work on this pard- ¯ All the different segments of the driver’s 
cular restraint system continued, because of body must take positions which, under the 
the positive results obtained by the energy profile of functional anatomy, respond to 
absorbing seat. the rapid and easy execution of the move- 

The report we present to you today is a con- ments required in operating the vehicle. 
tinuation of what was submitted in 1974, ¯ The muscular segments of the torso and 

However, the Experimental Auto and Motors limbs should be partly relaxed and at the 
Institute was instructed by the Ministry of same time totally alert. 
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® The ~ecessary m~vernents for activating the Rot aniform in a~l regions of ][taty, and that 

differen~ body parts for 3irection. opera ~he areas with the larges~ medium~sized sub- 

~ion of ~he engine, and accessory contro> lects are ~hose with the highest au~omobile 

should be efR~cted without applying su~ength 
grea~er t,~an ~he opumum ~-he <lze o~ the subject, chosen as ~he aver- 

s~reng~h necessary for subjects of differem age s~ze in ttaty, is in fact ~M!er -~han the size 

body build age, and sex, which is ~oday considered ~o be representative 

~ AmplevisibitiW from the driver’s seal:, both ol me <ize ot the italian population. Both 

horizoma]ly or verticaIlyin the areas aronnd s~zes rcpresemmg respectively ~he "typical 

~he vehicle_ and consequently either in ,~rnal~,sizcd subject’ and the typical ~Xall- 

front, lmera11~., or behind, sized subiect" differ no~ably from those of 

medmm <ize, 
the first s~age of this study is based on 

[n fact: increased s~a~ure--both as regards 
existing research ~o determine ~o what ex~en~ 

~a~ sub~ec~ ~ypes (including the large 
~he driver’s sea~ and passenger compar~mem 
of ~he 1960-19~? cars in Italian traffic rnee~ 

Wpes") and a trend in this direction today 

~hese ideals To adhere tim are being token into consideration now, espe- 

objective, a me~hod was used based on ~he 
ciatt? since ~nese factors ma3 impac~ on pos- 

definition of "wttica~ subjects" who~ in reeds- 
sib~e car :xpor~s ~.o coumries where ~he aver- 

uremem ann amhro~onaetric characteristics, 
age ~zc ?f "~he inhabitants is taller than in 

bes~. "hastra~e mos~ ca~ drivers af both sexes, 
itaD 

On me basis of dam obtained by ~he (Fen 
Wi~h reference ~o ~ne relatively modest size 

~ra! S~a~isiics Office ot Rome, modern and 
of the smMPsized ~%ubject wpes." it must be 

~.~F-~o~date magazmes~ and born~ m :hind 4~at we mus~ adap~ the driver’s 

~he an~hropome~ric dam collected on normal 
~ea~ no~ onb’ ~o male subjects shorter than the 

sub_~ec~s by the C.O.N.I. Spor~s Jnsdtut~ of 
average size, but atso for female subjects. 

Rome. profiles of tl~e smal!, medium~ and tal~ 
We will now study the parameters ~hat have 

drivers were deve!oped, 
been examined on ve hides and then ~he meas- 

The upical subjects representing respec- 
urements obtained on the "subject types" sit- 

driver’s sea~ of [he vehicles them- 
t~seJ, roll. medium, and small sizes are de- 

ring in the 
selves. 

fined by ~e following measurementq: 
The parameters obtained on ~he vehicles 

* TaXI-sized subjec~                           were the following: 

--- height while standing 1.89 m. ~ Outside diameter of the steering wheel 
-- b~st height--98.1 cm. * Minimum distance between the bottom of 

~ Medium-sized subjec~ the steering wheel and the upper part of the 

~ hei~h~ while standing~.l.72 m~. seat 

---- bust height~91.8 cm. ~ Height of the seat section in relation to the 
floorboard of the vehicle; ~ ~mall-sized subjec~ 

~ Longitudinal stroke of ~he seat 
-- height while standing-~1.59 m. ~ Heigh~ of the back of the driver’s seat, with 

bus~ heigh~85.9 cm. a double measuremen~ if ~he seat comes 

The anthrooometrical characteristics of the equipped with a headres~ 

~ypicaI subjco.s dmt we hay< chosen do no~ ~ Distance between ~he seat section and car 

.,~incide with the generic majority of ~r~e f~oor according to the angte made by the 

italian oop~ta~or~. However. a correction has b~ dv of the driver 

been nade on me basis of th~ "driver bo~m~a~ ~ Depth of seat secfior~ 

uo~" of our country. ~t should be r~oted that ~ Nidth of sea~ section 

the distribution of the dr~ver popn~at,o,~ ~ Width of sea-~ back 
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The width of the seat section was taken by with poor aerodynamics, and would further 
measuring it at a distance of 25 cm. from the limit front end design possibilities. 
seat back. The depth of the seat section was ¯ Another objective involved positioning the 

measured from the center of the seat, that is, backs of different-sized drivers so that 
the length of the axis from the middle of the physiological curves in the spinal column 

.... seat section. The height of the seat back was could be followed in the most anatomical 
taken from the length of the middle of the and logical fashion possible. 
seat back itself. In addition, the features con- * The final goal involved the selection of 
cerning the covering of the level part of the padded and support surfaces incorporating 
seat and seat back were recorded, both elasticity and plasticity, which would 

With this accomplished, the seat profile provide better adjustment to the impacts 
and curve were recorded. This measurement they are subjected to by the different kinds 
was calculated at the same height that the of subjects who use the seats. 
width of the seat and back were measured, re- Besides the foregoing principles related to 
spectively, the width of the seat section and driving comfort and the logical positioning of 
seat back, indicating the maximum curve be- the body structure of the driver, safety fea- 
tween the exterior margins of the seat section tures were developed as a result of experiments 
and the seat back, respectively, as well as the with racing cars, particularly "stock" cars 
points of contact a subject with an average whose chassis are taken from production 
size and physique has achieved with his back vehicles. Moreover, from aeronautical, moto- 
and the back part of his thighs in a static posi- nautical and parachute experiments, it was 
tion, respectively, deducted that the placement of restraining 

Once a general evaluation was performed belts for the purpose of braking and limiting, 
on the condition of seats over a period of time insofar as possible, acceleration effects plays a 
and on vehicles of different weights, a plan most important role in preventing lesions, not 
was prepared to construct a safety seat with only those occurring from the absence of 
incorporated belts. The objectives we sought restraint of the subject in the driver’s seat 
in our experimental study were the following: (that is to say, sliding forwards, backwards, 

or to the side), but also from the direct effect 
,~ In the context of driving comfort we wished of the belts themselves. In today’s cars, safety 

to adapt the seat area to the dimensions of belts are attached to the chassis of the vehicle: 
large-, medium-, and small-sized subjects, the upper fastening position is attached over 
It must be remembered that up to this time the door and the lower fastener is on the floor 
seat dimensions were built to standards or over the transmission shaft-tunnel. For 
suitable to the shortest subjects, to the evi- belts having three ends, the third fastener is 
dent annoyance of subjects who physically found in a symmetrical position to the fasten- 
and anthropometrically have a longer hip- ing position over the tunnel or floor, outside 
thigh size. the seat itself. Thus, there are transversal belts 

¯ Still in the interest of driving comfort and with two ends, and transversal and abdominal 
maximum visibility for the driver, an at- belts with three ends. 
tempt was made to establish the point of vi’ Experiments conducted with automobiles, 
sion for the driver at a level suitable for planes, and parachutes have shown that the 
both tall or short subjects, while at the same most logical arrangement of the belts should, 
time keeping the top of the head in a proper above all, reflect symmetry with the body of 
position from the standpoint of safety, but the subject, and particularly its upper por- 
not too high. If the level were too high, this tions (that is, the shoulders). Sufficient 
would restrict the manufacturer and cause coverage should be maintained at the level of 
him to design the front end of the vehicle the collarbone which is partic-alarly fragile in 
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~he case of deceleration, even if the intensity is the belts that guarantee the best survival, for 

not too high. those subjected to high decelerations. 

}:or this reason, safety belts placed accord- The seat safety belts we designed can cover, 

ing to currem chassis diagrams in production in the most rational manner possible, the 

vehicles are sometimes inefficient or even shoulders of the protected subject. For strong 

harmful. In fact, when they are attached to decelerations during an accident the belts 

the standpipe of the window, they do not should compensate for these decelerations by 

follow t he sliding movement of the seat and restraining the body better and with less chance 

therefore cannot always fit the body of the of clavicle injury to the subject. 

driver. Anchorages that adjust with the seat Finally, the seat has a further element, 

adjustment would be desirable for a better which probably constitutes one of its best 

load distribution of the driver, safety features. This element is represented by 
lr~ the safety seat we studied, the relevant two hydraulic shock absorbers, which can be 

features are as follows: calibrated according to the weight of the sub- 

* The seat section is sufficiently long enough ject. This allows the seat back to swing to the 

to provide room for the lower surface of the front, thereby giving the body’s most delicate 

hips and thighs of tall subjects, parts--the head and upper torso "absorp- 

® The angles are such as to allow the entire tion space." Thus, the effect of the sudden 

lower part of the hips and thighs to rest on deceleration that takes place at the moment of 

the seat for better body weight distribution, impact will be distributed over a greater dis- 

The adaptation t’actor of different driver 
tance than if the subject were entrusted to 

sizes to the seat is represented by the forward- 
simple safety belts and a stiff structure. 

backward slide of the back of the seat. In 
Naturally, this system also serves to alleviate 

fact. the sea~ back, in sliding backwards and 
successive "whiplash" since this seat elimi- 

for~ard’    s, adapts itself to the back of the 
nares those dangerous and traumatic features 

driver, but at the same time, in sliding for- 
present when the restraint is limited to simple 

ward. limits the length of the seat section and, 
safety belts, that is, without the coordinated 

therefore, adapts itself better to the smallest 
swing motion forward of both the back of the 

seat and the headrest. 
hi~ stretch of the smallest-sized subjects. 

The seat back provides, a!ong the length of This ability to absorb the shock of a 

the two transversal and vertical axes, curva- 
"whiplash," which is one of the most trau- 

t ures that afford excellent adaptation of the matic experiences in frontal impacts, consti- 

seat back to the backs of subjects of different tutes another special feature of the safety seat 

sizes, by ensuring that the lumbar section wilt we studied. The front swing of the seat back, 

make contact at the best possible point for as well as its capacity to absorb part of the im- 

either tall- or small-sized subjects. In terms of pact energy, also eliminates the risk of break- 

safety, the element of resistanc~ for the re- ing the safety belt when the deceleration rate 

straint of the passenger, which up to now was following the impact is particularly high. 

formed by the chassis of the vehicle, is repre- We can now give a dimensional description, 

sented by the back of the seat itself, although a brief one, of the seat: The length 

In fact, safety belts are located on the back of the seat section is approximately 58 cm., 

of the seat. and in the seat that we built, they and its width is between 50 and 60 cm. The sag 

restrain the driver’s body not in an asymmet- of the empty seat is around 8 cm. The beam 

rical manner {see transversal belts, or three with different loads, represented by different 

end belts), but in a symmetrical crossed ar- weights, is contained between 9 and 12 cm. 

rangement which corresponds to the belts The width of the seat back is approximately 

used in "stock" race course category vehicles, 58 cm., and its height (without a headrest) is 

acrobatic planes, and parachutes. These are between 55 and 60 cm. The height with the 
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headrest is more than 80 cm. and the beam 
(sag) of the seat back is (to 20 cm. around the 
seat section) around 13 cm. The size of the 
seat back is approximately 21 cm. longitudi, 
nally and between 1 and 2 cm. transversally 
towards the top. The inclination of the seat 
section is about 11 degrees with relation to the 
floor view. 

The hookup parts of the safety belts are 
located on the subframe of the seat and are 
therefore joined to the chassis. 

The belt, after covering the shoulder of the 
subject, is pulled down; the ratchet is attached 
directly to the body of the back, which makes 
for a new strong point that opposes the pro- 
jection of the driver’s body toward the top 
and front in case of a frontal impact, where 
the safety belts are proven to be the most use, 
ful. 

In this seat, due to the X arrangement of 
the belts, there is, in addition, an excellent Figure 1, 

transversal restraint for the body of the sub- 
ject, which is not true when only part of the ¯ Possibility of manual opening to adjust 
seats have a transversal belt or with safety back tilt. 
belts having three ends. 

After completing the hydraulic circuit, 
The practical construction of the model re- 

quired a series of separate studies on each 
either by measurement or taking the necessary 
materials individually for manufacture, a 

component feature, which may be summa- 
study was made on the gliding of the longi- 

rized as follows: tudinal adjustment of the seat back. 
¯ Dimensions of the hydraulic system neces- A glide was installed on a continuous sec- 

sary in order to allow for swing in front of tion that allows 8 different handle controlled 
the seat positions (at a distance of 3 cm. between each) 

¯ Study on sliding of the longitudinal adjust- on a carriage sliding inside the slide block 
ment of the seat itself. 

¯ Individual ideal curves for back shape The back of the seat and the base of the 
¯ Individual general metal framework of the shock absorber are attached, with a free 

system, and positioning in same support swing, to the carriage. 
points for the safety belts Since the purpose of the study was to build 

a prototype, the problem of reduction of the 
The hydraulic circuit was built according to 

slide block dimensions was not studied. Thus 
the design principle reproduced in Figure 1, 

it limited itself to building a system that would 
Its dimensions were calculated using a 

allow for previously individualized adjust- 
celeration equal to 9 grm., and the control 

ments. 
valve was built in order to do the following: 

The slide block may be seen in Figure 2. 
¯ Opening and then tilt in front of back, for a The shaping of the back was obtained by 

preset force value, then mass and decelera- specifying the same 5 vertical equidistant lines 
tion and shaping them according to anatomical 

¯ Variation possibility of the above value curves. 
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Figure Z 

Before shaping the curves with an iron 
mandrel, an experimental model was built in 
wood. 

This model had the dimensions of a true 
model, and 5 mobile grooves were installed in Figure 3. 
wood plate fittings; this was tested on persons 
with different physical characteristics. The 
ideal position of the mobile grooves was indi- 
vidualized for each of them. 

The average among the different positions 
led to the individualization of definitb~e 
curves. 

The positioning of the curves on the back 
may be seen in Figure 3. 

The seat frame was built in stee!, which if 
on the one hand aft~rded remarkable resists 
ance to the seat, on the other hand its weight 
was considerably increased. 

The materials used are in fact the least 
appropriate to guarantee a weight that is not 
excessive, but the most appropriate to build a 
modeI that wilI be the subject of successive 
studies which will lead to making it a feature 
that can be produced and used in assembly° 
line cars. 

Figure 4 represents the framework of the 
seat, 

Figures 5 and 6 represent the two positions 
of the end stroke of the seat; the complete tilt 
covers an arch of arotmd 40°. 

For the selection of belts an inertial roller 
type was chosen, in order to block and then 
develop the restraint function in the case of a Figure 4. 
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subject completely blocked on the back seat 
under normal driving conditions as well. 

In looking at the finished model, it can be 
noted that it cannot as yet be used on an 
assembly-line car due to the overcrowding of 
the sliding blocks, hydraulic circuit tubes, and 
shock absorbers. The reduction of sliding 
block space will provide, as a first advantage, 
the possibility of increasing the seat back 
width and thus finally improve comfort 
features. 

In Figure 7, an empty space of around 28 
cm. may be seen on the frame of the back of 
the seat. This space will be used to position 
the headrest in such a way that it will be a part 
of the seat back and appropriate for different 
sized subjects without the need for adjust- 
ment, since the shifting of the seat back in 

Figure 5. relation to the floor will automatically adjust 
the position of the headrest. 

Moreover, the model will soon be installed 
in an assembly-line car for driving tests that 
will end with a frontal impact test. 

Figure 6. 

violent jolt, leaving the possibility of detaching 
the back from the back of the seat during 
normal driving conditions. 

The aforementioned was necessary in 
considering the type and location of the belts 
(transversal to X to 4 bracing points) which 
would have held, due to the inertial roller, the Figure 7. 
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Safety Systems Optimization Model 

JOHN VERSACE technique, mainly in refining the method of 

Executive Engineer ! Safety Research approximating dynamics simulations through 

Ford Motor Company the use of least-squares mathematics1. 
The approach taken by Ford was to assume 

that the most costly and time consuming 

The Safety Systems Optimization Model aspect of running these dynamics simulation 

(SSOM) is an experimental computer program models, the producing of detailed time his- 

which seeks to make those broad scale simula- tories, is unnecessary, that response param- 

tion studies that involve many th ousands of eters abstracted from these histories carry suf- 

runs more practicable by substituting simple ficient information, at least for the kind of 

approximations for the otherwise prohibitively broad model envisioned for the SSOM. There- 

expensive running of so many multi-degree- fore, the working elements of the model were 

of-freedom dynamics simulations, The model, made to be the mathematical estimates of the 

in its present experimental form, estimates principal dynamical response parameters in- 

performance for each of 852 situations. It can stead of the more familiar acceleration or 

automatically step through incremental varia- force time histories. These include such things 

tions in certain of the parameters that describe as peak values, pulse duration, time-to-cen- 

vehicle structures and restraints, going through troid, and selected ratios of them. These 

the 852 conditions each time, but it limits its values are estimated by least-squares methods 

assessments within the constraints the user rather than by the running of dynamics models. 

specifies for his assumed conceptual vehicle. It would be unnecessary in ordinary appli- 

The model is necessarily several steps removed cations, and far from desirable, to use this 

from reality and depends on many simplifying kind of approximation instead of a dynamics 

assumptions. Its value is in the opportunity it model. It is only when these models have to be 

provides for theoretical estimation of per- run thousands, not to say many tens of thou- 

formance in both the struck and striking car sands of times, that the motivation arises to 

in a great many simulated crashes, seek a less profligate methodology. By this 
method, fast and inexpensive computer simu- 
lation of thousands of crashes is possible, 

How would one try to estimate how a design with, however, an undoubted reduction in ac- 

that is conventionally evaluated by its crash curacy because of the compounding of simpli- 

barrier performance is likely to perform in a fying assumptions in what finally reduces to 

broader range of crashes? In actual traffic it is statistical approximations of the already sim- 

more likely to strike--and be struck by--other plified and often rebuked dynamics models. 

cars rather than barriers, and not only fron- Because such approximations are several steps 

tally but also in the side. And its design will removed from reality, results will always have 

bear on not only its own performance but to be viewed as suggestive rather than conclu- 

equally its effect on the other car. Ford Motor sive. Therefore, the technique, as embodied in 

Company started experimenting with a sys- the Safety Systems Optimization Model 

tems simulation computer model in its Phase I (SSOM), will still have to compete with other 

RS¥ contract with NHTSA. The model was design aids. 

oriented toward estimating the performance 
of a design idea over a wider range of condi- 

DYNAMICS MODELING AND 

tions than just the standard crash barrier test. 
ITS APPROXIMATIONS 

Ford was later requested by NHTSA to ex- The substituting of equations that serve as 

pand its experimental development of the approximations for dynamics models is easier 
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stated than done. There is no obvious theory 
for doing it so an empirical approach was She 
taken: (a) rather long polynomial equations 

et metay . ~Drive!ine 

were fitted by least-squares methods to (b) the 
Radiat°r~,~,~~L~.~ 

results of a large set of dynamics simulations 

~Fore.frame 
_a 

i~V’x t_ 

Body 
specially run for the purpose. These simula, 
tion results serve as calibration-like points of 
reference for the construction of the approxi- 
mating equations. Because the equations are 

Aft-frame 
least-squares fits, they generally will not 
reproduce the dynamics results accurately and - 
in some cases may be fairly off, even though 

Figure 1. Structural model. 
correlation coefficients were up to 0.95; the 
least-squares procedure produces the best fit, 
but only on the average. The remainder of this 
section outlines the steps in proceeding from 40 ~ ’ 
the dynamics models to their approximations. 

The Dynamics Models                       :~o 

Two classes of simulations are involved, 
that of the vehicle structure, and that of the ~ 20 
occupant with his associated restraints. 

Vehicle Structure 

The vehicle structure was formulated in 
terms of the Battelle structural models, as in 

80% 

Figure 1. The front end of the car is symbolized 
L by several masses and energy absorbing struc- 5 10 la 20 

tures. The structures are described by their CRUSH INCHES 
force-crush proper.ties. Typically, the force- 

1. Fore-frame force crush curves, as seen in Figure 2 for a fore’ 2. Aft-frame force 

frame, are characterized by their average force 3. Sheet metal force 
4. Total frontal crush 

level. Therefore, a generalized force-crush 5. Side force 
curve was postulated--but based on actual 
data, as in Figure 2--for each element. The 
force-crush curves were raised and lowered to Figure 2. Structural parameters. 

represent more or less "stiffness," the amount 
being indexed by the average force level. The 
force level parameter was set at selected levels Occupants and Restraints 

in successive runs, as were numerous other Simulation of the occupant and his restraints 
variables. It is not practical to include all pos, was based on the University of Michigan’s 
sible design elements nor all possible param- HSRI 2-D occupant model, and for side ira, 
eter levels in a large scale study. Only the four pacts (only near-side was simulated) the HSRI 
front-end design variables listed in figure 2 3-mass 3-D model. These are far from being 
were subject to variation. The side structure the most elegant models available but were 
force level was also varied, in a different series selected in consultation with NHTSA as the 
of runs using a modified Battelle formulation, best compromise with cost for the purpose of 
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the SSOMproject, the development and illus- much aided by some recently developed 

tration of a methodology. The res~ raints and methods of assessment3. Analytical aids will 

the interior surfaces are part of the occupant not, however, prevent nonsense combinations 

models. The main parameters selected for of parameter levels; engineering judgment is 

variation are these for 3-point belts and for still needed in mapping the parameter space 

airbags, as applicable: realistically. 

* Shoulder belt stiffness 
In the course of this project, some 1800 

* Lap belt stiffness 
dynamics simulations were run in order to 

- Airbag stiffness 
provide the data for fitting the approximating 

,, Airbag inflation time 
equations. Separate sets of simulations had to 

* Steering column collapse load 
be run, and new experiment designs devised, 

, Upper instrument pane! force level 
separately for the vehicle and for the occu- 

- Lower ir~strument panel force level 
pants and for each of the several response 

o Door bolster thickness variables (of which more wil! be said below) 

o Door bolster force level 
and for each environmental or traffic exposure 
condition to be simulated. 

Separate sets of runs were made for the 
driver and the passenger. All other parameters Range of Exposure 
were held fixed at nominal baseline conditions 
except that 5th, 50th and 95th percentile occu- A broad spectrum of crash conditions was 

pant sizes were simulated and the driver posi- covered by simulating crashes with selected 

tion relative to the steering wheel and other combinations of the variables shown in Fig- 

structures was adjusted accordingly, ure 3. That resulted in the simulating of 142 
cars of different weights in various side, fron- 

Design of Experiments tal and fixed object collisions at speeds rang- 

The next step on the way to deriving the ing from 20 to 50 mph. The crash effects were 

approximating functions, the equations that 
calculated for six types of occupants: separ- 

will ultimately replace the dynamics simula- 
ately for a driver and a front passenger, and 

tions, was to run a set of the dynamics simula- 
separately by assuming they are each of three 

tions at selected settings. It would just be im- 
different sizes. Thus, 142 vehicles multiplied 

practical, if not impossible, to do all the runs 
by the six occupant types produces 852 classes 

that would be needed if all combinations of 
of exposure. 

the variables listed above, at many levels, Dynamic Response Parameters 
were to be included. Therefore, some kind of 
highly planned selection of settings had to be The output of the vehicle simulations was a 

designed. The basic rubric for doing this is in set of time histories. Each time history was 

the field of applied statistics referred to as characterized by its"tippedequivalent square- 

"design of experiments." The design for the 
plan of simulation runs aimed to minimize the 

~oo~_~_~ o~_~__~_..-~ total number of runs required while still giving Car size 2000 # 50 ~ 
uniform coverage to the parameter space. The 

~_~~_ runs were selected so there would be minimum 
Crash mode 

dependency among the polynomial coefficients Car speed 20 30 40 50 
MPH 

later to be fitted to these data, which would Occupant size 
5 50 95 
Percentile 

result from an unbalanced selection of settings. - Driver 
The designing of such a plan, when only a 

Occupant position ¯ Passenger _ 

very small fraction of all combinations can be 
practicably run, is an art that is fortunately Figure 3. Exposure combinations. 
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wave" (TESW) values4. The TESW charac- For example, one such function might predict 
terization, seen in Figure 4, is that of a simpli- T(c)/T(m), the relative time to the pulse cen- 
fled wave having the same area as the recorded troid, when the 3000 pound case car, having 
deceleration trace and hence the same velocity some selected set of foreframe, aftframe and 
change, and it also produces the same amount sheetmetal stiffness values and crush length-- 
of displacement of the occupant compartment i.e., the various~ Xi--is going 30 mph and 
at time zero and at the time of maximum strikes the side of a 4000 pound car, etc. 
crush. The occupant response was found to be Similar equations will predict head g, for ex- 
virtually the same with either input. The most ample, with the Xi representing vehicle TESW 
important structural parameters, in this for- and other variables such as the occupant of 

......... mulation, are: the case car being of 5th percentile size and 
¯ T(m), time to maximum crush wearing 3-point belts of some 6500 lb/in stiff- 

~, T(c), time to pulse centroid ness, etc. Because the dynamics may be rather 
¯ T(c)/T(m) complex, the approximating functions often 

,, ~V ended up having many terms in them, 60 and 

The occupant simulations’ forcing func- even more. The SSOM program has 41 ap- 

.... tions were the simplified waves corresponding proximating equations built into it, for a 3000 

to selected sets of TESW values. The responses pound conventional vehicle in a wide variety 

were the head and chest deceleration time his- of possible crashes. A new set of approximat- 

tories. These were characterized by what is ing equations would have to be derived, by 
methods described in the final report, for any probably their most important parameter, the 

..... peak value. The peak belt load was also alternative concept. 

recorded for runs that assumed belt restraints. 
PERFORMANCE EVALUATION 

The Approximating Functions Selected values of the exposure modes in 
The approximating functions, the equations Figure 3 produced 852 crash conditions. The 

that will replace the dynamic simulations, are program will cycle through all 852, calculating 

least-squares polynomial regression equations occupant response (via the approximating 

which predict the vehicle response parameters functions) and then weighting them according 

or the occupants’, as the case may be, for to how often each of those 852 conditions is 

various settings of model’s parameters. Their projected to occur in traffic. The program 

form is as follows: currently has a mid-1980s projection of car 
sizes and crash speeds, but this can be changed 

Yj = a + bX1 + cX~2 + dXz + eX3 by the user. 
+ fX1X2 + gX1X3 + .,. etc. 

Optimization Trials 

A Vehicle deceleration              The program can be used simply for pre- 
40 ]/ 32,1 mph dicting overall performance of some concept 

= , ~ [l ~[/ across these 852 conditions of accident expo- 
~ 30 
,,,~ sure. The model also has an optimum-seeking 
,,, 2o provision, schematized in Figure 5, from 

10 which it derives its name. The program can 
subject a trial set of vehicle and restraint 

V20 40 60 80 100 parameters to the 852 crash conditions; it then 
TIME- msec systematically and automatically changes the 

parameter values and cycles once again 
Figure 4. Tipped equivalent square wave. through all 852 crash conditions, continuing 
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bers that they cannot support the engine or 

simulation ~[               suspension, or it might produce geometric 
® Structure ~’~t System conflict, or it could violate other standards. 
¯ Occupant I I performance The SSOM as a design aid is no different from 
¯ Restraintsj / other techniques used by a designer to assist 

T him; he must still be alert to conflicts. The 

~~ 

user can insert some of these limitations into 
" the program as formal constraints, but some 
~.. ~-- may not be evident until he begins to examine 
L_ what is happening. 

Figure 5. System simulation model. Constrained Searches 

The engineering design process is largely 

this process over and over. The optimal set of 
doing the best one can within the constraints 
inherent in the concept. Some of the motiva- 

settings for either front or side structure, or 
both together, and for restraints and interior 

tion to proceed in the development of the 
SSOM came from the awareness that the con- 

surfaces, is reached when the sum of the re- 
sponses in both frontal and side impacts and 

tinuing call for more frontal protection at 

in both struck and striking cars--rather than 
higher speed was often made without refer- 

each separately--is minimized (in the mathe- 
ence to the kind of product transformation 

matical sense implied by Figure 5). 
needed to make it happen. The required pro- 
duct change could increase the aggressivity. 

If the concept of the ordinary car is not to 
Baseline Assumptions be violated--e.g., if the vehicle must weigh 

The design ideas must start in the mind of 3000 pounds, and carry 5 occupants, and have 

the designer. All that computer and optimiza- a full list of accepted and desirable features, 
tion rnodeling can do is to test the conse- and furthermore not be allowed to cost the 

quences and implications of his design ideas, buyer more than some targeted amount--the ....... 

In the SSOM, the program searches among task becomes that of exploring the design 

the parameters of the designer’s concept for within the set of constraints that delimit the 

the combination of values which results in the vehicle concept. Performance may be limited 

best estimated performance of that concept, tess by the design than by the concept and 

Optimization is the process of refining some- sometimes little if anything more may be 

thing which is already conceptualized, achievable with a given concept. 

The computer program, as it is presently 
written and as was delivered to NHTSA, is 

Constraints on Weight Increases 

formulated around a conventional image, In the SSOM, parameter search is con- 

postulated as a Pinto-like derivative of four- strained by imposed limits on weight and the 

door dimensions and weighing exactly 3000 cost of materials substitution. Any increase in 

pounds, weight brought about as parameters are varied 

A fairly detailed specification of the base- causes the program to assess the cost of a 

line vehicle must be made in order to prevent compensatory weight reduction that might 

the automatic optimization process from per- have to be achieved (whether it is achievable 

ambulating into regions of parameter space in practice or not) in non-structural areas ........ 

which violate the basic concept of the vehicle, through materials substitution, e.g., by ex ...... 

For example, if the optimization process were changing some steel with a lighter material 

left totally free, it could aim toward so much like aluminum, but at an additional cost. The 

lengthening and softening of structural mem- additional cost--and hence allowable weight 
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change--is constrained to the value set by the Two separate example solutions were ob- 

SSOM user in his definition of the vehicle tained: one solution for 3-point belts assumo 
concept, ing 70% usage; and the other solution for air- 

This feature of the SSOM allows the user to bags with 100% lap belt use and 70% 3-point 
explore changes that may result for an assumed use in the "other" cars. Different results 
allowable weight or cost change. In order to might be obtained with other assumptions and 
do this job well, the model must have accurate constraints. 
weight/cost relationships in it. Unfortunately, The SSOM converged the solution in this 
that is itself a matter of significant research, example, as shown in Table !, toward a some- 
The SSOM, in its current form, has a gross what longer and wider vehicle than the as- 

and now ootdated estimate of such a func- sumed baseline car. The structure turned out 
...... tion, simplified for display here, in Figure 6. to be softer than the baseline design near the 

The figure shows how a 5-inch lengthening front, but stiffer near the occupant compart- 
together with a 20"/0 increase in stiffness was ment. That kind of progressive collapse struc- 
considered to relate to weight and cost in- ture apparently reduces vehicle aggressiveness 
crease. Its accuracy may be questionable for in the simulated car-to-car collisions in the 
detailed purposes, but something could be model while added length and a stiffer frame 

learned by doing successive optimization runs behind the front wheels would compensate 

as trial alterations are made in the two curves, for the reduced energy absorbing capacity of a 
relatively soft foreframeo Solutions for the 

Example of an Evaluation Run Vehicle structure trended similarly for both 

....... A pilot run-through of the model was made 3-point and airbag restraint, the. differences 
.... for a 3000 pound conventional concept using being mainly caused by the airbag’ using up a 

arbitrarily chosen cost and materials substitu- much larger portion of the allowable weight 
tion constraints. To illustrate its operation, a and cost margin, weight and cost which thus 
$300 customer limit for substituting light were not available to be put into structure. 
weight materials to compensate for structural The side structure was only slightly stiffer 
"upgrading" up to 180 pounds was selected, than that of the base vehicle. 

120% [ -- 

100 
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~< z     60 

Relative                                I 
20             ~          force level 
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LENGTH INCREASE COST 
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Figure 6. Relation of length, weight, and cost. 
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Table 1. Results of optimization example. 

Airbag/lap belt                    3.Point 
Parameter ~ -- 

~eline Optimum Baseline Optimum 

Vehicle structure: 

Foreframe force level, kip* L00 13.60 17.00 13.81 

Aftframe force level, kip 3.00 26.92 23.00 33.28 

Sheetmetat force level, kip _~.50 3.67 2.50 7.05 

Totat available crush, in 0 4.38 0 9.28 

Side structure force level, kip i.00 26.78 25.00 30.43 

Driver restraint: 

Belt stiffness, Ibift 1500 4466 6500 6938 

Airbag stiffness, Ib/in 250 309 .... 

Airbag inflation time, msec 40 40 .... 

Steering column collapse load, Ib .... 
2250 !394 

Upper inst. panel force level, Ib .... 
2250 621 

Lower inst. panel force level, lb .~250 3274 2250 808 

Passenger restraint: 

Belt stiffness, Ib/ft ~500 4466 6500 6938 

Airbag stiffness, Ib/in 250 324 .... 

Airbag inflation time, msec 60 60 .... 

Upper inst. panel force level, lb .... 
900 250 

Lower inst. panel force level, Ib 1350 1554 1350 155! 

Side bolster: 

Bolster force level, Ib 4250 7703 4250 1606 

Bolster thickness, in 0 2.84 0 3.81 

Summary: 

Total weight change, Ib ** 83 ** 172 

Materials substitutions, $ 
** 298.76 ** 255 

Function evaluations, No. 1 89 1 144 

Computer run cost, $ ** 75 ** 147 

*kip = 1000 pounds 

**Not applicable 

Restraint stiffness did not turn out to be ing car and making changes in the side of the 

much different from the baseline vehicle’s. In- struck car. 

strument panel force levels changed but this 
variable did not seem to have a large effect on DISCUSSION 
the overall performance. The solution also in- 
dicated some padding for the doors, accom- The solutions the SSOM will produce are 

panied by some added vehicle width because not optimum in the sense that an absolutely 

of the need to maintain shoulder room with best vehicle design concept will be found. 

the padded doors. Theoretically, vehicle crash performance 

Because the structural changes were not so could be almost indefinitely increased by add- 

great, it is not likely that FMVSS 208 frontal ing still more length and width to the car. 

barrier performance will change so very much Until some unforeseen new technology is 

either; more of the change that did occur established, improved crash performance will 

seemed to be in the offset frontals and the side add weight to the vehicle if current levels of 

impacts, both because of softening the strik- utility, performance and durability are main- 
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tained. Observation of the model in operation The SSOM could be expanded beyond its 
verifies that as crash performance is improved, present scope by including more types of colli- 
each additional increment of improvement in- sions and by extending its aim. It could further 
volves weight and materials changes more ex- include: 
pensive than the one before it. The dominant 
reason underlying this seems to be a familiar 

* the simultaneous optimization of all vehicle 

consideration: collision energy increases with weight classes, 
¯ collisions with trucks, the square of the collision speed, but collisions 

at high speed are relatively less frequent. Opti- 
* pedestrian impacts. 

mization calculations will tend to proceed to The SSOM can be a fast and inexpensive 
the point where vehicle weight imposes a prac- way of assessing certain kinds of design ideas, 
tical limit on crashperformanceimprovement, once the proper inputs have been provided 

The parameters used in the SSOM are basi- and to the extent that its many simplifying 
cally force-deflections. These are not primary assumptions are acceptable. The bottom of 
design variables, but rather are responses, for Table 1 shows that the computer cost for run- 
which one must test after the design has been ning the example, despite a great number of 
made and something constructed. To predict iterations, was really quite small. However, 
force-deflection in practical structures from the SSOM cannot itself design a car. 
their design, or vice versa, is itself a matter for 
research or at least empirical determination. 
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Market-Related Passenger Car Design to Improve Collision Protection 
for "Own" Vehicle and "Other" Vehicle 

REINHARD WAGNER cars, with frontal collisions occurring rela- 
Audi NSU Autounion AG tively frequently and accounting for a signif- 

icant number of such accidents. 

ABSTRACT The paper describes a method of evaluating 
the compatibility characteristics of a passen, 

A large proportion of road accidents today ger car in frontal collisions in a particular 
involves collisions between two passenger market. 
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The method is based on an exact market The method described in this paper makes 

analysis covering Lhe mass deflection charac- it possible to evaluate and optimize the "mu- 

teristic of fron~ structure and cumulative fre- tual" protection characteristics, or the com- 

quency of other cars on the market with which patibility of a vehicle in a frontal collision, 

a collision may occur, with specific reference to the accident situa- 

Working with a collision model and an acci- tion in a particular market. 

dent analysis, frontal collisions are simulated 
by computation and evaluated for every pos- MARKET AND ACCIDENT ANALYSIS 

sine "other" car. 
The results enable conclusions to be drawn 

An exact market and accident analysis of 

concerning the degree of °’aggressiveness" in 
the possible vehicles with which a collision 

a frontal collision of any particular car on the 
may occur is essential for any method of 
ascertaining and improving the collision com- 

roads in a particular market area. 
The data obtained are used ~o show which 

patibility of a vehicle. This analysis covers the 

determining factors musi be given considera- 
following individual points: 

tion when designing for optimum front struc- 
o cumulative frequency of vehicle masses 

rare deflection characteristics, 
o cumulative frequency of front structure 

deflection characteristics 

INTRODUCTION ® cumulative frequency of closing velocities 
in frontal collisions resulting in personal 

Frontal collisions between two passenger 
cars still represent one of the most common 

injury. 

kinds of accidents occurring on the roads Working with a collision model described 

today. ]-his fact is reflected by the nature of below the dynamic crush in a 30 mph fixed 

numerous legislative requirements. However, barrier crash was taken as the criterion for the 

the parameters which influence the course of deflection characteristic of the front structure. 

the accident {for example mass, deflection 
characteristic of front structure, closing veloc- 
ity, etc.) are so many and various that it :~s not 
sufficient merely to design a vehicle for the 30 
mph frontal crash required by law. ~ _ 

Instead, the restraint system and the deflec- 
tion characteristic of the front s~ructure 
should be designed in relation to the market, 
in such a way ~hat the cumulative frequency 
~f the mass and front structure deflection__~ 
characteristics of other cars on the market 
with which a collision may occur are already 

taken into account. 
Thus, in order to maximize the overall 

economic benefit, consideration should be 
g~ven (particularly when developing heavie~ 
vehicles} to collision protection not only for 
one’s "own" vehicle, but also for the "other" 400 800 1200 16o0 800 

vehicle i~volved in an accident. 
~ASS -~/k¢ ---~ 

With the example of the Audi 100~ and the 

new Audi 80~ it has been demonstrated that Figure 1. Cumulative frequency of the different 
car types in Germany versus the car 

these two requirements are not mutually exo 
c lusive, 

masses (1977). 
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99                                    The cumulative frequencies referred to are 

l 
It 

valid for the West German market and shown 
~ 

in Figures 1 to 33’4. 

Figure 4 shows the dynamic crush in a 30 95 
mph crash as a function of the vehicle masses. 

90 

~ 80                                                            . 

~ 70 ....... oo 

~ 60 ........ o 

lO 
oo 

o 

400 500 600 700 800 

......... DYNAMIC CRUSH sB (ram) 500 1000 150 1800 

MASS (kg) 

Figure 2. Cumulative frequency of the different 
car types in Germany versus dynamic Figure 4. Dynamic crush SB at a 30 mph/crash as 
crush at :30 mph. a function of the car masses. 
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Figure3. Closing velocity in car-to-car frontal collisions with injured occupants~. 
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The linear regression line was determined after tion can be derived for any point in time dur- 

weighting the individual points with their cot- ing an impact: 

responding share of the market. The correla- 
tion which can be deduced between mass and E 

( S dynamic crush is only limited; the coefficient E ~ax _    ~_ 
(1) 

of correlation is only about 5°70. For the sub- 
sequent computation of effective compatibil- For the 10 different vehicle types examined 

ity values the regression line was therefore the exponent n was between 1.5 and 2.0, the 

only used in those cases where the dynamic mean value being 1.76, Figure 5. The model is 

crush was unknown, which was about 16°70 of 
suitable for investigating frontal vehicle-to- 

all cases, barrier collisions as well as vehicle-to-vehicle 
collisions. The influence of vehicle width ac- 

COLLISION MODEL 
cording to Reference 5 was also examined, but 

this had such a small effect on the results that 
The method for achieving maximum com- it was disregarded. 

patibility is based, among other things, on a 
collision model whose validity was verified on DETERMINING MUTUAL 
the basis of numerous car-to-barrier and car- PROTECTION FACTORS 
to-car crash tests4. The model substitutes a 
spring-mass system for the vehicle; up to the Two limit values as in Reference 6 were 

point of maximum crush the front structure is taken as a basis for determining the mutual 

represented by a non-linear spring whose compatibility characteristics of a vehicle: 

characteristic is matched to the actual charac- * the maximum velocity change &Vlimit, for 

teristic of the front structure by means of an which the restraint system is designed for 

energy comparison, usual crash decelerations am to give compli- 

Using this model the following relationship ance with FMVSS 208 injury criteria 

between kinetic energy absorbed and deflec- * the maximum car-to-barrier velocity VBlimit 

at which vehicle deformation does not 
represent any danger to the occupants. 

Nearly all West German vehicles are de- 
~.o o signed for the 30 mph fixed barrier crash ac- 

Im~ 

E ( s ) cording to ECE standard R 12, so 30 mph was 

~ o~8 
E ma----~ = ~ 

"~ taken as a safe limit for these velocities. 
~ The effective compatibility for mutual pro- 

0.6 tection can be defined as follows: 

According to the probability analysis, the 
/ 

0.4.                  /               vehicle to be investigated will become involved 
in a certain number (10007o) of frontal colli- 

o.2 / sions with passenger cars of certain types (cor- 
responding to the cumulative frequency of 

0 these vehicle types). The effective protection 

0 0.2 0.4 0.6 0.8 ~.0 of the "own" vehicle Ws is the proportion of 
s 

s these collisions where the limit values VBlimit, 

S max Z~Vlimit are not exceeded in the vehicle being 
examined. This is because it can be stated with 

Figure 5. Conversion of kinetic energy for dif- certainty that for this proportion the injury 

ferent types of vehicles in the fixed criteria will be met and the deformation of the 

barrier crash, passenger compartment will not be excessive. 
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The proportion of these collisions where and the ratio of energies absorbed by the two 
the same limit values are not exceeded in the vehicles 
"other" vehicle is defined as the effective 
protection for the "other" vehicle Wp. n 1 

The overall effective collision protection, 

~. = {SB2~n-1 (ml/n-! which is significant in terms of the national \s--~J \/~22 (4) 

economy, is then derived from the arithmetic 

mean of the effective protection values for the 
can be calculated. "own" and "other" vehicles as: 

To calculate the effective protection for the 

"own" vehicle a series of computations is 
1 

Wo = ~ (Ws + Wp) (2) carried out for a frontal collision according to 

the collision model between vehicle 1 and all 
possible "other" vehicles (Index 2). The max- 

The effective protection values depend on imum acceptable closing velocity vc is deter- 
the individual market and can vary according 

mined so that neither vB limit nor Z~Vlimit are 
to vehicle registration statistics and changes in 

exceeded in vehicle 1: 
the relevant parameters of mass and front 

structure deflection characteristics. 

In order to calculate the effective protec- 

(~) 
tion values the following figures must be 

Vci = ~Vlimitl 1 + (5) 

known, both for the vehicle being examined 

j(l+ )(1) 

(Index 1) and for all possible other vehicles 
v = VBlimit1 1 + ~ (6) with which an accident may occur (Index 2):          ca 

m mass of vehicle vc = Min (Vci ¯ Vca) (7) 
(when determining the collision 
protection values it is im- The proportion of accidents in which this 
material whether the vehicle is closing velocity is not exceeded can be seen 
assumed to be empty or oc- from Figure 3: 
cupied by the average 1.7 per- 

s°ns7) kvc = f(vc) (8) 

SB Dynamic crush in 30 mph crash The proportion Wsi of frontal collisions in- 
volving vehicle 1 and a particular vehicle 2 in 

VBlimit maximum acceptable barrier which the limit values for vehicle 1 are not ex- 
collision velocity (assumed to be ceeded can then be calculated by multiplying 
30 mph) with the appropriate share of the market ki 

AVlimit maximum acceptable velocity Wsi = ki ¯ kvc~ (9) 
change (assumed at 30 mph) 

The effective collision protection for the 
k share of market according to "own" vehicle Ws is obtained by calculating 

registration statistics (only re- frontal collisions between vehicle 1 and all 
quired for "other" vehicles) possible other vehicles and adding together all 

individual j components 
From this data the mass ratio 

J 

m2 
(3) WS = ~ Wsi = ~ (ki°kvoi) (10) 

/~- m1 i=~ 
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The calculation for the effective protection barrier speed VBlimit nor the velocity change 

of the "other" vehicle is analogous, with the Z~Vlimit should exceed 30 mph. An effective 

difference that the limit values vgtimit, Z~Vlimit "own" vehicle protection value of 0.8 means, 

in the "other" vehicle must not be exceeded, for example, that neither of these limit values 

For this purpose the reciprocals of ~ and ~" would be exceeded in vehicle 1 in 80% of all 

must be substituted in the equations (1) and (2). frontal collisions likely to occur. 
The effective protection values only hold 

exactly true for the central 90° impact. Frontal 
OPTIMUM DEFLECTION collisions involving an offset and/or oblique 
CHARACTERISTICS OF components are in general less critical, so the 
FRONT STRUCTURE calculated effective protection values may be 

Taking t he example of a vehicle with a mass regarded as a lower limit in relation to the 

of 930 kg, the effective occupant protection actual accident situation. In real terms, there- 

values Ws, Wp, and WG are plotted in Figure 6 fore, the figures should not be taken as abso- 

as a function of the dynamic crush in a 30 mph lutes, but only used for comparison. This has 

crash. This reveals that the curve for overall no influence on the method suggested here for 

effective protection WG peaks at a certain achieving optimum collision protection. 

point. It is therefore possible to determine an It would be possible to increase the accuracy 

optimum front structure deflection character- of the method if the exponent n for the ap- 

istic for a vehicle with a specified mass. proximative force/deflection curve in equa- 

This value can vary due to changes in acci- tion (1) were known for every vehicle. It 

dent and registration statistics and the intro- would then not be necessary to take a mean 

duction of new vehicle types, value, and n could be introduced into the cal- 
As already stated, when the effective pro- culation as an additional parameter speci fic to 

tection values were calculated, it was specified the vehicle. 

that, for all vehicles, neither the equivalent By varying the parameters it is possible to 
determine an optimum relationship of AVlimit/ 

vBlimit for a particular vehicle. This can be 
used to decide whether priority should be 

I Effective protection for given to improving the restraint system or the 

¯ "other" vehicle Wp 

~ 
vehicle structure for a frontal collision. 

9.z 
._i Figure 7 shows how the method of calcula- 

U, tion can effectively be taken into account in 

~ ~ the course of new vehicle development. 

SUMMARY 

5 u_ 
Effective protection Working from a market analysis and the 

~ of °’own" vehicle ws registration statistics for West Germany the 
~ cumulative frequencies of vehicle masses and 

400 500 600 700 maximum front structure deformation values 

DYNAMIC CRUSH sB (mm) ~ 
are calculated for a 30 mph frontal collision. 
A simple collision model is set up taking into 
account the main parameters specific to the 

Figure 6. Effective "own" vehicle, "other" vehi- vehicle: the mass and the deflection character- 
cte protection and overall protection 
as a function of dynamic crush sB in a 

istic of the front structure. 

30 mph fixed barrier crash, taking as This model is used to simulate a frontal col- 

an example a car with a mass of lision between a particular vehicle and all 

930 kg. other vehicles with which a collision is pos- 
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~ 
Sled test results with 

~ 

restraint systems: 

~. v limit ’ am 

\ / 
Accident statistics: Vehicle mass 
Closing velocities 

Computation 

method 

Market-related Optimum front 

test conditions structure deflection Optimum relationship: 
Vehicle zo barrier characteristic: b~ v limit ’ vB limit 
crash test sB in 30 mph 

, EB = 0 barrier crash 

EB’mB~ 

I - 
m, v Design of front 

~ struct.ure and ~ 

EB = 0 // 

/ 

Evaluation! effective "own"        ~ 

and "other"            ~ 
vehicle protection      ~ 

Figure 7. Proposed design procedure for front structure deflection characteristic and restraint sys- 
tem during vehicle development phase. 
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sible, taking into account the closing velocity 3. Langwieder, K.: Passenger Injuries in Col- 

according to the accident statistics and the lisions and Their Relation toGeneralSpeed 

accident frequency according to the registra- Scale. Proc. of the 17th Stapp Car Crash 

tion statistics. The results enable a vehicle to Conference, November 1973, Oklahoma. 

be evaluated in terms of compatibility, i.e., 4. Wagner, R.: Compatibility in Frontal Col- 
collision protection for "own" vehicle and lisions. Proc. of the 17thFISITA-Congress, 
"other" vehicle. June 1978, Budapest. 

5. Danckert, H.: Development of Crash 

1. Fischer, J.: Analyse der passiven Sicherheit; Energy Management Solutions. SAE Auto- 

Frontalcrash zwischen zwei extrem unter- mobile Engineering Meeting, Dearborn, 

schiedtich gro/~en Wagen (Passive Safety Michigan, 18-22 October 1976. 

Analysis; Frontal Crash Between Two 6. VW Research Report No. F1-76/14: Insas- 
Cars with Extreme Difference in Size). senschutz durch Kompatibilitat; Oberpru- 
Automobi~ Revue Bern (1978) 4. fung eines Konzeptes (Occupant Protec- 

2. Wagner, R.: Rechnerische Optimierung tion by Means of Compatibility; Investiga- 
der Selbst- und Partnerschutzeigen- tion of a Concept). 
schaften beim neuen Audi 80 (Computa- 
tion Method for Optimizing "Own" Ve- 7. HUK-Verband, Buro fur Kfz-Technik: 

hicle and "Other" Vehicle Collision Pro- Fakten zu Unfallgeschehen und Fahrzeug- 

tection on the New Audi 80) ATZ 80 (1978) sicherheit (Accident Figures and Vehicle 

10. Safety) Munich 1977. 

Development and Performance of Passive Restraint Systems 

WOLFGANG ROSENAU passenger cars in a phase-in schedule, as 

RODIGER WEISSNER follows: 
Research and Development Passenger cars with a wheelbase = 114 
Volkswagenwerk AG inches (2.9 m) September 1,1981; passen- 

ger cars with a wheelbase = 100 inches 

INTRODUCTION (2.54 m) September 1, 1982 and finally by 

In 1969 the National Highway Traffic September 1, 1983, all passengercarsare 

Safety Administration (NHTSA) announced required to have passive restraints. 

proposed rulemaking requiring all passenger Testing has shown that a large number of 
cars be equipped with a passive restraint sys- proposed passive systems do not completely 
tem. The proposed legislation did not specify fulfill the requirements of FMVSS 208. Spe- 
the type of passive restraint system required to cifically, the air bag system can, due to our 
comply since the NHTSA is required by the understanding only give sufficient protection 
Safety Act to specify only performance stand- when used in conjunction with an active lap 
ards for compliance. Frequently, however, belt, but there exists a passive belt system, 
the NHTSA officials stated that the so-called which complies with all specifications. 
air bag was the only solution for compliance. 
As a result of some 9 years of discussion, Fed- SYSTEM DESCRIPTION 

eral Motor Vehicle Safety Standard (FMVSS) VW RESTRAINT AUTOMATIC 

208 was promulgated, requiring passive Figure 1 shows the four main components 

restraint systems to be installed in all new of the VWRA System composed of the torso 
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0° Frontal Crash Against a Fixed Barrier 
Emergency Emergency 

,~door latch          Figure 2 shows results of the 0° frontal bar- 
rier crash tests performed in accordance with 
FMV SS 208. The impact speeds were between 
48.8 and 50.3 km/h (30.3 and 31.3 mph). As 

~\Knee bar 
indicated from the results, the requirements in 
respect to dummy criteria were fulfilled. 

The HIC is currently under discussion as to 
whether the value of 1000 represents a devel- 
opment goal or whether the level should be 

retractor raised to 1500 to represent more realistic 
threshold conditions. At the last IRCOBI 
meeting (’78), European experts again pro- 

Figure 1. VWRA passive restraint system, 
posed a HIC level of 1500. This higher value, 
they feel, represents more realistically the 

belt with dual sensitive automatic locking events during real world accidents. 
retractor, knee bolster, seat, and seat belt Figure 3 shows the results for the three 
anchorage connected to the seat frame, point belt system during frontal crash tests 

against the SAE J 850 barrier. The impact 

RESULTS OF ACCIDENT SIMULATION speeds were in the range of 49 to 50.6 kmih 

TESTS AT THE VW LABORATORIES (30.4 to 31.4 mph). As can be seen, the HIC 
value from the three point belt system is sig- 

The VWRA system was thoroughly tested nificantly higher than the results obtained 
before its introduction in 1975. Listed below with the VWRA. 
are subsequent test results obtained since pre- The reason for the higher HIC value can be 
vious reports, explained by comparing the kinematics of the 

Head injury Res. chest Femur force 
criter~o~ acceleration F (N) 
HIC (-) ares (t > 3 ms) 

Max. HIC < 1000 Max. acceleration < 60 g Max, force < 10,02! N 

50 

766 
~ Max, force < 7650 N 

4793      4860                    4720      4207 

Driver Front Driver Front 

passenger passenger Driver I Front passenger 

Figure 2. VWRA/test results for 0° frontal barrier crash test (FMVSS 208). 
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Res. chest acceleration                          Femur force 
Head njury 

cr~.erlon H!C (-}                   ares (t < 3 ms) (’q)                                F (N) 

408 

Max. H~C <1000        Max. acceleration <60g                   Max. force <10,021 N ~ 

835 
~ 46 Max. force <7650 N 

"-’]     3e 

3480 

Driver Front Driver Front Left I Right Left Right 

! passenger 1 passenger 
Driver Front passenger 

Figure 3. Three-point beWtest results for 0° frontal barrier crash test (FMVSS 208). 

dummy. Figure 4 shows the head rotation of 
the part 572 dummies during frontal collision. ~ VW-RA 

~VW-RA with lap belt 

The dummies restrained by the three point 
belt had a greater tendency to rotate down- 16t 14.~32 

14~ 
wards due to the restraining forces of the lap -~ 12 ] 
bell This effect was further demonstrated by 93 10- 
frontal impac~ tests where an additional lap -/ 8~ 

belt was installed in the VWRA. The higher ~ ~ 8 

HIC of the VWRA system with the lap belt =~ o ~: 6 420 46 46 

can be clearly seen in Figure 5. ~ ~ 
x x 21 

Head Head Chest Chest 

HIC ares Sl ares 

Figure 5. Influence on the dummy loads for the 
VWRA with installation of an addi- 
tional lap belt. 

Frontal ~mpacts Against the 30° Barrier 

Three-point-bert system VW RA-passive-belt system Figure 6 shows the results of the perform- 

ance of both systems during frontal impacts 

Figure 4. Occupant kinematics in frontal colti- against a 30° barrier. As can be seen from Fig- 

sions for various restraints, ure 6, the resulting HIC, resultant accelera- 
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~ VW-RA [~ Three-point-belt system 

Head injury Res. chest acceleration Femur force 

criterion HIC (-) ares (t > 3 ms) (g) F (N) 

Max. HIC < 1000 Max. acceleration < 60 g Max. force < 10,021 N 

Max. force < 7650 N 

590                                     35.5 
32                                5325 

479                         ~ 

404                          3700 

3150                   3225 

1800 

Driver Front Driver Front Left Right Left Right 

passenger Passenger 
Driver Front passenger 

Figure 6. VWRA and three-point belt system/results for 30° frontal barrier crash tests. 

tion of the chest (ares), and force (F) at the * driver with passive belt, rear passenger with 
femurs are not very different for both systems a lap belt. 
and well below the requirements of FMVSS The type of restraint system, in respect to 
208. The kinematics of the dummy were sim- dummy data, does not result in a significant 
ilar for both restraint systems, difference under the FMVSS 208 test proce- 

dure (see fig. 7). 
Influence of Lateral Collisions 

Lateral impact tests were performed using ~ Without restraints 

the procedure defined in FMVSS 208 with the ~_~ Front: three-point-belt 

Rear: lap belt 
dummy positioned at the impacted side. In ~ Front: VW-RA 
addition, lateral impact tests were performed Rear: lap belt 

14’ 
in accordance with the ECE barrier hitting the ~ 12: 

tested vehicle at the opposite side of the 
dummy location. 

FMvSSLateral Collisions208 in Accordance With 
X x 2~:: , i::! i ::il :~ :~ : 

During the FMVSS 208 lateral collision test-          0 :: :: :: :: 
ing, three different restraint concepts were r~l~re~s,I SI 

compared: Head ~ C:neStDriver 
Front passenger 

¯ driver and rear seat passenger without 
restraint system, ~:igure 7. Test results for different restraint con- 

¯ driver restrained with the three point belt, cepts in the case of Intern collisions, 
rear seat passenger with a lap belt, and 
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Lateral Tests With the ECE Barrier 

The ECE barrier, in this test series, im- 
pacted the vehicle at the opposite side of the 
dummy location at 20 mph. Figure 8 demon- (i) 
strates the kinematics of the dummies, using 
both systems, are very similar. The reason was (90 

that the belt retractor of the VWRA, mounted \\ 
at the seat, restrains the pelvis in much the \ @ O 

same manner as the three point belt system. ’~// 

From these tests i~ is clear that the VWRA - 

Passive Belt System provides very good pro- 
tection without the use of an additional lap 
belt. 

Results of Accident Investigation -4i121-O -O 

The high level of protection offered by the 
VWRA is also shown in accident studies con- (iIN-~- -O<)-O 

ducted in the United States. The summary of 
90 accidents is as follows. An update will be \. 

presented when more than 150 accidents are 
investigated. 

Figure 9 shows the distribution of accidents O 

involving Rabbits equipped with the VWRA 
[] Front passenger 

and the estimated AIS. The four main impact [] O vw FIN, with disconnected torso-belt 

.... Figure 9. Accident distribution for VWRA equip- 

.... Three-point-belt ped cars. 
VW-RA 

directions and relative frequency of occur- 

rence were as follows: 

Impact directions % Frequency 

Frontal 59.2 

Latera! 18.5 

Rear 11.1 

----~___ Rollover 11.2 

The slight difference in these statistics and 
the national accident statistics lies in the fact 
that 

-,,- o not all VWRA Rabbit accidents were inves- 

~mpact direction tigated, and 
o the sample over-represents accidents with 

Figure 8. Occupant kinematics in ateral colli- 
injuries. 

sions for VWRA and three-point-belt Figure 10 shows the point of impact of 

systems these accidents against the vehicle interior. 
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to an AIS level of approx. 2 with a maximum 

of 3. 

Possibilities to Improve the RA 

The basic requirements that must be ful- 
filled by a restraint system are: 

¯ The system must become effective immedi- 

ately after the beginning of the crash in 
order to provide an optimal ride-down 
within the available forward displacement. 

] Contact o The system must provide occupant acceler- 
....... ¯ Driver 

~             without 

li! Injury 

~ Front passenger injury 
severity (mS) ations as low as possible within the given 

forward displacement limits. 
¯ The restraining forces must be introduced Figure 10. Passenger collect areas for VWRA 

equipped accident vehicles, into the occupant corresponding to bio- 
mechanical requirements. 

Contact with the knee bolster is an expected * The system should be as comfortable as 
function of the system. The low frequency of possible during the time period in which it is 
severe knee and femur injuries are in accord- not necessary for it to be effective. 
ance with the high protection value of such a The effectiveness of belt force limitation 
knee restraint. Estimated seat belt usage rate and preloading is demonstrated below: 
in this study was 94.7%. The three belt system D, C and B were 

Figure 11 shows the AIS level as a function tested under special conditions: 
of equivalent barrier impact speed for frontal ¯ Belt System B: Combination of a torso-belt 
impacts only. Although the AIS value had a 

and knee bolster. The system is equipped 
significant variation especially at higher im- 

with a preloading device and a belt force 
....... pact speeds, the average AIS value at 30 mph 

limiter (fig. 12). 
..... equivalent barrier speed (EBS) is approxi- 

* Belt System C: Combination of atorso-bett 
mately in AIS 1.8. This would mean that the 

and a knee-bolster. The system is equipped 
dummy data measured at 30 mph impact 

with a force limiter. 
against the 0° fixed barrier could be set equal ¯ Belt System D: Combination of a torso-belt 

and a knee-bolster. 

6 ~ Impact speed: vo = 50 km/h 

~ Sled deceleration: as = 25 g 
© 

~                               o~ 3 Relay bracket 

0 1000 2000 3000 4000 4 Preloading D-ring 

Repair costs ($) 5 Belt force limiter 
o VW-RA 

RESTRAINT SYSTEM 
and retractor 

¯ VW-RA, with disconnected torso-belt Front 6 Pretoader 

e Disconnected three-point-belt 1 Shoulder belt 7 Anchorage point 

2 Kneebar 8 Dashboard 

Figure 11. Relationship between injury severity 
and vehicle repair costs. Figure 12. Torso-belt with knee-bolster. 
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Fi gure 13 shows the graph of the chest aco oped and their effectiveness was demonstrated 

ceterafion of the dummy plotted against time for differing belt systems as for example: 

derived from tests with each of the belt sys- ® three-point-belt system, 

terns D0 C and B. The effects of belt force ~ torso belt-knee bolster system and 
limitation and preloading on the system effec- ® torso belt-knee belt system. 
tiveness can be seen in stages: One significant result was, that even pre- 

!oading without special force limiting devices 
- Belt force limitation tsystem C)reduces the leads to a significant reduction of loadings 

chest acceleration in comparison with the and forward displacements of the dummy. 
initial system D. The influence of preloading on the efficiency 

~ Preloading (system B) causes chest acceler- of the torso belt-knee bolster system, which is 

ation to start more rapidly in comparison the YW-Restraint-Automatic, will be demon- 

with systems C and D, i.eo, the restraint of strated: 

the occupant with reference to the beginning The system (fig. 14) was tested without and 

of the sled deceleration, with an additional preloader. 

Figure 15 shows the preloader which was 

The principles of belt force limitation arid used. The preloader was triggered in the mo- 

preloading were systematically further devet- ment of crash begin in all tests in which it was 

Sled 
~_ ~_ ..... , .,0,75 ;15 ~                                                  I Torsobelt 

0 O 0 3 Retractor 

O 40 80 120 160 200 4 Relay bracket 
t (ms) 

5 Emergency buckle 

Chest-acceleration 6 Anchorage point 

Belt system D ~,~ 7 Dashboard 

8 Preloading D-ring 

9 Preloader 

0 40 80 120 !60 200 
t ~ ms) 

Figure 14, Torso be~t-knee bo~ster system with 
Chest-acce~erat~oa 

::; ; ; _-C _~- Belt system C preloader. 

~’ 

0 40 80 t20 160 200 
t (ms) 

Chest-acceleration 

~ 40L~ ,- ..... ~_;Res, ...... ~ t ........ 8e~tsvstem£ 

o 

O    40    80 120 160 200 

Figure 13. Graphs of chest acceleration from 
sled test with various belt systems; 
frontal crash. Figure 15. Preloader. 
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used. The initial preloading force measured in 
the upper anchorage point, was kept below 
1500 N. 

The frontal crash of a vehicle against a fixed 50 40 20: o(ms) t 

barrier was simulated in all tests. The deceler- 
ation of the sled was quasi-constant as a func- ]                     7~ 
tion of distance and time. The mean decelera- 80 

tion was approximately 20 g for all tests. The Without preloader "90 

test dummy was a 50th percentile adult male 
of the type "Hybrid II" in the front passenger 
position. 

The impact speed was 50 km/h, whereas 
the sled deceleration was kept constant. Five 
tests were run for each parameter combina- 
tion. 

Figure 16 shows the main results of the 
tests. Figure 17 shows motion sequences of With preloader ~\~ 
one test for each belt system. 

CONCLUSION ’ ’ / 

The potential of the restraint systems today, 
both active and passive belt, in respect to miti- 
gation of injuries, is again demonstrated with 
the performance of the VWRA Passive Belt 
System. The important design features of this 

Forward displacement 

[cm) mm                   [] Without preloader        Figure 17. Motion sequences from tests with 
~ the torso belt-knee bolster system; m ~ [] With preloader 

~i 
impact speed = 30 mph. 

LO 
40 

~- ~,. o~    [~ Scatter band from 
~ ~. ~. ~ 

5 tests 

20 

~~ 

system are an optimizing of the total vehicle 
’ system. The main factors are the seat, the seat 

0 belt attachment to the seat, the seat belt and 
Head Chest Pelvis 

the vehicle crash management system. With 
H IC/SI Flesultant acceleration more than one million vehicle miles and a total 

~6 of I10,000 cars, the Rabbit vehicles present 

m ~ ¢6 ~ the highest number of passive restraint cars in 80 
.. ~ ~o ,, ~ o-. the world. 

~ ~’ In addition to the performance of the basic 

~7~] system possible improvements such as pre- 
o ..... o - loader and belt force limiter are described. 

HI C Sl Head Chest 
The installation however of preloaders and/or 
belt force limiters must be decided after care- 

Figure 16. Results from tests with the torso ful analysis of the today’s restraint system 
belt-knee bolster system, effectiveness in real accidents. 
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Matching of Crash Sensors to Crush Characteristics 
of a Vehicle 

OSAMU ICHINOSE, 
sensing time and crash discrimination 

KOJI KURIMOTO, and capabilities are described. 

HIROSUKE NAKAYA 
Toyo Kogyo Co., Ltd. Type of Sensors Used and 

Their Mount Locations 
ABSTRACT                                  Two types of crash sensors were used in the 

This report described procedures and tests. Both are G-sensors of conventional 
results of various performance tests on airbag mass-spring type as shown in Figure 2: the 
G-sensors mounted on radiator support and mass moves towards the normally open con- 
on dash panel of a subcompact vehicle: in- tact in response to the acceleration at the 

c luded in these tests are vehicle crashes against mount location; the sensor response charac- 
the fixed barrier specified in FMVSS 208, of teristics are determined by the restoring force 
the type being expected in the field, at the of the spring, by the preload G, and by the 
condition near the sensor threshold, and tests mass travel distance between the normal posi- 
on vehicle services for inadvertent fire. tion and the contact switch. Type A sensors of 

The results of these tests and of computer uni-axial construction were mounted forward 
simulations on sensor mass response are ap- for early sensing on the left and right radiator 
plied to evaluate possible sensing time varia- shroud members. Two Type B sensors of 
tions and margins against all-fire/no-fire planar construction were mounted in the 
border lines in various cases, vicinity of vehicle center line on the vertical 

A desirable sensor scheme and important wall of a dash upper panel: one on the cowl 
tes[ procedures are also suggested, side and the other on the instrument panel 

side. The reason that two Type B sensors were 
INTRODUGTION mounted was to obtain as much information 

The airbag concept is simple enough. When as possible. 
a vehicle crashes into something, a sensor trig- 
gers an inflating mechanism that, in an eye’s FINAL PERFORMANCE GOAL AND 
twinkle, blows up a nylon bag hidden in the SENSOR TEST PROCEDURES 
dash or steering wheel. The occupant bumps 
the bag instead of the windshield whereby The performance goal was established to 

much of the impact energy is absorbed, protect occupants in frontal crash environ- 

But making all that happen perfectly when ments of the severity up to 30 mph equivalent 

and only when the airbag is needed requires a barrier speed in view of the fact that the sub- 

higher degree of technology than almost compact vehicle used in the study had much 

anything else in a motor vehicle, smaller crush distance than most of larger cars 

Crash sensor is a key subsystem which have. The prime objectives of the sensor 

almost determines the reliability of the airbag matching tests were first to examine sensing 

restraint system. This paper reports Toyo time capabilities of both sensor types, that is, 

Kogyo’s experience with a sensor develop- if tested sensing times were fast enough for 

merit test in which crash sensors were matched realizing occupant protections with the injury 

on proving ground test basis to the crush levels which would comply with the criteria 

characteristics of a mass produced subcom- specified in FMVSS 208, and secondly to in- 

pact vehicle. Out of many requirements need- vestigate if sensors had appropriate actuation 

ed for crash sensors as shown in Figure 1, thresholds and also sufficient margins against 
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® Performance 

( O Reliability ) 

 ----Ooma Domain of "must fire" ~ in of "must not fire’~ 

Crash situation 
~~--~ Non-crash situation 

Various crash modes 

and severities 

.~ ~ . vehicles~ 

Neliabiliw 

~ 
~ 

~~ilitg a~ainst 
actuation 

rtant fire 

~ A~ro~riate 

Sensin~ time                         sensor threshold 

Cost, size 
~ SuitabHitg ~or ~ro6uction, assembtg and service 

~ ~asiness ~or development--mount ~ocations, 6ifferent vahicles math mo6el a~Hcable 

~equkements Ior crash sensors ............ 

types on the left side of the tables are arranged 
Stationary contact 

/~// .... 
Moving mass ~--.z~/~ in chronological test order. 

Spr,ng ~[        In all tests, data on sensor mass-switch con- 

~o’J~ 
tacts were measured in the form of analog 
voltage signals so that very subtle contact situ- 
ations could be read. The accelerations at the 

Type A sensor               Type B sensor 

~ sensor mount locations were also recorded ~~=1 _.____r-~_~ ~ ~=/~ !) and ap plied to estimate sensor mass r es ponses 

by means of mathematical models of both 
sensor types. 

Barrier Crashes Specified in FMVSS 208 

Figure 2. Concept sketch of crash sensors and 
In this test category, the important point is 

their mount locations, 
whether sensing time is fast enough and also 
stable. Generally, requirements for sensing 
time depend on crush characteristics of vehi- 

inadvertent actuations when subjected to vari- cles, interior space layouts and characteristics 

ous shocks expected during vehicle services, of airbag system used. The requirement for 

Types of all tests conducted for these objec- the particular vehicle under study will be de- 

tires are listed in Table 1, in which crash test ...... scribed in the later section ........ 
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Table 1. Sensor matching test procedures. 

CRASH TESTS                                 SHOCKS EXPECTED DURING SERVICES 

Group " Velocity or EBS -’l~f 
m Ref. no. 

~ 
’- Ref. no. 

~ Test type (MPH) ~ ~ Test type 

Q ~ Q 

Impactinto 
F. barrier 12.8 box-type barrier 

C Q ~] F, barrier 15.9 

Q 

Runs over half-sinprojection 

A Q ~ F. barrier 30.0 

Q 
Pothole Rough road course course 

A Q ~ F. barrier 30.5 

Q 

Hammering 

Radiator left 

A Q ~ L. obliquebarrier      31.8      Q    Radiatorright 

,, 

~ F, barrier 11.7 Q Firewall 

25% O.L, 22.0 Q 

(2) 

Q 
~ 47.7 MPH 25.7 

Cowl top panel 

(2) 

Q ~ 43.5 MPH 22.2 

~ Q 
Slamming door 

F. barrier 9.3 
Left 

A Q ~-’-~ F. barrier 30.9 Q Right 

Q ~)~’-’~ Pole 31.5 Q Simultaneous 

Struck by V. 21.4 

into fender 
(2) 

"~---"- 47.2 MPH 18.6 

~] F. barrier~ 9.2 
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Real-World Crash Types portant for estimating possible airbag system 
performances in the real-world crash environ- 

The following four crash types were selected, ments. The crash of the fourth test is especially 
which will perhaps represent major types of soft and might as well be called a sideswipe 
the crashes occurring in the field: collision. The behaviors of the vehicles in- 
* pole crash 3!.5 mph volved in this test are given in Figure 
* vehicle-to-vehicle 25% overlap frontal colli- In this test category, the important p{)ints 

sion 22.0 mph E.B.S. (for the sensor test are following two different performances: 
vehicle) first, sensing times against requirements for 

* vehicle-to-vehicle 75% overlap rear-end the occupant protection at the crashes of the 
collision 21.3 mph E.B.S. severity equivalent to 30 mph barrier crash; 

* v-to-v collision in which the sensor test second, margins of actuation at the crashes of 
vehicle is obliquely struck into the fender by the severity slightly above the established sen- 
another vehicle 18.6 mph E.B.S. sor threshold. However, only one test speed 

The second and fourth tests are of vehicle- was selected for each test type in order to keep 

to-vehicle collision types and aimed at "soft total number of test vehicles as few as 
crashes". The target vehicle used was a differ- sine° 
ent model whose weight was substantially the 
same as that of the sensor test vehicle. A1- Barrier Crashes for Sensor Actuation 
though vehicle-to-vehicle test types have the Threshold Performance 
problem that the same condition may not be This test category is also very importam for 
produced each time, they are considered im- evaluating the acceptability of sensor operat- 

ing parameters. The target sensor actuation 
threshold of the speed range of 10-12 mph 

Vehicle Vehicle 
,no 1 No 2 .~ ~-0 = was adopted by means of various statistics 

~==~ ,- " j \~g-/, _27.5 deg and others~’2. Of course, there was a necessity 

Ctosing speed 47.2 mph rked tected sufficiently at the speed somewhere 

~ ~;~t ~a~ / above the pre-determined threshold and this 

0 ms ~ 0o ms 200 ms test was included. It was preferred ~o examine 

~/~) <>(~_-_z~-~--:):~ whether the threshold speed would be also 

4~/ ~ the range of, or at least not far off, 10-12 mph 

M E.B.S. in the real-world crash types described 
~- in the preceding subsection. However, tests 
z 3 

~ 
Deg were confined exclusively to the crashes 

ca 30- against the flat barrier in taking consideration 
<~ 2 Inclination o~ ......... of reproducibility of test conditions. 
~ 

Vehicle No. 2 ~o*~-’~ 20 

5 
o~e~’~ ~/’~’~’ Various Shocks Expected During ~vOg ! 0 

Vehicle Services 
;00 rnrn 

0 ~00 ~---200 ms The objective of this test category ~s to in~ 
nclination Of -~:10 vestigate the safety margin against unpre~er- ~e~ic~e ~o. ~ 

able or inadvertenl sensor actuation. The fol- 

Figure 3. Behaviors of vehicles at a vehicle-to-    lowing tests were conducted: 
vehicle collision in which the test ~, impact into a box-type barrier at 6 mph 
vehicle is struck into the fender by ® runs over hayer-sine proj~cuons 
another vehicle. ~ runs on rough road course at proving 
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ground; runs on pot hole course at proving jections of the shape shown in Figure 5 at 
ground speeds increasing from 30 to 40 mph. This test 

, hammering firewall, hood latch, cowl top procedure was considered very severe and 
panel and radiator shrouds accordingly the front frames in the vicinities 

¯ slamming hood and doors very fast by of stabilizer support brackets were in advance 
hands reinforced with added sheet metals. In the 

The first test of the type shown in Figure 4 third test, the driving speed was 40 mph. The 
was made for the forward mounted sensors to course is made of concrete with scattered pot- 
examine the margin against unpreferable holes of 100 mm width and 1 meter diameter. 
actuation in the assumed situation where the In the fourth test, a metal hammer with 560 
vehicle collides the box-type rear portions of grams weight head was used. The locations 
trucks. In the second test, the vehicle loaded shown in Figure 6 were hammered so severely 
with three passengers and 60 kg weight ran that panels were deformed. 
with both left and right wheels over the pro- 

’ 

-~ -- 1000 ~,~ 

Figure 4. ~mpact into a box-type barrier. Figure 5. Haver-sine projection. 

Hood Cp:nW~lt°P ~ 

~. 
"~    ~ Type B sensor 

~__ /’~ ~ ~ Mounted on 

Cow, front panel ~v’x./ ~ Mountedon ~ /~ ~ pa etside 

Detector 

Figure 6. Hammering locations. 
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RELATIONSHIP BETWEENSENSINGTIME Therefore, the sensing time requirement 

AND OCCUPANT PROTECTION LEVEL should be determined mainly taking account 
of passenger dummy’s chest G. 

Now let us consider the sensing time require- 
Figure 7 shows the relationship between 

ment for 30 mph frontal barrier crash, in 
sensing time and passenger dummy’s chest G 

which the occupant protection is considered on an airbag system under development, 
more severe than in most crashes of the types 

which was obtained under the condition that 
which will be expected in the field3’4. For the 

airbags were actuated by an igniting circuit 
particular vehicle model used for the match, 

generating current with pre-set time lag, 
ing tests, the following results have been ob- Matching of inflator-bag system with sensor 
tained: will make it possible to improve the average 

...... ¯ It is easier to meet the requirement for head performance level to some extent, namely, 
HIC than to meet the requirement for from the solid line to the dashed line. On the 
chest G. other hand, as there will be a necessity of 

¯ The dependence of chest G upon sensing some degree of margin against possible per- 
time is much stronger at the passenger than formance level variations, the 50 G target for 

at the driver, average performance was established instead 

Average performance line 

Expected per- 
..... 70 

~ formance ~ine when 

Passenger dummy 

1_ 
49~9/// 

bad fill time is 
’reduced by 5 ms 

Chest AMhO 
3ms-G / 

29                         MVSS 2O8 

6074                        O/~/OJ~" 936~"~’----~ criteri°n 

50 /�/ ~’ ~ Target 

31 5 

Oo a4- 

30 ~ 368 
) 112 

Sensing time in MS 

0 10 20 3o 4o 

Figure 7. Relationship between sensing time and passenger’s chest G at 30 mph frontal barrier 
crash. 
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of 60 G specified in FMVSS 208. These lead to for giving consideration upon the test results 
the requirement that sensor should close in as described in the next section. In this section, 
less than 20 ms at 30 mph barrier crash, the degrees of correspondences, for both types 

As for 30 degree oblique barrier crash at of sensors, between experimental and calcu- 

30 mph, the sensing time requirement of 45 ms lated sensing times are generalized. 
has been obtained. However, requirements In the case of forward mounted Type A 
for the real-world type crashes have not yet sensors, the results by test are distributed 
been obtained. Therefore, acceptability of along the line showing 1.2 times as great as 
experimental sensing time has to be evaluated those by simulation (fig. 8), although this 
in each case. ratio is nearly 1.0 at accelerated-type sled test. 

The reason of this difference is perhaps due to 
the factor that there exist in the crash tests the 

COMPARISON OF SENSING TIMES BY 
BETWEEN SIMULATION AND TEST 

high-G level and vibrating type accelerations 
of lateral and vertical directions which cause 

Computer simulation on sensor mass some degree of mass travel delay because of 

response on actual crush pulse is very effective the friction exerted between the mass and the 

5(3 
Forward mounted 

type A sensor 

2 

F.B. 

15.9 mph 12 Struck by V 

f- into fender 
Z y 

IE 5 

m 6 

~, oblique B. F.B. 
u~ 

1 t .7 mph 

12.8 mph 

4 
11 

Pole 

~u 30 mph 
{~ 3 

7 O Left 

V-to-V 

F. Cot Right 
8 

V-to-V 

R. E. C. 

I I I I I 

0                                                                          50 ms 
SENSING T~ME BY SIMULATION 

Figure 8. Type A sensor--comparison of sensing times by between simulation and test. 
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mass guide, whereas in the simulation of Type not, as to whether sensing time can be made 

A sensor only longitudinal acceleration is con- faster by some appropriate countermeasure. 

sidered. Nevertheless, the results by simula- Secondly, in the case of less severe crash, 

tion can be applied to discussion of test results, evaluation is made on whether the sensor 

In the case of dash mounted Type B sensors, threshold speed is not far above or below the 

the agreement is excellent (fig. 9). established threshold goal. Thirdly, in the 

case of shock test, whether there is sufficient 
safety margin against inadvertent actuation is 

TEST RESULTS AND DISCUSSIONS         evaluated. 

The required evaluations of sensor per-      Of course, results of tests provide only lim- 
...... formance are as follows. First, in the case of ited information on those requirements de- 

severe crash, evaluation is as to whether tested scribed above; all information obtained is on 

sensing time is within the requirement, and if sensor closure/non-closure and sensing time in 

it is, whether sensing time is stable, or if it is case of closure. However, computer simulation 

Struck by V 12 

into fender 

5 

f_eft 

Oblique B 

60 Dash mounted J~k F.B. 
ms type B sensor 

2(2) / 
12~8 mph 

Y F. 8. 6 

l 
15.9 mph F. B, 

11.7 mph 

40 "r_ ~ 11 

~x 
Pole 

x~ F.B. 

~ 
30 mph / 

";-~, ~~’~ ~, 7 
Superscripts (1), (2) show 

"=~ /" °’~,~lO~/ V-to-V 
first and second contacts 

~ / 3 ~O’- F. co, 

20 /17,~ ~ 2(1) 0 Instrument panel side 

15,9 mph                 t~ Cow! side 

// V-to-V_ 

Sensing time by simulation - ~ X 

R, E, C. 

I          I           ~           I          I I J 

0 20 40 60 ms 80 

Figure 9. Type B sensor--comparison of sensing times by simulation and test. 
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can provide considerable information con- the same requirement. The stability of sensing 

cerning those evaluations, time in this test mode is evaluated in the 
tn this section, the experimental results following. 

from all types of tests given in Table 1 are first In the diagram by simulation, the mass 
listed together with the corresponding results reaches in 35-40 ms about 80% of the travel 
of computer simulation. Secondly, the above distance and from there bounces back before 
described sensor capabilities in some of the reaching the contact on its second travel. The 

test types will be discussed. As before, the fact that the contact around 40 ms was made 
four categories A, B, C, and D will be used. by one sensor out of two indicates that in the 

test one of the two masses touched the contact 
Barrier Crashes Specified in FMVSS 208 on its first travel while the other did not 

although it moved close to the contact. This 
Type A Sensor. The experimental results of estimation accounts for the fact that the sens- 

frontal and oblique barrier crashes are almost ing time of the cowl side sensor was much 
acceptable, delayed than that of simulation. Namely, the 

@It is noted that the experimental value of maximum displacement of the mass around 
sensing time for the uncrashed side of the 40 ms was larger in the test, thus the mass 
oblique barrier is 43.3 ms which is within the returning was delayed and consequently the 
requirement of 45 ms for the oblique barrier considerable portion of the acceleration 
crash. This indicates that there will be slight energy of the hatched was consumed in stop- 
necessity of installing two Type A sensors in ping the returning mass to retard the mass 
this type of crash, movement on its second travel. The dashed 

@_Type B Sensor. The tested sensing time line depicts the estimated travel trace in the 
of ~ is beyond the requirement of 20 ms for test. 
frontal barrier crash, whereas the tested value Anyhow, it should be investigated whether 
of @ is within the requirement. The ac- the contact by the mass on its first travel will 
celeration of @ is larger in the 9-14 ms in- be made stable when the vehicle front body is 
terval than that" of @ and accordingly the reinforced. 
mass movement gets faster in the simulation. 
In the case of @, the kick-up portions of the 
vehicle front frames were reinforced. Real-World Crash Types 

@ The tested sensing time of the instru- 
ment panel side sensor is within the require- @Type A Sensor. The sensing time was 
merit for oblique barrier crash, whereas the faster on the left-uncrashed side than on the 
tested value of the cowl side sensor is beyond right-crashed side. This again indicates that 

Type A sensor Type B sensor 

Left Right Cowl Instr’t P 
Refl no. Test type mph 

Test Sim. Test Sim. Test Sim, 

G 
F. barrier 30.0 17~8 I 12,9 17.5 14.6 24.0 21.7 -- -- 

Q 
~ 

30.5 23.8 I 15.7 22-6 16.2 26.8 24.2 -- -- 

@ 
~ 

30.9 18.8 I 14-5 17.6 15.5 17.5 16.7 -- -- 

L. obtique barrier 31.8 43.3 35.3 65.8 54.4 40.9 54.7 
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Type A sensor Type B sensor 

Ref. no. Test type mph Left Right Cowl 1 
Instr’t P 

* Test 
Sim, Test Sim. Test Sim. Test Sim. 

(EBS) (ms) 

V-to-V * 
Q 

F. cot, 22.0 20.8 19.9 26.0 12.0 26.5 26.9 28.5 27.6 

V-to-V * 

R.E.C: 21.3 20.5 13.6 -- 12.6 20.3 22.2 24.5 22.1 

(1~ Fixed Pole 31.5 28.0 23.3 23.8 21.1 44,3 47,4 -- -- 

Struck by V * 

into fender 18.6 NtC 77% 36.0 42.0 85,8 86.7 -- -- 

Note: N/C stands for sensor no-closure. Value given in % shows the maximum mass displacement relative to the travel 
distance to the contact switch. 

there will be slight necessity of installing two ment over time trajectory of the struck vehicle 
Type A sensors in this type of crash. No. 2 shown in Figure 3. 

(~) In the test, the sensor on the right side 
closed as expected but the simulation calcu- Barrier Crash Tests for Sensor Actuation 

.... lates the maximum mass travel of 102%, Threshold Performance 
which indicates that there will be some possi- 
bility of non-closure in this type of crash. @Type A Sensor. The result by simula- 

tion indicated that the sensor actuation 
@@Type B Sensor. Considering the soft- threshold speed will be lower than the test 

ness of these crashes, the sensing times ob- speed: in this case (radiator left) the agree- 
tained are satisfactory and at the same time ment of results by between test and simulation 
considered stable judging from the mass re- is good. 
sponse curve inclination at the contact. @ The prime objective of this test was to 

@ Although the sensing time by test is verify that the unrestrained occupant could be 
late, the first mass travel by simulation reaches, protected at the test speed: airbag was deliber- 
at 28 ms, 98% of the contact distance. This ately disabled to deploy. The results for the 
shows that there will be considerable proba- occupant performance were satisfactory as ex- 
bility of faster sensing in case the vehicle front pected with respect to the specified injury 
body construction such as the No. 1 cross criteria. 
member is reinforced. However, the margin @ The simulation calculates that the maxi- 
of sensor actuation on the first mass travel mum displacement of the mass is 53% on the 
and also the resulting occupant protection left and 71°70 on the right. These indicate that 
performance level remain unknown until they the sensor threshold on the average will exist 
will be verified by another test. perhaps in the speed range of 10-11 mph. 

@ Although this crash is extremely "soft" (~) Type B Sensor. In the test, closure was 
with the crash duration being very long, the made by one sensor out of two. Although the 
crash discrimination capability is stable judg’ calculated mass travel of the cowl side sensor 
ing from the mass response curve. The sensing exceeds the contact by more than 10%, in the 
time of 86 ms may appear to be late but is test only subtle touch occurred in about 65-70 
proved to be early enough for the occupant ms between the mass and the contact to cause 
protection due to the analysis of the displace- the chattering. This shows that the calculated 
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Type A sensor Type B sensor 

Ref. 
no.       Test type mph Left Right Cowl Instr’t P 

Test 
Sim. Test ! Sim. Test I Sire. Test I Sire. 

(ms) 

65.3 
Q 12.8 32.0 I 30.8 32.3 I 26.7 97.0 I 71.6 N/C I 97.8 Frontal barrier 

24.5 I 24.6 I 24.8 
~ 15.9 44.8 !24.1 28.9 124.9    49.3 ! 53.6 52.1 ! 51.5 

~ 
11.7 35.0 130.0 -- 30.6 63.3 166.1 64.6 164.8 

Q ~ 9.3 N/C 

@ t 9.2 NIC ~19°/o N/C 143°/o N/C 126°/o N/C 1’3°/o 

Note: in case two values are given n one column, they show sensing times at the first and second contacts. 

mass displacement is a little larger than the instrument panel side sensor. These indicate 
tested, that the threshold will be fairly higher than 

The calculated mass response trajectories of 9.2 mph. 
both sensors exhibit that the masses bounce at Summarizing the results described above, 
the rest position once or twice in 40-60 ms and the threshold speed on the average will be per- 
then move up toward the contact. In the case haps in the range of 10-11 mph. However, the 
like these, the condition is not preferable with fact that one of two sensors did not actuate at 
respect to the accuracy of result by simulation. 12.8 mph suggests that the threshold will vary 
Anyway, the above results suggest that the depending on various factors such as the re- 
threshold speed will probably be not far below producibility of the body crush characteristics 
12.8 mph. and others. 

@ In the simulation of the instrument 
panel side sensor, the mass reaches 110% on Various Shocks Subjected During Services 
the first travel. In the test, however, the sen- 
sor did not close on the first mass travel, al- Impact Into Box-Type Barrier and 
though the mass of the cowl side sensor slightly Vehicle Run Tests 
touched the contact at 24.5 ms. 

@ The calculated mass displacements are @ Type A Sensor. The calculated maxi- 
small: 26% with the cowl and 3% with the mum travel of 13°70 suggests that there exists 

Type A sensor Type B sensor 
Nos 

Ref, no. Test type Left Right Cowl Instr’t P of 

-- 
~ 

Tests 
Test I Sim. Test I Sim, Test I Sire. Test I Sire. 

Impact into 
N/C I 13% N/C 6% N/C I --    NIC I 0% 2 

box barrier 

Haver-Sine projection NtC I 5% -- -- NtC I 20% -- -- 2 

Pothole course NIC I -- -- -- N/C I -- -- -- 12 
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considerable margin against possible unpref- of momentum. The margin in this case can be 

erable deployment of airbag system, examined by another method. 
@Type B Sensor. The safety margin @@ Type B Sensor. Although some of 

against inadvertent fire will be satisfactory the maximum travels exceeded 100% in the 

judging from the simulation result and the simulation, there was no closure throughout 

fact that the test is so severe that it almost nearly twenty times of hammering. The dif, 

initiates the buckling of the front frame which ference may be attributed to the following 

never occurs in the field. It was observed that two reasons: 

the condition was less severe either at the pot- ¯ There is a difference of locations between 
hole course run or at the run on rough road the detector and accelerometer. The accel- 

....... course than at the projection run-over, eration at the detector location may be 

.... reduced by the damping of the plastic 
Various Impacts During Services mould (fig. 6). 
(Vehicle at Rest) ¯ The friction may exist between the mass 

(~) Type A Sensor. The margin due to 
and the slide plane due to the vertical accel- 

simulation against inadvertent actuation 
eration. The cowl top panel was hammered 

seems to be satisfactory. In the series of ham- 
almost downward (see the direction of ham- 

mering tests, hammerings from backward 
meting in fig. 6). 

direction were included. Although no closure (~) The above severe results from simula- 

was observed, the mass might be shocked to tion made this re-test. There was again no 

jump up according to the law of conservation closure during over ten times of hammering. 

Type A sensor Type B sensor 
Nos 

Ref. no. Test type Left Right Cowl Instr’ P of 

Tests 

Test Sim. Test Sim. Test Sim. Test Sim. 

O 
Hammering radiator 

4 
Left N/C 13% N/C -- 

4 
@ Right N/C -- N/C [ 5% , 

(~) Firewall NfC -- NtC 8% 6 

@ Hood latch NfC -- N/C 1% 3 

Cowl top panel                                       NtC    43% N/C 109%    9 

@ ~ 

N,C 143% N/C , 120% 

O ~ 

N/C 39% N/C 27% 20 

@ Door slamming 

Left 
NtC -- NIC .2 % 3 

Right NfC -- NIC .I % 3 

O Simultaneous , N/C -- N/C .1% 3 

Hood slamming N/C ~ -- N/C 5% 3 

Note: Number of tests means the number of data sampled for application to simulation from many times of hammer- 

ing or slamming tests. 

Relative mass travel given in % shows the largest of the mass travels calculated for the number of tests. 
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This time, the mass movement by simulation Possible Sensor Schemes 

was smaller than those of @ , @. This is Both Type A and Type B sensors have their 
perhaps due to the reason: the principa! fre- disadvantages as well as advantages in the 
quency component of the acceleration was sensing time, crash discrimination capabilities 
lowered probably on account of the change of or in the accuracy of prediction by computer 
the accelerometer weight from 45 to 120 gr. simulation. It is preferable in order to mini- 

The verification of the margin in discussion mize the chance of sensor inadvertent actua- 
can be attained by other various means al- tion that the number of sensors installed in a 
though not described here. However, the ex- vehicle be as small as possible. In the follow- 
tent of the severeness of the impacts to be ing, however, the possible sensor schemes will 
considered during vehicle services is unknown be evaluated to find which covers most surely 
since Toyo Kogyo does not have field experi- 

the range of crashes in which sensor actuation 
ence. is required within adequate sensing time. 

Forward mount Pgr compartment 

PRIORITY OF TEST MODES AND 
Type A sensor Type B sensor 

POSSIBLE SENSOR SCHEMES Scheme 1 two 
Scheme 2 one 

Summary of Test Results and Scheme 3 two one 

Suggested Priority of Test Modes Scheme 4 one one 

The evaluations of sensor performances 
due to the results and discussions described in Scheme 1 
the preceding section are summarized in Table 
2. The ranking of importance of the test This scheme has a promising feature with 

modes in the table is made on a trial basis to respect to sensing time capability in frontal 

give the priority for sensor matching tests, crashes, however has a few problems such as: 

Higher priority is given to the crashes against ¯ existence of possibility of non-actuation in 
the barrier specified in FMVSS 208 and reta- 

such types of crashes as sideswipe collisions; 
tively severer tests among the shock tests. 

It is noted that, first, the requirement or ¯ inferior precision in the use of computer 
sensor actuation threshold aimed at a narrow simulation and accordingly less easiness for 
speed range would be difficult to be met due sensor matching; 
to the inherent variations of the body crush 
characteristics and, secondly, the vehicle front ¯ less applicability to vehicles with different 

constructions should be modified to improve forward constructions. 

sensor/vehicle interface. In the case of the 
vehicle mode! used in the study, there was 
fortunately no need of varying initial sensor Scheme 2 
parameters. Generally, in case sensor param- 
eters have to be changed to match to body This has the advantage in that the sensor 

crush characteristics, computer simulation of mass response can be calculated fairly precisely 

sensor mass response on measured accelera- by computer simulation, however has again 
tions as inputs can greatly help optimizing problems to be resolved. The anticipation is 

sensor parameters. However, tests are needed that it might be possible that sensing times get 

for final verification, faster in such crashes as those against pole or 
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Table 2. Summary of results. 

Forward mounted                  Dash mounted 
Cate-                                    Rank 

type A sensor type B sensor 
gory of 
of Test type 

impor ...... 
crash tance Performance Performance 

& remarks & remarks 

O Almost 

O 

Front body 

should be Frontal barrier                  1                acceptable                        modified 

A 

Reg 

Oblique barrier 1 
Same as above 

V.-to-V. F. col. 2 

O (~ 

v..to.v.,.,.c. 3 © © 
Real- Fixedpole 2 

~ 

~ 
~--~      ? 

world 
" Same as above 

Struck by V. 2 ~, Possible non- 
........ into fender actuation 

C 

Thresh- Frontal barrier 1 ( ) 10-11 MPH 10-tl MPH? 

old 

Impact into 

lor20 
box-barrier 

Rough road 2 

(~ 
Pothole course 2 

D Haver-Sine 

(~) 
Shocks projection 

1 

during 

service 

O O 

Further 

Hammering 1 ? examination 

needed 

Slamming 
2or3 ~ 

doors & hood 

Note: 1 Indispensable Excellent 
2 Important 

3 Can be examined at the 

later stage of development Acceptable 

Unstable 
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oblique barrier if the vehicle front body con- o Forward Mounted Sensor and Dash Mounted 

struction is modified. Sensor have their disadvantages as well as 
advantages. Accordingly, the combined use 
of both sensors will be preferable. 

Scheme 3 

This combination has t he advantage of both o The requirement of sensor threshold aimed 

types of sensors and complements each other at a narrow speed range will be difficult to 
be met due to the variations of the body for their disadvantages. It is possible that one 

type of sensor has more role in the actuation crush characteristics. 

threshold performance than other type has. * Modifications of the vehicle front body 
Therefore, the number of vehicles needed for construction will be necessary in order to 
sensor matching tests will remain almost the improve sensor/vehicle interface for various 
same as either in the case of Scheme 1 or 
Scheme 2. 

types of crashes. 

Scheme 4 ACKNOWLEDGMENT 

The results of the tests indicate that one of 
the forward mount sensors can be removed Permission by Toyo Kogyo Co., Ltd. to 

without much affecting the sensing time and publish this material is greatly acknowledged. 

crash discrimination capability. 
The above analysis suggests that Scheme 4 

will be mos~ preferable as far as sensor per- REFERENCES 
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Improved Test Procedures for Frontal  mpact 

I. D. NEILSON, S. PENOYRE, S. P. F. PETTY plete cars using dummies to represent their 
Transport and Road Research Laboratory occupants. 
Department of the Environment- 

Department of Transport Accident Situations in Which 
United Kingdom Car Occupants Are ~njured in 

Frontal Crashes 
ABSTRACT 

At present most car occupants are injured 
....... This paper reports the work and thinking in frontal impacts between two cars when they 
........... behind the United Kingdom’s contribution to are not wearing seat belts. Studies show that 

the development of new impact test procedures without some form of restraint (at present seat 
for legislation aimed at improving car frontal belts but possibly air bags or chest pads) 
crash protection. It consists of one series of people cannot be given much protection in the 
full scale crash tests which shows that an front seat positions for those crashes which 
angled barrier test is most acceptable. The badly injure or kill. If much progress is to be 
second series of barrier impact tests indicates made in reducing the numbers of car occupant 
the performance of current cars recently in casualties, protection must be improved prino 
production, and confirms the acceptability of cipally for those who are restrained but also at 
the 30° angled wood faced barrier at impact a lower level for those not using belts. How- 
speeds between 55 and 60 kmih. It is suggested ever the crash situations are varied, many of 
that this test should be considered as a reptace- the fatal ones are almost head,on but larger 
ment for the 48 km/h full frontal impact now numbers have smaller amounts of overlap 
used in European legislation, until some are no more than side swipes with 

Since a single impact test with dummies can atmost zero overlap. At the smaller overlaps 
only measure occupant protection in one par- the probability of fatalities occurring is some~ 

...... ticular set of circumstances, an interior test is what less than for almost exactly head-on col~ 
also proposed using a free flight spherical lisions, so that the most typical severe frontal 
headform. The paper describes this test and crash is between cars with about 40% of over- 
gives the results obtained by carrying out 22 tap and often with the cars travelling on nearly 
interior impacts on each of the 12 current pro- parallel courses. Occupants are injured in 
duction cars used in the second series of bar- several ways, most by being flung into the 
rier tests, front of the passenger compartment when it is 

The paper concludes with a discussion of violently decelerated in the crash. However 
the factors determining the choice of test some are hurt by the car being damaged around 
levels, them so that what they strike or what strikes 

them is a crumpled part of the s[ructure which 
INTRODUCTION can be highly injurious° So there are decelera, 

To be effective, occupant protection legis- tion and intrusion situations. 
lation must be based on tests and test levels Seat belts usually reduce many injuries in 
which are representative of the actual physical both situations, but occasionally cause some 

situations in which car occupants are seriously injuries in so doing. In the past, ejection has 

injured. The legislation must reconcile both been a major cause of death and injury, but 
the levels at which people are injured and also anti-burst door latches and increasing ~.~se of 

the degrees of protection which car designers seat belts have achieved great improvements 

can build into their cars. The tests should in- here~ Other mechanisms of injury occur less 
clude demonstration impact tests with corn- oftenl Some internal part of the car such as 
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the seats may come adrift and make matters procedures as well as in reducing occupant 

worse. In other cases there are violent rota- injuries by better matching of opposing struc- 

tions of the car in yaw, pitch or rol! and pos- tureso One value of using large and rigid bar- 

sibly secondary impacts. In these the occupants riers is that they may reasonably well simulate 

may strike other parts of the car such as the cars striking trees and heavy vehicles--less 

doors, common but important accident situations, 
As part of the United Kingdom’s contribu- 

Selection of Tests tion to Working Groul5 5 of the European 

With this diversity of impact situations, no Experimental Vehicles Committee, the Trans- 

one test can adequately check that suitable port and Road Research Laboratory has been 

protection has been designed into the cars. conducting full scale car impacts with seat 

This paper shows that the angled barrier test belted dummies to compare car to car frontal 

with a wooden face which has been proposed impacts with various car to barrier tests. A 

by several authorities appears to be the best of preliminary report of the tests was given at the 

the simplified full scale crash tests. However 6th ESV Conference1 and details of the com- 

rnany injuries can occur in slightly different pleted tests are given in the first part of this 

circumstances than simulated by this test and paper. 

so there is a great need for a head impact sim- The most suitable conditions having been 

ulation test in which all parts of a car interior chosen for car to barrier tests a selection of 

likely to be struck by the human head can be the medium size (1000 kg) production cars 

quickly and easily checked. Some effects of commonly available in the United Kingdom 

intrusion damage extending into a car interior were tested so that their performance could be 

can be checked by the angled barrier test if checked against test speed and tolerance levels 

impact speeds are sufficiently high. in terms of dummy response. The results of 

The demonstration impact test uses com- these tests are given i’n ~he second part of this 

plete cars and dummies which are restrained paper, and suggest the use of a 30° angled 

by the means provided in the car. One great wood faced barrier t;est~carried out at a speed 

advantage is that this verifies that the protec, in the range 55-60 km/h. These production 

tion provided by the seat belts matches that of cars were also subjected to interior Free Flight 

the rest of the interior. For example, if the Headform Impact testing and this test and its 

belt system has excessive stretch, the wearer results are described. 

may strike the front of the car interior hard The third part of the paper then considers 

which would not be shown up by belt testing the problem of choosing the speed and the 

away from the car. The articulation of human pass levels for dummy "l, oads for a legislative 

beings plays a large part in determining which test and compares the-benefits of using a high 

parts of car interiors they strike, at what angle speed and high permitted loads with those of 

and how hard. The problem is often that larger a lower test speed and lower permitted loads. 

people strike some components quite dif- The difficulties introduced by the variability 

ferently from those who are smaller. A test us- found in whole-vehicle impact tests are also 

ing one size of dummy may not be entirely discussed. 

adequate, but it is probably better than rely- 
ing only on component tests. Desirable Impact Protection Features 

Compatibility between different designs 
and sizes of vehicle is not discussed in this Accident studies2 and the results of some of 

paper beyond saying that the car front is the the tests being reported in this paper suggest ..... 

object that most often strikes other cars and a that there are five considerations when pro- 

greater uniformity in strength as well as in size posing a package old:requirements for protec- 

and shape might help in the selection of test tion of car occupams in frontal impacts (the 
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protection of pedestrians struck by cars is not 

considered here). ] a0° angle 
/{_ / / Rigid steel adaptor face ¯ The need to check that the frontal structure 200 ton, rigid 

resists intrusion into the passenger com- 
:~2~.- bar~ier ~/~ - 

partment. 
¯ The need to check on the restraint system to 

show that the restraint itself and the car in. 
Test "A’ -- Full head-on impact into 30o 

terior are suitably matched in design assum, angled barrier 
ing that the interior is not damaged. 

® Encouraging designs for cars that will not Ri               steel adaptor face 

interlock in highly offset impacts. 200 ton rigid ~.t,///gid Overlap 
¯ Ensuring there is an acceptable degree of barrier 

compatibility in impacts between large and 
small cars. 

¯ Setting impact requirements at levels which Radius ’r’ 

correspond to fatal and disabling injury         Test’B’- Partial head-on impact into barrier face 
........ normal to car direction of travel 

......... severities. 
~- Overlap 

It does not seem possible to select one test 

~[~c)~::;;~;~7~r~- met. The main objective of the tests described 
in the paper is to find what test might check Test ’C’ -- Partial head-on car to car impact, 

............ the first two of these requirements, although both ears moving at same speed on paratle~ 

there are implications for some of the others, axes 

The test program is intended to give some 
indication of severalimportant features of im- Figure 1. The different types of impact test 

pact tests: carried out. 

¯ Realism of representation of accident cir- 
cumstances, tests so that fair comparisons could be made 

¯ Accuracy needed for main test conditions, between tests. 
¯ Indication that tests are likely to ensure safe 

design in the longer term. Propulsion and Control 

¯ Verification that tests are of similar severity The car, guided by running the nearside 
for cars of different layout, wheels in a channel fixed to the track, is at- 

¯ Durability of dummies, tached by a cable and pulley system to a tow 
car. The speed of impact is controlled by the 

speed of the tow car. Just before impact the 
COMPARISON OF CAR-TO-CAR AND car(s) leaves the guide channel and the tow 
CAR-TO-BARRIER IMPACTS cable is automatically released so that at im~ 

pact the car is free from restraint. The car 
Impact Types engine is running with its gear in neutral and 

The three types of impact are illustrated in its lights switched on. 

Figure 1. In the later tests of type A the steel 
Instrumentation and Recording 

adaptor plate was faced with an 18 mm thick 
blockboard wood sheet. In tests of type B Impacted cars were equipped with event 

both the overlap and radius were varied. The markers and passenger compartment acceler- 

same methods of propulsion, control, instru- ometers. Load cells were fitted to the inertia 
mentation and recording were used for all the reel seat belt lap and shoulder straps and to 
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the buckle, and the belt was rnarked so that impacted into each other as well as a Fiat 128 

the extension at the shoulder anchorage could into an Allegro. 

be measured. In addition Ford Cortinas were impacted 

Two Occupant Protection Assessment Test into an offset barrier and a Marina, and a 

(OPAT) dummies (3)instrumented to measure Marina was also impacted into a Volvo 244. 

head and chest acceleration, chest deflection All cars were right hand drive. 

and femur loads, were used in each test. For With the exception of the Volvo, all the 

type A and B impacts the OPAT’s were used cars used were of nominal 1300 cc engine size, 

as driver and front seat passenger and for of 1000 kg + 100 kg weight as tested, struc- 

type C impacts as driver in each car, with rurally sound and free of rust and previous ac- 

either uninstrumented RAE Mk YB dummies cident damage. They were of 1970 or later 

or an instrumented OPAT as front seat pas- manufacture. The cars were fitted for the tests 

senger. Impact speed was obtained from pulses with a similar design of lap and shoulder iner- 

recorded over the last 3 m of car travel to im- tia reel belts for both driver and passenger. To 

pact. High speed cameras operating at about indicate differences in impacts due to major 

400 frames per second were located to give longitudinal structural members hitting or 

views of both sides of the car(s) and from missing the barrier or a strongpoint of the 

overhead. The films were analyzed to obtain opposing car, various amounts of overlap 

car overlap, velocity change during impact, were used of from twenty to thirty percent of 

rotation and movement of the center of gray- car width in type B tests and from thirty to 

ity, dummy movement and also seat belt web- forty-five percent in type C tests. 

bing extension at the shoulder anchorage. 
Results 

Cars Used in the Tests 
A summary of the results is given in Tables 1 

Three basically different models were so- and 2 grouped by barrier and vehicle types to 
lected. These were: demonstrate the variability of the tests. 

Leyland Allegro    A steel unitary construc- 
Vehicle Behavior tion two-door coupe 

with    transversely The impacts can be considered as a whole 
mounted front engine with the exception of Marina P17 which has a 
and front wheel drive, higher impact speed to compare with the higher 

Volkswagen Beetle A steel platform con- change of speed of Marina P18 which resulted 
struction two-door from impacting the heavier Volvo P19. 
coupe with rear engine. The change of velocity and duration of im- 

Leyland Marina A steel unitary construe- pact in the car to car and partial barrier tests 
tion two-door coupe reflect the individual car designs. This is not 
with longitudinally so in the woodfaced angled barrier tests. The 
mounted front engine rotation after a tenth of a second shows that 
and rear wheel drive, comparatively little rotation occurs during the 

The Allegro and Beetle were subjected to peak deceleration injury producing phase of 
the type A (angled) test (fig. 1) with and with- the impact confirming the results of Reference 
out a wood face and two Marinas were im- 4 (lateral motion is discussed below). The rota- 
pacted into the wood faced plate at different tion after three tenths of a second shows simi- 
speeds. Each of the cars was subjected to the lar post-impact trajectories for the partial bar- ..... 
type B (offset) test with varying amounts of rier and car to car tests but not for the angled 
overlap and radius of the edge of the block. In barrier tests in which all the six cars tested 
the type C car to car test each of the car types rotated anti-clockwise. 
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The figure given for the movement of the and anchorage points are separately tested: 
center of gravity is related to the undistorted For some designs of belt, adaptor plates are 
rear of the car and is not necessarily the same required. During the impact the belt loads can 
as vehicle crush. This is obvious when com- cause the plate to rotate increasing the web, 
paring the results of Volkswagen P4 and bing extension and hence decreasing the space 
Marina P18 in Table 2, and the sideswipe type in which the belt can be effective. Adaptors 
of collapse of Allegro P9 in Table 1. were used on the Volkswagen, Cortina P2 and 

The A to B post Crush figures are represen- Fiat and as a result the ratio of webbing left 
tative of vehicle types with the Marina being on the reel to the belt extension at the shoulder 
between the stiff Volkswagen structure and mounting point is low as shown in Table 2. 

........... the softer Allegro. Figures have been omitted The Cortina P!2 (table 1) used an alternative 
where the structural collapse was such as to method of mounting which did not rotate the 
have made the result unobtainable or unreal- adaptor, giving a much higher ratio, 
istic. The deceleration levels are the peak 
levels attained at whichever of the B post General Comments 
floorpan positions was the greater. 

........ The Volkswagen Beetle demonstrates the 
Occupant Behavior great variation that can be found in car to car 

impacts and hence the difficulty in using one 
Despite the driver’s head and chest hitting 

barrier impact test to evaluate the car’s safety. 
the steering wheel in the majority of impacts 

The bumpers of the Volkswagen were much 
the deceleration levels for the head were in 

......... stiffer than those of the other cars tested and 
.............. most cases low. (The 27g level in the Cortina 

were also considerably curved in the horizon- 
P12 (table 1) impact was due to the seat belt 
and occurred before the head hit the steering 

tal plane of the car. It is considered that, if the 

wheel.) The chest deceleration exceeded the 
cars do not interlock, the stiff triangular bon- 

human tolerance level suggested in Reference 
net construction of the Volkswagen causes the 

5 for cars P14, 15 and 17 in Table 1 and N2, 
cars to slide past each other with a lower 
change in longitudinal speed but with a lateral 

P 18 and 2 in Table 2. 
Twelve femur loads exceeded the 4 kN level 

impulse. This feature was very apparent in the 
Volkswagen to Volkswagen test P3, P4 (table 2) 

suggested in Reference 5 for two reasons: 
and the partial barrier test N6 (table 1) and to 

* The crushing of the passenger compartment a lesser degree in the Volkswagen to Allegro 
as shown by the A-B post measurements, with 30 percent overlap N11, N12 (table 2). In 

* The lateral motion of the car during impact all the other car to car tests the cars inter- 
causing the right knee to hig the A post and locked, crushed and were decelerated down 
the left knee to hit the steering column their original axis of motion and then rotated 
assembly, clockwise before separating on recoil. 
In no case did the shoulder belt tension ex- The differences between the types of barrier 

ceed the recommended 8 kN (ref. 5) but for tests are shown in the trajectories of the cars 
N3, P15, 14, 16 and 17 in the angle barrier after impact and the pattern and degree of 
tests the total belt anchorage loads exceeded structural deformation. In the steel angled 
the 17 kN suggested in Reference 6. There barrier tests the cars slid off the face of the 
were three belt failures which allowed the in- barrier and rotated anticlockwise. Fixing a 
ertia reel mechanism to unlock after the initial wooden face on the angled barrier retained 
lockup. These failures initiated a separate the car on the barrier and reduced the 
study which has been reported elsewhere7. tendency to rotate anticlockwise. The 
Another weakness in current seat belt legisla- crushing of the front was extended across the 
tion was highlighted in the tests. Seat belts full width of the car reducing the level of in- 
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Table 1. Summary of results from car to barrier impacts. 

overlap 
Barrier 

Weight 

~ 

Velocity Velocity DuratiOnof ti Rotationat 

Rotationat Car 

:~e 

edge 
at change 

seria~ Make Model I te d 
t cent 

radius 
impact 

(kmth) 
impact 0~1s 0.3s 

’r’ 
(kmth) (s) (degrees) (degrees) nurnber 

1 (kg) 
mm I of (mm) 

I car 

I 
TypeA car to 

N4 ~ ~2 1~530~ [ 31 I 0.136 ! -9 
Type A -car to angled 

P15p14 I Voks~,ageolBeet~e I 990 11550t100i -- I 53 I 46 10.162 / -7 1 -22 

......P17 1, B,L. I Marina I 998 11632 100 -- i 64 59 0.152 ! -4 I -17 

Type B car partial 

N5 B.L. Allegro I 997I 408 1~ 20---’5-- - 56 t 42 I 0.275 J + 1 ~1 +20 

P9 B,L, Allegro I 971 I 330 2t 100 53 t 
39 

I 0,310 I 
-1 

I 
+36 

P10 B.L. Allegro I 960 1458 29 !00 53 I 42 I 0.241 I 0 I +29 

N6 Volkswagen Beetle 11000 |478 32 200 51 I 32 I 0.146 I -4 I -8 

Pll B,L, Marina 11023 445 27 100 5! I 39 I 0.260 1+21 +26 

P13 B.L, Marina 991 538 33 !00 54 
I 

54 
1 

0.264 
! + 1 I 

+ 21 

a Maximum for more than 00036 continuous duration c, - = anticlockwise e, hit steering wheel assembly 

b, British Leyland d, + = clockwise 
f, peak load before belt failure 

Table 2. Summary of results from car to car impacts. 

overlap                                Duration Rotation Rotation    C of G 
Weight elocity 

~r as Per i m p~t~ 61 i, ~k ~m~_/} ~hk~r~hg~ of 
at at movement 

iai Make Model tested cent 
impact 0.16 0.36 after 

~ber (kg) mm of (s) (degrees) (degrees) 0.16 

car                                                                  (mm) 
~idth 

B.L.b Allegro 959 692 43 ~-~ 5i 0.156 +4d +31 860 

B.L. Allegro 973 504 32 N11 
1 

5t 
I 

33 0.183 + 1 + 33 1290 

B.L. Altegro 950 605 37 P7 
I 

51 
I 

42 0.215 + 2 + 33 !265 

B.L. Allegro 979 605 37 P5 
I 

5t 
I 

48 0.216 - 3c + 34 1205 

Volkswagen Beetle 973 650 42 N7 ! 
52 

I 
51 0.210 - 1 +20 1205 

Volkswagen Beetle 986 504 32 N12 
1 

51 
I 

30 0.143 - 2 + 5 1190 

Volkswagen Beetle 965 605 39 P8 
I 

51 
I 

41 0.!67 +1 +20 1130 

Votkewagen Bee.e 965 698 45 i ~4 I 63 I 11~ 0.125 -5 -8 1300 
Volkswagen Beetle 973 698 45 I P3 

I 
53 

I 
0.139 -5 - 10 1340 

B.L. Marina 1029 692 44 N2 
I 

47 
1 

45 0.126 +3 +20 810 

B.L. Marina 997 650 39 N8 I 
52 

t 
49 0.182 +3 +34 1135 

B,L, Marina 991 641 39 N10 I 49 ! 45 0.176 +4 +31 1090 

BoLe Marina 1000 641 39 N9 I 
49 

I 
46 0.t66 + 5 + 30 1090 

B.L. Marina 1006 683 41 P2 
I 

47 
I 

49 0.170 + 6 + 29 1025 

18 tB.L. Marina 1006 656 40 P19 
I 

52 
! 

62 0.193 +4 +38 1110 

’2 Ford Cortina 1092 683 41 P1 
l 

47 
I 

47 0.170 + 3 + 27 1005 

’5 

t Fiat 

128 957 605 38 
I 

P6 
I 

51 
I 

51 0.200 + 2 + 32 1090 

’!9 Volvo 244 1384 656 39 
I P18 t 

52 
I 

41 0.180 +3 + 20 1210 

a, Maxim~m for more than 0,0038 continuous duration 
c, - = antic!ockwise 

e. hit steering wheel assembly 

b, erittsh Leyiand d, + = clockwise 
f, peak load before belt fatlure 
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Car crush 
Driver                          Driver’s seat be 

CofG 
Offside Offside Maximum movement A-B A-B 

........ after deceleration (Fore and aft Femur 
post at post at at B posts deceleration) loads 

Load Webbing ......... o.ls waist si,, (g)~ 
Chest 

heftlRight 
I I 

(mm) level level Head Lap Buckle Shoulder Extension I On reel 

(mm) (mm) (g)a (g)a (kN) (kN) (kN)a (kN)a (kN)a (ram) 

angled barrier tests 

1000 1 3    +5 I    31    I 27 I 26 I0.9 I,, 6.4 I 2.5 I 7.5 I 22__1. 
barrier with wood face tests 

1160 96 1205 
I 

25 75e I 549 2.0 18.1 5.0 7.7 
I 

5.0 [ 240 

1150 17 I 12 42 51 I 44e 110"513’2 14.51 9,7 I 4.S / 275 I 597 
1170 14 

I 
41 30 758 I 32 1.4I 1,1 5.0 9.9 

I 
5.2f 

/ 
270 I 510 

1315 52 t 36 40 I62 I 43e 13"9! 5,5 16.6 8.8 I 3.9’ / FULLY I 880 
head on to barrier tests 

t250 164 226 14 39e 24 0.5 2.7 2.0 3.2 2.0 -" 175 800~ 

1480 179 -- 18 60e 19e 1.2 1~5 2.5 4,5 3.4 143 800 

1330 296 -- 20 85e 178 1.7 4.3 2.5 4.0 2.8 i 150 820 

1130 2 19 19 23 !7e 2~0 1.0 1.7 4.7 2.3 i 120 450 

1360 t90 290 17 32e 23e 3.3 6~3 2~2 -- 1~8 !00 690 

1490 182 221 16 72e 30e 1.2 -- 1~5 3.3 2~1 170 870 

1540 206 101 16 27e 18e 2.3 1.9 2.7 4.0 3.9 90 550 

Car crush 
Driver                              Driver’s seat belt 

Offside ! Offside Maximum 
(Fore and aft    Femur               Load                   Webbing A-B A-B deceleration 
deceleration) loads post at I post at at B posts 

waist sill (g)a - -- 
level level Head IChest Left I Right Lap I Buckle Shoulder Extension I On reel 

Ratio 
(mm) (mm) (g)a I (g)a (kN)a I (kN)a (kN)a I (kN)a (kN)a (mm) I (ram) 

205 
° 

163 20 86e I 42e 3.1 I 7.4 4,2 I 7,4 3,2 
~ 

710 -- ~ 

154 339 33 28 I 20 1.2 I 2.1 4.4 I 5,3 2,2 ~7 ~ 730 7,5 

249 -- 21 63e I 38e 2.2 I 3,0 3.8 I 4.8 2.1 153 I 850 5.6 
362 -- 15 81e I 49 2.9 I 1.7 2.6 I 6.7 2.1 167 I 805 4,8 

+2 23 19 47e I 31e 1.3 I 6.4 1,6 I 6,4 3,2 140 I 500 3.6 

1 33 22 68e I 30 t.1 I 2,4 t.8 I 5.2 2.4 125 I 395 3,2 

49 45 22 32 I 30 1.5 I 2.6 3,5 I 6.7 3.9 184 I 643 3.5 

23 62 21 15 I 18e t.5 I 4.5 1.8 I 4.7 1,9 264 I 670 2,5 

2 25 21 24 I 21 1.8 I 3.5 1.6 I 5.7 2.5 203 I 650 3,2 

10 22 23 48e I 31e 1.8 I 1,8 3.4 I 5.4 5.8f FULLY J 830 -- 

61 89 21 42e I 10e -- I 2.0 2.1 I 6.0 4,6 150 I 785 5.2 

t41 +11 25 106e I 28e 1.3 I 3.1 3.9 t 4.9 3.4 160 I 800 5.0 

103 127 22 59e I 29e 1,1 I 1.8 2.7 I 5,2 3.7 120 ~ 740 6.2 

86 164 27 122e I 33e 1~4 I 3.6 3,8 I 4.3 4,7 125 t 700 5.6 

287 305 35 68e I 45 4.9 I 4.4 3.1 1 4.7 2,7 160 I 870 5.4 

137 -- 21 44e I 44e 1.2 I -- 7.7 I 1.1 2.4 162 J 310 1.9 

138 224 30 39e I 36 5.7 I 4.5 3,7 ~ 5.0 i 3,6 206 ~ 650 3.1 

13 61 17 60e I 24e 0.6 I 1.4 2.3 I 6,3 i 3.2 120 I 840 7,0 
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trusion and increasing the level of the decel- overtap, the edge radius and the detailed front 

eratior~ putse and hence seat belt !oads. structural design of the car. This test may not 

The Car to partial barrier tests gave a better be suitable for legislation for two reasons: 

reproduction of the car to car impacts than * The test could encourage a body structure 

did the angled barrier tests. The intrusion was which concentrates its toad bearing path in 

mainly limited to the offside and the car tra- axial struts on the outside edge of the car 

jectories were more similar. The Volkswagen rather than spreading the load over the 

N6 (table 1) accurately reproduced the Volks- front of the car. In car4o-car impacts these 

wagen to Vo!kswagen P3iP4 (table 2). The different designs are not compatible. 

reduction of the barrier edge radius to 100 mm o The accuracy of achieving the correct over- 

seems to have increased the severity of the test lap wilt depend on the different test house 

to reproduce the car to car impacts more guidance systems and may result in an un- 
accurately without becoming a cutting edge. acceptable variability of results. 

The only door that opened during impact During the tests using the steel faced angled 
was that of Allegro P8 during the impact with barrier the front of the car was pushed away 
VoIkswagen P7 as distortion of the door from the point of impact and also was able to 
panels operated the link rod between the inteo slide down the barrier. This gives less passen- 
rior door handle and the lock mechanism, ger compartment intrusion, a lateral motion 

The impact of the Marina P18 with the to the car and an anticlockwise rotation (as 
Volvo P19 reiterates the problems arising compared tothecar-to-carclockwiserotation) 
when cars of very different mass and size col- after impact. The lateral motion will alter the 
lide, The Marina speed change was 62 km/h dummy’s position in the passenger compart- 
as opposed to the Volvo’s 41 kmih. The ment during the peak deceleration possibly 
Marina intrusion was much higher than that giving unrepresentative injury results (e.g., 
of the Marina P!7 into the woodfaced angled for the Volkswagen N4 the driver’s right knee 
barrier although the peak ’g’ level was lower° hit the unpadded hA’ post). 
Comparisons on the dummy behavior cannot Facing the angled steel barrier with wood 
be made, as the seat belt in Marina P17 failed tends to hold the front of the car on the bar, 
allowing the dummy’s head to hit the hA’ post. rier. This reduces the lateral motion and the 

anticlockwise rotation, increases the decelera- 
Prelimina~, Conclusions tion level to above that of the car-to-car tests 

In the majority of the car to car impacts the (at the same vehicle speed) and hence also 

cars interlocked and received the main decelo creases the total seat belt loads. Unlike the 

eration pulse down the axis of their original car4o-car impacts in which the coltapse of the 

motion with intrusion in the area of the over~ front structure is concentrated on one side of 

lap but without much rotation or lateral mo- the car, the car to wood faced barrier spreads 

tiom After the main deceleration pulses the the load across the full width of the front of 

cars rotated clockwise and then separated. In the car reducing the intrusion into the passen- 

some impacts the Volkswagen Beetle was an ger compartment. 

exception to this rule. This car did not always A guide to the repeatability of the same 

interlock but slid off with substantial !ateral design of car in the same impact can be found 

motion, slight anticlockwise rotation and !ow by comparing the results of the Marinas N9 

change of speed, and 10 and the Volkswagens P3 and 4 in 

The tests of cars into offset barriers with Table 2. 

suitably rounded edges give a good represen- These integrated barrier tests highlight the 

ration of the car-to-car impacts, although the need to review the design of some steering 

results at low overlaps appear to be sensitive wheel assemblies. In a large proportion of the 

to the match between the particular percentage impacts the driver’s head and/or chest hit the 
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steering wheel assembly. Depending on the nominal speed of 55 km/h, (2) impact against 
exact movements of both whee! and dummy, an offset partial barrier with 30 percent over- 
there is a large variation of g level on the lap and an edge radius of 100 mm (as type B 
dummy. For one make of car the peak head impact described above) at nominal 50 km/h, 
deceleration varied from 28g to 296g, again (3) impact against a full width wood faced 

......... illustrating the variability problem and con- barrier angled at 30° to perpendicular (as 
firming the need to carry out interior head- type A above) at nominal 59 km/h. 
form impact tests in addition to an integrated Twelve current or near-current European 

barrier test. and Japanese production cars were selected, 
The seat belt failures showed a design weak- of the three configurations (5 front engine 

.... ness in a specific model of belt which the man- front drive cars, 6 front engine rear drive and 
ufacturers state is no longer being produced, one rear engine rear drive). The cars are listed 
The loss of seat belt efficiency due to the use in Table 3, which summarizes the results of 
of adaptor kits represent a weakness in present these tests. The tolerance values used in table 3 
legislation and it may be necessary for car for the intrusion or survival space parameters 
manufacturers to specify which belts and are those of ECE Regulation 33 (for a 48.3 
adaptors can be used in their cars. km/h perpendicular impact), and for the 

OPAT dummies have been used throughout occupant accelerations and loads are chosen 

this series of tests. The two driver dummies from the UK Experimental Safety Vehicle 
have experienced twenty-two 50 km/h im- pro:ject specifications, FMVSS 208, and the 
pacts each. One femur load cell has been the EEVC paper "Report of a Working Group on 

....... only component requiring replacement. Biomechanics" presented to the 6th ESV 

It appears that of the tests evaluated in this Conference. OPAT dummies were placed in 
series the wood faced angled barrier is the both front seats of each car, and the suggested 
most acceptable for future legislation. This tolerance figures are for these dummies. The 
barrier test gives a higher deceleration level manufacturer’s original equipment lap/diag- 
and seat belt loading and a lower intrusion onal seat belts were used in all the tests. 
than the offset car-to-car impacts at the same 
vehicle speeds. A direct benefit of the test 

Results 
could be an improvement in the design of 
steering assemblies removing the requirement 

When considering the results given in 
for a separate steering column test. Consider- 

Table 3, it must be remembered that only one 
ing that about half of the most serious frontal model of each car was used in each type of im- 
car impacts are across most of the car front 

pact, and that the variability found in all 
giving higher decelerations and less intrusion, whole-vehicle impact testing means that small 
it may be necessary either to increase the differences between the performances of dif. 
angled barrier test impact speed above 50 km/h ferent cars must not be considered significant. 
or to have an additional sled test of a body 

Attention should also be drawn to the corn- 
shell at a higher g to assess the restraint system, paratively wide spread of speeds in the per- 

pendicular impacts, arising from the fact that 
TESTS ON 12 MODELS OF CARS the target speed of 55 km/h is not near the 

Impact Tests and Cars Used 
synchronous speed of the MIRA linear 
motor. However, by considering all 12 tests of 

This part of the test program was carried each type as a group it is considered that valid 
out at the MIRA Crash Test Facility under conclusions can be drawn about the relative 
contract to TRRL. Three different types of merits of the three tests. The tests were not 
frontal impacts were used, (1) perpendicular designed to compare the relative merits of the 
impact against a full width rigid barrier at a different models of cars. 
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Perpendicular Impacts 54-59 km/h 4 failed marginally (only one infringement in 

Intrusion. Although these tests were carried each case), and 3 failed seriously. The car 

out at higher speeds than the present Reg 33 
damage produced was very similar to that 

specification of 48.3 km/h, 11 out of the 12 
found in real accidents and car to car impact 

cars passed or almost passed the survival space 
tests. This partial barrier test therefore appears 

...... requirements of this regulation. Since intru- a reasonable one with regard to intrusion, and 

its introduction at this speed could be expected 
sion is known to be a serious cause of occu- 
pant injury and trapping in accidents involving 

to lead to design changes to bring all cars up 

current cars, it is essential that any future leg- 
to the level of the best now in production. 

islative tests must encourage car designs which 
Occupant Protection. The peak car deceler- 

reduce it. This higher speed perpendicular 
ations reached in this test were only about half 

those of the higher speed perpendicular im- 
front impact test cannot therefore be con- 

sidered satisfactory with respect to intrusion 
pacts, averaging 21 g of 48 g. It is not surpris, 

prevention, 
ing, therefore, that the occupants on the non- 

Occupant Protection. Out of the24dummy 
impacted side all shared low accelerations, 

......... occupants in the 12 perpendicular tests all ex- well within the proposed tolerance figures. 

cept one of the drivers exceeded at least one of 
For the drivers, only one "HIC in contact’, 

the two head acceleration levels considered 
exceeded 1000, although 5 of the 10 exceeded 

survivable, as did 8 of the passengers. Several 
a head resultant acceleration of 80 g for 3 ms. 

of the levels reached were very high, three of 
Chest accelerations, belt loads, and femur 

the drivers recording "HIC during contact" 
forces, were all low apart from unexpectedly 

over 3000, and a further three being over 1900. 
high results for one model. If legislation based 

If the presently accepted tolerance figure of 
on this test was introduced, therefore, some 

1000 is reasonable, therefore, introduction of 
design changes to steering wheels and columns 

a high speed perpendicular impact test might 
would probably be needed to reduce driver’s 

require major changes to both steering col- 
head accelerations, but present seat belt 

umns and occupant restraint systems of nearly 
strengths would be more than adequate, and 

.... all cars, and the size of improvement needed belts of lower performance might result if this 

seems likely to demand use of such devices as 
integrated impact test replaced current belt 

and anchorage component tests. The main 
pyrotechnic seat belt tensioners. It thus ap- 

pears that legislation based on a higher speed 
objections to a partial barrier test are those 

perpendicular barrier impact would have the 
already described, namely that the results ob’ 

effects of (1) diverting car design efforts away 
tained vary greatly depending on the exact 

from reduction of intrusion, which is known 
amount of overlap achieved in the test, and 

to be a serious cause of injury in accidents, 
on the positioning of the strong longitudinal 

but (2) would require a great reduction in head 
members with respect to this overlap. Such a 

impact for restrained occupants in frontal 
test might lead car designers to locate their 

crashes, This latter might be more than that 
chassis members either just to meet the barrier 

possible with improved steering assemblies 
face or on the extreme outside edges of the 

alone. A higher speed perpendicular barrier 
car; the latter would be particularly unfortu- 

impact would not therefore be entirely satis- 
nate in that it would encourage cars in real 

offset frontal impacts to interlock, while for 
factory for a legislative test. 

occupant safety exactly the opposite effect is 

required (sliding past each other, as demon- 
Partial Barrier, 30 Percent Offset, strated in the VW Beetle car-to-car tests 
49-50 km/h described above). A partial barrier test does 

Intrusion° Out of the 12 tests, 3 cars passed not therefore appear a promising basis for 

all the survival space requirements of Reg 33, future legislation. 
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Angled Woodfaced Barrier, 58-60 km/h vival in this test than in the perpendicular bar- 
rier one, with several cars passing or almost 

Intrusion. In these 12 tests 4 cars passed all 
the survival space requirements of Reg 33, 6 

passing the major occupant load criteria, us- 

failed marginally, and 2 failed on all driver’s 
ing of course their standard seat belts. Intro- 
duction of legislation based on this high speed 

side measurements. These results suggest that 
at the speeds chosen the test is equally as good 

angled barrier test would therefore not require 
manufacturers to go beyond current tech- 

as the partial barrier one with regard to testing nology, and in the case of some ordinary cars 
liability to intrusion, although the car damage which have already been in production for 
produced by this full-width angled barrier is 
less like that seen in many real accidents and 

several years would probably not require them 
to make any changes at all, except perhaps for 

in car-to-car impact tests. 
Occupant Protection. The peak car deceler- minor attention to reduce intrusion. Other 

ations reached in this test were very similar to 
designs of cars would require changes to steer- 

those of the perpendicular barrier tests at their 
ing wheels and columns and to knee impact 

slightly lower speeds. These peak accelerations 
areas to reduce femur loads and some (espe- 

are thus high enough to provide an effective 
cially rear engined designs) might need major 

test of both drivers’ and passengers’ restraint 
modifications to reduce frontal intrusion. In 
view of the number of cars passing or almost 

systems and in fact in this test the passenger 
lap belt broke in one car and the passenger B 

passing this test at 58-59 km/h, and the lead 

post belt anchorage broke in another. The 
time necessary when introducing new legisla- 

latter was probably a sample fault rather than 
tion, it appears that a test speed of 60 km/h 

a design weakness as the failure load reached 
would be a possible choice for currently ac- 

(6.7 kN) had been considerably exceeded by 
cepted tolerance loads; alternatively a speed 

both anchorages in the perpendicular impact 
of 55 km/h with lower tolerance limits might 
be considered for the reasons given below. 

(9.2 and 10.6 kN). Although the peak passen- 
ger compartment decelerations were as high as 

Repeat testing is needed to ascertain the vari- 

in the perpendicular impact test, the mean 
ability in results for any one model of car, but 

deceleration experienced in an angled barrier 
the costs of carrying out enough tests to yield 

test must be considerably lower at similar im- 
statistically useful results would be consider- 

pact speeds since the compartment’s stopping 
able. 

distance after initial barrier contact is greater. 
This is both because of the increased front PRODUCTION CAR INTERIOR FREE 
end crush and because the vehicles slide along FLIGHT HEADFORM IMPACT TESTS 
the barrier face. Thus the dummy occupants 
fared much better in these angled barrier tests The cost of carrying out a whole-vehicle 

than in the perpendicular ones. In angled bar- barrier impact test means that there is reluc- 

tier tests dummy loads may peak well before tance to carry out more than one or two such 

the frontal collapse is complete and so peak tests for each car model, and the dummies’ 
loads are not necessarily closely related to im- heads may each strike only one particular 

pact speed. Three out of the eleven drivers for point of the car interior. In real accidents, the 

which head results are available passed on variability introduced by different occupant 

both "HIC in contact" and head resultant sizes and crash conditions means that many 

acceleration, 6 failed on both criteria, and two parts of the car interior may be struck by the 

passed the former but not the latter. Apart occupants, and a method of testing all such 

from the HIC of over 3000 recorded by the parts quickly and easily is thus desirable as an 

passenger dummy whose belt failed, only 3 important addition to the whole-vehicle test. 

welt exceeded 80 g for 3 ms. These results sug- One promising method is the Free Flight 

gest a considerably higher probability of sur- Headform Impactor test developed at MIRA 
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under TRRL contract, and this test was used    caused by the dummies themselves, and it is 

on each of the t2 production cars which had . clearly unfair to retest an energy absorbing 
previously undergone the high speed perpen- structure with the headform when this struc- 
dicular barrier impact, ture has already performed correctly in yield- 

The test is a modification of the current ing to protect the dummy. In the future, there, 
............ ECE Reg 21 procedure, and uses a similar fore, it is proposed that undamaged cars 

headform of mass 6°8 kg (15 lb) and impact should be tested. 
speed 24 km/h (6.7 m/s). Instead of being This headform testing prevents vehicles 
mounted on a pendulum, however, the head- being frontally impacted afterwards if the 
form is a complete aluminum sphere of diam- area where the dummy is expected to hit has 

eter 165 mm which is launched into unre- already been deformed by the test. However, 
strained flight from a pneumatic gun mounted frontal headform tests could be carried out on 
on a framework passing through the car body a vehicle which is afterwards to be used for a 
apertures° The headform contains a triaxial side impact test. Similarly, if the free flight 
accelerometer whose readings are transmitted impactor is used to test a vehicle’s side pad- 
via a flying lead. A safety strap is used to ding then that vehicle can be used afterwards 

restrain the headform, but this remains slack for the frontal barrier test and only two vehi- 

until after the impact: Typically the headform cles would be needed for (1) interior free flight 
travels about 150 mm between leaving the headform testing for frontal injury potential, 
launcher and impacting the chosen point of (2) interior free flight headform testing for 

the car’s interior, and the impact is usually side impact injury potential, (3)frontalwhole- 
......... within 10 mm of the target point. The acceler- vehicle barrier impact, (4) side barrier impact. 

ometer readings are recorded and processed as Table 4 summarizes the ~esu~ 6~tl/e-s~-p~o, 

if they were dummy head acceleration results, duction car interior tests. The steering wheel 
and peak resultant g, add severity index and impact results are omitted because the wheels 

HIC are computed as required. This free flight had already been deformed by dummy impact, 
impactor test has several advantages over a as explained above. The high results for the 
pendulum test, e.g., all likely impact points lower fascia of one model are partly caused by 

can be reached without cutting up the vehicle, the large intrusion which this rear-engined 

and valid results can be obtained from impacts vehicle suffered in its previous barrier crash, 

on oblique or curved surfaces, combined with the fact that its seat belts 
-I-n these production car ~-~-~-~ impact stretched enough in that crash to allow the 

positions were chosen in each car; 5 along the dummies’ knees to use up the energy absorp- 
header rail, 2 on the A posts, 2 on the B posts tion capability of the lower fascia. The peak 
(one on and one off the belt anchorage), 2 on decelerations recorded for the Reliant Kitten, 
the steering wheel rim, 1 on the steering wheel the only glass reinforced., o are notably low, 
hub, 5 on the fascia top, 5 on the lower part although this is not unexpected because of 
of the fascia (the knee impact area). The cars its use of a light body on a separate metal 
tested had previously undergone a perpendic- chassis. 
ular barrier impact test at 54-59 km/h, which In general the header rails, A p0~i and 

had the advantage that the headform hit the especially the B post seat belt anchorages were 

structure after this had been deformed in the found to be the stiffest areas. They are unlikely 
crash, i.e., it partially reproduced the real-life to be hit by belted occupants but for the un- 
situation. Offsetting this advantage, though, belted they are impact points of major con- 

were the facts that (a) some of the chosen im- cern. While header rail padding can probably 
pact points could not be reached in the head- be provided fairly easily, the A posts raise 
form test because of the crash damage, (b) greater difficulties if the driver’s field of view 

some of the structural deformation had been is not to be impaired, 
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Table 4. Production car interior free flight headform impact test results. 

Peak resultant deceleration of headform 
(g, exceeded for 3 ms) 

Make and model Mean Mean M~ Mean B post on B post off Average 

header fascia fa~ A seat belt seat belt of 19 
rail top lo~ post anchorage anchorage 

points 

(5 points) (5 points) (5 points) (2 points) (1 point) (1 point) 

B. L, Marina Coupe 84 82 68 85 168 160 88 

Datsun Sunny 108 70 64 103 -- -- 

Fort Escort 81 72 88 80 146 122 86 

Colt Lancer 96 55 107 114 139 137 94 

Reliant Kitten 32 32 62 42 85 79 46 

Vauxha~l Chevette 73 50 52 86 140 128 69 

B, L, Princess 111 62 44 91 110 128 79 

Chrysler Alpine 69 63 57 77 120 104 70 

Ford Fiesta 74 56 58 84 162 66 70 

Renault 5L 99 72 77 79 154 106 87 

VW Golf 91 42 41 68 118 -- 

Fiat !33 92 101 144 67 142 74 107 

Average 84 63 72 81 135 110 80 

The high levels of many of the peak head- * Only a few models of recent design would 

form decelerations are serious because they pass. 

exceed the proposed tolerance level of 80 g 
¯ Only demonstration experimental safety 

even though the impact speed of 24 km/h is cars would pass. 

comparatively low. However, apart from the This aspect is closely related to the lead time 

B post, the best designed components for each granted by the legislative authority. If as much 
part of the car interior from among the 12 as say five years, design might be encouraged 
designs do not exceed this criterion and so car to progress in the meanwhile and a test level 
designers can pass a test at this level even might become practicable which is currently 
when using metal structures, not so. This procedure usually results in the 

most progress and yet the progress can be 

CHOICE OF TEST LEVELS orderly. Although some authorities might list 
the ranking of severity in terms of the weight 

This is the major matter which is so far and cost penalties needed to pass, experience 
unresolved. Several factors relating to this are does not bear this out. Design skill greatly 
now briefly considered, reduces weight penalties and safety is not 

necessarily accompanied by performance and 

Effect of Test Level on Car Design cost penalties, at least if excessive improve- 
ments are not required and reasonably long 

In relation to the state-of-the-art for the lead times are given. 
safer design of cars a test level can be set in in- 
creasing order of severity such that: Relationship Between Injury Tolerance 

and Impact Speed 
~, All cars in current production would pass. 
¯ Only a few models of old design would fail. When the success of an impact test is assessed 

¯ About a half of existing designs would pass. in human inj ury terms by measuring dummy 
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loads and accelerations a difficult decision has the necessary input data. Both papers empha- 
to be taken. This arises because there is no size the benefits in injury savings to be gained 
one human tolerance level, but a whole range by choosing maximum allowable loads near 
of levels making up a frequency distribution the weak end of the human tolerance spread, 
running from the small, old and weak who because there are so many more accidents at 
will be injured at low loads to the large, young low speeds than at high speeds. It may be best 
and strong who can withstand much larger therefore to carry out the 30° angled wood 
loads. It is also true that there are many road faced barrier test at 55 kin/h, and require 
accidents of lower severities which injure measured dummy forces and decelerations to 
people compared with few at higher severities, be below presently accepted levels (possibly by 
So when choosing a combination of human about 30% for HIC and by about 15% for 
tolerance levels and impact speeds for a test other loads and decelerations, e.g., a diagonal 
procedure, the choice must be made between belt load of 6.8 kN rather than 8 kN). 
a high injury tolerance level with a high im- 
pact speed and a low level with a low impact Variability and the Procedure for Approval 

speed. The latter will probably save more in- It has been shown elsewhere that there is a 
...... juries because of the greater number of lesser large variability in the loads and accelerations 

impact accidents that occur. The protection measured on dummies in full scale test impact 
will then be biased in favor of saving more procedures, even when all possible engineering 
among the weaker members of the population steps to minimize such variability have been 
who would otherwise have been injured in taken. Currently the procedure is either the 

........ lesser impacts, rather than saving some in US type of Self Certification by the manufac- 
more severe impacts (possibly the young in turer or the European Type Approval. The 
high speed crashes), former requires the manufacturer to produce 

The effects on the number of injuries cars which have a very high probability of 
prevented of both impact test speed and allow- passing the test whenever a car from the pro- 
able dummy loads much depend on the exact duction line is picked out at random and 
figures chosen. With currently accepted tested. This has led to the test requirement laid 
dummy loads a test speed of 60 km/h might down being far below the average standard 
on current experience be thought reasonable actually being achieved by car designers, so 
for a 30° angled barrier test to be introduced that generally the mean level for any parameter 
in a few years’ time. Also a reduction in test measured may be two or three standard devia- 
speed below about 55 km/h would probably tions better than the legal requirement. This 
not produce either intrusion levels or belt situation would not be satisfactory for an 
loads as high as those now frequently found in angled barrier test if it led to choice of a low 
injury accidents. Two questions must there- test impact speed such as 50 kmih because 
fore be answered: (a) By how much should this speed would give too little intrusion in 
currently accepted dummy loads be reduced if cars which are known to cause injuries from 
a test speed of 55 km/h rather than 60 km/h is intrusion in accidents. Also, the belt loads at 
used? (b) Would these lower loads and test such a speed are low and well below current 
speed produce fewer injuries than the high test requirements. A manufacturer might be 
loads high speed combination? In theory these tempted to design for a much lower probability 
questions could be resolved mathematically, if of passing a check test for self certification, 
such basic data as the statistical distributions e.g., to be only one standard deviation better 
of accident speeds and of human tolerances instead of two or three; he could then degrade 
were known. A start has been made along his design considerably. 
these lines by Wall et al6 and by Searle et al8 With Type Approval it is usual to have a 
but clearly it will be very difficult to obtain fall-back procedure for designs which initially 
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fail their Type Approval test. A second test force/deflection characteristics are well 

may be permitted, so that one test in two must matched to the car’s interior space and its 

be passed. If Type Approval procedures re- crush and intrusion properties. 

quiring one pass in two, three or four tests 
¯ Occupant protection in frontal impacts 

were permitted it would allow the mean design depends on preventing injuries caused by 

performance of a vehicle model to be succes- either intrusion or deceleration, and an 

sively closer to the test level for the procedure, effective barrier impact test procedure must 

or indeed below it. For example, the designer check both these aspects. The crash test 

can design his car just to meet the test level re- programs described in this paper suggest 

quired with a 94% probability of passing one that the most suitable procedure for in- 

test in four. Alternatively, if he designs for troduction in the near future would be a 304 

and achieves a mean performance level which angled wood faced barrier, impacted at 60 

is one standard deviation outside the required km/h, in place of the present 48 km/h per, 

test level he still has about one chance in six of pendicular impact. 

passing any one test, and his probability of ¯ The perpendicular barrier (impacted at 

getting one pass in four tests is about 50%. 54-59 km/h) gave insufficient intrusion, 

The "failure rule" or fall-back procedure but very severe head impacts. The partial 

must therefore be carefully designed using barrier (at 30°70 offset and 49-50 km/h) 

statistical and quality control concepts to gave insufficient belt loadings, but large 

ensure that it gives the legislative authorities intrusions. Its use would encourage non- 

the necessary information to determine whether interlocking impacts which might not be 

or not a particular car model is acceptably encouraged by the angled barrier test. 

safe. A simple first approach may be to insist ~ Using currently accepted criteria for sur- 

that if more than one test is required (i.e., the viral space and dummy loads, a quarter of 

first car tested fails) then the results of all the a sample of twelve popular small and 

cars tested must be averaged and the pass/fail medium production cars passed or very 

criteria must be applied to the average level nearly passed the 30° angled woodfaced 

achieved. Using such a fall-back rule it ap- barrier test at speeds of 58-60 km/h. The 

pears that with a Type Approval procedure a majority of the rest would have passed with 

full scale angled barrier test could be set at 60 only minor modifications to their steering 

km/h with currently accepted dummy load wheels and columns and knee impact areas. 

maxima, whereas a Self Certification proce- Two cars, including the only rear engined 

dure might have to be set at 50 km/h with the one tested, would have required structural 

same ma~xi~um allowable dummy loads. As changes to reduce footwell intrusion. Chest 

explained above, a 60 km/h test speed would decelerations were marginal in several 

be much more satisfactory in producing real- cases, and care was shown to be necessary 

istic intrusion levels and seat belt loads, in the detail design of restraint systems; for 
example, some seat belt adaptor plates were 

CONCLUSIONS found to rotate under impact loads and thus 

o No one whole-vehicle frontal impact test increase effective belt slack and allow exces- 

can check that a car provides adequate sive occupant forward motion. 

occupant protection for all the variety of * Angled barrier tests at 50 km/h produced 

conditions arising in road accidents involv- intrusion levels and seat belt loads lower 

ing frontal collisions. However, a well than those frequently found in real acci- 

chosen test can be very valuable in demon- dents, and an angled barrier test at this 

strating whether or not effective protection speed would not be effective in improving 

is being supplied in a typical severe impact, vehicle safety. There may however be a case 

and can ensure that the restraint system’s for using a speed of 55 km/h rather than 60 
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km/h provided the allowable dummy loads Research Laboratory and the paper is pub~ 
are reduced accordingly, (possibly by about lished by permission of the Director. 
30% for HIC and by about 15% for the 

other loads and decelerations). REFERENCES 
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Results of Comparative Frontal Crash Tests 

PHILIPPE VENTRE Nevertheless, these first results indicated 

CCMC Crashworthiness Working Group that the 30° barrier test may possibly be con- 
sidered as the most representative. 

INTRODUCTION--FIRST TEST PROGRAM 

During the years 1974 to 1975, the Euro- SECOND TEST PROGRAM 
pean car manufacturers, associated in the 
CCMC, carried out a wide program of crash To collect sufficient statistical data, and to 

tests, using a variety of barrier and target car clarify the reasons for the large differences 

configurations, between maximum and minimum values re- 

The purpose was to gather comparative corded in the first group of tests, a second 

data concerning occupant behavior and injury program was carried out comparing only the 

criteria, and concerning vehicle velocity 0° and 30° barrier test. 

change, deceleration characteristics and 
Fifty-two new tests were performed using 

deformations, under various crash modes, 
only values recorded with US "Part 572" 

This work consisted of 71 tests, either with 
dummies. 

cars against fixed barrier (centered, offset or 
The main results are presented in the seven 

at an angle)or car-to-car crashes with various 
tables attached which also include the data 

overlaps, 
from the EEC Symposium in 1975 for com- 

Twenty different European models were in- parison. The new data show that the scatter in 

volved, ranging from 600 to 1,600kg, and 
results using the "Part 572" dummy is less 

representative of an annual production of 
than that obtained from the first generation 

about 2.5 million vehicles, 
dummies used for Phase 1 tests. 

As the majority of these tests were made us- 
CCMC emphasizes that the change noted in 

ing various types of dummies, and in various 
the dummy values may be due not only to the 

numbers according to the different tests, it change in dummy design but also to changes 

was not the intention of the CCMC to draw 
in car design. 

firm conclusions from this work. 
The comparison of the data points out that 

The results were published at the time of versus the 0° barrier test, the 30° frontal crash 

the European Automobile Symposium held in 
gives: 

Brussels in December 1975. ¯ to the car: 
One of the goals of this CCMC work was to a slightly lower velocity change, 

select the best type of barrier test, which a lower maximum deceleration, 
would give good representativity of occupant a much greater car deformation, 
injury, of vehicle velocity change, and of 
deceleration-time characteristic. ® and to the dummy: 

These first results have shown a great dis- lower HIC with small dispersion, 

persion of the data, both between the differ- -- chest deceleration at the same level, 

em crash modes, and between the different with a slightly lower severity index, 

cars for [he same crash mode. -- femur loads at the same level. 
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Upgraded Frontal Crash Protection for Motor Vehicle Occupants 

W. A. BOEHLY, L. A. DeLARM, and Standard No. 204--Steering Control 
J. B. MORRIS Rearward Displacement--Passenger Cars 
National Highway Traffic Safety Administration (Effective 1-1-68) 
U.S. Department of Transportation Specifies requirements limiting rearward 

displacement of the steering control into the 

INTRODUCTION passenger compartment to reduce the likeli- 
hood of chest, neck, or head injuries. 

The National Highway Traffic Safety 
Administration is responsible for issuing Standard No. 208--Occupant Crash 

Federal Motor Vehicle Safety Standards. Protection 

These standards are intended to help reduce This standard first required seat belts to be 

fatalities and injuries which occur on our installed in passenger vehicles at certain loca- 

nation’s highways, by improving the safety tions effective January 1, 1968. The standard 

......... characteristics of motor vehicles, has undergone numerous revisions since then, 

......... This goal is achieved by altering the per- and currently the following three options are 

formance of vehicles in two basic areas--0) allowed for occupant protection: (1) automatic 

reducing the frequency and severity of acci- protection at all front seat positions with a 

dents--crash avoidance, and (2) increasing belt option in lateral and rollover require- 

the protection afforded occupants who are ments, (2) a system providing automatic pro- 

involved in a crash--crashworthiness. This tection for front seat positions for frontal im- 

paper will address the need for, and methods pacts, and (3) lap and shoulder belts at all 

to develop enhanced frontal crash protection, front positions. Effective 9-1-83, passenger 

The existing Federal Standards that deal cars must provide frontal crash automatic 

most predominately with protection in frontal protection at all front seat positions. For 

.......... impacts are: lateral and rollover crashes, either automatic 

.... protection or the installation of a tap belt is 

Standard No. 201 --Occupant Protection in required. 

Interior Impact-Passenger Cars (Effective Currently, about 35,000 motor vehicle oc- 

1-1-68) cupants are killed on U.S. highways each year. 
The distribution of these fatalities by vehicle 

This standard specifies requirements for type as well as the fatality rate (deaths per 1~ 
impact protection for passenger vehicle occu- 

million vehicle miles) is shown in Table 1. 
pants. It contains requirements for padded 
instrument panels, seat backs, sun visors, PLANNED RULEMAKING 
armrests; and specifies that glove compart- 

Death and injury rates per vehicle mile have 
ment doors remain closed during a crash. been declining, (fig. 1) and even the total 

Standard No. 203--Impact Protection for 
Table 1. Fatalities and fatality rates for various 

the Driver From Steering Control System-- vehicles types--1977. 
Passenger Cars (Effective 1-1-68) 

Specifies requirements for minimizing Vehicle type Fatalities 
Fatality rate-- 

chest, neck, and facial injuries by providing 
deaths/lOa miles 

steering systems that yield forward, cushion- Passenger cars 28,929 2.52 

ing the impact of the driver’s chest by absorb- Light trucks & 
5,848 2.24 

ing much of his impact energy in front end vans 

crashes. 
Other vehicles 2,338 1.57 
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l/j_/._ - _I 
t- 1200 
~ -d Mileage death rate " ,-= 
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5.0 

< "~ 

800                                 ~                   4.0 

NHTSA 
~ goal 

Motor vehicle travel            ~ ~ 
6~ ~          ~ 3.0 

1955 1960 1965 1970 1975 1980 

NOTE : Improvements in vehicles, roads, and ~fety of operation have reduced the death rate per mile 

of travel by more than 43 percent since !957. The decline in the mileage death rate means that it is 

now possible to travel almost 18,0~ miles at the ~me risk that was attained in driving 10,000 miles 

in 1957. 

Figure 1. Trends in vehicle mileage and mileage death rate, 1957-1977. 

deaths per year (fig. 2) are considerably lower significant role in the fatality and injury 

than they were at the beginning of the decade, reduction. However, further rulemaking is 

The FMVSS issued by NHTSA have played a necessary to attack the remaining problem. 
The low (14%) rate of use of belt restraints 

~- -~ in passenger cars has led to the FMVSS 208 

o passive restraint requirement which specifies 
Motor vehicle occupants that effective September 1, 1981, full-size pas- 

~: "-- - 
X~_~... senger cars must have automatic protection at 

~ 
~o ...... ~ each front designated seating position. Mid- 

~ ~0 size cars follow in September 1982, and by 
~, September 1983 all new passenger cars sold in 
~- 0-- - ~- ~ -- the U.S. must have automatic frontal crash 
u~ 

t 
Pedestrians 

c~ o - protection at each front designated seating 
t955 1960 1965 1970 1975 1980 position. Once this standard is in effect on all 

Sources: Deaths: 1957-1974o Estimated by NHTSA passenger cars, we expect savings of about 
from data supplied by National Center for Health 
Statistics, HEW andStateAccidentSummaries 

12,000 lives annually, if all manufacturers 
{adjusted to3Oda¥ deaths) choose the air bag to provide automobile 
1975-1977, NHTSA Fatal Accident Reporting System. crash protection. This represents about 9,100 

more lives than are now being saved every year 

Figure 2. Pedestrian and motor vehicle occu- due to the use of the available lap and shoulder 

pant fatalities, 1957-1977. belt systems. 
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Another planned rulemaking activity is the No. 208 becomes effective. However, there 

extension of the automatic restraint require: will continue to be a significant number of 

ment for passenger cars to cover light trucks, unrestrained (for whatever reason, i.e., de- 

vans, and multipurpose vehicles (MPV’s), feating system, etc.) occupants for which 

Fiscal year 1984 is the planned effective date some level of protection is needed. 

for this regulation. Activities that have been discussed already 

Light trucks, vans, and multipurpose vehi- are in various stages of rulemaking and the 

cles comprised about 18°70 of the total motor corresponding research support largely exists. 

vehicles registered in 1976, and about 4,900 Even when all this rulemaking is effective, 

deaths occurred to occupants of these vehicles, and even though FM¥SS 208 is going to be 

..... The sales of these vehicles has been increasing one of the most significant lifesaving decisions 

over the past few years. This trend is expected ever made by the U.S, Government, there will 

to continue in the future, with a correspond- be a large number of serious injuries and fatal- 

ing rise in deaths and injuries unless remedial ities remaining to be addressed. 

action is taken. Many of these deaths and in- Additional rulemaking will be necessary to 

juries can be eliminated if these vehicles are further reduce the number of lives lost on 

equipped with automatic restraints. It is esti- U.S. highways. To support this rulemaking, 

mated that about 1,000 to 1,500 fatalities NHTSA has a multifaceted research program! 

would be saved by this rulemaking, to provide data to support rulemaking, which 

Rulemaking is also underway to extend the will enhance the crashworthiness of motor 

present regulations (FMVSS’s 201, 203, 204) vehicles considerably. In the near-term, side 

on interior padding and steering control sys- impact protection requirements will be issued 

tern characteristics applicable for passenger specifically to address this aspect of occupant 

cars to light trucks, vans, and MPV’s. Because protection in this crash mode. 

passenger cars, light trucks, and vans all share To address the fatalities and serious injuries 

the same motoring and crash environment, which will remain after FMVSS 208 and the 

unrestrained passengers in those vehicles face side impact upgrade are fully effective, a 

a similar risk of injury presented by hazardous longer term exploratory occupant protectior~ 

instrument panels and rigid steering assem, upgrade rulemaking activity, the 400 Series, 

blies. The agency has tentatively concluded and supportive research is being pursued. The 

that applying Standards Nos. 201, 203, and objective of this activity is to reduce those 

204 to light trucks and vans can result in a fatalities and associated injuries by issuing a 

reduction of deaths and injuries comparable new system standard or standards, which will 

to the reduction experienced in passenger cars require enhanced levels of occupant protec~ 

complying with those standards. NHTSA has tion during motor vehicle accidents. This rule, 

estimated (Federal Register, Vol. 43, No. 218 making and research will be aimed at provid, 

--Thursday, November 9, 1978)that the over, ing increased vehicle occupant protection in 

all reduction in severe to fatal injuries attrib, frontal, side, rear, and ro!lover accidentsi 

utable to Standard No. 201 is 5.2 percent. The Prime consideration wilt be given to specifying 

agency likewise estimates that implementation vehicle compatibility requirements, that is, 

of Standard Nos. 203 and 204 produced an considering the trade-offs between vehicle 

overall reduction of 2.9 percent in severe to aggressivity and crashworthiness covering a 

fatal driver injuries. The benefits quoted for wide range of vehicle types, vehicle weights, 

extending 208 automatic restraint require- and accident modes, as well as vehicle front 
ments and extending 201,203, and 204 are not end aggressivity to pedestrians. 

additive, Much of the benefit in reducing in- A significant component of 400 Series Rule’ 

juries that Standard Nos. 20!, 203, and 204 making is the development of a new and 

provide will be superseded when Standard proved test dummy, Emphasis will be placed 
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upon enhancing the ability of the dummy to The frontal crash protection requirements 

predict human injury in the various crash of FMVSS 208 are set at 30 mph. To calculate 

modes, the effectiveness (percent fatality reduction) 
The anticipated rulemaking schedule for of this standard it is necessary to determine 

the 4C~9 Series is shown in Table 2. This shows the distribution of accident fatality risk with 

a Notice of Proposed Rulemaking (NPRM) speed for unrestrained occupants and for pc- 

on the new dummy--December 1982; both cupants restrained by restraint systems which 

dummy rule and an NPRM on the total sys- satisfy FMVSS 208. 

terns standard--September 1984; the systems To determine the distribution of occupant 

standard rule--September 1985; and an effec- injuries and fatalities by crash direction and 

tive date of September 1988 for standard, crash severity was a major objective of the 

A flow chart covering the general research National Crash Severity Study. The direc- 

activities for the 400 Series and how they in- tional distribution is presented in Table 3. 

terrelate to themselves and rulemaking actions In NCSS, crash severity is described by the 

is presented by Figure 3. These activities may speed or velocity change, AV, of the vehicle 

be broken down into five main categories involved in the crash. In the NCSS file, AV 
which are: (1)Systems Analysis and Systems is obtained by utilizing analytical models, 

Engineering--Tasks 1-8, (2) Biomechanics along with crash scene evidence. Two im- 

and Advanced Dummy DevelopmentwTasks portent distributions which are obtained 

9-15, (3) Crash Environment Simulator De- -from the NCSS file are the cumulative distri- 
velopment--Tasks 16-18, (4) Advanced bution of fatalities as a function of zXV for 
Dummy and Simulator EvaluationwTasks frontal accidents, and the probability of fatal- 
19-20, and (5) Development of Integrated ity as a function of ~V. The following discus-~ 

Demonstration VehiclesmTasks 21-26. sion utilizes data from the NCSS file. 
This paper will address one portion of the Figure 4 gives the cumulative distribution 

4C~) Series activity--upgraded frontal crash of all occupant fatalities in frontal crashes. It 

protection, does not provide the fatality risk, but rather 
the distribution of fatalities by crash severity ........ 

FRONTAL CRASHES zXV, for frontal accidents. Figure 5 illustrates 
Frontal crashes account for about V2 of all the cumulative distribution of frontal occur- 

passenger car occupant fatalities. Table 3 pre- fence with zXV. This distribution includes all 
sents the distribution of these fatalities by occupants regardless of their injury level. A 

crash direction. This distribution utilizes the prerequisite for being included in NCSS is 
National Crash Severity Study (NCSS) acci- that the vehicle be in an accident of sufficient 
dent data. Vehicle damage area is used as the crash severity to require vehicle towaway. 
descriptor for crash direction. Thus, accidents at low AV’s are not repre- 

sented properly. Additionally, smaller vehicles 

Table2. Anticipated rulemaking schedule for are over-represented, since they require a 
4~ Series. lower crash severity (zXV) to result in a tow- 

away. The probability of fatality as a function 
Rulemaking action Date of AV distribution is shown in Figure 6. 

Notice of proposed rulemaking December 1982 
The fatality probability values shown in 

on dummy Figure 6 require some discussion. First, as in- 

Final rule on dummy September 1984 dicated above, the exposures at low z~V’s are 

Notice of proposed rulemaking September 1984 not representative. However, the fatality pro- 
on 400 Series babilities in this region are, for all purposes, 

Final rule on 400 Series September 1985 0. Above AV’s of 15 mph, this bias will dis- 
Effective date of 400 series September 1988 appear. Secondly, probability of fatality is 
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Table 3. Distribution of unrestrained automo- 
bile fatalities by crash direction. 1001---- 

913t-- " 

Crash Direction Percent of fatalities _~> 

Front 44.3 o < 
t-I_ 

60 -- 
Side 36.3 "< Ou- 

t- _a 
50 

Rear .4 Z < 
40---’- 

Rollover 18.1 o z 
~c O 30P---/--- 

Other .9 ’" ~ a.u. 20 

100.0 

0 
0 10 20 30 40 50 60 

AV- MPH 

Figure 5. Cumulative distribution of automo- 
bile occupant exposures in frontal 
collisions as a function of velocity 
change, AV, from National Crash 
Severity Study (NCSS). 

~ {3.5 

F- 

~ 0.4 
~V - MPH 

< 
u_ 0.3 

Figure 4. Cumulative distribution )f automobile o 

occupant fatalities in frontal colti- ~ o.2 o 
sions as a function of velocity change, 
AV, from National Crash Severity < o. 

Study (NCSS). o 
~ 0 

o 

obtained by dividing occupant t~talities by the 

number of occupants in crashes for each ~V. Figure 6. Probability of fatality in frontal acci- 

A necessary condition to ensure that these dents as a function of velocity 

values are realistic is that the numbers used to change, AV, from National Crash 

calculate them are based on a sample which is Severity Study (NCSS). 

representative of such parameters as vehicle 
type and size, occupant seating position, oc- reasonable approximation to the relative 

cupant sex, and occupant age. For the various fatality probabilities at the various AV’s. This 

AV increments, the number of fatalities range relationship is obtained by normalizing all the 

from 3 to 22. If the observed numbers are very fatality probabilities to the probability of 

small, the observed probability of fatality fatality of a specific AV. If a AV of 30 mph is 

may differ from the true rate by chance alone, chosen as the "normalized" speed, the fol- 

Assuming that bias is random, however, the lowing relative values of fatality probability, 

shape of the curve in Figure 6 is considered a P(F), are obtained, as illustrated in Table 4. 
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Table 4. Relate risk of fatality at different V’s For example, if the assumption is made that 
for unrestrained occupants in frontal a countermeasure system is developed which 
crashes, provides 45 mph zXV protection in frontal 

crashes (fatality probability is 0 up to 45 mph, 

V Increment Probability of 
Ration of P(F) at and 1 above it), Figure 4 indicates 71% of 

...... each V to P(F) at 

............ mph fatality P(F) frontal fatalities would be prevented. Multi- 
v = 28-32 mph 

plying by the percentage of automobile occu- 
o-2 .000 .00 pant fatalities which are frontal from Table 
3-7 .001 .01 44.3%, the estimated lifesavings would be 
8-12 .000 .00 

13-17 .002 .03 about 32%. Obviously, the former approach 
............. 18-22 .007 .10 is more realistic, but this gross approach does 

.......... 23-27 .026 .41 provide insight into the potential benefits of a 
28-32 .064 1.00 

33-37 .070 1.09 
countermeasure system. 

38-42 .096 1.50 Accident data analysis provides two very 
43-47 .256 4.00 important inputs to the development of coun. 
48-52 .545 8.50 termeasures for occupant protection. First, it 
53-          .510           7.90 specifies the fatality risk at various AV’s t~r 

unrestrained occupants. And secondly, it 
specifies the occupant exposure with 

A glance at Table 4 shows that the relative Together, these two relationships allow the 
risk of fatality in a frontal collision is 1.5 times researcher to define the environment in which 
as high at a AV of 40 mph as it is at 30 mph. a countermeasure is necessary, and provides 

...... Higher zXV’s have increasingly higher risk fac- him with an evaluation methodology to deter- 

tors. Of course, it must be remembered that mine effectiveness. 
the basic objective of upgraded frontal pro- 
tection is not to reduce these fatality probabil- COUNTERMEASURE RESEARCH IN 

ities, but rather the deaths they account for FRONTAL CRASHES 

due to exposure at the various &V’s. An integral component of NHTSA’s 

Ideally, one would desire the probability of search and Development has been the devel- 

fatality distribution for both unrestrained opment of countermeasures to improve frontal 

occupants (from NCSS) and for a family of crash protection. 

occupant restraint-vehicle structure combina- Early in the planning stages of these efforts, 

tions. These distributions would be combined NHTSA defines the objective of the program. 

with the exposure of Figure 5 and the total The objective contains two basic compo- 

number of exposed occupants. The overall nents--the simulated crash environment in 
effectiveness--lifesaving potential--of various which occupant crash protection is desired, 

countermeasures could then be calculated, and secondly, the evaluation criteria by which 

Another approach for measuringlifesavings success will be judged. The simulated crash 

potential is by using the cumulative fatality environments consist of" frontal barrier ira- 

distribution of Figure 4 and Table 3. A counter, pacts and frontal vehicte4o-vehicle impacts 

measure system is assumed to provide protec- which result in specific &V’s for the vehicle. 

tion up to some AV. Until this zXv is reached, The evaluation criteria are the injury criteria 

the probability of fatality is assigned the value of FMVSS 208, with possible additions 

of 0, while above this AV, the value is assumed and/or modifications depending upon the 

to be 1. Obviously, such a phenomenon does nature of the research program. 

not occur, but it allows gross estimates of The definitions of the crash environment 

fatality reducing effectiveness of counter- simulation relies heavily on the accident data 

measures, discussed earlier. Based on that discussion, it 
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is obvious why NHTSA views frontal crash between t = 0 and t = t1 is the restraint deploy, 

protection at aV’s of 40 mph, and perhaps ment time. The restraint load, or force, re- 
higher, as extremely vital to improving the sults in an acceleration (deceleration), which 
safety of motor vehicle occupants, is a function of time. Between t = t1 and t = t2, 

the acceleration is increasing. At t =t2, the 
Theoretical Performance of Restraint desired acceleration is reached and the occu- 
Systems in Frontal Crashes pant undergoes constant acceleration from 

The design of a restraint systern to provide 
t = t2 until t = t3. 

frontal crash protection must address two dis- 
Figure 8 illustrates these three district re, 

tinct considerations. First, any loads which a gions of t = 0 to t = t1, t = tl to t = t2, and t = t2 

restraint system imparts to an occupant must to t = t3. The area under the velocity time 

be within the tolerable ranges ;that is below 
curve is the total occupant stopping distance. 
Let it be assumed that the deceleration be, 

the human tolerance limit. Second, due to 
their very nature, there are system limitations tween t = tl and t = t2 is a linear function of 

time and hence the first time derivative of the on the magnitude of restraint loads which a 
decleration is constant. For the three district system can impose upon an occupant. 

System limitations of restraint systems refer regions, the associated stopping distance is: 

to the ability of a system to impose loads upon 
an occupant. For example, while an active Time Region Stopping Distance 

belt system loads an occupant shortly after a 0 _< t < t~ Vo ¯ t~ 
crash, an automatic system such as an air bag 

1 must first deploy. This development requires 
t1 _ t < t2 V0 (t2 t) - ¯ ~ ¯ G 

some time interval. Thus, it must be recog- " - ~ 
nized that a delay time is involved before re- . (t2 _ tl)3 
straint loads are applied. Figure 7 illustrates a 

~" G" (t2 - tl)2]2 
velocity-time relation for an occupant under- 

Vo _ going a ,XV. At tirne t = 0, the vehicle structure t2 _< t < t3 2 
in which the occupant is riding begins to stop. 

2G ¯ gp 
Between t = 0 and t = t~, the occupant feels no 
restraint. Beginning at t=t1, the restraint where: Vo = initial occupant velocity, 

system begins to load the occupant. This time ft./sec. 

gp = maximum occupant decelera. 
tion, G’s 

~ = occupant acceleration onset 
rate, g/sec. 

G = acceleration of gravity, 
32.2 ft./sec.2 

~ Vehicle 

~> The previous equations are based on the con- 

~ / straint that the peak acceleration is reached 
> before the occupants’ velocity is reduced to 

zero. That is, 
0 

t! 

t2 

TiME t -- SEC                                              t2 o < 
Figure 7. Velocity-time relationship for a vehi- 

cle and an occupant experiencing a Similarly, if the maximum occupant decelera, 
velocity change, zXV. tion is reached, it will be reached in time, gp/g 
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2G. gp 

Constant Constant Constant 

velocity onset rate acceleration 

Area = Vot1 Area = vo (t2 - tI ) 

_ 1__ .~. G(t2 -tl)3 

6 

0                                   tl                                            t2                                               t3 

TIME t -- SEC 

Figure 8. Three regions of idealized occupant restraint. 

seconds. Replacing this expression for t in the Expanding the last term, the total occupant 

above equation: stopping distance, St, is then: 

0 < Vo ~ go2 G 1 t l + gp gp3 
...... 2 St = Vo ¯ 5.37 

2 ~ ~ -~" 

~>2G ~ vogP’’Z"               (1)              32.2-~Vogp_2     + 259.2, g4p 

÷ ¥2o - 

If equation (1) is satisfied, the maximum de- 
64.4 gp 

celeration will be obtained. The equations for 
(2) 

the stopping distance of the occupant can 
Where St total stopping distance in feet. 

then be reformulated using gp/~ for (t2 -- tl): 
If equation (1) is not satisfied, the peak accel- 

Time Region Stopping Distance eration, gp, is not reached. The time after t1 to 
reduce the occupants’ velocity to that of his 

0 _< t < t~            Vo ¯ tl              vehicle is then: 

t~ < t < t2 V°gp 5.37 gp3 
-- ~ -~" ~ ¯ t2 . (G) 

-- Vo 

2               2 

(Vo gp2, 16.1) t2 -< t < t3 (Vo ’~I/2 ~ t =\~,] 
64.4 ¯ gp 
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and the occupants’ stopping distance is then: various onset rates of acceleration (1000, 
1500, and 2000 g/sec.), and a maximum occu- 

St Vo. t~ Vo ( V° ,~1/2 pant acceleration of 60 g, the chest injury 

= ~ "_,-7-7,~, - 5.37-~ criterion for FMVSS 208. Assuming that a 
restraint system has a deployment time of 0.35 

(i Vo ~)~/2 

seconds, andcanapplyanonsetrateofl500 
o g/sec., between 48 and 64 inches of total stop- 

6.1 ¯ " ping distance is necessary for zXV’s between 40 
and 50 mph. 

¯ 1659- Vo3/2 
S~ = Vo o t1 + ~,1/2 (3) Tota! stopping distance required to obtain 

occupant protection is provided by two separ- 
ate sources the vehicle occupant compart- 

The total stopping distance required for ment and the vehicle structure. During a crash, 
various 2~V’s and deployment times is illus- the unrestrained occupant translates forward 
t rated in Figure 9. These are presented for in the occupant compartment until he hits the 

8O 

AV = 50 mph 

50 

AV = 40 mph 

2,300 
30                  T 

AV = 30 mph 

20-- 
0.020                        0.030                         0.040                         0.050 

DEPLOYMENT TIME -- SEC 

Figure 9. Occupant stopping distances required for selected velocity.changes, onset rates, and a 
maximum acceleration of 60G. 
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interior of the vehicle. A typical value is 20 integrated into a mass produced, production 

inches for the passenger. The driver also has automobile. 

about 20 inches, but this includes the collapse The restraint systems were: 

of the steering column. The remaining distance * An automatic driver air bag system devel- 
is provided by the vehicle structure. That is, oped for the Minicars Research Safety 

...... the collapse of the frontal structure provides Vehicle (RSV)o 
distance necessary for occupant crash protec- * An automatic passenger air bag system 
tion. Assuming 20 inches of available interior developed for the Minicars RSV. 
distance, structures should provide 28 to 44 . An active air belt system with force limit- 
inches of vehicle structure collapse at AV’s of ing developed by Minicarso 
40 mph and 50 mph, respectively, to provide ¯ An active lap-shoulder belt system with 

.......... the potential for occupant crash protection, force limiting developed by Minicars for 
Before leaving the theoretical analysis, it rear seat occupants of the RSV. 

should be emphasized that the stopping dis- The vehicle chosen was a 1976 Volvo 244, 
tance obtained by this analysis is conserva- NHTSA conducted an extensive evaluation of 
tive. The performance will never be as good as a number of vehicles to determine their ability 

...... that determined for an ideal restraint system. ....... to provide stopping distance and the potential 
Restraint loads are not applied as quickly, for occupant survivability in frontal impacts 
onset rates and peak accelerations are not which result in AV’s of 40 to 50 mph. The 
constant, and peak accelerations must be sub- Volvo performed extremely well in these testsl 
stantially less than the maximum to allow for Table 5 illustrates the structural collapse of 
design and performance variability, the Volvo 244 in various frontal crashes.3 

The Volvo structure provided about 10% 
Actual Performance of Frontal Restraint more dynamic collapse when compared to the 
Systems in Frontal Crashes static value in a barrier crash. Assuming 10°70 

As mentioned previously, accident data more dynamic structure collapse (compared 
indicates that developing occupant protection to static), the Volvo provides structure col, 

...... at AV’s of 40 mph and greater is an important lapse at various AV’s as shown in Figure 10. It 
goal of NHTSA’s upgraded frontal crash pro- should be noted that these zXV’s are for car-to, 
tection program. The above discussion indi- car and barrier impacts, and the collapse dis, 
cates that with about 30 inches of frontal tance is the average of right and left crush 
structural collapse and 20 inches of available measurements, increased by 10%, to account 
stroke inside the occupant compartment, such for dynamic crush. The Volvo provides struc, 
protection is feasible, tural collapse of about 30 inches at 40 mph 

NHTSA has conducted a number of research AV, and 44 inches at V = 50 mph--very close 
programs which have investigated the devel- 
opment of high speed frontal restraint sys- 
tems. The most recent is the development of Table 5. Static structural collapse of Volvo 244 

in frontal impacts. 
driver and passenger air bag systems for com- 
pact-sized automobiles. 

Velocity Static 
These systems have been designed for use in Crash condition 

the Minicars Research Safety Vehicle (RSV)’ 
change, V collapse, inches 

They have been used in two demonstration Barrier 48.7 37.5 

programs, first in a conventional vehicle, and Barrier 49.0 37.5 

secondly in the Minicars RSV. 
Volvo-Volvo, head-on 45.8 32.0 

In the first program2, the objective was to 
volvo.Volvo, head-on 44.7 34.0 

Volvo,Volvo, offset 43.0 31.5 
establish the occupant protection limits of a Volvo-Volvo, offset 41.0 27.5 
number of restraint systems when they were 
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5O 

30                                            40                                            50 

~%V -- MPH 

Figure 10. Average dynamic front structure collapse of Volvo 244 DL in various frontal crashes as a 
function of Volvo velocity change; values are 110% of static crush. 
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to that determined as necessary in the theoret- 

ical analyses. Gv~ compartment sensor 

As mentioned previously, four restraint _ / GMbumper 

systems were integrated into the Volvo. For ~’~ I~ ^ "~-.L____ I ~ 
this paper, only the first two--the driver and 
passenger air bags will be discussed. 

The Minicars RSV driver air bag system 
consists of four basic components 1) an energy la) m = 0 bumper contact 
absorbing steering column, 2) a column 

mounting system, 3) a steering wheel assembly Q ~ 
which houses the airbag and inflator, and, 4) a 
knee restraint. Figure 11 illustrates this sys- 
tem. The air bag contains an inner and outer 
bag. The smaller inner bag (1.0 cubic feet) in- 
flates first and applies restraint loads to the Ib) T--9 msac sensor activation 
occupant’s torso. This inner bag then vents to 
the larger outer bag (1.7 cubic feet) which Outer bag 
provides restraint to the upper torso and head. 
Upper body energy is dissipated by bag vent- 
ing and column collapse. Lower body energy 
of the driver is absorbed by the foam knee 
restraints. 

.......... The Minicars front seat passenger air bag (c) T = 30 msec occupant deceleration initiation 

system is illustrated in Figure 12. This system 
also uses the dual bag concept. The system 
consists of 1) an inner bag (3.8 cubic feet) and 
an outer air bag (4.5 cubic feet), 2) a solid pro- 
pellant gas generator, and 3) a knee restraint. 
As with the driver system, the dual bag for the 
passenger enables the inflator gas to be used (d) T = 80 msec column stroking initiation 
twice--once to inflate the torso bag and re- 
strain the torso, and second to inflate the 
head bag and restrain the head. An extremely 
important advantage of this dual bag system 
is that it allows shorter deployment times, 
thereby restraining the crash victims earlier in 
the crash’ As Figure 10 illustrates, reducing (e) T = 100 msec column stroking ends -- occupant 

the deployment time diminishes the distance begins rebound 
required for occupant protection. For this 
passenger air bag system, the occupant begins Figure 11. Driver restraint operations during 
to feel restraint forces 25-30 milliseconds after critical moments in a 50-mph barrier 
vehicle impact, impact. 

These two air bag systems were integrated 
into the Volvo 244, and a series of frontal im- 
pacts were conducted. The test conditions * Vehicle-to-Vehicle, Offset 
consisted of: * Vehicle-to-Vehicle, Angled 

¯ Barrier Impacts at 90° These vehicles and restraint systems were 

¯ Vehicle-to-Vehicle, Head-on subjected to an extensive array of crashes in 
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range of V’s. Similarly, Figure 14 illustrates 

~ 
ead bag the passenger results. Figure 13 illustrates that 
ent 

orso bag 
at V’s of up to 43 mph, the driver dummy 

Crushable responses were below 70070 of the allowable 

~~~’~"""~*’W:, r (stroking) FMVSS 208 injury criteria. Additionally, of 

"4~~~ Dash the thirt eente st s with the driver system in 
~\ ~"~ [ (optional) which all dummy response data was recorded, 

50th p~rcentile~~ nine were within the 208 limits. 

.... For the Minicars RSV passenger sytem in- 

The RSV passenger restraint stalled in the Volvo, there is more dispersion 
in the dummy responses, as Figure 14 illus- 
trates. Of nine frontal impacts with this system 
at V’s of between 31.6 and 46.5 mph, in which 
all dummy response data was recorded, only 
one test resulted in both head and chest dummy 
responses in excess of the FMVSS 208 criteria. 
In one test, the chest criterion was at 53°70 of 
the FMVSS 208 level while the head exceeded 
the allowable criteria by 1707o. 

The second major program4 which NHTSA 
Step I Step 2 Step 3 has performed is the Minicars RSV. Here, the 

Torso bag deploys Head bag begins Air bag fully restraints discussed above were refined and 
out and downward, to deploy from deployed. 

pushing child gas flowing from coupled with an advanced vehicle structure to 
backward and down torso beg into obtain increased frontal occupant crash pro- 
into seat. head bag. 

tection. The restraint systems have been im- 
proved to increase both their producibility 

Figure 12. RSV passenger bag inflation and performance. 
sequence. The Minicars structure is designed to pro, 

vide the foundation for substantial improve, 
these various configurations. In all these tests, ments in crash protection over conventional 
test dummies instrumented according to structures. Previously, it was demonstrated 
FMVSS 208 were utilized. Head and chest that vehicle structural collapse is a prerequisite 
accelerations, as well as femur loads were for occupant crash protection. The Minicars 
obtained, and were compared to the require- RSV structure is designed to provide this col- 
merits of F~vlVSS 208, expressed as a percent- lapse--at a barrier impact of 50 mph, the 
age basis. For example, if 48 g’s were obtained vehicle structure crush is 47 to 48 inches. Fig, 
for chest acceleration, the chest result would ures 15 and 16 present the dummy responses 
be 80070 of FMVSS 208. in driver and right front passenger seating 

The following figures present the results of position of the Minicars RSV. Again, these 
tests by presenting the head and chest 208 are shown as percentage of FMVSS 208. As 
criteria. Femur loads are not included since these figures demonstrate, advanced struc- 
they 1) were almost all within the 202 criterion, tures coupled with restraint systems can pro- 
2) their relationship to velocity was not as vide excellent occupant crash protection. In 
strong as for the head and chest, and 3) they the most recent test, the Minicars RSV was 
were not considered to be as life threatening crashed into a rigid barrier at 48 mph, with a 
as head or chest injuries, total velocity change of 54 mph. Both driver 

Figure 13 presents the results of the tests and passenger injury were between 30070 and 
conducted on the driver restraint system for a 80070 of allowable FMVSS 208 criteria, 
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160 

~ = Head injury criteria 

~: = Chest acceleration 

1 40 
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~V - MPH 

Figure 13. Percent of FMVSS 208 head and chest criteria achieved by Minicars RSV Driver System 
installed in 1976 Volvo 244 as a function of velocity change, ~V, for frontal crashes. 
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!60 

~) = Head injury criteria 

~ = Chest acceleration 
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Figure 14. Percent of FMVSS 208 head and chest criteria achieved by Minicars RSV Passenger Air 
Bag System installed in 1976 Volvo 244 as a function of velocity change. 
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.... 160 
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® = Chest acceleration 
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Figure 15, Percent of FMVSS 208 head and chest criteria achieved by Minicars RSV as a function of 
velocity change, z~V, for frontal crashes--driver. 
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[ 
@ = Heed injury criteria 

® = Chest acceleration 

140 

0 
30 40 50 

Z~V -MPH 

Figure 16. Percent of FMVSS 208 head and chest criteria achieved by Minicars RSV as a function of 
velocity change, AV, for fronta{ crashes--passenger. 
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CONCLUSIONS rulemaking activity. The 400 Series will incor- 

The passive, or automatic, restraint require- 
porate the development of advanced test 
dummies and injury criteria, as well as im- 

ment was promulgated on June 30, 1977, by 
proved laboratory test procedures. The final 

the Department of Transportation. This stand- product will be a family of vehicles which will 
ard, FMVSS 208--Occupant Crash Protec- demonstrate enhanced safety in al! the crash 
tion, will require that, by model year 1984, all 
new passenger cars sold in the United States 

modes--frontal, side, rear and ro!lover. 
Occupant crash protection in frontal impacts 

will be equipped with automatic protection is of prime importance, and the 400 Series 
systems, such as air bags or passive seat belts. research activities, such as the results described 
FMVSS 208 emphasizes frontal protection, in this paper, will help form the foundation of 

..... inasmuch as about 50°70 of automobile occu- future rulemaking. 
pant fatalities occur in this crash mode. 

The standard will require protection up to a 
30 mph rigid barrier impact. While this is a REFERENCES 
significant crash, accident analysis indicates 
that higher speed protection is necessary to 1. NHTSA Rulemaking Plan--Level 

............ provide more lifesavings. Figure 4 illustrates 400 Series Systems Safety Standards. 

that about one half of all automobile occu- 2. Vehicle Integration and Evaluation of Ad- 

pant fatalities occur above V’s of 30 mph. vanced Restraint Systems. Fitzpatrick, M. 

FMVSS 208 will result in systems which offer Department of Transportation, Report 

some level of protection above this speed, but DOT-HS-803-343. 
........... improved vehicle structures and restraints are 3. Vehicle Integration and Evaluation of 

necessary to realize further reductions in Advanced Restraint Systems. Car, R. W., 

fatalities and injuries, and Abord, G. M., Department of Trans- 

In order to accomplish this improvement in portation Report DOT-HS-803-829. 

frontal crash protection, as well as other crash 4. Minicars Research Safety Vehicle, Phase III 

modes, NHTSA has developed the 400 Series Progress Reports. 

A Concept of Increasing Compatibility of Passenger Cars_ 

DR. H. SCHIMKAT cars and crashes involving one passenger car 
Volkswagenwerk AG alone, car-car crashes account for 58% and 

one passenger car is involved account for 42o70 
SCOPE AND OBJECTIVES of all crashes. Yet the law still requires that 

Due to the existing variety of transport the occupant safety and deformation behavior 
functions, the present fleet of passenger cars of passenger cars are to be demonstrated by 
comprises vehicles widely varying in size, fixed-barrier impact tests. 
design and weight. In all cases of crashes be- It is the goal of this Project to develop com- 
tween two vehicles, it is generally the lighter patible vehicles and to investigate critically 
vehicle which is damaged more extensively, how far the barrier crash tests, which are corn- 
and the occupants of which are subjected to mon practice today are capable of guarantee- 
higher stresses.l The accident statistics ing the protection of a car’s occupants under 
published in 1976 by the German Statistical real-life accident conditions. In addition to 
Office in Wiesbaden show that in the category this, it is the objective of this Project to 

comprising crashes between two passenger develop suggestions for possible technical 

287 



EXPERIMENTAL SAFETY VEHICLES 

improvements on vehicles so as to improve the necessarily had to be circumscribed in the fol- 

safety of passengers in. general as well as the lowing manner: Our investigations will relate 

compatibility in case of collisions, only to car-car crashes involving casualties; 

Furthermore, this Project was conceived to however, we shall include in our considera- 
provide a cost-benefit analysis together with tions certain technological aspects concerning 

data concerning the confidence range of com- passenger safety in crashes between passenger 

puter projections and experimental findings, vehicles and trucks and between passenger 

This means, of course, that the precision of vehicles and fixed obstacles. Neither are we 

the entire data base must be known before- going to disregard completely accidents in- 

hand or, at least, have been estimated on a volving pedestrians and passenger cars, or 

realistic basis, between passenger cars and bicycles, but pri- 
To achieve these ends, three contractual mary accidents of this type do not constitute 

parties in a research project of the German the primary object of this investigation. 
Federal Ministry for ResearchandTechnology o We shall confine ourselves to investigate 
are cooperating; HUK Verband, Association experimentally a very limited number of 
of the German Automobile Insurers, Depart- collision types. All tests will be performed 
ment for Automobile Engineering, Munich on vehicles produced by the Volkswagen 
(HUK); Institute of Automotive Engineering, Group. This, however, should not affect 
Technical University of Berlin (TUB); and the general applicability of our results. 
Volkswagenwerk Aktiengesellschaft (VW). ® Computer simulations can only be used to 

The Project concept allows for the fact that supplement test results in a rather limited 
the aspect of passenger safety, when part of a way, because computer programs simulat- 
compatibility concept, wil! always involve ing vehicle occupants and collisions between 
restraint systems. Another point to be kept in vehicles have a limited usefulness. There are 
mind is that the technical solutions suggested no plans to develop new programs in this 
in the end must be capable of implementation field. 
under mass production conditions. ® This Project does not include any biome, 

The accident data on which this Project is chanical research, so that we shall confine 
based relate only to the Federal Republic of ourselves to using the injury criteria listed 
Germany; nevertheless, it is our goa! to show in FMVSS 208. 
to what extent these accident statistics can be 
applied to the rest of Europe. Even though The essential milestones of our procedure can 

be summarized as follows: this means that accidents in the U.S. have to 
be left out of account, we may safely expect ¯ We re-list all accident data pertaining to the 

that our findings will be applicable in general Federal Republic of Germany and gathered 
outline even to U.S. vehicles with their differ- by HUK so that all collision types can be 
ent size, design and weight, graded according to their significance. The 

The data gathered by K. Langwieder2 sug~ data on crashes in which there were no re- 
gest that 95% of all crashes involving passen- straint systems involved will include acci- 
ger cars in Germany occur at an inertia weight dents in which existing restraint systems 
(IW) ratio of 1:1.7. The same applies to the were not used. 
U.S. Therefore, we may concentrate on this ® Investigations of certain selected collision 
IW ratio in our evaluation of existing com- types will include crash tests involving com- 
patibility concepts and their possible develop- purer analyses by TUB as well as tests of 
ment on the various aspects of vehicle-vehicle components and entire vehicles to be run by 

crashes at this IW ratio. VW. We expect that after several correc- 
Since both the time and expenses allotted to tions we shall arrive at an agreement be- 

this Project are limited, our investigations tween computer analysis and test results, at 
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least as far as those data are concerned, Table 1. Sequence of collision types. 

which define the loading to which the pas- 
sengers are subjected. It is our purpose to 

Collision type Ranking position 
prove that mathematical procedures and 
methods can indeed be used to assess the i [1;~_~-~ 2 
mechanical aspects of accidents. 

¯ After modifying the vehicle structure and ~ ~]~ 6 

restraint systems the compatibility aspects 
~~_~_~ of these crash types will be re-investigated 

both by computer analysis and experiment: 

...... After checking the results of computer ~v’ 

........ analysis and experiment for congruence, we 
shall include certain essential crash types in 
our computations of vehicles structurally v 

~ 

7 
modified and unmodified. 

¯ We shall furthermore run compatibility 
........ tests involving both modified and unmodi, w 

~ 

5 
........... fled vehicles on crash types selected accord- 

ing to their economic significance. In addi, 
tion to this, we intend to provide, by way of vu ~ 3 
our experiments, a data base for computa- 

........ 
tion. 

........ ACCIDENT STATISTICS DATA BASE 
vm 

We evaluated the general aspects of acci- IX ~ 8 

dents in the Federal Republic of Germany by 
analyzing 8996 accidents described in detail by x 

HUK. In the majority of cases, the occupants 
of the vehicles involved did not wear seat xl 

belts. Generally, all accidents can be divided 
into twelve distinct collision types2, (table 1). 

xu 

The parameters used to describe a certain type 
of collision are the direction of impact of 
each vehicle and the point at which the vehi- Thus, for instance, Figure 2 shows the cum- 
cles first make contact, ulative frequency of the velocity of the strik, 

The criterion defining the significance of a ing vehicle (vB), collision type V, whereas Fig, 
given collision type is the extent to which the ure 2 shows the cumulative frequency of the 
persons involved suffered damage. The se- mB/mA weight ratio relative to collision types 
quence determined in this fashion is shown in I thru XII, while Figure 3 shows the incidence 
Table 1. of impact points as well as the average direc, 

From our total sample of 8996 accidents we tion of impact prevailing in co!lision type VII: 
derived the parameters for our simulation ex- All these presentations have been derived 
periments, such as velocity, IW ratio, point of from our data base. 
impact and direction of impact. From the 
data on accidents in which seat belts were ACCIDENT CRITERIA (AC) 
worn we computed the distribution of the 

individual and overall injury severity as related The benefit is computed from overall injury 

to the accident criterion (AC). distribution charts related to accident criteria, 
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an example of which is shown in Figure 4 

~ loo which refers to collision type V. 
z {%/:~_; ~ In the case of a frontal collision, the acci- 
~ ao 
o dent criteria are the velocity changes ACI = AV 
~: 6o of both vehicles, whereas, in the case of a 

~ 4o lateral collision where the passenger compart- 
= / ment is deformed laterally, the accident cri- 
~ 2o ’1 terion is ACv. 

o �- , , The velocity change AV of a vehicle is a use- 
r~ 20 40 60 80 100 l’)OvB (kmih) 

VELOCITY OF STR! KING VEHICLE ful criterion for determining the severity of an 
accident if the occupant of the car is not in- 
jured directly by the impact itself, that is to 

Figure 1. Cumulative frequency of VB relative to 
collision type V. say, in all cases of front or rear collisions, and 

lateral impacts with the point of impact close 
to the front or rear axle. 

loo ....................... It follows that lateral impacts on the pas- 
90 senger compartment itself constitute an ex- 

~ 80 

/ I,. i 
with seat. belts ception. The process of the side wall penetrat- 

~ ~ 
60 ~/ ~ ...... L__A_~_aE~!d_e__nj~ ing into the vehicle, on which the severity of 

-~ ’" ~- the injury primarily depends, is closely related 
to the stiffness ratio between front and side 

~= 20 structure, so that any criterion defining the 
7 4 1.56 
o .... severity of an accident must incorporate this 
0~0 0.4 0.8 1,2 1.6 2,0 2.4 2.8 3,2 factor. By using our ICMSprojection model 

INERTIA WEIGHT RATIO mBimA (-) (see Computer Simulation) we computed an 
accident criterion ACv in which the essential 

Figure 2. Cumulative frequency of IW ration parameters, weight ratio, stiffness ratio and 

~ = maimA, relative to collision types impact velocity are incorporated. 
I thru Xll. 

1 

ACv =tmB~u Cfront VB 

\mA] Cside 

This accident criterion is applicable only if 
all parameters are within a range which can be 
deemed realistic in case of collisions between 

% i~ 4 ~?-/’o~ 
"x \    / / OAIS 100 200 300 400 500 600 700 

Point of contactZ¢10"--’~ Average/" 02~. 

0~~~ ~ ~                                                      ~ direction~ 03               2 

~ of impact ~ 
°8/ ~ > 4 

Sarape: 88 cases 
07 ~ ~ ~05 

Figure 4. Collision type V--absolute frequency 
Figure 3. Distribution ot contact points and of degrees of inju~ vs. AC categories 

average direction of impact (collision (no. of front-seat passengers on the 
type VII). impact side n = 219). 
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two vehicles. To apply this criterion to statisti- II 50°70 man dummies protected by lap-and- 

cal data on accidents, we need to know the shoulder retractor belts which are standard 

structural stiffnesses involved. To eliminate equipment with both vehicles. In all experi- 

the stiffness ratio from the general equation ments belonging to collision types V, VI, and 

given above, we assumed that the frontal stiff- VII (table 2), the struck car had a dummy 

ness is proportional to the vehicle weight, and seated in the rear on the side which received 

that the lateral stiffness is proportional to the the impact. The front seats were adjusted on 

square root of the vehicle weight. Thus modi- their skids two thirds of the way back. 

fled, the equation describing the accident cri- 
terion is now: Test Results 

1 The results of our production vehicle tests 

(mB~6 mB ¯ 
simulating collision types I, III, V, VI, and ACv = ~k~-~A] .~ vB 
VII are shown in Table 2. 

where mA represents the weight of the struck COMPUTER SIMULATION 

car, whereas mB represents the weight and vB 
the speed of the striking car. Computer Simulation Results Vs. 

Experiments on Standard and 
EXPERIMENTAL SIMULATION Modified Vehicles 

OF ACCIDENTS BETWEEN For our Project, we used three computer 
STANDARD VEHICLES programs, namely the occupant crash me- 

Collision types I, III, V, VI and VII were in- chanics models for frontal (ICMF).3 and 
vestigated experimentally and otherwise as lateral collisions (ICMS).4 and the program 

part of this Proj ect. They were selected be- for the reconstruction of vehicle-vehicle colli- 
cause of their significance both as regards their sions (PAF).5. All these are plane simulation 

damage to the national economy and their models which involve reducing to two dimen- 

adaptability to computer simulation, sions the three-dimensional movements which 
Our tests on standard vehicles were mainly normally occur in real-life accidents. 

run in order to We calibrated the computer model for the 

¯ determine deformation curves of standard simulation of lateral impacts (ICMS) (fig. 5) 

vehicles manufactured today as a data base by inducing two lateral collisions at different 

for mathematical simulation and design speeds (42 and 64 kmh) between two Rabbits. 

changes in connection with the most signifi- Whereas the ICMF program uses the accelera- 

cant collision types; tion of the passenger compartment as an input 

t establish data which can be used to assess datum the ICMS model uses the force-dis- 

the benefit arising from or the efficiency of placement curves of both the frontal and 

additional compatibility measures; and lateral structures. This is necessary in order to 

¯ answer the question to what extent today’s simulate the process of the lateral wall pene- 

production automobiles are already corn- trating into the passenger compartment, a 

patible. 

Test Procedure 

All experiments were run on the Volkswagen *[CMF Insassen-Crashmechanik-Mode!le fur die Frontal- 

test site. For these experiments, we used VW kollision 

Rabbits and Audi 100s to represent the smaller ICMS Insassen-Crashmechanik-Model/e fur die Seiten- 

and larger vehicles, respectively. The front 
kollision 

seats of all vehicles were occupied by Hybrid PAF Programm zur Analyse von Fahrzeugkollision 
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process on which the loading of the occupant 

600<~<~ 
£0=~ ~- 

sitting on the impact side largely depends. 
This factor is generally related to the charac- 

~lvA 
~vA teristics of the vehicle’s structure and of the 

o 

Real crash Computer mode{ collision side wall’s padding, so that we took great care 
Oblique lateral collision Lateral collision at tO match the data properly. 
in the passenger right angles on the The results of our computer simulations 
compartment area, passenger compartment. 

and tests are compared in Figures 6 and 7. 
Since lateral collisions in the passenger com- 

~ 
partment area involve loading mechanisms 
which are relatively simple the dummy is hit 
by the lateral wall around the shoulders and 

i2omputer model pelvis as it is seated--the difference between 

Two-dimensional model involving simulation and experiment is less than in a 
seven model masses and ten freedoms, frontal collision, where the occupants are dis- 
INPUT: Impact velocityandvehicleweight, placed along much more complex patterns. 

Moreover, unequivocal injury mechanisms of 
Figure 5. ICMS model of a lateral collision as this kind make for low scatter bandwidths in 

developed by TUB. occupant loadings, so that from lateral colli- 

Vehicle 
acceleration                                     [m/s2] Resultant head acceleration 

400 

[mls2 ] 
800 

40O 

100     ~I~-    ~,        I                            0 

0 ¢                                     "                           Resultant hest acceleration 
[m/s2 l 

800 
Vehicle speed                                             400 

20                                                     /,’ ’;~ 

[m/s] 

10~-./’"       ~ ~--- ~---~ " 
_-i_2~-_-i_-~_-~ ...... [m/s2] Resultant pelvis acceleration 

5    .~ ..                                  8°°1 

Veh icle travel                        ~                   0 
1.40                             L..~4 r 

[m] 
..~ ~- 

Jr" .--" [rad/s2] 
Head rotational acceleration 

f.�" 
//~ "~’" 600 

/ t _ 
0.80 

0.40 ~ " 200 

-200 0.00 
0 40     80 120 160 200 40 80     120 160     200 

TIME [ms] Simulation .... Experiment TIME [msJ 

Figure 6. Comparison of the acceleration and force-over-time curves as derived from tCMS computa- 
tions and tests. 
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siona!, the only exact simulations possible are 
MAXIMUM ACCELERATION LOADING that of collision type I, i.e., a straight frontal 

Head Chest Pelvis         HIC SlHeadSlc~est Slpel,~is 
{_)~ collision with both cars overlapping com, 

10oo~ 
pletely, and collision type V, a lateral collision 

8oo at right angles in the passenger compartment 
600 
40o area. The entire scope of real,life accidents, 

2oo however, is described by no less than 12 crash 

0 types, the most significant among which in- 
~ Simulation ---Maximum permissible loading clude types involving oblique angles in the 
~ Experiment 

frontal and lateral areas with the two vehicles 
overlapping only partially. 

Figure 7. Comparison of the occupant loads The original theory, namely, that some 
determined by computation and ex- existing computer programs might serve to 
periment as occurring in a lateral reflect all accidents sufficiently for a cost- 
collision between two vehicles, 

benefit analysis of compatibility improve- 
ments, gave way to the recognition that occu, 

sions it is easier to prove experimentally that pant loadings must necessarily be estimated to 
dummies are really subjected to lesser !oads a large extent. The more the vehicle is turned 
after compatibility has been improved, around its vertical axis, and the more the dis- 

However, it is more difficult to correlate placement and loading of the occupants devi- 
dummy loadings and real injury criteria, be- ates directionally from the strictly longitudinal 
cause the type of dummy used for simulating or transversal collision movements which can 
occupant loadings has a limited usefulness, be simulated, the more difficult it becomes to 
for instance, as far as the simulation of lateral make a correct estimate. 
collisions is concerned, for it is impossible to Whenever crashes at oblique angles are in- 
simulate head movements in a realistic manner, volved, the use of the TUB computer program 
since the chest and shoulder region of the must be accompanied by control computa- 
human body is much more flexible, tions with a PAF program. The longitudinal 

The ICMF fronta! collision model was call- and transversal vehicle accelerations thus 
brated according to plan by a real-life fronta! determined are then used as input data for the 
crash between two Rabbits at a relative impact occupant crash mechanics programs, by 
velocity of 100 kmh. Extensive preliminary means of which the occupant loads are com- 
investigations and computations were required puted. A comparison of all results will finally 
in order to pinpoint those program parameters result in an estimate of the general loadings. 
on which occupant loadings mainly depend. The fact that the speed of the struck vehicle 
We concentrated mainly on matching the per- is left out of account in experimental as well 
formance curves of seat and restraint systems, as in computer simulations is a contradiction 
because it is those systems which decisively of what happens in real life, because in most 
influence occupant loading, cases both vehicles are moving immediately 

In spite of the discrepancies between simu- before the collision. The Technical University 
lation and test results, the quality of computer of Berlin ran a computer analysis to determine 
programs is sufficient to permit judging the to what extent the displacement of vehicles 
effects which improved compatibility may and occupants can be expected to deviate 
have on dummy loadings, from real life if the speed of the struck vehicle 

is neglected. According to these findings, the 
Dummy Loadings Vs. Accident Criteria speed of the struck vehicle can be disregarded 

As the modelling of the two occupant crash if it does not exceed half the speed of the strik- 
mechanics programs is strictly two-dimen- ing vehicle, If it does, one factor at least must 
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be taken into account, and that is the increase The resultant values of H[Co, ares.chest and 
in the forward displacement of the occupants ares.pelvis° are boundary values describin~ the 
which may result in their colliding with parts maximum limits for individual Loads. Below 
of the vehicle’s structure. These findings are these boundary values the resultant dummy 
corroborated by the results of tests run by the loading BI* may range from 0 to 1 
Technical University of Berlin. 

Linking computer simulations, experimental Computer Optimization of 
results, and computer projections lead to Deformation Structures 
several functions which describe for each of 
the collision types under consideration a func- It is the purpose of computer optimization 

tion of resultant dummy load BI* over acci- to lower dummy loadings by matching the 
deformation structures to the restraint system dent criterion. These functions (fig. 8), to- 

gether with the distribution of the overall in- installed in the vehicle. This is done especially 

jury criterion over accident criteria (fig. 4), in the boundary area defined for each collision 

are used as starting points for the benefit type by preselecting the crash velocities and 

analysis, the weight ratios (/x) of modified vehicles. 

The resultant dummy loading is computed For optimization, collision types I and V 

from individual loadings in the following way: were used, the first step being to assume that 
the frontal structure within the deformation 

1 zone has a lateral stiffness which can be imple- BI* = I-- 
BI mented under production conditions. The 

next step is to match the two frontal struc- 
Then, for instance, the load index BI (6) is tures. After optimizing the fronta! deforma- 

computed for loads such as HIC, ares.chest and tion curves, optimum curves for the deforma- 
ares.pelvis as follows: tion of the lateral structure were computed. 

2mCo When solving compatibility problems it 
B1 

= 
aKopfH][C°- 

Hie + HICo- HIC must be kept in mind that there is not only a 

2a difference between larger and smaller vehicles 
ros BrUS,o 

but that the entire mass spectrum influences 
4- 

OZBruStares Br’o _ ares Br. + ares Br.o - ares Br, 

what happens during an accident. Among 
2ares Beckeno other things, this means that the deformation 

"°Be~kenare~ Be.o -a~es ~e. ÷ ares ~eo -a~es ~e. properties of vehicles in the medium weight 
class have to be suitable for collisions with 

~| 
~ 

larger as well as with smaller vehicles. In our 
z~ 

~ 

optimization strategy the following three 

~ -.#,~ 
~ vehicles 

> e~,b/o~,,~ large vehicle     LV: 1,500 kg 
~ ¯ ~,4,’~’ ~" medium vehicle MV: 950 kg ~ - 1,58 
c 

f 

small vehicle SV: 600 kg ~ = 1,58 
z 

< functioned, so to speak, as corners of a tri- I-- 

~ angle, i.e., the deformation curves derived 
"’ from testing these vehicles can be used for 

ACCIDENT CRITERION (AC) interpolating curves for any vehicle within the 
given weight range. For this reason, the two 

Figure 8. Functions of resultant dummy loads vehicle types used in our tests, the Rabbit 

BI* vs. accident criteria; standard and (800 kg approx.) and the Audi 10~0 (1,200 kg 

modified vehicles, approx.), fit in nearly. 
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The compatibility of the three vehicles LV, 
MV, SV in crashes of the types I and V is 
determined by running crash tests in the fol- 
lowing combinations: "’ 

Collision Type I o 4 
(frontal collision): SV-SV 

7 
SV-MV ~ Passenger 

MV-MV 
MV-LV ,,, 3 

LV-LV 
Collision Type V 
(lateral collision at 90°): side/front 1 TRAVEL 

SV-MV 
MV-SV Figure 9. Schematic drawing showing a frontal 
MV-LV deformation structure. 
LV-MV 
LV-LV 

Occupant loads are measured inthe smaller point 5 having a lower limit due to certain 
vehicle in crashes of type I and in the vehicle design factors. 
which receives the impact in the crashes of Figure 10 shows the results pertaining to the 
type V. frontal structures of vehicles SV, MV, LV. 

The deformation curves are optimized with The maximum deformation paths were pre-set 
the aid of a computer program organized in a linear relation to the vehicle inertia weight 
along the lines of biological evolution. Since a (SV: 0.6 m; LV: 0.75 m). All vehicles were 
large number of crash computations has to be equipped with lap-and-shoulder retractor 
run (between 3,000 and 4,000) it is necessary belts, preloaders and force limiters. In colli, 
to limit all activities to simple mathematical sions of type I, vehicles collide at a speed of 
models right from the start. There are some 60 kmh (= 120 kmh relative velocity). Under 
parameters not capable of optimization, these conditions, the occupant loads obtained 
Th~se are: from the IW combinations named as well as 
o impact velocity 

o restraint systems 
¯ Medium vehicle ~ maximum deformation paths 1Odd 

. elasticity of passenger compartments. (kN) -- 
Small vehicle       Large vehicle 

Parameters which are variable are some ~, 800 
select points located on the deformation 
curves of the three vehicles SV, MV, LV. ~ 600 

As far as we know now, points 1, 2 and 3 z 

on the deformation curve of the frontal struc- 
~ 400 

o ture (fig. 9) do not shift in case of a lateral ~ 200 
The level of the cross-hatched area a ~ 

--~----’’) Lower lin force impact. 
level poir 5 

has been selected so that the strength oflatera! 0 ’ ’ 
impact protection devices is always slightly o 0.2 0.4 0.6 o.8 TRAVELs(m) 

superior. 
With the aid of the optimization program, Figure 10. Optimized curves of sample vehi- 

the force level of points 4 and 5 and the defor- cles SV, MV, LV in collisions of type 

mation of point 4 are fixed, the force level of I, vc = 120 kmh, 
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from random IW combinations within a range 
from 600 to 1,500 kg are below the limit set by 

~ z o ....... 
FMVSS 208. cc z o 

,,,~V- 200 

POSSIBLE DESIGN CHANGES "’ ~’" ~ ’~...j 400 

EVOLVING FROM COMPUTATIONS 
" o,,,<:~ [m6~ 

AND EXPERIMENTS o c~ 
0    100 200 300 400 500 600 700 

By way of computer optimization, we TRAVEL(ram) 

arrived at certain deformation curves appli- 
cable to vehicles of different inertia weights. Figure 12. Audi 100, fixed barrier impact at 50 

..... In order to make suggestions regarding kmh. 

design changes, it is necessary to compare 
these deformation curves, which were com- SIMULATION EXPERIMENTS ON 
puted as derivations from the inertia weights MODIFIED VEHICLES 
of the Rabbit and the Audi 100, to those of 
the Rabbit and Audi 100 standard production The effectiveness of technological changes 

........... models, designed to improve compatibility is estab- 

A comparison of the curves shows that the lished with the aid of the same tests as those 
run on standard vehicles (collision type I, design of highly compatible vehicles necessar- 

ily involves certain changes of the restraint V, VI, and VII). The difference is that the test 

systems and vehicle structures, the extent of velocities are higher, while alt other parameters 

.............. which depends on the configuration and size are kept constant. 

of the vehicle in question. Table 3 shows the results of our most recent 

For the purpose of the comparisions pre- tests. 

sented in Figures 11 and 12 below, the impact 
velocity was assumed to be 50 kmh: therefore, COST-BENEFIT ANALYSIS 

the capacity for energy absorption of a frontal 
structure similar to the one described under    Computation of Benefits in Experimentally 
Computer Optimization of Deformation Investigated Collision Types 

Structures is not exhausted fully. It will have Several different procedures may conceiv- 
to be seen to what extent the deformation ably be used for benefit computations; they 
curves proposed by us are capable of differ mainly in their treatment of the data 
implementation from a technical and material concerning accidents. One of these 
economic point of view. procedures is described below. 

From the data gathered by HUK on acci- 
dents in which the occupants of the cars were 
protected by seat belts, a representative over- 

0 ~ ] |rStandard curve t/] ] ~ I all degree of injury, such as OAIS, is com- 

~,z,=o 2o0 
puted for each AC criterion and collision 

z~ 
type. Using collision type V as an example, 

~ ~" ~ 400 ~L2~-4----i-~ the derivation from the data base presented in 

~o~[mCs’] ]-@~-}-~@{i Figure 4 is done as illustrated in Figure 13. 
~- W ~o01-4-~--! t i I I I I I° 

rOQ 0 100 200 300 400 500 600 700 By linking the relationship BI*    f (AC) 
TRAVEL (mrn) (see fig. 8) which applies to standard vehicles, 

to the relationship OAIS = f (AC) (see fig. 13), 

Figure 11. VW Rabbit, fixed barrier impact at 50 we arrive at the function OAIS = f (BI*) (see 
kmh. fig. 14) for type of crash under consideration. 
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Table 3. Experimental findings. 

G- Audi 100’" 
K = VW-GoIf 

Parameters, loading 
VW- I Audi 

VehicBe Golf I 100 

(km/h)                                                           ,, i ,~" 

(rad) 
mass (kg) 

1.42       1,33 

(g) 

HIC 
ares (g) 

sl 

ares (g) 

ares (g) 

ares (g) 

S~ 
ares (g) 

ares (9) 

H$C 

6 

ACCIDENT CRITERION 0 RESULTANT DUMMY LOADING BI* 1 

Figure 13. OAIS vs. accident criterion. Figure 14. Relationship between OAIS and re- 
sultant dummy loading BI.* 

One example of how the sequential cost of applicable to standard and to modified ve- 

an accident relates to the OAIS is given in hicles. 

Table 4. In each accident criterion category, the 

With this, we also have a relationship be- benefit is computed by determining the repre- 

tween the sequential cost of accident and the sentative overall degree of injury OAIS (fig. 14) 

OAIS involved, from a given resultant dummy loading BI* 

For our computations of benefit we assume (fig. 8) for both standard and modified vehi- 

that the function OAIS = f (BI*) is equally cles. The figures thus computed are allocated 
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Table 4. Average sequential cost of accident change if it is also possible to do so in corn- 
computed on a national economic plete independence of all other factors. Under 
basis’7 this Project, we are investigating, in addition 

OAIS Sequential cost tO a modified seat belt system, a number of 
other design changes which it is impossible to 

.... Per person killed, OAIS 6 408,000 DM 

Per casualty, OAIS 4/5 90,0130 DM 
regard separately because in crashes of all 

per casualty, OAIS3 62,0130 DM types there are always several factors and 

Per casualty, OAIS 2 22,000 DM changes operating together. For this reason, 
Per casualty, OAIS 1 4,000 DM we can only give an overall cost-benefit ratio 

which applies to all changes taken together. 

to sequential cost figures as given in Table 4. 
PROSPECTS 

From the sequential cost of each AC category 
the total sequential cost of an accident involv- As a result of the work done so far in the 
ing standard and modified vehicles is com- fields of theoretical consideration, design, 

puted. The difference between the two cost experiment and analysis of real accidents we 

figures represents the benefit resulting from have evolved suggestions for design changes 

the steps taken in connection with the collision which we may safely expect will help to im- 

type under consideration, prove the compatibility of automobiles. 
What remains to be done, among other 

NKT = UFKserie - UFKmod. Fzg. things, is to establish via computation and 
...... experiment that occupant safety has to be im- 

N = benefit proved quantitatively, and to compute the 
KT = collision type benefit and the cost of the technologica! solu- 
UFKserie = sequential cost of accident tions which we shall propose. 

between standard vehicles 

UFKmoa. Vzg. = sequential cost of accident REFERENCES 
between modified vehicles 

1. Volkswagenwerk AG. Research Safety 
The benefit figures applicable to the Federal Vehicle, Phase 1, Final Report, 1975. 

Republic of Germany are computed by trans- 2. Langwieder, K. Aspekte der Fahrzeugsi- 
forming the accident statistics data of the cherheit anhand einer umfassenden. 
HUK, Untersuchung von realen Unfatlen. Disser- 

tation, 1975. 
Benefit Estimates in Collision Types 3. Appel, H.; Kramer, F.; Hofmann, J.; 
Not Investigated Experimentally Rau, H. "Kopplung von Simuationspro- 

The computation of benefit figures relating grammen und Versuchstechnik zur Nut- 
to collision types not investigated experimen- zenbestimmung kompatibler Ma/3nahmen". 
tally differs from the method just described 6. Statusseminar "Kraftfahrzeuge und Stra- 
above, in that the functions describing the ¢tenverkehr" des Bundesministers fur For- 
resultant dummy load BI* as related to the AC schung und Technologie (BMFr) Bad 
criterion have to be calculated exclusively with Aachen, 1978, Verlag TUV Rheinland. 
the aid of computer simulations. In all other 4. Hofmann, J. "Accident Analysis of Vehicle 
respects, the procedure here is the same as that Side Collision" II. Ircobi Conference, Berlin 
described above. 1977. 

5. Rau, H. "Rekonstruktion yon Fahrzeug- 
Cost-Benefit Ratio Estimates kollosionen mit Hilfe yon Bewegungsglei- 

It is only possible to compute the ratio be- chungen". Dissertation, Technische Univer- 
tween the cost and the benefit of a design sit,it Berlin, 1975. 
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6. Weigher, R. "Bewertung und Erprobung 7. Willeke, R.; Jager, W.; Lindenlaub, K. H. 

yon Gurtsystemen beim Frontalaufprall". "Ein Optimum an Sicherheit". VDA, Schrif- 

Dissertation, Technische Universitat Berlin, tenreihe, Heft 25. 

1976. 

A Study of the Body Strength on Seat Belt Systems. 

SATOSHI MORITA, SHIGEO FUKUDA, and energy and resources. The regulations for seat 

TORU tWATA belt anchorage strength in various countries 

Nissan Motor Co., Ltd. are a major factor in determining the body 
structure. More rational design of the anchor’ 

ABSTRACT age is a necessary factor in lightening the vehi- 
Recently, vehicle safety standards have cle, an important part of the job of automobile 

become more substantial with change of the engineers in contributing to more effective use 

standard "FMVSS No. 208" and NHTSA’s of scarce resources. 
long range schedule of Safety standards. We have conducted numerous head-on col- 
Therefore, development of safer vehicles is lision tests. The deformation of the seat belt 
continued. On the other hand, saving of anchorage in these tests is significantly differ- 
energy or resources is demanded in body con- ent from that in static seat belt anchorage tests 

struction. Therefore, it is an important task performed according to the legal regulations 
for body design engineers to design body con- of various countries. Therefore, we were led 
struction with a reasonable balance of these to doubt the appropriateness of the static seat 
contradictory demands. It may be no exag- belt anchorage strength presently required by 
geration to say that present-day body con- FMVSS No. 210, etc. and for that reason con- 
struction is determined by various safety re- ducted the present study. 
quirements. The FMVSS No. 210 "Seat Belt The present study was undertaken to deter- 
Assembly Anchorages" has especially come mine the difference between phenomenon 
into question in view of the balance of the Occurring during an actual head-on collision 

body strength requirements with other safety and the static seat belt anchorage test using 
criteria. This fact results in a decrease of utility the generally known concept of the velocity 
of the passive restraint belt system, dependence of material deformation resistance. 

in this report, we study the body behavior 
under dynamic impact and static load and 
search for a correlation between these two DEFORMATION BEHAVIOR UNDER 

conditions. Based on this, we announce for IMPACT LOAD 
review static test conditions which more closely Meta!lographical analysis and studies of 
simulate actual dynamic conditions than those crushing of structural parts have been made 
in current practice, on the behavior of metal parts under impact 

load. The commonly known result is that the 
INTRODUCTION yield point under impact load is greater than 

The effectiveness of the seat belt as a means that under static conditions. This increase in 

of alleviating the damage in an automobile resistance to deformation of material under 

collision is welt known; seat belt regulations impact load has the following characteristics. 

are in effect in many countries. However, ® There is little effect from the creation of 

there are also stringent requirements for dislocation and thermal fluctuation due to 

lightening of the vehicle body in order to save motion under impact. 
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¯ There is little deformation bordening under 

~ Theoretical impact. 
~ OOZe: Experimental ¯ Fine slip occurs readily as a slippage phe- 
~ data nomenon under impact. 
~ t.5 

Sakui, et al. have specifically reported that ,,o 

z~ deformation resistance increases with impact ~ o ~ 
velocity as shown in Figures 1 and 2. In order .~ 1.0 ~"~ 
to clarify this phenomenon, we performed a 

z       ~ basic experiment on a test piece made of steel ~. 
plate (thickness 0.8 mm). The results are ~-~- o--T--~ ~ i~ ~ ~ ~ ~ Tb 

......... shown in Figure 3. ¢01" 
DEFORMATION SPEED -- M/SEC 

From this, we can conclude that the defor- 
mation resistance is affected by the stiffness Figure 3. Speed dependence of deformation 

of the deformed parts and that there is a high resistance. 

correlation with the deformation velocity. 

Simulation Model 

The following simple model was conceived 
for a detailed test of the phenomenon. The 

l o model is as shown in Figure 4. 
If K is the spring constant of the parts and 

~!l/’~’~s~tatie l( i Impact ~-~- 

C is the viscosity coefficient proportionate to 
~ ~ the amount of deformation (=o~; ~: con- 

stant), and the deformation ~ is given as Ao 
sin coo t, then the input P is found by the 
following formula. 

0 2 4 6 8 

STRAIN -- % P = KAo sin COot + o~cooA2o sin coot 
(1) ¯ cos coot 

Figure 1. Stress-strain diagram (0.24% C-steel). With maximum input expressed as Pdy,max 

Pdy.max = K ¯ ~imax + 6max ¯ 

_ K + ,f~5-~ 2 22 8c~ Aocoo 
8O 

70 

~ ~0 
t OB ¯ ¯ ¯ 

40"/ ~ I P 

ao ; & jo 
- 

Figure 2. Relationship between tensile strength 
VB, elongation ~, deep drawing ~ to 
impact speed (mild steel). Figure 4. Simulation model. 
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Expressing the static load at time of deforma- EVALUATING SEVERITY OF IMPACT ON 

tion equal to the deformation at time of STRUCTURAL PARTS 

Pdy~max As found in our study thus far, the defor- 
mation resistance of structural parts is not in, 

Pst = K o (5max fluenced simply by load or load time. It was 

If we define the ratio as X, then 
shown to increase as the deformation speed 
increases, the relationship being approxi- 

Pdy.max _ X = 0.75                     mately that shown in equation (4). 

Pst                                    In the basis of these facts, we studied a way 

~/[r1 

.2 ~ 2 .2 
of evaluating the severity of the impact load 

c~ ~o~o (2) on the structural parts, From equation (4), we 

+ 16 ~ get 

The deformation velocity v is defined by the        Pdy.max = k ¯ Pst = (0.75 + 
o~27r2v2 

following formula (fig, 5):                                   ~-~ + ~ ) Pst 

Ao     2Aoc% 
v = - Also, the severity of impact on the struc- 

rr rr (3) tural parts can be viewed in macro terms as 
2°~o the amount of deformation itself. If the pres- 

Therefore, formula (2) becomes: ent amount of deformation of the structural 

part is constant (same severity), the relation- 

~[ct~ 

ship of load and load time, with ~ max of the 
O~2x2V2 

(4) X = 0.75 + + ~ prior equation constant, is shown by 

Formula (4) shows the correlation of variance Pdy.max = A + -- (5) 

in the static dynamic ratio to the deformation 
T~ 

velocity. 

~6 The structural part coefficients K and c~ where A = 0.75 K6max, B = (K o 6max), 

were found from the experimental data on the o~2rr2fi4max 

test piece previously described. Figure 3 shows and C = 
8 

the graph obtained with these values substi- 
tuted into equation (4). We found that at This equation infers that if the load time is in- 

practical deformation speed (-36 kmihr.) 
creased sufficiently, the same deformation 

the experimental values correspond closely to 
may occur with low load. (See fig. 6.) 

the theoretical values. 
Pdv max 

deformation 

A 

0    Td                                                            ~ Td 

2C°o °~o                                 0 

Figure 5. Deformation-time. Figure 6: Impact severity. 
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STATIC AND DYNAMIC BEHAVIOR IN A Anchorage Deformation 
SEAT BELT ANCHORAGE EXPERIMENT 

A study was made of the anchorage defor- 
Now we will apply our argument in an ac- 

mation in a FMVSS No. 210 test and a dy- 
tual seat belt anchorage experiment, 

namic test using an A-type vehicle as repre- 
Input sentative vehicle (table 3). 

Static Input Displacement is measured in the belt ten- 
sion direction using an inductance-type dis, The seat belt anchorage strength regula- 

tions of various countries are given in Table 1. placement meter. (See fig. 9.) From these 
results, the correlation between the anchorage The standard load is approximately the same 

.... for all the countries listed, input load and amount of deformation is 

.... The data obtained in testing the load acting compared in static and dynamic conditions. 

on the anchorage, applying the load given (See figs. 10-a and 10-b.) 

above, are shown in Figure 7. The load acting The amount of deformation of each 

on the various anchorages while the standard anchorage after a similar test on a B-type 

vehicle is shown in the table below (table 4). load was applied, as determined from Figure 
7, is shown in Table 2, From the data given in Figures 10-a, 10-b 

and table 4, we can conclude the following. 
Dynamic Input 
30 mph barrier head-on collision test condi- ¯ For a very small range of deformation, the 

tions were set in the Hyge type tester with graph of maximum load and maximum 

varying vehicle models, vehicle types, and deformation correlation is the sarne for 

dummy specifications, and belt input was ob- both static and collision conditions. 

served. * Even in a range where the static deforma- 

The results are shown in Figure 8. As can be tion exceeds the elasticity limits and the 

seen here, the anchorage input is influenced amount of deformation is great, the colli- 

sion deformation amount does not show a by the car type and model but there is a par- 
ticularly high correlation with the dummy great increase in comparison to the static. 

weight. It increases as the dummy weight in- In fact, the amount of deformation is much 

creases. As the dummy weight exceeds roughly smaller than under static conditions. 

the AM 50th percentile, the increase becomes From the results of sections Input and 
very gradual slope moving to saturation. Anchorage Deformation, we can see that 

Compared with the data of Figure 8, the 
FMVSS No. 210 standard load is about the * The standard load of FMVSS No. 210 
same as the input from a AM 50th percentile varies according to the conditions but it is 
dummy in an actual 30 mph head-on collision, approximately equivalent to a 30 mph colli- 
Therefore, the standard load is roughly the sion. 
same as the dynamic input. The problem re- ¯ Anchorage deformation with FMVSS No. 
mains however, as to whether it is acceptable 210 load is significantly greater than that 

to apply it statically for a long period of time. obtained with a 30 mph head-on collision 
and has a more severe effect on the vehicle 

Table 1. Seat belt anchorage strength stand- body. 
ards. 

Belt system MVSS    EEC    ADR ,Japan Examination of Static Load Conditions 

We examined static load conditions for the Type I 5000 Ibs 2225 daN 22 KN 2270 Kg 
simulation of an actual 30 mph head-on colli- 
sion. Taking the data from the tests described Type2      3000 Ibs 1350 daN 17.7 KN 1360 Kg 
in sections Input and Anchorage Deforma, 
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4 door Hardtop 
Wire sedan Outer 

Webbing O ~ 

Inner 
T1 

1 0                           FMVSS (Type 2) 
FMVSS (Type 1) 

0.8 

0.6                                                          - 

0.4 

0.2 

o.    I i~ m ~ I i I 

1000 2000 3000 

4 door sedan Hardtop 

~ Wire 

T3 

Webbing 

T5 X 

FMVSS [Type 2) 

t.0 

0.8 

0,4 

0.2 

~ 000                    2000                   3000 
LOAD (F) KG 

Figure 7. Standard load-load operating on each anchorage. 
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Table 2. The load acting on each anchorage tion, we found spring constant K and viscosity 
with FMVSS No. 210 strength stand- coefficient C. (Substituting these values into 
ards. equation 4), we obtained the load time and 

Type 1 Type 2 load multiple (Pdy. max/Pst) (fig. 11). If the 
time required to reach maximum displace- 

Input T1 910-1360 Kg 520-900 Kg ment (load time Td) is 30 to 100 m sec. in an 
T2 910-1360 Kg 520-900 Kg actual collision and 5 to 20 sec. in a static test, 
T3 -- 490-820 Kg and even a rather large amount of deforma- 
T4 -- 775-1200 Kg tion is about 10 to 30 mm, then, from the 
T5 -- 625-735 Kg Figure 11: 

x 102 

O Shoulder anchorage 

14 

¯ Lap outer anchorage 

~ o ~’ 1~) Shoulder 

~ 

2/ 

(:~)~ 

anchorage 
v 10 

> static load 
I / O f with FMVSS 

~ f ~ f O 1 No. 210 

O Lap anchorage 

with FMVSS 

No. 210 

! 

20          40           60           80          ! 00          120 

BODY WEIGHT-- KG 

Figure 8. Relationship of belt tension to body weight (belt specification: Type II). 
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Table 3, Dynamic test conditions. 

Collision velocity: equivalent to 30 mph and 

40 mph barrier head-on 

collision 

Dummy: Alderson AM 50 

Belt: North American specifica- 

tions, three-point anchor- 

age in front seat, two, point 

anchorage in rear sea~ 

Measurements taken: belt input, anchorage Figure 9. Displacement measurement proce- 
deformation dure. 

collision is about 52% to 86% of the load in 

X Pdy. max 1.16- 1.94 > 1 = Pst = the collision. 
This examination was based on limited data 

Pdy. max. so it is not considered sufficient but the load 
or Pst = 1.16 - 1.94 

in a static test used to simulate a collision can 

Thus, the load in a static test which causes the be smaller than the input in an actual colli- 

same amount of deformation as in an actual sion. 

X 10=           Lap inner anchorage                    X 102              Lap outer anchorage 

121 
12 

10 ! 10 

< Static 
~ 

8 

~ 4 

O 8 
-J * 
uJ d 

~ uJ 0 mph 

© 40 mph r’r 6 
:~ 6 O 

30 mph 

30 mph 

,i                           4 
/ 2 

0      20      40     60            0      20      40     60 

ANCHORAGE DEFORMATION -- MM            ANCHORAGE DEFORMATION -- MM 

Figure 10.a. Anchorage load-deformation (lap belt for rear seat). 
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02 Lap inner anchorage × 1_02 Shoulder anchorage x 1 

/ 
/ 

10 / 10 

O~ ’9 ,~ 8 Static 

.J O 
uJ 

~J -- ::E 40 mph 
z 
< ~ 40 mph z 

4                                             4 \ 
mph 

mph 

2                                     2 

0                   20                 40                 60                                      0                    20                  40                 60               - ~ 

ANCHORAGE DEFORMATION MM ANCHORAGE DEFORMATION -- MM 

Figure 10-b. Anchorage load-deformation (3-points belt for front seat). 

Table 4. Anchorage deformation in B-type vehi- simulation of an actual collision. As a more 
cle (after application of load), practical approach, we propose a selection 

system in which the seat belt anchorage 
Head on FMVSS strength will be acceptable if it passes any one 
collision No. 210 
(30 mph) standard load of the following tests. 

Shoulder anchorage ¯ Static test with revised load 

point 14.0 mm 37 mm Present data is insufficient and we plan to 

Lap inner anchorage do further study on this approach. 

point 14.0 mm 85mm ¯ Simultaneous confirmation with the colli- 
’ sion FMVSS No. 208 conditions 

" Bench collision simulation test 

CONCLUSION This system has the following advantages. 

As we have argued, the static belt anchor- ¯ Lightening of the vehicle body will become 

age strength standard load puts a very severe possible and resource conservation, fuel 
load on the vehicle body in terms of the economy improvement, and cost reduction 
amount of deformation and is not a logical will be facilitated. 
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= 0.75 ~    8 

= 0.30 

u~    2 10                          100 _J 

J 

o 
-a 3 

1 

Static 10 
10-2 Head-on ’ 10-1 1 

L load ~ 
~ collision "~ Load time-seconds ’~ time -- 

~me 

Figure 11. Relationship between load multiple and load time. 

o The freedom to select the seat belt anchor- The present study is just a beginning and 

age position will increase and it will be pos- there is much yet to be learned. However, we 

sible to design seat belts which are easier to believe that it has a great deal of significance 

use. In this way, we believe it would be pos- in the effective use of the plastic region of 

sible to promote wider actual use of the pas- materials (plastic design) with respect to light- 

sive restraint system of FMVSS No. 208. enin~ of the vehicle body. 

The Inflatable Diagonal Belt (Improvement of Protection 
in the Case of Frontal Impact) 

P. BILLAULT and C. TISSERON 
occupants. Following works achieved on the 

CITROEN Car Corp. (Research Department) geometry of the lap belt and on the shape of 
the seat, we are studying a belt with inflatable 

M. DEJEAMMES and R. BIARD 
ONSER Biokinetics and Impact Laboratory" 

diagonal strap. 
This study has brought together a car man- 

P. CORD and P. JENOC ufacturer and a laboratory of biokinetic re- 
Societe Nationale des Poudres et Explosifs search (ONSER), and a manufacturer of gas 

generators (Societe Nationale des Poudres et 
ABSTRACT Explosifs). 

In conjunction with the studies regarding Some series of dynamical tests carried out 

the structure of the vehicle, further research with the help of a living model:--the baboon, 

was necessary to improve the protection of the brought to light the interest of the inflatable 
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diagonal belt relative to other restraint sys- This study was the subject of a contract 
tems such as the standard 3-point belt with with the IRT within the framework of the 
load limiter. ATP, safe vehicle. 

The study of the inflatable diagonal belt, as 
an improvement of thoracic restraint, was The Vehicle 
then undertaken. 

It is worth remembering that the study of a The adjustment of the generator was made 
by the SNPE. The selection of the textile fiber system for the protection of the occupants of 

a vehicle is valuable only if the structure of of the inflatable diagonal belt was made ac- 
this vehicle has reached a sufficient level of cording to the gases produced by the generator. 

.... Data taken from tests carried out with performance when subjected to an impact. 

standard safety belts having the same anchor- The analysis of the behavior of structures, 

age points as those of the inflatable diagonal subjected to frontal impacts under various 

belt are used as the points of reference, incidences and at different speeds, allowed 
the manufacturing of safer vehicles, i.e.,: At the end of testing carried out at 50 km/h, 

it appeared that the Hybrid II dummy was not ¯ during the impact, the acceleration recorded 

suitable to illustrate all the advantages of the versus time is more progressive; it tends 

inflatable diagonal belt which we had observed towards a trapezium; it does not show a 

during the tests with a living model, high level "peak"; 
¯ the necessary residual space is maintained 

INTRODUCTION in order that the restraint system may de- 
velop its effect and have its full effectiveness. 

General                                      It is possible to obtain these conditions in a 

The inflatable diagonal belt is a textile en- collision equivalent to that of a frontal impact 
velope which is, as the diagonal strap of a against an inclined barrier, up to a speed of 
standard belt, permanently in contact with the approximately 65 km/h. 
body of the user. In case of need this envelope 

.... becomes inflated by means of a gas under The Restraint System 
pressure and forms a protective padding. 

The inflatable belt has already been granted Any protective system, in the interior of a 

patents and was introduced by ALLIED vehicle, is aimed at limiting the displacements 

of the occupant during the impact, avoiding CHEMICAL Co. (Patents no. 73,03240 dated 
30/1/73, and no. 73,03960, dated 5/2/73). contact with any rigid elements, and coupling 

After consideration of the strength limits of him as best as possible with the motion of the 

the various areas of the body on which it is vehicle. We kept the principle of the standard 

three anchorage point belt, and tried to find possible to exert a restraint, we came to the 
improvements which could possibly be ap, conclusion that the distribution of loads by 
plied to it as regards the areas of contact with means of a gas cushion would constitute an 

interesting solution for the restraint of the the body. 

thorax. The analysis of the main injuries of the in- 

We have ascertained the value of this prin- jured persons wearing seat belts lead us to dif- 

ciple by several series of dynamical tests, with ferentiate three corporal segments. 

the help of living models. 
The Head (and the Neck) The value of the system having been thus 

shown we have undertaken with the SNPE Injuries appear following an impact against 
and with the ONSER biokinetics and impact a wal! or against a component of the vehicle. 
Laboratory the study of an inflatable diagonal They can be partly attributed to a too great 
belt intended for a sub-compact vehicle, displacement of the whole body. 
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Other injuries can be attributed to a too this superimposition we have obtained an 

great amplitude of head movement relative to average position which has been verified by 

the thorax, 
means of the same subjects. 

The effects of this movement also increase 
In order to set it correctly, the anchorage 

the previous risk. 
points of the belt must be located in plane P 

{see figs. l and 2). 
The Thorax This geometry was then dynamically verified 

with the help of anthropomorphic dummies 
Injuries originate from its pushing against of various sizes: 

the belt and can be attributed to: 5th percentile female (ALDESON 
,, a too considerable gradient of load rise, female ref.: VIP 5 F) 
~, too great a linear localization of loads, and 50th percentile male (HYBRID II) 
,~ the pathological condition of the subject. 95th percentile male (ALDERSON male 

ref.: 292,1295) 
The Pelvis (and the Abdomen) Our first results were presented at the 5th 

Injuries are mainly brought about by the in- International Technical Conference on ESV 

trusion of the strap into the soft parts of the (London 1975). 
abdomen. In the progress of our research work we 

Although not having taken them into ac- found great interest in studying the frame of 

cottnt, there is no reason for losing sight of the padding, in order to ensure a good hold of 

certain injuries: the pelvis, which contributes to a better main- 

¯ those of the thorax, due to contact with the 
steering wheel, and 

¯ those transmitted by the femurs. 

We have then considered, from the mechan- 
ical and physiological point of view, the two 
segments: the thorax and the pelvis, on which ~ ~=~ 

rest the elements of the restraint system. 

Lower Restraint 

The pelvic bone gives an extremely remark- 
able mechanical and anatomical restraint pos- 
sibility if the fulcrum is below the front and 
upper iliac crest. The load must be correctly / 
directed and, in order that this fulcrum be 
maintained during the impact, it is necessary 
to be careful of the initial position of the strap 
and to limit any subsequent rotary motion of 
the pelvis. "~---.~ 

The initial position was determined on a 
sample of subjects. Each subject took place in 
a seat adjusted according to a relaxed sitting 
position. Then, the lap restraint was properly 
adjusted, measurements recorded, and photos 
taken. 

The r~egatives were then superimposed with Figure 1. Definition of the ~ap anchor points 

the help of the marks put on the seat. From location. 
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P (fig. 1 ) 
F* 

I 

__ ~ 
Figure 3. Loads repartition on the pelvis in terms 

Directive 76/115                                       of the seat reactive load direction. 

maximum area any restraint load applied to 
Figure 2. Zones comparison between the lap this segment. A flexible envelope, inflated by 

anchorage points. 
means of a gas, ensures the transferring of 

tenance of the lap strap below the iliac crests, pressures and allows the distribution of the 

This clamping avoids the rotary motion of the stress over the whole area of contact. 

pelvis and ensures a good absorption of re- The adjustment of the restraint systems is 

straint loads (see fig. 3). made by means of anthropomorphic dummies. 

The effectiveness of such a placing of the We have produced a measuring device which 

strap was also verified during tests with corpses permits the verification that the lower strap 

carried out by the CALSPAN on request of does not slip over the iliac crests during the 
active phase of restraint. the NHTSA (contract DOT-HS-5-01017). 

The thoracic rigidity of anthropomorphic A fracture of the pelvis was observed on a 
dummies does not permit an appreciation of frail subject (osteoporosity noticed during the 
the advantage of a better distribution of the examination undergone before testing). This 

is the proof that the lap strap remained learing load on the thoracic cage, that is why, in co- 

upon the iliac crests, operation with the ONSER Biokinetics and 

The table in Figure 4 summarizes the results Impact Laboratory, we have undertaken ex- 

of these tests, perimenting with the help of living models. 

Upper Restraint THE LIVING MODEL 

In a word, from research carried out by the 
Selection various laboratories of biokinetics and from 

the study of the "architecture" of the thoracic For motorcars, the favorite experimental 
cage, it appears necessary to distribute on a model is the anthropomorphic dummy. But 
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01 

~en da N 

-0-2~~ 
03                             , 

VELOCITY AGE HEIGHT WEIGHT LOAD LOAD LOAD MAJOR INJURIES 

km/h 01 02 03 

48,4 Hybrid 1,75 74 1,O50 1,120 782 

II 

49 69    1,79 52.2 603 463 435 - Frecture of the thorecic cege 

- Hmatom & leceretion of the liver. 

48.4 44 1.83 74 995 995 782 - Frecture of th~ thoredc ceg~. 
- laceration of the liver. 
- I.=ceretion of the =plwn. 

D 48,4 65 1,75 56.6 938 645 530 - Multiple fracture= of rib=. 
- Fracture of the both wings 

of th= 
- Fracture of the left �lavicle. 
- laceration of the liver. 

Figure 4. Results of tests performed by CALSPAN (Contract DOT NS.5-01017). 

there exist other models such as the volunteer, 
tion of which can be studied through easily 

the animal, the human corpse, and even math- achievable clinical care. 

ematical and analogical models. In some measure the living animal allows 

All of them have their advantages, but they the assessment of the stress condition follow- 

all have inconveniences and limits, ing a dynamical test, as long as its vitality is 

We have chosen to carry out our experi- not affected or, on the contrary, as it has been 

mentations with a living animal: the baboon, subjected to a more or less pronounced and a 

which seemed to us the most convenient model more or less permanent state of collapse. 

for a research the basis of which is essentially Besides the criteria of experimental costs 

a biokinetic one. The advantage of the living and easiness of supply, the baboon was chosen 

animal is its muscle tone together with an ana- because, on one hand, it has a natural seating 

tomical complexity which cannot be repro- position, and on another hand, it is indeed 

duced by the anthropomorphic dummies, quite tall, and is relatively easy to handle. The 

especially as regards the viscera, chosen animals weigh from 20 to 25 kg, which 

It is liable to sustain immediate or delayed allows their accommodation in a laboratory. 

lesions (on bones or visceral parts), the evolu- Compared with the human skeleton, the 
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baboon has a similar vertebral spine and a tions before impact. This system releases the 
neck consisting of 7 cervical vertebrae, which head a few milliseconds before impact. 
enables comparable motions which are prob- The preparation of the animal is done under 
ably more realistic than those of dummies, a tranquillizing drug (Immalgene, 16 mg/kg) 
Nevertheless, marked anatomical differences but the test is carried out when its muscle tone 
appear at the level of the head; at the level of has become normal again (prehension reflex). 
the thorax, which is more circular and conical The parameters which allow a grading of 
in shape; finally at the level of the abdomen the systems being tested are principally the 
(higher abdominal wall), and of the upper criteria used to evaluate the state of the baboon: 
limbs, which are longer. ¯ clinical examinations and care 

¯ X-ray examinations 
Limits and Field of Use 

Moreover, further information is obtained 
The only points of correlation between man by means of acceleration measurements (head 

and baboon were set forth in the above para- and thorax), load measurements in the various 
graph, straps of the restraint system and by high 

¯ they are living speed snapshots that allow the trajectories to 
be reproduced. ¯ they possess a muscle tone 

¯ they are liable to undergo lesions. Studied Restraint Systems 
Following dimensional measurements, we 

have adopted a reduction scale of .7 to locate The first stage of our experimentation 
scheme consisted in collecting sufficient data the anchorage points of the restraint systems 
on the behavior of the animal restrained by a and, possibly, to fit elements representing the 
static belt: 3 anchorage points and manual interior equipment of a vehicle. 

Our aim was to compare known restraint adjustment. It is with this data that the results 
obtained from other systems will later be systems or systems to be developed, then to 

establish a grading between them. We admitted compared. 

that the grading valid for the baboon was also It should be noted that the large number of 

valid for man. 
vehicles equipped with such belts, and their 

The deviations, advantage or loss, between compulsory use in the majority of European 
countries, means naturally that one is inclined the two systems may be possibly increased or 

decreased, to compare the improvements of the restraint 
system with the results of the surveys and 
analyses of accidents in which the users were 

Methodology involved. 

The experimentation method using baboons With this safety belt we compared belts 

was presented at the 3rd International Meet- ¯ with retractors 
ing IRCOBI (Lyon 1978). We summarize o with load limiters 
the main points of the method. ¯ with pyrotechnical retractors 

The dynamical tests are carried out on the ¯ with inflatable diagonal belts. 
test bench of ONSER biokinetics and impact In the various cases the restraint system was 
Laboratory. adapted to the baboon. The width of the strap 

The seat and retention systems used were in contact with the baboon was reduced to 
designed on a baboon scale. The localization 30 mm, the breaking loads of limiters or loads 
of the anchorage points was extrapolated from of back motion of pyrotechnical retractors 
a Citroen vehicle. A mechanical system assigns were adjusted according to the values recorded 
a given position to the head of the animal, in during testing on the straps of the 3-point 
order to avoid too great a variation of posi- belts. In order to define the cylinder diameter 
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of the inflatable belt, two series of adj usting Accelerations (see fig. 6) 

test s were necessary. The levels of acceleration are 30°70 lower for 
The pre-inflated diagonal belt used for these    the head and 48070 for the thorax. 

tests is 90 mm in diameter.                      Moreover, a better grouping of measure- 
Every system has been tested at successive ments can be observed. 

and increasing speed levels. 
Loads at the Upper Anchorage Point of 

Findings the Diagonal Belt (see fig. 7) 

A primary valuation of the effectiveness of We have kept only to records, representa- 

the restraint system is given by considering the rive of the average of the tests. 

value of the maximum speed to which the With the inflatable diagonal belt, the front 

series of tests was carried out. of load rise is less steep; the peak is 300 daN 

In all cases we limited ourselves to the instead of 400 daN with a strap, i.e., an im- 

appearance of the first lesions, provement of 25%. 

The table (see fig. 5) shows the number of Head Motion (see fig. 8) 
tests carried out, the number of subjects em- 
ployed, the total results of all the tests carried 

The inflatable diagonal belt reduces the 

out with the two types of restraint systems. It 
amplitude of motion of the head relative to 

would appear that if we were able to achieve the vehicle and it rotation relative to the 

tests at 60 km/h without damage to the animals 
thorax. 

with the inflatable diagonal belt, we had to 
limit the tests to 48 km/h with standard belts, 
due to the appearance of lesions. 

We continue the comparison of the two sys- 
tems, using the parameters recorded during 

390 da N 

the [estso                                                   (da N)       /~ daN 
300 

Inflatable 200 / 

Velocity          3 points belt diagonal belt 

21 ~ests 21 tes,t_s (ms) 

48 kmih 
8 baboons 4 baboons 10 50 100 150 

4 injuries {AIS 1,2, 3, 6) no injuries 

6 tests 
3 pts belt 

60 km/h 2 baboons Preinflated diagonal belt 

no injuries 

Figure 5. injuries on baboons. Figure 7. Belt load. 

Acceleration 3 points belt Standard deviation Inflatable diagonal Sta ndard deviation 

7 tests T 13 tests .T_ 

Resultant head 67 g 7,7 g 49 g 7.2 g 

Resultant chest 40 g 5.1 g 31 g 2.9 g 

Figure 6, Accelerations on baboons. 
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¯ a lap belt correctly bearing on the pelvis, 
below the iliac crests, and remaining there 
during the impact. 

¯ a diagonal belt distributing on a large tho- 
racic area the restraint loads of the upper 
part of the body. The shape of this diagonal 
belt is being also able to limit the displace- 
ment of the head relative to the thorax and 
relative to the passenger compartment. 

The whole system is studied and adjusted 
for a subject represented by the 50th percentile 
male. We will verify its effectiveness for sub- 
jects represented, on one hand, by the 5th per- 
centile female, and on the. other hand, by the 
95th percentile male. 

Our aim is to insure the protection of these 
subjects during a frontal impact equivalent to 
the collision of a sub-compact with an inclined 
barrier, at a speed of 65 km/h. 

- -- Belt For simulations on a test bench we will use 
Preinflated diagonal belt 

the laws of motions equivalent to those re- 
corded on VISA sedans. 

Figure 8. Head relative trajectories. We consider that the improvement of occu- 
pant protection is not only expressed in impact 

In Conclusion speed; research work has indeed shown an 
increasing weakness in the thoracic cage with 

The parameters measured during testing are aging or with some pathological conditions; 
in conformity with the clinical examinations in this case, the inflatable diagonal belt should 
effected on the baboons, decrease the risks of serious injuries at lower 

The inflatable diagonal belt in pre-inflated 
impact speeds. 

condition ensures a definitely higher protec- 
tion of the baboon (see fig. 5). Geometrical Definition 
¯ No injury observed. We have used the framework of the front 
¯ Impact speed of 60 km/h instead of 48 seats of the VISA sedan vehicle. The lower 

km/h. anchorage points are placed on the sliding 
rails of the seat according to the sketch on 

THE INFLATABLE DIAGONAL BELT Figure 1. 

Aim The definition of the upper anchorage point 
was arrived at from a sampling of 15 subjects, 

From the conclusions that we have drawn males and females, with heights varying from 
from the experimentation with the help of liv- 1.53 to 1.91 m and weights between 45 and 
ing subjects, we were able to define a restraint 90 kg. For every subject we have recorded a 
system consisting of: position thought optimal taking into account 
¯ a seat, the underframe of which allowed, by on one hand, a good position of the strap on 

its shape and structure, a considerable ab- the clavicle and on the thorax and, on the 
sorption of the restraint loads of the lower other hand, the possibility of integration of 
part of the body and a better balance of the the anchorage point or of a strap deflector. 
stresses applied to the pelvis, placed on the back of the seat. Moreover, for 
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each subject, two limit positions were recorded, The Generator 

one corresponding to the passage of the strap 
close to the neck, and the other at the tip of Summary of the Specifications 

the shoulder, o Volume of the diagonal strap: approx. 8 
A synthesis of these results permitted the dm3. 

definition of a point which has been tested o Stabilized pressure: 1.3 absolute bar. 
and considered satisfactory for all the subjects. ¯ Time allowed: 60°7o of inflation in 30 milli- 

We then drew up a first design for the in- seconds. 
flatable diagonal belt. After inflation, it pre- ¯ Maximum bulls: Diameter: 50 mm. Length: 
sents itself in the shape of a cylinder 120 mm 110 mm. 
in diameter, and 850 mm long. When not in- It has been agreed between the SNPE and 
flared, the fabric is folded up and presents it- 
self in the shape of a strap 50 to 55 mm in 

CITROEN Research Department that after a 
first stage of adjustment these specifications 

width. 
The positions of the 3 anchorage points of should be perfected by other requirements 

the system are shown and referenced in Figure 
(temperature, aging, toxicity of gases). 

9. Working Principle 

The working principle adopted for this gen- 
- -- erator bythe SNPE is that of the GSS G3. 

01 02 03 Only the interior arrangement of the gener- 
ator has been modified, account taken of the 

x -431 -81.6 -81.6__ bulk requirements of the specifications. 

V 250 -252 252 The generator (see fig. 10) works in the fol- 
-- - lowing manner: an electrically operated igniter 

z -497 184.5 184.5 
(1) actuates the ignition powder (2) which 
starts the combustion of the propergol (3) in 
the combustion chamber (4), this chamber 
slides in the body of the generator under the 
pressure of the gases, and so opens the. outlets 
(5) of the regulator (6). The gases go through 
the chamber (7) where they are cooled and 
diluted, then, through filter (8) they are blown 
out by the diffuser (9). 

," / 
/ 8 6 3 

H     / 

\\\~_     / 

X~ 02-03 

_ 7_7 _4~ ......... 2 
z 5 

Figure 9. Lap anchor points location (inflatable    Figure 10. Pyrotechnic inflator for inflatable 
belt),                                        diagonal belt. 
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Adjustment Tests Compatibility With the Gases. In contact 

with the gases and fouling emitted by the gen- Before supplying generators intended to 
erator, the fabric: equip the inflatable diagonal belts, for tests 

with anthropomorphic dummies, the SNPE * must not catch fire 

carried out adjustment tests. * must not be punctured 
¯ must keep its mechanical properties. 

¯ Tests of the firing and of the working of the 
chamber. These somewhat simplified specifications will 

¯ Tests to check the emitted volume of gas: In be stated more precisely during our study. 

order to obtain a pressure of 1.3 absolute 

bar in the diagonal strap it is necessary to Tests 

generate approximately 15 dm3 of gas. This Mechanical Strength. Tests were carried out 
value must be increased to counterbalance in the length and weft of the samples by the 
the porosity of the fabric. RHONE-POULENC Co. who also supplied 

¯ Tests on the diagonal belt: these tests permit us with the fabrics. 
the adjustment of the mass of the propergol, We have then carried out static tensile tests: 
of the thinner and of the cooler to obtain * On cylinders made of fabrics. 
the desired pressure in the diagonal strap. 

* On diagonal straps fitted to generators. 
¯ Tests on a diagonal belt fitted to a dummy: 

In the previous series of tests the diagonal Porosity. RHONE-POULENC Co. carried 

belt lay freely on a table, out tests on sampling according to Standard 

NF G07.111 to ascertain the conformity of the 
These latter tests allow to verify the influ- fabric to the original specifications. 

ence of the folding and of a slight tension of A second indication of this characteristic of 
the diagonal belt upon its interior rise of pres- the fabric was provided by the adjustment 
sure. The pressure is measured at the opposite tests of the generator. 
end of the generator. Compatibility. Two types of tests have been 

carried out by the SNPE, one in a gas tight 
¯ The dynamical tests of the restraint system compartment, the other with an inflatable 

equipped with this generator allowed the 
bag. In both cases, the gases were produced 

checking of its good working order, 
by the SNPE generator, reference GSS P3 

his A. 

The Fabric In the first type of test the compartment is a 

steel cylinder which pressure is 25 absolute 

Summary of Specifications mbar. In this compartment is placed the gen- 
erator, a strap of fabric, 150 mm wide, is 

Mechanical Strength. The rupture strength maintained against the wall in front of the 
(Rr) of the fabric cylinder must be equivalent 

generator opening. In the second type of test 
to that required for the straps, i.e., Rr 2100 

an inflatable bag, made of the fabric to be 
daN. tested, is fitted to the generator. 

Porosity. The texture of the fabric must 
Two fabrics were tested in that manner, one 

admit a rapid pressurization of the envelope 
made of polyester, the other of nylon. Fol- 

with a minimum flow from the generator, 
lowing these tests, the nylon was preferred. 

then permit a dissipation of energy by means 

of exhaust of the gases through the fabric to Experimentation 
avoid a rebound of the user. With reference to 
the fabric employed for air bags, we have General Conditions 

chosen a porosity value of: .09 (see French The reference and adjustment tests were 
Standard NF G 07.111). carried out on the dynamical bench of the 
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ONSER Biokinetic and Impact Laboratory in taken on a test close to the average of the 

BRON. series (see figs. 11 and 12). 

It should be remembered that in order to Belt With Pre-inflated D~agonal Strap. This 

limit the dispersion of results the 3-point belt series of tests constitutes a stage of the adjust- 

was tightly positioned on the anthropomorphic merit. It allows the separation of a number of 

dummy. This situation optimizes the effec, problems: 

tiveness of this system and minimizes the pos- * Mechanical behavior of the constituents. 
sibility of taking up slackness, afforded by the * Working of the generator. 
inflatable diagonal belt. ¯ Working of the firing device. 

A special rig was designed to obtain a cine- The main results are shown in Figures 13 
matographic field of view covering without and 14. 
obscuring the motions of the durnmy, viewed 
from the left side and from above. This rig 
was fitted with a foot-rest for the dummy and 
allowed the fixing of a vehicle seat. It included ~ (daN) 

/ Max - 920 a system enabling the setting up of various 1000i- 0 9 M 
750 ~ configurationsto of anchorage on points. 

The employed laws of motion are equivalent 500 i 

those recorded a VISA sedan during 25oI 01M 
¯ 

(ms) 

frontal impacts at 15 against a fixed barrier o lO 50 lOO 
at speeds of 50, 58, 65 km/h. 

The anthropomorphic dummy used is a 
HYBRID II whose conformity to PART 572 Figure 11, Diagonal belt load at the fixation 

has been verified, point (3 points belt). 

Reference marks, on the head and on the 
femur of the dummy, allow with the help of 
high-speed cameras, the trajectory to be re- 

tm/s2 
produced relative to the mounting. 500) 

In addition to the usual measurements of 375~ 
Max = 325 

triaxial accelerations in the head and in the 
250t 

thorax, we have equipped this dummy with 125’ 
accelerometers in the pelvis, and with detec- I , __ --------~(ms) 

tors on the iliac crests, 
o l o 50 10o 

The loads at the various anchorage points 
of the belts were measured by means of ab, Figure 12. Chest resultant acceleration (3points 
sorption dynamometers, belt). 

After each test the seat and the restraint 
system were replaced. 

Tests Carried Out 
lO00i(daN) 

The geometry of the anchorage points is 7501-           " .......... ...... 
shown in Figure 9. 

Three-point Belt. It was necessary to obtain 
500 

the dynamical characteristics of this well 
25oi- o.1 M y" ~ (ms) 

known system to later understand the improve- o lo 50 loo 

rnent afforded by the inflatable diagonal belt. 
In order to characterize this series of tests, Figure 13: Preinflated diagonal belt load at the 

we show" the main results of the measurements fixation point. 
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m/s2 
500i~_ m/s2 

5O0[ 
Max = 375 

375~ 
Max = 350 

375 }- 

25o 25oi 
I 

/ ~ 
125 1 25r / 

(ms) I___._.__.__//--/__.__~_                    "----_,.___ (ms) 

0 lo 50 160 ~" 0 lO 50 t~0 - 

Figure 14. Chest resultant acceleration (prein-    Figure 16. Chest resultant acceleration (inflat. 
flated diagonal belt),                          able diagonal belt). 

BeLt With Inflatable Diagonal Strap. It morphic dummy HYBRID It are superimposed 
refers to the first series of tests, carried out in Figure 17. To avoid confusion we have only 
with the whole system. A switch placed on the kept the two extreme cases: 
track of the sled ensures the firing of the gen- ¯ test with the 3-point belt 
erator. It is from this series of tests that the ~, test with the pre-inflated diagonal belt. 
adjustment will be made by comparing these 

The results from the first tests of the inflat- results (see figs. 15 and 16) with those of the 
able diagonal belt are placed between these series with standard belts and belts with pre- 
two limits. inflated diagonal straps. 

The improvement obtained in the displace- 

CONCLUSIONS 
ment of the head is quite considerable and 

very interesting if transferred to the passenger 
Analysis of Results                         compartment of a sub-compact vehicle. 

Methodology 

For each system studied we have chosen 525 
from the four or five tests done on each series 

450 
those results which are the closest to the aver- 
age of each series. 

Head Motion 

The relative trajectories of two reference // 
marks connected to the head of the anthropo 

87° 

(da N ) 
1000 

Max = 780                                                              / 
750> " ._    ,~ 

500 

0.1 ~"" 
250 M.,�~ _. "~ (ms) 

0 10 "~ 50 100 
~,~ ..... 3 pts belt 

~ Preinflated diagona! belt 

Figure 15. Inflatable diagonal belt load at the 
fixation points. Figure 17. Head relative trajectories° 
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During impact, the decrease of amplitude It is probable that this decrease of the front 

of the rotational angle of the head relative to of load rise will be profitable to the user. 

its initial position, accounts for a great part of 
the decrease of head movement relative to the 

Acceleration of the Thorax 

thorax. The comparison of the values of the thorax 

These results corroborate our findings re- resultant acceleration (see figs. 12, 14, 16) 

garding the tests with living subjects, does not show advantage in favor of the in- 
flatable diagonal belt, contrary to our previous 

Load at the Upper Anchorage Point findings on living subjects. 
of the Diagonal Strap In the three series of tests with a HYBRID II 

The values of loads recorded with the three 
dummy, the maximum values are definitely 
lower than the criterion: maxi-60 g within 

systems at the same anchorage point are super- 
imposed in Figure 18. 

3 milliseconds. This measurement, the only 

From this data alone, it is rather a delicate 
one which it is possible to record at present 

job to deduce the load applied to the thorax; 
and meaningful with this type of dummy, is 

on the contrary, the anchorage point and the 
supposed giving an account of the intra-tho- 

bearing of the diagonal strap on the shoulder 
racic lesions. 

being the same in the three cases, these data 
It is well known that the main risk to which 

directly ascertain the load applied to the 
the inflatable diagonal belt must palliate, i.e., 

clavicle, 
fractures of the thoracic cage should be esti- 

The inflatable diagonal belt decreases this 
mated either by measurements of deflexions, 
or by measurements of pressures taken under 

load. 
the restraint system. 

¯ 920 daN with 3-point belt 

~ 860 daN with pre-inflated diagonal belt Questions To Be Studied 
¯ 780 daN with inflatable diagonal belt. This first stage of study allowed us to define 

It can also be remarked that the inflatable the problems set out by the improvement of 
diagonal belt decreases the front of load rise. motorist protection by means of an envelope 

¯ 26 daN/milliseconds: with 3-point belt filled with a gas. We will group them into two 

~, 19 daN/milliseconds: with pre-inflated classes: 

diagonal belt * Technological 
¯ 18 daN/milliseconds: with inflatable diag- ¯ Biokinetic 

onal belt. 
Technological Problems 

We have made use of gas generator and 
fabric as the main constituents of the system. 

~ Effort / // Although small, the bulk of the generator 

t_0_O~_}/bO~ (daN) .i~~...~_~’X-:~--. 
will probably have to be reduced. No special 

/~ "%\ problems appear as regards gas noxiousness, 
500[ 

25oi ~,~/’~ "~,.,~x-,-,,,~,,~m_s) 
excessive pressures in the passenger compart- 

o ~ ment, and noise. 
The fabrics, supplied by RHONE-POU- 

--.-- 3 pts belt LENC, stand up very well with regards to the 
...... Preinflated diagonal belt gases and have satisfactory mechanical 
-- Inflatable diagonal belt standard. 

The main difficulty we came upon was the 
Figure 18. Upper points loads comparison of making of a cylinder from a flat fabric and its 

the diagonal belt fixation, connection to the generator. 

320 



SECTION 5: TECHNICAL SEMINARS 

The development will mainly consist in ad- ing from our tests with living subjects. It shows 
justing: volume, rate of flow according to the that this dummy is not convenient for the 
porosity of the fabric, assessment of this type of system. 

Biokinetic Problems 
Advantage of the Inflatable Diagonal Belt 

The aim is to obtain with the help of the in- 
flatable diagonal belt a better protection by The advantage of the inflatable diagonal 

the reduction of loads on the thoracic cage. belt, at the present stage of our study and of 

To effect the adjustment it is desirable to test means, is mainly proved by tests with liv- 

have at one’s disposal: ing subjects. 

* test means, being a good pattern of the ¯ Higher impact speed. 

thoracic cage. * Reduction of lesions. 

o biokinetic criteria, giving account of the Relative to other systems it offers two great 
injuries which we try to minimize, advantages: 

° possibilities of measurement of thesecriteria ° In the case of the non-functioning of the 
on the anthropomorphic dummy, detection and firing device, the user benefits 
These three data are indeed necessary to from the protection ensured by a strap belt. 

quantify the improvements due to this system. ° In case of inopportune firing, there is no 

The findings of the analysis of the test re- lost visibility for the driver, no excess-pres- 
sults, at 50 km/h, with the help of a HYBRID sure effect in the passenger compartment 
II dummy are not so conclusive as those result- and the sound level is very low. 

Occupant Protection in Frontal Impacts 

P. STUTENKEMPER, R. BRASCHE PREFACE 
Product Development Grou p 

The purpose of this paper is to demonstrate Ford-Werke AG 
the development and application of some 
engineering methods suitable to design pas- 

ABSTRACT senger cars under front impact conditions. 

Traffic accidents occur at different impact 
speeds. The engineering of passenger cars is 

Present Legal Requirements 

supported by analysis and correlation of front As well known collapse behavior is meas- 
impacts with variable velocity under lab con- ured at the end of the steering system by 
ditions. Under consideration of the availability limiting the intrusion of the column--ECE 
of a suitable restraint system the car structure R 12 . To fulfill this requirement the law has 
has to be seen as a major component contrib- contributed to enforce car development under 
uting to occupant protection. The passengers consideration of front end energy man- 
are represented by dummies, which serve agemento However, this requirement is sup- 
measuring purposes. The comparison of the porting the direct implications of passenger 
occupant loads versus a deceleration objective loading only to a certain degree. This is highly 
of the passenger car delivers the basis of design applicable to the front passengers, since statis- 
criteria, by means of a computerized simula- tically the car is occupied by only 1.8 passen- 
tion system, gers.1 See Figure 1. 
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It is also intended to use the program to 
develop damageability behavior at low speed 2 
impacts (repairability). 

CRITERIA FOR OCCUPANT PROTECTION 

Vehicles in Traffic 

Traffic accidents can be divided into two 
categories: city-driving and country driving. 

1.,                                    From the following Table 1 out of the year 
400 600 800 lOOO 12oo 14o0 16oo 1974 it is evident, that ¼ of all accidents hap, 

VEHICLE CURBWEIGHT (Kg) 
pen within cities, only V3 occur on country 
roads. 

Figure 1. Average occupation of passenger 
cars versus vehicle curbweight,2 

The legally fixed city speed limit of 50 km/h 
covers theoretically the major part (= 2/5) of 
all accidents. It is also known that the test 

Another criterion contained in present legal speed of 50 km/h covers even a higher number 
requirement is the fixation of one speed, i.e., of accidents, considering the impact into the 
30 mph under which the ECE R 12 condition solid barrier. 90°70 of all frontal impacts are 
has to be certified, covered by ETS = 50 km/h (ETS = equiva- 

It appears to be worth to investigate the safe lent test speed).3 Further accident statistics 

behavior of the vehicle under different speeds, differentiate between injured and fatalities at 
which is also part of this study. The main different speeds. 
objective, however, is the assessment of com- Different investigations indicate an 
parable measuring criteria and their interrela- accumulation of injured at ETS = 20 km/h 
tion to car structure configurations to support and of fatalities at ETS = 35 km/h in 
effectiveness of passenger safety. Europe. With regard to occupant protection 

The American requirement FM¥SS 208 was these two speeds are obviously significanti See 
quite helpful to determine the criteria. Accord- Figure 2. 
ingly durnmies (Hybrid II) restrained with Based upon the above statistic ETS of 20, 

conventional three-point-inertia-belts were 35, 50 km/h have been considered most repre- 

taken for measurement. It was assumed that sentative for this exercise. 
reproducibility was good enough to serve the 
purpose. Occupants in Accidents 

As shown, vehicles above 1100 kg curb- 
Vehicle Development weight have a statistical distribution of 1.8 

The engineering tool used here is a combi- 
nation of lab-testing and simulations. The 
simulation model is two-dimensional with suf, Table !. Locations of about 15,000 passenger 

ficient degrees of freedom, 
car road accidents with occupant in- 

The technique developed is an economical 
juries. 

way with minimized use of valuable engineer- 
Country 

Class of road 
City 

ing prototypes and gives quick response. AI’ No. off ] °/o ....... °/o No. off .... 
though this system provides already a good 2,711 18.3 Kreis-, Land-u. Staatstr. 55.6 8,227 
tOO1 for preassessments and development there 1,920 13.0 Bundesstra~en 8.1 1,202 

is some room left for improvements which are 721 4.8 Autobahnen 0.2 32 

reflected in plan for refinements with regard 5,352 36.1 Total 63.9 9,461 

to the third dirnension for the dummy masses, 14,813 Accidents = 100% 
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ance limits, For front end optimization with 
INJURED OCCUPANTS KILLED OCCUPANTS 

(~) [] 
regard to vehicle longitudinal acceleration the 

. ,’,~ :Z Ftenault j_ff~v- CCMC~" ~ _~HUKIIII1 70 
[ 

.~/_R!;~~_~ ::~ I~," vant,injury criteria for head and thorax are rele-specified as follows: 

q~ .~’vw’_ ~ Head Injury Criterion 

~,~ ~ .... 

t 
~O~,’fZ/ ~ ~N~ ---~ 

1 t2 ~ 
- ares - dt 2.5 

HIC = t2 ~ tt 

10 30 50 70 ETS     10 30 50 70 ETS 
(Km/h) (Kin/h) ! 

¯ (t2 - t~)lma~ 
Figure 2. Percentage of injured and killed occu- 

pants in relation to ETS.~ 
~es = resultant head acceleration [g] 

passengers, i.e., 2 personsI which are assumed t = time [ms] 
to be front passengers. 

From Table 2 the statisticN distribution of Thorax Inju~ Criterion 
injured body parts can be derived. Subse- 
quently, four major parts of the body repre- Figure 3 summarizes the human limits and 

sent the majority of injuries, these are: selected injury criteria. 

¯ Head 

- Neck Spine DESIGN OF PASSENGER CANS 

- Thorax 

- Knee Derivation of Design Parameters 

Within FMVSS 208 injury criteria have To determine the importance of the head 

been defined based on biomechanical endur- injury criterion (HIC) in relation to chest 

Table 2. Frequency of iniuries at individual parts of car passengers.2 

Driver Co-driver Flr. passeng’s 
Injuries at 

No. off % No. off % No. off % 

Head 3,668 34.6 2,101 47.8 66t 40.1 

Thorax 1,474 13.9 618 14.1 138 8.4 

Abdomen 528 5.0 227 5.2 73 4.4 

Shoulder 884 8.3 428 9.7 98 6.0 

Upper arm 864 8.2 424 9.6 109 6.6 

Lower arm 415 3.9 185 4.2 50 3.0 

Hand 927 8.7 343 7.8 69 4.2 

Thigh 352 3.3 199 4.5 68 4.1 

Knee 2,099 19.8 927 21.1 138 8.3 

Shank 594 5.6 431 9.8 225 13.7 

Foot 425 4.0 167 3.8 45 2.7 

Neck spine 2,948 27.8 1,250 28.4 184 11.2 

Thor./lumb. spine         440 4.2 152 3.5 50 3.0 

Total* 10,597 100 4,395 t00 1,647 100 

* Hurt and non-hurt occupants 
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FRONT MPACT 

Biomechanical limits                                                                          Protection criteria 

HIC < 1500/3 ms 

OLrot < 1800 radis2 
HIC < t500/3 ms 

e <8o° 

60 gi3 ms 

< 60 g/3 ms 
6-8 KN ~                                                                                   res 

45 mn 

45 £1/3 ms 

4-13 KN 

Figure 3. Biomechanical limits and protection criteria. 

load, a test comparison has been conducted This allows the following conclusion: 

over different speeds. Figure 4 identifies the Using only the chest criterion for develop- 

allocation of all measuring points used for this ment the head injury criterion is sufficiently 

exercise, covered. 
Figures 5 and 6 represent the test results be- 

tween head and chest loads. The curves are 
showing a similar slope. 

Chest driver 

1-3 Dummy <~ ~ ..... 
Chest co-driver 

4 Center pillar 
~ ~ 5, 6 Side member 

7 Engine 
~ ~ 

8-t0 Restraint s~’stem -’ ~ <~ 

o 
0            20            40 

~o 
ETS IMPACT SPEED (Kmih) 

~ Figure5. Chest acceleration of occupants 

Figure 4. Allocation of measuring points (MP). versus ETS. 
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ing point 4 (MP 4) and the chest (MP 2) at 
ra Head driver 50 km/h impact test. 
"~ .... Head co-driver ~ As can be seen, the maximum acceleration 
_~ ~ values as well as the gradient are nearly the 
~ .5 same. Only a phase difference (A) is noted. 

~- "~ 

~~.~"~/i//~ 

This phase difference is explained by retarded 

~ ~ 

" activation of safety belt. This is due to slack, 

~ ~ 
film spool effect and elasticity of belt. 

_z ~ It can be concluded that sufficient confi- 
cz o dence exists to use the vehicle acceleration as 
’" the design parameter for development pur- -r 

0 2190 ~339 501 

0 20 40 poses. 
A further check has been made to verify this 

ETS IMPACT SPEED (Km/h} 
assumption under different impact speeds. 
Figure 8 shows the measured maximum longi- 

Figure 6. Head injury criterion of occupants tudinal acceleration of vehicle and dummy 
versus ETS. chest. The results expose also consistency. 

Test experience shows that the longitudinal DESIGN ANALYSIS TO OPTIMIZE 
component of the resultant acceleration is ACCELERATION 
proportional to the absolute value of the 
resultant acceleration. Subsequently the In view of a rigid vehicle body shell, it is 

longitudinal component of the resultant chest evident that the front end structure has to 

acceleration is chosen for development pur- control the energy management during the 

poses. This value is preferred for two reasons: front impact. Therefore, major engineering 
efforts have to be applied to the design of the ¯ Correspondence with restraint system 

¯ Compatibility with vehicle acceleration front end components in order to find the best 
compromise between the different driving re- 

Within the timing constraints of car struc- quirements and passenger protection objec- 
ture development, it is desirable to use a di- tives. 
rectly body-related parameter. This parameter The following Figure 9 illustrates the main 
has to be derived from results of impact tests load flow principles in the front end. 
with dummies. 

Figure 7 shows the test result of the longi- 

tudinal acceleration of the vehicle at measur- 

r- Be shell (MP 4) 

a ~_                             ~ Chest                                 /"              i Chest (M ) 

O---I~Z-J~gtu    /\~,~" 

~B-pillar 

/./’~/~’ 

" "",,... ~ ,--, __ 
~: 

~ 
"-- -~,., ~ 0 20 35 50 

SPEED (Km/h) 

TIME (ms) 

Figure8. Maximum longitudinal acceleration 
Figure 7. Longitudinal acceleration of vehicle of vehicle and dummy chest at differ- 

and dummy chest, ent ETS. 
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a - Displacement dedvee from crashed car 

Figureg. Load flow in body front end under 
~mpact. Figure 11. Component crush test. 

The loads during the irnpact are being figure 12.)All individual component results 

applied to maj or structural components~ are used as input into a computerized simula- 

namely longitudinal, cross member, front tion model. The principal set up of the model 

panel, fender, apron and hood. The body is shown in Figure 13. The program used is 

shell has to wit hstand the reactions and resido described in Reference 4. 

ual loads. The first simulation run is to establish corn- 
Starting with the test results of an experi- patibility with real crash test results. (See 

mental car, the first indication of the front tables 3 and 4.) 

end collapse behavior is being provided by the The model is now ready for an extensive 

acceleration characteristic of the vehicle (see analysis of component participation and pro- 

figure 10). rides set up of priority order. Following this 

Assuming tha~ the acceleration character- order sensible modifications are computed 

istic is not satisfactory a development pro- and checked versus the total system effect. A 

gram will follow, sample of component modification is shown 

The first step is analysis of component in Figure 12--"Objective." This process en- 

energy absorbing capabilities. This is being ables an iterative design optimization with 
achieved by considering the total deformation regard to the vehicle acceleration. 

of the crashed vehicle for crush test applica- As soon as the optimal component charac- 

tions. (See figure 11 .) teristics have been achieved the results have to 

The resulting load versus displacement be converted into the design and verified by 

curve reflects the component capability. (See further crush testing before a confirmatory 

0 
" TIME (ms)                                    DISPLAC MENT (mm) 

Figure 10. Acceleration characteristics of the    Figure 12. Force/displacement characteristic 
vehicte,                                     for component crush (sample). 
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\ 
\\ 

M!, M2, M3, M4, M6 Masses 

M5, M7 Moments of inertia 

K1, K2, K3, K4, K5, K6, K7, KS, K9, K10 Spring elements 

D1, D3, D5, D6 Damper elements 

Figure 13. Simulation model. 

Table 3. Velocity/acceleration table for impact    Table 4. Velocity/deformation table for impact 
test.                                     test. 

Acceleration Deformation 

Velocity Test Simulation Velocity Test ~[.~. ulation 
[km/h] Time Time [km/h] " Time Time 

[g] [ms] [g] [ms] [mm] i, [ms] ~_[mm] [ms]. 

21.90 22.4 27.5 13.4 19 21.90 216 I 60 
I 232 

74 

33.90 29.5 25.0 16.6 27 33.90 434 ~ 80 
t465 

74 

50.18 34.5 55.0 35.0 57 50,18 695! 80 1669 79 

vehicle barrier test is performed. Figure 14 2. Fakten zu Unfallgeschehen und Fahrzeug- 
shows the total development process in form sicherheit Ergebnisse Unfallforschung 

of a flow chart. 1974. HUK-Verband. Munchen 1977. 

REFERENCES 3. Inhere Sicherheit im Kraftfahrzeug Kollo- 

1. Aspekte der Fahrzeugsicherheit anhand quium. TUV, Rheinland 1979. 

einer Untersuchung von realen Unfallen. 4. FICEM, Programm Documentation. 

K. Langwieder. Dissertation TU Berlin K.-D. Jahn. UnveroffentlichtesManuskript 

1975. Ford, Kolr~, Februar 1979. 
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Experimental 

crash 

test 

Modify physical 

~ 

Component 

componen~ crushtest 

Absorption 
objective No 
ach ieved 

? 

Yes 
, 0, Yes            ~           i 

simulation ~ characteristic 
model 

~ component 

characteristic No 

Yes 

Yes 

~ No 

~ 

Yes 

Modify 

vehicle for 

crash test 

Conduct confirmation 

crash test 

Figure 14. Development process. 
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Design of Steering Columns for Passive Restraint Application_ 

CHARLES E. STROTHER vides equal protection to all driver somato- 
Minicars, Inc. types. It seems appropriate to design the 

column to best accommodate the mean injured 
ABSTRACT driver size. Accident data (fig. 1) indicate that 

the mean injured driver is closely approxi- 
Over the past several years, Minicars, Inc. mated in height and weight by the 50th per- 

of Santa Barbara, California has been engaged centile male Part 572 anthropomorphic 
in the development and design of passive re- dummy. 
straint systems for both drivers and passen- In its investigations of passive restraint 
gers. Over three million dollars has been ex- systems conducted for the National Highway 
pended evolving advanced air cushion restraint, Traffic Safety Administration (NHTSA), 
force-limited passive belt, and inflatabelt Minicars, Inc. has extensively studied the 
systems. These extensive research and devel- behavior of the steering column assembly and 
opment efforts have provided a sound basis its functions under impact conditions. This 
for understanding the mechanisms involved in paper presents the results of these studies and 
designing restraint systems to provide protec- discusses, in detail, the functions and neces- 
tion to occupants in vehicle impacts. This sary characteristics of the column as a compo- 
paper describes the functions and character- nent of the driver air cushion restraint system 
istics of two different types of steering column and the passive belt system. 
assemblies appropriate for application in the 
driver air cushion system and the passive belt 

AIR CUSHION RESTRANT SYSTEM (ACRS) 
system. 

STEERING COLUMN DESIGN 

INTRODUCTION In a driver air cushion restraint system, the 
steering column performs two important 

Results of a recent study* indicate that over 
functions: 1) it correctly orients the applica- 

70 percent of injured vehicle occupants were 
tion of torso restraint loads; and 2) it serves as 

drivers. It can therefore be concluded that the 
most important safety component in a vehicle 

the principal absorber of the driver’s upper 

is the driver restraint system. In designing 
body kinetic energy within the vehicle corn- 

passive restraint systems for driver protection, 
partment. 

important requirements are imposed on the 
design of the steering column. The character- 
istics of the passive restraint column must 04~ ,,,-.~50th percentile 

>. " 1Driver mean weight/ I ~ male 

therefore be carefully selected to result in a  0.a system capable of providing the requisite - 
driver protection in particular vehicle com- ~ 0.21 

/ I ~9 

t 
.... 
5th percentile 

5th percentile 

partment geometries. ~0.1 
~g~n~ 

k~m.~ale 
The geometry and collapse characteristics 

0.o 
of a particular steering column assembly will 40 80 120 160 200 240 
provide different levels of protection to dif- WEIGHX 

Based on data taken from "Height, 
ferent size drivers. That is, it is not possible to Weight, and Sex of Injured Automobile 
design a steering column assembly which pro- occo pants," by G. Nvctuisto General 

Motors, dan. 1977. 

*Nyquist, G., "Height, Weight, and Sex of Injured Figure 1. Distribution of injured drivers by 
Occupants," General Motors, Inc., Jan. 1977. weights. 
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Role in Properly Orienting Air Cushion In the pitching trajectory (fig. 2), the driver’s 
lower body motion (hip-point or H-pt transla- 
tion) is minimized so that the torso and head 

Ideally, to properly orient the air cushion undergo considerable rotation about the H-pt 
on the driver torso, the column axis, when as the driver translates forward. This type of 
projected rearward, should intercept the trajectory has two advantages. First, the pres- 
driver torso center of gravity (CG). In practice, ence or absence of a lap belt has relatively little 
however, this ideal configuration is compro- bearing on the driver’s trajectory. This advan- 
raised by several considerations. tage is important for those vehicle manufac- 

The most economical way to link the steer- turers who require a lap belt to meet the roll- 
ing column with the steering gearbox is to use over requirements of Federal Motor Vehicle 
a straight-line connection. Such a connection Safety Standard (FMVSS) 208. A second 
results in the column angle generally being advantage is that the pitching trajectory is 
placed at about 20-25 degrees (as measured more consistent with conventional steering 
from the horizontal) in large cars (and fre- column angles. The pitching motion of the 
quently more vertical in smaller cars). The driver torso tends to align the chest with the 
column "aim point" is thus typically several steering column, thereby facilitating column 
inches above the torso CG. If the forward end stroking. If the torso were not aligned with 
of the column is raised in an effort to lower the column, the column angle in current vehi- 
the column angle and orient the column at the cles (20-30 degrees) would have to be signifi- 
torso CG, rim/leg clearance is reduced (1 ½ candy modified. 
inch clearance is considered minimal). Addi- The primary disadvantage of a pitching tra- 
tionally, vehicle designers tend to aim the col- jectory is that it does not efficiently use avail- 
umn axis at the eye point rather than the torso able driver stroking distance. In a pitching 
CG, since this orientation maximizes the "see trajectory the head leads the chest; conse- 
throu~la" area of the steering wheel, quently, to prevent severe head impact, driver 

In considering all of the factors that deter- torso stroking distance is limited, i.e., corn- 

mine column orientation, however, it is im- partment dimensions cannot be advanta- 

portant that both the vehicle and restraints geously used to decelerate the torso. This is a 

designers appreciate the fact that the steering serious disadvantage for air cushion systems 

column geometry will determine the orienta- since the torso acceleration criteria are typi- 

tion of the application of torso restraint loads. 
The height and angle of the column determine 
column orientation. An appropriate target Chest 
point for the column axis can be achieved by / F-’decelerati°n 

an infinite number of column height and angle 
/ distance 

combinations. Selecting the appropriate height 
and angle combination will depend on the 
type of driver crash trajectory the restraints 
engineer wishes to achieve. In frontal crashes 
a driver’s upper body can assume either a 
motion that involves primarily rotation, re- 

t ferred to as a "pitching trajectory," or a 
motion which is primarily translational, re- I-- =l translation 

ferred to as a "controlled submarine" trajec- 
tory. Advantages and disadvantages are 
uniquely inherent in each of these trajectories. Figure 2. Pitching trajectory. 
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Chest Wedge 

~’- deceleration 

’ _ 
f~- angte _~/0w 

/ / distance 
8w = O~ + ~ 

/ 
ew<35°-40~ / \           / 

/ 

# = 20° _ 25° 

typical 

H-pt ~-I Qt = 20° - 25° large vehicles 
translationI                                          O~ = 30° small cars Typical 

Figure 3. Controlled submarine trajectory. Figure 4, Driver torso alignment with steering 
column. 

cally more difficult to meet than are the Head measured from the vertical. Therefore, in a 
Injury Criteria (HIC). controlled submarine trajectory in which the 

The primary advantage of the controlled chest plane stays at roughly the seatback angle 

submarine trajectory (fig. 3), on the other throughout the event, the steering column 

hand, is that the available occupant stroking angle would have to be 5-10 degrees from 

distance is very efficiently used. The frontal horizontal to ensure stroking. 

surfaces of the vehicle interior are inclined Although shallow column angle configura- 

rearward in approximately the same way that tions would require U-joints or flexible cable 
the occupant’s upper body is inclined rear- be used to reestablish connection with the 
ward before the impact. Thus, by translating steering gearbox, these configurations do 
forward with minimal upper body rotation offer a number of additional crashworthiness 
about the H-pt, the torso stroking distance is advantages by reducing: 

maximized. * Column Uploads The structural rigidity 
The major disadvantage of the controlled of the column and the need for heavy col- 

submarine trajectory is that to achieve such a umn bracing are reduced, resulting in a 
trajectory, the driver station geometry must weight saving. 
be extensively modified. Specifically, the col- * Column Sensitivity to Toeboard intrusion-- 
umn angle must be made considerably more Since the column penetrates the firewall 
shallow than that in most current vehicles, relatively high, column sensitivity to toe- 
Extensive testing has shown that if the torso board intrusion is reduced. If toeboard in- 
and column are not properly aligned, achiev- trusion were to start collapsing the column 
ing column stroke is difficult. This alignment, from below, the energy-absorbi ng capacity 
expressed in terms of a "wedge angle," Ow, is of the steering column would be reduced, 
formed by the plane of the steering wheel rim which would be a disadvantage since [his 
and a plane tangent to the driver’s anterior capacity may be needed to absorb driver 
chest surface (fig. 4). As a rule-of-thumb, kinetic energy. Also, toeboard intrusion 
wedge angles of greater than 35-40 degrees can cause the column to rotate to a greater 
introduce considerable uncertainty concern- angle and/or translate toward the driver. 
ing column stroking, even for well-designed ¯ Column Sensitivity to Steering Gearbox 
air cushion columns. Initially, the chest plane Rearward Motion--The position of the 
is roughly parallel to the seatback. Conven- wheel relative to the steering gearbox dic- 
tional seatback angles are about 20-25 degrees, tates a break or jog be introduced into the 
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steering shaft assembly which would tend to speeds of 30 to 40 miles per hour, it is im- 

isolate the column from steering gearbox perative that this desensitizing occur. 

motion. Selecting the appropriate column collapse 

¯ Whee! Descent During Collapse--A high force and stroke capability for a particular 

steering column angle results in the steering steering column system is dictated primarily 

wheel stroking down as well as forward by three design criteria: 

during impact, bringing it into the driver’s ¯ Column Orientation--The higher the target 

knee impact area. The result, during a high- point on the driver’s torso, the lower the 
speed impact or with a large driver, is that correct collapse force tends to be because 
the driver’s knees can prematurely end the effective mass of the upper body de, 
column collapse or become pinned under creases as the target point moves above the 
the wheel; both of these events have been upper body CG. 
observed to occur in tests. Shallow column ~, Design Crash Severity--The driver stroking 
angles minimize these occurrences, distance required to maintain acceptable 

¯ Windshield Loading--A low column angle driver deceleration levels increases as a 
reduces loading of the driver cushion on the function of barrier impact velocity at a 
windshield. Driver bag pressures can reach faster rate than does the vehicle front-end 
10 psi or more; if a large area contacts the crush. As the crash severity increases, there- 
windshield, considerable force will be fore, the energy-absorbing requirements of 
applied encouraging the windshield to lose the column increase. 
retention. ,, Vehicl~ Deceleration Profile--A vehicle 

which has a short stopping distance will re- 
Rote in Absorbing Driver Kinetic Energy quire more energy be absorbed within the 

An important function of an ACRS column compartment; hence, energy-absorbing re- 

is to serve as a principal absorber of driver quirements of the column will increase. 

upper body kinetic energy. Although the air Stopping distance alone, however, is not 

cushion itself can and should be an additional the only criterion for determining these re- 

source of energy dissipation, it is more advan- quirements. The efficiency of the vehicle’s 

tageous to have the column absorb most of deceleration profile is equally important. 

the energy since the column can be designed An efficient crash pulse (a trapezoidal 

to be considerably more efficient than can an G-time response) will require less occupant 

air cushion. In other words, by designing the forward translation than will an inefficient 

column to collapse at a constant force, the pulse--for example, a triangular, late-peak- 

driver restraint system can be made to be very ing deceleration profile. 

stroke-efficient. Designing an air cushion to A steering column oriented at the driver 

impart a constant deceleration to its user is torso CG will restrain about 50-60 percent of 

exceedingly more difficult: air cushions tend the driver’s total body weight.* Thus, for the 

to increase occupant deceleration as a func- 50th percentile male, approximately 80-100 

tion of cushion penetration. Further, air pounds will be restrained by an ideally oriented 

cushions are velocity-sensitive, producing in- steering column. The remaining driver body 

creasingly higher G-levels as the relative weight will be restrained by the knee restraint 

ve!ocity of the cushion reaction surface in- system. A column with an effective collapse 

creases with respect to the driver occupant. By force of about 3000 pounds will, consequently, 

limiting the force applied to the driver’s torso, produce torso decelerations of 30 to 40 Gs 

the steering column can desensitize the driver 
deceleration levels to those of his vehicle, In 
small vehicles in which compartment decelera- *That is, the effective weight of the upper body is about 50-60 

tigris can reach 40 to 50 Gs at barrier impact percent of the driver’s total weight. 
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while the column is stroking. The 95th percen- in Figure 5. This vertical force can easily at- 
tile male dummy tested with the same column tain 1000 pounds or more. 
bears on the system with an effective upper 
body weight of approximately 120 pounds. Geometric Stability 

That is, his torso deceleration levels will de- Geometric stability can be lost either due to 
crease to about 25 Gs. The larger adult dummy a lack of bending rigidity in the column itself, 
will thus "bottom" the column (i.e., use all or due to inadequate attachment to the vehicle. 
the column collapse distance) at a significantly A typical telescoping energy-absorbing steer- 
lower impact velocity than will the 50th per- ing column is presented in the sketch of Fig- 
centile male dummy, for whom the restraint ure 6. For discussion, possible locations of 
system should be designed. The 5th percentile failures are indicated. 
female dummy, who weighs a total of 105 
pounds and who has a target point consider- 
ably above her upper body CG, will probably 
not benefit from any significant amount of 
column collapse. Instead, she will rely on the 
energy-absorbing properties of the driver air 
cushion. \ 

The scenario in which the 50th percentile 
male receives optimal protection with either 
higher G-levels at all velocities (5th percentile 
female) or a rapid rise in G-levels occurring at 
a lower-than-limit velocity (95th percentile \ 
male) does not seem inconsistent with the data 
presented in Figure 1. \ 

Column Stability Requirements 

In order to satisfactorily perform the two 
important functions just discussed, the air 
cushion steering column must be stable in two 

\ ways. First, it must retain geometrical stability \ 
during impact so that restraint loads will re- 
main properly oriented on the driver torso. 
Additionally, the collapse force of the column 
must be somewhat insensitive to the loads Figure 5. Rim uploads into steering column. 

imposed on it by the cushion. 
Stability considerations arise as a result of 

the fact that driver air cushion reaction loads 
into the steering column are decidedly non- / ~ ,-., Vehicle 

axial. This is true even in a pure frontal im- 
pact. The most significant of these nonaxial 
force components is the vertical force compo- 
nent which acts at the wheel rim. It arises due 
to the distribution of cushion tension forces attachment 

s~gnal 

around the wheel rim. That is, the driver air housing 

cushion characteristically assumes a shape on 
the steering wheel reaction surface such that a Figure 6. Typical telescoping energy-absorbing 
vertical net cushion force results, as illustrated steering column. 
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Rim or Rim/Column Junction Failure. force of the column were predicated on an 

Conventional steering wheel construction is effective mass associated with applying loads 

inappropriate for air cushion use. That is, a at or near the torso CG, column axial collapse 

conventional wheel is generally not rugged could be prevented or stopped. The wheel 

enough to function as a stable reaction surface rotation would redirect the bag and concur- 

for the driver air cushion. This fact was recog- rently decrease the effective upper body mass 

nized by General Motors Corporation (GM) bearing on the column. 

in the early 1970s when the GM Air Cushion Turn Signal Housing/Column Junction. 

Restraint System (ACRS) was introduced. This junction receives about twicethemoment 

The GM ACRS wheel (fig. 7) was significantly experienced at the rim junction. In conven- 

more rugged (hence, heavier) than conven- tional columns, the upper half of the column 

tional s~eering wheels, staff is often cut away (as shown in fig. 9) so 

Column stability can be lost also at the that the ignition key mechanism can be easily 

j unction between the wheel rim assembly and installed. So-called self-aligning steering col- 

the turn signal housing. Often at this junction umn assemblies have been used in non-ACRS 

there is a sizeable gap of as much as a quarter vehicles. These columns use an element located 

inch. Under such conditions, the small diam- between the wheel and column mast that 

eter of the steering shaft is the only element crushes and that allows the wheel to rotate on 
resisting counterclockwise rotation of the the mast. Examples of this type of column 

wheel, as shown in Figure 8. construction are the Ford/Mercury Capri, 

The wheel rotation depicted directs the Plymouth Barracuda, and Dodge Challenger 

driver air cushion higher on the torso and vehicles of the early 1970s. In an air cushion 

head than is desirable. If the axial collapse configuration, the self-aligning column con- 
struction or the cutout mast section features 
would be disadvantageous since they would 
permit the wheel to rotate counterclockwise. 

~ 
Column Bending/Bracket Failure. Maxi- 

mum bending stress will occur at Point (3) as 
indicated in Figure 6. Aside from a catas- 
trophic bending failure, it is possible that the 
elastic bending properties of the column could 
produce an unacceptable amount of wheel 
rim upward motion even though no perma- 
nent structural deformations of the column 

Figure 7. GM ACRS steering wheel, were experienced. 

~ 
~~ 

Large size housing 

to jacket screws 

~"~ 

Stronger 

weld nuts 

Figure 8. Illustration of detrimental wheel rota-    Figure 9. GM ACR$ column modified for in- 
tion.                                      creased strength. 
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If the column-mounted shear capsule bracket ~ 

at this location is not securely attached, it can ~    4.I~ column (bushing 

tu ~ 
I~ 

added) 750-1b upload 
become separated from the column and allow ~ ~o 
gross rotation of the column with disastrous 

’~ flz ~ o 2 results. The importance of improving the 
~ ~ ~ ~ attachment of the shear capsule bracket was ~ ~ ~ ~- 

recognized by General Motors. They subse- R ,~ o.-- ~- , 
quently provided the required strengthening 8 ~ o 50 loo 
in their ACRS columns, as shown in Figure 9. o PERCENTAGE OF FULL 

Internal/External Telescoping Member End COLUMN COLLAPSE 

Points. Reactions will occur at Points (4) and 
(5) which could result in the structural failure Figure 10. Column upload sensitivity. 
of either the main column mast or the forward 
telescoping member. To reduce the probability 
of such failures, the separation distance be- scope the column increased to about four 
tween these points could be increased by times its normal 600-1b axial collapse force. 
lengthening the column mast and telescoping This extraordinary rise in collapse force was 
member by an amount X. This extension would caused primarily by the steel balls of the 
thus decrease the stroke capability of the energy-absorber jacket, which reacted to the 

column by X, but would separate these points rim upload by "pocketing" the column mast. 
by 2X, thereby reducing the magnitude of This GM column was not designed for 
reaction loads by increasing the separation ACRS application. In designing a steering 

distance, column for ACRS application, GM signifi- 
cantly changed the original design. The basic 

Energy-Absorbing Functional Stability energy-absorbing jacket concept was used, 

The vertical rim force can interfere with the but the number of steel balls was increased to 

energy-absorbing function of the steering better distribute the reaction loads. Also, GM 

column in two ways: 1) by affecting the more than doubled the initial separation dis- 

energy absorber itself, and/or 2) by increasing tance beween Points (4) and (5). 

the frictional forces in the column. In addition to affecting the characteristics 

An example of how vertical rim forces of the energy-absorbing mechanism of the 

created a column collapse characteristic quite column, rim uploads can also change the 

different from that which would be evidenced force-deflection characteristics of the column 

had the column been axially loaded is shown by increasing frictional forces. Referring to 

in Figure 10. The increase in collapse force was the column configuration shown in Figure 6, 

primarily due to the effect of rim uploads on frictional forces will be present at Points (3), 

the energy-absorbing mechanism of the col- (4), and (5), based on the assumption skids or 

umn. In this experiment a standard (non- bushings are provided at Points (4) and (5) to 
achieve geometric stability of the column. The ACRS) GM energy-absorbing column was 

statically collapsed. This column uses an magnitude of these frictional forces will de- 

energy-absorbing jacket containing steel balls pend upon several factors: 

which score the inner and outer surfaces of ¯ Column Geometry That is, the longitudi- 
the telescoping column members. The column nal positions of Points (3), (4), and (5) with 
was telescoped while simultaneously being respect to the wheel rim. 
subjected to a 750-1b upward force at the ¯ Column OrientationmThe larger the col- 
wheel rim. To reduce the exceptionally high umn angle relative to the torso inclination, 
collapse force, a bushing was added at Point the larger the rim uploads; hence, the fric- 
(5). As can be seen, the force required to tele- tional effects of the column. 
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o Mating Surface Characteristics at Points (3), stroke is almost as bad--if not worse--than 

(4), and (5)--That is, the coefficients of having no collapse at all! 

friction (~3,/x4, txs) at these locations. 

It is possible to compensate for the existence Tube/Mandrel Air Cushion Steering Column 

of these frictional forces by decreasing the Designed by Minicars, Inc. 

collapse force of the energy-absorbing mecha- Minicars, Inc. has designed and developed 
nism so that the sum of frictional forces and a tube/mandrel steering column (fig. 12) which 
forces of the energy-absorbing mechanism has been used and tested in a variety of vehicle 
produce the correct total collapse force. This types. The column was initially designed for 
is not a completely satisfactory solution, how- adaptation in three small cars--a GM Chevette, 
ever, since unreliable frictional forces should a Vega, and a Chrysler Valiant.* The steering 
be minimized. That is, the force-deflection column performed well in FMVSS 208 crash 
characteristics of the column should not be tests and met or exceeded industry standards 
overly sensitive to the variable rim upload for the torsional strength of its steering linkage. 
magnitude. It has been Minicars’ experience, The tube/mandrel concept was subsequently 
however, that even in a well-designed air applied to the Minicars Research Safety Vehicle 
cushion column, the frictional forces can be (RSV). The column demonstrated it could 
approximately 10-t5 percent of the effective successfully provide 50-mph frontal impact 
collapse force, protection. Recently, the column was success- 

A condition which produces particularly fully used to demonstrate 30-mph frontal im- 
unstable column behavior is one in which fric- pact protection in a full-size pickup truck. 
tional forces decrease radically with column The Minicars design was evolved from a 
collapse, Such a column configuration is standard telescoping energy-absorbing unit. 
depicted in Ngure 11. The important differ- Geometric stability was achieved by providing 
ence between this column configuration and Delrin bushings externally and internally. To 
that of Figure 6 is that when this column reduce weight and to produce an energy- 
begins stroking, Point (3) moves closer to the absorbing element virtually insensitive to 
wheel rim. In the configuration of Figure 6, bending moments, the steering shaft was re- 
the reaction loads at Point (3) remained a designed to provide two functions: 1) to 
fixed distance from the wheel rim. The column transmit steering torque, and 2) to absorb 
depicted in Figure 11 thus has a frictional drag crash energy. 
which rapidly decreases as the column tele- The tube/mandrel technique selected by 
scopes. The result is that the column, if it Minicars uses a spherical mandrel end on the 
begins to stroke, will actually accelerate away male (aft) section of the two-piece steering 
from the driver as its effective collapse force shaft. The mandrel is slightly larger in diam- 
decreases. This decrease in collapse force with eter than the inner diameter of the thin-walled 

tube that is the female (forward) end of the 
shaft. Positive locking of these two column 

Vehicle elements (not illustrated) is provided so that 
~ //bracket steering torques can be safely transmitted. 

The rim upload sensitivity of the tube/ 
mandrel column is compared in Figure 13 to 
that of the standard, non-ACRS GM column 
described earlier. Through the use of normal- 

*NHTSA Contract DOT-HS-6-01412, "Small Car Driver In- 
Figure 11. Alternate column configuration, flatable Restraint System Evaluation." 
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Internal 

/-’-’- U-joint 

F1"5"in tube Fbushing " 

Internal / Stock Vega 

/~" ,f-- bushing f 
f~’" steering 

// 
~/ ~ 

J 

shaf~ 

/ , 

, 
~~~~ SmPi:~lr 

EA 
tubing         signal 

housing 

~ Stock Vega 

ewa I 

Braced ring (welded on) 

ir 

~ 
~.5 in O. ~. ~ S~herical head man~rel 

thin-~alle6 tube 

Figure 12. Energy-absorbing tube/mandrel column (adapted to a Vega). 

ure 13 were obtained, column stability was 
4 ~ GM column (bushing further enhanced by redesigning the bracketry 

~ 
d 

on the tube/mandrel column. This modifica- 
Actual column tion converted the slight negative slope to a 
collapse force- 2 
to-design slight positive slope for added stroking sta- 
force ratio bility. 

| M_i_nicars ACRS column 

0 [ 750-1b upload , 
o 50 loo PASSIVE BELT COLUMN DESIGN 

Percentage of full 

column collapse In an air cushion restraint system, the steer- 
ing column has a definite and positive role to 
perform--it must properly orient the applica- 

Figure 13. Comparison of column upload sensi- 
tivities, tion of torso restraint loads, and it must serve 

as the principal absorber of the driver’s upper 
body kinetic energy within the vehicle com- 

ized axes, results of rim upload sensitivity for partment. In a driver passive belt system, the 
these two columns can be shown together, steering column must perform a dual role. It 
even though the design collapse forces of the must be a positive protective device in the 
two columns are markedly different. As can event the passive belt is circumvented, and it 

be seen, the Minicars ACRS column is con- must be a noninterfering element of the vehicle 
siderably less sensitive to rim uploads than is interior in the event the belt is worn. 
the GM column. Note, too, the collapse force ............. designs that would perform 

is considerably less dependent on the amount only the noninterfering function must be 
of column stroke. Since the test data of Fig- eliminated because passive belt usage wilt be 
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significantly below t00 percent.* Such systems enough to reduce the new relationship between 

fall into two categories: those that stroke for- injury level and AV below that shown for 

ward in the crash due solely to the relationship belted driver occupants. The dashed curve of 

of the stroking mass of the column to its col- Figure 15, therefore, should be qualitatively 

lapse force, and those systems using some correct. It shows that below some crash sever- 

form of stored energy to accomplish this ity, AV1, the collapsible column is of no bend- 

translation. The feasibility and practicality of fit. That is, below AV1, no column collapse 

both types of systems are questionable. Sig- occurs. At crash severity AV2, the column is 

nificant passive belt disuse, however, seems to again of no benefit. It is not obvious that 

have precluded them for being viable systems, although some of the driver’s kinetic energy 

To determine what constitutes a reasonable can be dissipated by an energy absorber, the 

approach to designing a dual-function passive results could be the same as would be the case 

belt colurrm, a series of hypothetical relation- had the driver been allowed to "free flight" 

ships has been constructed between the ex- into the dash and windshield. This can be 

pected mean driver injury level and frontal understood by referring to the velocity history 

impact severity. The first two relationships (fig. 16)of a hypothetical vehicle containing 

constructed represent, in a qualitative manner, an unbelted driver and passenger. The vehicle 

the injury/severity relationship for belted and crashes into an immovable object at an initial 

nonbelted occupants (drivers) where no col- velocity (Vo). 

umn effects are present. Actual data on front The solid line of Figure 16 is the velocity his- 
passenger injuries, properly adjusted to cor- tory of the vehicle compartment; the dashed 
rect for anthropometric differences between line is the velocity of the unrestrained passen- 
passengers mad drivers, could be used to con- get. At time t1, the passenger has translated 
struct real curves, but it is reasonable to assume forward to impact the vehicle interior (dash 
these curves would appear qualitatively" as and windshield), undergoing a rapid change in 
shown in Figure 14. velocity of AVp. The driver, on the other 

If a conventional energy-absorbing steering hand, encountered the collapsing column at 
column system is introducedintothe scenarios an earlier time, t2. From t2 to t3 when the 
depicted, the scenario for unbelted occupants column bottomed, the driver was decelerated 
would be expected to improve, but clearly not at a very low level (columns typically collapse 

at about 600 pounds of axial force which will 

>. 6 

~ ~ ..... Unbelted drivers 
~ 

~ ~ 
/ Belted drivers 

~ I 

~ ~ 
/ ~ 61 /[" "~"T’;~’~ Unbelted drivers, 

~uJ ~_~ ,// >~-J ,i//__~ l ///" - .... 
no column effects 

>" ~/ I// Unbelted drivers, 
~~ /i/ ~f .... ..... column effects 0    CRASHSEVERITY-~,V                ~--    J/ / I         Belted drivers, 

Z z’~" ,~ I           " no column effects, 

~ O~ AV~     z~V2 Figure 14’ Hypothetical injury/severity relation-       = 
ships for belted and unbelted drivers CRASH SEVERITY -- ~V 

~no column effects. 

Figure 15. Hypothetical injury/severity relation- 
*Recent surveys on the VW Rabbit passive belt system indicate ships for belted and unbelted drivers 
persons who paid for the option to have the system were using 

it at about a 60 percent level. This seems to suggest a usage 
showing column effects on unbelted 
drivers. figure of 50 percent or less. 
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the real second collision occurred. Restated. 
Vehicle compartment 

.... Passenger all the column actualb did was to delay 

....... Driver eventual impact (from t2 ~o ~:~) long enough to 

vc _ __ 
allow greater impact severi~5 to be experienced 

"’~" ..... due to rapid deceleration of the vehicle and 
_ the relatively low co~umn-induced decelera- 

J° ] i~ VD[ AVp 
tion of the driver. 

> ~ a Returning to the injury level/crash severi-~v 
relationship, it is clear frcm ~:he foregoing 
hypothetical scenario ~hat a~ some cras~ 

t2 tI t~ ...... severity, z~V2, it is quite conceivable that 

T~r~e beneficial effects of the steering coiumn could 
be nonexistent. Indeed, many studies of accio 

Figure 16. Hypothetical velocity history show- dents in which steering column effectivenes> 

ing unbelted driver and passenger was investiga[ed have shcwr~ Ibis ~o be the 

response, case. 

What about the effects of ~his sarne column 

produce only about 6-8 Gs of long duration on belted occupants? Up to some crash sever- 

acceleration). By the time the column bot- ity, AV3, the column will have no effect on 

tomed, the vehicle, which was undergoing injury levels. Beyond zXV?, a~ which ~ime 

rapid deceleration during the t2 to t3 interval, column involvement begins, imury levels 

was moving at a velocity considerably below rise, but not indefinitely since at some severi 

that when the passenger’s impact occurred. AV4, all drivers will be fatally injured, regard- 

Thus, the driver’s impact severity, ~V~), was less of column involvement, thus, ~he injury~ 

actually greater than that of the passenger severity relationship for belted driver occu- 

aVe, even though some of the driver’s kinetic pants with a column sho~Ad appear qualita- 

energy was dissipated by the column before tively as shown in Figure 17. Note that the tel- 

AV 3 AV2 AV4 

CRASH SEVERITY -- AV 

Figure 17. Hypothetical injurylseverity relationships for belted and unbelted drivers with and without 
column effects. 

339 



EXPERIMENTAL SAFETY VEHICLES 

ative magnitudes of AV2 and zXV? are not would probably use the societal cost function. 

knowm If an insurance company were to make the 
The net benefit of the conventional steering assessment, either of the recovery cost func- 

column is unclear. At crash severities to AV2, tions might be used. Recovery costs are the 
the column was of some benefit to unbelted average amount an insured motorist receives 

drivers, and at crash severities between zXV3 for his liability claim, either from the insur- 

and zXV4, the column was clearly a liability for ance company, the automobile manufacturer, 

belted drivers. To determine if these two ef- or the driver at fault. 
fects cancel each other and how the net column At low injury levels, the recovery cost func- 
effect on the accident picture can be assessed, tions closely parallel the NHTSA societal loss 
it is necessary to have detailed accident data (though in this example the curves are not in 
and to make major assumptions. The objective the same year dollars). However, the curves 

would be to calculate the net effect (in cost diverge significantly for the more severe and 
savings) of a particular passive belt column fatal injuries. (Note the logorithmic cost scale 
design. For illustrative purposes, it will be in figure 18). The shallow recovery cost func- 
assumed the VW Rabbit passive belt system is tions give greater emphasis to the more fre- 
being evaluated. Detailed accident data should quent moderate injuries, whereas the NHTSA 

be available for this system to enable a valid societal loss function tends to emphasize the 
statistical analysis of both drivers and front infrequent but very severe injuries. 
passengers. The estimated recovery cost function curve 

it is first necessary to assume a transforma- for 1985 :was generated on the basis of esti- 
tion function between injury levels and dollars mated results of recent efforts of private and 
(several alternative functions are shown in fig- public sector groups* who are seeking to raise 
ure 18) so that distributed sets of injury levels the 1970 recovery cost to levels more represen- 
can be combined in some rational manner into tative of societal cost. The 1970 recovery cost 
single numbers (dollars). The positive or bene- so far has not shown much variation, probably 
ficial column effects on unbelted drivers can because the U.S. judicial system is slow to 
thus be algebraically combined with the nega- react. But NHTSA’s legislative directive and 
tire or detrimental effects on belted drivers. If Ms. Joan Claybrook’s enthusiasm and legal 
NHTSA were to make the assessment, they expertise would suggest future recovery costs 

closer to societal loss. Furthermore, experts in 
liability law claim the increase of no fault in- 

..... NHTSA societal cost (1975) surance in the U.S. is resulting in a dramatic 

.... Estimated recovery cost (~SS) increase in severe injury and fatality recovery 
~ Recovery cost (1~70) 

COSTS. 

~..~..~.-, 
Given a suitable injury level/cost transfor’ 

s2o0.ooo ...-’* marion function, it is then possible to convert 
$100,000 ~’~ -~ 

/" ~.~ ..... the information inFigure 18 to a mean injury 
~- $50,000 / ~.--" / ~ -~ cost-versus-injury plot. To do this correctly, 

$20,000 
/// 
~.~//- 

however, it must be recognized that it is neces~ 

$~o.ooo$5.000 -’’"~ sary to go beyond the mean injury levels and 
look at the distribution of injury levels as a 

$2,000 ~ 

$~.ooo-: 
function of crash severity for each circum~ 

3    4 ~    e stance. That is, these data would enable plots 

AIS INJURY LEVEL similar to that shown conceptually in Figure 19 ........... 
to be constructed. 

Figure 18 Alternative transformation functions. *NHTSA and liability claims attorneys, 
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It would then remain to introduce an 
Probability 

assumption about belt usage so that the 

1.o) "belted" costs could be properly weighed 

0.8t 
against the "unbelted" costs, and an assump- 
tion regarding the zxV distribution of accidents 

0.6 (see Figure 21). 
It would then be possible to calculate the net 

o.4 
safety payoff (or detriment) of the passive belt 

0.2, steering column as opposed to having no col- 
’ umn present. Note that if this result does indi- 

Low care a detrimental (negative) safety payoff, 

Injury. 
measure 

High 
12o0 

AIS                        03 

O< 900 \ 

Figure 19. Transformation between dummy ~ \ 
injury measure and injury level. ~: 60o 

LU 
~3 

~ 300 By combining the AIS probability informa- z 
tion as a function of AV with the AIS-versus- 
cost function, the mean AIS-versus-crash 

o 
0    10    20    30    40    50 60 

severity functions would be converted to mean VELOCITY OF IMPACT zXV (mph) 

costs-versus-AV, as shown conceptually in 
Figure 20. Figure 21. Distribution of towaway accidents. 

CRASH SEVERITY -- AV 

Figure 20. Hypothetical societal costs/crash severity relationships for belted and unbelted drivers, 
with and without column effects. 
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the retracting columns described earlier might be allowed to rotate toward the windshield 

be more beneficial than conventional columns in the event of a frontal accident involving a 

even though they may result in increased in- belted driver. That is, the translating torso 

jury levels to unbelted drivers. To determine of the driver would rotate the column. The 

the effect of modifying the conventional col, column bracketry would be located such 

umn design, it would be necessary to have an that the moments created by the wheel 

identical statistical sampling of accidents in- forces are highly effective in causing the 

volving vehicles of essentially the same re- bracket to yield. In the case of an unbelted 

straint configuration, except for the modified driver, the torso will pitch forward onto the 

column configuration. In the absence of such wheel approximately in alignment with the 

information--which requires a level of inves- column mast so that bracket yielding will 

tigative detail not yet realized--it appears no not, to any significant degree, occur. 

valid method is available for comparing the 
Under NHTSA sponsorship, Minicars, Inc. 

relative merits of different column configura- 
has fabricated and tested an energy-absorbing 

tions. 
steering column combining the self-aligning 

It would be advantageous to design a col’ wheel feature with an axially collapsing col- 
urnn and steering wheel combination that umn. This column, shown in Figure 22, corn, 
functions in either of two modes, depending bined a Ford axially collapsing mast with a 
on whether or not the passive belt is being Chrysler self-aligning element and a Triumph 
worn. That is, the column behavior would be padded wheel. It remains only to investigate 
a function of whether the driver is pitching the feasibility of the bracketry design concept 
forward, as would be the case if he were un- so that the two column behavioral modes can 
belted, or moving forward in a controlled sub, 

be shown to be ~achievable. 
marine attitude, as he could be made to move 
if he were to use a torso harness. Such a col- 
umn/steering wheel combination would have 
the following features: 

,~ A Self-aligning, Energy-absorbing Steering 
Wheel. A steering wheel design similar to 
that used in Capris of the early 1970s would 
be used primarily for belt users. As the 
driver translated forward, the wheel would 
rotate into alignment with the driver’s torso, 
thus obviating concentrated loads on the 
driver’s abdomen and lower ribs. 

¯ A Weak Upper Rim. This characteristic for 
the purpose of obviating head and neck in- 
juries to both belted and unbelted drivers. 

® An Axially Collapsing Mast. Axial collapse Figure 22. Hybrid steering column. 

of the steering column mast would primarily 
benefit unbelted drivers. The axial collapse 
force could be as high as 1500-2000 pounds SUMMARY 
if the wheel were well padded and torso 

loads were distributed thereon. The air cushion and passive belt columns 
o Weak Column Support Bracketry. The col- are critical components which determine the 

umn, by virtue of bracket yielding, would effectiveness of the air cushion restraint system 
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and passive belt system, respectively. The sufficiently insensitive to nonaxial loads. 

functions and characteristics of each type of The passive belt column performs a dual 

column are unique, role: it must be a positive protective device in 

An air cushion column performs two vital the event the belt is circumvented, and it must 

functions: it orients restraint loads and absorbs be a noninterfering element of the vehicle 

driver kinetic energy. To do this, the ACRS terior in the event the belt is worn. Assessing 

column axis should be oriented as closely as is the net benefit of conventional energy-absorb- 

practical to the torso CG of the 50th percen- ing columns on the basis of field data is a for- 

tile male driver. The height and angle of this midable task, beyond the present level of data 

column should be selected on the basis of sophistication. A satisfactory approach in 

achieving either a pitching or a controlled sub- designing a passive belt column is to design 

marine trajectory. The characteristics of the the column to function~in a dual mode. That 
energy-absorbing unit of the ACRS column is, its performance would be a function of the 

are a function of the column orientation, driver’s trajectory which, in turn, can be 

design crash severity, and the vehicle decelera- made sensitive to whether or not the belt is 
tion waveform. An air cushion restraint system circumvented. Such a column configuration is 

column should be stable in two ways: it should comprised of a well-padded wheel which has a 

be stable relative to its energy-absorbing func- yielding rim, a self-aligning element, an axial 

tion so that the collapse force of the column is collapse unit, and yielding suppor~ bracketry. 
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;rninar Two 
Biomechanics and Dummy Development 

Dr, Bernd Friedel, Chairman, Federal Republic of Germany 

A Preliminary Report About the  NTRODUCTION 

Work of the Joint Biomechanical At the end of 1977, the BASt, the CCMC, 
the FAT, the Medico-Legal Institute of the 

Research Project (KOB) University of Cologne, the University of 
Berlin, the ONSER Impact Testing Labora- 

D. CESARI tory and the Peugeot-Renault Physiology and 
Organisme National de S~curitg Routi~re Biomechanics Laboratory joined forces with- 
(ONSER) in the frame of the "Joint Biomechanical 

B. FRIEDEL 
Research Project." 

Federal Highway Research Institute The organization of this Association has 
been described previously1. 

A. HEGER The purpose of this collaboration is to im- 
Institute for Automotive Engineering prove the effectiveness of automobile safety 
Technical University of Berlin research. In view of current concerns in the 

area of safety and of previous studies in the 
M. MACKAY field of accidentology and biomechanics, it 
Department of Transportation and was decided to concentrate during the next 

Environmental Planning few years on a research program based es- 
University of Birmingham 

sentially on reconstructions of accurately 

C. TARRI~RE known real accidents. This is a large scale pro- 

Laboratoire de Physiologie et de gram, because each accident case involves 5 or 

Biom6canique 6 reconstructions carried out with dummies 
Association Peugeot-Renault and 3 reconstructions with cadavers. 

Some reconstructions of head-on, lateral 
R. WEISSNER and pedestrian collisions are now completed. 
Volkswagenwerk AG The purpose of this first presentation is only 

to illustrate the methodology used, to show its 
ABSTRACT feasibility, and to indicate the type of results 

The Joint Biomechanical Research Project which can be expected. 

conducts reconstructions of real accidents. The general goals of the research are to 

This is a large scale program, because each obtain information on the human body’s 

accident case involves 5 to 6 reconstructions tolerance limits under realistic impact condi- 

carried out with dummies and 3 reconstruc- tions, which are those of the most frequent 

tions with cadavers. The following paper illus- accidents involving serious injuries and fatali- 

trates the used methodology, shows the feasi- ties, and to determine a significant correlation 

bility and indicates the results which can be between real injuries and dummy measure- 

expected. The areas of scatter for the prelimi- ment results, and between human tolerance 

nary results of the initial tests are discussed, and protection criteria usable for future regu- 
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lations. Because it is now generally recognized tained no lesions. Velocity change was 

that whole system performance testing (car assessed at 30 kilometers per hour and average 

and dummies tested in crashes representative acceleration at 8 g. The Renault 15’s driver, 

of the real world of accidents) would be the who was in the line of impact of the impacting 

best way for these future regulations to de- car, sustained several lesions: 
velop, the human tolerance limits defined ¯ Left parietal injury through impact against 
according to the methodology chosen by the the B-pillar (AIS = 1). 
K.O.B. will be especially relevant and useful. ¯ Thirteen rib fractures on the left side, with 

a flail chest (AIS = 4). He was not wearing 
Reconstructions of Lateral Collisions a seat belt. 

The first lateral collision selected by the 
Peugeot-Renault Physiology and Biomechan- Description of Reconstructions 

ics Laboratory was reconstructed three times The configuration is that shown in Figure 1. 
with a Part 572 dummy and once with a The cars were equipped with accelerometers 
cadaver. The findings of these tests are to determine general movements. In addition, 
reported here, and initial conclusions are the side of the impacted car was fitted with 
given concerning human tolerance to lateral accelerometers which gave the acceleration, 
impact and the validity of the Part 572 and hence the velocity, of the side which 
dummy for defining protection criteria, struck the passenger. 

The passengers, both dummies and 
Description of the Actual Accident cadavers, were equipped with triaxial acceler- 

The actual accident involved a collision that ometers attached to the head, chest and 

occurred between a Renault 15 and a Peugeot pelvis. A measurement system installed on the 

304 on an expressway. The Renault 15 was in cadaver enabled assessment of thoracic 

a position straddling the roadway and was im- deflections. 

mobilized when it was impacted by the other Cinematographic coverage was provided by 

car, in the configuration defined by Figure 1. means of eight cameras (fig. 1). In the ini- 

The Peugeot 304’s driver was wearing a tial phase, three pretests were performed 
for the purpose of ascertaining the values of three-point energy-absorbing2 belt and sus- 
the speed "V", the angle "a" and the loca- 
tion "L", enabling accurate reproduction of 
the actual accident. In the second phase, three 
tests with a Hybrid II dummy and one test 
with a cadaver in a Renault 15 were 
performed under the conditions shown in 

’-- Table 1. 
v 

@- Camera @ Analysis of Findings 
@ ~ numbers 

~’-,, 

~)’~ Vehicles. In all the tests, the vehicle kine- 
-~--.._.~_ / \ @ matics were approximately the same. As in the 

actual accident, we found extensive rotation 
" of the Renault 15 in the direction shown in 

\ =- ~- Figure 1. In the reconstructions, the deforma- 
tions of the Renault 15’s wall were closely 
similar to those of the real-life, damaged car 
(fig. 2). Measurements of intrusion, as 

Figure 1. Configuration of the accident, shown in Figure 3, were made on the original 

345 



EXPERIMENTAL SAFETY VEHICLES 

Table 1. Test conditions. 

Parameters Dummy Test t Dummy rest 2 Dummy Test 3 Cadaver Test 

Speed 304 Km/h 575 59 583 585 

L mm 1645 1660 1570 1620 

c~~ 105° t25° 105° 105° 

41 mm - 10 10 15 7 

/~2 mm 35 65 35 27 

Weight 304 Kg 1005 !007 1005 1005 

Weight R15 Kg 1040 1020 1035 1014 

Distance 

Head-wall mm 150 155 150 170 

Arm-wail mm 140 125 ! 15 125 

Pelvis-wail mm ’ 195 18( 190 170 

NOTE: Values ~, 1 and A 2 represent the relative attitudes of the two vehicles. They are equal to the differences in 
height measured at the wheel-well, between the left forward part of the Peugeot 304 and I he left forward 
part of the Renault 15. on the one hand. and between the right forward part of the Peu geot 304 and the left 

rear part of the Renault 15, on the other hand. 

Real accident Dummy test 1 Cadaver test 

Figure 2. Deformation of the Renault 15. 

damaged car, which has been purchased, and frontal impact. This bears out the absence of 

on the cars used in the reconstructions. Figure lesions on the accident victim, and shows that 

3 shows that the intrusion, depicted in hori- this frontal impact was of moderate severity. 

zonal section, is quite similar for the first test Driver of the Renault 15. The cadaver used 

and for the actual accident, especially at the had an anthropometry very similar to that of 

levels of the thorax and pelvis, the real-life accident victim and of the dummy 

Passengers. Results are shown in Table 2. (see table 3). 

Driver of the Peugeot 304 (Part 572 ® The Head 

dummy). As in the actual accident, no specific The head’s impact against the B pillar was 

impacts occurred for this occupant in the re- accurately reproduced in the four tests. 

construction. The acceleration values are very Whereas the three tests performed with 

similar in all four tests. They are low in rela- dummies yielded rather closely similar 

tion to the maximum allowable values for a results -- with HIC = 600 and 3 ms accel- 
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Real accident 
Section 1 300                    Reconstruction 

- 6 7 8 910- 

Section 2 

~00 - 

- 12 13 14 15 16 17 18 

Thorax level 
mm 

4O0 - 

300 Section 3 

200 - ~ ~ ~ 

100 

22 23 24 25 26 27 28 

Pelvis level 
mm 

400 ~ 

300!- 
~ction 4 

200 - 

2~ 30 31 32 33 34 35 36 

Figure 3. Deformations of the side of the R. 15 in the real accident and in the dummy 
test 1. 
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Table 2. Results of measurements. 

Parameters Dummy Test 1 Dummy Test 2 Dummy Test 3 Cadaver Test 

Driver 304 

Head 

HIC                    119 66 123 133 

SI 136 77 140 153 

~max/&3ms g 25 / 24 18 ! 18 24 i 24 30 / 30 

Thorax 49 34 66 76 

Si 

~max/~3ms g 19 / 19 13 ! 12 23 / 21 25 / 25 

Driver R15 

Head 

H IC 393 699 506 - 2000 

SJ 609 988 759 - 2800 

&max/&3ms g 1721 60 214 / 65 135 / 82 -260 / 160 

T, of mpact ms 50 60 -- 45 

/W lateral mls 9.7 11.6 10.9 

Thorax 266 223 354 930 

S! 

~maxi~3ms g 52 1 47 54 / 48 70 ! 54 118 / 100 

T.of impact ms 23.8 43.2 23.08 25 

~,V of door mls 10.6 10.8 13 11.6 

-AV latera} mls 11.8 11.5 11.5 13.2 

Pelvis 770 526 1189 920 

S~ 

&max! &3ms g 93 t 85 98 / 86 120 1 118 108 / 75 

&V lateral m/s 1313 11/9 14/5 14/1 

~,V of door m/s 10.5 -- t3.8 12.3 

Table 3. Anthropometric data. o The Thorax 

In all the tests, impact occurred at the level 
Parameters Real victim Hybrid II Cad~ 

of the left arm. The arm remained inter- 

Sex/Age M 67 -- M 54 posed between the wall and the thorax in 

Height-m 1.74 1.75 1.~ the case both of the dummy and of the 
Weight - kg 73 74.3 6~ cadaver, since the armrest prevented 

release. Whereas the dummy displayed no 

eration of 65 g we found that the values deflection, the cadaver’s thorax deflected 9 
achieved with the cadaver were far higher centimeters. In addition, the values found 
without the latter’s sustaining any lesions, for the cadaver, i.e. 100 g for the 3 ms ac- 

These di fferences are explained by the dif- celeration, are higher than those found for 

ferences in thorax and neck behaviors the dummy. The three tests yield closely 

between the dummy and the cadaver. The similar results, i.e. 50 g for the 3,/3 ms. The 

absence of thoracic deflection and the ri- cadaver sustained twenty rib fractures and a 

gidity of the dummy’s neck minimize the fracture of the clavicle, because of the inter- 
severity of the head impact, position of the arm. 
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* The Pelvis response that is different from that of a 

The values found for the dummies show a human subject at the level of the maximum 
certain scatter because of the testing condi- value, of the 3 ms value, and of the general 

tions, which varied slightly, and because of form of the acceleration. This behavior of the 

the intrusion, which was not exactly the thorax, as well as the rigidity of the neck, has 

same in every one of the collisions. The the effect of minimizing the severity of the 

values found for the cadaver were of the head’s impact. Under these conditions, to 

same order as those found for the dummies, define, with this dummy, side-impact 

with the cadaver sustaining a pelvis fracture protection criteria for the head and thorax is 

(AIS = 2). Here, we note only a slight dif- grossly unrealistic. Only the value of pelvic 

..... ference between the cadaver and the acceleration, which attains 100 g/3 ms, can be 

........... dummy, the pelvis resembling an unde- considered as useful for defining a protection 

formable solid in both cases, criterion. Under these conditions of accele- 
ration, the real-life accident victim sustained 

Conclusions From These Tests no pelvic lesions. 

It was possible to stage an accurate repro- 
......... ducti~n of this collision, which was well docu- Reconstructions of Head on Collisions 

mented from the standpoint of deformations, Within the frame of the Joint Biomechani- 
Comparison of the three tests done with cal Research Project, we decided to conduct 
dummies shows up a scatter in measurement approximately 10 reconstructions of actual 
findings. This can be accounted for by varia- frontal impacts. 

....... tions in testing conditions, which from one The first accident selected was a frontal 
......... test to another bring about small differences collision between a SIMCA 1100, 4 door car 

in impact severity for the car occupants, by and a CITROEN DS, 4 door car. 
variations in resistance between the vehicles A pretest, a dummy test and a cadaver test 
used and by the imperfect repetition of the corresponding to this accident have been per- 
Hybrid II dummy’s response, formed, and the results of these tests are 

With regard to human tolerance, we find reported here. 
that for the cadaver which had low bone 
strength compared with the mean bone Description of the First Actual Accident 
strength of the other cadavers, on the basis of 

Crash Configuration. This traffic accident the rib,test results, a 9-centimeter thoracic de- 
flection is higher than the value corresponding was a frontal collision between a CITROEN 

DS 23 passenger car, and a SIMCA 1100, 4 to lesions of AIS = 3 severity. This bears out 
door car, which occurred on a large curve of a the findings of previous studies on thoracic 

tolerance under lateral impact (see references main road in the country near Paris. 
At impact, the angle between the two cars’ 

3 and 4). Under the same conditions, the 
axes was assessed at 150°, and the SIMCA 67-year-old real-life victim also sustained a 

serious lesion (AIS = 4). With respect to the sustained more extensive deformation on the 

head, it is significant to note that the cadaver left front than on the right front, whereas the 
other car sustained more symmetrical defor- incurred no lesions for a HIC about equal to 

2000. Under the same conditions, the real-life 
mation. 

victim sustained only a wound (AIS = 1), 
Vehicle Deformations (See Figure 4) With regard to protection criteria, we note 

that the Hybrid II dummy does not properly SIMCA (case car). The deformation of the 
reproduce a human subject’s behavior under SIMCA car was 1100 mm in width, and the 
lateral impact. The absence of thoracic static crush was 600 mm on its left, 100 mm 
deflection brings about an accelerometric on its right and 300 mm in the middle. The left 

349 



EXPERIMENTAL SAFETY VEHICLES 

Figure 4. Real accident cars. 

wheel base was reduced by 350 mm and the head injury without unconsciousness, and 

right by 75 ram. The left A pillar moved back, thoracic and abdominal pain, his OAIS value 

bending the front left door with a 40 mm was 1. 

crush. The steering wheel spider moved back 
75 mm and moved up 220 mm. The engine Test Results 

stayed approximately in place, but there was a Three tests were conducted on the basis of 

rupture of the welded joint between the fire this actual accident, one pretest, one dummy 

wall and the lower windshield cross member, test and one cadaver test. 

C~TRO!LW, Deformation of the CITROEN The comparison of car deformations be- 

DS was distributed across its front end, the tween the real accident and the pretest showed 

crush varying from 40~,) to 500 mm. Its left that the chosen value of offset was too low, 
wheel base was decreased by 45 mm, whereas and we decided to increase it up to 350 mm in 

its right was increased by the same value, the dummy and the cadaver tests. The defor- 

There was no engine or steering wheel dis- mations sustained by the cars during the 

placement, dummy and the cadaver tests were then 

bnpact ~peed evaluation. The comparison similar to those produced during the real acci- 

of the deformations sustained in the real dent. The tests were performed according to 

accident with those of the same :cars in welt the parameters included in Table 4 and Figure 

controlled impacts indicated a closing speed 5. 

near to 80 kmih. In the cadaver test, the cadaver was placed 

Occupants’ Injuries. In the SIMCA there on the driver seat of the SIMCA 1100o The 

was a driver and a right front passenger, both main interest of this study was to compare the 

restrained by 3 point safety belts, responses of dummy and cadaver, with the 

In the CITROEN there was a driver arid a real accident occupant, in so far as they sus, 

right rear passenger, both unrestrained, rained the same impact. 

SIMCA driver. The driver of the StMCA The comparison of results between the driver 

1100 sustained a head trauma without uncon- of the SIMCA t 100 in the real accident, in the 
sciousness and a chest pain, his OAIS value dummy test and in the cadaver test is shown in 

was 1. The head injury was due to a steering Table 5. 

wheel contact, it should be noted that the SIMCA !100 
SLMCA car right front passenger. The right belted driver in the real accident sustained only 

front passenger of the SIMCA car sustained a minor injuries, and the injury criteria recorded 
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Table 4. Test conditions. 

Pretest Dummy test Cadaver test 

Impact speed (km/h) 80 74 79.4 
Angle (°) 150 150 !50 
Offset (mm) 200 350 350 
Simca 110 weight (kg) 1080 1075 1080 
Citroen DS weight (kg) 1330 1340 1340 
Simca 1100 max crush (mm) 460 570 590 
Citroen DS max crush (mm) 380 370 410 

severity of the head injuries on the collision 
speed, the shape of the car front, the anthro- 

s mca1100 ~ pometry of the pedestrians and other 
parameters has to be evaluated. So real 

.t1~~6°°~6°°~11 accidents with pedestrians suffering injuries 
~~~---~---~-l~-r to the head, which obviously were caused by 

~-- oo i the primary impact against the car, had to be 

II~i q- )-__.-~_,,’. ~l selected. 

Description of the Real Accident 

This pedestrian project consists of seven 
real accidents. Each of these accidents has to 
be simulated first with pretests, then three 
dummy tests and three cadaver tests are 
conducted. 

In this paper the reproduction of one case, 
/ PED 2, will be described. The real accident 

/ ~. was investigated by an accident investigation 

~o~,v~ \ team from the Association Peugeot-Renault. 
The pedestrian, a female, 73 years old, 162 cm 
tall and weighing 74 kg, was trying to cross 
the street from right to left. The collision 

Figure 5. Pretest crash configuration, speed of the Peugeot 204 was probably about 
40 km/h (between 38 and 45 km/h). The 

on the dummy are lower than the proposed limits pedestrian was struck on the legs by the 

of human tolerance, bumper, on the hip by the bonnet, near the 

The cadaver sustained extensive chest injuries right headlamp, and then was a head impact 

although he only recorded a St of 218 and a max- on the air intake grill (figs, 6 and 7). 

imum acceleration of 50 g. In fact, age was a From point of impact, the braking distance 

relevant parameter, increasing the severity of the of the car was 10 m, and the throwing distance 

injuries, of the pedestrian was 14.5 m. 
The pedestrian suffered the following 

injuries: 
Reconstructions of Pedestrian Accidents 

~ the head, left front lesion of brain, AIS 4 
In pedestrian accidents head injuries are of ¯ the thorax, fractures of ribs 5, 6, 7, and 8 

special interest. The dependence of the right side, ribs 5, 6, and 7 left side. AIS 3 
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Table 5. Simca 1100 car driver. 
~ 

Real Accident Dummy Test Cadaver Test 

OAIS = 4; 71 kg cadaver 70 years OAIS = 1:60 Kg 20 years old HYBRID It dummy old male 1.68 m 
male 1.77 m 

~ no evident in.ury 

Head trauma without uncon- 7 max = 43 g 7 max. front: 98g 

Head sciousness AIS = 1           HIC = 347                    -y max. left rear: 88g 

7 max. right rear: 100g 

...... 7max. = 50g 
SI = 218 
Shoulder belt force = 3300N 

7 max = 33 g Right clavicle fracture. 

Thoracic pains SI = ~;77 Flail chest concerning the 2nd to 
Chest AIS = 1 the 7th right ribs and 4th to 9th left 

Shoulder belt force = 7300N 
ribs. 

Sternal fracture. 

AIS = 4 

Femur compressive forces 
Lower 

Left = 1800N No evident injury. No evident injury. 
Limbs 

Left = 1800N No contact. 
Right = - - 

¯ the abdomen, fractures of both ischo- 
pubian branches, AIS 4 

¯ the legs, open fractures of both legs, AIS 3. 

Pretests 

Pretests were performed to see if the acci- 
dent parameters which had been calculated on 
the basis of the actual accident investigation 
were correct and would lead to satisfactory 
reproduction in the tests. Two pretests were 
carried out at the test facilities of Peugeot. 

A collision speed of 40 km/h was chosen. 
Figure 6. Deformations of Peugeot 204 (case Data of the actual accident and the pretests 

PED 2). are given in Table 6. 
The pedestrian’s head impact at the air 

intake grille was very difficult to reproduce. 
In the first pretest (929 GP1) the head 
impacted the bonnet which is not as hard as 
the air intake, in the second pretest (929 GP2) 
the head impact was satisfactory. Measure- 
ments of the pretests are listed in Table 7. 

Results of these pretests were basic data for 
the performance of dummy tests. 

Dummy Tests 

Figure 7. Deformations of Peugeot 204 (case So far four dummy tests with Peugeot 204 

PED 2). have been performed. As in the pretests it was 
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Table 6. Data of accident PED 2 and pretests. 

Distance from point 

PED 2 Collision of collision to 

Accident or speed Final Finn position 
test number (km/h) position of dummy (m) 

of vehicle (m) or pedestrian 

Accident - 40 10 14.5 
929 GP1 40 8.5 15.2 
929 GP2 40 8.1 13.2 

Table 7. Measurements in pretests PED 2. 

Primary impact    Secondary impact 

Resultant Resultant 
PED 2 peak peak 
Test acceleration acceleration 

number (g) (g) 

929 GP2 173 25 71 11367 15 

difficult to achieve a correct head impact on 
the air intake. In test PED 2 D1 the dummy 
was turned outwards when the arm was struck 
by the fender and the dummy’s head impacted 
the fender. Pack acceleration in test D2 was 
caused by the impact of the head against the 
shoulder. The air intake was impacted in test Figure 8. Motion sequence PED 2 Dlo 
D3 as well as in test D4, in which the collision 
speed was increased to 45 km/h. This higher Measurements of the dummy tests are listed 
collision speed seemed to produce conditions in Table 9. Although the head impact was not 
closer to the real accident, considering the correct in D1 and D2 and they are included in 
braking distance of the car, the throwing dis- the list, because the primary impact against 
tance of the pedestrian and the relation be- the hip was correct in all tests. 
tween the height of the pedestrian (162 cm) to In tests D3 and D4 the type of head impact 
the head impact on the air intake. The dents and the characteristics of the accelerometer 
of the head impact in test D4 were very similar readings was influenced by the specific 
to that of the real accident, location of the impact on the stiff air intake 

Motion sequences of dummy tests are grille. 
shown in Figures 8 to 11, data of the tests are The head acceleration had a very short and 
given in Table 8. high peak, so the values of ai3ms tduration of 
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Figure 9, Motion sequence PED 2 D2. Figure 11. Motion sequence PED 2 D4. 

acceleration equal or longer than 3 ms) should 
be used for comparison. In cases of high ac- 
celeration peaks very high and different 
values of HIC also result, and they cannot be 
compared directly. 

The severity of the chest impact did not 
depend so much on the exact location of the 
impact as did the head impact, so the scatter 
was smaller. Measurements of the chest im- 
pact give a/max from 30 to 63 g and a/3ms 
values between 24 and 49 g. 

The first impact of the bonnet was against 
the pedestrian’s hip. Good reproducibility can 
be expected and showed in vatues of hip accel- 
eration, which are between 98 and 144 g peak 
and 67 to 88 g a/3ms. 

The secondary impact against the road sur- 
face was measured as well. These results did 
not have the same reproducibility as those of 
the primary impact. The motion of the pedes- 
trian after sliding from the bonnet of the 
braking car cannot be controlled or predicted 

Figure lO Motion sequence PED 2 D3, exactly, though a certain general class of 
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Table 8. Data of dummy tests PED 2 D. 

Distance from point 
of collision to 

Test              Collision ...... 
speed Final Final position 
(km/h) position of dummy (m) 

of vehicle (m) or pedestrian 

39.6 7.4 11.5 

PED 2 D2 39.2 7.1 11.2 

PED 2 D3 39.7 7.0 11.8 

PED 2 D4 45.2 9.5 14.7 

Table 9. Measurements of tests PED 2 D1 to D4. 

Primary impact 

Test 
Head                   Chest               Hip 

PED 2 

a a a a a a 
max 3ms HIC max 3ms max 3ms 

g g g g g g 

D 1 63 60 520 41 35 98 67 
D 2 237 165 2320 46 32 106 68 
D 3 117 68 745 30 24 144 80 
D 4 182 119 1880 63 49 103 88 

Secondary impact 

Head Chest Hip 

a a a a a a 
max 3ms HIC max 3ms max 3ms 

g g g g g g 

D 1 273 87 1960 67 57 81 51 
D 2 272 75 2250 27 18 .... 
D 3 34 32 40 50 41 102 68 
D 4 227 88 1180 55 44 86 46 
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motion can be expected considering car 
shape, collision speed, etc. Values depend 
strongly on which part of the body strikes the 
road surface first and how other subsequent 
parts do. See for example the readings of D 3, 
where the head hits the surface only slightly at 
nearly the same time as the chest and hip, 
while in other tests there was an interval of 50 
to 60 ms between the impacts. 

The differences between the tests indicate 
that it is necessary to have additional Lests 
with an exact head impact on the air intake 
grilte. 

Cadaver Tests 

One pedestrian cadaver test (PED 2 C1) has 
been performed so far. The cadaver was 
female, 60 years old, with a height of 163 cm, 
which was nearly the same as in the real acci- 
dent. The cadaver’s weight was 55 kg, rather 
different from 74 kg in the real accident. Data 
from the test are listed in Table 10. Figure 12. Motion sequence test PED 2 C1. 

The motion sequence (fig. 12) shows dif- 
ferences of dynamic behavior compared to The relatively low level of hip acceleration 

that of the dummy. Obviously, fractures of may have been due to two things. Firstly, the 

lower extremities absorb energy which results bonnet impact was a little too low, which 

in less rotation of the cadaver compared to caused a fracture of the cadaver’s femur but 

the dummy, not of the pelvis as in the real accident. 

The cadaver’s head impacted the air intake Secondly, the impact acceleration of rigid 

grille and the lower windshield frame with a parts like a dummy’s hip can be higher than 

high peak of 305 g and an HIC of 3600 that of an impacted human bone which is 

(measurements are listed in Table 11). The likely to break at lower levels. This is also 

measurement of chest acceleration was not confirmed by the deformation of the bonnet, 

possible, which is less than in the dummy tests and very 

Table 10. Data of test PED 2 C1. 

Distance from point 
of collision to 

PED 2 Collision 

Accident or speed 

test number (kmlh) Final Final position 

position of dummy (m) 

of vehicle (m) or pedestrian 

PED 2 C1 43 8.7 14.9 
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Table 11. Measurements of test PED 2 C1. 

Primary impact 

Head Chest Hip 
Test 

PED 2 
a a a a a a 

max 3ms HIC max 3ms max 3ms 
g g g g g g 

C 1 305 127 3600 .... 44 37 

Secondary impact 

.... C1 97 85 410 
-- I -- 44 I 41 

similar to that of the real accident. The fracture of femur or pelvis and its acceleration 
injuries to the cadaver were evaluated in an level has to be investigated in the next tests 
autopsy, they are compared to the which will be performed in this program. 
pedestrian’s injuries in Table 12. 

A comparison of the injuries shows good Conclusions From These Tests 
results for the cadaver test. The question of 

The test series for case PED 2 is not yet 
complete, particularly because there are still 
problems concerning the availability of suit- 

Table12. Comparison of inluries in real 
able cadavers. On the basis of the test accident and test PED 2 D1. 
performed up to now, it is not yet possible to 

The real accident Test PED 2 C establish correlations between injuries in the 

1 accident and accelerations in the tests. It is 
hoped that some correlation will be possible 

Head Left front lesion Fracture of the after the completion of the entire test pro- 
of brain base of the skull gram. 

in the left front 

Discussion 
Chest Rib fractures      Rib fractures 

right 5, 6, 7, 8 right 4, 5 It is now generally recognized that whole 

left 5, 6, 7 left 3, 5 system performance testing is the most effec- 

tive and realistic way of specifying road user 
protection in the future. Both European and Pelvis Fractures of both -- 

ischo-pubian North American legislation is aimed towards 

branches performance requirements. The advantages of 
performance testing have been discussed and 

Legs Open fractures Fracture of the agreed within the Common Market5. Such an 
of left and right left femur, open approach requires, however, knowledge in 

¯ lower leg fractures of left two areas: 
and right lower 

~, An understanding of human tolerance 
leg 

levels for the population at risk for the 
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major body regions: head, chest, pelvis and 
¯ Scatter in dummy responses--dummies 

abdomen, 
have their own variability because of manu- 

- A test device which will reproduce human 
facturing tolerances. Also calibration, 

kinematic response and thus allow realistic setting up procedures and temperature6 can 

values to be measured for protection influence output responses significantly. 

criteria. For these reasons, very careful standardi- 

The K.O.Bo program aims to contribute 
zation of techniques is required and 
comparisons between results from different 

kp.owledge on these two problems, laboratories must be made with caution. In 
The first difficulty which has been encoun- 

tered has been to find appropriate accidents 
this program only the Hybrid II (part 572) 

which meet all the necessary selection criteria, 
dummy has been used. Our results should 

To have injuries close to the appropriate 
not be compared directly with those from 

thresholds in simple collisions which minimize 
tests in which other types of dummies have 
been used. Particularly with pedestrian 

reproduction problems has proved to be very 
difficult, in spite of the considerable number 

accidents the scatter in the results of repro- 

of field accident studies which are currently 
ductions with dummies means that a large 
number of tests are required to produce 

underway in Europe. 
The program so far illustrates the following       valid findingsv. 

areas of scatter in the results:                   * Specific dummy limitat.ions--conventional 
dummies were developed for restraint sys- 

¯ Variations between tests--minor dif- tem evaluation in the forward direction 
ferences in alignment can result in large dif- with no concentrated loads applied to the 
ferences in the input loads applied to the head. The need to modify the dummy for 
surrogates, particularly in lateral impacts, lateral loading conditions and for the 
Also with pedestrians minor variations in pedestrian mode has been shown in the 
stature between the surrogates can produce pasts, and improvements in the realism of 
head contacts with parts of the car with the shoulder, the thorax and the neck for 
very different compliance characteristics, lateral and pedestrian conditions are re- 

* Variations within vehiclesmbecause of quired. The present program has shown the 
tolerances in the manufacturing process, inadequacy of conventional dummies in 
even new cars vary considerably in terms of those areas and comparisons of results are 
their dynamic crush characteristics. In consequently limited. 
reproducing accidents involving used cars, 
variations may arise from the cars These items illustrate the reservations which 

~hemselves which may limit comparisons must be remembered in using the results of 

between tests, the K.O.B. program. However, when the pro- 

~ Variations between types of surrogate--so gram has operated for another year, we will 

far, in terms of kinematics and injury have a much greater knowledge of tolerance 

tolerance levels, there appears to be good levels, of dummy response characteristics 

correlations between the real world accident under realistic loading conditions, of the 

victims and cadavers. Within the accuracy relationships between dummies, cadavers and 

of the A.I.S. scale, injury levels live road users and also our knowledge of 

correspond, providing allowances are made accident kinematics will be substantially im- 

for age effects. The relationships between proved. When this program is complete, we 

injury tolerance levels and age are hope then to have sufficient information 

important~ and consequently the choice of which will allow correct performance stand- 

appropriate protection criteria for the ards to be specified in Europe, and therefore 

actual population exposed to risk must take road users will be given optimum protection 

this factor into account, in the most efficient manner. 
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Synthesis of Human Tolerances Obtained From Lateral 
Impact Simulations 

C. TARRII~RE, G. WALFISCH, A. FAYON, Research on fresh cadavers has been carried 
J. P. ROSEY on for several years to fill this gap; a synthesis 
Laboratoire de Physiologie et de Biom~cha- of recent results is presented. 

nique de I’Association Peugeot-Renault Relating to the head, sufficient data has 

C. GOT, A. PATEL been collected in the cases of impacts 
IRO/IRBAmH6pital Raymond Poincaff~ simulating realistic conditions of ~V and 

shock duration. Likewise, for the neck in the 
A. DELMAS absence of head impact, for the thorax, and 
Laboratoire d’Anatomie de I’Unit~ d’Enseigne- the pelvis, numerous experiments were con- 

ment et de Recherches Biom(~dicales des ducted, which are used to define human 
Saints P6res tolerances. 

The state of the transposition to dummies is ABSTRACT 
evoked. 

The desirable protection criteria on 
INTRODUCTION 

dummies have to be defined from the best 
estimate of human tolerances. In lateral col- The protection of occupants of a private 
lisions, the state of knowledge stayed a long car that is struck from the side is a complex 
time less advanced than in frontal collisions, and difficult problem. It is complex because a 
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large number of parameters intervene, and 
difficult because very little volume is available 
for providing protection. The requisite condi- 
tions for finding proper solutions include a 
thorough knowledge of human tolerances to 
side impacts and the availability of dummies 
whose behavior and responses are correlated 
with the kinematics and potential injuries of 
accident victims. The matter dealt with in this 
report is a synthesis of the data that have 
essentially been gathered from biomechanical 
experiments on the cadavers of individuals 
who had willed their bodies to science. 

This research was conducted under 
contracts with French Administration. The       ~ 
findings and views expressed here are those of 
the authors. 

Figure 1. Free fall conditions for head impact 
Tolerances of the Head to Side Impacts tolerance experiments. 

Data concerning the tolerance of the head 
to impacts in the temporoparietal area, which goes a relative movement in relation to the 

are of likely occurrence in side impact colli- thorax. 

sions, were collected under the heading of Each test is accompanied by anthropomet- 

research devoted to investigation of helmets tic measurements, acceleration measurements 

for riders of two-wheeled vehicles. Some and measurements of the percussion force, 
results are already published5. and a pressurization of the encephalon de- 

It should be noted that the speed variation scribed below. 
sustained by the head in most of the corres- The impact is recorded on films. 

ponding experiments was on the order of 30 Three accelerometers are attached to light 

kilometers per hour, and that impact time- alloy plates screwed into the subject’s skull. 

length, determined by the shock-absorbing On the basis of the acceleration measurements 

material used, was such that tolerance performed on the periphery of the skull, it is 

estimates were compiled under impact- possible to compute the acceleration at the 

violence conditions pertinent to the case of a cemer of gravity of the head. A method of 

laterally-struck victim, solution was used similar to that of Stalnaker, 

Testing procedure consisted of releasing Alem6. 
cadavers into free falls, said cadavers being Satisfactory results were achieved when 

fresh, unembalmed and perfused, as shown in nine correct 3’(0 pulses were available. 

Figure 1 where the head hits a rigid and plane When it was not possible to use this 

surface, method, an estimate of 3’(0 at C.G. was made 
The subject lies in a metal cradle. His head, according to the accelerometers closest to the 

with or without a helmet, protrudes beyond C.G. 

the cradle. The unit is allowed to fall freely. In order to detect the cerebral lesions, a 

The head is maintained in alignment with the perfusion of the encephalon was performed 

trunk until impact, on each subject. The injected liquid is made 

The cradle containing the body comes to of water, India ink (as a marker) and formal- 
rest against a thick mattress. The head under- dehyde. 
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Vascular damage is hence marked by black Conversely, it is possible to obtain high 
extravasations around the ruptures, similar in HIC values without injuries. It should be 
appearance to hemorrhages observed in live noted that we found no serious injuries except 
persons, when the accelerations maintained during 

The best estimate of the corresponding AIS three milliseconds at the most were more than 
value is made accordingly. 130 g. 

More details are published in Reference 5. It was finally found that during these lateral 
Observing the head kinematics during these skull impacts, there is but slight likelihood of 

tests and taking into account the estimates of the occurrence of a serious injury for a value 
head tolerance to angular accelerations, one of HIC -< 1500. 
may conclude that the observed injuries are A few characteristic tests were reproduced 
linked to linear accelerations. Most of these with Part 572 dummies for purposes of com- 
injuries are lesions at brain stem level, paring the HIC values yielded by cadavers 

Figure 2 shows, for each subject, the esti- with those yielded by dummies at identical im- 
mate of AIS value versus the computed HIC. pact velocities. For the high HICs, we ap- 

This a priori does not reveal any relation- proached the limits of the helmets’ shock- 
ship between two parameters. This is not sur- absorption capacities, and we found values in 
prising: in an identical injury-causing the same range. (For moderate violence, this 
process, tolerance is a function of numerous did not apply, and the ATD values were then 
parameters related to the subject; besides, the lower) (fig. 3). This confirms the absence of 
AIS is not a proportionate continuous scale, any constant relation between the accelera- 

Serious injuries (AIS _> 3) may appear in tions measured on a dummy and those mea- 
extremely low HIC values when the subject’s sured on a human subject: the relation is vari- 
brain is a poor state of conservation, but this able and depends on test conditions. 
result is not meaningful. The lowest HIC Although it is allowable to use a HIC 1500- 
associated with serious injuries is this of No. type limit in the temporoparietal impact 
99, which is 1400. against a Part 572-type head, the fact mus~ 

not be overlooked that this correspondence 
was approximately verified in the case of im- 

Q145 
740 

066 

200(2 HLC P 572 

073 

1500 067 .... 
/ I ~99 083 

I 87~ 

d 111~65 146~70 ~ ~ 

500 -/ HI C cad 

0 1 2 3 4 5 0 1500 
0 ~ ~ ~ i ~ ~ H.I.C. cad 

A.I.S. 

Figure 3. Comparison between the "Pan 
Figure 2. Relation between calculated HIC and HIC and the cadaver HlC for same 

AIS. free fall tests with helmet. 
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pacts occurring at identical impact velocities 
for dummies and human subjects. 

No positive conclusion will be possible con- 
cerning the validity of the protection provided 
in car-to-car side collisions unless the 
dummy’s behavior yields a head impact Targets 

velocity close to that of a human head, which 

is not the case when the shoulder acts as a 
brace and when the chest deflects insuffi- 
ciently, 

~ In addition, HIC 1500 can be used in the 
case of impacts carried out with a separate 

Rod 
Paddings 

head, not using the complete dummy. 

Tolerances of the Thorax to Side Impacts 

For the main part, collected data come Figure 4. Lateral drop test conditions. 
from the results of the free-falls of human 
subjects. These strike rigid surfaces or 
surfaces covered with shock-absorbing 
materials side-on at the thorax and pelvis. 

These tests were reproduced with Part 572 
dummies. Consequently, a contribution will ~Y~i ’ 
be made to knowledge of human tolerance to 
lateral impacts, the desirable characteristics of 
a dummy for side-on impact and for protec- 
tion paddings. or dummy hun  
released in order to drop freely against the 
side, in the position shown in Figure 4. The 
side struck varies for reasons related to the 
experimental conditions. 

The configurations used for the tests are on 
Figure 5. 

Two positions for the arms were used. 
The types of surfaces struck were rigid 

planes, hitting the shoulder or not, or pairs of ~.~j ] 

shock-absorbing material blocks, one for the 
thorax and the other one for the pelvis (see 

All the subjects were equipped with triaxial 
accelerometers. Among them, one 

accelerometer was screwed to the fourth 
dorsa! vertebra, a second was also screwed to 
the sacrum in the median sagittal plane, 
90 mm below the iliac crests. Figure 5. Test configurations. 

362 



SECTION 5: TECHNICAL SEMINARS 

The accelerometers and measuring channels calcination of a fragment of rib made it 

meet the requirements of SAE J 211 b, FH = possible to determine the percentage by 

180 Hz. weight of mineral salts in the bone. The 

Deflection of the thorax was measured by overall results show that exceptional subjects 

using films (a cylindrical rod was used the skeletal strength of which is too great or 

inserted crosswise through the thorax), too small, would bias the results. 
In order to eliminate these subjects from 

A load measuring plate using Kistler cells the analysis, subjects are illustrated in Figure 6 
was beneath the surface struck by the thorax. 

as a function of two parameters of mineraliza- 
The load measured approaches that applied to 

tion of ribs, C/M and C/L. the top of the trunk, in view of the small mass 
C/M corresponds to the mass of ash 

of the shock-absorbing material. The 
obtained by calcination of a fragment of rib 

frequency FH in this measurement is 180 Hz. 
compared with the mass of the same fragment 

After the test, an autopsy was carried out when fresh; this gives a good approximation 
on each subject, of the percentage of the weight of mineral 

Knowledge of the strength of their skeleton salts contained in the rib. 
enables the results to be interpreted more C/L corresponds to the weight of ash con- 
finely. With this in view, undamaged parts of tained in 1 cm of length of rib; the values of 
the ribs were sampled after the test and C/L illustrated in the Figure 6 are average 
subjected to bending and shear mechanical values obtained from several positions of 

tests as described in Reference 5. Likewise, the samples; the same applies to C/M. 

/ 0.54 

/ 
0.4~- 

..~" ~ ~-’@--. Envelope for 9 
Subjects similar to ~ ./ 
~oputation at risk ... ,~ . ;’, 

~-, (~ ~ ~ peoplenear population at risk 

average of ages: 29 

0.3! 

/" ~ 118 i 

,/ 111 ~ ~ ’., 
/ 95 ~04 155 

/ 

0.2 ~131~ / Envelo~ for 65 cadavers 

( 129 96~108 ~�128 

92 ~           , / average of ages 58 

/ 
~ 133    88 

119 

’ ~o7_~ ~ 
0.1 , 

10 20 30 40 50 

C/M PERCENT 

Figure 6. Rib mineralization of subjects (weight of mineral salts per unit of mass and per unit of 
length) 
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In order to assess the differences of byusingC/L and C/M. But itis not sufficiem 

mineralization between the subjects on which to get an accurate hierarchy in any case. Some 

experiments were carried out and those of studies are dealing with this matter7. 

people actually exposed to the risk, fragments In the following, one will admit that the 

of rib were taken from cadavers autopsied subjects No 122, 130, 132 and 156 are very 

after a sudden death without any previous similar to people exposed to the risk; subject 

illness (suicides, accidents, etc.) These No 102 does not enter this group because of 

subjects also are represented in the plane his age. 

{CiM, C/L). As a comparison, it may be seen Anthropometric data of the subjects are 

that subject 130, for example, may be con- given in Table 1. 

sidered as equivalent to people exposed to the 
risk of accident while it is reasonable to elimi- General Remarks Concerning the Injuries 
hate subject 109 from an analysis which Found 
relates to the mechanical characteristics of the 
thorax. The injuries that were found under the lab- 

A rough ranking of the subj ects is obtained oratory impact conditions were essentially rib 

Table 1. Anthropometric data on subjects. 

~ ---- 
THORAX cm) Rib Mineralization 

Weight ,, 
Age Sex (Kg) Breadth Depth -- Circumference C/M % C/L (g/cm) 

!04 70 ~M 59 27 20 88.6 29.0 0.248 

105 47 M 54 27 20 84.5 27.5 0.227 

109 68 F 49 27 21 89.0 21.5 0.137 

11 52 M 53 28 21 86.4 24.0 0.274 

155 42 M 69 29 20 91.6 31.9 0.264 

156 25 F 57 27 17 78.7 44.7 0.296 

118 46 M 49 28 20 81.5 30.0 0.269 

119 52 M 
i 

41 25 20 76.4 26.0 0.158 

92 69 F - 25 19 72.5 - - 

100 34 M 56 28 18 88.3 37.5 0.214 

101 41 M 52 26 20 91.0 26,0 0.209 

88 71 F 20 17 86.2 32.0 0.159 

95 55 M - 28 23 80.0 - - 

96 53 M - 30 20 94.5 - - 

102 69 M 53 27 21 96.6 34.0 0.318 

107 55 F 42 26 17 96.1 27.5 0.109 

108 64 M 50 27 19 77.6 27.0 0.195 

120 51 M 70 30 23 96.6 26.5 0.228 

121 57 M 75 32 23 96.1 32.5 0.232 

122 42 F 45 26 16 77.6 40.5 0.333 

128 47 M 50 28 20 84.0 31.1 0.196 

!29 57 M 44 27 21 87.5 21.3 0.205 

!30 45 F 62 25 20 79.0 42.2 0.292 

131 47 I M 45 29 21 90.5 30.2 0.207 

132 38 I M 44 27 20 86.0 31.9 0.319 

133 67 M 61 
~28 

23 95.0 30.6 0.153 
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fractures. The number of fractures sustained approximate the values that would have been 
can be an injury level indicator, and we en- found if the subject had weighed 75 kg. 
deavored to successively correlate the num- The following formula (Eppinger8) was 
ber of fractures occurring in the human used: 

( 75 ~2/3 ........... subjects with the force applied to the chest, 
Normalized F = Measured F x \actuai~veight/ 

.......... and also with the relative deflection of the 
chest as well as with thoracic acceleration. Seventy-five kg is a weight close to that of 

When the injuries correspond to AIS --< 3, the 50th percentile male dummy. 
the fractures occurred on the impacted part of Tests may be distributed in several groups. 
the chest. When they are more severe (AIS = 4 However, two groups of findings emerge: 

and more), what had occurred most fre- ¯ those yielded by tests on bare surfaces or on 
quently was a flail chest on the impacted side surface covered with overly-stiff paddings, 
and rib fractures on the anterior or middle ¯ those yielded by tests with the use of 
arches of the other part of the chest, which redesigned interior features that were more 
occasionally caused another flail chest in the deformable and better adapted to thoracic 
plastron; in this case the AIS was 5. tolerance. 

.......... In addition to the rib fractures, we found For these latter subjects, a distributed 
only one sternal fracture and one collarbone normalized force close to 1,000 dan 
break in one subject, who had sustained a fall corresponds to a number of fractures inferior 
from a height of 3 meters. The shoulder was to equal to 8. This number of fractures 
involved in the impact, constitutes the threshold above which injuries 

In no case did we find the occurrence of any are in most cases considered to be intolerable. 
intra-thoracic visceral lesion in the course of The reason is that a "flail chest" may theoret- 
our testing, ically appear if this number of fractures is 

The full set of results are given in Table 2. exceeded. Practically, flail chests appear when 
This table pertains to measurements per- the number of fractures is much higher. 
formed on the subjects, and in no way The cross-hatched portion of Figure 7 

...... presumes the conclusions yielded by the tests represents subjects exposed to identical 
on dummies. In other words, the findings testing conditions; among them, we singled 

concern human tolerance and do not concern out those subjects whose bone condition 
protection criteria, could probably be that of accident victims 

and whose tolerance appeared to be higher. 
Maximum Distributed Force Applied Unfortunately, they are not numerous, 
to the Chest Whatever the parameters used for evaluat- 

We endeavored to use the force applied to ing human tolerances, the experimental find- 
the chest as an injury level indicator, Figure 7 ings reported on here will supply only an 
shows the findings, underestimation of these tolerances whenever 

The values of the forces applied to the chest it was impossible to assemble a sufficient 

were normalized, i.e. the measured values number of suitable Subjects. 

were corrected so as to most closely The following table lists the findings, classi- 
fied by AIS ratings: 

Nb of Average Measured daN F Normali~ daN F 
A.I.S. 

subjects age Mini. Maxi. Average Mini: 
[ Maxq Average 

0 4 45 240 700 437 330 ~780 ~ 550 
1 +2 1 25 

- / - 
3 9 49 460 1020 809 580 1356! 993 

4 + 5 12 59 590 1240 868 600 
125~ 

900 

365 



EXPERIMENTAL SAF ETY VEHICLES 

zz 

~N~I I I1 

0 
0 

~ oo ooooo~o~o~ _ 

366 



SECTION 5: TECHNICAL SEMINARS 

N. of rib fractures 

1 O8 

!- // 
~ Rigid plane surfaces 

c3~: ~ Excessive rigid paddings 

u_ 
~ A Shaped and improved paddings 

~ 107 

a: ! 100 Same test conditions 

/ Subjects near to 

132 population at risk 

Applied normalized force 

155 

0 500 1 000 1500 

dan 

Figure 7. Relation between the normalized force applied to the thorax and the number of rib 
fractures. 

The maximum measured force correspond- films definitely at the mesosternal level 
ing to an AIS = 0 is 700 daN (740 normalized and chest width at the same leve! prior to 
daN). testing. 

The maximum measured force correspond- For the 16 subjects whose chest deflection 
ing to an AIS = 3 is 1020 daN for a subject 

was measured, this deflection appears to be a 
weighing 75 kg (121) and incurring four 

reliable injury level indicator (fig. 8) whatever 
fractures, hence representing a case cor- 

the test conditions. 
responding to only slight severity in the range 

The following table lists the findings classi- 
covered by the AIS - 3 level, 

fied by AIS ratings, whatever the test condi- 

Tolerance of Chest to Relative Deflection tions. When the shoulder is also directly hit, it 
seems that the relative deflection is lower for 

It should be noted that this deflection was the same injury level. 
obtained by deformation of the chest over a As a conclusion concerning relative 
relatively wide surface area, and that it is not deflection of the whole chest, we can note as 
comparable to a penetration, the maximum tolerable value, with reference 

Whole Chest. The relative deflection of the to the cadaver, a relative deflection of 
whole chest here is the ratio between the approximately 30% of the chest width; this 

deformation of the chest measured on the corresponds to a chest injury level that is con- 

367 



EXPERIMENTAL SAFETY VEHICLES 

O Rigid plane surfaces 

~) Shaped and improved paddings 

Subject near to 

population at risk 
20- 

JJ 
3~ 

~_ 109 ~, 104 ~ 

~: 105"~ 120 

O 

uJ Same test conditions 

28 

156 
155 118 12: 

0 t 0 20 

RELATIVE DEFLECTION PERCENT 

Figure 8. Relation between the relative deflection of the thorax and the number of rib fracture& 

sistently less than, or equal to, 3 on the AIS seems that an approximately 35°70 relative 

scale, deflection of the impacted half chest is the 
Half Chest. We also investigated the deflec- maximum tolerable, if we refer to AIS -< 3 

tion of the impacted half chest. As seems for human subjects. 

logical, this is the part of the chest that was In addition, the investigations enabled deft- 

the most extensively deflected; it was also the nition of the force/deflection dynamic char- 

site of the greatest number of fractures sus- acteristics of the impacted half chest. The cor- 

rained, responding data were used for the modifica- 

The findings (fig. 9) are more scattered than tion of a Part 572, designed to make it suit- 

for deflection of the whole chest. However, it able for side impact (see references 9 and 10). 

No. of Average Relative Deflection Relative Deflection of 
AJ.S. Subjects Age of the Thorax (%) the Half-Thorax (%) 

0 4 45 10 to 18 12 to 34 

1 + 2 1 25 18.5 22 

3 9 49 15 to 35 18 to 52 

4 1 70 38 30 
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20 Same test conditions_ 

rr 
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m 104 

rr Subjects near to 120 
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~ __122 ~                 , ~ 
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Figure 9. Relation between the relative deflection of the half thorax and the number of rib fractures. 

Tolerance to Acceleration characteristics, and that no correction was 

Figure l0 shows that there is no close used similar to the one used for the applied 

relation between the number of fractures force.8 Some studies are dealing with this mat- 

sustained and the maximum resultant ter.7 

acceleration applied during 3 ms, measured The table below lists the findings. With the 

on the subjects’ fourth thoracic vertebra, exception of subject No t01, rather weak, we 

This does not mean that no conclusion can found no occurrence of flail chest (AIS = 4) 
be reached on the basis of acceleration for 7(3ms) lower than 50 g in the subject. 

measurements (see references 11 and 12) Corresponding to an AIS = 3, the mean of 
concerning both tolerances and protection the maximum accelerations applied during 3 
criteria, ms was 49 g (nine subjects). The maximum 

It will further be noted that maximum and minimum recorded deviate from the 
acceleration is influenced by the subject’s size mean by approximately 30°70. with two of the 

Resultant maximum Resultant Maximum 
No. of Average Accel eration Acceleration (at 3 ms) A.I.S. 

Subjects          Age 

mini. ] maxi.! average~mini" mal~ average 

1 + 2 
1 25 

I I ~ I 
~.173 

55 

3 9 49 40 83 60 32 49 

4 + 5 11 59 42 84 70 60 
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Rigid plane surfaces 
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Figure 10. Relation between the thoracic acceleration at 3 sm measured at T 4 and the number of rib 
fractures. 

nine subjects being exposed to 3,(3 ms) respec- the side of the torso at a height of at least 14 

tively, equal to 60 and 65 g. cm--the height of the test materials--has to 

These nine subjects had a bone condition become crushed before a force of 1,000 

interrnediate between that of the test subjects daN is achieved; 800 daN would provide a 

and that of the cadavers of individuals who better margin for the less robust segment of 

had died sudden deaths, whose bone condi- the population. 

tion was considered to closely resemble that of ¯ Analysis of the deflection fails to yield a 

the population exposed to risks, criterion that would be usable with the 
dummies currently available on the market. 

Chest Protection Criteria 
The findings could be transposed to the 
experimental APR dummy that is in the 

In the light of the tolerances whose levels process of being developed as shown in ref- 
have just been described, it is impossible to erences 9 and 10. The difference between 
define a fully satisfactory protection criterion, the behavior of the presently existing dum- 
for reasons not essentially related to the bio- mies and that of the human body during a 
mechanical data but primarily related to the side collision is known and has been re- 
dummies that were available. It is, however, ported on (see references 2 and 14). Because 
possible to formulate provisional recommen- of the difference between the transverse 
dations: rigidity of the dummy and that of the 

¯ Analysis of the force applied to the chest human body, the distribution of the de- 

shows that padding pressed close against flections and of the dissipation of energy 
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between the chest and the padding is quite Tolerances of the Pelvis (Table 3--Figure 11} 
different depending on whether a dummy After subject No 109 is eliminated on 
or a human being is involved, account of the weakness of his skeleton, 4 

cases of pelvis fractures remain among the 26 As concerns acceleration, the present state 
of the findings, whether for the use of tested subjects. The correspondingAISvalues 

maximum acceleration in T4 or for tests with are 2 when the fracture involves no displace- 

dummies, does not make it possible to define ment; the AIS level reaches 3 when a displace- 

a protection criterion correlated with the ment occurs; such is the case of two subjects. 

injuries of individuals exposed to risk. No abdominal lesion was observed. 
However, no perfusion had been made on 

However, it will be possible to establish subjects after No. 120 (the formaldehyde 
chest protection criteria once a sufficiently might have partially fixed the viscera). The 
anthropo-dynamic dummy has been maximum accelerations at 3 mslevelsustained 
developed and can be tested via experiments during the corresponding tests reached 74 g. 
yielding data linked to recognized injury levels As regards fractures, the fracture without 
for human beings, displacement (AIS 2) which occurred at the 

Table 3. Pelvic results of subjects’ drop tests (test configurations are illustrated in Tables 2, 3 
and 4). 

T . ] Drop 
Accelerations (g) 

est 
Height Configuration Age Sex 

Impacted Weight _ 

NO 
(m) 

Side (kg) 
Max."i’R    3ms     -,/.R 

AtS             Injuries 

104 " ’ Aa 70 M R 59 55 I 40 0 

105 1 ~ Aa 47 M R 54 153 66 0 

109 1 ~ Ab 68 F R 49 90 70 3 F. little displacement, 

R. ischio and ilio-pubic branches 

111 I 1 I Ab 52 M R 53 89 47 0 

155 | 1 I Ab 42 M L 69 75 | 57 0 

156 1 I Ab 25 F L 57 69 55 0 

118 ~ 0.5 ] Bb 46 M L 49 62 33 0 

119 ~ 0,5 ~ Bb 52 M L 41 34 I 30 0 

92 ] 2 I Fa 69 F L - 82 50 2 F. R ÷ L ischio and ilio-pubic 

branches 

100 2 ~ Fb 34 M R 56 44     38 0 

101 2 I Fb 41 M R 52 110 | 77 0 

88 ~ 3 I Fb 71 F L - 65 60 0 

95 3 I Fa 55 M L - 120 I 105 3 F. little displacement L, ischi 

3ubic branch 

96 I 3 I Fa 53 M L - 135 90 0 

102 I 3 I Eb 69 M R 53 62 57 3 F.R. ilio-Dubic branch. 

F.R. lilac wing 

F. - displacement R. cotyle 

107 I 3 I Eb 55 F R 42 77 66 2 F_ ischio and ilio-public branches 

108 I 3 I Eb , 64 M R 50 74 53 0 

120 ! 2 I Cb ’ 51 M L 70 37 30 0 

121 I 2 I Cb 57 M L 75 32 ~ 31 0 

122 I 2 I Cb 42 F L 45 34. 34 0 

128 { 2 I Db 47 M L 50 48 40 0 

129 2 I Db 57 M L 44 48 | 34 0 

130 ~ 2 I Db 45 F L 62 - - 0 

131 ~ 2 I Db , 47 M L 45 50 ~ 45 0 

132 2 I Db ! 38 M L 44 60 47 0 

= Fracture. R = Right, L = Left 
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victims, generally younger than the subjects; 

#1o9 the best protection criterion which may be 

I Age 69’,~,    (Fractures + dis associated to this tolerance level has not to 
3 ....... .÷~.~ ..... ~ .................. ensure that no injury occurs in car crashes of 

f (Fractures) low severities; the criterion has better to 
~ 2 .............. ̄ ........................... ~ ......................... 

. ensure an acceptable injury distribution in car 
~ I~ crashes of higher severities. The injury 

o t 
distribution and the accident severities have to 

~ -- ~ be defined by accidentological studies, so as 
50         100 to give finally a higher protective benefit for 

’)’r PELVIS 3 ms the whole population at risk. Therefore, for a 
protection criterion on a dummy such as 

Figure 11. Relation between the AIS and the "Part 572" one, a level comprised between 90 
pelvic acceleration (at 3 ms). and 100 gi3 ms could be contemplated. 

lowest acceleration value is the fact of a 69 Neck Tolerance in Side Impact 

year old female subject at 50 g/3 ms of The matter is the tolerance of the neck in 
maximal acceleration. On the contrary, the the case of the imposed lateral flexion which is 
highest acceleration level without a fracture obtained when the side wall stops the thorax 
was measured on a 53 year old man, at 90 g/3 and that no head impact occurs. 

ms. With the experimental conditions, no 
Fractures with displacement occurred for a cervical lesions were observed; lateral flexion 

height of fall of 3 m, which gives a speed vari- attained 60° and the resulting acceleration of 
ation of about 35 kph (a little more than the the head did never overpass 60 g. One has to 
impact speed), observe that the thorax is already stopped 

The chronological order of tests was such when the acceleration reaches its maximum. It 
that the subjects considered to be near the seems that there is no need for a neck protec- 

true-life accident victims sustained, for their tion criterion in the range of these impact 
main part, only moderate impacts at pelvis severities. 
level. 

When compared to the real-life accident CONCLUSIONS 

conditions, test conditions are such that This report dealt primarily with the findings 

neither intrusion nor penetration occur. In of free-fall tests performed on cadavers over 
padded impacts, the 7(0 pulse of the pelvis the past few years, and up to the present time 

has a smooth shape and a level near the for the most recent findings. 

maximum is sustained during a rather long We were able to specify the human 

duration. One could also observe from some tolerance levels for most of the body parts 

tests carried out with dummies that the maxi- what are frequently affected in actual car-to- 

ma of accelerations on dummies are likely to car side collisions occurring on the highways. 

be a littler higher than on subjects (see refer- The findings are closely related to the 

ences9and 10). particular conditions of each individual 

Due to the absence of noticeable human experiment and each individual subject; the 
pelvis deformation during the impact, the emphasis was on reducing the causes of 
"Part 572" pelvis does not raise the same scatter. In any event, the figures set forth in 
problems as the thorax does. On the basis of this report enjoy maximum reliability in cases 
these results and some others already pub- involving impact against prepared surfaces 
lished, 80 to 90 gi3 ms to the pelvis seem to be involving subjects closely resembling the 

a conservative level of human tolerance for population exposed to risk. 
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Another important point is the necessity for mental Study of Rib Fractures in Frontal 
having a dummy whole behavior closely and Lateral Impacts Based on Testswith 

resembles that of the human being, so as to be Instrumented Cadavers", to be pub- 

able to transform the tolerance levels into pro- lished in Proceedings of 4th Interna- 
tection criteria that will be closely correlated tional Conference on the ]3iomechanics 
with the injury levels of real-life accident vic- of Trauma, Gothenburg, Sept. 1979, 

tims. Several research teams are currently IRCOBI. 
devoting their efforts to defining a saris- 8. R. H. Eppinger: "Prediction of Thor- 
factory dummy, acic Injuries Using Measurable Experi- 

mental Cadavers", Proceedings of 6th 

ESV Conference, Washington, U.S.A., 

Oct. 1976. 
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Prediction of Thoracic Injuries as a Function 
of Occupant Kinematics, 

D. H. ROBBINS been found to be quantities related to veloci- 
R. J. LEHMAN ties or integrals of acceleration pulses. After 
Highway Safety Research Institute quantities such as these were derived from the 
University of Michigan accelerometer traces, those with the highest 

K. AUGUSTYN correlation to injury measures were selected as 

Consultant candidate independent variables. The predic- 
tive models, which were then generated using 
regression software, are given and discussed. 

Injury-predictive models of the severity of 
blunt thoracic trauma have been developed 
using the data gathered in a series of impact INTRODUCTION 

tests utilizing eighteen cadaver subjects. Two The objective of this paper is to show the 
classes of tests were conducted to generate analytical procedures and experimental data 
various levels of injury. The first class of tests base used in the construction of mathematical 
was conducted on an impact sled where the models which predict blunt thoracic trauma 
subjects interacted with padded or rigid side resulting from an impact to the side. The can- 
door structures in side impact. The second didate dependent variables which have been 
class of tests involved controlled energy selected for possible use in quantifying the 
impacts delivered to the side of the thorax level of injury are the AIS numbers for the 
using a flat-faced pendulum impactor. The various types of thoracic injuries and the 
instrumentation which was designed to number of rib fractures observed during 
monitor kinematics consisted of a matrix of autopsy of the cadaver test subjects. Candi- 
accelerometers surgically placed on the bony date independent variables could include: 
exterior structure of the thorax. Two ac- ¯ Kinematic responses to impact such as may 
celerometers were located on the sternum: 

be derived from accelerometer data 
four were mo unted on each side at the most 
lateral aspect of the fourth and eighth ribs; six 

¯ Subject descriptions (anthropometry and 

were mounted in triaxial clusters at the first 
biophysical data such as cause of death, 

and twelfth thoracic vertebrae. The active 
time after death of the test, bone strength 
and geometry, reinflation of the lungs, 

axes of the accelerometers were chosen to rep- 
resent the three orthogonal axes, and hence, 

profusion of vasculature, body temperature 

to provide information on direction of at test, etc.) 

impact. After the tests, autopsies were 
,, Environmental descriptions such as seating 

performed to obtain a level of injury reported 
configuration, restraint system, impact 

as an AIS number, 
velocity, direction, and acceleration) 

The inj ury-predictive models have the AIS Because tlae intended application of these 

number, the number of rib fractures, or models is to indicate likelihood and the 

derivatives thereof, as the dependent variable possible severity of thoracic injury under 

and various features of the time-dependent general side impact conditions, the decision 

acceleration traces as the independent has been made to exclude environmental des- 

variables. The features which show the criptors from the list of independent 

greatest correlation with the level of injury, variables. Only response and subject 

and hence, which hold the greatest potential descriptors remain for inclusion in the final 

for building injury-predictive models have injury-descriptive models. 
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A twelve accelerometer network has been published) as well as the location in space and 
developed to measure kinematic response of active axis direction of the accelerometerso 
the thorax. The idea behind this system is a Two basic classes of tests were conducted to 
visualization of the thorax as a structure of generate the various levels of injury. The first 
approximately ellipsoidal shape. The attempt class of tests was conducted on an impact sled 
has been to locate accelerometers around the where the subjects interacted with padded or 
periphery to register different acceleration sig- rigid side door structures in side impact. 
natures for different directions, levels, and Figure 1 is a photograph taken prior to one of 
time durations of impact. Locations of the the tests. In this case a six inch layer of 
accelerometers are described and illustrated in energy-absorbing foam pads the rigid sled 
detail by Robbins~ and Eppinger2. Table 1 structure. Other tests involved the rigid wall 
summarizes the locations. The selection of itself and a sculptured door assembly repre- 
these locations for surgical placement of in- senting the structure used in a research safer y 
strumentation was non-invasive of the thor- vehicle (RSV). This structure is illustrated in a 
acic contents, previous paper by Melvin3. During these tests 

Medical indicators of injury were obtained on the HSRI impact sled, the following 
during autopsy. Skeletal fractures and soft sequence of events took place: 
tissue injuries were made more obvious by the * Initial acceleration of sled; subject main- 
presence of dye in the liquid used to profuse tains initial position shown in Figure 1. 
the vasculature. Additional realism was pro- ® Deceleration and rebound of sled; subject 
vided by inflation of the lungs to simulate the builds up a velocity relative to the side door 
living state. After autopsy an AIS rating was structures mounted on the sled. 
assigned. In cases where injuries were uncer- ® Subject interacts with side door structures 
tain or confusing, professional medical advice as the sled moves at a constant velocity. 
was available. A list of anthropometric The second class of tests involved con- 
measurements was developed which is suitable trolled energy impacts delivered to the side of 
for comparison of cadaver subjects~. These the thorax using a flat-faced 51.5 lb. im- 
were supplemented by measurements of rib pactor. The impactor moves horizontally and 
strength and cross-sectional geometry (to be is energized by a pendulum strike. The config- 

uration of the subject and impactor prior to a 
test is shown in Figure 2. The arms were 

Table 1. Accelerometer locations. 

Location Active Axis Direction 

Most lateral point on fourth Left to right, normal to 

left and right rib body 

Most lateral point on eighth Parallel to body pointing to 

left and right rib front 

Top of sternum Pointing to front of body 

Bottom of sterum Pointing to front of body 

Spinous process of first Triaxial mount with head to 

thoracic vertebra foot, left to right, and fron~ 
to back axes 

Spinous process of twelfth Triaxial mount with head to Figure 1. Set-up photograph of flat padded 
thoracic vertebra foot, left to right, and front door side impact sled test with 

to back axes. 
cadaver subject. 
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Table 2. Side impact test matrix. 

Test    Velocity         Type of Test 
Number (miles/hour) 

76T003 15 Flat Rigid side structure 

76T009 25 Flat Rigid side structure 

76T010 20 Flat Rigid side structure 

76T011 20 Flat Rigid side structure 

76T029 15 Simulated RSV 

76T034 20 Simulated RSV 

76T039 20 Simulated RSV 

76T042 25 Simulated RSV 

76T062 9.5 Pendulum 

76T065 9.5 Pendulum 

77T071 9.5 Pendulum 

77T074 9.5 Pendulum 

Figure 2. Set-up photograph of side pendulum 77T076 1 Pendulum tap 
impact test with cadaver subject. 77T077 13.6 Pendulum 

77T079 1 Pendulum tap 

positioned over the head in a manner to ex- 77T080 13.6 Pendulum 

pose the chest structure to direct impact. The 77T081 1 Pendulum tap 

cadaver was positioned so that the center of 
77T084 1 Pendulum tap 
77T088      1      Pendulum tap 

the six-inch impactor would strike as close as 
77T089 20 Flat Rigid side structure 

possible vertically to the level of the point 
77T091 1 Pendulum tap 

where the fourth rib enters the sternum and 77T092 20 Flat Rigid side structure 
midway between the front and back of the 77T094 1 Pendulum tap 
subject. The support ropes holding the 77T095 20 Flat padded structure (4 
cadaver erect were released a few milliseconds inches Ethafoam 220 closed 

before impact. The impactor was accelerated cell polyethylene foam backed 
by 2 inches of Scott Impact II 

to various velocities in order to produce in- open cell foam) 
juries ranging from minor to severe. To evalu- 77T097 1 Pendulum tap 
ate cadaver response at sub-injury levels, low 77T098 20 Flat padded structure (6 
energy taps were conducted on each subject inches Scott Impact II open 

before the high energy tests, ce~l foam) . 
The matrix of tests is contained in Table 2. 

INJURY DATA AND NUMERICAL RATINGS this injury level although, in most cases, a flail 
Table 3 contains a summary of the injury chest is probable. In an attempt to "un- 

data, AIS number, number of rib fractures cluster" these data, a modified version of the 
(NRF), and a limited set of subject anthro- AIS has been proposed containing a rib 

pometry. The injury indicators (AIS and fracture bias. 
NR1=) have been supplemented by a new 
quantity (MAIS) which is a modification of MAIS = [AIS + (6 x NRF/41)]/2 
AIS. It should be noted in reviewing the 
injuries and number of rib fractures that The number of rib fractures ranges from 0 

many ribs suffered multiple fractures, to 41. These values are rescaled to range from 
The AIS data contain a large number of 0 to 6. The rescaled rib fracture number is 

Level 4 injuries. At the same time there is no then averaged with AIS to yield MAIS which 
clear pattern of rib fractures associated with can also range between 0 and 6. 
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Table 3. Injury data summary. 

Anthropometry Injury Ratings 
Test No. ------~ Injuries 

Age I Sex Ht(cm) Wt(kg) AIS NRF MAIS 

76T003 60 M 180.5 102.1 1 rib fracture on left side 2 1 1.1 

76T009 75 F 155.5 44.1 Multiple rib fractures, right pulmonary 5 41 5.5 
artery and right lung lacerations 

76T010 84 M 162.2 87.8 10 left ribs and 5 right ribs fractured 4 21 3.6 

76T011 69 M 170.2 74.9 7 left ribs and 5 right ribs fractured 4 25 3.9 

76T029 67 M 167.1 62.5 4 left side rib fractures 3 I 4 1.8 

76T034 62 M 183.5 59 36 rib fractures, fracture of left scapula 4 ] 36 4.7 

76T039 72 M 186.8 73.9 11 rib fractures, slight surface hemorrhage 4 i 11 2.8 
on heart 

76T042 58 I F 177.7 64.5 16 rib fractures, fracture on left humerus 4 I 16 3.2 

76T062 M 174.3 50.1 7 left side rib fractures, laceration in 5 I 7 3.0 

heart muscle from inside out (heart had 
abnormally thin wall) 

76T065 M 178.9 94.7 Small superficial hemorrhage at aortic 1 I 0 0,5 

, arch 

77T071 60 M 172.2 80.7 Small superficial hemorrhage on peri- 1 I 0 0.5 
cardium and diaphragm 

77T074 60(?’, M 176.9 54 2 left side rib fractures 2 I 2 1.2 

77T077 79 M 175.5 73.7 3 left side rib fractures, superficial con- 3 I 3 1.7 
tusion on chest wall, left lung, left dia- 

phragm, pericardium 

77T080 64 M 170.2 40.8 14 left rib and 2 right rib fractures, super- 4 I 16    3.2 
ficial hemorrhage on membrane of aorta 

77T089 66 M 173.5 55.1 7 left ribs and 2 right ribs fractured, small 5 I 17    3.8 
contusion on posterior of aorta, laceration       ¯ 

of vessel connections i!~ heart 

77T092 45 F 176.7 58.3 10 left ribs and 3 right ribs fractured, 
hemorrhage at junction of heart muscle 28 4.! 
and aorta, lungs punctured by ribs 

77T095 77 M 183.2 92.8 7 left ribs and 3 right ribs fractured, super- 18 3.3 
ficial contusion left ventricle, left lung 

laceration                                      ’ 

77T098 71 M 168.2 59 4 left ribs and 9 right ribs fractured, 4 J 24 
hemorrhage on pericardium near aorta, 
3neumothorax and slight laceration in           - 

, right lung 

MECHANICAL DATA DESCRIBING similar accelerometer positions in similar 
THO RACIC KIN EMATICS test conditions 

The mechanical data describing thoracic o Development of discrete parameters from 

kinematics in the end product of a data the individual accelerometer traces 

analysis process which has several steps. The The digitization and filtering have been 
steps are: described previously by Eppinger2. In 
o Digitization of original analog tape record- summary, the analog signals were sampled at 

ings the rate of 1600 per second. This was followed 
* Digital filtering by application of a finite impulse response 
~ Development of response corridors for filter having a pass band frequency to 100 Hzo 
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Plots were then made of the individual 
channels. For comparison of similar channels 40 

in tests having a common input energy level, 
plots such as that shown in Figure 3 have been 
made. This figure shows the results for the left o 

upper rib channel for a series of pendulum 
tests at 9.5 miles/hour. Figure 4 shows a plot ~ -32 
containing the mean of the results shown in ~ 

~ 

"~]] ~ 76T065 
Figure 3 plus or minus 1.0 standard deviation ’~ ~J ~ 77T071 

-56 

from the mean. These data are intended as a -- 77T074 

target for designers of anthropomorphic test 
devices who desire biofidelity and the 25 50    75 loo 

possibility of relating measurements made 
XlME(msec) 

using dummies to the potential for thoracic Left upper ribs -- pend. side tests 

injury. Plots for other channels and the 
remainder of the tests are contained in Figure3. Comparison plot for left upper rib 
Reference 2. The left upper rib channel has channel in pendulum side impact 
been chosen as the demonstration vehicle as tests. 
the information extracted from it consistently 
correlates well with the injury numbers 
described previously. 

40 

A variety of parameters can be derived 
20-            ",. 

from the individual accelerometer traces to E ’ "- 
variables for potential z ~--.____=_~ provide independent 

use in model construction. Among these are 
the "Q-~ype" parameters proposed by 
Eppinger2. They are: ,,,~’ -20 

Q, the maximum value of the first ~ -40 , 
integral of the acceleration trace (a 
velocity-like quantity) -60 , . 

25 50    75 100 

V1050, the time interval between 10°70 and TIME Imsec) 

50070 of Q Left upper ribs -- penal, side tests 

mean, +/- 1.0 std dev 

V1090, the time interval between 10°7o and 
90°/0 of Q                          Figure 4. Mean of left upper rib channel data 

RVS, V1090 divided by V1050 from pendulum side impact tests. 

RQT, Q divided by V1090 which may’ be 
related to average acceleration computer system different from that used in the 

Eppinger study, it was found that some of the 
QQ, the maximum value of the second Q-type parameters (particularly QQ) were 

integral of the acceleration trace (a sensitive to zero bias. The previous work had 
deformation-like quantity) computed a "pre-impact bias" by taking the 

The quantities of Q and QQ are not ve!ocity and average of the first 40 digitized values (25 msec), 

deformation, exactly, as the vector direction of and removing this value from the signal before 

the accelerometer is not known with precision, parameters were computed. It was found that 

During the process verifying that these removing different numerical values of pre- 

parameters could be computed at HSRI using a impact bias (found by averaging over different 
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time intervals, e.g., averaged over 20, 30, 50 For a digitization rate of 1600 samples per 

points) in some cases yielded major differences in second, the 32 values will span a time period 
the values of the parameters computed, even of 20 msec. A schematic of the computation 

though the numerical differences in the bias of the B-parameter is shown in Figure 5. 

removed were relatively small. This was because 

in the computation of parameter values, integra- INJURY-PREDICTIVE MODELS 

tion (summation) had been taken over the entire The steps from medical ratings and 
signal, consisting of 300-500 digitized values, 

mechanical parameters to injury-predictive 
causing small differences in removed bias to pro- 

models include: 
duce large differences in one parameter Q, and 

¯ Study of correlation between the dependent 
even larger differences in a parameter based on 

double integration QQ. Attempts to minimize 
(injury) and independent (mechanical)vari- 

these problems have included: 
ables. 

¯ Review of scatter plots of promising param- 
¯ Development of more reliable automatic 

eters. 
algorithms for defining bias to be removed 

¯ Development of models using simple statis- 
¯ Development of algorithms to "time-win- 

tical procedures. 
dow" the action part of the signal following 

¯ Study of errors of fit of the data 
bias-removal but prior to parameter 

Parameters with the highest correlation with 
computation (in other words, to ignore 

injury levels in side impacts were observed to 
those parts of the signal outside the time be the left and right upper ribs, the two spinal 
window), 

accelerometers oriented to the side, and the 
¯ Development of new parameters with re- 

duced sensitivity to bias and time window. 

One of the new parameters, B, which has 

proven useful, is conceptually similar to Q 20 ms ~ 

with two differences. First, it does not require -- - - - 

the preprocessing step of time windowing, 

and second, it is proportional to the logarithm 

of an integral taken over a specified number 

of points of an acceleration signal rather than 

proportional to such an integral itself: 
-97.23 G 

B = In [maximum (IF1 I, I F2 I)] 

where F1 = net velocity change achieved over 
20 msec of maximum positive 

acceleration 

F2 = net velocity change achieved over 

’~- ~" 

.~1."’4.81 

20 msec of maximum negative 

acceleration 

Specifically, B is computed as follows. Let 

{xi}, where i is a specified number of digitized G 
points, represent the value of the digitized 

signal. If i= 32, then the 32 largest positive 

values of {xi} can be called {x~, x~,..., x~z} _ _ 
and the 32 largest negative values are N N {Xl, XZ, FigureS. Computation of parameter "B" for 
.... X~2}. tWO hypothetical signals. 
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lower sternum. Other than the lower sternum * LSV15, V1050-parameter from lower ster- 

mount, these accelerometers were oriented in num accelerometer 

the direction of impact and behave as should , RURV19, V1090-parameter from right up- 

be expected. The lower sternum mount which per rib accelerometer 

is oriented toward the front of the subject * BLUR, B-parameter from left upper rib. 

exhibits a breathing mode response (large The earliest models which were generated 

positive followed by an equally large negative used high energy as well as tap tests. One 

component). This also correlates rather well version which was fairly successful used step- 

with injury, wise multiple linear regression software to 
Of all the parameters, those obtained from generate the following equation predicting 

the left upper rib are by far the most strongly AIS. Scatter plots for the 

correlated with injury. The spinal accelero- 

meters do nearly as well but were not available AIS = 3.19 + 0.00215 (LURQ) - 43.56 

in the early part of the test program. They are (LSV15) - 68.27 (RURV19) 

not included in the modeling which follows. 
Table 4 is a list of parameters used in a three independent variables are included as 

series of relatively successful models which Figures 6, 7, and 8. The best performer is 

will now be described. The headings are clearly the quantity LURQ. This model has an 

defined as follows: R2 = 0.7782 Models including more terms 

¯ LURQ, Q-parameter from left upper rib ac- can be generated with higher values of R2 but 

celerometer evidence of overfit quickly becomes apparent. 

Even a model using the single LURQ para- 

meter does nearly as well as the three 

Table 4. Parameters used in injury predictive parameter model. Table 5 summarizes the 

models, actual AIS, the predicted AIS (PALS), and the 

error in the prediction. The average error is 

Test No. LURQ LSV15 RURV19 BLUR 0.72 of an AIS number. 

F003 -582.5 ,00312 ,0219 6.80 A scatter plot of the B-parameter for the 

r00O -1863.1 .00250 .0100 8.18 left upper rib versus AIS is given as Figure 9. 
to10 -1116.2 .00250 .0237 7~48 The observation may be made that the 
r011 - 1099.2 .00312 .0250 7.48 

r029 -592.3 .00437 .0794 6.57 parameter derived from the tap tests does not 

r034 -707.5 .00437 .0181 7.02 lie on a line fit to the remainder of the tests. 
r039 - 665.7 .00812 .0156 6.64 This is not surprising in that low energy taps in 
r042 -714.6 .00375 .0!31 7.05 

r062 -321.1 .00250 .0181 6.18 the limit will yield zero injury. In other words, 

r065 - 227.9 .01562 .0198 5.78 

r071 - 287.8 .00500 .0262 5.91 

r074 - 345.8 .00312 .0087 6.32 5 . o ¯ 
r076 - 35.9 .00375 .0625 3.57 

r077 - 359.7 .00312 .0206 6.44 4 ..... 
r079 - 49.5 .00562 .0650 3.41 °~ ° 

rOB0 - 269.4 .00250 .0175 6.32 

r081 - 79.1 .00750 .0650 3.28 

r084 - 54.2 .0i 187 .0575 2,92 

r088 - 44.0 .01125 .0300 3.56 

r089 - 1098.5 .00375 .0t31 7.56 

]-091 - 41.8 .01187 ,0519 2.63 
1 ° o 

r092 - 1040.9 .00250 .0212 7.43 
0 ~ 

r094 - 36.4 .01000 .0537 2.82 ~ ~        t l ,,,~ .... 

T095 - 921.4 .00562 .0150 7.15 
0 400 800    1200 1600 2000 

T097 - 43.7 .00562 .0387 3.01 
LURQ 

T098    - 825.1 .00250 .0198    7.30 Figure 6. Scatter plot. LURQ vs. AIS. 
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Table5. Performance of multiple parameter 

5 .,, AIS model. 
2 

Test No, AIS PAlS ERROR 

4 4 ~" ° 76T003 2.0 2.84 .84 I 322 
76T009 5.0 6.49 1.49 

3 4 oo 
76T010 4.0 3.93 .07 

76T011 4.0 3.74 .26 
2 -1 

~ 76T029 3.0 2.77 .23 

76T034 4.0 3.38 .62 
1 -I ¯ ° 76T039 4.0 3.34 .66 

76T042 4.0 3.74 .26 

0 .I I ¯,’¯ ° ~’¯" ~    ~    ~ I ~ 76T062 5.0 2.55 2.45 

0.O 0.5 1.0 1.5 2.0 2.5 3.0 3.5 76T065 1.0 .87 .13 

LSV15 I X 102) 
77T071 1.0 2.07 1.07 

77T074 2.0 3.20 1,20 

77T076        0.           1.14         1.14 
Figure 7. Scatter plot. LSV15 vs. AIS. 

77T077 3.0 2.47 .53 

77T079 0. 1.08 1.08 

77T080 4.0 2.45 1.55 

5     ° ¯ ¯ 77T081 0. .89 .89 

77T084 0. - .40 .40 

4 *¯°=¯ "’ ¯ 77T088 0. .74 .74 

77T089 5.0 4.49 .51 

77T091 0. - .96 .96 

~ | 77T092 4.0 3.86 .14 

o       o                                    77T094        0.           .35         .35 
2 

77T095 4.0 3.90 .10 

77T097 0. .50 .50 

77T098 4.0 3.57 .43 

2 2 

O 0.01 0.02 0.03 0.04 0.05 0.06 

RURV19 6 

76T062 
5 o 

~../~/ 
Estimated Figure 8. Scatter plot. RURV19 vs.,AIS.              4                  " ¯          fata~ 

~ 

/ 

injury 

B-parameter for the taps (and most other pa- 
~ 3 

Estimatedinjury 

rameters than can be conceived) should group 2 
threshold~__,/ 

along the zero AIS line until some threshold 1 \/. 
of injury is reached. As the threshold region is FAP_Sz2 

entered, both the parameter value and injury o -, --- , ...... 
3 4    5 6 7 8 9 10 

level increase. A limit is again reached when BLUR 
AIS reaches 6. 

A model has been developed using the left 
Figure 9. Scatter plot. BLUR vs. AIS. 

upper rib parameter by itself as a predictor of 

AIS. The taps were deleted as was Test No. structural weakness. The resulting model, 
76T062 which was judged to be an outlying 

AIS = 1.5953 (BLUR) - 7.6094, test point. This is justified as the heart injury 

(see table 3) was judged to be atypical due to is superimposed on the scatter plot, Figure 9, 
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with the regions below AIS = 0 and above 
AIS = 6 deleted. Horizontal lines are shown        6 
for the injury-predictive model in these 
regions. The model thus identifies an impact 

5 
-./ imated 

../. fatal 
region below which injuries are unlikely, and 4 injury 

above which, fatal injuries are highly likely. 
The R2 for this simple model is 0.69 and the 3 

average error for tests with non-zero AIS is /. 0.52. Table 6 summarizes the actual AIS, the 2 

predicted AIS (PAIS), and the error in the Estir~ated 

prediction. 
1 injury / 

threshold2 A scatter plot for BLUR versus the modi- o ~ .... 
fied AIS model described previously is shown 3    ,~    5 6    7 a 9 
in Figure 10. The cluster of results into low BLUR 

and high energy regions is even more pro- 
nounced than in the previous cases. It should 

Figure 10. Scatter plot. BLUR vs. MAIS. 

be noted that Test No. 76T062 is more nearly Table 7 summarizes MAIS, the predicted 
a typical result due to the added weight given value, and the error in the prediction. 
to the number of rib fractures and can now be 
included in the modeling. The simple one GONGLUSION$ AND 
parameter model which results is R ECO M M EN DATI O N S 

Three basic conclusions may be drawn from 
MAIS = 2.01 (BLUR)- 10.771. 

this work: 
The line for this model is superimposed on ® Injury-predictive models for thoracic side 

impact have been developed which relate 
Figure 10o The R2 is 0.71 and the average 
error for tests with non-zero MAIS is 0.57.    Table 7. Predictive capability of B.parameter 

injury-predictive model of modified 
Table6. Predictive capability of B-parameter            AIS. 

~njury-predictive model of AIS. 
Test No.      MAIS       PMAIS     ERROR 

Test No. AIS PAlS ERROR 76T003 1.1 2.9 1.8 

76T003 2 3.2 1.2 76T009 5.5 5.6 0.1 

76T009 5 5.4 0.4 76T010 3.6 4.2 0.6 

76T010 4 4.3 0,3 76T011 3.9 4.2 0.3 

76T011 4 4.3 0.3 76T029 1.8 2.4 0.6 

76T029 3 2.9 0.1 76T034 4.7 3.3 0.6 

76T034 4 3.6 0,4 76T039 2.8 2.5 0.3 

76T039 4 3.0 1.0 76T042 3.2 3.4 0.2 

76T042 4 3.6 0.4 76T062 3.0 1.6 1.4 

76T065 1 1.6 0.6 76T065 0.5 0.8 0.3 

77T071 1 1.8 0.8 77T071 0.5 1.1 0.6 

77T074 2 2.5 0.5 77T074 1.2 1.9 0.7 

77T077 3 2.7 0.3 77T077 1.7 2.1 0,4 

77T080 4 2.5 1.5 77T080 3.2 1.9 1.3 

77T089 5 4.5 0.5 77T089 3.8 4.4 0.6 

77T092 4 4.3 0.3 77T092 4.1 4.1 0.0 

77T095 4 3.8 0,2 77T095 3.3 3.6 0.3 

77T098 4 4.0 0.0 77T098 3.8 3.9 0.1 
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measures of injury such as the AIS rating quantity to additional mechanical factors 
with mechanical quantities derived from such as energy received by the subject, rib 
accelerometers mounted on the thorax, strength, and anthropometry. 
When this instrumentation concept can be 

integrated into a dummy design and when it REFERENCES 

can be shown that dummy and cadaver re- 1. Robbins, D. H., Melvin, J. W., and 
sponse corridors match for the required ac- Stalnaker, R. L., "The Prediction of 
celerometer locations, it may be hypo- Thoracic Impact Injuries," Proc. 20th 
thesized that the dummy can be used as an Stapp Car Crash Conf., Society of Auto- 
injury-predictive test device, motive Engineers, Warrendale, Pa., 1976, 
Technology has been developed for estab- pp. 697-729. 
lishing thoracic injury-predictive models 2. Eppinger, R. H., Augustyn, K., and 
for directions other than lateral impact Robbins, D. H., "Development of a 
when relevant test data are processed in a Promising Universal Thoracic Trauma 
similar manner. The resulting criteria could Prediction Methodology," Proc. 22nd 
be used in establishing performance criteria Stapp Car Crash Conf., Society of Auto- 
for a multi-directional anthropomorphic motive Engineers, Warrendale, Pa., 1978, 

test device, pp. 211-268. 
A proposed threshold level for lateral 3. Melvin, J. W., Robbins, D. H., and Stal- 
thoracic impact injury has been defined in naker, R. L., "Side Impact Response and 
terms of a parameter derived from accelero- Injury," Proc. 6th International Technical 
meters mounted on cadaver thoraxes. Fur- Conference on Experimental Safety Vehi- 
ther work should be conducted to relate this cles, Washington, D.C., Oct. 1976. 

Protection Criteria For Occupants and Pedestrians_ 

HERMANN APPEL, FLORIAN KRAMER, and tical evaluation of real, carefully documented 
JENS HOFMANN accidents. Basis of this correlation is the 
Institute of Automotive Engineering "equivalent accident characteristic." Estab- 
Technical University of Berlin lishment of injury criteria will then make it 

possible to determine dummy protection 
ABSTRACT 

criteria. 
Nowadays various new and sophisticated 

methods are used to validate biomechanical 
INTRODUCTION thresholds which are not known completely 

and exactly. Methods with direct relation to The safety level of road traffic depends on 
the real accident and to the real load initiation different circumstances. An important influ- 
are of special interest, ence is giveri by the safety standards for pas- 

The paper reports on the "method of the senger cars. These standards should guarantee 
equivalent accident characteristics," intro- that injuries do not exceed certain injury 
duced during the 1978 IRCOBI meeting. Cor- criteria under certain impact conditions; to 
relations of dummy load values with injury assure this, dummy loadings have to be lower 

severities in real accidents are established for than the dummy protection criteria in tests. 
different impact types by means of experi- The quality of the standards and thereby 
menta! tests, computer simulation, and statis- the road traffic safety depends--between 
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others--on kind and value of the following This can be achieved by three different 

criteria: methods: 

¯ injury criteria (tolerable injury level) for 
® TRRL1 and Patrick et al2 correlate injuries 

human beings under the various load condi- of real accidents with dummy loadings 
tions found in tests performed under more or less ¯ protection criteria for dummies, corre- 

sponding to the injury criteria under these 
simplified conditions. A test will be 
performed corresponding to a real accident 

load conditions, and the two results will be compared. 
By stating the injury criteria one has to 

("Kooperati sverbundon consider a safety margin as difference be- * KOB Biome- 

tween human tolerance level and human toler- chanik") simulates with cadavers and dum- 

able level, see Figure 1. mies in full scale crashes certain real acci- 

The nowadays research on biomechanics dents. Injuries occurred in the real acci- 

deals with the three aspects mentioned above dents, injuries of the cadavers, and dummy 

whereby--between others--the following loadings are correlated. 

difficulties become evident: ¯ The third method, the "method of the 

¯ difference between special laboratory test 
equivalent accident characteristics’’3 was 

loadings and real accident loadings introduced in 1978 by the Technische Uni- 

¯ difference between dead and living beings versitat Berlin. For certain accident types 

¯ difference between animals and human results of simulations are correlated with 

beings statistically processed injury levels of real 

¯ the limited fidelity of simulation of human accidents on the basis of the "equivalent 

beings by dummies, 
accident characteristic" (EAC), see Figure 2. 

To establish better protection criteria 
Not single combinations (see first two 

nowadays research methods have proved to methods) but continuous correlations of real 

be valuable if the following important points 
are considered: 

° t° include the living human being in the re" 

I_ C°mputer- ] 1 aea’]search 
and crash- accident 

¯ to include the real accident loadings in the simulation .... 

research 

injury loading 

leve~ level 

,=_    Tolerance leve~ 

~ Tolerable injury level 
>’ (injury criteria) Protection criteria / 

le 

L ~" 
Correlation 

~!//. ~;///////////////// 

Figure 2. Dummy protection criteria as a result 
of simulation, real accident, and set 

Figure 1. Tasks of biomechanical research, tolerable injury level. 
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injuries and dummy loadings are established. Computer Simulation 

The advantage of this procedure is the possi- 
Dummy loadings DLk of certain body parts bility to apply statistical methods. 

are separately investigated and described as 
This paper deals with this method; some function of all main influence parameters, i.e. 

exemplary results are given. 
"accident characteristic" ACi, by computer 

M ETHOD OF EQUIVALENT ACCIDENT simulation. 

CHARACTERISTICS 

The herewith introduced "method of DLk = Cik’fik(ACi) 

equivalent accident characteristics" is based 
with on the following elements, see Figure 3: 

* experimental crash tests, generating dummy 
ACj = const, for i :~ j 

loading DLT for special body parts 
* computer simulation, generating dummy 

i = 1,2 . n; n = number of 
loadings DL for special body parts ’ " 

c accident characteristics 
* carefully analyzed real accidents, gene- 

rating injury severities AIS for special body 

parts, k = 1,2... m; m = number of body 

This method has to be applied to each type parts 

of accident separately, e.g.: 
The accident characteristics comprise pa- 

* frontal impact, belted driver 
rameters like velocities, masses, stiffnesses, 

* frontal impact, belted passenger 
design characteristics, deformations, in- 

* side impact, occupant on the struck side 
trusions. 

* pedestrian collisions, adults. 
These parameters have to be ascertainable 

The scatter of the results can be reduced by in real accident analyses and they also have to 
keeping additional parameters constant, e.g. be unrelated between each other. By multiply- 
for the pedestrian accident the three ing the regression curves fik(Aq) the EAC will 
parameters: be found. 

* impact point on the car This EAC is a measure for the accident 

* impact position of the pedestrian severity with reference to injuries on body 
o height of the pedestrian, part k, it also shows the influence of the dif- 

ferent accident characteristics, see Figure 4. 
Simulation Real accident 

~ 
~] Accident EACk = flk (ACI) f2k (AC21 " " " 

q inve’ti  ti°nt 
f 

or simplified 

[ 

Dummy ’ 

Injury[ 

gaG = fl (AC1) f2 (AC2) " " " 

loading 

I 

severity AIS DL ,l ~--~ ~ . For body part k there is a linear correlation 

~ 
between dummy loading DLk and EAC: 

/EacqcUi~ea In:tna !~ 

characteristic ~ DEk = const. ¯ EAC 

~ while for any other body part k + 1 this de- 

pendency does not have to be linear, see 

Figure 3. Equivalent accident characteristic Figure 4: 

EAC--the connection of simulation 
with real accident. DLk ~ ~ = f(EAC) 
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ACi ACt 
- ACn ~ (~I--:~--~-’- ~-_ ~ ~            ~, 20 " 

AC] ACn ACi 

Up~r 

~ 

DL~/ ~4~ /~"~ " limiting curve 

0~~ ~ ~ limiting curve 

EAC = f] (ACt) ¯ f~(AC2)....fn(ACn)~                                          EAC 

Figure 4. Determination of the eq uivalent acci- Figure 5. Description of real accident results by 
dent characteristic (EAC) by use of use of the equivalent accident 

simulation, characteristic (EAC). 

If not one certain body part is dominantly be determined, see Figure 6, and presented 

involved in the injury pattern and can versus EAC, see Figure 5. 

therefore not be used as reference, the intro- The range between upper and lower limit is 

duction of a "Combined Loading Index’’4 given and represents the variety of real traffic 

is recommended. The dummy loadings of the accidents (e.g. age, constitution and size of 

different body parts are in this case generally 
non-linear combined with EAC. 

Experimental Simulation 
~ 3e- 

The experimental simulation is used directly - Probability of AISk at EAC = x 

or indirectly to determine the dependency ~" 

dummy loading DL versus AC or EAC. The _ 

use of the expensive experimental simulation ~ l O-~ I÷ ~ . 
is indirectly of advantage by adjusting the 

~ computer programs and by controlling the a ¯ 
0 1 2 3 4 5 6 

computer results only in few parameter 
AISk 

combinations. 
~’~ 1.0 .... 100% 

~: ~. --l~i~l~ ...... 95% 

Accident investigation 

The accident characteristics ACi and the 
~ o.a 

equivalent accident characteristics EAC, 
found by simulation, will be employed for the 

~ 0.6 
50% 

investigation of real accidents; only well docu- ~ 0.4 
mented accidents, preferably those of in- 
depth studies, are used. 

The presentation of injury severity AISk for 
~ o.~ 

a certain body part k versus different influ- ~ 00 
1 2 3 ~ ~ ~ 

ence parameters ACi is unimportant. Impor- AISk 
tam is the correlation injury severity with 
EAC, found by simulation, see Figure 5. 

For certain EAC-groups mean values as Figure 6. Distribution of injury severity AIS for a 

well as upper (95070) and lower (5070) limits will certain EAC range. 
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victims, design and quality of car elements). This way, for each set AIS value the re- 

The range can be reduced by restricting the lating DL can be easily found. The searched 
parameters for accidenttypes, e.g., by restrict- DL of the dummy protection criteria will 

ing pedestrians to children in car/pedestrian- result by setting up the tolerable injury level 

collisions. (injury criteria) as AIS value. 

Correlation Of Abbreviated Injury Scale 
(AIS) and Dummy Loading (DL) on the APPLICATIONS 

Basis of Eq uivalent Accident The quality of the results of the introduced 

Characteristic (EAC) method depends on the quality of the simula- 

tion as well as the quality and quantity of acci- 
The simulation has revealed DL versus 

dent files. 
EAC, the accident investigation AIS versus 

Hofmann et al3 presented during the 
EAC for a dummy or body part respectively 

IRCOBI Conference 1978 in Lyon prelim- 
or for a combination of parts per case. By 

combining DL and AIS with the same EAC, 
inary results to side impacts, based on cases of 

the searched relation between AIS and DL is 
In-Depth Analysis Programs Hannover/Ber- 
lin. Because of cooperation with the HUK- 

found including the lower and upper limit of 
Verband we were able to include more acci- 

the AIS-range, see Figure 7. 
dent cases in the meantime. During the 23rd 

Stapp Car Crash Conference, October 1979, 

USA, Langwieder will present results to 
frontal collisions with a joint paper of the 

HUK-Verband and the Technische 

ID L / 6 
max / Universitat Berlin.5 The presented results are 

5 based on an improved computer program and 
~1 / I ~ 4 

~~= x) [ 
~ 3 more accident cases. We will illustrate this 

~1 i i 

method by the following two examples. 

- Side Impact 
EAC = x EAC EAC EAC = x EAC EAc 

max max 
Figure 8 shows how to find out the EAC in 

side impacts, related to the maximum chest 

~ acceleration of the occupant sitting on the 

6 ~- .... ,/ struck side of the struck car. Three param- 
/ 
~ 

eters have proved to be the most important 
5 

//.~o?li/,-I~l/~ o 

acci dent characteristics: 

¯ ~,~’~’~/ ¯ impact velocity vB of the striking car 
3 

~,<,~i ~’ /.(~,,~ ° mass ratio t~ of the cars 

21 ~~/,            Q,O~-//’-~’~4’: 
°                         andStiffneSsside structurerati° [ of the involved frontal 

O ’~ / ~ DL The equivalent accident characteristics 
DL (EAC = x) DL 

max (EAC) of side impacts has been found as 
DL : Dummy loading follows: 
EAC: Equivalent accident characteristic 

EAC = v~3 ¯ /z1/6 " [ 

Figure 7. Relation between dummy loading and 
injury severity--evaluated by elimina- Evidently, velocity and stiffness have the 

tion of EAC. most important influence. By graphical pre- 
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~ 1 

1/6 

100 ~max (chest) - vB ~_~ 100 
O~max 

(chest) ~/~ ~.       (Zmax_(chest) ~ ~ 

~ 50 ~ 50 5o ~ 

0 5     10    15 20 0 0.5 1.0 1.5 2.0 0.5 1.0 1,5 2.0 

v8 [m!s] 
# [-] ~ [-] 

~ VA=0 

v~ ~ ~ 

Gmax 
(chest) ~ EAC 

Z 

mB cB 10 1/6 20 30 

~ ~ - EAC=vB -~ ¯ ~ 
mA cA 

Figure 8. Equivalent accident characteristic EAC for perpendicular lateral collisions. 

sentation DL versus EAC only a small scatter- For each AIS-level a certain HIC-value can 

ing range remains, be co-ordinated. By taking AIS = 4 as toler- 
able injury level one will get a value of HIC = 

Frontal Impact 1200 as dummy protection criteria. 

Figures 9 and 10 are related to belted It can easily be recognized that this method 

drivers and belted passengers in frontal colli- can be applied in the same way to other acci- 

sions. Out of the possible accident character- dent types, other body parts, and other set 

istics AC~, i.e. speed variation Av, intrusions, tolerable injury levels to get the corresponding 

and mean deceleration of the car ~, only the protection criteria. 

speed variation !Xv has proved to be a reliable 
DISCUSSION 

influence parameter for investigation of real 
Like with other methods in the field of bio- 

accidents. To include intrusions as well as 
deceleration g is still desirable.6 Figure 9 mechanic research published and discussed 

shows the dummy loading HIC versus zXv 
lately the aim of this research is not to find the 

being progressive; the equivalent accident human tolerance level but to determine the 

characteristic EAC is Av2’ 3. Figure 9 also dummy protection criteria. Therefore, differ- 

shows AIS of head injuries, based on 312 real ent accident types will be simulated and the 

accident cases, versus this EAC. resulting dummy loadings will be compared 

By comparing real accidents with simula- with injuries from real accidents. 

tion tests with the same EAC the searched Our introduced method of "equivalent 

dependency accident characteristic" (EAC) differs from 
other known methods because of the combi- 

AIShead - f(HIC) 
nation of the following features: 

* Main part of the simulation is the computer 
will be found, see Figure 10. simulation. The advantage is the contin- 
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1200 

// 

1200 

/ 

1000 1000 

800                           800         ° ° ./ 600. .~ 600 

400, 400 

200’ / 200 
AV EAC = (/x, V _’12,3 0 .... - .... 0 . - ¯ 1~ k.~, 

20 40 60 80 (km/h) 0 1 2 3 

6 

If .~2.a 
5 

~ 4 
~o/ ccident material of 

m 3 ~/ UK-verbank, 312 cases 

Frontalcarcollision 1 
~ " ,~ . . 

2,3 
0 ~ EAC =( ~V ) ....... 

kAv° 
0 1 2 3 

~ ...... ~ Av 
0 30 40 50 60 70    80 (km/h) 

Figure 9. Dummy loading and injury severity (head) dependent on equivalent accident characteristic 
(driver and front-seat passenger). 

* Determination of "equivalent accident 

6 characteristic" (EAC) as measure for 

s accident severity as connection between 

~ 4 ---_~!1- , 
simulation and real accidents. 

~ ¯ Statistical processing of accident data. 
~ 3 ---~// 

~ ,/ ¯ Presentation of continuous connections of 

112 /     ..~":"-    !...,~o~./ 
injury severity and dummy loading. 

" [ I The introduced method can be applied to 

~ ~ --" t all accident types where computer simulation 
0 400 600 1200 1600 2000 is possible. Results will become more accurate 

HIC by: 

* sophisticated computer models 

Figure 10.Injury severity AIS head dependent on ¯ sophisticated dummies 
dummy loading HIC. * specialized accident types 

* accurate test results 

* taking into consideration numerous real 

uous parameter variation, the disadvantage accidents. 

is that computer simulation can not be 
REFERENCES 

applied to complicated accident types. 

o The experimental simulation serves only for 1. J. Wall, R. W. Lowne, J. Harris. The 
support, verification and control. Determination of Tolerable Loadings for 
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Considerations In Side Impact Dummy Development 

ROLF H. EPPINGER NHTSA has initiated a program to upgrade 

National Highway Traffic Safety the requirements of FMVSS 214. 
Administration The basic strategy is to replace the current 

U.S. Department of Transportation static loading test with a dynamic test. It will 
use an impacting device to simulate a striking 

~NTRODUCTION vehicle and an anthropomorphic test dummy 
to assess the human injury hazard within the 

After 10 years of intensive safety work, struck vehicle. A method of assessment which 
motor vehicle fatalities and injuries remain a determines the most appropriate test 
major national and world problem. Although conditions and levels of protection for those 
the annual fatality totals for the United States conditions also is necessary before the new 
have decreased slightly over the past few rule can be promulgated. The assessment 
years, primarily due to the national 55 mile methodology is needed to demonstrate that 
per hour speed limit, the 1978 fatalities the standard will produce sufficient injury 
exceeded 50,O00 for the first time since 1974. and fatality reductions within realistic limits 
With the introduction of automatic restraints of added vehicular weight, cost, and resource 
into the fleet by virtue of FMVSS 208, the consumption. 
injuries and fatalities associated with frontal 
collisions are expected to decrease as the new 
cars come into use. No equivalent decrease ACCIDENT DATA 
can be expected in deaths and injuries due to 
side collisions, since any beneficial effects of To understand the side impact collision 

the present side protection standard, FMVSS problem, the National Crash Severity Study 

2!4 are already incorporated in the total fleet, file at the National Highway Traffic Safety 

Because the side impact crashes produce a Administration was asked for various 

significant portion of present fatality and tabulations of side impact crash cases. These 

injury totals and it is certain that this tabulations were limited to cases about 

proportion will increase in the future, the occupants of passenger vehicles that were 
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towed from the accident scene, had damage to Table 3. Percent of cases resulting in a fatality. 
either the right of left side of the passenger 
compartment, were struck by the front of Delta-V Age group_ 

another vehicle, and were seated on the struck mph ’6-15 16-30 31-45 146-60 

side of the vehicle. Three compilations were 

made and each was partitioned into sub- 0-12 0 0 0 0 I 2.2 0 

groups by occupant age and struck vehicle 13-24 0 1.6 0 4.0 2.1 15 

25-36 10 10 17.6 60 92 change in velocity (delta-V; a calculated 

parameter). I    36 
100 45 I - 

The first compilation, Table 1, lists the 

number of involvements in each subgroup injuries increases for any age group and 
whether or not an injury occurred. The secondly, in crashes of equal intensity, the in- 

second compilation listed the number of jury rate goes up with advancing age. A 

occupants in each subgroup that received an similar trend is observed in the fatality rates. 

Overall Abbreviated Injury Scale (OAIS) 

rating of three or greater. The third listed the EFFECTIVENESS FORECASTING 
number of fatalities in each subgroup. By 

Utilizing both the injury and fatality rate 
dividing each subgroup of the injury and 

Tables 2 and 3 along with the incidence Table 
fatality totals by its corresponding involve- 

1, predictions of benefits in terms of the re- 
ment total, tables of injury rate and fatality 

duction of the number of injuries and fatali- 
rate were generated. These are presented in 

ties can be made for various possible perform- 
Tables 2 and 3 respectively, 

ance requirements. For example, suppose that 
Figure I illustrates graphically the data in 

the new standard would require that new 
Table 2 and the relationship of injury rate to 

vehicles limit the human injury hazard when 
both occupant age and crash delta-V. Two 

impacted under conditions representative of 
basic characteristics are evident. First, as the 

the 24-36 MPH delta-V category to levels that 
crash intensity increases, the percentage of 

occupants experience in the current 12-24 

MPH delta-V range. Suppose also that the 
vehicular modifications needed to accomplish 

Table 1. Side impact involvement totals. 

Delta-V Age group 

mph 0-15 16-30 31-45 46-60 61-75 76-85 /~\ 

~ 1.0    ~ /kV = 25-36 
0-12116407120111 ,4 23         ,0.9 

\~=36 

13-24 46 315 88 74 7 13 -r 
~- o,8 

25-36 5 68 17 5 3 -- 
~ 0.7 

36 1 11 -- p- 
z 0.6 

~ 0.5 
/ 

~u AV = 13-2 
’> 0.4 Table 2. Percent of cases having OAIS. - 
o 0.3 
> 
z 0.2 

Delta-V Age group 

mph 0-15 16-30 31-45 46-60 61-75 76-85 O 0.1 

Z 
0-15 16-30 3145 46-80 61~75 76.85 

0-!2 1.7 .98 3.3 4.5 20.4 13 

13-24 8.7 12.7 8.1 12.1 31.9 61.5 ~ AGE GROUP 

25-36 40 .17.7 17.6 80 92 

36 100 54 
Figure 1. Injury rate vs age -- AV. 
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this would have no effect on the number of in- formance requirements to specify in a 

juries and fatalities occurring at velocities standard. 

either greater than 36 MPH or less than 25 
MPH. DUMMY DESIGN CONSIDERATIONS 

Table 4 shows the projected injury rates It is a well known phenomenon that when a 
and Table 5 illustrates the projected fatality large number of similar biological specimens 
rates under these assumptions. By multiplying are exposed to an identical mechanical insult, 
these rate tables by the involvement table, a large variation in the resulting trauma is 
Table 1, totals of the expected injuries and observed. Whether this variability is a true 
fatalities are made. For the particular assump- random phenomenon or one that is precipi- 
tions stated above, a reduction of 11.7% in tated by an as yet unidentified factor, is some- 
the number of OAIS injuries three or greater thing that can only be determined by an 
and a reduction of 38.8% in expected fatali- increase in the quantity and quality of the 
ties would result, data. 

These results can be compared to predic- As noted before, the data on the population 
tions of benefits to be derived with a different at risk in side impacts indicate that the injury 
performance requirement. For instance one and fatality rates do go up with an increase in 
where the injury hazard of the 13-24 MPH the chronological age of the occupant. Almost 
delta-V event is reduced to that of a 0-12 all of the biofidelity specifications for dummy 
MPH delta-V event with no other beneficial 
effects occurring at any of the other delta-V 

design are derived from cadaver tests and the 

levels. This would result in a 39.5% reduction 
average age of these specimens tend to be be- 
tween 50 and 60 years of age. It is a matter of 

in injuries and a 31.5% reduction in fatalities. speculation whether a dummy characterizing 
Using these effectiveness forecasts along this age group can be used in a standard which 

with estimates of costs and weight changes applies to a population with a mean age con- 
each of the proposed modifications would re- siderably less than 60. To provide a different 
quire, one could determine the "best" per- perspective, the injury rate Table 2 was trans- 

formed into a tabulation of expected average 
OAIS for each age-delta-V category. This was 

Table 4. Adjusted injury rate. done by assuming that the OAIS is a continu- 
ous function and, for any given age-delta-V 

Age group 

mph I0-~ i6-30 31-45 46-60 61-75 76-85 
category, the variations of injuries about the 

mean OAIS is normal and has a variance of 1, 
0-12 1.7 .98 3.3 4.5 20.4 13       Each mean OAIS was then determined by the 

13-24 8,7 12,7 8,1 12.1 31,9 61,5 following steps: 

25-36 8.7 12.7 8.1 12.1 31.9 -- 

36 100 54 .... Find z(1 - R) for each age-delta-V category 

where: R -- injury rate 
Table 5. Adjusted fatality rate. z -- upper bound of normal distri- 

bution function 
Delta-V Age group 

~ 
’~2"~ 16-30 31-45 46-60 61-75 76-85 Then calculate the mean as: 

0 0 0 0 2.2 0 AIS = 3 - a" z(1 - R) 
0 1.6 0 4.0 2,1 15 

0 1,6 0 4.0 2.1 -- This equation determines what average 
lOO 45 .... OAIS level, under the above assumptions, 
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would have R% of all injuries at or above the would be to provide the injury hazard level of 
OAIS 3 level. Therefore, using the observed the 13-24 mph delta-V crash when the vehicle 
OAIS equal or greater than 3 rate of each age- is impacted under conditions of a 25-35 mph 
delta-V category, each mean OAIS level can delta-V crash. This could be done, using 
be calculated. Obviously, if another value for Figure 1 as a reference, by specifying either a 
the variance were assumed the results would 2.5 mean OAIS on a 60-75 year old dummy or 
be different in a quantitative sense but they a 1.6 mean OAIS on a 30-45 year old dummy. 
would not change in a qualitative sense. 

Figure 2 is a graphic representation of the IMPLEMENTATION REQUIREMENTS 
results. Again, as with the injury rates, the The trend of increasing morbidity and mor- 
average OAIS has a strong positive correla- tality with age and intensity of insult has been 
tion with both age and crash intensity. Since observed by many trauma researchers. The 
there is no way to control age of the occupant basic conclusions with respect to the utiliza- 
population, control of the crash environment tion of a dummy of a particular "age" should 
is the only viable approach to increasing remain true even if the specific injury and 
safety. Any net benefit will not be equal fatality rates change with additional data. The 
throughout the population, but will be the primary effect of error in the data would be to 
sum of the incremental benefits to each age reduce the accuracy of the various effective- 
group, ness forecasts and possibly lead to a perform- 

The calculation of the delta-V parameter ance specification that would not be the best 
does not use occupant age as an independent possible results. Given that the data is the best 
variable. As a result, the average intensity of available, an optimal test condition and 
the crashes within a particular delta-V classifi- allowable injury hazard limit can be deter- 
cation should be the same for any age group, mined. It should be emphasized that at this 
This fact allows the desired injury hazard level point, both the chosen test condition and the 
to be determined by a dummy representative level of protection are specified by the delta-V 
of any age group. The only difference would parameter of unmodified vehicles. The fact 
be that the absolute value of the specified in- that a strong relationship exists between the 
jury level would be different for each age calculated delta-V parameter and the resulting 
group. For example: Suppose the benefit injury of the occupant implies that delta-V is a 
analysis determined the "best" strategy good classifier of the crash environment. It 

does not necessarily imply that delta-V is the 
actual causal factor. Other concommitant 

...... vehicular responses, such as door intrusion 

~ velocity or maximum compartment intrusion, 
¯ -°’ 4. &J ~V = 25-36 may be the actual causal factor in producing 
~ / /kV = 13-24 the injuries. 
65 3- 

/ 

Therefore, to eliminate the possibility of 
’* o omitting any true causal factor, a series of 
~:~ 2 - --A representative events of each delta-V category 
r~ 
as Z~V=O-12 should be physically duplicated with actual 
< 1 - vehicles, at velocities and crash situations pro- 

ducing the same delta-V estimates, and with 
~’ ’ ’ - ~ the appropriately instrumented dummy in the 0-!5 16-30 3145 46-60 61-75 76-85 

struck vehicle. This will provide a quantifica- 
AGE GROUP tion of the present side impact environment. 

The dummy used in this process and in the 
Figure 2. Average AIS vs age zXV. eventual implementation and enforcemem of 
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the safety standard must possess human pad which strokes at a rate of 464 pounds per 

mechanical response fidelity in conditions inch would limit the thoracic compression of 

ranging from impacts with rigid walls to soft the dummy to 1.59 inches and the human in- 

compliant materials. If this were not required, jury to an apparent AIS level of 2. However, 

a safety system could demonstrate significant when the actual human model is exposed to 

attenuation of dummy responses without pro- ~he 20 mph crash with the padding designed 

riding any benefit to living humans in terms for the dummy interposed between it and the 

of real reduction of injuries, rigid wall, the human model experiences a 

The process by which a nonhuman like thoracic compression of 4.78 inches. A com- 

dummy contributes to safety systems that pression that is equivalent to an AIS 3 and not 

have an apparent, but no real, inj ury benefit the desired AIS 2. Changing the padding crush 

is illustrated by the following example: As- characteristics from linear-elastic to plastic, 

sume that the human thorax can be repre- and designing to the same requirements would 

sented by a 45 pound mass and a linear spring result in a greater divergence between the 

having a stiffness of 350 pounds per inch. desired AIS 2 injury level and the true average 

Assume also that the dummy device is con- human injury. 

figured equivalently to the human system 
except that its thoracic stiffness is 1400 in- SUMMARY AND CONCLUSIONS 

stead of 350 pounds per inch. Table 6 lists the Side impacts are a significant portion of the 
calculated deflections each system would ex- U.S. traffic safety problem. The information 
perience in an impact with a rigid wall at three now available indicates that the injury suscep- 
different velocities. The last column in the tibility of occupants involved in these crashes 
table is an assumed average AIS level that increases with the level of crash intensity and 
humans would experience in such crashes, occupant age. Attenuation of the intensity of 

If a safety standard were promulgated re- the crash environment experienced by the 
quiring the injury hazard level in the 20 mph occupant appears to be the most feasible way 
crash to be equivalent to the present injury to reduce injuries and fatalities. This will not 
level at 10 mph, i.e., an AIS 2, and the stiff provide uniform level of protection for all 
dummy was the device that motivated the occupants, but does permit a level of protec- 
design, a design consisting of a 4.8 inch thick tion that gives the entire population at risk the 

greatest benefit within reasonable economic 

Table 6. and technical means. 
By initially using the level of crash intensity 

Velocity Thoracic deflection Assumed as the measure of desired performance and 

of impact, inches average injury, subsequently transferring that desired per- 

mph Dummy Human AIS formance to an equivalent set of measure- 
ments on a human-like dummy allows utiliza- 

!o 1.59 3.19 2 tion of a dummy system that is representative 
15 2.39 4.78 3 of any portion of the population at risk and 
20 3.19 6.38 4 not a particular portion of the population. 
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Development of the N HTSA Advanced Dummy for the 
Occupant Protection Standard Upgrade 

STANLEY BACKAITIS The upgraded occupant protection stand- 
MARK HAFFNER ard is intended to improve occupant protec- 
National Highway Traffic Safety tion levels provided by motor vehicles. Cur- 

Administration rently approximately 35,000 motor vehicle 
U.S. Department of Transportation 

occupants are killed on US highways each 
year. 

INTRODUCTION Present U.S. fatality rates, although low 

when compared to the rates of other indus- Highway accident fatalities are beginning to 
trial countries, (table 1) in absolute numbers rise again from current unacceptably high 
rival the death counts caused by epidemics of levels.1 This has motivated the NHTSA to re- 

examine the safety program to determine major proportions. The death rate in the 

United States is not expected to change whether more effective occupant protection 
measures can be provided in motor vehicles, considerably until FMVSS 208 becomes fully 

effective. Even after full implementation of This reexamination has resulted in the issu- 
ance of a Five Year Plan.2 The Plan states FMVSS 208, there will still be about 26,000 

vehicle fatalities annually. This is a con- that "The concept upon which long term 
occupant protection upgrading is based is the servative estimate. It assumes that many 

factors currently responsible for fatality integration of a major portion of the existing 
increases will remain constant. In reality, the crashworthiness standards into a set of 
fatality scenario over the long range may comprehensive performance standards, along 
become worse due to: with an upgrade in performance levels. These 

standards will deal with four major crash * changes in vehicle mix (higher truck to pas- 

modes--frontal, side, rear, and rollover-and senger car ratio). 

with the agressiveness of vehicles impacting * smaller passenger cars, 

other vehicles. These new comprehensive ~ increasing numbers of vehicles, 
standards would also be developed in terms of ,* increasing density of traffic, 
injury levels that would occur in these crash * increasing miles driven. 

modes. This requires the development of an 
advanced test dummy, an activity which is 
being given high priority." Table 1. Comparative traffic fatality rates for 

This paper addresses the development plan selected countries in 1976.* 
for such an advanced dummy. While 
NHTSA’s approach to the advanced dummy Estimated 

Deaths/ design will be presented, interested parties Country Fatalities Travel 

should be aware that the door is open to par- (kin x 108) 
kmxl08 

ficipation and cooperation towards the devel- 
Federal ReD. of opment of an internationally acceptable 

dummy concept. A formal announcement in Germany 14,820 2,904 5.10 

Italy 8,921 2,144 4.t6 the form of an Advanced Notice of Proposed 
Netherlands 2,432 652 3.73 Rulemaking (ANPRM) is expected to be United Kingdom 6,570 2,514 2.60 

issued by early 1980, which will provide con- United States 45,422 22,677 2.000 
siderable detail relative to the development 
steps, time schedules, and the management of "Economic Oommission for Europe 

Statistics of Road Traffic Accidents. E;F/R 78.11.E.24 the program. 
Vol. 24. United Nations, New York. 1978 
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Of the five major elements identified in the it is necessary to respond to the questions of 

Occupant Protection Upgrade Standard, the 1. What needs to be done? 2. In what 

develop ment of a biomechanical data base sequence is the work to be performed?, and 3. 

and its subsequent incorporation into an ad- By when it is to be completed? The following 

vanced dummy design were assigned a very is an overview of NHTSA intended course of 

high priority. Although the current regulation action. 

dummy can be used for evaluation of occu- There is a general consensus that advanced 

pant injury countermeasures, the require- dummies should be more humanlike in their 

ments for the future should include more real- 
mechanical characteristics3 than currently 

istic simulation of the human response in the 
regulated dummies, and that the new devices 

global sense, and the capability to predict should be considered on an international basis 

occupant injury. The advanced dummy 
(see references 4 and 5). The thrust of the pro- 

should reflect a significant technological im- gram, as outlined in the Five Year Plan, is to 

provement over the current regulation 
design a test dummy with the capability to 

dummy, which is based on the biomechanical 
relate instrumented dummy responses to 

data base and the technology levels of late human injury in a laboratory test environ- 

1960’s. Since that time, significant new bio- ment which is relevant to real world crashes. 

mechanical data has been generated through 
Since most crashes are of oblique orientation, 

focalized research especially with fresh unem- they will also cause the crash victim to experi- 

balmed cadavers. Much needed in-depth acci- 
ence force vectors which are oblique to his 

dent data was generated and is now available 
principal anatomical axis. Accordingly, the 

to provide greater insight into the causes and dummy should reflect a total impact response 

mechanisms of injury. Data is now available 
capability when restraints are used and with 

that describes with a high degree of accuracy all vehicle elements, and should load them in 

the anthropometric profile and the physical the same manner and time frame as its human 

characteristics of the accident victim, his in- 
counterpart. This approach should help to 

juries and their severities, the vehicle elements minimize the number of dummies needed for 

responsible for these injuries, impact direc- complete testing, but poses difficult design 

tions and their frequencies. In many cases, the constraints. 

differential impact velocity that the occupant The desire to duplicate the human form in 

was exposed to may now be determined 
the finest detail must be balanced by the need 

through automated data processing tech- to meet overall objectives such as practicality 

niques. Through extensive use of dummies in of design, ease of application, timeliness, 

research and compliance programs, advan- 
ability to produce useful data, fidelity to 

rages and shortcomings with their use can be human kinematics, economics, and legal con- 

identified. Through the use of analytical siderations. These various factors must be 

methods and correlation with biomechani- given full consideration in the development of 

cally based measurements, desirable dummy the dummy. Pragmatism must be employed at 

improvements are being established, and every stage of development, with the thought 

revised concepts are formulated for better that the dummy is not an end in itself, rather 

mechanical representation of the biological that it is only a means to evaluate occupant 

system. During the last decade, a number of safety. 

new materials have emerged which offer the Five major input groups must be con- 

promise of significant improvements to repre- sidered when launching a successful dummy 

sent the human structure and to predict in- development effort: 

jury. ~, Accident data 

With the decision made that a new , Biomechanicaldata 

dummy(ies) is needed for future safety work, * Dummy design characteristics 
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¯ Application and use considerations Table 2. Percent fatality distribution by body 
o Legal requirements: regions as a function of equal AIS 

level injury count.* 
MAJOR ELEMENTS OF THE PROGRAM __ 

Single      Two      Three 
Body Regions 

Review of Field Accident Data Count Counts Counts 

Field accident data is the most important Head/Face 43.9 37.8 36.4 
input needed to define the safety problem, its Thorax 26.7 28.9 29.1 
nature and extent. Data availability permits Neck 18.0 16.4 15.7 
identification and quantification of the crash Abdomen 10.2 15.8 17.6 
environment, crash severity, vehicle, occu- Extremities 1.2 1.1 1.2 
pant and occupant injury parameters. One .Ncss Data File April, 1979 
major data bank, current being generated, 
which will be extensively used in this program, jury by single injury count, its relative imporL 
is the National Crash Severity Study (NCSS). tance decreases significantly when multiple in- 

....... This information set is already providing sig- jury count method is employed. Abdominal 
nificant insights into the various parameters fatalities by multiple injury count method 
that control the outcome of occupant injury, become significantly more important, ranking 

The accident data analysis is expected to behind thorax but ahead of neck injuries. Ab- 
yield at least the following statistical informa- dominal injuries emerge clearly as the second 
tion as input to the design of the dummy: highest injury group when severe and above 

........ ¯ Age, sex, anthropometry and mass distribu- non-fatal injuries are included in the multiple 
tion of vehicle occupants injury count (table 3). On the basis of such 

¯ Principal directions of impact evidence a technique to evaluate neck and ab- 
¯ Differential impact velocities dominal injuries would justify priority atten- 
¯ Distribution of injury severities tion. 
¯ Distribution of body areas injured While it is beyond the scope of this paper to 
¯ Principal vehicle areas producing occupant discuss all of the potential uses of the accident 

injury data, it is pointed out that the NCSS and the 
¯ Identification of body areas needing prime NASS* data banks are expected to play ma- 

attention for development joT roles in shaping design decisions, setting 
Study of the above data, and perhaps some 

additional parameters, will yield a very good Table 3. Percent injury distribution (AIS->4) by 
picture of the deficiencies of current dummies body regions as a function of equal 
and identify new areas requiring further AIS level injury count.* 
development. The analyzed data is expected 
also to establish the basis for further biome- Single Two Three 
chanical research and help to set the limits for Body Regions 

Count Counts Counts 
dynamic exposures, An example of how acci- " .... ----’----" ~ 
dent data may affect the course of dummy Head/Face 36.1 33.5 32.7 
development may be seen from the study of Thorax 19.5 20.6 21.1 

Neck 11.7 10.9 10.5 relative importance of injured body areas with 
Abdomen 20.7 24.2 24.9 respect to the first highest AIS injury count 
Extremities 12.0 10.9 10.8 on the body vs. two and/or three injury .... 

counts of equal intensity. Table 2 shows that .Ncss Data ~,o APT,, 1979 
while on an absolute basis the head-face 
group is exposed to the highest risk of fatal in- *NASS--National Accident Sampling System. 
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of priorities and extent of biomechanical current and planned activity within the bio- 

research, as well as determining the bound- mechanics research program: .... 

aries for dummy exposures. 
Head 

Biomechanics Research in Support of NHTSA sponsored studies are being pur- 

Dummy Development sued on four fronts: human volunteer 
research, cadaver-based research, animal 

In anticipation of the requirements of the research, and mathematical modeling. Cur- 
advanced dummy development program, the rent and planned projects are shown in 
NHTSA Biomechanics Branch has conducted Table 4. 
an extensive program of applied research 
directed toward definition of human kine- Neck 

rnatic and impact response, elucidation of Both cadaver and human volunteer data are 

mechanisms of injury, and synthesis of injury being generated and utilized. Studies are 

criteria. Major emphasis in the program has directed at defining kinematic response, in- 

been placed upon the areas of the head, neck, jury modes, and injury criteria for frontal, 

thorax, pelvis, lower extremities, shoulder, lateral, and oblique configurations. Current 

and spina! column. Following is a summary of and planned projects are shown in Table 5. 

Table 4. Current and planned projects in head injury. 

Microminiature AccelerometedTrans- E* Determination of concussive threshold 

mitter Development and Application in man v~a direct measurement of head 

(Boxer Program) linear and angular accelerations during 
boxing matches; synthesis of concus- 
sion criterion. 

Head Injury Study Via CAT Scan Tech- E Serial study of head injury patients doc- 

niques umenting the relationship between ini- 
tial physical trauma (as observable by 
CAT scan) and clinical outcome. 

Head Model Development and Valida- E Development of finite element model of 

tion skullbrain system for prediction of 
closed head injury. Validation of model 
using cadaver subjects. 

Head Impact Studies P Exercise of above finite element model 
for guidance in synthesis of head injury 
criterion for inertial loading. 

Head Injury Data Analysis P Development of uniform data gathering 
procedures for use by head injury inves- 
tigators. 

Head Injury Study Utilizing Upper Pri- E Correlation of neurological deficit and 

mates observed trauma with known mechani- 
cal input. 

* E--Existing 
P--Planned 
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Table 5. Current and planned NHTSA neck injury and kinematic studies. 

Kinematic and Kinetic Characterization E* Experimental studies using human vol- 
of the Human Neck unteers; determination of response of 

the human neck to inertia~ loading in 
frontal, lateral and oblique configura- 
tions. 

Neck Injury Study/Injury Criteria Devel- P* Determination of injury criteria for iner- 
opment tial loading of the human neck via 

mathematical modeling and experi- 
mental techniques. 

Rear Impact Protection Studies E Experimental study documenting ca- 
daver head.neck extension kinematics 
and injury. 

*E--Existing 
P--Planned 

Thorax ings to the hip, femur, and tibia-fibula in typi- 

cal restraint systems, for both frontal and An extensive series of experiments using ca- 

davers, application of regression techniques lateral exposures. This is specifically a vehicle 

to the synthesis of an injury criterion, and occupant study; additional work is in progress 

in support of pedestrian protection measures. modeling techniques are being pursued. Table 
6 shows current and planned projects in this See Table 7 for a project description. 

area. 
Shoulder/Spine 

Pelvis and Lower Extremities 
Although the shoulder complex and tho- 

racic and lumbar spine are not regions of high 
The emphasis is upon experimental studies injury incidence, they are significant as deter- 

using cadavers to determine allowable load- minants of the motions of body areas which 

Table 6. Current and planned NHTSA studies in thorax injury and kinematics. 

Quantification of Thoracic Response E* Conduct of experimental studies in 
and Injury frontal, lateral, and oblique configura- 

tions using cadavers; detai~ed docu- 
mentation of accelerations on thoracic 
cage and resulting injuries. 

Multivariate Modeling and Analysis of E Development of an international data 
Thoracic Injury Data bank for storage of thoracic impact 

data; analysis of data and synthesis of 
thoracic injury criterion. 

Development and Application of Tho- E Development of finite element and 
racic Models lumped mass models for direct applica- 

tion to the design of the dummy thorax. 

* E--Existing 
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Table 7. Current and planned NHTSA projects on pelvis, shoulder and spine injury and 
kinematics. 

Quantification of Response and Injury E* Experimental study using dummy and 

of the Pelvis and Lower Extremities cadaver subjects in frontal and lateral 
configurations; development of im- 
proved injury criteria for the femur, 
pelvis, and tibia. 

Kinesiology of the Human Shoulder and E Experimental studies using cadavers 

Spine and human subjects directed at defini- 
tion of frontal, lateral, and oblique kine- 
matic response; development of prelim- 
inary shoulder and spine hardware. 

*E--Existing Projects 

are often injured. Knowledge of the perform- statistics (with adjustments to accommodate 

ance of the shoulder complex is important in known long term trends in these measure- 

both frontal and lateral environments. Thus, ments) must be translated into engineering 

interactions of the shoulder complex with specifications suitable for dummy design. 

both torso belts and interior door structures Detailed definition of skeletal geometry, mass 

are being studied. The kinematic behavior of distribution, joint mobility, and surface 

the spine in frontal, lateral, and oblique con- geometry will be required. In conjunction 

figurations is also being investigated, utilizing with the above effort, determination of real- 

human volunteers and cadavers. The goal of istic vehicle occupant seated posture will also 

this effort is the design of a mechanical sur- be required. Data must be gathered on the 

rogate spine that, with minimum complexity, orientation of the pelvis, lower extremities, 

will maintain proper geometric and dynamic spinal column, shoulders, and head in typical 

relationships between major body segments, production seating. 

Table 7 contains a project description. The accomplishment of this work will be a 
challenging task; as documented by Robbins 

Abdomen and Reynolds,6 many gaps exist in the body of 

Although the organs of the abdomen are information necessary to accomplish these 

represented in significant numbers in accident tasks in a rigorous manner. 

injury statistics, tolerance data is not well Table 8 includes current and planned proj- 

developed. Complicating the issue are the ects in this area. 

large number of organs affected (liver, kid- 
neys, spleen, intestines, pancreas, and urinary 
bladder) and their enclosure by a relatively 

Dummy Design Characteristics 

soft, distendable structure. Although the The synthesis of dummy design will be a 

NHTSA is not presently sponsoring abdomi- complex process in which the various (and 
nal research, developments elsewhere will be often conflicting) requirements upon the 

closely monitored and will be incorporated device will best be accommodated. 

into the development program. The fundamental requirements are seen to 
be: 

Anthropometry and Vehicle SeatingPosture ¯ Biofidelity -- Replication of essential fea- 

Following definition of the dummy family, tures of human anthropometry, kinematic 

the existing body of human anthropometric response, and impact response; incorpora. 
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Table 8. Current and planned NHTSA projects in anthropometry. 

Anthropometric Definition of Advanced I p, Definition of optimum dummy family; 
Dummy Family specification of dummy component 

mass distribution, size, and surface 
geometry; specification of joint loca- 
tions and joint mobilities. 

Study of Vehicle Seated Posture of P Definition of pelvic attitude, spinal ori- 
Adult Males and Females entation, shoulder configuration, eye 

ellipse location, and orientation of 
lower extremities in production vehicle 
seating. 

Mass Distribution of Adult Males and E* Computation of body mass distribution 
Females via photographic techniques and known 

density data. 

*P--Planned 
*E--Existing 

tion of multidirectional data bases existing ® Photographic targets and anatomical land- 
for the head, neck, and thorax, marks can be fixed to the dummy skeletal 

* Usability    Repeatable and reproducible structure. 
performance; durability (non-frangible * Apparel can be standardized. 
design); ease of setup, qualification testing, 

* Internal noise transmission can be mini- 
and maintenance, 

mized by design. 
* Elegance of Design Essential simplicity 

of design concepts, consistent with biofidel- 
* Segmentation can be specified to coincide 

with normal articulation and disassembly ity demands; absence of unnecessary an- 
surfaces. thropomorphic detail and excessive com- 

plexity of construction. * Temperature sensitivity and aging charac- 

® Reasonable Costs of purchase, mainte- teristics of viscoelastic components can be 

addressed. nance, calibration, and use. 
* Turn-around time can be minimized by care The development of an essentially new 

dummy offers the opportunity to address in the choice of viscoelastic materials. 

many specific design related items in the at- * Gaging marks/holes etc. can be incorpo- 

tempt to meet the above general require- rated where possible to assist dummy hand- 

ments: ling and to interface with setup fixtures. 

* Dummy instrumentation can be closely spe- * In anticipation of international use, the 

cified in terms of accuracy, environmental metric unit system could be considered for 

sensitivity, and physical characteristics, use in documenting the dummy. 

Standard data processing techniques can Although the details of design approaches 
also be specified, to the various dummy components are not 

e Provision for qualification tests can be inte- fully defined, preliminary concepts have been 
grated into dummy design. Component test developed. Table 9 provides this information 
fixtures can be developed in parallel with categorized by body region. Provision for 
the dummy, and standard fixtures can be jury assessment by general mechanism of 
specified. Required frequency of requalifi- jury is also indicated, in addition to possible 
cation tests can be minimized, instrumentation approaches. 
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Table 9. Preliminary scope of design by body region, advanced dummy development program, 

I ovision for Instrumentation 

Body 
Design Approacnes lUry - 

Region ~sessment Option 1 Option 2 

Head Option I Metallic I~ead form revised to A* 

incorporate both frontal and B X SAE J202 technique 

lateral impact response data, (chamois) 

improved skin quality control. C XXX Triaxial linear Triaxiat linear 

accelerometers and angular 

accelerometers 

Option 2 One piece elastomeric head D -- 

with integral skin; realistic 

surface deformation and Face mask (e.g., Pressure sensitive 

mechanical impedance char- E X Ford/Germany) coating 

acteristics 

Neck Option 1 Multi-segment neck to incor- A 

porate flexion, extension, and B 

lateral flexion kinematic data C XX Axial force, shear, Triaxial linear and 

and/or moment angular acceler- 

ometers in head 

and at T1 

Option 2 New neck design derived from 

synthesized equivalent linkage 

analysis D -- 

Option 3 New monolithic design E -- 

Shoulded Option I Laterally compliant shoulder 

Arms with revised arms for realistic None pro- 

padding engagement; realistic jected 

engagement of shoulder belt. 

Option 2 More anatomical shoulder with 

~umanlike degree of freedom; 

flexibie humerus. 

Thorax Option 1 incorporate existing frontal A -- 

and lateral impact response B -- 

data into metal-ribbed C XXX Multiple accelerom- 

thoracic cage; optimize mass eters at rib 

distribution, stiffness, damp- locations 

ing. D X Displacement gage(s) 

E -- 

Option2 Explore alternate materials 

and design concepts 

Abdomen Currently undefined; eliminate current A -- 

sources of non-repeatability. 8 -- 

C -- 

D X/XX Intrusion monitor/ Belt submarining 

pressure transducer sensor 

E 

*~.ey follows at end of table. 
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Table 9. (Cont.) 

Provision for              Instrumentation 
Body 

Design Approaches Injury 
Region 

Assessment Option 1 Option 2 

Pelvis Incorporate new pelvic bone with revised A -- 
pelvic orientation; revise lumbar spine B -- 
interface; improve realism of flesh over C XXX Accelerometer (s) ’ 

lilac crests and hips; investigate alter- D -- 
nate materials for pelvic structure. E -- 

Lower Improve mass distribution; improve knee A -- 
Extrerm external geometry and compliance for B -- 
ities realistic engagement of padded sur- C -- 

faces;improvekneejointdesign;improve D,E XXX Femur-axial load Femur-load cell 
coupling of flesh and skeletal structure; and moment 
match available mechanical impedance transducer 
data for inputs at knee. X/XX Tibia-bending Tibia-bending 

moment moment and 

shear at knee 

Lumbar Option1 Incorporate new kinematic A -- 
Spine data into monolithic or Sierra B -- 

"S" type spine; incorporate C -- 
new seating position data. 

Option 2 Develop "lumbar element" D X Axial load cell 
which incorporates resistive E -- 
torques now generated by a 

abdominal sac. 

Flesh Improve specificationson component by A,B X Pressure sensitive Masks 
component basis; eliminate locations of coatings 
skin interference; improve coupling of C -- 
flesh to skeletal structure; improve D -- 
temperature and aging characteristics; E -- 
modify color for photographic compati. 

bility. 

Joints Simplify joint design; eliminate require- No direct measurement (see pelvis and 

ment for frequent adjustment; lncorp~ lower extremities) 
rate progressive joint stops. 

Key 

Injury Type Code Current Probability of Adoption 
A. Penetration XXX very likely 
B, Laceration XX likely 
C. Acceleration (inertial loading) X possible 
D. Compression (diffused contact pressure) -- not likely 
E. Concentrated Force 
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Definition of the Dummy and the Scope biomechanical research are conducted primar- 

of its Application ily to support the issuance of safety regula- 

The present concept of the dummy and its 
tions as prescribed by the Safety Act. The 
work is not performed as an end in itself, 

application is outlined below; it is expected rather it is conducted to measure the quality 
that refinement of program goals will take levels of occupant protection systems that 
place following accident data analysis, vehicles possess. By themselves, neither the 
¯ A dummy or family of dummies will be improved dummy nor a better defined injury 

developed which is statistically representa- criteria will produce additional occupant 
tive of the adult population at risk; i.e., the safety. Safety must be built into vehicles first, 
poptJation of injured vehicle occupants, and only then it can be evaluated with the 
Tec~ ~iques for the optimum choice of size available test tools. The more sensitive the 
and sex of family members will be explored, measuring tool, the more precisely it can 
Although preliminary consensus appears to evaluate what it measures. It must, however, 
have emerged from recent SAE7 and ISO8 be suitable for the intended purpose. This is 
deliberations in favor of an adult dummy defined by the rules and regulations of the 
family consisting of a "small" female, a country that prescribes its use. 
"mean" male, and a "large" male, further In the United States the NHTSA is charged 
analysis is considered necessary to provide a with the responsibility to define the test tools 
rigorous definition of the optimum dummy and the test methodology that will be used in 
or dummy family. For the near term, the demonstration of motor vehicle compli- 
resources will be concentrated upon the ance to the applicable regulations. The proce- 
design, construction, and evaluation of one dures must meet the needs of safety and must 
family member, although anthropometry be expressed in objective terms. Defined by 
will be developed for all family members courts,1° objective means that tests to deter- 
early in the program, mine compliance must be capable of produc- 

o The dummy will be a vehicle seated occu- ing identical results when conditions are ex- 
pant dummy, and is not expected to be actly duplicated, that they be decisively 
wholly adaptable to pedestrian studies, demonstrated by performing rational test pro- 

¯ The dummy will assess the protective poten- cedure, and that compliance is based upon the 
tial of current and projected occupant readings obtainedfrommeasuringinstruments 
restraint systems, including seatbeltandair as opposed to the subjective opinions of 
bag systems, knee bolsters, interior door human beings. To meet these conditions, the 
structures (including padding and force lim- agency’s specified test device must be fully 
iting materials), and glazing. The dummy defined, capable of repeatable performance 
wilt be multidirectional in concept and usa- under identical test conditions, and the test 
ble in a variety of collision environments, results must be based on instrument measured 

¯ To the extent feasible and in body areas as responses. While the court did not take a posi- 
justified by accident data analysis, the tion on the dummy as a predictor of human 
dummy will assess injury hazard due to response, the NHTSA intends to design the 
penetration, laceration, acceleration, com- dummy to meet the safety needs as defined by 
pression, and concentrated force the Safety Act, that is, to develop dummy 
(categories adopted from refs. 8 and 9) as responses which will be reasonably relatable 
noted in Table 9. to human injury. Ideally it would be desirable 

to have the dummies respond exactly like 
Legal Considerations human beings. Realistically it would be naive 

It should always be kept in perspective that to suggest that a dummy could be developed 

the development of the dummy andassociated with as many degrees of freedom as the 
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human has, or even if such a tool was ever major program elements is included as 
developed, that it would be possible to employ Figure 1. 
it successfully for safety test purposes and to Through the issuance of an ANPRM the 
meet the requirements for repeatability. The NHTSA will introduce on a formal basis an 
history of dummy development indicates that initial planning network and schedule for this 
degrees of freedom and test repeatability are program. When issued, it will address in some 
inversely proportional to each other. The detail all of the steps which NHTSA will 
need is to develop a dummy with as few undertake to develop the dummy and index 
degrees of freedom as possible to maximize them to anticipated accomplishments in time. 
repeatability of impact response, but with a Its issuance will initiate formally an interna- 
sufficient number of degrees of freedom to be tional cooperative effort with all interested 
able to replicate the kinematic impact parties having the opportunity to participate 
response of real world occupants, in the shaping of a contribution to the ad- 

vanced dummy design program. 

IMPLEMENTATION For purposes of soliciting comments from 
The dummy development program is framed interested parties into the formulation of the 

to meet overall rulemaking needs of the Occu- development plan, the ANPRM is expected to 
pant Protection Upgrade Standard as an- address at least the following major points: 
nounced in the Five Year Plan. The major 

* Planning network, through NPRM, 
milestones in the program call for issuance of 

* Scheduled milestones and defined detailed 
an ANPRM by early 1980, a NPRM in the fall 

accomplishments, 
of 1983, and final issuance of the Rule by 

* Biomechanical research needs, early 1985. The Plan calls for the development 
* Accident data needs, 

of an useable advanced dummy to meet spe- 
* Sizes of dummies needed (research, com- 

cific U.S. needs. However, recent trends 
towards world car concepts, and technical 

pliance), 
¯ Anthropometric data needs, 

organizations urging test and equipment o Expected body areas and type of injury to 
standardization on an international basis, 

be monitored, make it desirable to initiate this process at the 

very beginning of the development of a major 
o Expected exposure intensity and impact 

directions, 
program. While NHTSA must forge ahead to 

* Expected types of measurements, 
fullfill its obligation as required by the Safety 

* Complexity of dummies, 
Act, it is also willing to cooperate and accom- 

modate within the existing schedule the devel- 
* Dummy development steps, 

o Prototype procurement and quantity opment of universally acceptable tools such as 
needed, dummies. This paper assumes that a common 

dummy is a mutual goal, and that there is in- 
* Engineering design and data package, 

ternational interest in a participatory formu- 
¯ System evaluation and testing, 
° Durability and repeatability, 

lation of dummy design and performance 
° Cooperative research and hardware devel- 

criteria. Cooperative and participatory devel- 

opment would occur through sharing of com- opments, 
° Cooperative test programs, 

plementary and supporting test data at ° Proposals by outside activities, 
selected milestones; through summary state- 

* Coordination and processing of decisions at 
ments, discussions, and formulations of spe- 

key milestones, 
cific international needs; through the building 

¯ Program management. 
of common prototypes and complementary 

testing and evaluation. For general orienta- Because of the extreme complexity of plan- 
tion, a bar chart presenting the phasing of ning and executing such a task on an interna- 
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Field accident data 
analysis Accident reconstruction and 

fine tuning of injury criteria 

Biomechanics research 

Anthrooometric definition 

Component development 

Dummy definition 

Bui~diog prototype dummies 

Test & evaluation 

prototypes 

Revision of dummies & 

preparation for tests 

Tests at multiple facilities 

Production tooling 

Procurement from multiple 

manufacturers 

Evaluation of production at 

multiple facilities 

Documentation 

Review milestones 

Rulemaking milestones 

Figure 1. Suggested advanced dummy development schedule. 

tional basis, it is highly desirable to have com- substamial contribution in manpower, time 

menrs, views, and constructive proposals/ and resource allocations by all participants. 

suggestions on how the international safety Anyone wishing to address any or all of the 

community would contribute to this effort ex- listed and additional issues is encouraged to 

pressed on a regional, industry, government, send comments to: National Highway Traffic 

technical society basis, rather than as indi- Safety Administration, Docket 79-05,400 7th 

viduals or individual users. The NHTSA is Street, S.W., Washington, D.C. 20590. 

open to suggestions, advice, and participatory 

contributions, and will be flexible in accom- 

modating participants’ needs within the 
SUMMARY 

framework of the established schedule. For The NHTSA has presented an advanced 

the program to succeed, however, on an inter- dummy development program. Its overall 

national scale, the NHTSA would expect a schedule is designed to serve the long range 
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Vehicle Occupant Crash Protection Upgrade of the Subcommittee Meeting of Octo- 
needs in the United States. The preliminary ber 26, 1978. Society of Automotive 
plan identifies major exploratory research Engineers, Warrendale, Pa., 1978. 
and development areas that must be ad- 4. J. E. Eckhold. Letter to Ms. J. B. Clay- 

dressed and resolved in a timely manner. The brook of April 6, 1979. Ford Motor Co., 
program provides for the development of an Automotive Safety Office, Dearborn, 
internationally acceptable dummy through Mich., 1979. 
participatory cooperation and contribution. 5. D. Martin. Letter to Ms. J. B. Claybrook 

NHTSA intends to accommodate interna- of March 27, 1979. General Motors Cor- 
tionally based suggestions, proposals and poration, Automotive Safety Engineer- 
research data, and to fuse those into its pro- ing, Warren, Michigan, 1979. 
gram as long as they are constructive, are rele- 6. D. H. Robbins and H. M. Reynolds, 
vant to the outstanding issues and fall within "Position and Mobility of Skeletal Land- 
the framework of the development schedule, marks of the 50th Percentile Male in an 
Twenty items of concern have been identified Automative Seating Posture," Vehicle 
for initial discussion requiring inputs by the Research Institute Report VRI 7.1, 1974; 
international community to initiate the pro- University of Michigan Report UM- 
gram. HSRI-BI-74-4. 

7. Minutes of the SAE Human Biome- 
REFERENCES chanics and Simulation Subcommittee~ 

1. Office of Assistant Secretary for Govern- June 1, 1978. 
mental and Public Affairs. Traffic Fatal# 8. Unconfirmed minutes of ISO/TC 22/SC 
ties Outpacing Registered Vehicles, Miles 12/WG 5, October, 19-20, 1978. 
Traveled and Licensed Drivers. News 9. J.C. Bastiaanse, "Philosophy for the 
Release NHTSA 34-79. U.S. Department Development of Standards for Anthropo- 
of Transportation, Washington, D.C., metric Test Devices," Instituut voor 
April 20, 1979. Wegtransportmiddelen Publication, 

2. National Highway Traffic Safety Admin- Delft, Holland, August, 1978. 
istration. Five Year Plan for Motor Vehi- 10, The Court of Appeals, J. W. Peck, Cir- 
cle Safety and Full Economy Rulemaking cuit Judge. Chrysler Corporation vs. 
Calendar Years 1980-1984. U.S. Govern- Department of Transportation, 472 F. 2d 
ment, Washington, D.C., April, 1979. 659 (1972) United States Court of Ap- 

3. SAE Human Biomechanics and Simula- peals, Sixth Circuit, Cincinnati, Ohio, 
tion Subcommittee. Unconfirmed Minutes December 5, 1972. 

Presentation of a Frontal Impact and Side Impact Dummy, Defined 
From Human Data and Realized From a "Part 572" Basis 

A. FAYON, Y. C. LEUNG, R. L. STALNAKER, occupant protection will be the same whether 

G. WALFISCH, M. BALTHAZARD, C. TARRII~RE they pertain to tests with dummies or to simi- 
Laboratoire de Physiologie et de Biom6canique lar true life accidents involving human beings. 
de I’Association Peugeot-Renault This objective has not been completely 

ABSTRACT 
reached using dummies like the "Part 572" 
one. In lateral impact, a padding convenient 

In order for protection criteria to be con- for a dummy can prove too resistive for a 
vincing, the dummy used must behave in such human thorax and is therefore dangerous. In 
a way that the choice of solutions retained for frontal impact, a belt implantation can make 
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the dummy, not a possible passenger, sub- The consequences of this are twofold: 

marine. 
Taking as reference biomechanical data ob- ® The conditions governing the impact of the 

rained principally on cadavers, the arms and 
cadaver’s head against the side-door panel 

the shoulders have been deeply modified and 
are completely different from those found 

a rib cage has been shaped with a flexibility 
with a Part 572 dummy. In some cases, 

similar to ~hat of human beings for the solici- there can even be violent impact of the 

rations daring side impacts. The new thorax 
cadaver’s head, whereas the dummy’s head 

fulfills~ in the case of frontal impact, the re- 
sustains no impact whatsoever. 

quirements of the Part 572. However, the 
* In the case involving a specially-prepared 

design allows conditions in frontal impacts 
side-panel, the dummy usually deforms the 

other than those of the Part 572 to be satisfied, 
padding even if the latter has a stiffness that 

The adj ustments to the pelvis have as a goal 
is excessive for human beings. On the other 

a more realistic simulation of the submarining hand, the padding can cause the cadaver’s 

phenomenon. The dummy and results ob- 
chest to deflect without itself dissipating 

rained are presented here. 
any energy and causing serious injuries. 

~NTF1ODUCT~ON 
The obtaining of a low acceleration level on 

the chest of a Part 572 dummy therefore does 
As soon as it became possible to compare the not guarantee moderate loading of a human 

behaviors of dummies and human bodies by chest in an identical accident. 
means of simulation of identical automobile Analysis of the deformations occurring on 
accidents, significant differences emerged, the struck side of a human subject discloses 
Fortunately, some of these differences are of no extensive compression of the flesh of the arm, 
consequence for they do not call for a a complex shoulder-area movement and 
assessmem of the designing of protection deflection of the chest. The shoulder displace- 
systems; when otherwise, it is necessary to reduce ments result from the superposition of a 
the other differences in behaviors by, of course, back-to-front rotation around a vertical axis 
changing the design of dummies. (angle E in SAE J 963), from an ascending 

OnsuitaNe Features on the Part 572 
shoulder movement (angle F of SAE J 963) 

Dummy’ in Side Impact Collisions and a certain amount of transverse direction 
crushing (fig. 1). 

The differences between the behavior of the The respective extents of the three above 
Part 572 dummy and that of human cadavers components of this total shoulder region dis- 
have been described in connection with the placement are a function of the impact condi- 
simulation of side impact collisions per- tions but they can reach high levels: it has 
formed on sleds1 and lateral free-falls2. The been found that angle E can approach 90° 
best illustrations are supplied from the and angle F 30° in human subjects; as for 
analysis of high-speed films of the car-to-car transverse crushing, this amounts to 80 mm 
side impact collisions, with the striking car when multiple rib fractures occur in conjunc- 
hitting the other vehicle at the passenger corn- tion with those of the collarbone. 
partmem level. Tarri~re3 has reported on the A research program was therefore under- 
kinematics of near-side passengers in this kind taken for a twofold purpose: 
of impact. Even in the hypothesis that the 
passenger’s arm remains inserted between his , ascertaining the force/deflection 

chest and the side-door panel, there is occur- characteristics of the human chest, 

fence of extensive deformation of the arm, , redesigning the Part 572 dummy so as to 

~he shoulder and the chest, a deformation that give it a suitable chest and a satisfactory 

fails to occur on the dummy, dynamic behavior of the shoulder. 
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~,~ , Rod 

I 
L°a~~-’~ Paddings 

Figure 2. Tests device. 

drical rod was used, inserted crosswise 
Figure 1. SAE d%a definition of angles E and F, 

through the thorax. One end of this rod is 
fixed to the impacted side. The point where 
the deflection is measured is on the side be, 

This research was conducted under con- 
tween the 3rd and the 4th ribs. 

tracts with the French Administration and 
A load measuring plate using Kistler cells 

with the European Economic Community. 
was beneath the surface struck by the thorax. 

The findings and views expressed here are 
The load measured approaches that applied to 

those of the Authors. 
the upper part of the torso, in view of the 
small mass of the shock-absorbing material. 

Determination of Force/Deflection 
Among the force/deflection characteristics 

Characteristics of the Human Thorax        obtained from the subjects, a selection was 

The collected data come from the results of made. 
free-falls of human subjects. These strike Only the deflection of the half-thorax sub- 
rigid surfaces or surfaces covered with shock- jected to impact, which is the more important 
absorbing materials side-on at the thorax and one, was taken into consideration. 

.... pelvis (fig. 2), With one half-thorax only, suitably simu- 
Some findings related to human tolerances lated on the impact side, acceptable move- 

and coming from these tests have been pub- ment of the spinal column is provided in addi- 
lished, following the progress of the research tion to realistic behavior in relation to the 
(see references 2, 3, and 4). padding. 

The relationship linking the load applied to The subjects who have bone characteristics 
the side impacted thorax to the resulting too far from the standard ones have to be 
deflection is the only point considered here. eliminated. These bone characteristics are 

The deflection has been evaluated on the related to the rib mineralization and to their 
subjects by means of film analysis; a cylin- mechanical strength. 
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The corresponding parameters are deter- The upper limit Oabcd is composed of sev- 

mined from little undamaged rib fragments eral segments: 

taken after the test. * Oa corresponds to the upper limit of forces 
The force/deflection characteristics are reached without any injury occurring, 

considered in their rising part that precedes * abcd is close to the envelope of curves 
the appearance of a great number of frac- found without exceeding AIS 3 level. 
tures. Three particular points have been plotted 

The characteristics selected in that manner inside the corridor: A, B and C. 
were "normalized," i.e. a relative deflection 
is taken into account instead of the total 

* A corresponds to a subject who sustained 

measured deflection, and the measured load 
simultaneously the greatest values for force 

value is replaced by a modified value in order 
and for deflection without any injury oc- 

to approach the one which would have been 
curring; 

obtained if the subject had weighed 75 kg. 
* B corresponds to the average values of 

For the related experimental conditions, 
forces and deflections observed on injured 

one could observe that the variations in the 
subjects during impacts against paddings, 

results caused by the subjects are greater than 
at AIS 3 level. 

the ones due to the various test conditions. 
¯ C corresponds to the same averages and to 

Wit h drop heights comprised between 1 and 
rigid surfaces. 

3 meters with rigid and padded surfaces, the The thorax of Part 572 ATD will be modi- 

force/deflection characteristics of the human fled so as its side impact response is inside the 

thorax in side impact remain in the same area area defined in Figure 3. 

of the (F, 6) plane in their initial rising parts. 
Based upon the selected results, a "cor- 

Redesign of the Thorax 

ridor" was defined in which it is advisable to In the form in which it was originally 

locate the force/deflection characteristics of designed, the Part 572 dummy’s thorax does 

the half-thorax of a laterally impacted dummy not enable extensive relative deformation dur- 

(fig. 3). ing car-to-car side impact collisions. Merely 

The lower limit corresponds to the lower thinning the ribs would not have sufficed, and 

limit of envelope of characteristics of the would have imposed other dynamic character- 

selected subject, istics in the case of frontal impact. 
For this reason, we resorted to a different 

construction principle, shown in Figure 5. 
z The six pairs of ribs of the Part 572 dummy 

~ 
1 

are gathered together in two groups of three 

~ 
b superposed pairs. These two sets of three pairs 

u. 
0 c~1oo ~ e are independent from one another and were 

~ t similarly modified. The rear tips of the ribs no 

5< longer form a single piece with the spinal col- 

~ 
umn, but are connected by threes to the shaft 

°z of a piston whose sliding motion in a 

~ transverse horizontal cylinder provides the 
~ desired side-deflection stroke. The crushing 
~- 0 10 20 30 40 50 
< of the material arranged inside the cylinder 

RELATIVE DEFLECTION 
defines resistance to deflection. The function- 

~- ing is clear in Figure 6. By acting on the defini- 

Figure 3. Chosen corridor for dynamic latera~ tion of the material that is compressed in the 

deflection, cylinder, it is possible to adjust the force/ 
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By conserving the outer dimensions of the 
Part 572 dummy’s thorax, and taking into ac- 
count the new geometrical definition of the 
ribs, a thickness of 2.5 mm revealed the Part 
572 dummy’s flexibility during frontal im- 
pact; with 1.5 mm, we should get the flexibil- 
ity of the Hybrid III dummy. 

For the response to side impact, on the 
basis of the biomechanical data presented, the 
horizontal cylinders were designed to allow 
maximum stroke in the chest cavity space 
available. In this way, we got 40 mm in an ini- 
tial version and 55 mm in a second version. 

It will be noted that the rib-and-cylinder 
connecting shafts are made of square sections, 
so as to oppose all rotation in a frontal 
impact; it will further be noted that, in the 
present version, there are slots on these con- 

Figure 4. New thorax design, necting shafts, which are associated with mag- 
netic transducers, making it to 
analyze dynamic deflection of the thorax. 

Final adjustment of the side-impact force/ 
deflection characteristics is obtained by ad- 
justing the material compressed inside the 
cylinders, presently consisting of coupled rub- 
ber or butyl disks of various shore- 
hardnesses. The results are listed in the con- 
tinuation. 

Modifications of the Shoulder Assembly 

i(~_...~_. 
~ At the beginning, the aim was to give to the 

I _    i ~..;.;~ J j. Part 572’s shoulder the ranges of motions, as 

,,-- ~_.~...~~~.~_ ~ 
regards the E and F-angles, which had been 

[ ~ ,.~ ............... r~, ~ observed during cadaver tests inside vehicles. 
~ "l This was achieved without any design of 

~"",.-/~’~/’~~’~ new parts; only existing dummy components 

- ~ ~....~.E~..7~~ were modified. 
~           : In the following, the light alloy part located 
x,..._ _ ~, 

between the shoulder yoke and the sterno- 

FRONTAL AND LATERAL IMPACT DUMMY (CHEST)     clavicular link is named clavicle. This com- 
ponent was modified as described below: 

¯ removal of the rear half of the rubber which 
Figure 5. Drawings of the thorax, stops the rearward motion defined by the 

E-angle; 
¯ cutting a notch in the top of the clavicle to 

deflection law of the dummy’s chest during allow the stop pin in the sterno-clavicular 
side impact; by acting on rib thickness, we get link to move through the top and rear of 
definition of behavior during frontal impact, the clavicle; 
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o the top of the clavicle was made flat to 
allow free rotation between the clavicle and 
the sterno-clavicular link. 

The limit of the range of motion is now given 
by the external shape of the clavicle which was 
locally ground. 

The lower part of the Figure 4 shows the 
new range of motions. Figure 7 defines the 
principles of the corresponding modifica- 
tions. 

As regards the steel-made sterno-clavicular 
link, the main suppression of material is 
located on the top of this component, the pro- 
trusion of which was removed. 

Figure 7. Modifications of the clavicle. 

Removal of some materials was also needed 
from the upper part of the front side of the 
spine and from the piece which supports the 
rubber neck; a lateral rib was suppressed on 
this piece. 

In the unmodified Part 572 ATD, the range 
of motions defined by F-angle is limited by 
two telescopic devices, located on each side of 
the spine. It remains the same after the 
dummy is modified but the stroke of these 
devices has been increased. This result was 
achieved by eliminating some of the rubber 
washers which are located inside. 

The upper part of the Figure 4 shows the 
new range of motions. 

The dummy, the testing of which is detailed 
in the following, had such a shoulder. 

Figure6. First modified shoulder--increase The dummy exhibited at the ESV Confer- 

the ranges of motion (on the left), ence was more deeply modified. The reason is 
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that no possibility of y (lateral) motion exists response with that of the human subjects in 
in the shoulder area in the previously described the reference tests. 
modifications. This additional degree of free- 
dom was obtained from a sliding possibility Frontal Impacts 
between the shoulder yoke and the clavicle. A Chest impact tests were performed under 
4 cm stroke was allowed, the conditions specified in the "Part 572." 

Furthermore, the location of the joint be- Two tests were carried out at the two required 
tween the sternum and the sterno-clavicular velocities. The dummy tested met the Part 572 
link was lowered. In the event of a lateral im- Standards, since the force and deflection 
pact, the shoulder will rise more easily, values found in each test were in agreement 

Figure 8 shows the principle of these last with the maximum values set by the Part 572. 
modifications. The test dummy had a shoulder that was not 

in conformity with the latest development, a 
Modifications of the Arm fact that exerted negligible influence on the 

Modifications of the arm were made to in- results here. 
crease the deformation of the flesh in a 

Side Impacts humanlike way. The shoulder yoke was re- 
duced, thus allowing a greater crushing of the These tests were performed under condi- 
dummy’s flesh before the yoke; this modifica- tions that enabled the obtaining of reference 
tion is illustrated in Figure 5. The arm’s data with human subjects, i.e. impacts local- 
skeletal system cross-section was reduced. The ized at arm level, against a flat, rigid surface, 
flesh was made of different-density materials; with a fall-height distance of one meter and 
it is stiffer in the shoulder area compared to against a padded surface with a fall-height 
the "Part 572" and softer in the remaining distance of two meters. In every test, the 
parts of the arm. dummy was equipped with the initial version 

of the redesigned shoulder, a fact that enabled 
Dynamic Testing of the Redesigned more extensive displacement of the collarbone 
Dummy in the upward and forward directions than for 

the Part 572, but in the absence of a "Y" Frontal and side impact tests were per- 
formed with this dummy at various stages in translation movement. 

the development for the purpose of compar- 
ing, in frontal impact, its response with that Tests Performed on Fiat, Rigid Surfaces 

of the Part 572 dummy and, in side impact, its One test of this kind was performed with 
the first version of the chest, which allowed 
four centimeters of deflection for each half- 

~- .... ~ chest. The deformable material used consisted 
z ~__.j~ of a series of natural-rubber disks of 40-shore 
// hardness. The arm was placed in the same 

position as in the cadaver tests, i.e. it formed 

~_i__ ~ a 20° angle with the chest without involving 
IA the shoulder. Under these conditions, the 

redesign of the shoulder had a positive effect; 
Added telescopic device the arm did not remain between the chest and 

the impacted surface and it did not hinder 
~ New axis location                          chest deflection. 

Piston displacement, measured on the basis 
Figure 8. Modified shoulder, of magnetic pick-ups, was 3.5 centimeters. 
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Chest deflection was greater, approximately 5 last version of the thorax, while the shock- 

centimeters, for it made allowance for crush- absorbing material was of 40-shore hardness 

ing of skin and deformation of ribs. The in one case and of 70-shore hardness in the 

force/deflection curve, plotted from the other case. The figure shows the force/ 

values measured on the films, is clearly deflection curves plotted in the two cases. 

located in the previously defined "corridor." These two curves lie inside the zone, and few 

A second test was performed under the differences emerge between them. However, 

same conditions but with a redesigned chest if we consider dynamic crushing of the pad- 

allowing 5.5 centimeters deflection and ding, we find that we get 80 mm for the first 

equipped with 70-shore rubber. This time, the test (40-shore) and 120 mm for the second test 

force!deflection curve, shown in Figure 9, (70-shore). In the cadaver tests, average 

was located above the zone under considera- dynamic crushing of the padding amounted to 

tion. The hardness chosen in this case was too 65 mm. Here again, the 40-shore rubber seems 

great, and the 40-shore rubber therefore to be better suited, since, with this new 

seems to be better suited, dummy, we found a behavior close to that of 
the human body as regards the crushing of the 

Tests Performed on Paddings paddings. 

In this configuration, two tests were per- Discussion About Modifications for 
formed the dummy being equipped with the Lateral Impact 

In the light of these initial tests, it emerges 

that from the standpoint of functioning, this 

/[~ 
dummy satisfies the requirements. In both 
types of impact, the dummy’s behavior accu- 
rately corresponds to that of the human sub- 
jects previously tested. As concerns the 
thorax, there is confirmation of the finding 
that the quality of the thoracic response is 
essentially conditioned by the compression 

~ material used. On the basis of these initial 
"Sartorius" tests, it also emerges that natural rubber with 

HUMAN PELVIS a 40-shore hardness is suitable; in later tests, it 
will be possible to still further improve the 
choice of the deformable material. 

As concerns shoulders and arms, the design 
alterations to the first version proved useful: 
during arm impact, the arm is able to free 
itself and not hinder chest deflection. The new 
shoulder design alteration will provide 
enhanced possibility of proper chest deflec- 
tion even without release of the arm. 

Problems Posed by the Part 572 Dummy 

PELVIS OF THE MODIFIED PELVIS With Regard to Risk of Submarining 

PART 572 DUMMY During Frontal Impact Collision 

’ On the basis of the findings of various fron- 

Figure 9. tal impact tests performed, on the one hand, 

414 



SECTION 5: TECHNICAL SEMINARS 

with Part 572 dummies and, on the other 
hand, with cadavers, under conditions of 40shore~,~ P~d.ae~ 

Z 70 shores maximum similarity, it was possible to ascer- .~ 
"~K/~Rigid surfaces 

tain that, generally speaking, the Part 572 _~ dI ~Padded 

" i 
surfaces 

dummy, which was secured by a three-point 
belt, tended to submarine more easily than 

!000 
the cadavers subjected to the same test. 

When the testing conditions were actually 
quite similar, if the cadaver submarined, so 500 
did the Part 572 dummy. But if the cadaver 
does not submarine, matters are often differ- 
ent as concerns the dummy. 

As an example, the same belt test was per- ~ 0 10    20 30    40    50 % 
RELATIVE DEFLECTION 

formed in the front passenger seat installed in 
a car body, at a 50 kph collision velocity. 

The belt’s angle with the horizontal was Figure 10. Dynamic response of the dummy. 
close to 50° before impact, for both the 
dummy and the cadaver, on either side of the position has a different orientation than the 
body. The dummy submarined when a 36° similar area on Part 572 pelvis 
angle was reached, because of its forward mo- On the other hand, the stiffness of the 
tion in the passenger compartment; the abdominal soft tissues is greater in the dummy 

cadaver did not submarine when the belt had than it is in the human being. The difference 

reached as high as 30°. tn neither case was has been evaluated; for this purpose, static 

there any knee contact, and the subject tested tests of abdominal compression by a seat belt 

displayed anthropometric characteristics close at the level of iliac crests were carried out on 
to those of a dummy, dummies and volunteers o 

Dissimilarities Between Part 572 ATD and Modifications of the Pelvis 
Human Beings Which May Explain Their In order to obtain a sound orientation of 
Different Propensities to Submarining 

the "Sartorius" in the "Part 572," it was 
A more complete study on this matter will possible to adapt the shape of its pelvis and to 

be presented at the 23rd Stapp Car Crash modify the profile of the block comprised 
Conference5. It was already known that the between the pelvis and the rubber lumbar 
shape of the Part 572 dummy’s pelvis was not spine. As it was not possible to alter the 
very humanlike6. A more in-depth research profite of this block without designing new 
characterized the shape and the orientation of moldings for the flesh, according to the 
a particular part of the pelvis bone which has change in sitting posture, the modifications 
an important function during the restraint by were limited to the shape of the metal pelvis. 
the seat-belt, because it is located near the The new pelvis is shown in Figure 10. 
antero-superior iliac spine; this part is called Besides, the plastic foams simulating the 
"Sartorius," according to the name of a flesh in penis area and in the ballonet between 
muscle tied to it (fig. 10). the pelvis and the thorax have been replaced 

Leung et al.5 examined a rather numerous by softer material. 
sample of pelvis skeletons and carried out Now tha~ information abom: human kine- 
x-ray examinations of human volunteers in matics near the threshold of submarining is 
sitting position like in a vehicle. They con- available, a Part 572 dummy modified along 
cluded that the human Sartorius in sitting these lines will be tested in near future in 
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frontal collisions, tt is hoped for a sufficient the Human Tolerance to Perpendicular 
similarity of kinematics with the human Side Impact," Proceedings of the 3rd In- 

beings, ternational Conference on Impact 
Trauma, Berlin, Sept. 1977, IRCOBI 

CONCLUSIONS Secretariate, 109 ave. Salvador Allende, 

A dummy has been designed and built on a 69500 Bron, France. 
~’Part 572" ATD basis, using biomechanical 3. C. Tarri~re, A. Fayon, R. L. Stalnaker, G. 
data coming from tests with cadavers. Walfisch, M. Balthazard, J. Masset, J. 

As regards side impacts, the new design’s Sacreste, C. Got, A. Patel: ’"Side Impact 

goal was to permi~ the dual development of Protection: New Dummy and Protection 

lateral protection in a vehicle and of protec- Criteria Defined from Human Data," 
tion criteria on a dummy. At its present state Paper 790 749, Sae Passenger Car Meet- 

of progress, the dummy is rather close to these ing, Dearborn, Michigan, June 11-15th, 

objectives. The performance tests and the 1979. 
tuning-up are ongoing. 4. C. Tarri~re, G. Walfisch, A. Fayon, J. P. 

As regards frontal collisions, taking into Rosey, C. Got, A. Patel, A. Delmas: 

account the results which are likely to be ob- "Synthese des Tolerances Humaines 
tained and the pelvis modifications needed in Obtenues a Partir de Simulations de Chocs 
order to improve the response to submarin- Lateraux," Proceedings of 7th ESV Con- 

ing, a better biofidetity is awaited, ference, Paris, June 1979. 
The Authors hope to make a dummy suit- 5. Y. C. Leung, C. Tarri~re, A. Fayon, P. 

able for most accidents available within a Mairesse, A. Delmas, P. Banzet: "A Com- 
short time. Any solution to the problem of parison Between Part 572 Dummy and 

one dummy for many types of accidents will Human Subject in the Problem of Sub- 

be generally welcome, marining," to be published in Proceedings 
of 23rd Stapp Car Crash Conference, 
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Experimental Application of Advanced Thoracic Instrumentation 
Techniques to Anthropomorphic Test Devices 

d. W. MELVIN, D. H. ROBBINS, and for describing the thoracic response of an- 

d. B. BENSON thropomorphic test devices (ATD). The in- 
Highway Safety Research Institute strumentation technique was developed for 
University of Michigan use in cadaver experiments on thoracic injury 

and has been adapted for ATD installation. 

ABSTRACT Its purpose is to attempt to register different 

This paper describes the application of a acceleration signatures for different direc- 

twelve accelerometer instrumentation array tions, levels, and time durations of impact by 
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locating the accelerometers around the more realistically in side impact than the ATD 
periphery of the thorax. The location and presently used in impact performance evatua- 
mounting techniques used for the ATD instal- tion (Part 572). 
lation are described. 

A series of modifications to the Part 572 
ATD to improve the side impact response of INSTRUMENTATION FOR THE 
the thoracic regions were made. They ranged MEASUREMENT OF ATD THORACIC 
from slight changes in structure to radical RESPONSE 
altering of the thoracic lateral dynamic stiff- 

A key feature of the experimental technique ness, mass distribution, and rib linkages. A 
developed to measure kinematic response of series of side impact tests were conducted on 
the cadaver thorax has been the use of an ar- the modified ATDs to allow comparison of 

the thoracic responses to that determined in ray of twelve uniaxial accelerometers located 

cadaver tests, at various sites on the exterior of the thoracic 
skeletal structure. The attempt has been to 

INTRODUCTION locate accelerometers around the periphery of 
the thorax to register different acceleration 

The development of advanced techniques signatures for different directions, levels, and 
to predict thoracic injuries due to impact time durations of impacto The locations of the 
loading has been an ongoing project at the accelerometers are shown schematically in 
Highway Safety Research Institute (HSRI) for Figure 1. There were six uniaxial accelerom- 
the past five years under the sponsorship of 
the National Highway Traffic Safety Admin- 
istration of the U.S. Department of Transpor- 
tation. The objectives of the program are to: 

Normal to body 

- Quantify thoracic impact response using                1st rib 
cadaver and laboratory animal subjects. 

- Compile analytical functions relating Normal to body Normal to body 

thoracic kinematic response to injuries 4thrib* "4th 

observed in the experiments. 
® Define performance specifications insuring 

Parallel to body Parallel to body 

8th rib 8th rib 

response fidelity between human and sur- 
rogate thoraxes. Normal 

to body T 12 

Many details of the work related to the first sternum Front View 

tWO objectives have been reported at the 20th 
Horizontal, vertical and norma! and 22rid Stapp Car Crash Conferences (see 

References 1 and 2). Aspects of the program 
specifically related to side impact were Normal tobody 
reported at the 6th Experimental Safety Vehi- 4th rib 

cle Conference3 and in another paper at this 
conference.4 Parallel to 

This paper is concerned with the applica- 
tion of the thoracic instrumentation tech- 
niques developed in the program to the third Horizontal,vertical and no 

objective listed above. In particular, we will Flearview 
discuss the application of the techniques to 
the development of anthropomorphic test Figure 1. Accelerometer mount ~ocations used 
device (ATD) chest structures which respond in cadaver tests. 
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eters attached to the rib cage in the following be found on the ATD chest, the mounting 

locations and orientations: surface may not have sufficient rigidity. 

o The most lateral point on the left and right Finally, the location may be suitable in posi- 

[ourth ribs perpendicular to the body tion and mounting rigidity but may prove to 

(sensing in the left to right direction), be very inaccessible for easy accelerometer in- 

o The most lateral point on the left and right stallation. 

eighth ribs paralle! to the body (sensing in Fortunately, when the mean spatial posi- 

the front to back body direction ). tion of the mounts realized in the cadaver tests 

~ top and bottom of the sternum--perpen- was applied to the Part 572 ATD chest, the 

dicular to the body ~sensing in ~he front to location of the various mounts was relatively 

back body direction), close to that desired. The left and right upper 
rib mounts as well as the spinal mounts were 

The remaining six accelerometers were 
well within one inch and the sternum and lower 

grouped into ~wo trivial clusters mounted in rib mounts are approximately one inch from 
the following locations and orientations on the thoracic spine:                           the mean cadaver location. 

The part 572 ATD has only six rib pairs so 
- Spinous process of the first thoracic the upper rib mounts were placed on the left 

vertebra (T-1)--sensing in the front to back, and right second ATD ribs and the lower rib 
left to right and foot to head body direc- mounts were placed on the left and right sixth 
tions. ATD ribs. The accelerometer mounts were 

* Spinous process of the twelfth thoracic identical to the ones used in the cadaver tests 
vertebra (T-12)--sensing in the front to and were held to the ATD ribs by the same 
back. left to right and foot to head body twisted wire technique but, for durability, the 
directio us. mounting block was also bonded to the metal 
The rib accelerometers were mounted to the rib with epoxy adhesive. The mounts were 

ribs through the use of aluminum mounting placed on the inside of the ribs to provide 
blocks which were attached to the individual more protection for the accelerometers. This 
rib by twisting a loop of stainless steel wire necessitated cutting away the layer of damp- 
tightly around the rib and the block at each ing material on the inside of the second and 
end of the block. Additional strength and a sixth ribs in the immediate area of the 
flat mounting surface was provided by a layer mounts. 
of dental acrylic between the mount and the Spinal mounts were easily attached by 
rib. The sternal mounts were attached by machining flats at suitable sites on the 
screws into the sternum and the spinal mounts thoracic spine structure and tapping threaded 
were attached by a combination of a screw in- holes for mounting screws. The sternal 
to the spinous process followed by potting of mounts were attached to the inside by bolts 
the mount with a quick-setting acrylic plastic, through the leather sternum material. 
Further details of the mounts and the mount- Overall, the mount locations for the Part 
ir~g techniques are given in Reference t. 572 ATD were better than expected from the 

The adaptation of the above instrumenta- viewpoints of dimensional accuracy, rigidity 
tion technique, which was developed for of the mounts and ease of access. 
cadavers, to ATD chest structures presents 
three potential problems. Firsl, it is possible 

SiDE ~MPAGT RESPONSE DATA BASE 
that the locations of the accelerometers, as 
defined by mean spatiat locations based on The human surrogate response specifica- 

the cadaver test population, may not corre- tions which were used for judging ATD 

spond to suitable locations on the ATD chest, response were based upon the side impact 

Second. eve~ though suitable locations may tests with cadavers described at this confer- 
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ence by Robbins.4 Specifically, controlled structure° This was achieved byremoving both 

energy impacts delivered to the side of the arms and shoulder structures and replacing the 

thorax using a fiat-faced (6 inch diameter) weight represented by those structures by alead 

51.5 lb impactor at 9.5 mph (four test sub’ ballast weight firmly attached to the thoracic 

............ jects) and impact sled tests against a fiat rigid spine box structure. The armless, ballasted 

.......... side structure at 20 mph (four test subjects) Part 572 ATD was tested first using the 

were chosen, The acceleration-time histories moving-mass impactor against the side of the 

for the twelve accelerometer thoracic instru- thorax (fig. 2), and then by impact sled tests 

mentation array for these two classes of tests into a rigid side structure at 15 and 20 mph 

were presented at the 22nd Stapp Car Crash (fig. 3). 
Conference.2 The mean curves given in that The results of the tests, presented for corn- 

paper were used as the baseline responses parison in the next section of this paper, were 

against which ATD performance was corn- judged to be generally unsatisfactory in 
pared. Selected examples of the response matching the cadaver mean responses and ad, 

curves are presented and discussed with ditional modifications to the thoracic struc, 
respect to the ATD performance in the test 
results section of this paper. 

ATD MODIFICATIONS FOR SIDE IMPACT 

In the paper given at the 6th ESV Confer- 
ence,3 comparisons were made between the 
overall kinematic responses of unembalmed 
cadavers, the Part 572 ATD and the TRRL 
Side Impact ATDs in side impact sled tests. 

Marked differences were noted in the side 
impact response between the laterally com- 
pliant human body and the stiff (particu- 
larly Part 572) test devices. The major body Figure 2. Moving-mass impactor test configu- 
region which was responsible for the appar- ration. 
ent differences in overall lateral response 

of the ATDs was the combined thorax and 
shoulder area. In particular, the shoulder of 
the Part 572 ATD is a very stiff metal struc- 
ture which represents a significant load path 
acting mechanically in parallel with the chest 
structure. The kinematics of the cadavers in 
those tests reflected mobility of the human 
shoulder structure and therefore a possible 
tow importance of the bony shoulder struc- 
ture as a load path in side impact, 

As an initial effort to evaluate the response 
of the Part 572 ATD with the twelve accelo 
erometer array installed, it was decided that a 
more useful evaluation of the chest structure 
response to side impact would be gained by Figure 3. Rigid side structure-impact sled test 
elimination of the effect of the rigid shoulder configuration. 
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rare were made. These modifications can be tached to the sternum plate. The purpose of 

summarized as follows: the small lead blocks attached to a flexible 
plate which was in turn attached to the ribs 

o Reduc tion of lateral thoracic spring rate. was to avoid stiffening the rib structure and to 
~ Addition and redistribution of thoracic provide ease in adjusting the mass distribution 

mass. by adding or removing weights. In final form 
® Addition of lateral viscous damping, the total spinal box weight was 36 lbs., the 
o Revision of attachment of rib cage to spinal 

sternum was 6 lbs. and each side of the rib 
box. cage carried 7.5 lbs. 

* Attenuation of the force input to the rib Some damping was provided by the bond- 
cage. ing of a 0.25 inch layer of damping material to 

The initial impetus for the first three of each of the ribs similar to the Part 572 ATD. 

these changes was the use of simplified mathe- A more direct means of damping the lateral 

matical models to synthesize the cadaver motion of the rib cage was achieved by the in- 

mean responses. The models suggested appro- sta!lation of a tubular silicone fluid damper 

priate initial levels of spring rate, mass (Taylor Fluidicshok 67-P-01568-010) from the 

distribution and damping, left middle rib to the spine box. This damper 

The reduction of lateral spring rate was had a stroke of 2 inches and produced a force 

realized by reduction of the number of ribs of approximately 200-300 lbs. at fps 

and changes in their geometry. The number of and increased linearly with velocity. In its ini- 

ribs was reduced to three on each side (ribs 2, t ial installation the unit acted in compres- 

4 and 6) while special ribs of different thick- sion only, with a rigid attachment to the spine 

nesses and shape were fabricated. Various box and the other end bearing against a butyl 

combinations of ribs were evaluated for static rubber socket at the rib. (Later a pivoted 

spring rate. The most promising used three mounting was used with pivoting allowed 

ribs having a width of 1.125 inches at the about the vertical axis. The pivots were on 

spine. This tapered down to 0.75 inches at the both ends of the damper and served to tie it to 

s ternum. The thickness was constant at 0.080 both the spine box and to the middle rib.) The 

inches. {For comparison, the Part 572 ribs are left-sided mounting was chosen because all 

a constant width of 0.75 inches with a thick- the tests were to be conducted with left side 

hess of 0.125 inches). These ribs also differed impacts. The positioning of this damper could 

trom Part 572 ribs in that the left and right be easily reversed for right side impacts. 

halves were welded together at the spinal at- Moving-mass impactor tests on the modi- 

tachment area to form a single rib unit. A fied chest indicated some improvements in 

urethane rubber sternum plate was also incor- response, but were generally unsatisfactory in 

porated in the system in place of the leather terms of acceleration levels and waveforms. 

sternum of the Part 572 ATD. The conventional method of rib to spine at- 

The redistribution of the mass of the tho- tachment in ATDs is to have the rib act as a 

racic structure involved filling the entire cantilever beam while in the human the at- 

spinal box structure with lead (in part to ac- tachment of the rib to the spine is a joint with 

count for the arm and shoulder ballast) and to various degrees of mobility for different 

add masses on the sides of the rib cage and modes of rotation. It was felt that it would be 

sternum. Mass was added to the sides by at- worthwhile to attempt to produce a more 

taching small rectangular blocks of lead to realistic rib attachment if a simple means 

both sides of a urethane rubber plate which could be used. This was done in the following 

was in turn attached by steel straps to the way: 

three ribs. The lead blocks were placed be- * Reversing the rib cage by bolting the ster- 

tween the ribs. Similarly, lead blocks were at- hum ends of the ribs to the back of the 
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spine box using a Part 572 leather sternum 
plate as shown in Figure 4. 

- Attaching the weighted sternum plate on 
the front using the holes originally intended 
for the spinal box as shown in Figure 5. 

The first modification produced a rib cage 
with hooplike continuous ribs extending from 
the leather hinge-point on one side of the 
spine around past the weighted sternum and 
on to the leather hinge-point on the other side 
of the spine. The continuous ribs preserved 
structura! integrity around the periphery of 
the rib cage. The hinging action allows a rota- 
tion of the rib cage laterally about the spine 
which is controlled by the damper (shown in 
fig. 6) under dynamic loading. 

In addition to modifying the rib-to-spine Figure 5. Distributed weight rib cage structure 
linkage, it was felt that it was necessary to in- (tapered ribs). 

Part 572 

Leather sternum 

Figure 4. Leather hinge rib-spine attachment    Figure 6. Top view of rib cage showing damper 
method,                                    attachment. 
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troduce a means of attenuating the input ac- 
celerations produced by the interaction of the 
rib cage structures with the impactor through 
the vinyl ATD skin. This was achieved by the 
~mroduction of a layer of closed-cell vinyl foam 
{Ensolite AHL A thickness was chosen so pro° 
duce an appropriate peak acceleration in the 
left upper rib accelerometer trace during 
moving-mass impactor tests. Figure 7 shows 
the rib cage with a layer of the padding taped 
in place and a block of low density poly~ 
ethylene foam in place above the rib cage 
and against the spinal box. The purpose of the 
polyethylene block was to carry shoulder 
loads after significant lateral disl ortion of the 
rib cage had occurred in sled tests with the 
rigid wall. 

impact tests showed the above modifica~ 
tions to be generally successful. However, the 
use of leather as a hinge created some concern 
for durability of the joint so the metal pin 
hinge system shown in Figure 8 was designed. 

Figure 8, Metal hinge rib to spine attachment 
structure, 

The system consists of a metal plate which 
fastens to the spinal box and which has a row 
of cylindrical bearings down each side and 
through which solid rods are passed. The solid 
rods have flats milled in them and tapped 
holes for attaching the rib ends as shown. The 
bearings add additional stability to the rib 
cage by controlling the motion of the rib ends 
more closely than the leather. 

The following section of the paper presents 
the comparative results of tests with the 
various modifications. 

TEST RESULTS 

The complete assessment of the response of 
a human surrogate thorax using the twelve 
accelerometer array should consider the 
acceleration-time histories of all twelve 
accelerometers. However, for a particular im- 
pac~ direction certain accelerometer locations 

Figure 7. Rib cage padding and shoulder foam will be more directly responsive than others to 

insert, the impact. In the case of left side lateral im- 
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pact the locations which have proven to be 40 
most descriptive of the system response are 
the following: ~ 

o 
* Left upper rib (left-right) z 

* Lower sternal (front to back) V- -40 

* Right upper rib (left-right) 

* Upper spinal (left-right) g --80 ~ 78T 116 
~ ~ 78T 117 

The left upper rib accelerometer is most < -- 79T 129 
closely associated with the input loading while -120 ~ 79T 152 

the sternal accelerometer and the right upper ---. Cad mean 

rib accelerometer respond to both rib cage -16o ,    25 
50 75 100 

deformation and to lateral motion of the rib TIME (msec) 

cage as a whole. The spinal left-right ac- 

celerometer indicates the transmission of the 
Figure 9. Left upper rib acceleration compari- 

son, moving-mass impactor tests. 
input loading to the spine by the rib cage. 

In the figures which follow in this section, 

the cadaver response curves are the mean of 
so 

the four tests which were conducted on four 

individual cadavers. There were four cadavers 
..~ 40 

tested using the moving-mass impactor and z 0 
four other cadavers tested with the rigid side _o 

structure on the HSRI Impact Sled. The ATD 
~ -40 

acceleration-time curves are shown as indi- - ~ 78T 117 
vidual tests, c~ ~ 79T 129 

~ -80 ~ 79T152 

Moving-Mass Impactor Tests ~ Cad mean 

-1 20 ........................ 
The controlled energy impacts delivered to 25 50 75 loo 

the side of the thorax by a 51.5 lb. rnoving- TIME (msec) 
mass impactor at 9.5 mph represents a simple 

and effective means of trial evaluation of the 
Figure 10. Lower sternum acceleration com- 

parison, moving-mass impactor 
response of an ATD chest. The tests discussed 

tests. 
in this section were conducted on the follow- 
ing ATDs: 40 

® Part 572 ATD without arms and ballasted 
to standard weight. (Two tests, 78T116 and 

20 

78T117, are reported.) 

* Part 572 ATD with reversed rib cage, o 

tapered ribs, distributed weights, damper 

and leather hinge at the rib-spine joint. -20 
78T 1!7 

(Test 79T129) 
till 

~-~ 77.9q;I 11.2~99 
* Part 572 ATD with reversed rib cage, 4° ~ ~-~ 79r152 

tapered ribs, distributed weights and metal ~ ~ c.a mean 

hinge at the rib-spine joint. (Test 79T152) -6~ .... 2’5’ 50    75 aoo 

Figures 9 through 12 compare the responses TIME (msec) 

of the mean cadaver data and the three ATD Figure 11. Right upper rib acceleration com- 
configurations for this type of test. The left parison, moving-mass impactor 
upper rib accelerations of the Part 572 chest tests. 
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cadaver and modified chest responses but 2o 
& .. again the Part 572 response is greatly exag- 

0 [ f~jl~�#~l:~ gerated. The metal hinge design appears to ex- 
hibit some oscillation as it did in the left upper 
rib trace (fig. 9) following the initial peak. 

-20 

Impact sled tests against a tlat rigid side 

-~o structure have been used in this program as a 
repeatable baseline type of test to define 

--80 
25 1o ~5 loo 

cadaver side impact response. Tests were con- 

TIME (msec) ducted with ATDs at both 15 mph and 20 
mph interaction velocities, but, due to the 

Figure 12. Upper spinal L-R acceleration com- small number of cadaver tests at the 15 mph 

parison, moving-mass impactor velocity, only the 20 mph tests will be dis- 

tests, cussed here for comparative purposes. The 
ATDs tested with the impact sled were: 

(fig. 9) exhibit high initial peaks followed by 
immediate peaks in the opposite direction ¯ Part 572 ATD without arms and ballasted 

to standard weight (Test 78T123) while the other two chest designs exhibit a 
reduced amplitude response very near the ¯ Part 572 ATD with reversed rib cage, 

mean cadaver curve for the initial peak (which tapered ribs, distributed weights, damper 

is due to the attenuation of the input load by and leather hinge at the rib-spine joint (Test 

the Ensolite padding) followed by a reduced 79T131) 

opposite peak for the leather hinge design and Figures 13 through 16 compare the 

a delayed opposite peak for the metal hinge responses of the mean cadaver data, the un- 

design, modified Part 572 chest and the modified 

The oscillatory nature of the Part 572 rib chest. The left upper rib waveforms again 

cage response is shown dramatically in Figure show some oscillation for the Part 572 ATD 

10. The two modified chests exhibit initial 
peaks which are somewhat greater than the 
cadaver mean (but much less than Part 572 200 
peak) and match the subsequent cadaver 
waveform fairly closely. The right upper rib lo0 
responses shown in Figure 11 again demon- 
strate the oscillations present in the Part 572 
rib cage. The two modified chests exhibit 

0 

waveforms which contain a basic double peak 
followed by a longer duration portion in the 

-100 

opposite direction. The mean cadaver ---. 78T 123 

response also exhibits these features with the 
-200 ----. 79T 131 

~ Cadaver 
second peak being very similar in magnitude 
to those of the modified chests. (Note that 

-3o0 ........................ 
25      50      75 10o 

these plots have not been shifted in time to TIME (msec) 

cause the initial peaks to coincide.) 
The match of the initial portions of the up- Figure 13. Left upper rib acceleration compari- 

per spinal L-R accelerometer waveforms son, rigid side structure impact sled 
shown in Figure 12 are quite close for the tests. 
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200 4O, 

__. o ~ -4o~ 

~ -100 "’ .a -80~ 

O ~ 78T 123 

q:-200 ~ 79T 131 
<1: -1201" 

~ 79T 131 

~ Cadaver ~ Cadaver 

-300 ......... ~ .... , .......... 1601 ......... 
25 50 75 100 25 50 75 100 

TIM E (rnsec}                                                      TiIVIE (msec) 

Figure14. Lower sternum acceleration com- Figure 16. Upper spinal L-R acceleration com- 
parison, rigid side structure impact parison, rigid side structure impact 
sled tests, sled tests. 

Figure 15 shows the right upper rib acceler- 
ation responses of the modified chest to be 

0 
~ ~~~/~~ 

similar to the cadaver response in magnitude 

t and in general waveform, while Figure 16 
shows both the Part 572 response and the 

-4o modified chest response are similar to that of 
the mean cadaver response. 

--80 

~ 78T 123 

~120 ~j ~ 79T 131 Injury Predictions Based on ATD 
~ Cadaver Test Results 

-160 ........................ 
25    50    75    100             The test results obtained with the modified 

TIM E (msec) chests show that the match of the acceleration 
responses at the various locations on the 

Figure 15. Right upper rib acceleration corn- thorax was quite close in many important 

parison, rigid side structure impact respects. It is the premise of this program that 
sled tests, if an adequate surrogate thorax can be pro- 

duced it can then be used to predict the possi- 
while the modified chest matches the mean ble occurrence of thoracic injury through the 
cadaver waveform quite well, although the use of the injury predicting functions based 
initial peak is lower than the mean cadaver on thoracic kinematic response. To evaluate 
peak. the performance of the various ATD chest 

The match of the modified chest lower ster- designs, the responses produced in the various 
nal acceleration to that of the mean cadaver tests were evaluated using the injury- 
trace (fig. 14) is very close during the initial predictive models developed in the companion 
phase of the motion. In the latter portion part of the program. The injury-predictive 
there is some oscillation of the modified chest models have the AIS number, the number of 
acceleration about the mean cadaver curve, rib fractures, or derivatives thereof, as the 
The Part 572 response is extremely oscillatory dependent variable and various features of the 
throughout the test. time-dependent acceleration traces as the in- 
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dependent variables. The features which show independent variables. The predictive models, 

the greatest correlation with the level of in- which were then generated using regression 

jury, and hence, which hold the greatest software, are discussed more completely in 

potential for building injury-predictive the paper by Robbins4 which is included in 

models have been found to be quantities this conference. The results of the various 

related to velocities or integrals of accelera- predictive models are given in Table 1 for the 

tion pulses. After quantities such as these Part 572 ATD, the leather spine hinge chest 

were derived from the accelerometer traces, modification and the metal spine hinge chest 

those with the highest correlation to injury modification. The results are listed for both 

measures were selected as candidate the moving-mass impactor tests and rigid side 

Table 1. Comparison of injury model predictions based on ATD test responses. 

Model with Q-Parameters and AIS* 

Average Leather Metal 

Test Type Cadaver Spine Spine Part 572 

AIS Hinge Hinge 

Moving-Mass 2.5 2.5 2.5 3.5 

Rigid Side 4.2 3.5 4.8 

Structure (20 mph) 

Model with B-Parameter and AIS* 

Average Leather Metal 

Test Type           Cadaver Spine Spine Part 572 

AIS Hinge Hinge 

Moving-Mass 1.3 1.3 1.5 , 
2.3 

Impactor (9.5 mph) 

Rigid Side 4.2 4.0 4.7 

Structure (20 mph) 

Model with B-Parameter and Modified AIS (MAIS)* 

Average Leather Metal 

Test Type           Cadaver Spine Spine Part 572 

AIS Hinge Hinge 

Moving-Mass 1.3 1.3 1.5 2.3 

Impactor (9.5 mph) 

Rigid Side 4.2 3.9 4.8 

Structure (20 mph) 

*These models are described in Reference 4 which is another paper at this conference. 
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structure impact sled tests. The predictions REFERENCES 
based on the B-parameter model with the 

1. Robbins, D. H., Melvin, J. W., and Stal- modified AIS are particularly close to the 
mean cadaver values, naker, R. L., "The Prediction of Thoracic 

Impact Injuries," Proc. 20th Stapp Car 
Crash Conf., Society of Automotive Engi- 

CONCLUSIONS AND neers, Warrendale, Pa., 1976, pp. 

RECOM M EN DATIONS 697-729. 
2. Eppinger, R. H., Augustyn, K., and Rob- 

The following conclusions can be drawn bins, D. H., "Development of a Promising 
from thiswork: Universal Thoracic Trauma Prediction 
o The twelve accelerometer thoracic instru- Methodology," Proc. 22nd Stapp Car 

mentation array can be adapted to the Part Crash Conf., Society of Automotive Engi- 
572 ATD thorax configuration, neers, Warrendale, Pa., 1978, pp. 

* The response of the Part 572 ATD thorax 211-268. 
to rigid side impacts is not similar to the 3. Melvin, J. W., Robbins, D. H,, and 
mean cadaver based response. Stalnaker, R. L., "Side Impact Response 

* Modifying the Part 572 ATD thorax and Injury," Proc. 6th International Tech- 
through significant changes in lateral nical Conference on Experimental Safety 
dynamic stiffness, mass distribution and rib Vehicles, Washington, D.C., Oct. 1976. 
to spine linkages can produce rigid side im- 4. Robbins, D. H., Lehman, R. J., and 
pact response which is similar to the mean Augustyn, K., "Prediction of Thoracic 
cadaver based response, juries as a Function of Occupant Kine- 

o The modified thoracic structures presented matics," Proc. 7th International Technical 
in this paper are prototype designs which Conference on Experimental Safety 
are intended for lateral impact only.. Vehicles, Paris, France, June 1979. 

o The use of injury-predictive models to 5. Harris, J., "The Design and Use of the 
predict thoracic injury levels using TRRL Side Impact Dummy," Proc, 20th 
kinematic data from the modified ATD test Stapp Car Crash Conf., Society of 
indicates that this is a promising approach Automotive Engineers, Warrendale, Pa., 
to injury assessment. 1976, pp. 75-106. 

A New Design for a Surrogate Spine 

N. K. MITAL, R. CHENG and A. I. KING was based on the synthesis of a planar linkage 
Bioengineering Center joining two rigid bodies. Its length and the 
Wayne State University location of pin joints were determined by 

means of an optimization program which 
ROLF H. EPP~NGER minimized the error of the relative motion be- 
National Highway Traffic Safety Administration tween the pelvis and the first thoracic vertebra 
U.S. Department of Transportation 

in the lease squares sense. The design was 
based on experimental data obtained from 

ABSTRACT cadaveric impact experiments. 
This paper describes the development and The physical model of this spine link is 

construction of a surrogate spine suitable for 464 mm long and was made to fit wit bin the 
installation in a 50th percentile anthropomor- spinal box section of a Part 572 ATD. The up- 
phic test device (Part 572 ATD). The design per pivot is superior to the box section and the 
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lower pivot is in the pelvic area. The rubber proach and a comparison of the response of 
spine and the weights within the box section the dummy spine with that of the cadaver, 
were removed. The rib cage could swing ap- 
proximately 13 degrees about the upper (TI) EXPERIMENTAL PROCEDURES FOR 
pivot. Sled impact runs were conducted with CADAVER AND ATD TESTS 
the surrogate spine and its dynamic response Both the ATD and the cadaveric subjects 
compared favorably with that obtained from were tested in a seated position under frontal 
living hurnan and cadaveric tests: impact (-Gx acceleration). They were re- 

strained by a set of clamps which held the 
~NTRODUCTION thighs and legs tightly to the impact seat. This 

The biodynamic response of the spine to seat and its associated equipment are shown in 

impact acceleration controls to a large extent Figure 1. A lapbelt was used to restrain the 

the kinematics of the head and torso of an pelvis to minimize femoral fractures in 

automotive occupant. Recent work by Mital cadavers. A piece of 140 mm thick urethane 

et al (1) provided data on the kinetic and Line- foam was placed above the lap of the test sub- 

matic response of the human cadaveric spine ject to cushion the impact of the torso. It was 

to -G acceleration. Additional human necessary to avoid skeletal fractures in cada- 
x 

volunteer data have also just become avail- vers for repeated runs, generally at increasing 

able. The :major experimental findings were: g-levels. Furthermore, the cadaver runs were a 

* The thoracic and lumbar segments of the 
prelude to living human volunteer runs which 

vertebral column are equally flexible, in 
were also carried out for this study. The net 
and belts behind the subject were designed to 

terms of average rotation per vertebra. 
o There is significant energy dissipation dur- 

ing spinal flexion and extension, as 
demonstrated by a large hysteresis loop in 
the plot of hip joint moment versus the 
rotation of T1 with respect to the pelvis.~ 

* The rotation of T12 with respect to the 
pelvis appears to take place about a very 
short radius (25mm to 50mm), whereas that 
of T1 with respect to the pelvis is approxi- 
mately an order of magnitude larger. 

* The acceleration at T1 appears to be repro- 
ducible among the human and cadaveric 
subjects in that the traces fall into a narrow 
corridor. 
The data acquired from cadaveric experi- 

ments were used to design a new surrogate 
spine suitable for installation in an existing 
anthropomorphic test device (ATD). This 
design was also discussed by Mital et al~. 

A physical model of the surrogate spine was 
fabricated and tested in a Part 572 ATD. The 
response of this spine is discussed in this paper 
along with a brief description of the ex- 
perimental procedures used to acquire both Figure !. Experimental set-up for spinal 
cadaveric and dummy data, the design ap- response experiments. 
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prevent rearward rotation of the torso during 
rebound, without causing any injury to the 
test subject or damage to the accelerometer 
mounts. All experiments were carried out on 
WHAM III (Wayne Horizontal Accelerator 
Mechanism), flat bed sled which was accel, 
erated to the desired speed at low acceleration 
levels and was made to impact a program, 
mable hydraulic snubber. 

Eleven cadaveric specimens were used in 
this experimental test series. Nine of them 
were embalmed and two were unembalmed. 
There were 5 male and 6 female cadavers, 
with an age range of 52 to 74 years. Anthropo- 
metric measurements were made on each sub, 
ject, using a predetermined list. Whole body 
x-rays were taken to ensure that there were no 
pre-existing fractures and to identify the verte- 
brae to be instrumented. 

Radio-opaque markers in the form of 
thumb tacks were placed near T1 and T12 
along the mid-sagittal plane to pinpoint the 

.......... location of the laminae of these vertebrae on 
x-ray. A threaded Steinmann pin was then in- Figure 2. Accelerometer mount for TI~ 
serted into each lamina of T1 and T12 to act 
as anchors for the instrumentation mount. 
The same technique was used for the pelvic 

accelerometer, a six-axis seat pan load cell, a 

mount which was located opposite $2. This 
sled velocity transducer and a time synchroni- 
zation indicator to match film data with trans, method of installing instrumentation mounts 
ducer data’ was found to be simple, fast and reliable. The 

cadaver could be lifted off the table via the T1 
Upon completion of all preparatory work 

on a cadaver, it was seated on the sled and Steinmann pins without slippage, There was 
thus reasonable assurance that the motion of 

restrained by the leg clamps and the lapbelL 

the mount reflected that of the vertebra on All transducers were balanced and calibrated 

which the mount was located. This method before each run was made. After each run, 

has been described by Levine et al2. whole-body x-rays were taken to determine 
any fractures that might have occurred. If no Each test subject was instrumented with a 

nine-accelerometer module at T1, T12 and the 
fractures were found, a second run at a pre- 
determined higher g-level was made. Fracture pelvis, using Steinmann pins as anchors. A 
of a major bone, such as the femur or a ver[e~ photographic target in the form of a cube was 

attached to each module. A typical T1 mount bra, terminated the test series. Occasionally, a 
cadaver would "survive" a high g-level run 

is shown in Figure 2. The configuration of the 
and was used at lower g-levels in subsequent 

nine accelerometers was given by Padgaonkar 
et al3 for the measurement of angular acceler- runs to fill out the test matrix. 

ation and velocityi High speed cameras were 
SUMMARY OF CADAVER TEST RESULTS located laterally, posteriorly and overhead the 

seated subject to monitor motion of the tar, Data from cadaver tests were discussed in 
gets. Other instrumentation included a sled detail by Mital et ate; ~k~ey im;iuded anthroo 
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pometric information, acceleration and load 
cell data and film analysis data of vertebral DOT355.5: Seat 

orientation. These are summarized in this sec- 
tion for the sake of continuity, a0 ~ 

Spinal length from C7 to the coccyx was 
measured on all subjects. It ranged from 515 x 

to 698 mm with a mean of 596.3 mm. This 

mean was used to normalize spinal length for     ~: 404    /                    \ / the design of a surrogate spine. Figure 3 ) shows typical acceleration traces. They are T1 ~ 20~ 

accelerations for 5-g runs from 7 different 
~ 

cadavers. They show good consistency among 0 ~ 
40 60 80 1 O0 

subjects and indicate that there is some uni- THETA 

formity in response despite wide biological 
differences. Figure 4. Resisting moment as a function of T1 

A six-axis seat pan load cell was used to rotation relativetothepelvis-cadaveric 
measure forces and moments exerted on the data. 
seat pan by the cadaver. After the sled comes 
to a complete stop, the head and torso con- is shown in Figure 5. The relative flexibility of 

tinue [o flex forward and rebound. With the the thoracic and lumbar spines is shown in 

load cell data, a static analysis can be carried Table 1 which incorporates data from 19 runs. 

out to calculate hip joint moment as a func- The lumbar spine showed less extension and 

tion of the rotation of T1 relative to the pel- generally had a smaller total relative rotation 

viso Such a curve is shown in Figure 4 for an of T12 with respect to the pelvis. Thus, the 

unembalmed cadaver. The area within the thoracic spine is apparently more flexible than 

hysteresis loop represents an energy dissipa- the lumbar spine. However, the rotation is the 

tion of about 200 N-mo sum of the rotations of individual vertebrae at 

High speed film data were used to obtain 
relative rotation of T1 and T12 with respect to 
the pelvis as well as T1 rotation relative to Dot.355 Cad.11 . T12-PEL 

Clamped frontal - T1-PEL 

T12. A typical plot for an embalmed cadaver T1-T12 

5007 

DOT319.3: T-! AZO 
400-1- ~’~ 

Filter 1OO hZ. 

300 # 

.J o _ ...              2004 

10o+ 

-t 0 ~ 0 1 O0 200    300 400 500 
60 

X(mrn) 
TIME (ms) X10 

Figure 5. Relative motion of T1 and T12 with 
respect to the pelvis and of T1 with 

Figure3. Z-axis acceleration from cadaveric respect to T12 for an embalmed 
runs made at 5-g. cadaver. 
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Table 1. Relative rotation of T1 with respect to T12 and T12 with respect to the pelvis. 

Rotation of T1 With Respect Rotation of T12 Respect 

Nominal Run to T12 (deg) to Pe{vi., (deg) 

g-Level No. Max. Max. Tot. Unit Max. Max. Tot. Unit 

Ext. Flex. Rot. Rot. Ext. Flex. Rot. Rot. 

Embalmed Spine 

3 318 9.0 - 5.0 14.0 1.3 0.0 - 12.0 12.0 2.0 

5 226 0.0 - 11.4 11.4 1.0 0.0 - 15.9 15.9 2.6 

319 17.0 - 13.0 30.0 2.7 4.0 - 14.0 18.0 3.0 

332 16.0 - 8.0 24.0 2.2 0.0 - 12.0 12.0 2.0 

10 303 5.0 - 56.0 61.0 5.5 38.0 - 4.0 42.0 7.0 

305 9.0 - 42.0 51.0 4.6 30.0 0.0 30.0 5.0 

306 5.0 - 45.0 50.0 4.5 9.0 0.0 9.0 t .5 

!5 - 30 312 20.0 - 20.0 40.0 3.6 11.0 - 11.0 22.0 3.7 

310 0.0 - 21.0 21.0 1.9 0.0 - 12.0 12.0 2.0 

314 20.0 - 6.0 26.0 2.4 6.0 - 17.0 23.0 3.8 

333 56.0 0.0 56.0 5.! 23.0 . - 19.0 42.0 7.0 

Unembalmed Spine 

5 342 28.0 0.0 28.0 2.5 0.0 -44.0 144.0 7.3 

344 22.0 -4.0 26.0 2.4 0.0 -29.0 I~ 29.0 4.8 

353 2.0 - 15.0 17.0 1.5 6.0 0.0 6.0 1.0 

10 345 29.0 0.0 29.0 2.6 0.0 - 32.0 32.0 5.3 

354 54.0 - 9.0 63.0 5.7 0.0 - 14.0 14.0 2.3 

355 47.0 - 6.0 53.0 4.8 6.0 - 25.0 31.0 5.2 

20 343 30.0 - 8.0 38.0 3.5 0.0 - 30.0 30.0 5.0 

the intervertebral joints. The true flexibility of for cadaver runs. There were~ of course, pre- 
each segment should reflect the number of cautionary measures taken to ensure the safe- 
joints in each segment. A unit rotation is de- ty of the volunteer. These included a physical 
fined as the average rotation of each joint re- exam prior to qualification of the volunteer, 
quired to attain the total relative rotation and the man-rating of all sled equipment used in 
is computed by dividing the total rotation by conjunction with the human subject, the 
the number of j oints involved, 6 for the lum- presence of a physician and an ambulance and 
bar segment and 11 for the thoracic spine, crew during the runs and a period of follow- 
The values for the unit rotation are compara- up by the physician after the runs. The test 
ble for the two segments, in the case of the protocol was approved by the Wayne State 

embalmed cadavers. However, the lumbar University Human and Animal Investigation 

spines of the two unembalmed cadavers tested Committee and informed consent xvas secured 
are more flexible than the thoracic spine, from each subject. The initial acceleration 

level was 2g and the incremental level was lg. 
The maximum severity was 8g but each person 

HUMAN VOLUNTEER RUNS was free to discontinue the runs at any time. 
A short summary of human volunteer runs At each g-level, the volunteers were asked to 

is included in this paper for completeness, make 2 runs, the first one with the muscles 
The data were acquired very recently and have tensed and a second one relaxed. Much of the 
not been completely analyzed. However, suf- data currently available will be compared with 
ficient data are available for comparison with dummy data in a subsequent section of the 
dummy runs involving the new spine, paper and will not be du plicated here. There 

As far as experimental procedures are con- were a total of 52 runs made on 5 volunteers 
cerned, they are basically the same as those 3 males and 2 females. 
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A DESIGN APPROACH FOR A 
SURROGATE SPINE 

The data acquired from these cadaveric ex- Y 
periments were used to make an initial design 
of a surrogate spine suitable for installation in 
an existing ATD. One of the constraints is the 
requirement for a rigid thoracic spine in an 
ATD to facilitate the design of a more human- 
like rib cage. However, both the thoracic and T 

lumbar spines show considerable flexibility 
and in the case of the ernbalmed cadavers, the 

!~R 

same degree of flexibility. There is also the 
over-riding consideration that surrogate __X.p___ 
spines must satisfy the dual requirements of 
repeatability and reproducibility. It must, 

I Yp 
therefore, be simple in design yet realistic in 
response. A method for the synthesis of a p .................. ,~ X 
planar linkage joining two rigid bodies was 
developed by Sarkisyan et al4 who proposed a 
means to determine the length and locations 
of the pivot points of a rigid link which will Figure 6. Diagram for a planar linkage. 

enable one body to move relative to the other 
along a predetermined path. The method min- 
imizes the error between the actual and malized length, using factors based on spinal 

desired path in the least squares sense. This anthropometry of the subjects. Normalized 

procedure can be applied to the design of a data from 20 runs were put through the opti- 

surrogate spinel One of the rigid bodies is the mizer and the results are shown in Figure 7 

pelvis while the other is the upper torso, de- and Table 2. The average link was obtained by 

fined relative to the T1 coordinate system, as averaging the values of Xp, Yp, XT, YT and R 

shown in Figure 6. An optimization proce- for the 20 sets of data points. This link was 

dure is required to minimize the error be- found to be 486 mm long. Its pelvic pivot is 

tween the path taken by the surrogate spine located 208 mm behind and 8 mm below the 

and that measured during the experimental origin of the pelvic coordinate system, along 

runs. The ninth order equation developed by the x- and y- axis respectively. The upper tor, 

Sarkisyan et al4 can have a maximum of 9 so pivot is located 127 mm behind and 80 mm 

possible links for a given path of T1 relative to above the origin of the T1 coordinate system, 

the pelvis. An efficient Nelder-Meade opti- along the x- and y-axis respectively. It is seen 

mizer developed by Wong et al5 was used to from Figure 7 that the link as computed from 

determine the optimal link. It finds the length the optimization program lies outside the pro- 

of the link, R, and the coordinates of the file of a 50th percentile ATD. A proposed 

pivot points on each body, X_ and Yp in the feasible link can be located within the dummy 
pelvic coordinate system and )~’r and Y~ rela- as shown by the dotted line by translating 

tive to the origin of the T1 coordinate system, both pivot points anteriorly 100 mm as shown 

as shown in Figure 6. In view of the possibility in Figure 7. A scaled paper model for the pro- 

of multiple solutions, it is essential to make in- posed feasible link was constructed to check 

tetligent guesses for the initial values of these for its ability to track the motion of T1 rela- 

5 quantities. Differences in spinal column tire to the pelvis, measured from film data. 

length were accounted for by obtaining a nor- The link performed satisfactorily. 
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FABRICATION OF SURROGATE SPINE 

( ~-~t 

The surrogate spine was fabricated from 

steel. The completed structure is shown in 

Figure 8. A new neck support was made to ac- 

commodate the upper (T1) pivot point. The 

lower (pelvic) pivot was designed to fit into 

the existing mounting holes for the Part 572 / Vl \ 
rubber lumbar spine. The cross-sectional area 

\ of the link is 1452 mm2 and its length is 

464 mm. The rib cage is pivoted about the T1 

joint and is capable of swinging through 13 

To this freedom of motion, degrees. provide 

~ it was necessary to cut out most of the poster- 

ior surface of the box section which consti- 
tutes the thoracic spine. The upper two ribs 

.. ~ -----_ 
remained attached to the anterior surface but 

¯ 
P the lower ribs were mounted on the lateral 

~100rnrn’ 
surface of the box section by bending the ends 
90 degrees. The assembled thorax and spine 

are shown in Figure 9. The weight of the torso 

was increased by 30N and its center of gravity 

Figure 7. Optimized planar linkage representing was shifted 2 mm towards the head. These 

an ATD spine, design deficiencies can be corrected after the 

Table 2. Planar linkage data for a proposed surrogate spine. 

Nominal Pelvic coordinates T1 coordinates Link 
Cadaver Run G-level Xp Yp XT YT length 

No. No. (g) (mm) (mm) (mm) (mm) (mm) 

1 226 5 -218.4 - 2.5 17.8 27.9 464.8 
1 231 5 - 172.7 - 35.6 - 185.4 83.8 513.t 
2 303 10 - 193.0 17.8 - 38.1 76.2 492.8 
3 305 10 -233.7 2.5 - 83.8 106.7 495.3 
3 306 10 -243.8 - 7.6 - 61.0 106.7 497.8 
3 309 5 - 195.6 - 15.2 - 139.7 150.0 508.0 
3 310 24 -243.8 - 17.8 - 96.5 127.0 475.0 
4 312 16 -269.2 - 5.1 -11!.8 86.4 487.7 
5 314 25 - 162.6 17.8 134.6 99.1 500.4 
7 318 3 - 215.9 - 38.1 - 154.9 !24.5 497.8 
7 319 5 - 231.1 - 17.8 - 132.1 111.8 459.7 
9 332 5 - 165.1 - 33.0 - 170.2 116.8 502.9 
9 333 30 - 121.9 -40.6 - 160.0 160.7 497.8 

10 342 5 - 154.9 43.2 - 167.6 17.8 452.1 
10 343 20 - 165.1 53.3 - 154.9 15.2 454.7 
10 344 5 - 160.0 58.4 - 147.3 27.9 447.0 
10 345 10 - 185.4 63.5 - 170.2 35.6 490.2 
11 353 5 - 276.9 43.2 - 111.8 55.9 480.1 
11 354 10 - 269.2 48.3 - 144.8 45.7 467.4 
11 355 10 - 276.9 22.9 - 182.9 78.7 530.9 

Average - 207.8 7.9 - 126.5 80.0 485.8 
Standard deviation 46.6 34.6 52.3 40.6 22.5 
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new spine is found to possess desirable kine- 
matics. 

The joint torques were initially set at twice 
the 1-g torques. For T1, the torque was set at 
6.8 N-m and for the pelvic joint, it was 13.6 
N-rn. However, after a series of 4-g runs, it 
was necessary to increase the 1-g torques to 
13.6 N-m at T1 and 27.1 N-m at the pelvis. 
This torque was used for all subsequent runs. 
In fact, it remained unchanged throughout 

the entire series of validation runs. 

VALIDATION RUNS WITH NEW SPINE 

A modified Part 572 dummy, equipped 
with this new spine was subjected to a series of 
validation runs at 4, 6, 9, 13 and 20 g. The 
acceleration and rotation of T1 and the pelvis 
were monitored along with the acceleration at 
T12o The T1 accelerometer mount was placed 
at a distance from the estimated position of 

Figure 8. Physical model of an ATD spinal link. TI in the dummy which is comparable to the 

Figure 9. New surrogate spine installed in the thorax of a part 572 ATD. 
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distance measured in cadaveric and human 

volunteer tests. The same distances were used RAA 468.2:T-1 link spine 13 G Z0 dummy 

for the T12 and pelvic mounts. Again, at each ..... zo Cad corr 

mount there were 9 accelerometers and a 
photographic target. The data presented 

below are compared with those obtained from ~ 
cadaveric and human volunteer runs. 

ACCELEROM ETER DATA _z 

One of the important considerations is the 

reproduction of acceleration along the spine 
-45 

0 15 30 45 60 

of the dummy. Similarity of response of the TIME (ms) XIO 
resultant acceleration at T1 is shown in Figure 

10 for high-g runs (13-20 g). The cadaveric    Figure 11. Comparison of ATD z-axis T1 ac- 

corridor envelops most of the dummy traces, celeration with cadaveric data. 
The high spikes at about 220 ms can be attrib- 
uted to the rubber stops which were used to 

prevent excessive flexion. Improved energy RAA 463.2:T-1 Link spine 6.26 

absorption should eliminate the large magni- 
CL FR 03-May-79 

-- Dummy runs AXT1 
tude short-duration acceleration spikes. The .... vo~ runs corr. 

Z-axis acceleration for the same runs is com- 

pared in Figure 11 in which the cadaver re- 

sponse corridor envelops most of the dummy 
~ 

data. The acceleration spikes in the dummy < o 

traces are again evident in some of the runs. .5 

Runs made at lower g-levels can be com- 
pared with human volunteer data. These are -6 -- , 
shown in Figures 12 and 13 for the X- and o 15 30 45 60 

TIME (ms) Xl0 
Z-component of T 1 acceleration, respectively. 

The nominal sled acceleration was 6 g. Figure Figure 12. Comparison of ATD X-axis Yl ac- 

14 shows a comparison of several dummy celeration with human volunteer 
data. 

RAA 463.2:T-1 link spine 6.2G 
-- AZTI 

RAA 466.2:T-1 Link spine 13 G CL FR 03-May-79 ---vol data corr 

CL FR 04-May-79 

101 

407 Dummy 

..... Cad res corr. 

< 

0 15 30 45 60 

0 15 30 45 60 TIME (ms) X10 

TIME (ms) XIO 

Figure 13. Comparison of ATD Z-axis T1 ac- 
Figure 10. Comparison of ATD resultant T1 ac- celeration with human volunteer 

celeration with cadaveric data. data. 
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that of T12 relative to the pelvis. These kine- 
Vol F11565G clamped frontal matics for a 6-g dummy run are shown in 
Run 428430 

Vo~ Figure 16. Similar data from cadavers and 
.... vo~ human volunteers were acquired. Figure 17 

~ 40-[ 

Dummyruns . 

~ 1 
,, DO T465,ink ~ T12-P 

v f Spine 6G cl fr ~ T1-P 
-J 60 ~" T1-T12 

0 10      20 30 40 40 

TIME (ms) X10                         X 

E 

Figure 14. Comparison of ATD T1 angular ac- 
celeration with human volunteer 
data. 

traces of T1 angular acceleration with those of 
human subjects for sled accelerations of 5-6 g.         c 

-20 0 20 40 

A similarity in waveform is observed. Angular x (mm) Xl0 
velocity is compared in Figure 15 for runs at 
these low g-levels. Figure 16. Relative motion of T1 and T12 with 

respect to the pelvis and of T1 with 

FILM DATA 
respect to T12 for new ATD spine. 

The relative position of a target at T1 with 

respect to that attached to the pelvis is a meas- 
Link spine part T-1 W.R.T. pelvis 

ure of the displacement response of the spine 572 compar,son 
tO -- Gx acceleration. Other measures can in- - Cad corr 

clude the motion of T1 relative to T12 and 
_._ Vol corr 

600 

Vo| F1156 5G clamped frontal 
Vol 

Run 428-430 T-1                    ~ Dummy 

~ 400 
20 ~" /... -. ’,, 

200 

< -20-1 ~ 
0    ~ 1 , ~ " 

-200 0 200 400 
0      10      20      30      40 X(mm) 

TIME (ms) X10 

Figure17. Comparison of ATD T1 motion 

Figure 15. Comparison of ATD T1 angular relative to the pelvis with cadaveric, 
velocity with human volunteer data. human volunteer and part 572 data. 
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shows a portion of the ATD data of the posi- 
T| W.R.T. P 

tion of T1 relative to the pelvis within the MTH 468.5: seat link spine 13G 
CL FR 03-M.~y-79 --- 9 9 

cadaver and volunteer corridors. Also shown 13 g 

are data acquired from a Part 572 ATD 

~ ~ 

-.-2og 

equipped with the original rubber spine. They 60 ~ 

/~/’/ 

- ~ 25 g 

are within the corridor at the initiation of ~ 

,/~// acceleration but do not remain there due to /// 
extension of the rubber segment.                   80           { ~i 

LOAD CELL DATA 

A six-axis seat pan load cell was used to 0 20 40 60 80 
0 DEGREES 

measure seat reaction forces and moments 
during impact. Mital et al1 showed that the 

moment at the hip joint could be computed Figure 19. Moment -0 curves for high-g ATD 
runs. 

from load cell data after the sled has come to 
a complete stop. A cross-plot of this moment 

against 0, the relative rotation of T1 with 

respect to the pelvis, yields a measure of DISCUSSION 
spinal resistance to flexion. Figure 18 shows 

representative moment-0 curves from cada- The surrogate spine proposed for the Part 

veric, volunteer and dummy data in the low-g 572 ATD is an initial attemp~ to improve the 

range (5-10 g). The hysteresis loops are in- response characteristics of the ATD spine and 

dicative of energy dissipation which was ef- to render them more human-like. Although it 

fected through Coulomb friction in the possesses many promising features in terms of 

dummy spine. At higher g-levels, the acceleration and displacement response, it is 

hysteresis loops for the dummy spine are by no means a final product. Several areas of 

shown in Figure 19. The moments are con- improvements are immediately obvious. A 

siderably higher but the range of relative rota- better design is required for the joint stops 

tion does not appear to have increased, and for the dissipation of energy during torso 

flexion. However, it should be noted that the 
preset joint torques remained constant 

throughout the entire series of runs from 6 to 
Mth 463.5: Seat link soine 6.2G 

.... 10 g, u nembalmed cad 25 g. A reduction in weight without moving 
Cl FR 03-May-79 

-- 6 g, dummy the center of gravity of the torso is also desir- 
-*- 5g, F 1156 (relax) 

o 80-r 
--’-- 7 g, M 0159 (tense) able. 

~ Further validation of the new ATD spine is 

required. When restrained by a three-point 
~ ../" ", belt, spinal response is generally of limited 

~ 
40÷ / 

/ "- \,, magnitude. Nevertheless, the fidelity of the 
/ ~ , ~ new spine should be checked against human 

~. data. 
o~ ~ ~ ~ ~ The current design does not eliminate the 

0 20 40 60 80 

0 DEGREES possibility of providing for lateral flexibility 

in the ATD spine. If and when lateral impact 

Figure 18. Representative resisting moment spinal kinematics become available, it may be 

curves for ATD, cadaveric and feasible to provide an additional hinge in the 

human volunteer runs. rigid link to simulate lateral flexion. 
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are those of the authors and are not necessar- 

* A new surrogate spine for frontal impact ily of NHTSA or of Wayne State University. 

has been designed, fabricated and tested in 

a Part 572 ATD. REFERENCES 

o Its responses are quite human-like. In par- 1. Mital, N. K., Cheng, R., Levine, R. S. and 
ticular, T1 acceleration and displacement King, A. I., "Dynamic Characteristics of 
with respect to the pelvis are remarkably the Human Spine During -Gx Accelera- 
similar to those of human subjects, tion." Proc. 22nd Stapp Car Crash Conf. 

* The arbitrarily chosen joint torques ap- 1978, pp. 139-165. 
peared to provide a sufficient amount of 2. Levine, R. S., Tennyson, S. A., and King, 
energy dissipation and the torques re- A.I., "A Simplified Method of Attaching 
mained constant throughout the entire Accelerometer Packages to Bone." J. 
series of runs, up to 25 g. However, more Biomechanics, Vol. 12, 1979, pp. 47-54. 
rotation of T1 relative to the pelvis is 3. Padgaonkar, A, J., Krieger, K. W. and 
necessary to simulate the hysteresis loops King, A. I., "Measurement of Angular 
from human data. Acceleration of a Rigid Body Using Linear 

* T1 kinematics of the Part 572 dummy are Accelerometers," J. of Applied Mec- 
not comparable to human data despite the hanics, 1975, pp. 552-556. 
fact that the corridor for Tl motion relative 4. Sarkisyan, Y. L., Gupta, K. C. and Roth, 
to the pelvis is quite wide, those of the B.,"Kinematic Geometry Associated with 
original Part 572 ATD did not fall within Least-Square Approximation of a Given 
the corridor. Motion," J. of Engineering for Industry, 

1973, pp. 503-510. 
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 m=nar Three 
Side impact Protection 

Dr. Giacomo Pocci, Chairman, Italy 

Realistic Test Conditions THE PROBLEM 

for Evaluation of For the type approval of a new vehicle crash 

Passenger Car tests are required by law in various countries. 

Occupant Protection The primary test is the impact into a rigid bar- 
rier at a predetermined speed, this speed being 
the same for all vehicles. This test condition 

PROF. DR. W. REIDELBACH makes no allowances for the varying risk of 
DR. W. SCHMID injury which, in road accidents involving vehi- 
Passenger Car Body Research Department cles of similar design, results from the differ- 
DaimleroBenz AG ent weights of the vehicles. Experts in the field 

fear that this could lead to erroneous trends in 
vehicle technology. The collision speed vB and 
the vehicle mass m determine the necessary 

ABSTRACT energy absorption capability of the vehicle’s 

With the aid of a compatibility concept, front structure. On the other hand this ab- 

where the idea of compatibility is defined sorption capability depends on the design- 

more clearly than has normally been the case, affected values of the deformation d (shorten- 

it is possible to deduce the correlation be- ing of structure during collision) and the 

tween a realistic barrier impact speed--used "level" (mean value) P of the deformation 

to examine occupant safety in a head-on colli- resistance (rigidity of structure): 

sion--and the mass of the vehicle involved. 
1 Accordingly, heavier vehicles should be 
~.mvB2= Pd. 

(1) 
tested at lower impact speeds, and lighter 
vehicles at higher impact speeds. 

With this concept great value is placed on a Furthermore, as d is approximately the 

well-balanced design for the front structure of same on most vehicles because of attempts to 

t he vehicle, so as to ensure the protection of cut down vehicle length and weight, the rigidity 

its "own" occupants in the event of a head-on of the front section is approximately propor- 

collision single or vehicle to vehicle--as well tional to the vehicle mass, i.e., P - m or, with 

as the protection of the occupants of other re- reference to the rigidity P* of a "basic vehicle" 

hicles which are hit in the side by this vehicle, from a current production line. 

Statements concerning the balance of the p 
derived conditions are based on statistical 

p =-~-,-m. (2) 

road accident analyses concerning the fre- 
quency and severity of head-on and side colli- If two vehicles of different masses are in- 
sions, but also of single accidents which hap- volved in a head-on collision, then the test 
pen so frequently that they cannot be ignored, condition mentioned above leads to an "in- 
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compatible" combination of front end forces. THE SIDE COLLISION 
This is one compatibility problem; 

A further compatibility problem arises Compatibility in the Side Collision 

when a vehicle hits the side of another vehicle. Comprehensive theoretical investigations 
Modifications to the front end of the impact- (1) deal with, among other things, the effects 
ing vehicle, which are intended to lessen the of the rigidity of both the front end structure 
risk of injury to the occupants of the impacted of the impacting vehicle, and the side structure 
vehicle in a side collision, have a retroactive of the laterally impacted vehicle. They show 
effect on the head-on impact. Consequently that 
the barrier impact speed must be matched to ® the load on the occupants (e.g., the chest 
the requirements of the side collision, acceleration) is typically dependent on the 

Finally one must not overlook the protec- proportionality factor p = P/P* of the 
tion of the vehicle occupants in the very com- rigidity of the front end structure (fig. 1), 
mon single accident, where only one vehicle is ~, there is always a relative minimum and 

involved in a collision, o at equal rigidity of side structures the "loca, 

The following study attempts to relate the tion" Po of the minimum is largely inde- 

head-on fixed barrier impact speed to the pendent of the mass m of the impacting 

vehicle mass in such a way that in one balanced vehicle. 

concept the partially contradictory require- Therefore the optimum balance with regard 

ments can be fulfilled, not individually, but as to lateral impacts is provided for if all front 

far as possible in their entirety, end structures have one and the same level Po 

4O 

30 

20- 

10- 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

FAKTOR DER VORERUKRAFT 

Figure 1. Seitenaufprall Brustbeschleunigung Masseneinfluss. 
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and all side structures have the same deforma- factor p can be estimated with the aid of the 

tion resistance matched with this level. Because equation (6) of the parabola approximating 
of the deformation displacement d of the front in Po- 
end structures being the same, the energy 
absorption capability of all vehicles would 

(P~o ) 

(6) 
then also be the same, that is to say rs- e° + es° - 1 2 

1 where p ~ Po and 
poP*d = ~mv]32 = const (3) 

P -- mVB2, Po ~ moVBo2’ (7) 

and, instead of p-m, 

If we designate as follows 
Po--mVB2 = moVBo2.                (4) 

Here mo means the mass of an "average" /z =mom and (8) 

(statistically most frequent) vehicle, and v]3o is 
that equivalent barrier impact speed which 

_ VB caters for a sufficiently large percentage of u - then (9) 
road accidents. VB°’ 

Barrier Impact Speed rs - eo + es(/Xu2 - 1)2 (10) 

Matched to Side Collision 

It follows from equation (4) that the test is accordingly the relationship between risk of 
speed of vehicles matched to lateral impact injury, mass ratio, and barrier impact speed; 
conditions would have to be dependent on the provided that the side structure rigidity of al! 
mass of the vehicle: vehicles continues to be optimally matched to 

the front end structure rigidity of the "aver- 

VBo~ (5) age" vehicle. 
vB 

This condition is not compatible with the THE HEAD-ON COLLISION 

specification vB = const or with the risks Influential Factors in the Head-On Collision 
shown below in the case of head-on collisions 
or single accidents. Thus p will generally be The severity of injuries in a given vehicle is 

different from Po. basically determined by the speed and the 
acceleration. More recent unpublicized inves- 

Suboptimum Balance tigations lead to the assumption that the risk 

With Regard to Side Collision of injury is dependent on the square of the 
speed, i.e., that it correlates with the kinetic 

The curve in Figure 1 can be used to energy to be transformed into deformation 
estimate the increase of the load on the oc- 
cupants i.e., risk~of injury--in the impacted 

energy. 

vehicle if the front end structure is not proper- Effects of Mass 
ly matched to. 

Let ro -eo be the risk and Po the propor- According to the basic laws of momentum, 

tionality factor of the front end forces in the a collision between two vehicles of different 

minimum of the occupant load. The risk rs for masses leads to different speed changes. The 

other front end forces with the proportionality speed change of a vekicle with the mass rn 
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when collidingwithan"average"vehiclewith mass according to equation (4), one can 

a closing speed vc can be expressed as follows: finally write 

zXv- m° (l+~),vc. (11) rr-~ . (15) 

m÷mo 

As the collision factor ~ (a measure for the 
rebound) is generally ~<< 1 and can hardly be 

SINGLE ACCIDENTS 

affected by design, is ignored in the following. In head-on single accidents the risk o f inj ury 
The equivalent barrier impact speed with is largely independent of the mass of the re- 
which one simulates the collision of an "aver- hicle. On the other hand it is just as dependent 
age" vehicle with an identical vehicle is ap- on the speed as was described in the section 
proximately equal to half the closing speed: Risk of Injury and Barrier Impact Speed in 

the Frontal Impact: 

Vc 

v~o = -~ (12) 1 
ra- ~ (16) 

Therefore, for a vehicle with a mass different 
to mo, the barrier impact speed equivalent to a A COMPATIBILI~ CONCEPT 

vehicle to vehicle collision is If optimum protection is to be offered, each 
of the types of accidents studied requires a 

2mo different relationship between barrier impact 
v~i - m+mo,V~o (13) 

speed and vehicle mass. It is not possible to 
achieve the minimum risk of injury individu- 

With the normNization (8) and (9) one gets ally for each type of accident. Instead of this 

the risk of injury as an entirety for all accident 

2 types, which is referred to in the following as 
vi = ~+~ (14) the overall risk, is made as small as possible 

(safety) and the same for all vehicles (com- 
as the "ideal" relationship between barrier patibility). The overall risk is the sum of the 

individual risks: impact speed and vehicle mass. 

Risk of Inju~ and Barrier Impact Speed 
R = ~ q = rs + rf + ra 

in the Frontal Impact 

In the case of frontal impact at a certain where 

barrier impact speed, the mechanical loads on 
the vehicle occupants exceed ce~ain biome- ri = ci~wi.fi(~, ~) (i = s, f, a). 

chanical limits. The risk of inju~ in such a 
vehicle is less when the "limit" speed is The index s stands for side collision, f for 

higher, and vice versa. It follows from this, head-on collision and a for single accident. 

together with what has been said in the section The factors ci are a measure of the probability 

Influential Factors in the Head-On Collision, of an inj ury of a certain severity being suffered 

that the risk of injury is proportional to the in an accident of the type i (side, head-on, 

reciprocal square of the barrier impact speed, single). The factors wi express the frequency 

If one now considers the dependence on the with which accidents of type i occur. The 
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functions fi can be taken from the equations REALISTIC BARRIER IMPACT SPEED 
(6), (15), and (16). Accordingly we can write 

A barrier impact speed related to the overall 

1 risk existing in actual road traffic must there- 
R = CsWseo + CsWses(/~2)+ cfwf ~-~ fore be made dependent on the mass of the 

vehicle involved in accordance with equation 

(1 +_~)2    1- 

(19). 
° + CaWa~’. (17) The numerical values compiled in Table 1 

for the coefficients ci and wi can be estimated 

The risk in the "average" vehicle (too, Vao) from statistical documents. These values given 

with/~ = 1 and, = 1 is for various degrees of injury severity are 
weighted by the average prospective economic 

R = CsWses+CfWf+CaWa. (18) losses which results in the values given in 
Table 2. According to equation (9) these coef- 

This risk can be calculated from statistical ficients give the thickly drawn curve marked 

investigations into real accidents and can be with a K in Figure 2. The curves for the head- 

reduced to a limit as considered necessary, on collision F according to equation (14), for 

This defines the required level of safety and the side collision S according to equation (5), 

thus the barrier impact speed Vao. and for the single accident A are included for 

Now in a compatibility concept one can de- comparison. 

mand that the overall risk in all compatible 
vehicles be the same. From (17) and (18) one Table 2. 
gets 

w 

[I L4 = =l 
f .1335 64,061 CfWf ~w\1 +/~/ j_ CsWses(1 _/~/~2)2             S 

.2003 32,060 

/1 1\ 

a .6662 34,794 

+ CaWat )- ~ = 0 
(19) -- 

as the relationship between the realistic barrier 
impact speed vB = uOVBo and the vehicle mass 
m = /~,mo. REFERENCES 

Coefficients c. and w. to equation (19) from accident 
1. Schmid, W. Mathematical Modelling of 

statistics o~ BRD ’1977 (Source: Statistisches Occupant Biomechanical Stress Occurring 
Bundesamt Wiesbaden). During a Side Impact. SAE Paper 78 0670. 

Table 1. 

e/eo 4.2 
~ 

Injury probability Accident frequency 
fatal severe minor fatal severe minor 

cf .01 .16 " .65 wf 841 12,579 50,641 
.015 .11 .43 ws 421 6,289 25,350 

ca .005 .55 .85 1,219 13,163 20,412 
economic 300,200 ’ 11,400 1,800 
losses 
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K 
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Figure 2. Realistic barrier--impact velocity. 

2. Reidelbach, W. and Schmid, W. Compat- 5. Seiffert, U. Kompatibilitat auf der Strasse. 

ibility of Passenger Cars in Road Acci- ATZ 77 (1975)5, S. 150-153. 
dents. Oct. 1976, Washington. 6. Hofferberth, J. and Tomassoni, J. A Study 

3. Ventre, P. and Rullier, J.-C. Proposals for of Structural and Restraint Requirements 

Test Evaluation of Compatibility Between for Automobile Crash Survival. July 1974, 

Very Different Passenger Cars. San Francisco. 

4. Fiat. Technical Presentation. Oct. 1976, 
Washington. 

Improved Test Procedures for Side Impact 

I. D. NEILSON, S. PENOYRE, and pants. Although a majority of these side im- 
$. P. F. PETTY pacts are car to car, important minorities are 
Transport and Road Research Laboratory heavy goods and other large vehicles into the 
Department of the Environment-- sides of cars and accidents in which the cars 

Department of Transport 
United Kingdom 

spin and slide sideways into roadside ob- 
stacles. Accident studies clearly show that 

A. K. DYCHE most of the worst injuries occur when the car 
Motor Industry Research Association door or side structure collapses inwards and 

directly strikes the occupant. This inwards 
INTRODUCTION bulge may be caused by a tree, the bumper of 

After frontal impact, side impact is the a heavy vehicle or the front corners of cars 

most frequent cause of fatalities to car occu- striking at different points and angles of im- 
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pact, Theoretical studies going as far back as pactor gives a high impact velocity in relation 
1969 show that although the change of velo- to the change in velocity it gives to the car be- 
city of the car in a side impact is important, it ing struck. This is true, but it does not in- 
may be the relative speed at first contact that validate the test if the impact speed is 
is more significant. This relative speed can be somewhat reduced below that of the car to car 

...... attenuated as far as the occupants are con- impact it is representing (35 km/h for 50 
cerned in two ways. Firstly the side of the car km/h in these tests). Possibly the only serious 
can be strong so that more energy is absorbed objection to this test is that the impacting face 
by the striking car, thereby reducing the is rigid so that if the door is flattened locally 
severity of the impact experienced by the between it and the dummy the loads on the 

..... occupant in the struck car. Secondly the vio- dummy will reach very high levels. However 
lence of this blow can be reduced by designing in this respect the barrier face is similar to a 
energy absorbing structures and padding on tree or heavy vehicle bumper; furthermore 
the inner face of the side structure of the car. this situation will not arise for car door 
This means that the peak loadings at the point designs with adequate depths of padding on 
at which the occupants are struck are reduced their inside faces. 
to below critical tolerance levels. An advantage of flat rigid faced barriers is 

Another way of attenuating side impact is that the loadings on small sections of a face 
by careful design of the object striking the can be measured by load cells, So the face 
side. This is not possible if it is a tree but the receives an imprint of a side of a car as it 
fronts of cars can be redesigned and the ad- strikes it, in terms of a pattern of force 
vantages of having the front structure and loadings. Similarly if the barrier is run into the 
bumper low down were exemplified by the fronts of cars, the fronts of the cars leave im- 
good performance of the SRV Marina prints as force loading patterns. These pat- 
displayed at the 5th ESV Conference. What is terns give first indications of where the fronts 
needed is a strong lower front structure and a and sides of cars are strong and where they are 
weak upper section (if it is included in the weak. This paper indicates how these patterns 
design for other purposes such as pedestrian may be used to check the likely compatibility 
protection). So it is clear that compatibility of of the side of one car with the fronts or front 
design between the fronts and sides of all cars corners of many other cars. 
is desirable for this reason as well as for The paper shows that a specialized dummy 
others, for side impacts (a TRRL Mark 1 Side Impact 

Since the last two ESV Conferences the Dummy~ was used) greatly increases the 
United Kingdom has been supporting the potential value of full scale side impact testing 
studies of Working Group 5 of EEVC which by measuring the violence of loading on the 
has been considering the impact test pro- head, chest and pelvis. 
cedures most suitable for legislative test pur- A problem with a single full scale test for 
poses for front and side impact to cars. For legislative purposes is that it can be a demon- 
side impact the series of tests described below stration of only one accident situation and in 
have been carried out. They show the value of reality there are many. The main shortcorning 
using a suitably shaped small rigid faced is that, as is shown later on, the head of the 
mobile barrier propelled perpendicularly into dummy can hit only one point on the side but 
the sides of cars. It had a small fiat face with there are many points along the cant rails and 
rounded edges which made a bulge in the B posts that could be struck. For this reason 
doors and Bpost and produced damage very the separate head impact test, described in the 
like that seen in accidents although the companion paper to this on frontal impact 
impacting body and its direction might be dif. testing,2 is appropriate for side as well as front 
ferent. Some have argued that such an im- impacts. 
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IN ITIAL TEST SERI ES dummies were placed in the seating positions on 

the impacted side. The rear dummy was unin- 
strumented and unrestrained. The front dummy 

Method of Test was a fully instrumented TRRL Side Impact 

The test procedure was based on the 1972 
Dummy restrained with the vehicle’s standard 3 

ECE draft regulation3 which proposed an 
point belt. The internal dimensions of the 

1100 kg moving barrier with a 1300 mm wide 
passenger compartment from the inner faces of 
the sides of the cars were measured both before 

600 mm high impacting surface to hit the st a- 
tionary car in a 90° side impact centered on 

and after impact and some of the significant 

the driver’s R point. The proposed pass 
changes are given in Table 1. Four types of cars 
were used in the tests. 

criterion was a minimum residual transverse 
space of 350 mm/seat for each row of seats, o Car A. A 1972 two door Vauxhall Viva HC 

For the initial test series the barrier mass of saloon with the ’B’ post to the rear of the 

1100 kg and speed of 35/38 km/h were retained front seat so that the door strength was the 

but the impacting face was reduced to a steel major factor in protecting the front seat oc- 

plate 1000 mm wide and 500 mm deep faced cupant. 

with a tayer of plywood 75 mm thick with a ® Car B. A 1972 four door B.L. Marina saloon 

75 mm radius on all edges. The impact face with the ’B’ post by the front seat back rest so 

was rigidly secured to the moving barrier and that the B post was part of the rectangle used 

was adjust able so that the height of its bottom to measure residual transverse space in Refer- 

edge above the ground was 175 mm for a low, ence 3. Results were also available for this 

and 300 mm for a high impact position (see car from a previous Marina into Marina 

fig, 1). The barrier was moving freely on im- side impact test which gives a comparison 

pact and the impact speeds are given in Table 1. with the barrier results. 

The intended impact speed of 35 kmih was ,, Car C. A 1975 four door Volvo 244 saloon 

chosen to reproduce the damage experienced in which has a strong door and ’B’ post. The car 

a 30 miteih (48 km!h) car to car side impact, was modified, without affecting the pas- 

The vehicle to be ~ested was placed at right senger compartment structural integrity, so 

angles to the direction of impact. The center line that its mass, mass distribution fore and aft, 

of the moving barrier was in line with the front H point in relation to the axle positions, and 

seat H point with the seat in its fully back posi- the door sill height were all similar to those of 

tion. The car fuel tank was filled with water and car B. The front seat dummy was also posi- 

the handbrake was applied. Two 50th percentile tioned so that its distance from the inside of 

R 75 mm 

500 mm 

1100 kg 

300 turn 

175 mm 

Figure 1. Sketch of a mobile barrier. 
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Table 1. Data from impact tests. 

CarA             CarB         CarC CarD 
Tolerance , 

Barrier height 
level Car to 

Low High 
car 

Low High High High 

Impact speed km/h 36 32 48 36 36 36 36 
Barrier mass kg 1100 1100 1136 1100 1100 1100 1100 
Barrier peak deceleration 

{g 
13 11 17 12 10 14.6 15 

ms (60) (44) (17) (20) (25) (36) (30) 

Car mass kg 945 984 1052 1082 1056 1068 970 
Car peak acceleration 22 20 15 26 

’Jgs~m 
12 15 14 

(47) (51) (17) (20) (25) (23) (34) 
Initial clearance mm 1315x 1256x * 1188 1202 1282 1t62 
Final clearance m >700 1082 1032 * 958 930 t076 858 
Intrusion base A post mm 83 82 75 97 63 * 94 
Intrusion inner door mm 241 208 279 233 274 224 309 
Intrusion top B post mm 60 65 38 84 56 37 48 
Intrusion mid B post mm 230 237 337 260 288 257 284 
Intrusion base B post mm 218 183 362 227 251 206 248 

Head impact None None * Slight Slight Slight * 
Chest acceleration 60 g for ms <3 0 0 8,3 7.0 9.5 6.5 13.5 
Chest acceleration peak for 3 mslfg <60 25 23 78 97 119 ~ 81 89 

~,m s (55) (28) (25) (25) (24) ’(25) (28) 

Peak shoulder !oad kN <7 4.20 3.33 12,49 12.55 11.91 6.05 5.1 
ms (57) (28) (28) (25) (23) (51) (28) 

Load rib 1 kN <1 1.0 2.0 0.4 1.4 1,4 1.9 1.4 
ms (57) (34) (26) (37) (37) (32) (33) 

Load rib 2 kN <1 0.6 1.3 0.75 1.5 1.3 2.4 1.8 
ms (51) (35) (45) (38) (40) (33) (27) 

Load rib 3 kN <1 0.2 0.2 1.6 1.3 1.4 3.0 1,5 
ms (57) (34) (45) (37) (39) (31) (25) 

Load rib 4 kN <1 * 0,3 1.4 1.3 0,7 1.2 0.7 
ms * (31) (46) (38) (37) !(32) (25) 

Load pelvis kN <6 7,1 6.5 9.1 5.2 6.7 13.1 22.2~ 
ms (54) (41) (43) (44) (45) (32) (26) 

Pelvis peak lateral 55 55 90 
Acceleration {gms 

53 60 70 107 
(59) (43) (38) (32) (43) (31) (30) 

Pelvis peak lateral ,g 22 11 * 34 44 19 32 
Deceleration ms (107) (110) * (86) (89) (88) (70) 

Pelvis velocity km/h 34 30 * 33 31 32 25 

x Different door handles 

¯ Data not available 
t Peak load greater 

the door trim was the same as that in the Car RESULTS 
B impacts. 
Car D. A 1975 two door Datsun Sunny 120 The results from the tests are tabulated in 
Y saloon chosen because it appeared to be Table 1. The figures given in brackets are the 
representative of cars with a light side struc- times in milliseconds from impact to reach 
ture. Though a two door car, its B post was peak loads. The human tolerance figures for 
approximately in line with the front seat the dummy in the front seats are the pre- 
dummy, liminary TRRL estimates quoted in the Stapp 
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paper.1 No head criteria figures are given as in compared with the car-to-car, at the base of 

most of the tests the head did not make con- the B post, gives a lower pelvic load. 

tact with the car. For the barrier tests the collapse of the door 
was similar to that of car A and, as the B post 

Car A, Vauxhall Viva did not tear away from the sill, the sill col- 
lapse was also similar. Because of the strong 

It should be noted that the difference in the seat structure there was a greater load trans- 
internal clearance between the two cars tested ferred to the tunnel than for car A. 
was due to a difference in door handle design. 
Although the handles were within the defined Car C, Modified Volvo 
survival rectangle neither was in a position to 
hit the occupant in this test procedure. The in- The strong B post and reinforced door gave 

trusion at the inner door (by the occupant’s a collapse of the structure which was radically 

torso) was greater for the low barrier than for different from the barrier tests on the other 

the high. This was probably because the im- cars. Instead of the door folding round the 

pact speed achieved was only 32 km/h in the vertical edge of the barrier, the impact load 

high barrier test compared with 36 km/h in was transmitted through the A post into the 

the low barrier test. In both impacts the upper fascia which then crumpled (preventing the 

part of the door panel collapsed outwards giv- measurement of the A post intrusion being 

ing a low load on the shoulder and higher taken). Despite the increased strength of the B 

loads on the upper ribs than the lower. In post, the inner door intrusion was still signifi- 

both impacts the barrier missed the A post cant though only adjacent to the front occu- 

and caused the door to fold inwards down the pant, however it was less than that for car B. 

vertical edge of the barrier. The door sill The transmission of the high barrier load 

either collapsed under impact or was pulled through to the floor structure of the passenger 

inwards by the B post and energy was also ab- compartment was also shown by the increased 

sorbed by the seat frame transmitting the im- peak of the car acceleration. 

pact load to collapse the tunnel. A significant difference between cars B and 
C was in the loads on rib 3 and the pelvis. The 

Car B, B. L. Marina higla loads for car C were due to the inner skin 
of the door being very stiff and transmitting 

The major difference between the car-to-car the impact forces directly to the dummy. For 
and the barrier impacts is highlighted by the car B the inner door skin was much softer, 
form of the int fusion into the car. The barrier permanently deforming during the impact and 
reproduces its shape in the side of the car with acting as an energy absorber and hence giving 
structural collapse around the shape. With the lower force levels, rhis difference between the 
car-to-car the damage was spread over a cars also highlights the need for a dummy 
greater area but the maximum intrusion was measuring forces at the ribs and shoulder as 
concentrated between the B post and the H 
point of the front seat. The two heights of 

part of the test, since an examination of the 
chest acceleration does not show the high rib 

barrier gave generally similar results. loads that were present. 
Although the higher barrier gave a similar in- 
trusion to that of the car-to-car test at the in- Car D, Datsun Sunny 
ner door, the loads on the ribs and pelvis were 
somewhat different. The vertical face of the Considering the car mass and its basic design 

barrier gave higher upper rib loads which were of passenger compartment the car might have 

reflected in the higher chest acceleration (the been expected to collapse in the same manner 

shoulder loads are similar, both being high), as car A, but it did not do so. Although the 

The reduced intrusion of the high barrier barrier speed was only slightly greater than 
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for the other tests, the intrusion at the inner tier was in the high position, The mass of the 
door was the greatest found in all the tests, barrier is similar to that of a typical European 
The B post collapsed and although the door family car with two adult occupants and some 
lock did not open the metal round the latch luggage. A barrier speed of 35 km/h should 
tore out of the B post. Also the fascia started give an intrusion similar to a car travelling at 
to collapse under load from the middle of the 48 km/h ( = 34 v~km/h) if it can be assumed 
A post allowing an increase in the folding of that the energy absorbed in a car front to car 
the front of the door around the vertical edge side impact is equally distributed between 
of the barrier. The load transmitted by the both cars. This was shown to be true in the 
seat structure was sufficient to cause the tun- case of car B where the inner door intrusion 
nel to collapse. Despite the substantial failure by the torso of the front dummy was very 

.... of the car structure, the final clearance in the similar for the high barrier and the car to car 
passenger compartment was still within the tests. The two heights of the impactor were 
proposed ECE Regulation.3 chosen to determine the effect upon intrusion 

The load on the dummy pelvis was extremely of hitting the present design of door sill. The 
high (at least 22.2 kN) and this is reflected in results suggest that although the high impac- 
the high lateral acceleration of the pelvis. The tor is better the more critical factor is barrier 
high value probably resulted from the corn- speed. For legislative purposes, therefore, a 
plete collapse of the outer door skin so that tight tolerance must be placed on barrier 
the barrier loads were directly transmitted to speed. 
the pelvis. The upper torso loads were not 

............ 
particularly high but the duration of the chest 

Effect of the Barrier on the Car acceleration above 60 g was large, This was 
Structure due to the shoulder load cell deforming the in- 

ner skin of the door until it hit the outer skin The impactor puts the A post, front door; 
which was above the top of the barrier. This B post, rear door and C post linkage into ten, 
gave a pulse of a long duration but without sion, testing not only the strength of the ma, 
any high peak. jor structural members but also the strength 

of the intermediate door hinges and locks and 
DISCUSSION their mountings. This was highlighted in Car D 

where the door lock survived the impact but 
Barrier metal holding it in the B post failed, In all the 

In order to reproduce the intrusion into the tests the door sills collapsed either under im, 
passenger compartment that is found in injury pact from the low impactor or under tension 
producing accidents, it was considered neces, from the deformation of the B post with the 
sary that the rigid impacting face should not high impactor. The high barrier test thus tests 
hit either the A post or the rear suspension not only the strength of the sill but also the 
mountings, This can be achieved on the ma- strength of the joint between the B post and 
jority of cars with a face 1000 mm wide whose sill. Reinforcing the door transfers some of 
center line is the H point of the front seats ad, the impact load to the main passenger corn, 
justed in their most rearward positions. The partment frame through the A post. Another 
depth of the impactor of 500 mm is such that simple method of reducing intrusion is by 
even in the high position the top edge is not transmitting the impact load through the 
over the bottom edge of the side window. The structure of the front seats. This method has 
top and side edges of the impactor were the advantage that a strong seat frame will give 
radiused to prevent any cutting effects. The protection to the pelvis whatever the seat posi- 
bottom edge was also radiused to compensate tion. Since the seats may react against each 
for variations in car sill height when the bar- other, test requirements should allow that 

449 



EXPERIMENTAL SAFETY VEHICLES 

having defined the impact point with refer- General Comments 

ence to the rearmost seat position a testing The simplicity of the rigid barrier test makes 
authority may move the seat to any of its nor- it attractive if legislation is required in the near 
really adjustable positions. This clause would future. A barrier to car test is likely to be 
allow the two front seats to be staggered and more attractive from the manufacturer’s view- 
would also ensure that any internal door pad- point than a car to car side impact test because 
ding would allow for all seat positions and the it requires only one car. A rigid mobile barrier 
tact that in accidents there is usually a rear- also does not raise the problems of a deform- 
~ards component of impact which throws the able mobile barrier, but these tests suggest 
occupants forwards and sideways into the that a small rigid mobile barrier does produce 
doors. A measure of intrusion or survival damage similar to that found in real road 
space within the vehicle after impact is a poor accidents. 
indicator of occupant protection in side im- The barrier tests described in this paper 
pacts and should not be the sole criterion for would encourage the design of energy absorb- 
safety legislation. Instead, the forces acting ing inner door skins and reinforcement of the 
on a suitable design of dummy should be side structure of the car (to transmit the im- 
measured, pact loads to the car structure through the B 

This is apparent when comparing the results post to the sill and roof and also through the 
of cars B and C. latches and hinges). The variations of results 

between the cars tested highlights the need for 

Results From the Dummy a side impact test and also shows that with 
minor modifications it should be possible to 

The need to use a force measuring dummy produce vehicles that pass this proposed test 
as wel! as measuring accelerations is high- in such a way that they would be safer when 
lighted in the results of car C where the high irnpacted in the side. 
rib loads (particularly rib 3) would not be ap- 
parent from the chest acceleration measure- DEVELOPMENT OF A LOAD MEASURING 
ments. The need for some form of energy ab- RIGID BARRIER AND ITS USE IN A 
sorption to give an even distribution of load is PRODUCTION CAR IMPACT TEST 
shown by comparing dummy loads from the PROGRAM 
thick inner door panel of car C which did not 
give, with those from the thinner panels of 

Since the mobile barrier design used in the 

cars A and B which gave but did not bottom 
side impact tests described above seemed very 

on to the barrier and with those from car D 
satisfactory, it was decided to use a similar 

which did. Should there be insufficient sur- 
design in the program of tests of 12 current 

vival space for the occupant, a load measuring 
production car models being undertaken for 

dummy will give high forces but its accelera- 
TRRL by MIRA. These tests are intended to 

tion could be as low as that of the car. The 
investigate (1) the side impact protection of- 

peak pelvic velocity of the dummy in all tests 
fered to occupants of these car models and 

was greater than the final velocity of the car; 
(2) the problem of achieving compatibility be- 

after this is reached the dummy is partially 
tween the designs of car fronts and car sides to 

held by its three point seat belt. In all cases the 
m inimize side impact injuries. 

pelvic deceleration due to the seat belt later in 
the impact was less than the acceleration due 

Side Impact Occupant Protection 

to the impact, so the wearing of a seat belt in a Injuries in side impacts are caused both by 

side impact is thought not to increase the intrusion and by acceleration, and a worth- 

chance of injury, while side impact test must check both these 
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aspects. The 12 current production cars (VW for frontal crush before intrusion reaches its 
Golf, Colt Lancer, Datsun Sunny, Renault 5, passenger compartment is so much greater 
Fiat (SEAT) 133, Vauxhall Chevette, Chrysler than the acceptable intrusion into the struck 
Alpine, BL Marina, BL Princess, Ford Fiesta, car’s side. The stiffness of car sides must 
Ford Popular, Reliant Kitten) are therefore therefore be greater than the crushing stiff- 
being tested in 35 km/h impacts using an 1100 ness of car fronts, up to the levels of frontal 
kg mobile barrier with a rigid wood face 1 deformation experienced in front to side im- 
meter wide, 600 mm high, and 200 mm above pacts. Fortunately these levels are much lower 
ground with edge radii of 75 mm. The barrier than those found in head-on impacts and the 
center line strikes the car at the driver’s R fixed frontal barrier tests which represent 
point, and the front seats are placed in the them, both because the speed changes in front 
fully back position. Two TRRL Side Impact to side impacts are typically only half those of 
Dummies are used on the struck side of the front to front impacts and because the struck 
car, the front one being restrained by the vehi- side crushes while rigid barrier does not. Thus 
cle’s standard seat belt, and both intrusion there is no serious conflict between the need 
and dummy loads and accelerations are for an initially soft front for low side impact 
measured as in the TRRL tests. In addition, aggressivity and the need for a stiff front to 
the face of this barrier is made up of eight limit intrusion in high speed frontal crashes. 
load cells, each 250 mm wide and 300 mm To ensure that side stiffness is greater than 
high, arranged in two rows, to provide infor- initial front stiffness, it is clearly necessary to 
mation about barrier load distribution during measure both these quantities under condi- 
the impact. This barrier and the load cells tions which represent impacts as closely as 
were developed by MIRA for TRRL. possible. The mobile barrier side impact test 

A limitation of this 90° mobile barrier test- already described offers a promising means of 
ing is that in each impact the dummies will doing this for side stiffness since the barrier 
only hit one part of the car interior, while in deceleration is an excellent measure of the 
real accidents with different occupant sizes force the car side is exerting on it. Adequate 
and impact directions, the occupants may side stiffness can thus be ensured by designing 
strike the car interior anywhere over a wide the car to provide at least an agreed minimum 
region. In addition to this barrier impact, level of peak barrier deceleration during this 
therefore, an interior padding test is proposed test. Table 1 above indicates that current cars 
using the Free Flight Headform Rig devel- produce levels of 10-15 g, although their de- 
oped by MIRA and described in the compan- signs could clearly be easily and cheaply im- 
ion paper on frontal impact testing.2 This test proved to increase stiffness and reduce intru- 
would be carried out both on the head impact sion, so a value of 15 g appears a reasonable 
areas for side collisions (B posts, cant rails) minimum basis for a future requirement.With 
and on the rib, pelvis, and femur impact areas an 1100 kg barrier this of course corresponds 
on the door. to a force of 1100x9.8! x 15 = 162 kN. To 

make sure that frontal stiffness is not too 
Front to Side Compatibility great, it is proposed to carry out a perpendic- 

The problems of providing side impact ular frontal impact against the stationary car 
occupant protection cheaply would be con- with a similar 1100 kg barrier, with face width 
siderably eased if the front of the striking car increased to 2 meters to cover the whole vehi- 
could be designed to be compatible with the cle front, at a speed of 40 km/ho The barrier 
car side struck. This compatibility requires peak deceleration would again be measured, 
that the front absorbs as much energy as pos- and should be less than the value agreed for 
sible by crushing, since the distance available the side impact test, i.e., 15 g. 
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This simple criterion should achieve com- sill will be as effective as strong doors in pro- 

patible overall front and side stiffness but it tecting occupants in these collisions. HGV 

unfortunately does nothing to ensure that the front to car side impacts might become a more 

structural strengths of the fronts and sides serious problem if car side strength is concen- 

occur at the same height above the road. With, trated at sill height, but regulations requiring 

out a further criterion, therefore, it could still 
front underrun protection devices at heights 

allow gross incompatibility such as that now of about 400 mm are already being considered. 

found between a high-bumpered HGV and a It is likely that lower underrun preventers able 

sports car, which of course proves lethal to to swing upwards if grounded on ramps could 

the car occupants because the strong parts of easily be provided. The main difficulty with 

their vehicle under-run those of the HGV. To requiring a low front to side load path appears 

solve this height mismatch problem it is pro- to be the conflict with US bumper height reg- 

posed to make use of the mobile barrier’s load ulations. The unfortunate results of these on 

ceil measurements, and it is first necessary to car occupant and pedestrian safety have fre. 

agree on the height at which the main car quently been pointed out, e.g.4 If American 

front to car side forces should be developed, car designs are now moving towards Euro- 

Papers at previous ESV Conferences andelse- pean sizes without excessive overhangs 

where4,5 have shown the great advantages of beyond their wheelbases the need for high 

choosing a low height for this front to side bumpers to achieve adequate ramp angles 

load path, e.g., (1) it allows the necessary side should disappear. 

strength to be provided cheaply and simply by If it is agreed that a front to side load path 

minor modifications to door sills (foam fill- at about door sill height is required, the ques- 

ing, use of door retaining buttons, etc.), tion of how to use mobile barrier load cell 

rather than by strengthening the doors them- results to achieve this needs to be considered. 

selves, (2) it makes the struck car roll toward The aim should be to make any car compatible 

the impacted side and so reduces occupant with any other (rather than just compatible 

head contacts with B post or cant rail, (3) with itself; the proportion of all front to side 

intrusion is more likely to be below the occu- impacts which occur between similar models 

pant’s pelvis and femur, not opposite them, will always be very small). As described above, 

(4) the seat frames can be used to transmit the barrier used in the tests at MIRA has two 

load to the car floor and tunnel, (5) if door rows of load cells, the lower covering the band 

beams are not required the space they occu- 200 mm to 500 mm above the ground and the 

pied can be used for deformable padding to upper covering 500 mm to 800 mm. There 

reduce occupant impact loads, see paragraph may be no need to complicate the side impact 

’Car C, Modified Volvo’ abovea barrier test by including these load cell force 

These benefits can only be obtained if the measurements in that test; the requirement to 

main side impact load is applied at not more achieve at least a specified peak barrier decel- 

than about 350 mm above the road surface, eration of 15 g will guarantee adequate total 

There seem to be no technical reasons why the strength, and as explained above cost and 

frontal structures of European-sized cars engineering considerations can probably be 

should not have their main load paths at this relied on to encourage the car designer to 

height, and indeed low positioning of the place this strength low down. For the car front 

mass of the engine and the structure carrying design, however, the load cell measurement 

it should benefit both vehicle handling and must be used to ensure that the main load 

pedestrian safety (by allowing more crush path is low enough to meet the strong lower 

depth before stiff parts are hit). Most fixed part of the car side rather than the weak doors. 

objects struck in side impacts (trees, lamp It is suggested that this can be achieved by 

posts, etc.) extend to ground level, so a strong specifying that the peak total load cell force in 

452 



SECTION 5: TECHNICAL SEMINARS 

the upper row must be less than some agreed impact (approximately 20 kmih change of 
force level, velocity for an 1100 kg car). Rear seat occu- 

The division between the load cell rows of pant behavior or provisions for child seat 
the present barrier at 500 mm above the ground mounting could also be checked. The MIRA 
may prove too high, and 400 mm may be a tests are using two unrestrained OPAT 
better choice. The peak frontal load which dummies in the front seats in this 40 km/h 
may be carried above this dividing line is not mobile barrier frontal impact. 
determined yet, but the results of the impact At this time of writing, the results of these 
tests of the 12 production cars at MIRA are production car mobile barrier tests are not yet 
expected to give a good indication of how low available. It is hoped to present a supplement 
this level can be set without requiring unac- to this paper at the Conference giving these 
ceptably large redesign of car frontal struc- results.* 
tures. Limited results from fixed and mobile 
barrier testing available at present suggest a 

Number of Cars Required for Testing 
value of 50 kN, i.e., about 30% of the maxi- 
mum al!owable peak frontal force of 162 kN When the proposed tests are taken in con- 
set by the "under 15 g on an 1100 kg barrier" junction with those described in the compan- 
criterion, ion paper on frontal impact occupant protec- 

Although only the peak force measured by tion2, the complete set of new tests proposed 
the top row of load cells would be used in the is: (1) interior testing with Free Flight Head- 
proposed pass/fail criterion, it appears that a form of areas struck by occupants in front im- 

useful check on the barrier load cell calibra- pacts; (2) similar testing of areas struck in side 
tion could be obtained by recording the loads impacts; (3) high speed (55-60 km!h) 30° 
in the lower row also, to confirm that the peak angled wood faced fixed barrier impact using 
total measured force on the barrier is compat- restrained front impact dummies (e. g., OPAT, 
ible with the observed barrier peak decelera- Hybrid 3); (4) 40 km/h perpendicular front 
tion. impact with 1100 kg rigid faced mobile barrier 

It is possible that the readings of individual using load cells, unrestrained front impact 
load cells may also be required for two pur- dummies; (5)35 km/h side impact with 1100kg 
poses: (1) to check that the designer has not rigid faced mobile barrier, using forcemeasur- 
used strong longitudinal members of very ing side impact dummies (e.g., TRRL). 
small area, which would give good barrier im- It appears that this set of tests can be carried 
pact test results but would cut through the out with only two cars without introducing 
structure of a real car in an accident, (2) to significant errors. One car would be used first 
check the lateral distribution of strength across for Test (2), Side Impact Area Interior Pad- 
the car’s front, to ensure that the corners are ding, followed by Test (3), High Speed Angled 
soft enough not to intrude into car sides in the Barrier. The other car would be used first for 
common front-corner-to-side collision situa- Test (4), Frontal Mobile Barrier, followed by 
tion. It is not yet clear, though, whether the Test (1), Front Impact Area Interior Padding 
injury reductions achieved by this requirement (omitting the areas already deformed by and 
would be outweighed by an increase caused by thus tested by the dummies in the frontal 
more intrusion in perpendicular front-to-side Mobile Barrier test), and finally the Side Im- 
collisions if the corners no longer carry their pact Mobile Barrier test (5). It is most unlikely 
fair share of the load. that a car model strong enough to pass the 

Although the main purpose of this proposed 55-60 km/h angled barrier test will be so de- 
40 km/h mobile barrier frontal impact test is formed by the 40 km/h frontal mobile barrier 
to give front to side compatibility, the test 
may also be a useful check on the protection 

*Results of these tests subsequently became available and ap- 
offered for unrestrained occupants in a gentle pear as a supplemental table at the end of this paper. 
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test that the subsequent side impact test will essary. A suitable test is described in the 

give invalid results° companion paper on front impact testing.2 

As explained in the Frontal Impact paper2, 
o It would be desirable to improve compati- 

the high speed angled barrier test is intended bility between car fronts and car sides of 

to replace the present 48 km/h perpendicular 
different designs. Testing with a rigid faced 

barrier test. If the proposed set of tests were mobile barrier is a means of checking this, 

to be adopted it seems likely that several cur- if load cells are fitted to the barrier face. 

rent regulations would prove to be redundant 
o It appears that a suitable procedure for 

and could be dropped. The suggested tests compatibility testing would be (1) impact 

would therefore cost little more to carry out the stationary car head on using a 2 meter 

than the present regulations, but should be wide 1100 kg mobile barrier at 40 kin/h, 

considerably more effective in safety terms, recording barrier deceleration and load cell 
forces, (2) impact the same car at 90° into 

CONCLUSIONS the driver’s R point, using a 1 meter wide 
1100 kg mobile barrier at 35 km/h, record- 

¯ A full-scale side-impact of a mobile barrier ing barrier deceleration. Requirements for 
with the side of a car is a desirable test of passing this compatibility test would be 
the protection provided for car occupants. 

¯ The loadings on the head, torso and pelvis 
in the side impact, peak barrier deceler- 
ation must exceed a set value, provision- 

of a specialized dummy are essential param- 
eters of such a test; dummy acceleration 

ally 15 g, 

levels are not sufficient as they fail to detect 
in the front impact, peak barrier decel- 
eration must be less than this chosen 

crushing injuries. 
¯ The impact may conveniently be perpendic- 

value (15 g), 
in the front impact, the peak force 

ular into a stationary car under test and rep- 
resentative of a vehicle striking at 50 km/h 

measured on the top half of the barrier 

between the A posts and rear whee! arch. 
(between 500 mm and 800 mm above 

® A small rigid faced barrier 1 meter wide, 
ground) must be less than an agreed 

60,0 mm high and 200 mm above ground 
value, provisionally 50 kN. 

with edge radii of 75 mm striking the car Results of carrying out this procedure on 12 

under test at 35 km/h is a good representa- current production cars will be available 

tion of this situation, shortly. 

,, The test results given in the paper show the ~ It is considered that very similar results 

need for strengthening the side structures of would be obtained if the barrier were to be 
some cars, particularly to maintain tensile fitted with a deformable front. 
strength from A post to the rear through ¯ Whether the face of the barrier be rigid or 

the door hinges and latches. A high tensile deformable, its shape, positioning and de- 

strength for the B post and its ends is par- sign are critical factors for the designs of 

ticularly important. At the same time the cars that would have to meet such a regula- 
need for the components on the inner faces tory side impact test. The desirability of 

of doors to be sufficiently soft to dummy coping with tree and heavy vehicle impacts 
impact is also demonstrated and energy into the sides somewhat reduces the value 
absorbing padding may usually be needed, of testing with anything but a rigid barrier. 
Some current car designs come close to 
passing the suggested test. ACKNOWLEDGMENT 

¯ Auxiliary tests of the padding or suitable 

design of the side components that might The work described in this paper forms part 

possibly be struck by the head are also nec- of the program of the Transport and Road 
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Research Laboratory and the paper is pub- to the behavior of the structure of the im- 

lished by permission of the Director. pacted vehicle in a lateral collision. W! 
TRANS/W29/REV 1/Amend. United 

Nations Economic and Social Counci!. 
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Supplement to Production Car/Mobile Barrier Side Impact Test Results. 

Front Occupant: TRRL Side Impact Dummy 
Barrier    Peak Resultant             Peak 

Make Barrier Peak Accel 
and Speed Decel g (3ms) 

kN 

Model km/h g (3ms) -- 
Head Chest Pelvis Rib ! Rib 2 Rib 3 Rib 4 Pelvis 

Tolerance 80 60 1 1 1 1 6 

BL Marina Coupe 34.9 10.0 89 77 57 1.2 2.2 1.0 0.8 2.4 
Datsun Sunny 37.0 10.4 53 49 80 2.2 1.6 1.3 1.1 9.1 
Ford Escort 38.0 11.0 58 63 62 !.8 2.4 3.1 2.1 3.5 
Colt Lancer 37.0 12.0 63 46 59 1.5 0.9 0.2 0.1 6.9 
Reliant Kitten 35.9 9.7 55 59 66 1.5 1.9 1.5 2.1 14.0 
Vauxhall Chevette 36.6 12.0 67 59 90 3.2 2.8 0.5 0.2 5.5 
BL Princess 37.3 9.5 46 57 70 1.6 1.1 0.1 0.2 3.0 
Chrysler Alpine 36.5 11.0 59 57 90 0.8 1.9 2.0 0.7 12.6 
Ford Fiesta 35.7 9.0 57 60 86 2.2 2.0 1.2 1.7 4.9 
Renault 5 35.7 11.0 57 45 73 2.0 1.9 i 0.8 1.! 4.2 
VW Golf 36.7 10.0 50 43 70 2.3 1.9 0.8 1.2 5.5 
Fiat 133 35.9 13.0 80 49 85 1.9 2.5 1o0 0.9 9.0 

Barrier Mass 1100kg: Rigid Face lrn x 0.6m, Edge Radius 75mm: Ground Clearance 200rum 
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Side Collision 

ENZO FRANCHINI * Collision direction 
Director, Safety Center * Velocity 

Fiat S.p.A. Obstacle type. Side collision occurs be- 
tween vehicles in 80°70 of the cases and 

ABSTRACT against fixed obstacles only in 20% 
The side collision problem is here studied (fig. 1). 

highlighting its most significant characteristics. -- Impacted areas. The front section is 
The tests for assessing the influence of these struck in 30%, the rear in 10%. Instead, 
characteristics are illustrated, the occupant compartment is involved, 

Among these are the following: contact completely or partially, in 60% and 
zone, influence of seats, differences between a usually the impact is in correspondence 
test with both moving cars and a test with a of the front seat. 
moving car against a stationary car, collision Therefore, a simulation test must be a 
direction, velocity, collision between cars of test between vehicles and involve the 
the same model and between cars of different occupant compartment in the front seat 
model, compatibility, tests by means of rigid area. 
moving barrier, Fiat’s test methodology. Collision direction (fig. 2). The car can 

Based on the use of both a dynamometric be struck (1) in an oblique direction, 
deformable moving barrier and ad hoc mathe- from the front (angle between 0° and 
matical models, this methodology allows the 90°) or (2) in a perpendicular direction 
evaluation of occupant as well as structure (angle about 90°) or (3) in an oblique 
behavior for different car models. With re- direction from the rear (angle greater 
markable saving in the number (and cost) of than 90°). 
cars to be tested, Fiat’s methodology makes it In 45% of the collisions the direction 
possible to obtain much more information is 10 o’clock (left side) or 2 o’clock (right 
than that presently available, side). In 40% the direction is 9 o’clock 

(left) or 3 o’clock (right). The percentage 
PANORAMIC ANALYSIS OF THE drops as the direction moves towards 6 
PHENOMENON or 12 o’clock (side-swipe). In countries 

Ranking next to frontal collision in order of where driving is on the right hand colli- 

importance, side collision is today a priority sions occur mainly on the left side. 

theme in the U.S. and in Europe. 
The characteristics of road accidents some- 

times vary depending upon the investigative 
approach, the traffic conditions in different 
countries, the cases examined, the depth of 
each analysis. To identify the main features 
and to determine an effective evaluation test, 
a survey on side collision can be presented, 
assuming the average values from the analysis 
submitted at the previous ESV and Stapp 
Conferences. 

The following features are highlighted: 
o Obstacle type 

® Impacted areas Figure 1. Side collision characteristics. 
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penetration which, if deep, can crush the 
occupants. 

® "HOW FAST." That is, at which velocity 
the wall is moving; if the velocity were low 
the result would be only a push, at high 
velocity the result is a shock° 

Dummies’ Behavior 
direction Let’s see the dummies’ behavior in a test 

between two 124 Sedans with a test weight of 

1250 kg (2750 lbs) both moving at 39 km/h 
(24 mph). The 90° side collision involves the 
occupant compartment. Three dummies are 
installed in the struck car, two on the front 
seat and one on the rear seat, near struck 

Figure 2. Collision direction,                  side. 
The collision event inside the car takes place 

in two phases: displacement of the struck wall 
and dummies’ inertial motions. 

Therefore the simulation test should In the first phase the dummies keep still 
be a collision in an oblique (-60°) or while the struck wall intrudes into the com- 
perpendicular directiofi (-90°). partment (fig. 3a). In the second phase the 

............ -- Velocity. On the whole, side collisions dummies bend laterally and afterwards they 
occur at lower velocity than frontal col- strike against each other (fig. 3b). 
lision. The max value is 45 km/h (28 - 
mph) in 50% of the cases, according to 
some statistics, or in 75% according to 
others. 
Therefore a suitable velocity for a sim- 
ulated test should be 35+45 km/h 
(22 + 28 mph). 

Structure Behavior 

The consequences of collision are twofold: 
the behavior of structure and the behavior of 
occupants. Figure 3a. Struck wall intrusion. 

We will limit ourselves to analyzing what 
occurs on the struck car, that isthe car which 
experiences a side impacti The striking car, 
which experiences a frontal impact, was dealt 
with in the previous Technical Presentations. 

For the structural behavior we chiefly con- 
sider the deformations inside the occupant 
compartment, that is the intrusions. These are 
characterized by three factors: 

® "HOW." That is, intrusions involving a 
large side area or localized in a limited area. 

* "HOW MUCH." That is, the extent of    Figure 3b. Impact between front dummies. 
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The Figure 4 shows the maximum values For the sake of uniformity the max values 

recorded on dummies at the instant of colli- recorded will be referred. To allow easier com- 

sion against wall. It can be seen that: parisions between different tests, the nearside 

The front occupant (nearside) suffers no dummies will be always presented on the left 

head impact, but rather a chest impact and, to in the figure, the one farside on the right. 

a lesser extent, a pelvis impact. The simulation test would require only two 

As for the front occupant (far side) no im- dummies: one on the front seat, the other on 

pact occurs, the rear seat, both near side: It is necessary to 

The rear occupant (near side) suffers a head determine the values of HIC, SI and g max for 

impact, and to a lesser extent, chest and pelvis head, chest and pelvis. 

impacts. It is worth stressing that current dummies 

At the instant of impact between front have a poor humanlike performance in the 

dummies it can be seen a head impact, and to longitudinal collision but are worse in the side 

a lesser extent, chest and pelvis impacts, collision. Consider how the dummy’s shoulder 
and clavicle are made (fig. 5): substantially 
it’s a stiff cross-beam that makes the dummy 

Front seats Rear seats 

0 
i 267 H1C 

32 0 

Head 

0 
~ 

75 
g 

121 0 

0          0 
SI 

25 0 

Chest 

0 
~ 

61 

31 0 

0 J 124 

0 
St 

0 

Pelvis 

0 __j 41 

0 0 

m Wall/dummy impact 

~ moac~ between dummies 

Figure 4. Collision at 39 km/h (24 mph), values 
recorded on dummies. Figure 5. Dummy skeleton. 
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react in a way absolutely unlike the human Motion Conditions 
body. 

The tests can be carried out between two Today’s dummies are unreliable and their 
moving cars or between a striking car in 

limitations must be kept in mind when con- 
motion and a stationary car struck sideways. sidering the values they yield. 

TYPES OF TESTS 
Contact Zone 

Side collision tests have been carried out The tests carried out in the field of side col- 
between two 132 Sedans with a test weight of 

lision may be static or dynamic. 
1285 kg (2800 lbs), both moving at 35 kmih 

Static Test (22 mph), varying the contact point with 
respect to the front seat reference point (fig. 7). 

Widely used is the test specified by FMVSS In a first test the contact point corresponds 
214. A cylinder is driven against the door, to the front-seat R point. 
mounted on a body from which the seats have The Figure 8 plots the distribution of maxi- 
been removed (fig. 6). Three intrusion depths mum intrusion values measured on the inside 
and the corresponding loads are obtained, surface of compartment interior. To make 

In our opinion, this test is not valid since no comparisons between different tests easier, 
linear and constant correlation exists between the right side is always shown in the figures. 
static deformation force and kinetic energy. The vectors, proportional to the measured 

values, are shown spread out flat, that is tying 
Dynamic Tests in the drawing plane. The vectors are presented 

to give the deformation both horizontally The tests may be car-to-car or moving bar- 
rier against car. (along the side) and vertically {in the various 

sections). 

Car-to-Car Tests 

The characteristics of these are the follow- 
ing: motion conditions, collision direction, 
velocity, car models. 

Figure 6. Door penetration static test. Figure 7. Contact point. 
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Figure 8. Collision on R point, intrusions, Figure 10. Collision 50 cm backward R point, 
intrusions. 

It is apparent that maximum intrusion oc- 
curs in the B piltar area. 

The contact point is shifted 50 cm (20 in) 
forward of R point; the maximum intrusion 
always occurs in the area of the B pillar (fig. 9), 

The contact point is shifted 50 cm (20 in) 
backward of R point with the intrusions shown 
in t~igure i0. 

Illustrations of the collisions at R point and 
at 50 cm forward of R point are shown in Figure 11. Co lision between two 132 Sedans, 

Figures l t and 12, respectively, on R point. 

The maximum values recorded in the three 
tests are compared in Figure 13; they occur in 
~ he area of the B pillar. This implies that the B 
piltar, and the seat as well, are instrumental in 
limiting intrusions. 

Therefore the contact point in the simula- 
tion test has to be the front seat R point. 

Figure 12. Collision between two 132 Sedans, 
50 cm forward R point. 

-50 R +50 cm 

POINT 

Figure 9. Collision 50 cm fo~qard R point,    Figure 13. Intrusions as a function of contact 
intrusions,                                  point. 
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The influence of seats on the structural 
behavior has been assessed, thus cars with and 
without seats were tested. 

In a first test a 124 Sedan with a test weight 
of 950 kg (2100 lbs) is launched at 33 km/h 
(20 mph) against stationary car, of the same 
model, with seats installed, with this distribu- 
tion of intrusions (fig. 14). 

A second test is carried out at 37 km/h (23 
mph), still with seats installed; the extent of 
intrusion is larger (fig. 15). 

Now the test is carried out at 36 km/h (22 
mph) against a car from which the seats have 
been removed; the intrusion values are much 

Figure 16. Test at 36 km/h (22 mph), without 
seats. 

higher (fig. 16). 
The tests have shown that the maximum in- 

........... trusi~ns always occur in the area of B pillar; 3oI @ Front seats 
....... in Figure 17 it can be seen that the values are removed 

higher when the seats are removed. Therefore 

~"    20 
o 

z~ 

33    34    35    36    37 

Km/h 

Figure 17: Intrusions, with and without seats. 

Figure 14. Test at 33 km/h (20 mph), with seats, 
the seats prove effective in improving occu- 
pants’ protection. 

It ensues that the simulation test must be 
carried out using cars with seats installed. 

Types of Tests 

The results obtained from the tests with 
both moving cars are compared with those 
assessed in the tests where one car is !aunched 
against another stationary. 

The model used is the 124 Sedan; the colli- 
sion is at 90° and the contact point isthe R 
point of the front seat. 

In this test two 124 Sedans are both moving 

Figure 15. Test at 37 km/h (23 mph), with seats, at 40 km/h (25 mph), the distribution of the 
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maximum instrusion values is shown in Figure 
P77~ Both vehicles moving 

~.8. 301 ~11 Struck car stationary 

Now let’s see the test where one car is ’ 

launched at 40 kmih (25 mph) against the ~ 

other stationary; the intrusions measured on ~ 2°1 

the stationary car are in Figure 19. 
They are compared in Figure 20 with those ~E 104 

measured on the moving car. The collision 
between moving cars produces intrusions that 

ol 
are less than [hose on the stationary car. This Front door            Rear door 

is because when a car continues moving dur- -- 

ing the collision, [he contact zone is larger Figure 20. Tests with both cars moving or 
than it would be if the car were stationary: against stationary car, intrusions. 
therefore the intrusions are smaller. 

For this reason the collision test against a In Figure 21 we see the value recorded on 

stationary car is more significant. On the the dummies. In the test with moving cars the 
other hand the test is simpler to carry om and impact involves both the nearside occupants. 
guarantees the desired contact 

Front seats Rear seats 

REAR 
SEATS 

132             267 
HIC ¯ 

374 50 

Head 

121 ~ 75 g 
114 24 

Figure 18. Cars both moving, intrusions. 
25 

SI 
~ 232 

78 
! 

56 

Chest 

31 
g 

4 

61 

38 32 

0 
~ 

124 

92 
St 

29 

Pelvis 

0          41 
g ~ 

52 22 

~ Both vehicles moving 

~ Struck car stationary 

Figure 19. Test against stationary car, intruo    Figure 21. Tests with both cars moving or 
sions,                                     against stationary car, dummies. 
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In the test on the struck car stationary it is the 
f~0nt occupant nearside who shows the highest 

values. 

Direction 

Collision tests were run at angles of 90 
75°, 60° and 45° (fig. 22) between cars of 
which one was moving at 40 km/h (25 mph), 
the other was stationary. The model used is 
the 128 Sedan, with a test weight of 1050 kg 
(2300 lbs). 

In all the tests the longitudinal axis of the 
striking car passes through the projection of 
the front seat R point, lying on the struck side. 

In the first test the collision is at 90 degrees; 
the maximum intrusion values are measured 
around the centerline of the two doors (fig. 23). 

In the second test the collision is oblique at 
75 degrees; the maximum intrusion occurs 
mainly on the front door (fig, 24), 

In the third test the angle is 60 degrees; the 
maximum intrusions are now in the area of 
the front-door centerline (fig, 25). 

In the fourth test the angle is 45 degrees; in- 
trusion is confined to the front door; mainly 
in its lower area (fig. 26). 

By comparing the intrusions in Figure 27, 
the maximum values are practically found in 
the perpendicular collision, This is because, as 
the angle becomes more acute, the main intru- 

Figure 22. Tests with different collision angles. Figure 23. Test at 90°, intrusions: 
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3ot 20 

lO 

40° 75° 60° 45° 

DIRECTION (degrees) 

Figure 27. Intrusions as a function of collision 
angle. 

sion moves forward in the compartment, 

Figure 24. Test at 75°, intrusions, which means far from the occupant. 
By comparing also the values recorded on 

dummies in the different tests we see that 
maximum values are practically in the perpen- 
dicular collision (fig. 28). So, for the simula- 
tion test, is more suitable a perpendicular 
direction that is also simpler to carry out. 

Velocity 

The influence of velocity has been evaluated 
by carrying out side collision tests at 90° be- 
tween 128 Sedan cars at increasingly higher 
velocities, that is at 40, 50, 64 km/h (25, 31, 
40 mph). 

In the test at 50 km/h (31 mph) these are 
the intrusions (fig. 29); the maximum values 

Figure 25. Test at 60% intrusions, are in the region of the rear door centerline. 
The velocity is increased to 64 km/h (40 

mph); the maximum intrusion is now on the 
front door (fig. 30). 

The values on dummies are shown in Fig- 
ure 31. 

Those recorded at different velocities on 
the front dummy near side (fig. 32) increase as 
the velocity is increased, but the pattern is not 
regular, an indication of the dummies’ poor 
reliability which was pointed out earlier. 

The same applies to the other front dummy 
(fig. 33) and to the rear dummy (fig. 34). 

Instead, the comparison of the intrusions, 
measured in the various tests (fig. 35), gives a 
linear pattern versus velocity. 

It is worth stressing that higher deforma- 
Figure 2& Test at 45°. intrusions, tion can occur at lower velocities when the 
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Front seats Rear seats 

168 

Head 

75              Figure 29. Test at 50 km/h, intrusions. 

g 

98 
Sl 

25 

Chest 

48 
g 

18 

Figure 30. Test at 64 kmth, intrusions. 
25 54 

s Compatibility is therefore the main prob~ 
lem. Let us quote the concluding words in our 
Technical Presentation at the 4th ESV Con- 

Pelvis 
ference in Kyoto ’°.o. the most impor[am 

26              38 
problem to be solved is compatibility." And 

g this is especially important in side collisions. 
On this subject we had presented, in the 5th 
ESV Conference in London, the results of 

~ 9o° ~ 6o collision tests carried out on the three Fiat- 
ESVs having different combinations of front- 

~ 75°       E~ 45° end and side profiles. 
From these optimized front end and sides 

Figure 28. Dummies’ values as a function of let’s go on to examine standard production 
collision angle, cars. Perpendicular side collision tests have 

been conducted, at 40 kmih (25 rnph), with 

striking car is aggressive and intrudes deeply two models having about the same ~es[ weight 

into the other car’s occupant compartment. (1100 kg = 2400 Ibs). One was a 128 Coupe, 

Then the behavior depends on whether the having a conventional front-end r~early verti- 

collision occurs between two cars of the same cal, the other an X1/9, with wedge-like front 

model or between different models, end (fig. 36). 
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Hea d Pelvis Chest 
Front seats Rea- seats 

~ HIC + SI mm.~l.. St 

~.= g max ~ -~,,-- ~ g max iiiiiiii ~ i|iii g max 

HIC Sl g 

Front occupant far side 
1000~ 1000~200 

...- , ,,,,~ 

324 

Head        500P 500~100 

184 102 0 
168 40 50 64 

Chest 
Km/h 

82 44 

~5~ 45 Figure 33. Front dummy (farside) values as a 
function of the velocity. 

285 342 

645           ~ 074 
Head           Pelvis             Chest 

Pelv}s 
~ HIC ~ SI        ...~... SI 

92 83 ~ g max ~-~-~g max ...~--- g max 
g 

93 117 

~gure ~. gest at ~ an& 64 km]h {g0 an6 40 
m~h), 6umm~es’ values. 

Head Pelvis Chest 
500~ 

50 

~ HIC ~Sl m.~mm SI 

~g max ~-~g max mm~ mUgmax 

HtC     Sl    g                                              oh    0~ 

F font occupant/                                                40           50                 64 
1000 1000 F20( near side ~ Km lh 

/ .,," .... ~ 
Figure 34. Rear dummy (nears]de) values as a 

/ 
~~ 

function of the velocity. 

/ 
~,,~,~,~’t,," ~- ~ [~ a first collision each model was tested 

./ ...... ~.-~ a~ainst the same modal, in a second test a~ainst 
~,,"~"~ a different one (fig. 37). 
~ The 128 Coupe strikes another 128 Coupe 

0 0~ & 4{ ao ~4 producing the intrusions shown in Figure 38. 
The X1/9 strikes a car of the same model, 

with those intrusions (fig. 39). 
Figure 32. gront 6ummy (nearsiOe) values as a Now the 128 Coupe is launched against the 

function o{ the velocity. X1/9 and the intrusions are shown in Figure 40. 
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40~ 

E 30 

_o 2o 

4O 70 60 65 

Km/h 

Figure35. Intrusions as a function of the    Figure 38. 128Cstruck by 128C, intrusions. 

velocity. 

Figure 36. 128 Coupe and Xl!9 models. Figure 39. Xl/9 struck by Xl/9, intrusions. 

Figure 40. Xl/9 struck by 128 C, intrusions. 

Finally the X!/9 s~rikes the 128 Coupe and 
the intrusior~s are now these (fig. 41). 

Figure 42 compares the intrusions measured 
in ~he four ~ests (the value of dummies are 

Figure 37. Tests between different models, omitted because of considerable sca~ter~. 
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Figure 43. 128 C struck by 128 C. 

Figure 41. 128 C struck by Xtt9, intrusions. 

15. 

_o 

z 
Figure 44. Xl/9 struck by Xl/9. 

0 

128 C x1/9 t28 c xl/9 
against against against against 

128 C X1/9 X1/9 128 C 

Figure 42. Differenl models, intrusions. 

It can be seen that the intrusions on each 
car struck by a car of the same model are of 
equal extent, whereas they markedly change 
when the car is of a different model. 

A test between cars of the same model is Figure 45. Xl/9 struck by 128 C. 
therefore not significant since, even if the 
structure were optimized [o the purpose of a 
collision against the same model, it could be 
aggressive in collisions against differen-~ 
models (figs. 43-46). 

Moreover i~ should be noted that, even in 
the case of [he most widely diffused model 
{about 20-25 of cars on the road), 75-80% of 
road collisions would not be covered, 

Also [o be pointed out is that such test, re- 
quiring two cars of the same model, would 
raise difficulties i~ the phase of development 
of a prototype. Figure 46. 128 C struck by Xl/9. 
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Now we’ll consider the tests with a moving 

barrier: it may be rigid or deformable. 
The rigid barriers, developed according to 

US and ECE Standards, considerably differ in 
both front size and weight (fig. 47). 

Now let’s look at a perpendicular side colli- 
sion test, in which the US moving barrier is 
launched against a 128 Sedan at 32 km/h 
(20 mph), as specified by FM¥SS 301/75 
(fig. 48); these intrusions are measured in 
Figure 49. 

And now a test carried out with ECE mov- 
ing barrier (fig. 50) against a 128 Sedan at 36 
km/h (22 mph). The instrusions are larger, Figure 49. US barrier test, intrusions. 

the maximum values occurring in the region 
of the B pillar (fig. 51), 

1981 

...... USA              USA ECE 

Flat barrier    Contoured barrier Shaped barrier 

1800 Kg 1800 Kg 1100 Kg 

Figure47. Different types of rigid moving 
barriers.                          Figure 50. ECE barrier test. 

Figure 48. US barrier test. Figure 51. ECE barrier test, intrusions. 
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In Figure 52 the values are compared with Front seats Ftear seats 
those recorded in the previous car-to-car test 
(see fig. 23). 

It may be seen that the intrusions are less 
for the test with US barrier than for ECE bar- 
rier, this depending on the different front 
contact area. 

In the test with ECE barrier at 36 kmih 139 

(22 mph) the intrusions are similar to those 140 45 

measured in the car-to-car test but the latter 
33 168 

Head carried out at higher speed. 52 
The values recorded on dummies in the test 67 "--] 33 

by means of the US barrier test and by means 21 g--~     75 
of ECE barrier and in the car-to-car test are 
compared in Figure 53. It is evident that the 143 
values obtained in the rigid barrier tests are 84 

Sl I 142 
always higher than those actually occurring in ¯ 67 2 

car-to-car collisions. Chest 

By using a deformable moving barrier the 46 ....... 

drawbacks of the rigid barrier are eliminated. 32 g 48 
33 7 

Fiat Moving Barrier 
181 SI 4 85 

The Figure 54 shows the size of Fiat’s mov- 25 L."        54 
ing barrier; its weight can be varied from 900 Pelvis 
to 23¢~) kg (2C~)0-5000 lbs); 36 honeycomb 58 g --! 33 
modules are fixed to the front face (fig. 55), 28 ~        38 

The moving barrier, weighing 1800 kg (4000 
lbs), is used in a test run by Dynamic Science, 

~USA barrier m ECE barrier ~ Car/car 
in Phoenix, Arizona. 

Against a 132 Sedan, with a test weight of 
1400 kg (3080 lbs), a perpendicular side colli- Figure 53. Tests with rigid moving barriers; 

sion is carried out at 48 kmih (30 mph) (fig. 56). dummies’ values. 
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In Figure 58 it is evident that maximum 

TEST TOOL FACE- -LOOKING AFT trusion values are achieved before the striking 

72" car velocity stabilizes, i.e., before the struck 
Instru~mentation modules, 36 places 8’" car begins to move sideways with respect to 

-~ .... ----; r~-~ [. the ground. 

D I ~ ~ ~ H H H H ~7"Tw. The maximum intrusions, measured after 

c I ~J~ ~1 [1 ~1 ~1 ~ ~ t the test, are presented in Figure 59. 

B ~~----~ 27~.5" Let us see in comparison a test car-to-car 

A ~--~----~--T-~--~---~V~~ 
between two 132 Sedans, carried out in the 

1 2 3 4 5 6 7 8 9 6.7" same conditions. 
............... The extent and pattern of maximum intru- 

GROUND LEVEL 
sion (fig. 60) are in good agreement with those 
of the moving barrier test. 

Figure 55. Front face honeycomb modules. Also the values of dummies recorded in the 
moving barrier test (fig. 61) are of the same 
order of each parameter measured in the car- 
to-car test. 

Intrusion (window sill height) 

300" cm 

Figure 56. Deformable moving barrier test, at ~ 20o. 

48 km/h (30 mph). ~- ~5 75- 

The car was equipped with dynamic intru- ~> 50- 100 ~"~~ng~                   " barr~ervelocitv"          " 

sion-measuring devices, consisting of trans- 25- 

J ~" ......... 

versal sliding tubes with incorporated poten- 0 
tiometers, mounted between the front doors 0 5o ~oo ~5o 
(fig. 57) and the rear doors. MILLISECONDS 

Figure 58. ~ntrusions during the collision. 

Figure 57. Dynamic measuring devices. Figure 59. Deformable barrier test. intrusions. 
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would represent a standardized test tool by 
means of which the behavior of different car 
models can be evaluated. 

The key point is the choice of characteris- 
tics. The following, for instance (fig. 62), can ....... 
be simulated: 

® A single actual model, but this is restrictive 
in that different car models can be evaluated 
against that mode! only. 

¯ A fictitious model reproducing the average 
characteristics of a vehicle’s mix; the results 
would deviate from what actually occurs as 

Figure 60. Car-to-car test, intrusions, much as the car’s characteristics deviate 
from the characteristics that the moving 

Front seats Rear seats 
barrier reproduces. 

® A fictitious model, reproducing the most 
severe characteristics of all the models of a 
traffic mix; this is the methodology "A" 
already indicated in the Fiat Technical Pres- 
entation at the 6th ESV Conference in 
Washington. The results would be unreal in 
the case of cars having characteristics less ........ 

243 severe than those reproduced by the model. 
HIC 

440 

Head 

89 
g 97                                                        r     A single 

Sl _j~ 134 
7 

actual 

73 
model 

Chest 

41 g 
-- 25 [ 

A fictitious model 
/ 

__] with the mean 
572 | characteristics of 

St 
267 1 a vehicle mix 

Pelvis 
Moving Simulating 
deformable 

88 barrier g 
99 

A fictitious model 

with the most 

severe charac* 

teristics of a 

~’~--~tDef°rmabte mCar/ca~ vehicle mix 
~ barrier 

Figure 61. Deformable barriers test and car-to- [ An actual 

car test; dummies’ values.._~[ 

or fictitious 

mediu m-siz.e 
non-aggressive 

model 

So, i~’s possible to carry out a simulatior~ 
test with a moving barrier having given char~ 
ac~:eristics (dimensions, mass, stiffness). This Figure 62. Characteristics simulation. 
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¯ An actual or fictitious model of a medium. 
size non-aggressive vehicle, such as that 
illustrated by a recent paper, based on a first 
set of tests that were carried out by Dynamic 
Science for DOT, using the Fiat’s moving 
deformable barrier; what was said earlier 
applies. 

Each of the solutions outlined so far has its 
drawbacks. However, a suitable approach can 
be found based on the fact that the moving 

.......... barrier makes it possible to measure applied B                                    c 
loads as well as deformations of frontal 
honeycomb modules. 

This is obtained by means of load cells 
(fig. 63), each supporting a honeycomb Figure 64. Loads at 15 milliseconds. 
module, and by means of potentiometers, 
whose string passes through dynamometric 
cell and module. In this way it is possible to 
detect the load and deformation patterns dur- r~// / 

ing the collision. 
The values of loads, measured on the mov- 

ing barrier during the collision, are illustrated 
in Figures 64-67 at 15, 30, 45 and 60 milli- 
seconds. It is evident that the forces involved 
essentially the pillars and the lower sill. Thus, 
a "negative" of the struck car’s local stiff- 
nesses is obtained. 

The distribution of local stiffness is high- 
lighted by the impression on the honeycomb 
elements after the test (fig. 68). The pillar’s 
impressions are clearly recognizable. Figure 65. Loads at 30 milliseconds. 

TYPICAL INSTRUMENTATION MODULE 

/_ __ ~ p~l~taU~tem i n u m k"xt a415u ~’n um 
Sptori2ngt i om et ~ r[~[-~ i loOa’d0OcOe illb hOneycOmb 

(interface) 1 

VIEW LOOKING DOWN 

Figure 63. Load cell set-up. Figure 66. Loads at 45 milliseconds. 
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collision of the moving barrier against A car 

.~ / ~ ; -~- \~ side are used, as well as the results of a frontal 
/ collision between moving barrier and front of 

B car. Mathematical models allow the behavior 
of both cars (and their occupants) in side col- 
lisions between B car (striking) and A car 
(struck) to be predicted. 

If two additional tests are carried out 
moving barrier against B side and moving 
barrier against A front it is possible to 
predict the behavior of both cars not only in 
side collisions but also in front collisions be- 

~ 2 a 4 5 6 7 a 9 tween the two models and between two cars of 
the same model (with four tests, seven evalua- 
tions can be made). 

Figure 67. Loads at 60 milliseconds. By increasing the number of car models, 

the methodology becomes more and more 
advantageous in terms of number of tests to 
be carried out (hence cost of cars) and in 
terms of number of evaluations that can be 
obtained. Here we see that taking three types 
A, B and C into consideration, six tests are 
sufficient to obtain the evaluation data of 
both cars (occupants included) in fifteen dif- 
ferent collision types. With remarkable sav- 
ings in cost, such methodology allows the 
rating of all the vehicles in a traffic mix, even 
if tested in different laboratories following 
this procedure. 

Figure 68. Impression on the honeycomb. 

EVALUATION TEST 

METHODOLOGY The approach herein described indicates 

The variety of information obtained through that a valid side collision test can be outlined. 

the moving barrier al!ows methodologies "B [t would also eliminate the present static and 

and C" to be extended to side collision; such dynamic tests with rigid barrier. 

metl~odologies were illustrated in the Fiat The test’s characteristics are the following: 

Technical Presentation at the 6th ESV Con- * Dynamic test by means of a deformable 
ference in Washington. The results obtained moving barrier 
by the moving barrier are used as input data * Collision on occupant compartment, in the 
of ad hoc mathematical models which permit area of front seat 
~he evaluation of the behavior, of both struc- ® Perpendicular collision 
rare and occupants, in side collisions. * Test velocity 35-45 km/h (22-28 mph) 

The Figure 69 shows a set of tests carried * Structural intrusion measurement (how, 
out with different models, how much, how fast) 

In the particular case of a side collision ® Two "reliable" dummies on board, near 
between two cars A and B, the results of a side impacted side 
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Figure 69, Development of a set of test following the methodology. 
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o Recording of acceleration and force versus Tests have been carried out aiming at the 

time on head, chest, pelvis for both dummies identification of a valid simulation test. 
,, Acquisition of ’~reliable" human tolerance A methodology has been used that allows 

criteria, the behavior of different car models and their 
occupants to be evaluated. With remarkable 
savings in the number (and cost) of the cars to 

CONCLUSIONS be tested, this methodology makes it possible 

Side collision has been discussed highlight- to obtain much more information than presem 
ins its most significant characteristics, tests can provide. 

Latera! Collision Tests 

ULRICH SEIFFERT ,, to establish a fundamental data basis for 
CCMC Working Group Crashworthiness the development of possible test procedure 

and performance criteria for the simulation 
ABSTRACT of lateral collisions. 

With the advent of compulsory seat belt The results, summarized in this report, are 

wearing in the majority of EEC countries, based on a three-phase program conducted on 
future accident statistics should reflect this a voluntary basis as follows: 
with increased injury and fatality percentages ® to conduct car-to-car crash tests using cars 
for accident modes other than frontal (mainly of identical makes and ECE barrier-to-car 
side collisions), tests; 

In order to improve present knowledge, the ,, to conduct car-to-car crash tests using cars 
European car manufacturers, associated in of different makes; 
the CCMC, have conducted a program of o to establish a possible test procedure using 
lateral crash tests using various collision con- specific performance criteria (still in pros- 
figurations, ress within CCMC). 

The resultant information, summarized in To date 4.3 million DM have been spent on 
this report, is not only a useful contribution 

the program. 
to [he knowledge of crash testing techniques 
but it is also complementary to the parallel 

TYPES OF TEST AND LIMITATIONS 
work for future safety legislation activities. 

In comparison with the frontal barrier colli- 
sion test, lateral impact testing is much more 

iNTRODUCTION complex for the following reasons. The pres- 
ence of a movable impact device influences 

The European car manufacturers, associated the reproducibility of the test; the dummy 
in the CCMC (Working Group Crashworthi- movements can include rebounding effects at 
hess), have carried out a wide program to in- the door and possible contact s with the front 
vestigate lateral crash tests with various colli- passenger. 
sion configurations to gather information It was not possible to include all types of 
with the two following maj or aims: collisions, which can occur on the roads. The 
i to evaluate whether the proposed ECE test members of the CCMC agreed to select those 

procedure WP 29-463, Rev. 1 (35 km/h-- tests which were expected to be the most criti- 
rigid mobile barrier test) is an appropriate ca! for the occupants and the vehicle structure. 
and realistic simulation test for side colli- The US-lateral collision test (FMVSS 208) 
sions was not included in this study because this test 
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was judged to be totally unrealistic and inap- of arithmetic mean value was made (the stand- 
propriate compared to real world accidents, ard deviation is included in parentheses). 

Although the members agreed that the US Following are definitions for some parameters 
"Part 572" dummy is not designed to evaluate used in Tables 2-8: 
lateral impact protection, it was used as the Results of Dummy A (A’, A’, A) 
only measurement device available at this time. 

The type and the number of tests conducted A’ -- dummy results caused from the pri- 

are shown in Table 1. 
mary contact of the dummy against 

In all cases the struck car was stationary, the interior car structure. 

The front seats of the struck car were in a 50th 
A" -- dummy results caused from the con, 

percentile seating position. The median axis tact between dummies A anc C. 
........... A --dummy results as maximum values 

...... of the impacting car (barrier) passed through 
caused during the total test time. 

the lateral projection point of the SRP-point 
onto the outside surface of the impacted car. Vac -- Absolute Contact Speed 

The dummies used (US "Part 572") were The speed at which the car interior 

equipped with triaxial accelerometers in the structure hits the dummy relative to 

........... head, thorax and pelvis and time switches at the ground. 

shoulder and pelvis level on the dummies zXv --Velocity Change of the Dummy 
situated on the impact side. Change of the absolute velocity of the 

Dummies placed on the front seats were re- dummy in the "y-direction,,’ 
strained by three-point belt systems. 

tcontI -- Time of Contact 

........ The time of contact is defined as the 
........... TEST RESULTS 

intersection of a straight line connect, 
The test results are summarized in the ing the first point of ~’90% of maxi- 

following tables: mum deceleration" with the first 
According to the number of tests for the point of having "10% of maximum 

1 r " " different test modes, a summary calculation dece e anon with the time axis. 

Table 1. Test configurations. 

Barrier Car to car 

Test mode 
tests Car to car tests tests 

ECE identical cars various 
WP29,463 makes 

configuration      ~                        ~! ~ 

C A 

I mpact 

angle (degree) 90 90 90 90 75 75 90 

Impact 

velocity (kmh) 35 40 50 65 40 65 50 

Dummy Struck car: A,B,C 
position A,B,C Striking car: D,E 

Phase 1 1 J_     1 1 1 1 2 

Number 

of tests: 63 10 9 14 4 9 6 1 i 
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Table 2. Results of lateral collision tests--ECE barrier to car (90°, 35 km/h). 

1263 {149) 

mean value (standard 
deviation} 

~Its of cars oC =90° Iv=35~m~ struck car ECE-barrier 

~ht~t ~e~ght J kp i 9~9 (~95}t~233 (~ag) ~00(-~ 

~e~oc~t~ I .~h~ - __ 36,~ 

eJocity Jradlsec 0,088 (0,12) 0(0) 

in x-dir~tion J kmlh 0,66 (0,93) 20,6 (5,3) 

~ of ve~ocity in y-direction j kmlh 
18,6 (2,7) 0(0) 

beg{nm~g of wheel movement afterJ 
ini~;a[ contoct 

se~ 0,02 (0,01) 

I 
m~X. deformation outside J mm 2&g (72) 

inside j mm 201 (~4) 

condition Js~de Jrear J~mmed 86% jammed 

doo,,  o  o,ed I O% 
Jside jrear l 

0% jammed 

results of dummies ~ A" J A B C 

type of dummy US-Part 572 572 572 

type of restraint system 
three point belt - 3pb 

(3pb) 

H~C ~45(~37) - 99 (52) ~86(~3) 86 

~ max. ~,81 mls &8 (32) 1&0 (-) &~) 7& (&9) &0 (~I) 

head    ~ 3ms      9,8~ m/s Z0 {~)j 37 (-) ~ 34 ~0) 48 (20) 27(19) 
Vac kmlh 7,2 (-) - (-) - (-1 - (-)~ - (-) 

t cont. s ~~(-) ~)~49(0,0~1~0~{~02’, 0.04 
~v k~/h - (-)j- (’)~- (-} - (-) - 
SI - ~6)j ~ (57) j251(125) 66 {20) 67(51) 

a max. 9,81 mls ~ (~)~ 47 (26)~ 64 (21) 31 (8) 33 (17) 

~ 3ms 9,81mls 57 (~)j 31 (14)~57 (19) 28 (6) 28(14] 

chest v~c k~/h 28 (TTj 26 (~) 2~ (9) ~6 (~) ~9 (-) 
t cont. s 3,017(0,01)~,0~ (0,~ 3,021 (0,~’, 0,028 (0~1] ~54(0~ 

& v km/h 27 (~) ’ 14 (0) 29 (3) 24 (2,3) 21 (3} 

SJ - ~&(588} 23 (18) 69(633) 151 (131) 62 (43: 

a max 9,81 m/s 116 (~8) 20 ~) 35 (61) 51 (29} 29 (15} 

pe[v~s a 3 ms 9,81 m/s 89 (37)~ 15 ]8} ’9 (47)[43 (24) 23 (9) 

V ac km/h 26 (-~) 32 (&) t4 (?)~21 (7) 1~ (-) 

t cont. s 0.02~,~ (0,0~] 325(0~ 331 (0,0~)j0,045(0,0 

femur force ~eft kN - (-) - (-) 1,4 (-),),6 (-) j3,0 (-) 

force right kN ~ ~,0 (-1 
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Table 3. Results of lateral collision tests--car to car of identical type (90% 40 km/h). 

1263 {149) ÷~--- 

mean value (standard 
deviation} + x 

....... results of cars ~ :90~/v=40 kmlh struck car striking car 

Curb weightltest weight kp g44 (178} 11269 (259} ~5~111~} 

impact velocity kmlh 40,4 (1,3} 

impact angle degree go° " 

mean angular velocity rad/sec 0,26 (0,36) 0,04 (0,09) 

change of velocity in x-dir~tion km<h 0,36 (0,9&} 25,2(5,7) 

change of velocity in y-direction km/h 19,6 {2,8) 0(0) 

beginning of wheel movement after sac 0,025 {0,02) - 
initial contact 

max. deformation outside mm 297 (56) 117 (3?) 

max. deformation inside mm 239 (48) ...... 

max. deform, inside at SRP mm 209 (~9} 

impact front 100% jammed 0% joined ... 

condition side rear ~mmed 100% jammed 0% jamm~ 

of doors opposed front (%) 0% jammed 0% ~mmed 

side rear 0% jammed 0% jam~d 

A I B     C    D    E 
~type of dummy - US-Part 5?2 572 572 5?2 572 

type of restraint system - 
three point belt 3pb 3pb 3pb 

(3pb) 

HIC - 113 [??) 76 (-) 101 (65) 76 (54} ~ (89) ~(25) 

a max. 9,81 m/s 32 (11) 3~ (8) 35 (12) 53 (&5} 46 (29} 20 (3) 20(2) 

head 
~ 3ms 9,81 m/s 30 (12} 28 (5) 31 (12) 36 (18} 36 (22) 19 (4) 18 (2) 

Vac km/h - (-) - (-) - (-) 19 (-) - (-) (-} -(-) 

t cont. s - (-) 0,074(-) 0,05(0,03) D~04 (-) ~(0,~9 (-) - 

B v km/h - (-} - (-) - {-) - (-) - (-) (-} -(-} 

SI 13~ (70) 65 (59) 183(120) 67 (91} 105 {96) ~0 (13) 

a max. 9,81 m/s &5 (15) ~6 (25) ~ {23) 2~ (16) ~5 (31) 19 (3) 19 {5) 

chest 
~ 3ms 9,81 m/s 40 (13) 30 (8) 40 (13} 20 (9) 34 (14) 16 (6) 18 (5) 

V ac kmlh 30 (11) 25 (-) 28 (13) 18 (11) !8 (-} - (-) - (-) 

t cont. s ~24 (0,01] ~5(~ 0,02~ (0,01} 0D31 (0,01} 0,~5(Q~) (_) 
_ 

Bv km/h 24 (8} 23 (8) 28 (2) 21(0,?) 24 (5) - (-) - (’~’ 

St 268 (92) 20 (1~) 299{20~) 101 (64) 10~(164) (-) - ("~’ 

a max. 9,81 m/s 62 (11) 31 (14} 65 (32) 38 (6) 25 (6) 17 (-) 18 

pelvis o 3 ms 
9,81 m/s 57 (8} 21 (?) 54 (18) 34 (8} 2~ (4} 16 (-) 3 (-} 

Vac,: km/h 28 (10) 30 (-) 28 (14) 28 (3) 17 (-) (- - (-’, 

t cont. s O,~5(O,01]O,O?(O.02]}O,023(O,O~OD23(~O1]Q02~ (-) - (" 

~v km/h 31 (2) 17 (-) 32 (1) 23 (3) 22 (1) {-) - (- 

force left kN - (-) (-) 2,? (-) 6,4 (-) 0,4 (-) 
femur force right 

kN - (’) (-) 0,8 (-} 1,0 (-) 0,6 (-)1,02(0~9}0,9(0,62 

479 



EXPERIMENTAL SAFETY VEHICLES 

Table 4. Results of lateral collision tests--car to car of identical type (900, 50 km/h). 

e.g.: 

mean value (standard 
deviation) C 

resutts of cars o( =g0° Iv=50 km/h struck car striking car 

curb weight f test weight 1040 (225} / 1263 (243} 1033(216)/121d229~ 

impact ve;ocity 50,5 (1,0} 

impact angte 900 - 

mean angutar velocity 0,26 (0,32) 0,!5 (0,21) ,,,,~ 

change of velocity in x-direction 1,7 (1,3} 29,1 (3,8} 

change of vetocity in y-direction 25,1 (1,5) 1,~, (%7} 

beginning of wheei movement after 0,025 (0,02} (-} 
initial contact 

max. deformation outside 390 (58) 196 (72} 

max. deformation inside 322 (70) (-} 

max. deform, inside at SRP 301 (~.0) (-) 

l 
~-po~ 

lfront 

100% jammed 0% jammed 

condition    side rear 100% jammed 0% jammed 

of doors opposed front 7% jammed 0% jammed 

j_side rear 0% jammed 0% jammed 

results of dummies --A"_ [ A 8 1 C U E 

type of dummy Part .572 572 572 572 5?2 

three point belt - 3pb 3pb 3pb type of restraint system - (3pb) 

HtC - 4-~-~--) i345(250) 2881244)!72(136)135(84)112 (28) 

amax. 9,81 m/s 01 (55) 76 (53) 74 (26) 59 (33) 36(13) 34(13) 

head 
a 3ms 9,81 m/s 50 (3) 52 (23) 63 (20) 40 (14)27.(17) 29 (7)" 

Vac km/h 
~---~Z_~ 32 (-) 20 (17) - 

(- - (-)- (-) 

) t cant. s ~G0~7(0,02)i0,047 (0,02) ~72(0,04] (- (- 

Av km/h 
- (-) - (-) i - (-) - (-) - (-) - (- 

SI .~15(154) 481(24,3)94 (36) 291(210} 63(12) 66(16) 

amax. 9,81 mls 8_8 (4~-i99 (50) 35 (13) 84 (44) 25(6) 26(6) 

V ac kmth 32 (9} 131 (18} 24 (13} 36’(-} - (-} - - 

t cont. s ~-~ 0~329(0,02)i0,044 (Q03) 3,05910D3: 1- ) (- 

A v km/h 13 (2} 131 (13) 28 (4) 86 (3)    (-) (-) 

St !43(162) 874 (337) 291 (42) 185 (88 75 (- 80 (-) 

a max 9,81 m/s 63 (46) 100 (37~ 69 (16) 64 (26) 40(20) 30(0,7) 

petvis a 3 ms 9,81 m/s 42 (22) 87 (26)157 (19) 48 (11) 29 (13) 26 (1) .... 

Vac km/h 41 (4) 139 (14) 29 (20) 32 (8)    (-) (- 

t cont. s ],06(0,01) 10,03 (0,0!)10£)32(0,01) 0,051(0,0!’) - (-) - (- 

&v kmih 22 (5_) 3~) 31 (7) 31 (1) - (-) - (-) 

femur 
force [eft kN --~-~:)~) ~ - (-) 0,9 (-) 1,42(0,25)I,12(0,96"i 

force right kN 
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Table 5. Results of lateral collision tests--car to car of identical type (90°, 65 kmlh). 

e.g.: 

1263 (149) 

mean value (standard C 

deviation) 

~~-[ D 

results of cars o( =90°/v=65km/h struck car striking car 

curb weight / test weight kp 996 (252) 11253 (314) ~96(252}/!178~ 

impact velocity km/h - 64,? (1,6) 

impact angle degree 90° - 

mean angular velocity rad/sec 0,3 (0,5) - 

........ change of velocity in x-direction km/h 0 (0} 38,2 (3,?} 

change of velocity in y-direction km/h 31;9 (2,5) - 

beginning of wheel movement after sec 0,019 (0,01) - 
initia[ contact 

max. deformation outside mm 499 (27) .~ 223 (106) 

max. deformation inside mm 45t (/.1) , - 

....... max. deform, inside at SRP mm 408 (6~,) - 

- impact front 100% jammed 20% jammed 

condition    side rear ~mmed 100% jammed 0% jammed 

of doors ’opposed front (%) 0% jammed 20% jammed 

s de rear 0% jammed 0% jammed 

results of dummies A’ I A" j A B C D E 

}type of dummy - US-Part 572 572 572 572 572 

three point belt 
- 3pb 3pb 3pb type of restraint system - (3pb) 

HIC - 586(413) 317 (-) 55/.(386) 300 (130} 525(/.08) 1&9(561151 (66) 

amax. 9,81 m/s 95(33) 77(25) 102 (2?) 71 (23) 116(67) 28(6) 26(5) 

a 3ms 9,81 m/s 76 (19} 58 (3) 76 (18) 6/. (19) 8? (/.5) 26(5) 25 
head 

Vac km/h (-) (-) - (-) - (-) - (-) (-) - (-) 

t cont. s 0~-,8(-) (-} 0J3/.8’(-) 0,07 (-) (-) [-) (-’)" 

Av km/h 30 (-} (-) 30 (-} (-) [-) (-) (-) 

SI - 560(320) 627(310) g36(567) 122 (56)850(601)i 99(25) 78 (30) 

amax. 9,81m/s 193 (23) t53(57) 130(55) /.0 (15) 129(67) 25(3) 22(5) 

chest a 3ms 9,81 m/s 80 {20) 67 (15) 82 (17) 36 (13) 88(29)12/. (3) 22(5) 

V ac km/h 60 (3) - (-) t57 ("i /.9 (-) /.3 (-) (-) - (-) 

t cont. s ~(Q001~04/*(q002~Q013(0J3080,029 (0~10,043(0,01 (-) - (’) 

& v km/h 39 (9) - (-) ~,? (2) 32 (2) 39 (0,7) - (-) - 

Si - 957(6/.9)I533(302) 1411(957) 915(1/.3) 798(163) (-) - (- 

amax. 9,81 m/s 1/.1 (16) 92 (19) 123(35) 116(15)10Z.(22) 32 (-) 23 (-’’} 

a3ms 9,81m/s 98 (57) 80 (13) 116(36) 99 (?) 85 (12) 27 (-) 21 
pelvis Vac 

km/h 55 (-) (-) (-) 56 (-) /.3 (-) - (-)- (-} 

t cont. s ~018(0,01) 3,048(0~}&019(0,01)[0,031(0,01}0/344(Q01} - 

&v km/h 52 (0) - (-) 52 (-) 37 (8) 38 (8) (-) - (-’ 

force left kN - (-) (-) - (-) - (-) - (-) 2(Q56)~(0,21 

femur force right RN - (’) " (-) (’)I - (’) (-) 
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Table 6. Results of lateral collision tests--car to car of identical type (75°, 40 km/h). 

1263 { 1~,9) 
/ \ 

mean value (standard 
dev,ation) 

~’~-T" D 

’ 

results of cars o~ = 75° Iv=40 km/h struck car striking car 

curb we ght I test weight kp 1001 (216) / 1262 (258) 1001(216)/1150(237, 

impact velocity km/h - 41,0 (2,0) 

impact angle degree 75° - 

mean angular velocity radlsec 0,56 (0,18} 0,15 (0,19) 

Change of velocity in x-direction km/h 4,38 (30471 23,? (3,0) 

~hange of velocity in y-direction km/h 19,3 (2,4) 1,6 (!.5) 

beginning of wheel movement after sec 0,026 (0,02) - 

’~ax. deformation outside mm 329 (491 174 (761 

max. deformation inside mm 277 (69) - 

max. deform, inside at SRP mm 195 (5/.) - 

impact front 100% jammed 11% jammed 

condition side rear jammed 100% jammed 0 % jammed 

of doors opposed front (%) 0% jammed 0 % jammed 

side rear 0% jammed 0 % jammed 

i results of dummies A’ I A" I A B C D E 

Itype of dummy US-Part 572 572 572 572 5?2 
~ 

three point belt - 3pb 3pb 3pb type of restraint system - (3pb) 

.... HIC - 76(37) I45 (-) 98(33} 22/*(151) 81(85} 43(5) 63(/.6) 

amax. 9,81 m/s 27 (8) 26 (1} 33 (8) 83 (30) 3/*(26} 17(!) 18(5) 

a 3ms 9,81 m/s 25 (8) 2/, (3) 30 (6) 65 (18) 30 (20) 16 (1} 16 (5) 

head vac Rmlh - (-) - 1-) - (-} - (-) - (-) -(-) " (-) 

t cont. s 0,0/. (-) - (-) i0,0/. (-)0,06(0,03)0,09/.(-) (-) - (-} 

&v km/h - (-) - (-} - (-) - (-) - (-) -(’} -(- 

Si 154 (/~8} 56 (26} 207(/.2) /.2 (31) 105 (/.7} 101 (6) 

a max. 9,81 mls 52 (?) 35 (lZ.) 52 (8) 26 (10) /.9 (t/.) 25 (-) 17 (5) 

chest a 3ms 9,81mls 46 (6) 29 (8) /.2 (14) 2/. (9) 42 (12) 21 (!) 15(/.) 

V ac kmih 30 (12) 25 (-) 26 (18) 22 (6) 2/. (1) - (-) - (-) 

t cont. s 0,033(0,01)0,075(Q01)0,035(G01)0,061(0,01) 0,072(0,011 - (-) (-} 

& v kmth 28 (3) 8 (-) 28 (2) 24 (2) 25 (8)    (- (- 

St - 227(165) /.3(18) 282(172) 74(/.9) 80(79) (-) - 

a max. 9,81 m/s 60 (17) 3/. (2) 68(37) 30 (10) 31 (19) 16 (-) 1/. (-) 

petvis a 3 ms 9,81 m/s /.7 {13)I 29 (0) 52(2?) 27 (8) 25 (15) 15 (-) 13 (-) 

Vac kmfh 
- (-) I - (-) 12 (-) 17 (-) (-) - (-) (-) 

t cont. s 0,0/.2(0,01)i - (-) ~3,048(0/33) 0,053(0,01) - (-) (-) {- 

z~v km,h - (-)!- (-)3012} ’,28 (&)25 (&) - 1-1 - 1-) 

femur #_force left kN - (-)i (-)2,6    (-) i - 
(-) 2,0 (-) 0,8(0,3) 1,1 (-) 

force right kN 
- (-)[ - (-)I2’1 (-)I    (-) 0,? (-} 

1.6(1,/.) 1,0 
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Table 7. Results of lateral collision tests--car to car of identical type (75°, 65 kin/h), 

1263 (149) 
/’ \ ) ÷y 

mean value (standard 
deviation) C D 

~esults of cars oC :75°/v:65km/h struck car ~. strikin 

curb weight/test weight kp 99? (251)/1256 (322) ........................... ~J~’~(~’5~~--_ 

impact velocity km/h - ~ 66,0 (!,9) 

mpact angle degree 75~ 

~. 

"----- 

mean angular Velocity tad/sac 1,03 (0,66) 

Change of velocity in x-direction km/h 2,9 (3,7) 40,6 

change of velocity in y-direction km/h 31,4 (3,3) 3,05 {3,8) 

3eginning of wheel movement after sac 0,0112 (0,006) 
initial contact 

~ax. deformation outside mm /,80 (95) 322 (62) 

max. deformation inside mm 381 (96) 

..... max. deform, inside at SRP mm 356 (87) 

.... impact front 100% jammed 0% jammed 

condition side rear j~mmed 100% jammed 0% jammed 

of doors opposed front (%) 0% jammed 0% jammed 

side rear I 0% jammed 0% jammed 

results of dummies A’ I A" I A B C 

type of dummy US-Port 572 572 572 5"72 

three point belt - 3pb 3pb type of restraint system - (3pb) 

, HIC - i438(136) 449 (-) 501(181) 347(211) 344(72)~ 

a max. 9,81 m/s 180 (25} 51 (33) 80 (25) 8’7 (39) 84 (26) 21 

i head a 3ms 
9,81 mZs 70 1~) 47 (31) 70 (20) 70 (271 68 (20)i22 (2) 

I Vac km/h - - - (-) - (-) - (-) - (-] ~ 

t cont. s - (-) - (-) - (-) i0,072(-) - (-i’ - 

Av km/h (-) - (-) - (-) - {-) - (~) - (-t 

SI - 803(326)ilZ.? (157) ~ 

amax. 9,81 m/s 96 (12) ~ 95 (16) 49 (34) ~ 17 (3} 

chest a 3ms 
9,81 m/s 85 (15), 45 (23),i84 (13)                ,39 (19) ~15 (1) 

t cont. S 

&v km/h 42 (8)------~- (-) - (-)i36 (-) 142 (-) ~ 

SI - 540(523} 120 (-)i910 (-)1200 (-) 1-~ ~ 

amax. 9,81 m/s 141(41) 103 (75) 127 (31) i95 (22) 79 (43) 125 

a 3 ms 9,81 m/s 126(27) i47 (18) 123(23}!,79 (35) 53 (1t) i~ 
pelvis Vac 

km/h 51(-) I - (’}i" (-) - (-) 42 

t cont. s Q£)26(,0~1)~0,052 (-) 3J323(Q01) 0,04(0,002Q052(-)-~__ 

AV km/h 56 {-} ,,~ (-) - (-)~ - (-)i~ 

femur force left RN - 1-)’ (-) 4~ ~---)~) !-! !It,Fb (-) 
force right kN (-) - (-) - ,,(-)tU 1-) 1016 (-) 1,1(0,4) 
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Table 8. Results of tateral collision tests--car to car of various makes (90°, 50 kmlh), 

~--~/B 

t263 (149) 

mean value (standard C 
dev;ation] 

~.L~ (~:~-o(q~ D 

resufts of cars o(: =90° lv=50km!h struck car striking car 

curb weight / test weight 1056 (236) Z 1330 (277) 1041(2~)/1~(~ 

~act velocity - 50,2 (1,1) 

~mpact angle 90° - 

~ angular ve~ocity 0,06 (0,13) 0,07 (0,11) 

change of veloGty in x-direction 0,76(0,82) 29,0(3,6) 

change of velocity in y-direction 24,6 (2,5) 0,47 (0,76) 

beginning of wheel movement after 0,026 (0,027) - 
~n~t~a~ CO,taCt 

max deformation outside &07 (71] 138 151} 

max. defo:ma~on inside 332 (57.] - 

max deform inside at SRP 302 (60] 

~mpact Ifront 82% jammed 0% jammed 

condition ls~de 
~rear 

87% jammed 0% jammed 

of doors ~Opp~d front 0% jammed 0% jammed ..... 

j side rear 0% jammed 0% jammed 

results of dummies 
~ 

A 
~ 

B C D E 

type of dummy - US-Part 572 572 572 572 572 

type of restraint system 
three p(lnt belt - 3pb 3pb 3pb 

) ~3~-161 (104) 153 1191 1141711 70131i" 304 

o m~x 9;81 mis 

head 
~ 3ms 9,81 m/s ’ -" --~)-7_~_ C__~?~ 60 (31) 4L (11) 

Vac km/h :~~- (-) - (- [-) (-) 

t cont. s - ) ’,0DL6(Q02)~,0~(0,01} 3,103 (- (-) (-) 

~ kmlh -) ~18 (-) ~ - (-) (- (-) 

SI ~~349(697) 296(204) 64 (20) 48 (16) 

a max. 9:81 mls ~-~-~tLS0 (31) 8L (44) 22(L) 20 (L) 

u 3ms 9;81m1s 47 L) ’.68 (17)~&4 (27) 59 (26) 21 
chest W ac km!h 32 1) 36 (9) - (-) 36 (-) (-) - (-) 

t cont. s ]pl)~0,021(0,01);0,037(Q01) &054(Q~) (-) - (-) 

A v km/h ~_~ ; 37 (2) 32 (5) 26 (3] (-) - (=) 

Si 12) 967(L32)~’236(!87) 197(140) 70 (-) 7L (-) 

pe[v~s 
~3ms 9~8~mis Z~)~gl HS) 56(25)~(~6) 2~(6) 2~ (6) 

Voc km/h ~2 (3) ~ ~ ~0(5) 2~(27) ~27 (-) - 

femur 
fo:ce left RN - -~ : ~2~- - (-) - (-} !,13(0,L)11,~7(0~ 

force r~ght kN 
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DISCUSSION OF THE TEST RESULTS 
OF PHASE 1 . ECE test o Identical cars 

To present the results more clearly, the fol- 600 
Outsi~,~ Impacted car lowing comparisons of some important param. - 5o0 

~’~nside 
at saP 

.... eters for the 90°-tests are given: 
~,~ 300400 r 

200 

100 ~ " ~j 
impacting car 

0 10 2’0 ;0 70 
o ECE -- test o Identical car 

.... vi (km!h) 
..... 40 

Impacting car 

~ 30 
~ Figure2. Deformation vs. impact velocity for 
~ , Impacted car 
- ," identical cars. > 

<1 20 

...... Comparison Between 90 and 75 

......... lo r Degree Tests 
l ...... 

If one compares the results of the 40 km/h 
0 10 20 30 40 50 60 70 

vi (km/h) 
and 65 km/h crashes, they do not show a sig- 
nificant difference between the 90 and the 75 
degree impact test modes (see tables 3, 5, 6 

Figure 1. Velocity change vs. impact velocity for    and 7). 
identical cars. 

EC~E barrie~r    ,.~.~ 

.~"~ "~ Car to car ~% ~ to 
~ 200 

Waist level 
"t                                                 0 

2 3 4 5 6 

Position 

.............................. ECE barrier 
~ ~"" ~ ~ 

~ 
200 

Inner sill level                                                               ~ 0 

8 9 10 11 12 

Position 

Figure 3, Passenger compartment intrusion--ECE barrier vs. car to car data. 
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L "ECE -- test ~ Identical cars 
12 ECE--test Identical cars 

12 
-T                       a pelvis 

_                    res, ..~                                            The velocity 

_ ~ change at 
~ 10 

"Tl0 thedummy    ~ /~- ares Pelvis 

c~ 8 - 
ares 

chest 
~ 8 as.t.he . I / ~ a chest arttl~met~c 

/ / // 
res 

6~ 
:~_~ 

./~/~:~~.~///~ ares head ~ 
mean value, i/ ~//~’- a head 

-- dhee~.edcfh~. ~1,// /o re, ~, ~ 

=~ 4L H~C head 
~ measurements HIC head 

× ~ ~..1! ° 
2 

0    t 0 20 30 40 50 60 70 
0 

vi (ki!!h) 0 10 20 30 40 50 60 70 

~v (kin/h) 

Figure 4. Dummy data vs. ~mpact velocity for 
identical cars.                        Figure 7. Dummy data vs. velocity change of 

the dummy for identical cars. 

12 F - ECE test ~ Identical cars 
ares 

pelvis-~ 

_o / 
¯ ECE--test ~ Identical cars 

o 8~ 
~o head o - 

ares 
pelvis 

chest 

-~ 
~ 

head ~ 4 ~ 
HIC head 

-~ 6 
o 

~ " --. HIC head ~ 2F %// 

00 5 1(~--i-.~--20 2-5 :~0 35 4~ 
0+ 

l\v (kin/h) 0 100 200    300 400 

s. (mm) 

Figure 5. Dummy data vs. velocity change for ’ 

identical cars. 
Figure 8. Dummy data vs. passenger compart- 

ment intrusion for identical cars. 
~ ECE -- test    ~ Identical cars 

12 

a pelvis ~ ~ 10 -                res 

~: 8 ~ a chest The 75 degree impact test in general leads to 
areshead a slightly higher degree of deformation of 

~. 6 -                                    both cars, but the occupant loads do not differ 

~ f 

much. 
~ 4 The absolute contact 

~O speed is calculated as the TO simplify the analysis of the tests, the 90 
x 2 arithmetic mean value, de- 

~. rived from head-chest- degree impact would be preferable. 
and pelvis-measurements 

0 10 20 30 40 50 60 70 
Comparison Between Car.to-Car and 

Vac (kin/h) ECE Barrier Testing 

Figure6. Dummy data vs. absolute contact       Figure 1 shows the velocity change versus 
speed for identical cars.                impact velocity for the two test types. 
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Figure 2 indicates that there is correlation 
between deformation and impact velocity for ~ 

o Identical cars 
Car/car test 

the ECE barrier and car-to-car tests. , Various makes 

Figure 3 shows that the actual deformation 
6oo i 

.~’~- Outside 

pattern is different. Whereas the barrier hits     -g 500 i Impacted 
~ 

Inside .......... E 400 ~ 

the car sill, this does not occur in the car-to- ~ 300 i ~ ~lnside at SRP 
car tests. 200 i 

Figures 4-8 also show that the ECE test and loo i Impacting car 

the car-to-car tests at a given impact speed are °6 1’O 2~6 3’o -i~6 5’O ~6 7o 
not comparable in terms of results of the v~ (kin/h) 

dummies. Further details can be found in 
Tables 2-8,                                 Figure10. Deformation vs. impact velocity-- 

identical cars and various makes. 
DISCUSSION OF THE TEST RESULTS OF 
PHASE 2 

Are the findings from tests with identical~ 
cars applicable to the whole car population? 12 Cartcar--test 

0 Identical cars 

To get clarification on this, the members ~ 10 * Various makes 

agreed to conduct an additional test series o pe~v~s 
~ 8 

- 
ares chest 

with cars of various makes. ~ -ares head 

To have comparable conditions for the test ~ 6 
series with identical cars, the collision partners ~ 4 
were selected to give a mass ratio of m2/ml = 1. 
Impact angle 90 degrees and impact velocity 
50 km/h (see table 1). 0 

........ No significant differences were noted be’ 10 20 30 40 50 60 70 

...... tween the majority of the findings obtained 
v~ (kin/h) 

from the tests of various makes (figs. 9-15) 
and those obtained from the test series with Figure 11. Dummy data vs. impact velocity-- 
identical cars. identical cars and various makes. 

o Identical cars 

o Identical cars 
Car/car--test "T 

1 ~ Various makes 
pelvis 

40      "Various makes            Impactin!               -~                                         chest 

~ 30 ~ 
car ~ 

~- -ares 
head 

> 20 ~ 
car 

<] 

~o~ 

O0 10 20 30 40 50"6 70 O 5 10 15 20 25 30 35 40 

vi (km/h)                                                 ~v (kin/h) 

Figure 9. Velocity change vs. impact velocity--    Figure 12. Dummy data vs, velocity change-- 
identical cars and various makes,               identical cars and various makes. 
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12~ Car/car-test 12 ~- o Identical cars 
ares 

pelvis 

~ 
o Identical cars 

a pelvis ~ 

ad 

~ * Various makes res "O 10 . Various makes 

~ The absolute / / _, 8 
~- contact speed /~-..-~- 

ares 
chest o ~ Car/car--test 

8~ ~s calculated l I ~ 6 

~ arithmetic ] ,~/~ -a head ~ 4 HIC head 
6F mean value 

~ ~,~ 
~ res 

~ derived from /1~x 
F head- chest- II / ~ o 2 

4~ and pelvis- ~// " H IC head 

~ _ 

-- 
0 ! O0     200     300 400 

si (mm) 

0 ~0 20 30 40 50 60 70 Figure 15. Dummy datavs, passengercompa~- 
Vac (km!h) ment intrusion~identica! cars and 

various makes. 
Figure 13. Dummy data vs. absolute contact 

speed~identical cars and various CONCLUSION 
makes. 

The tests show tbat the ECE barrier test 

and car-to-cat tests are not comparable i~ the 
following points: 

12 o identical cars Car/car--test 

x Var{ous makes 
~ deformation of the impacted car 

1 The vetog{tv r~ ~ reSUltS Of the dummies. 

~m~ ~s A complete test procedure cannot be speci- 
calculated as ] ~ 

ares chest the arithmetic / fied at this time but it is suggested that the 
mean value, / 
~er~ved from / 
head-, chest- 4 / 
amd pe~v~s- // 90° wkh the center Hne or ~mpact aHaned wkh 

the [font occupant or the struck car. 
measurements~/ 

CC~C considers that the present ECE test 
does not correspond to the car/car skuadon, 

o~ ~ ’    ~    ~ ~ ¯ ~ which Js the most frequent severe 

0 ~0 20 30 40 50 60 70 don, and Js deve]op~n~ a mobile deformab[e 
Av (k~/~) battier which ~t believes will provide a more 

realistic means of [ateral impact testing. 
Figure 14. Dummy data vs. velocity change of CC~C believes that a dummy also sukable 

the dummy--identical cars and 
various makes, 

for s~de ~mpact tests must be developed. 
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Status of the National Highway Traffic Safety Administration’s 
Research and Rulemaking Activities for Upgrading 
Side Impact Protection 

............ DR. AUGUST BURGETT lost their lives in highway accidents.1 As can 

JAMES R. HACKNEY be seen in Table 1, victims of side impact acci- 
National Highway Traffic Safety Administration dents accounted for approximately one-third 
UlS. Department of Transportation of these fatalities and a similar percentage of 

the life-threatening injuries (AIS->4), The 
......... ABSTRACT magnitude of the problem establishes the im- 

In its 1977 rulemaking plan, the National 
provement of side impact protection as a 

Highway Traffic Safety Administration estab- 
major need. 

lished the upgrade of side impact protection 
In the National Highway Traffic Safety 

Administration (NHTSA) 1977 rulemaking 
as a top priority. An extensive program is 
underway in this area. This program includes 

plan, improvement in side impact protection 

advancements in test devices, test procedures, 
was formally established as a top priority.2 

and potential safety measures in motor vehicle 
This plan calls for a Notice of Proposed Rule- 

design and construction. This paper reports 
making (NPRM) on an upgrade of Federal 
Motor Vehicle Safety Standard (FMVSS) 214 

the progress to date on the development of an 
in 1980. 

........ anthropomorphic dummy for use in measur- 
Research projects are now underway to 

......... ing safety performance in lateral impact and a 
new test barrier that will be used to impose 

generate data on how occupant compartment 
integrity can be improved and how occupant 

crash conditions for compliance testing. Im- 
injuries can be reduced by changes to the side 

provements to upgrade the design and con- 
struction of both the structure and the interior 

structure and by the modification of the vehi- 
cle interior. Data from these and previous 

of motor vehicles are also discussed. 
The plan for completion of this program is 

studies will be used to upgrade FMVSS 2!4 

presented with anticipated dates for issuing a 
and extend applicability to light trucks, cars 

Notice of Proposed Rulemaking. 
and multipurpose vehicles. 

The 214 upgrade program contains four 
major areas of activity. 

INTRODUCTION ¯ Development of a test procedure, including 

Last year, 34,000 people who were occu- the development of a moving barrier impac- 
pants of passenger vehicles in the United States tor. 

Table 1. Accident mode distributions. 

Mode 
Variable and source Frontal     Side     Rear     Rollover      Other 

Vehicles (NCSS) 60% 28% 6% 5% 1% 

Victims with AIS < 3 (NCSS) 54% 32% 1% 12% 1% 

Victims with AIS >_4 (NCSS) 55% 34% 1% 10% 1% 

Fatalities (NCSS) 44% 36% 1% 18% 1% 

Fatalities (FARS) 54% 29% 3% 12% 2% 

Sources: National Crash Severity Study (NCSS) 

1978 Fatal Accident Reporting System (FARS) 
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* Development of a dummy and associated to consider the injury causing crash conditions 

performance criteria, from the point of view of reproducing them in 

* Development of vehicles that can be used to a compliance test. 

demonstrate performance. When data on occupant injuries is analyzed, 

* Analysis of accident data to support the one of the first questions that is usually asked 

other three activities, is the seating location of the occupants who 

Summaries of the projects in these four are injured. Data from the NCSS show that 
84% of all occupants and 87% of those with 

areas of activity are presented in this paper. 
Brief discussions are also given on cost, life-threatening injuries are either drivers or 

weight, and leadtime studies. A schedule of right front seat passengers. For this reason, it 

the total program with NPRM dates for the is appropriate to emphasize crash conditions 

dummy, moving barrier impactor, and the experienced by front seat occupants in the 

rule is provided, 
development of a test procedure. This, of 
course, does not preclude coverage of rear 

COMPLIANCE TEST CONDITIONS seat occupants in the final test conditions. 
The distribution of side impact crash condi- 

A major part of any safety regulation that tions for the driver and right front passengers 
affects vehicle construction is the test proce- and also for those who experienced life- 
dure that is imposed on the vehicle. The com- threatening injuries are shown in Figures 1 and 
pliance test, as is true of other aspects of the 2. It is seen that multi-vehicle impacts account 
regulation, must strike a balance between for 65% of the severely injured front seat 
many competing factors in the test. Both the occupants. This indicates that the primary 
cost of running the test and the cost of the area of activity should be in reducing injuries 
vehicles in the test is one consideration. From associated with multi-vehicle accidents. 
a cost standpoint, the simplest test and the It is also seen in Figure 2 that 28% of the 
least number of test conditions are the best occupants with life-threatening injuries were 
requirements, ejected. Based on this observation, it is ex- 

Representativeness of real-world conditions pected that the emphasis of the new regula- 
is another factor that must be considered. The tion will be on reduction of injuries caused by 
best test from this standpoint is one that im- the interaction of occupants with the vehicle 
poses a range of conditions similar to the wide interior. 
range of conditions experienced by accident 
victims. Another consideration is the repeat- 
ability of the test. For a side impact dynamic 
test, repeatability would be highest if the bar- 
tier used as the striking vehicle was rigid. 
These and many other factors must be con- Multi-vehicle with 

sidered in the development of test conditions no ejection 

83% _                 ~.. _Single vehicle for a regulation. 
~ Single vehicle ] with ejection The basic use of accident data in the devel- 

opment of a compliance test is to identify the 

~C~o)o 

specific problem areas and to provide a quan- 
titative description of the crash environment .. \~./ Multi-vehicle 
for these cases. To this end, the data from the ""---~~" with ejection 

National Crash Severity Study (NCSS) file is 
analyzed in two steps. The first step is to 
separate the crash conditions which produce Figure 1. Distribution of side impact collision 
the majority of the injuries. The second step is conditions. 
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from the NCSS show that 74% of all life. 

//~/~ihicle 
~ 

threatening side impact injuries involve 
vehicles which sustain damage to the passen. 
ger compartment and which experience a 
direction of motion which corresponds to 
2-4 o’clock or 8-10 o’clock. w,                            Having established the direction of motion 

51%                      after the collision, the next step is the deter- 

~ 
mination of the pre-impact orientation be- 
tween the vehicles. The results of a study 

.......... M~ with ejection , which compares the PDOF are pre.impact 
~t~on \ tl      \ 14% i vehicles orientation for selected cases from 

~14-% /s~,\~ 
the NCSS files are shown in Figure 3. The con- 
clusion from this preliminary analysis is that 
the compliance test conditions should simulate 
a collision in which the vehicles have a relative 
orientation of between 40° and 100°. A more 
thorough analysis will be performed in the 

Figure 2. Distribution of life threatening injuries future to provide a definitive statement on ap- 
(AIS _ 4) by collision condition, propriate orientation for use in the compliance 

test. 
The problem for the designer of a compli- One of the most important parameters asso- 

ance test is to reduce this general definition of ciated with motor vehicle crashes and result- 
the accident conditions into details that can be ing injuries is velocity. An initial analysis 
specified as part of a test procedure. The ap- of the relationship between velocity and in. 
proach to doing this is to separate the accident jury for side impact accidents which utilized 
data into subsets based on several parameters, the Multi-Disciplinary Accident Investigation 

Two important parameters that partially (MDAI) files showed that the probability of 
describe the impact conditions are the point life-threatening injury is dependent on the 
of impact and the direction of motion of the collision severity.3 It also showed that occu- 
struck vehicle, In the NCSS, the point of ira- pants on the impacted side were exposed to 
pact is typically given by the Specific Horizon- more hazardous conditions than were the 
tal Location (SHL). This parameter has six occupants on the side away from the impact. 
possible values, each of which describes a sec, Quantitatively, the analysis showed that occu- 
tion of the side of the vehicle (P for passenger pants could be expected to experience life- 
compartment damage, F for damage ahead of threatening injuries if they impacted the vehi, 
the passenger compartment, B for damage cle interior at speeds above 20 or 25 mph. It 
behind the passenger compartment, Y for also showed that almost all occupants could 
damage to, and ahead of, the passenger com- be expected to experience life-threatening in, 
partment, Z for damage to, and behind, the jury if they impacted the vehicle interior at 
passenger compartment, and D for distributed more than 40 mph. 
damage along the length of the side of the As a follow up to the analysis of data in the 
vehicle). The direction of the motion of the MDAI files, a similar study of side impact 
struck vehicle is typically coded by the Prin. cases in the NCSS has been initiated. The 
cipal Direction of Force (PDOF). This param- ’ preliminary analysis of NCSS data shows a 
eter is used to estimate the direction, using similar dependence of the leve! of injury to 
clock notation, of the change of velocity vec- crash severity. The conditional injury rate for 
tot of the center of mass of the vehicle: Data life-threatening injuries is shown in Figure 4. 
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Figure 3. Comparison of direction of motion (PDOF)and pre-impact orientation. 

Even though the probability of life-threat- 

~ ~.o4 /-- ening injury is relatively low at low levels of 
t~. // crash severity, there still are a substantial 
- 0.8~ / 
~< 

/- 
number of injuries which occur at low levels 

~    ’ of crash severity. This is seen in Figure 5 for 
~-< 

0.6’ 

j!] 

~: near side victims of crashes with compartment 
> 0.4- damage and direct lateral motion. From this 
~ figure, it is seen that 85°70 of the life-threat- 
Z_ 

0.2"~_.__...r_.. ~/~ , 
, , , , . 

ening injuries occur in crashes where the 

20 40 60 change of velocity (AV) of the struck vehicle is 

_~V MPH less than 25 mph. This suggests that a reason- 
able requirement would be for vehicles to pro- 

Figure 4. Comparison of injury rate and vehicle vide protection in crashes with a zXV of up to 

change of velocity (zXV). 25 mph. 
When determining compliance test condi- 

These data are for victims who are seated on tions it is necessary to know the travelling 

the near side of the vehicle. The data are also speeds for both vehicles as well as the change 

limited to those cases where there was damage of velocity of the struck vehicle. The informa- 

to the occupant compartment (SHL = D, P, Y tion on travelling speed provides a basis for 

or Z) and direct lateral motion of the struck establishing test conditions for a moving bar- 

vehicle (PDOF=2-4 or 8-10). rier. To address the question of travelling 
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speed, a subset of the NCSS file for two-car 
accidents which contains information on pre- 

~oo%. impact travelling speed was reviewed. The 
,,/’~ data for this subset are shown in Figure 6. 

ao // These same data, together with the vehicle 
orientation, are presented in Figure 7. One 

°> 60,                                      point that stands out from this presentation is 

-" that the struck vehicle is not stationary 
~ (V2~ 0), but is usually (63% of the cases) 
~ 40’ 

travelling at a slower speed than the striking 
20. vehicle. 

In summary, the data on injury rates, trav- 
�-g ~ ~ ~ elling speed and vehicle orientation suggest 

20 40 60 that appropriate compliance test conditions 
k,V--MPH would reproduce the following conditions: 

¯ AV of the struck vehicle of 25 mph. 
¯ Simulation of conditions where both 

Figure 5. Cumulative distribution of life vehicles are moving, with the barrier mov- 

threatening ~njuries. ing faster than the struck vehicle. 

V2/V1_ = 1 / 60                                                     / 

/ 

/ 50 

/o 
40 o o 

30                   o/ 0                                 ~    ~                                 2 

/ 
2o 

// 

10 
/~ 

o ee o 

0 

0 10 20 30 40 50 

v2 

Figure 6. 8ummau of pre-impact velocities. 
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DEVELOPMENT OF A DYNAMIC 
TEST PROCEDURE WITH A 

2.50 MOVING BARRIER IMPACTOR 

2.00 In April 1978, a research contract was in- 

>~ 1.5o 
itiated with Dynamic Science, Inc., to develop 

-:~, o~ a test device and test procedure for assessing 
> 1.oo o° ° vehicle side structures.4 This project is divided 

.50 °- i "o into two phases. During Phase I, which will be 

o.oo o o completed in June 1979, the preliminary im- 

o 20 40 60 8o loo 12o pactor parameters will be designed, fabricated, 

IMPACT ANG LE and tested. Phase II will refine the preliminary 
design and will be completed by June 1980. 

Figure 7. Summary of pre-impact conditions. The preliminary impactor parameters are 
based on the average characteristics of the 

,, Orientation angle between the barrier and U.S. automobile fleet. The present test weight 

the struck vehicle in the range of 40° to of the impactor, 3600 lbs., was selected from 

100o" the data presented in Figure 8. As se~n in this 

* Impact point such that the occupant corn- figure, the 50th percentile vehicle weight is 

partment is damaged. 3770 lbs. This weight was adjusted downward 

8O 

6O 

50th Percentile = 3770 Ib 

40 

20                                     1 

I 
I 
I 
I 

0 

2000 3000 4000 5000 

TEST WE~GHT-Ib 

Figure 8. Recommended test weight of side im pactor. 
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by 170 lbs. to reflect the current trend in auto- - - - Average weight automobile to load cell barrier at 60° 
mobile downsizing in the United States Side impactor to angled fixed barrier at 60° 

market. The other major parameters of the 
impactor, its force and force distribution, 
have been selected to fall within the bounds ~ 30 
and near the mean of the vehicle fleet. These 
parameters have been derived from data col- 
lected from car-to,load cell barrier tests such 
as shown in Figure 9. The load cell barrier that 
is used in these tests was developed in an earlier 
NHTSA study.5 This barrier, similar to the 0 4 8 12 16 20 24 28 

......... Fiat moving barrier design that was presented CRUSHqN 
at the Sixth Experimental Safety Vehicle Con’ 
ference,6 has provided capability in measuring Figure 10. Inertia force versus honeycomb 

the force distribution of vehicle front struc- crush from side impactor and 

tures, average weight automobile. 

The force deflection characteristics of the as shown in Figure 11. This design provides 
present Phase I impactor is given in Figure 10. the flexibility needed in the research phase to 
A comparison with an average weight auto- investigate variations in force and force distri- 
mobile is also given in this figure. A good cot- bution parameters. It is expected that the final 
relation is seen for the first fourteen inches of test device will be a simpler design with fewer 
crush. From this data it appears that no sig- layers and segments. 

......... nificant problems will be encountered in The principle test condition that has been 
establishing a reasonable force-deflection used in developing and evaluating the Phase I 
characteristic for the impactor, impactor is shown in Figure 12. An impact of 

Initial evaluation of the force distribution this type does not include all the suggested test 
of the impactor indicates that minor adjust- conditions from the previous section. How- 

......... ments will be required to establish proper in- ever, it does simulate vehicle damage repre- 
terface conditions between impactor and the sentative of severe accident cases. It also ira- 
vehicle side structure. Analyses are ongoing to poses broad requirements on the design of the 
establish these adjustments, impactor. Tests that have been completed in- 

The Phase I impactor is constructed of clude the impactor into a Plymouth Volare 
layered and segmented aluminum honeycomb and into a Volkswagon Rabbit. 

Figure9, Car-to’load cell barrier test to deter2    Figure 1!. Phase I design of moving barrier 
mine parameters for side impactor,              side impactor. 
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V = 0 mph 
Target vehicle 

60° 

Door opening reference point 

(DOR*) 

Bullet vehicle or side impactor 

20 to 35 mph 

*See SAE standard for definition of DOR 

Figure 12, Principle test condition being used to develop side impactor and upgraded vehicle side 
structures. 

During Phase II of this project, the impac- In the Phase II test series, both baseline 

tor will be exposed to a variety of test condi, vehicles and vehicles with modified interiors 

tions, including conditions wherethe impactor and side structures will be tested. The results 

and target vehicle are both moving: A proce- of these tests will be evaluated and the impac- 

dure similar to the one used in a previous tot will be refined as necessary. The design of 

project, "Occupant Survivability in Lateral the impactor will then be finalized and its 

Collisions," will also be investigated.7 In this repeatability in different test modes will be 

procedure, the impactor will be supported by verified. Several impactors will be constructed 

auxiliary wheel assemblies to allow for varying for use in the demonstration projects and for 

yaw angles, compliance testing. 
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DESIGN OF THE ANTHROPOMORPHIC those changes that were necessary. The first 
TEST DEVICE (DUMMY) step in modifying the Part 572 was to remove 

the arm and clavicle joint thus eliminating the 
The dummy is a key element in the develop- direct load path that produces excessive spikes 

ment and application of a new occupant pro- in the thoracic acceleration. This change also 
...... tection regulation. It is part of the critical permitted the head to approach the impact 

..... path in the development program because it surface in a more realistic manner. 
must be available for evaluating alternative The second step in the modification con- 
vehicle modifications. It is also an important sisted of making extensive changes in the con- 
part of the final regulation because of the struction of the rib cage, rotation of the rib 
need for an objective test device.8 cage by 180° and changes in the attachment of 

The dummy selection process was initiated the rib cage to the spinal box. A photograph 
with an intensive search for an existing dummy of the new construction is shown in Figure 13. 
that would be appropriate for use in the side These changes were installed on the Part 572 
impact regulation. The search began with the frame and tested under the same conditions as 
two existing dummies that have the potential were the earlier dummies. The response and 
to be used in side impacts. One of these comparisons to average responses of cadavers 

............ dummies is the Part 572 that is specified for are shown in Figure 14. As can be seen from 
use in existing occupant protection safety these comparisons, the new rib cage design 
standards. This dummy has the advantage of produced a response which is very similar to 
being a proven piece of equipment that has the results of cadaver testing. The head-neck 
extensive documentation and testing. The 
other dummy is the one developed at the 
Transport and Road Research Laboratory 
(TRRL) in the United Kingdom.9 This dummy 
has the advantage of having been developed 
specifically for use in side impact tests. 

An initial study was done by the NHTSA in 
......... 1975 to evaluate the response of these dummies 

in lateral impacts,l° This was followed by a 
more recent program which included testing 
under other side impact conditions.11 Based 
on these tests it was decided that neither 
dummy was acceptable in its present form for 
use in the new regulation. The Part 572 shou!- 
der structure proved to be too stiff which re- 
sulted in high acceleration spikes on the 
thorax. This stiff shoulder also produced un- 
realistic bending of the neck. The tests of the 
TRRL dummy produced undesirable vibration 
at the instrumentation sites. Based on the 
results of the tests of these two dummies, it 
was decided that a new or revised dummy was 
necessary for use in evaluating side impact 
protection. Due to the tight schedule for the 
entire program and the need for early deve!- 
opment of a dummy, it was further decided to Figure 13 New Construction of side impact 
use the Part 572 as the basic dummy with only dummy~ 
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of this design. This will include the develop, 

2oo~ ment of detailed specifications and produc- 
tion drawings for the design. 

l~~ 
When the specifications are complete they 

will be used by commercial fabricators to pro- 
duce several copies of the dumm), These 
dummies with a finalized instrumentation 

~    ~ package will be evaluated for repeatability 
~ -~®~ and reproducibility. This evaluation will im 
~ ~ New durnmy 
=£ ..... Part 572 dumrny clude dimensional and range-of-motion tests 
:~ _200t 

Lower sternal acceleration in as well as pendulum impacts to selected body 
l 20 mph rigid side tests 

-3oo~- .............. areas. It is also anticipated that high speed 
25 50 75 100 sled impacts will be performed as a systems 

test of the entire dummy torso. These tests 
TiME (msec)                   will establish the dummy’s capability to pro. 

vide uniform response at impact levels experi- 

Figure 14. Comparison of cadaver and dummy enced in typical accident exposures. Some 
responses, minor changes in the design may be necessary 

as the result of testing the commercially pro- 
motion produced by this design, as seen in the duced dummies but no major changes are ex. 
photographs of Figure 15 is also very similar pected. In addition to the dummy which is 
to the motions experienced by cadavers, being developed by the NHTSA, there are 

Based on these encouraging results, it was other dummies which have recently been 
decided to proceed with refinement and test developed for use in side impact work. The 

NHTSA will conduct a parallel evaluation 
and test program of these dummy designs to 
establish the relevancy and quality of their 
response for use in side impact applications. 
These evaluations will be completed prior to 
the issuance of the NPRM and the dummies 
will be factored into this rulemaking if ap. 
propriate. 

PERFORMANCE CRITERIA 

The performance criteria are the minimum 
levels of performance that are allowed for 
specified test conditions, For example, part of 
the present performance criteria for side im- 
pact protection is the requirement that the 
force developed by the door structure during 

a crush test be not less than 7,000 lbs. Simi- 
larly, another performance criterion that is 
part of the requirements for occupant crash 
protection is the limit of 60G’s that is allowed 
on the acceleration of the chest of a dummy 
during a specified crash test. 

It is anticipated that the performance criteria 
Figure 15, Head-neck motion of new dummy, for the new side impact standard will set limits 
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on the response of dummy as measured by 
appropriate instrumentation. The program 

Normal (+ away) 

for development of the performance criteria 1st Rib ~ Clavicle 
~ /. Sternum has two basic parts. The first part involves ~’~ Scapula 

testing of instrumented cadavers along with 
the analysis of the data from these tests. This Normal to Normal to 
provides a basis for establishing characteris, body body 

tics of the deformation of the thorax during 4th Rib lxlb.x/.~ 

severe impacts. The data also form a basis for 
correlating the thoracic response with the in- Parallel to rd)~V Parallel to bod’ 

juries that resulted from the impact. During 
body (+ town 

(4-toward) 

the second part of the program, the response 
8th Rib 

of the dummy will be compared with injuries Front view 

experienced by victims as a means of refining 
the relationship between dummy response and 
injury level. Horizontal, vertica~ and normal (+ away) 

.......... There are 18 tests with cadavers that pres- 1st Rib 
............ ently form the basis for this work.12 The sub- 

jects were impacted by either a sled moving at 
4th Rib 

constant velocity or by a 55 lb. impactor. The Normal 

impact speeds ranged from 10 mph to 25 mph, Scapula 

8th Rib The thoracic instrumentation for each subject 
Parallel to body Parallel to body consisted of twelve accelerometers that were (÷ away) (+ away) 

placed around the periphery of the thoracic 
cage. A diagram of the accelerometer loca- 
tions is shown in Figure 16. Vertical; horizontal and normal (+ away) 

The data from these tests have been analyzed Back view 
to determine the response parameters of the 

......... thoracic cage that can be used to predict the 
level of injury. Statistical methods are being Figure 16. Accelerometer locations on thorax. 

applied to identify variables which are closely 
related to the level of injury. Another example is the direct comparison 

For example, the abbreviated injury scale, of the peak acceleration (3 msec) of the spine 
(AIS), for each subject can be estimated by: to the resulting injuries. This comparison, 

using the data discussed previously, is shown 
in Figure 17. This shows that the number of 

AIS = 3.1-0.0022X1. 135X2.34X3 fractured ribs can be estimated by a linear 
approximation which has peak spinal acceler- 

where X1 is the change of velocity in the ation as the independent variable. It should be 
L-R direction of the rib on the impacted side noted that the data for four subjects which 

had abnormally low bone strength has been 
X2 is the time required to go from 10%0 to 

omitted from this comparison. 
50% of maximum velocity change in the 

Another parameter which is physically in- 
A-P direction of the upper sternum. 

tuitive and easy to calculate is the rate-of- 
X3 is the time required to go from 10% to change of energy absorbed by the subject, An 
90% of maximum velocity change in the estimate of this parameter can be obtained by 
L-R direction of the rib on the far side from multiplying the weight of the subject, the L-R 
the impact:13 ve!ocity of the spine and the L’R acceleration 
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In summary, there are several functional 

2°i " relationships between measurements of the 
~ 

i~" 15 
.           ~.~J .......... 

dynamic response of cadavers and injuries 
that can be derived from the existing data. 

i loi 
° ,/~// 

Work on the refinement of these relationships 

~- ....... will continue as new data become available. 
~ .................... Further refinement of the performance 
~£ 5 ,.~/// ¯ 

Y = 0.24 x -1.9 criteria will be done in the second part of the 

o.~/,_~\,o program. This refinement will be based on 
0 10 20 30 40 50 60 70 comparisons of the response of dummies in 

SPINAL ACCEL,. g’s staged collisions to the injuries experienced by 
victims of similar real accidents. The first step 

Figure 17. Spinal acceleration vs. number of in this process is the review of accident cases 

fractured ribs. which are similar to laboratory tests with 
cadavers. The preliminary results of this work 

of the spine. For this analysis, a smooth ap- indicate that there are differences between 

proximation to the acceleration and corre- injuries to accident victims and injuries to 

sponding velocity is used. The approximations cadavers under similar conditions. Age has 

are based on the haversine which best fits the been identified as one factor which has an in- 

data for each individual case. fluence on the level of injury that can be ex- 

The estimates of the peak rate,of-change of pected for crash victims. This can be seen in 

energy, or peak power, and the number of the data from the NCSS presented in Figure 19 

fractured ribs are shown in Figure 18 for the which shows that the injury rate for elderly 

cadaver data discussed previously. From this crash victims is substantially higher than the 

figure it is seen that the peak power absorbed rate for younger people. Since the average age 

by the torso is a good predictor of the number of the cadaver subjects which have been used 

of fractured ribs. An advantage of this param- is 66, there is a definite need to investigate this 

eter over the estimate of peak acceleration is question in more depth. Following the review 

that it appears to compensate for the low of accident cases a program will be initiated to 

value of bone strength in most cases; three out reproduce representative accident conditions 

of the four cases of low bone strength are in- by staging collisions. These staged accidents 

cluded in Figure 18. will include instrumented dummies as well as 
instrumentation of the vehicles, thus provid- 
ing complete documentation of the dynamic 

2o ¯ ° events during the crash. The dummy response 

~ 
° ¯ ¯ 

in these tests will then be compared to the in- 

[ 15 juries that were experienced by victims of 
~ ° , ¯ similar accidents. This comparison will pro- 

~: lo ° ° 
vide a basis for refining the performance cri- 

,, teria and interpreting the results of crash tests 
o in terms of injury reduction. 
d 5 . 

0 ,~,,.., ........ ,.;.., ,, , , 

0 5o ~00 a50 2o0 25o 30o DEVELOPMENT OF VEHICLE 

CALC. PEA~ POWE~ (103) 
IMPROVEMENTS FOR UPGRADING 

~ SIDE IMPACT PROTECTION 

Figure 18. Peak power vs. number of fractured Several research projects are underway to 

ribs. demonstrate improved structural integrity in 
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Figure 19. Fatality distribution. 

side impacts and to investigate feasible im- * Installing tabs on the door beams to engage 
provements in vehicle interior padding and rocker panel. 
load distributing characteristics. * Adding continuous welds to sheet metal 

door facing. 

The descriptions and results of the baseline 

STRUCTURAL INTEGRITY PROJECTS and subsequent tests with modified vehicles 
are given in Table 2, with relevam measure- 

In 1976, a project was initiated to investigate ment locations shown in Figure 20. As seen 
the potential for upgrading of the integrity of from this table, significant reductions in in- 
the side of a compact vehicle (1976 Plymouth terior intrusion were obtained. 
Volare) structure.14 A baseline crash test was During this project no attempt was made 
performed to evaluate the existing structural investigate production problems or to optimize 
strength. The side structure of the impacted the introduced structural components. A 
vehicle was examined and minor modifica- follow-on effort was then initiated to address 
tions were made. These modifications added the production feasibility of ~he changes.L~ 
approximately 17 lbs. per side and included: The production feasible modifications that 
¯ Increasing the depth of the door beam hat evolved have reduced the weight of the 

section, proved structure to 10.5 Ibs. This design is 
o Closing the door beam section, now being tested and evaluated. Results will 
o Improving the door beam-to-door connec- be compared to the 17 lb. design. 

tions. A second program has been initiated to ira- 
® Lowering the beam. prove the side structures for a light weight 
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Table 2. Compact vehicle test series. 

Bullet car Target car 

Nominal 
Test Impact Make Orientation Interior Intrusion (in)* * 
no. Make speed (deg) SP-1 SP-2 SP-3 

(mph) 

1976 Volare 1975 25 60 16 16 1/4 5 
1 Torino unmodified 

1975 25 
1976 Volare 60 10 3/4 7 1/2 3 

Torino unmodified 

1976 Volare 1975 25 60 7 1/2 6 6 1/4 
3 Torino modified 

1976 Volare 1975 35 90 7 1/2 4 5 1/2 
4 

Torino modified 

1976 Volare 1975 35 60 6 112 5 3/4 5 3/4 
5 

Torino modified 

1976 Volare 1975 35 60 10 1/4 9 6 1/2 
6 

Torino modified 

1976 Volare 1975 35 60 9 6 1/2 7 1/2 
7 

Torino modified 

1976 Volare 1975 
35 90 8 1/2 4 3/4 5 1/4 

8 Torino modified 

1976 Volare 1975 35 90 8 -- -- 
9 Torino unmodified 

1976 Volare 1978 35 60 10 1/4 9 1/2 9 3/8 
10 Impala modified 

1976 Volare 1978 
35 90 9 6 1/2 5 

11    Impala            ~ modified 

¯ With respect to bullet car line of travel. 

¯ *See Figure 20 for measurement Iocat 

~,Rocker Panel Engaged. 

subcompact vehicle (Volkswagon Rabbit). 

The primary objectives of this effort include: 

--’-~~ 
~ 

¯ Improving the structural integrity and pas- 

~ ~ 

senger compartment integrity of a light- 

~\ \.~...\ 
weight subcompact vehicle when subjected 

~ ~ ~ \ to vehicle-to-vehicle side impact conditions. 

~ 
~ ~ 

¯ Providing structural improvements versus 

~/ \ increased weight curves by developing three 

t/ 
~ 

" levels of upgraded vehicle integrity. 

\ 

_ ~ / 

j 

¯ Developing a weight optimized design that 
\ 

. incorporates the best features of the three 

levels of modifications. 

Presently, two levels (low and middle weight 

Figure 20. String potentiometer locations, designs) of structural modifications have been 
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completed and tested. Figure 21 shows some is anticipated that the compliance test may re- 

of the details of these modifications. Table 3 quire performance at other angles and for the 
lists the dynamic tests that have been run and condition of both cars moving. A continuing 
the results of these tests. Figure 22 shows loca- program will test the optimized modifications 
tion of the intrusion measurement. Figures 23 under these different conditions to determine 
and 24 show baseline and modified vehicles if additional refinements are necessary. It is 
after some of these tests. The third level and anticipated at this time, however, that any 
heaviest weight structural modification is additional modification needed would be 
under development. When completed it will minor. 
be assessed and work to optimize the three Baseline tests are presently being conducted 
designs will begin, on light trucks and vans to determine any 

The modifications to both the Rabbit and problems these vehicles may have in meeting 
the Volare have been developed and assessed upgraded side protection given their current 
using a dynamic 60° and 90° test configura- construction. 
tion with the struck car initially stationary. It 

Figure 21. Exploded view of door modifications. 

5O3 



EXPE RIMENTAL SAFETY VEHICLES 

Table 3, Test series for developing ~mproved side structure of lightweight subcompact vehicle. 

* Maximum ext ;rior 
Test vel. intrusion (in) 

Maximum interior 
Test Test type intrusion (in) no, mph 

Plane 1    Plane 2 Plane 3 

1 Baseline 29.0 21.0 19.1 16.9 17,7 

2 Baseline 20.3 14,2 13,7 11,1 12.7 

3 
Light weight 30.8 11.4 17.0 20.4 18.1 
modification 

Revised light 
29.7 14.5 !5.8 14,8 13.0 4 

weight mod. 

5 Same as Test 4 19.8 6.3 6.8 9,4 5.7 

6 
Middle weight 

30,7 11.1 14.1 12.6 10,8 
modification 

7 
Revised middle 29.8 7.06 11.94 12.2 9,5 
weight mod. 

8    Same as Test 7 20.0 3.4 6.0 4.6 3.1 

9 Same as Test 7 36.2 11.0 15.6 16.3 14.7 

tn all tests, bullet vehicle was a 1978 Chevrolet Impala and the test configuration was a 60° side oblique impact, 

*See Figure 22 for measurement locations, 

Figure 22. Side intrusion measurements. 

A preliminary look at the accident data be developed in a short period of time. The 

indicates that standard pickup trucks and scheduling for this test program presupposes 

vans will not have problems meeting any pro- that these vehicles will not present a large 

posed test. If vehicle modifications are neces- problem, thus allowing the expenditure of 

sary, these changes should be minor and could resources on more critical problem areas. 
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Baseline Baseline 

M iddle weight modification (approximately M iddle weight modification (approximately 
28 lbs/side) 28 Ibs/side) 

Figure 23. Baseline and modified vehicle struc: Figure 24. Baseline and modified vehicle struc: 
tural integrity when impacted by tural integrity when impacted by 
Chevrolet Impala at 20 mph. Chevrolet Impala at 30 mph, 

With their present construction, small pick- on small pickup trucks, a project will be in- 
up trucks have the same problems in side im- itiated. 
pacts as small automobiles. The occupant com- 
partment of these small trucks is constructed 

DEVELOPMENT OF IMPROVED similar to the lightweight subcompact auto- 
VEHICLE INTERIORS mobile. For this reason, it is likely that the 

demonstration of improved structural integrity Major efforts are underway to develop im- 
and side impact protection in the Rabbit will proved vehicle interiors to reduce injury levels 
suffice for both small cars and small pickup in side impacts. One project, recently initiated, 
trucks. The NHTSA will perform a study to consists of several tasks. Initially, a set of rep- 
evaluate this position. If this study reaches the resentative crash conditions wil! be identified 
conclusion that additional work is necessary by NHTSA from the accident data. The con- 
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tractor will reconstruct the crash conditions into the structurally modified Rabbits and 

and evaluate the responses of the occupant Volares. The completely modified vehicles, 

surrogates. The surrogates will be the new that is those that have both upgraded struc- 

dummies as discussed in the section on the tures and interiors, will be tested under the 

Design of the Anthropomorphic Test Device. representative crash conditions and under the 

A sled will be developed that is capable of finalized compliance test requirements. Vehi- 

reproducing the responses associated with cle to vehicle and impactor to vehicle crash 

these representative conditions. The sled will tests will be run to evaluate injury mitigation 

then be used to develop and evaluate alterna- potentials of the upgraded designs. Any minor 

tire solutions to the problem of modifying the changes in design that are needed after these 

vehicle interior, tests will then be developed and incorporated 

Concurrently with this effort, a project is in the vehicles. 

underway at NHTSA’s Vehicle Engineering 

and Research Test Center (VERTC). In this COST, WEIGHT, AND LEADTIME STUDIES 

project conventional energy absorbing mate- Studies are now being initiated to determine 
rials such as those identified in a previous any changes in consumer cost and vehicle 
study, "Identification of Superior EnergyAb- weight and the required manufacturer lead- 
sorbing Materials for School Bus Interiors," times directly related to vehicle modifications 
will be evaluated for their injury reducing that may be necessary to meet the higher per- 
P°tential-16 formance levels of side impact protection that 

Initial steps in the VERTC project will con- are being considered for the Notice of Pro- 
sist of the collection and analysis of 60° side posed Rulemaking. These studies will involve: 
impact crash tests from previous studies, in- 
cluding tests with both cars moving. Based on * The development of mass production feasi- 

this analysis, the 60° side impact environment ble designs (sufficient for estimating, not 

will be defined, fabrication) of the vehicle structural and in- 

Pre-crashed cars will be used for body form- terior modifications that are used by NHTSA 

into-door interior crush tests. From these to demonstrate side impact improvements. 

crush tests, the effective side interior stiffness 
In most of the vehicle modification pro- 

as seen by the occupant during the crash event jects, production feasible designs with 

will be determined, 
detailed drawings have been developed. 

Based on this work and the information These will be used when applicable. 

from the parallel effort, a side impact sled will * Estimation of changes in the average con- 

be built at the VERTC. 
sumer costs and vehicle weights. These esti- 

A series of static and dynamic component mates will be adjusted for projected sales 

tests will be conducted on candidate energy weighting, by vehicle weight classes (sub- 

absorbing configurations. The more promis- compacts, compacts, intermediate and full 

ing energy absorbing configurations will then size passenger cars and less than 6,000 lbs., 

be investigated on the side impact sled using 6,000-8,000 lbs., and 8,000-10,000 lbs., 

the new dummy. After the energy absorbing GVWR trucks). To the extent possible, ex- 

configuration has been optimized, design isting reports on present production car and 

drawing will be produced for introduction light truck teardown cost, weight and lead- 

into the Rabbit and Volare. time studies will be utilized. 
¯ Consideration of the effects to the fuel 

DEMONSTRATION OF THE SIDE IMPACT economy standards on costs, weights, and 

PROTECTION CONCEPTS leadtimes of structure and padding mate- 

The energy absorbing concepts from VERTC rials likely to be used in production during 

and Contract No. DOT-HS will be integrated the mid-1980’s. Costs will be estimated and 
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reported in terms of both 1980 and pro- that require negligible cost and weight changes 
jected 1985 economics, will also be identified. 

Results of these studies will provide the 
average and range of cost and weight changes PROGRAM SCHEDULE AND SUMMARY 

and the production leadtimes for the improved The overall program schedule is given in 
performance levels in the affected vehicle Table 4. As indicated the Notices of Proposed 
classes. Vehicle models (by manufacturer) Rulemaking for the dummy and moving bar- 

Table 4. Prototype schedule for side impact protection u pgrade. 

1979 1980 
Program element 

JFMAMJJASONDJFMAMJJASOND 

Design of the anthropomorphic 
1 2 3 4 

test device (dummy) "2 ’2 "2 ~ 
Development of performance 

5 6 7 
criteria ,~- ~ 
Definition of compliance test 

8 9 
conditions , ,q, ~ 
Development of a dynamic 
test procedure with a moving 

10 11 
barrier impactor 

Development of vehicles with 
121314 15 

improved structural integrity ,’2.~’2 ~ 
Development of improved 

16 17 vehicle interiors ’2 :7 
18 Demonstration project ~ ~7 

Cost, weight, and leadtime 
studies 19 20 

Milestones 

1 Preprototype dummies available for use and evaluation in vehicle improvement tasks 
2 Design drawings complete for prototype dummy 
3 Prototype dummies constructed 
4 Completion reproducibility and repeatability on prototype dummymNPRM on dummy 

5 Additional cadaver tests and analysis of cadaver data completed 
6 Representative accident cases reconstructed and analyzed 
7 Final performance criteria 

8 Preliminary definition of corn pliance test condition 
9 Finalized definition of compliance test procedures 

10 Completion of Phase I impactor 
11 Finalized impactor barrier with design drawings and recommended dynamic test procedurewNPRM on side impact- 

barrier 
12 Completion of structural changes for six-passenger demonstration vehicle 
13 Decision on upgrade for light trucks 
14 Completion of structural changes for four-passenger demonstration vehicle 

15 Evaluation of demonstration vehicles under variety of test conditions 
16 Completion of side impact sled 
17 Completion of interior designs 
18 Completion of demonstration project 
19 Completion of cost, weight, and leadtime studies 

20 NPRM on rule 
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rier impactor are anticipated in mid-1980 and No. DOT-HS-7-01758, National Highway 

will precede the NRPM for the rule by approx- Traffic Safety Administration (to be pub- 

imately six months. The effectiveness date of lished). 

the rule is anticipated to be in 1984. 6. Franchini, Comm. Enzo, Fiat Technical 

The need for improved side irnpact protec- Presentation. Sixth International Techni- 

tion is clear. The program described here is in- cal Conference on Experimental Safety 

tended to address this problem by means of Vehicles, Washington, D.C. 1976. 

a U.S. Federal Motor Vehicle Safety Stand- 7. "Occupant Survivability in Lateral Colli- 

ard. However, the need is certainly not limited sions." Final Report, Contract No. DOT- 

to the United States nor are the countermeas- HS-4-00922, National Technical Infor- 

ures that will result from this program neces- mation Service No. DOT-HS-801801, 

sarily limited to vehicles which are used in the National Highway Traffic Safety Admin- 

U.S. Because of the universal nature of this istration, January 1976. 

problem, the NHTSA welcomes any and all 8. National Traffic and Motor Vehicle Safety 

contributions and cooperation from theinter- Act of 1966, Public Law 89-563, 89th 

national community. As one step toward solv- Congress, September 1966. 

ing this international problem, the NHTSA 9. J. Harris, "The Design and Use of the 

expects to work closely with the Group of Ex- TRRL Side Impact Dummy," 20th Stapp 

perts on the Construction of Vehicles (WP29) Car Crash Conference, SAE No. 760802, 

of the United Nations. A public meeting is October 1976. 

also being planned for later this year to discuss 10 "Calibration Procedures of Test Dummies 

this program. All relevant comments on either for Side Impact Testing", Report No. 

the national program presented here or a simi- DOT-HS-803253, Contract No. DOT- 

lar international program under the auspices HS-6-01296, March 1977. 

of WP29 would be welcome at that time. 11o Melvin, Robbins and Stalnaker, "Side 
Impact Response and Injury," Sixth In- 
ternational Technical Conference on Ex- 

1. Transportation Safety Information perimental Safety Vehicles, U.S. Depart- 

Report, NTISUB/P/224-004, U.S. ment of Transportation, p. 681, October 

Department of Transportation, p. 12, 1976. 

March 1979. 12. Quantification of Thoracic Response and 

2. Five Year Plan for Motor Vehicle Safety Injury, Contract No. DOT-HS-4-00921. 

and Fuel Economy Rulemaking, Federal 13. Ibid. 

Register, Vol. 43, No. 52, March 16, 1978. 14. "Car-to-Car Impact Testing." Test Re- 

3. Monk, Burgett and DeLarm, "Compu- ports of Contract No. DOT-HS-5-01104, 

terized Side Impact Injury Analysis," Task 5, National Highway Traffic Safety 

21st Stapp Car Crash Conference, SAE Administration. 

No. 770940, October 1977. 15. "Lightweight Subcompact Side Structure 

4. "Test Device and Test Procedures to Program." Monthly Reports of Contract 

Assess Side Structures." Monthly Prog- No. DOT-HS-7-01588, NationalHighway 

ress Reports of Contract No. DOT-HS-8- Traffic Safety Administration. 

01933, National Highway Traffic Safety 16. "Identification of Superior Energy Ab- 

Administration. sorbing Materials for School Bus Interi- 

5. "Development of a Test Methodology ors." Final Report, Contract No. DOT- 

for Evaluating Crash Compatibility and HS-7-01664, National Highway Traffic 

Aggressiveness." Final Report, Contract Safety Administration, (to be published). 
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OccUpant Protection in Lateral Collisions: 
Special Features of Renault E.P.U,R.E. 

JACQUES PROVENSAL * to attempt to improve upon the solutions 
........ Research and Development Department implemented to protect the occupants in 

Renault this collision configuration, namely as far as: 

ABSTRACT 
-- feasibility, 
-- users’ pleasure, 

In the first part of the paper, we briefly pre- are concerned, at the same time keeping the 
........ sent the data presently available on lateral col- aforementioned solutions just as efficient (aS 
........ lisions in the fields of accidentology and bio- shown in the present results.E) 

mechanics, Obviously, the logics used to succeed in this 
A certain number of tests are then described task are strictly identical to those described 

in order to highlight what happens in frontal- when the B.R.V. was presented.1 The main 
lateral collisions between passenger cars, as stages in these proceedings are shown in the 

........... well as the parameters determining the severity attached paper. 
of the collision for the occupants. Improve- 
ments are discussed.                        ACCIDENTOLOGICAL ASPECTS 

Finally, application to the Renault OF THE LATERAL COLLIS~ON 
E.P.U.R.E, and to the test results is stated in 

The main conclusions of the thorough study the following fields: 
....... of various real lateral collision files (and par~ 
........... ¯ decreasing aggressiveness of front block, ticularly the Peugeot-Renault multi,purpose 

¯ reinforcement of body side, survey) have been described in detail under 
¯ improving shock-absorbing qualities of 

References 3, 4 and 5, and we shall come back 
inner vehicle wall at occupant level, to these only to the reasons for Choosing the 

........... INTRODUCTION 
lateral collision test to which the Renault 

......... E.P.U.R.E. is subjected: 
The experience acquired by Renault in pro. * Lateral collisions between passenger cars 

tecting occupants in lateral-type collisions was represent approximately 66% of all lateral 
presented in concrete form in 1974 with the collisions. Because of the statistical weight, 
Basic Research Vehicle1 which afforded sev- and although this type of collision does not 
eral original solutions to this difficult prob- represent the highest rate of severity, which 
lem. This knowledge was the result of the con- is obtained in lateral collisions with a fixed 
siderable work conducted over the first half of and rigid obstacle, we chose to subject the 
the present decade namely within the frame- E.P.U.R.E, to a car!car lateral collision, 
work of French Government Contracts, called * Inside the struck automobiles, the risk is 
A.T.P. contracts, higher for the occupants next to the point 

The Renault E.P.U.R.E., which has been of collision; more than 40% of them are 
presented in a general manner in other quar, either seriously injured or killed, and they 
ters, was built to serve as a medium for two form 45% of all fatalities in lateral colli- 
main objectives: sions. The statement of work for the experi- 
¯ to update and synthesize newly-acquired mental vehicle provides, therefore, for three 

data (it is to be noted that, in the field of dummies to be aboard: the driver, the front 
lateral collisions, the store of knowledge passenger and the rear left-hand passenger. 
has evolved particularly rapidly over these The point aimed at by the centerline of the 
last years) striking vehicle is point "R" of struck vehi- 

509 



EXPERIMENTAL SAFETY VEHICLES 

cle driver projected onto outer door panel 
of vehicle in question. It should be noted I00-~ 
that putting two dummies in the front seats 90 "t 
will involve the difficult question of the 804 / 
second collision between these dummies, its 70 
interpretation, and how representative the eo 4 / 
second collision is with relation to the phe- 
nomenon of overloading the occupant on 
collision side in a real accident by the occu- 30-I 
pant on the other side. If such an arrange- 20 

ment were made in a test within the frame- 
work of a lateral collision regulation, the .... 

¯ 

critical problem of result reproducibility 
0 e 10 15 20 25 3’0 ~ 4~ 45 

Rm/h 
would not fail to make itself known. 
Occupant trajectories within the struck Figure 1. Distribution of speed variation (zXV) of 
vehicle are, in 76°70 of cases, 2H (10H) and struck vehicles (one occupant in front 
3H (9H), which means collision angles of of impact point) 70 cases. 
between 75° and 90°. In the case of the 
Renault E.P.U.R.E., we opted for an angle 
of 75°. vehicles was 1. Both vehicles were exactly 

The variations in velocity z~V of cars struck the same. 

next to an occupied seat are, in 60°7o of ¯ The most seriously affected body areas of 

cases, between 15 and 30 km/hr (fig. 1). It the occupants on collision side were the 

is within this range of AV that two thirds of thorax and the abdomen (approximately 

occupants on collision side are either seri- 80°70 of all serious or fatal injuries), fol- 

ously or fatally injured. The statement of lowed by the head (20o70).3,4 See Table 1. 

work for the Renault E.P.U.R.E. conse- 
quently provided for a speed variation of BIOMECHANICAL ASPECTS 
25 km/hr of struck vehicle, generated by a 
collision at a relative speed of 50 km/hr; the This is one of the most critical points of the 

ratio of masses between the striking/struck problem. The studies (refs. 6 to 11) conducted 

Table 1. Distribution of minor and moderate injuries, severe and lethal injuries for different parts of 
the body (nearside occupants). 

Source: Peugeot Renault Survey Source: N.H.T.S.A. 

115 Cars 221 Cars 

Severity AIS 1 to 3 4 to 6 Severity AIS 1 to 3 4 to 6 

Head 57% ’ 21% Head 43% 19% 

Chest 27% 21% Chest 35% 46% 

Abdomen 5% 58% Abdomen 8% 35% 

Pelvis 11% 0% Pelvis 14% 0% ~ 

100% 100% 100% 100% 

1 to 3 Minor and moderate injuries 
Abbreviated Injury Scale 

4 to 6 Severe and lethal injuries 
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in particular by the Peugeot-Renault Associa- Test Conditions 
tion show that the Hybrid II dummy is ill- 

The E.P.U.R.E. vehicle at a standstill was 
adapted to estimating severity of real occu- 

struck on the left-hand side by a car having a 
pant impact in lateral collisions; however, 

front end exactly the same as that of the 
while waiting for something better, we 

E.P.U.R.E. Taking into account the architec- 
estimate that: 

ture adopted for the frontal collision as de- 
, For the thorax, measuring transversal accel- scribed in Reference 12, the striking vehicle 

eration on Hybrid II gives at least a trend: chosen was a Renault I4. 
below a certain level of Hybrid [I accelera- The angle between the two vehicles was 75°; 
tion (in the order of 60 g/3 ms), compara- the centerline of the striking vehicle was aimed 
tive testing with cadavers no longer high- at the projection of R point on the exterior 
lights serious injuries, panel of the struck vehicle to within a required 

For the abdomen, the best severity criterion accuracy of + 50 mm (see fig. 2). 

on a real occupant would probably be abdo- Three dummies complying with Part 572 

men intrusion or crushing. At the present time were seated in the struck vehicle (the driver, 

this cannot be measured on the Hybrid II front passenger and rear left-hand passenger). 

dummy. The dummies were restrained with three-point, 
pyrotechnic reel belts. The striking vehicle 

¯ For the head, two difficulties: had two Part 572 dummies in the front seats. 
-- Hybrid II head/neck assembly behaves The cars were weighted so that the ratio of 

differently from a real occupant’s, masses was 1 with both vehicles in a stable 
shoulder and thorax too stiff thus reduc- position. 
ing head impact violence; for the mo- Striking vehicle speed was 50 km/hr +0.5. 
ment, we are keeping the HIC 1500 cri- 
terion which was proposed at the sixth Injury Criteria 
ESV Conference (ref. 11). 

The verifications conducted on both the 
¯ For the pelvis, there would seem to be better dummies in the struck vehicle are summarized 

correlation between injuries on cadaver and in Table 2. 
transversal deceleration of Hybrid II pelvis. 
Once again, below a level in the order of 
100 g, no serious injuries can be seen on the 

~ 
cadaver. 

To summarize, we are at the present time Target: "R" point projection on 

led to estimate occupant impact severity using, outer ~,a. of door 

for the main part, three values: transversal 
Striking vehicle 

deceleration measured on Hybrid II dummy 
in accordance with Part 572, of (1) thorax, 
(2) pelvis and (3) head HIC. 

STATEMENT OF WORK FOR RENAULT 
E.P.U.R.E. IN LATERAL COLLISION , 

The statement of work for the Renault Struck’vehicle 
E.P.U.R.E. in lateral collision was drawn up 
with the help of the Institut de Recherches des 
Transports based on the above-summarized Figure 2. Positioning of vehicles before im~ 
data. pact. 
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Table 2. Injury criteria--struck car occupants Better correlation exists between dummy 

driver and rear passenger (Part 572 result and the criterion relating to the colli- 

dummies), sion, known under the name of "inner struc- 
ture velocity." This parameter described in 

Body area Specified injury criteria Reference 15 is based on the relative strength 

Head HIC -< 1500 g of the vehicles related to the ratios of crushing 
levels of struck vehicle body sides and the Chest 3 ms deceleration -< 60 g 
front end of striking vehicle measured stati- Pelvis 3 ms deceleration -< 120 g 

... cally. The inner structure velocity is therefore 
defined at the initial moment, as the product 

Other Verifications of the relative speed of the vehicles times the 

The statement of work also calls for the fol- 
ratio between the crushing distance of the 

lowing verifications: struck vehicle and the sum of crushing dis- 
tances of the striking and struck vehicles. 

¯ doors remain closed during collision, A correlation is made to take account of the 
¯ at least one door can be manually opened velocity reduction between the moment of in- 

after the collision, itial collision and the moment of occupant 
o dummies can be taken out manually, contact (this velocity is considered to be linear 
o no leaks or fire, between the initial moment and the end of the 
¯ no total or part ejection of dummies, collision when it is the same as the velocity of 
o seats remain fixed, both vehicles) (fig. 3). 

CONCLUSIONS OF PRELIMINARY The fourth criterion, which combines the 

TESTING IN LATERAL COLLISION 
collision velocity with the notion of relative 
strength, would appear to be preferable to in- 

From a series of twenty frontal-lateral colli- trusion or collision velocity taken separately. 
sions between vehicles conducted by Renault We are forced to admit however that such a 
within the framework of a contract with the parameter is not sufficient on its own to repre- 
Institut de Recherches des Transports, a cer- sent collision severity for the occupant inas- 
rain number of important results were high- much as the padding effect of the inner struc- 
lighted concerning: ture when impacted by the occupant is not 
¯ the principal parameters governing collision taken into consideration. 

severity for the occupant on collision side 

of struck vehicle, 
o the factors on which it is possible to act in 

Protection Measures 
order to reduce the severity. 

We will not go over the results of this work Vehicle arrangements with a view to in- 

in detail which are shown in References 13 and 
creasing the level of protection in lateral colli- 

14; we shall limit ourselves to summarizing sions can therefore be classified into two main 

the main points as follows, families: 

¯ Decrease Structure Velocity When Impacted 
Results by Occupant, that is, to better divide crush- 

Correlation between severity parameters ing between the striking and struck vehicles 

for front dummy on collision side (transversal especially at the beginning. This can be 

deceleration of thorax and pelvis 3 ms) and done by: 

the vehicle parameters is mediocre if based on: decreasing and distributing strength of 

¯ velocity variation of struck vehicle, striking vehicle at front end, 
¯ initial velocity of striking vehicle, increasing body side strength and partic- 
¯ thorax or pelvis level intrusion, ularly the doors of the struck vehicle. 
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Figure 3. Velocity diagram. Car to car lateral collision. 

¯ For a Given Inner Structure Velocity, Im- latter should be designed so as to afford 

prove Occupant/Structure Contact. This excellent bending behavior at beginning of 

can be done by providing padding between collision; (the catenary effect, for which a 

the occupant and the adjacent structure, sufficient tensile reinforcement section wilt 

It would be useful to briefly comment on 
suffice, is involved only at end of collision). 

the different points mentioned above if only It must therefore be compensated for by 

to highlight the limitations of these counter- adding material which will mean a consider- 

measures: able increase in weight. Figure 4 conveys 
this aspect by comparing two types of rein- 

¯ Front area layout of striking vehicles forcement with identical bending stress per- 
The limitation in this field is quite clearly formances. The bar at height e has an extra 

due to the requirements of the frontal colli- mass of 150% compared with reinforce- 
sion with a fixed obstacle and all the more ment at height 2e. 
so for smaller vehicles for which a higher Reinforcements inside body side and 
initial strength is desirable. It should also be doors cannot be positioned just anywhere, 
remarked that the present attempts to come 
up with a statutory, lateral collision test 
using a deformable, mobile barrier supposed 
to be representative of the average front 
block of existing vehicles, irremediably con- 
demns any possibility of constructors using 
this countermeasure. It was based on this 
remark that EE¥C recommended using a e 1.25 e 
car/car test (two cars of the same type16). 

¯ Increasing body side and door strength Weight W Weight 0.4 W 

The available room inside a door with a 
view to reinforcing is generally speaking, Figure 4. Compared weights of two different 
limited which means a low inertia moment reinforcement beams for lateral im- 
of the reinforcement in question. Now, the pact. 
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Tests have shown quite clearly that it is 
preferable to avoid stiffening the door in 
those areas impacted by the different body 
members of occupant. This is particularly Thorax level padding 

true for the thorax when it is advantageous 
to benefit from the padding effect due to 
the door being deformed from the inside to 
the outside under occupant impact. On this 
point, there is incompatibility between the 
respective requirements for protecting in 
frontal collisions (when it is desirable to 
have reinforcement at window-sill level, 
thus increasing crush strength of door in 
lengthwise direction) and in lateral colli- 
sions (see fig. 5). 

¯ Providing protective padding 

In this case once again, providing such 
devices for the thorax and pelvis (see fig. 6) 
wilt result in an increase in overall width of \ 
vehicle if we wish to maintain the internal Pelvis level padding 

width requirements of vehicle at window- 

Figure6. Padding implementation on door: 
thorax and pelvis levels. 

~,~ Door reinforcement beam 
for frontal impact sill and hip levels which are specially critical 

habitability dimensions. It is consequently a 
limited installation possibility. 

Estimating Mass Increase 

It would be interesting to attempt to quan- 
tify the influence of the above-mentioned pro- 
tection measures on a parameter of consid- 

~ Door reinforcement beam 
for lateral impact erable importance at the present juncture, 

namely vehicle mass. 
The calculation lower down is based on the 

following assumptions: 

¯ A four-door basic vehicle, representative of 
the average European car, having an un- 
laden curb weight of 850 kg. 

° Interior habitability dimensions are kept 

after fitting protective padding, thus re- 
sulting in an increase in overall width of 
100 mm. 

¯ Installing components inside vehicle for 
increasing protection in lateral collisions: 

Figure 5. Location of various reinforcements +45 kg, of which 20 kg for reinforcements 

(frontal, lateral impact) in door. and 25 kg for padding. 
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The estimation conclusions are as follows chassis members and drive unit of vehicle18’19 

(see fig. 7). while keeping the same performances: 

* Increase in weight due to increasing overall 
70 kg. 

width (and, consequently, of car area): The total of 145 kg is far from being negli- 

75 kg (ref. 17). gible. This value probably forms the upper 

¯ Increase in weight due to providing means bound of the actual result arrived at when we 

of protection and the iterative increase of have mastered protection techniques in lateral 
collisions (lighter reinforcements and pad- 
ding, lower coefficient of ratio between total 
vehicle mass and overall vehicle area, by using 

Lateral collision protection [ various lightening techniques). However, even 
car to car 50 kmlh 

I 
if we could imagine a reduction factor of 1.5 

i (which would be very difficult to achieve) of 
the above-evaluated extra weight, the result 

~ ~ obtained would be an increase of more than 

!Internal r°°minesspreservation l Pr°tecti°n systems Istructure                padding and 

above.10% of the average European vehicle described 

DESCRIPTION OF MODIFICATIONS 

1 

OF RENAULT E.P.U.R.E. 
IN LATERAL COLLISION 

Increase of overall 

[ ~ 

Weight 

width of vehicle: ,~P2=+45kg 
The striking car is, as already stated, a 

+lOOmm standard production Renault 14 the front 
block of which is strictly the same as that of 

~ | the Renault E.P.U.R.E (at extreme front end, 
/ 

which is the only part involved in the collision, 

Performance [ and as far as the resistive elements are con- 
/k P1 = + 75 k9 preservation1 cerned). We shall therefore confine ourselves 

to describing the specific additions to the body 
side of the struck vehicle. 

Decreasing Inner Structure Velocity 
Iterative loop weight I Using Structural Reinforcement 
increase on body 
and engine elements Reinforcements can be classified depending 

on their purpose: 

¯ Increasing initial door strength (fig. 8). 

This effect is obtained by installing two 
A P3 = + 25 kg closed section reinforcement beams at bot- 

tom of door (avoid strengthening upper 

t area at thorax level, and take the low stiff 
~ 

~ parts of striking vehicle into account). Ob- 

l Overaltweight increase [ viously, these sections were positioned as 
/k p = A P1 * AP2 + A Pa = + 145 kg] far as possible at outermost point of vehicle 

so that they would be the first to come into 
Figure 7. Evaluation of weight increase: in-      play when a collision occurs. 

fluence of lateral impact protection * Increasing strength during and a~ end of 

systems, collision. 
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Lateral collision: structural solutions 

Figure 8. Structure reinforcements. 

The door is fitted with hook-shaped devices: at top of seat back level as was the case for the 

o between middle door pillar and rear part of BRV. This implantation is in fact too much of 

door, a restraint on seat functionality and it is less 

® between the side rail and lower part of door, efficient because of its relatively high position 

so as to ensure door is tied to the body side, within the vehicle with relation to the point of 

thus stressing the aforementioned rein- irnpact. 

forcements with a catenary effect. 

I~ is necessary for the side rail to come into 
Providing Padding on Inner Structure 

play through these devices. Studying the results Two pads are provided on the front doors, 
of real collisions between cars has shown that one at thorax level and the other at pelvis level 
in most cases, the side rail is not deformed as (fig. 9). 
the stiff parts of the striking vehicle override They both comprise an energy-absorbing 

this unit. foam core, covered with a foam layer skin. At 
Finally, the body side opposite the collision thorax level it is 35 mm thick, required to 

is involved in deformation due to a cross- achieve the performance specified in the state- 
member of considerable section connecting ment of work with Part 572 dummies, which 
both side rails at floor level, means reducing width at window sill by 70 mm, 

In the case of the Renault E.P.U.R.E., we which is considered the maximum allowable 
have avoided using bracing on both body sides value. 
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mum required for three people to use the 

bench-seat (1h < 1,270 ram). Finally, padding 

is provided on the peripheral members of the 

roof, as well as on front, middle and rear door 
pillars, so as to minimize the consequences of 

head impact. Padding consists of thin metal 

sheeting covered with trimming. 

RESULTS OF LATERAL COLLISION TEST 

The test was conducted under the condi- 
tions described in paragraph "Statement of 

Work for Renault E.P.U.R.E. in Lateral Col- 
lision" above. To highlight the progress made 

by modifying as described above, the results 

Figure 9. Cross section of front door paddings, of the Renault 14 E.P.U.R.E. collision are 
compared with the values obtained with a 

standard Renault 14-Renault 5 collision con- 
At pelvis level, the thickness is 125 mm. 

This forms once again a maximum as the pad- 
ducted under identical conditions. 

ding makes access to the seat controls more 
Vehicle Deformation 

difficult. Any further increase in thickness 

would mean increasing overall width of vehi- Figure 10 reveals the decrease in crushing 

cle with the above-mentioned di.sadvantages obtained on the E.P.U.R.E. vehicle compared 

in weight, with the standard Renault 5. The gain is on an 

Padding with reduced thickness is used for average 45%; in particular, a crushing distance 

rear seats. This means a decrease in width at of 135 mm can be seen at position of R point 

hip level which becomes less than the mini- projection onto outer door panel skin as com- 

EPURE 

~.~"~ 
+ 

¯ !DefOrmatiOns" - - - R5 (prOductiOn car)~2001000 (mm)      -~11~      ~.____ _ ------ 
2°° 

A B C D E A B C D 

COLUMNS 

Figure 10. Comparison of deformations (side panel of struck cars). 
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pared with 290 mm in the case of the standard It can be seen that the values are lower than 

production vehicle, what was stated in the statement of work 

Figure 11 also enables the evolution of de- already described in paragraph "Statement of 

formation of striking vehicle to be seen. This Work for Renault E.P.U.R.E. in Lateral Col- 

deformation is significantly greater in the case lision" above. 

of the collision involving the E.P.U.R.E. As far as the major parameters are con- 

vehicle, Evaluating the amount of dissipated cerned, -~ 3 ms thorax and pelvis for the driver, 

energy due to crushing of the striking vehicle a considerable improvement was seen, i.e., 

gives the following results: 34070 and 39°/0 respectively (fig. 12). 

¯ Renault 14-E.P.U.R.E. collision: 70°/0 
In Figure 13, we have shown the velocity 

¯ Renault 14-Standard Renault 5 collision: variations of occupants’ thorax and pelvis for 

38o70 each of the two tests mentioned above. 
These curves show the following results: 

Dummy Parameters * Occupant thorax and pelvis accelerate 

The results obtained for the driver and the much sooner in the case of the E.P.U.R.E. 

rear passenger in both collisions are compared than in the case of the standard vehicle, 

in Table 3. which is due to the reduced clearance be- 

R14 against EPURE 

R14 against R5 

Deformations 

(ram) 

2OO 

0 A B C D E 

COLUMNS 

Figure 11. Comparison of deformations (front end of striking cars). 
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Table 3. Comparison of results on dummies (driver and rear passenger of struck car). 
R14-R5 
R 14 - EPURE 

Measurements Head           Chest     3 ms trans,           Pelvis     3 ms trans. 
on 

HIC 
SI transv, dec. (g) 

Sl transv, 
dec. (g) 

dummies max. dec. (g) max. dec. (g) 

EPURE 61 70 33 29 207 52 49 

Driver 
R 5 102 200 53 44 550 92 80 

EPURE       294     65        25            22       118        41            24 
Rear 

Passenger R 5 183 97 35 27 784 93 84 

Figure 12. Comparison of main dummy values (driver of struck car). 

tween occupant and inner structure because in the first case. The effects of reinforcing 
of the thickness of padding, the inner structure were noted here. 

¯ Velocity variations of thorax and pelvis are ¯ The upward slope of velocity for the thorax 

lower in the case of the E.P.U.R.E. than and pelvis is lower in the modified vehicle 

for the standard vehicle. The amount of than for the standard production vehicle. 
momentum exchanged between the struc- This shows up the influence of padding the 
ture and the occupant was therefore lower structure. 
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All the padding and reinforcements for 
,~Velocities protecting occupants in a lateral collision 

(ram represent a further 50 kg in vehicle weight. 
15 Obviously, any requirements to keep the same 

-- ~_ Striking car speed habitability dimensions would result in an in- 
""" ,.. crease in overall width of vehicle and, conse- 

1o ~-:~-~ quently of its weight. 
"~-"" Estimating the effective efficiency of modi- 

fications is critical inasmuch as the represen- 
] tativity of dummy "Part 572" in lateral colli- 

5 
/).,f sions is unreliable, whether at kinematics or 

Struck car speed/):’~’;~/,~ strength levels. 

,~_~.~. 
Time(ms) 

The recorded rates of deceleration did, 
-’~ however, decrease on the dummy after mak- 

10 20 30 40 50 60 70 80 90 

Transverse pelvis speed (EPURE) ing the improvements, thus at least indicating 
Transverse thorax speed (R5) a trend and underlining the progress made by 

.... Transverse pelvis speed (EPURE) the modifications. It remains to be verified 
¯ 

, Transverse thorax speed ,R5) whether the choice of energy-absorbing char- 
acteristics for the padding (as well as its thick- 

Figure 13. Comparison of transverse speeds at ness) are suitable for the human being. The 
initial results2° of tests with cadavers con- thorax and pelvis level (struck car 

driver), ducted by the biomechanics laboratory of the 
Peugeot-Renault Association highlight the 
considerable disparities between the Hybrid II 

CONCLUSIONS                              and cadaver. This can only emphasize the 

The fundamental aim of building the need for rapidly designing a dummy that is 

E.P.U.R.E. was to show the feasibility of representative in lateral collisions, this being 

what regulation objectives could call for over the indispensable tool for evaluating the solu- 

a medium term (especially in the case of lateral tions to be implemented in vehicles for this 

collisions), and this for a vehicle situated in type of collision. 
the lower half of the European car distribu- 
tion. 
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Improvement in the Protection Against Side Impact 

BERNARD LOYAT important field of research for Peugeot since 

Structural Studies & Tests Division 1971. Publications on this subject have been 
Peugeot presented at the main conference on Secondary 

Safety (references 1 and 4). 
Since the last conference on Experimenta! 

INTRODUCTION Safety Vehicles, we have thoroughly studied 

Side impact is second after front impact for the behavior of the occupants in a side accident 

the number of victims inside the vehicles in- so that now we understand the mechanisms 

volved. This problem has been an especially better. 
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It appears that certain parameters such as 
the speed variation of the vehicle which is hit, 
penetration of the side of the body into the 
passenger compartment, are less important 
than we were led to believe. 

The seriousness of a side impact is actually 
controlled by two simple physical parameters: Fatal eases 50- 60% 20- 30% 15- 25% 

¯ the speed of the impact between the passen- 
ger and the wall, Any degree of 60 - 70% 15 - 25% 10 - 20% 

° the rigidity and the energy absorption char- severity 

acteristics of the trim. 

This should be taken into account in all the 
specialties relating to this field: accidentology, 

50- 
regulation, vehicle improvement. 

These two parameters were the real contacts ~ 40 
for our work and, in particular, for the design " / of the VLS safety vehicle built based on the 

o 30 Peugeot 104. ~: 
/ 

~- 20 / 
z 

ANALYSIS OF THE SIDE IMPACT o , 
rrlO / 
ILl 

Reality on the Road                          o .......... 
420 

The analysis of reality on the road is the W~’-’7~=:x’---~7--~--~ cm 
basis of any activity relating to secondary 1[ / ~ ][ ~[~H 

safety. The specialist, whether he be structural 
Figure 1. Position of the impact point in car to 

specialist, bodywork specialist, bioengineer or 
car collision. 

framer of regulations, must permanently keep 
in mind that the measures developed are to The hitting vehicle may have a variable in- 
improve the protection of vehicle users, cidence angle on the hit vehicle. The angle of 

In the beginning, accidentology made it the trajectories of the passengers is most prob- 
possible to define an experimental procedure ably about 70° off the axis of the hit vehicle. 
typical of a sufficient percentage of accidents. In practice, we have found that an angle of 
It is these test conditions which we use prefer- 10 to 20° off the perpendicular has no very 
ably in our research, significant influence. This is why the test at 

90°, the simplest, was adopted for the study 

Choosing the Obstacle and the Impact and design work for the VLS. 
Point 

Table 1 gives the distribution of accidents 
Approach Speed 

as a function of the obstacle; 65°7o of colli- Determining a typical approach speed from 
signs of all degrees of seriousness and 55O7o of existing data is more delicate. 
mortal collisions occur between passenger In the present situation, the best of the 
cars. The obstacles set represent only 20 and classification criteria used is the variation of 
25070 respectively, the speed of the hit vehicle or AV. This cri- 

The most probable impact point (fig. 1)is terion was developed in the special case of 
located in front of the front passenger for ac- front impact for which it is well adapted. Its 
cidents of all degrees of seriousness, extension without precaution to side impact is 
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abusive: it is the variation of the speed of the 

passenger which is typical of the seriousness 
ioo~ ~ 

_~-                     __ 
of the impact and not the AV of the vehicle. 

90 

In a side impact, the two figures may be very 
80 

different when there is a penetration of the 70 

side of the body into the passenger’s compart- 60 
I 

ment. 50 AIS ~ 3 

Figure 2 illustrates this in the case of a car 
40 Without 

to car impact on the face of the passenger t intrusion 
compartment. For these six tests, the occu- 

30 

pant’s transversal speed variation, on the 20- ----With intrusion 

average, is greater than 70°7o of the AV of the 

vehicle. 
The speed of the impact between the pas- 15 20 25 30 35 40 45 ~v Km/h 

27 
senger and the wall, the criterion which we 

have developed, makes it possible to take 

these phenomena into account. 
Figure 3. Distribution of serious car to car side 

accidents based u pon the ~V. 
Since the most usual accident is the car to 

car impact on the face of the passenger com- 

partment, only the case where the passenger is jected to intrusion, and 40 km/h for the pas- 

subject to intrusion should be taken into ac- sengers on the side opposite the impact. 

count. Figure 3 confirms that there is a signifi- Seventy-five percent of the passengers sub- 

cant difference in seriousness according to the jected to intrusion in impacts of all degrees of 

position of the passenger in relation to the im- seriousness (fig. 4) are for a AV 27 km/h, 

pact: the median for the distribution of serious which, taking into account a mass ratio of 1.14 

accidents is 27 km/h for the passengers sub- between the vehicle hit and the hitting vehicle 

for the average accident, corresponds to an ap- 

proach speed of 50 km/h. 

V 100 % 

m/s ~, 
E2~ /~V vehicle 90 
~ VT occupant 

80 / 
75 

70 / 

10 60 

5~ / 
/ 

-- - -- Any degree of severity 40 

5                                           / 
/ 

/ 

1~5 2"0 2~, ;~0 ;5 4"0 4"5 --~V Kmlh o 
90 degrees 50 Km/h 40 Km/h 65 Km/h 27 

75 degrees 

Figure 4. Distribution of car to car side ac- 

Figure 2. Comparison between vehicle z~V and cidents of all degrees of seriousness 

passenger transversal speed variation, as a function of AV. 
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To summarize, the most typical side impact impact speed adjusted by the elastic restitu- 
is the car to car impact at 50 km/h, 75 or 90°. tion, 

o that there is an excellent correlation be- 
Significant Parameters for Side Impact tween this transversal speed variation and 

The analysis of the process of appearance the acceleration criterion measured (fig. 5). 

of injuries for the passenger defines the seri- The dispersion observed is low. It is mainly 

ousness of the side shock, due to differences in ridigity of the vehicle 
These injuries are schematically of two trim and to the influence of other accelera- 

types: internal lesions due to the propagation tion components taken into account in the 

of shock waves in the tissues, and fractures, criteria. 

The former are due to a local acceleration 
greater than the tolerance while the latter are Penetration Into the Passenger 
due to deformations bringing about breaks. Compartment and Its Paradoxes 

Retranslated into general mechanical terms, 
this means that injuries depend on two main Accidentology clearly shows that penetra- 

factors: 
tion through the side of the body into the pas- 
senger compartment makes the accident more 

¯ the energy to be dissipated in the impact 
severe (see fig. 3). It should not be concluded 

between the passenger and the vehicle which 
from this, however, th.at one only has to reduce 

depends upon the speed of the passenger to the amplitude of the penetration to improve 
wall impact (inner wall of vehicle), the safety of the passengers in the vehicles. 

¯ the rigidity of the area hit by the passenger The tests have given us two examples: 
which sets the stress level. 

¯ the ineffectiveness of reinforcements in an 
We see that the seriousness of the impact impact against a post, 

will increase as: ® the unvarying protection criteria, with con- 
¯ the speed of impact of the passenger against stant trim, in spite of passenger compart. 

the wall increases for a given rigidity, ment reinforcements effectively reducing 
¯ the rigidity increases for a given speed, penetration. 

To summarize, the seriousness of a side im- 
pact for the passenger depends on two funda, 
mental parameters: 

17t 3ms ® Basin 
¯ the speed of the impact between the passen- Ig) ~ Thorax 

ger and the wall, 
200 - ¯ the rigidity and the energy absorption char- 

acteristics of the area hit by the passenger. 

The Speed of the Impact Between the 
Passenger and the Wall: Experimental loo - 
Analysis o 

The speed variation undergone by a dummy 
may be obtained by integrating the transversal 
acceleration, the most significant component 
in a side impact which is not very oblique, for ~ ~ ~ m/s 

the thorax and the pelvis, 

When testing, we check: Figure 5. Correlation of the protection criteria 
¯ that the passenger’s transversal speed varia- and the passenger’s transversal 

tion is equal to the passenger against wall speed variation. 
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These two apparent paradoxes can be ex- Checking the Method 
plained by the speed of the impact between Figure 6 diagrams the vehicle and wall 
the passenger and the wall. Actually: speeds for an impact at 65 kin/h, 75° between 

¯ in a side impact against a rigid fixed ob- a Renault 16 and a Peugeot 104. The results 
stacle, the wall is stopped by the obstacle, are superposed on the measurements. 

The passenger who is not coupled to the On this figure, we can verify that the hypo- 

vehicle hits this wall at the initial impact thesis of the linearity of the speeds is a saris- 

speed; factory approximation. 
¯ a reinforcement only affects the car to car Calculated impact instant T is exact at least 

impact if it comes into play before the pas- to within 2 ms and the passenger to wall im- 

senger’s impact, pact speed Vp increased by 10070 to take into 

It is not the amplitude of the penetration account elastic restitution is equal to the ex- 

which is significant, but the speed at which pected speed variation to within 1 m/s. 

the penetration occurs at the moment of the In the same way, we verify on Figure 7, that 

impact between the passenger and the wall. the impact speed between the passenger and 
the wall as calculated is very close to the pas, 

Passenger to Wall Impact Speed senger’s transversal speed variation measured 

in Accidentology in the tests. 

The parameters used today to classify side Classification of Accidents 
accidents are the AV of the vehicle and, in cer. Based Upon Speed 
tain cases, the penetration. As we have indi- 
cated above, neither one or the other is repre- Real accidents must be classified based 

sentative of the seriousness of the side impact, upon what the passenger is subjected to, that 

Unless we wish to seriously distort our view is,based upon the speed at which he is hit by 

of reality and induce the specialists to make the vehicle. 

errors, accidentology must mandatorily im- 
prove the representativity of its criterion. This 
is possible; the passenger to wall impact speed 
can be calculated based upon measurements -- Longitudinal R16 

on the accident vehicles. .-,- Transversa~ 104 

Transversal basin conductor 

Calculation Method 
The penetration speed on the side of the speed 

body into the passenger compartment depends 
upon the rigidity ratio of the vehicles. The 
more rigid the obstacle, the faster the penetra, 
tion for a given collision. 

As a first approximation, this rigidity ratio 
~ 

is inversely proportional to the ratio of the 
5 

deformation after impact. So, it can be esti- ~ 
mated based upon the deformation of the 

~,,,.: 
t l/toos 

accident and the obstacle, o ,-r ~ 
The method of calculating the speed of the ~ lo 

impact between the passenger and the wall 
which we have developed is based upon these Figure 6. Impact between R16 and 104 at 65 
principles. The detail of the hypotheses and km/h, 75° calculationlmeasurement 

the calculations was published recently, comparison. 
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modifications: 

m)s :;:::;: Test * increase in the transversal rigidity of the 

\\\ Ca|culation underframe using cross members with 
~" greater inertia, better anchored on the lower 

side members of the body which are them- 

io selves reinforced (fig. 8); 

¯ anchoring of the doors on the uprights and 

the side members using locks, hinges and 

security pins. The door reinforcements 

5 (fig. 9) rigidly linked to these anchorings, 

have a double function: 

--overall reduction of penetration by chain- 

ing between pillars and body bottom side 

o                                                             members, 
90degrees 50 Kmlh 40 Km/h 65 Km/h 

75 degrees reduction of local penetration risk on the 

door due to aggressive elements of the 

Figure7. Comparison of the calculated 
obstacle; 

passenger to wall impact speed with * bracing by the seat; this uses the reinforce- 

the measured passenger’s transver- ments of the beds of the seats to transver- 

sa! speed variation, sally support the hit side of the body against 

the opposite non deformed structure (fig. 10), 

and in this way add to the rigidity of the 
underframe at the level of points R of the 

This speed is: passengers. 

¯ the impact speed of the passenger against 

the wall as shown above for passengers sub- Reduction of the Aggressivity 

jected to intrusion, of the Front Unit 
¯ otherwise the AV. Reducing the aggressivity during a side im- 

pact does not mean, as certain persons fear, 
IMPROVEMENT OF PROTECTION UNDER reducing the rigidity of the front of the vehicle 
SI DE t M PACT--APPLICATION TO TH E VLS to the point of lowering the performance dur- 

There are three ways to improve safety    ing front impact. 

under side impact:                             This means rather modifying the front unit 
so that in the average situation, it rests near ¯ increase the rigidity of the passenger’s com- 

partment, the rigid zones of the hit vehicle: the under- 

* reduce the aggressivity of the hitting vehicle frame, in preference to those which are less: 

by modifying the front of the vehicle, these are the doors. 
This reduction in aggressivity was obtained 

These two methods aim to reduce the wall 
in the VLS in two ways (fig. 11): 

penetration speed. 
¯ setting in place of a cross member under the 

¯ improve the energy absorption of the trim 
foam bumpers; it is set back from the out- 

to absorb the impact of the passenger, 
side edge of the vehicle so as not to interfere 

with pedestrians and so as to keep an accept- 
Reinforcement of the Passenger 

able ground clearance and style; 
Compartment o flexible hood front resting on a cross mem- 

The passenger compartment of the VLS her set back of 10 cm in relation to the anti- 

differs from that of the 104 by three types of aggressivity cross member. 

526 



SECTION 5: TECHNICAL SEMINARS 

Figure 8. Structure of the VLS underframe. 

Anti-aggressiveness 

/ cross-member 
/ 

/ /~-~     / Curb weight \ ./ 

Hinge i Bolt~ Pillar"B",z 

reinforcement reinforcement 

Figure 9. Structure of the side of the VLS body. 
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For this development, we now use the Hy- 
Padding 

brid II dummy which is much too rigid in 
comparison with a human being, but which is 
the only one available. 

This means that the characteristics of the 
foams which are selected for the VLS must 
not be transposed into production automobiles 
without taking this into consideration. 

The optimizing of their rigidity must be cor- 
rected when we have a more appropriate 

dummy, such as the one developed under con- 
tract with the E.E.C. 

I Figure 12 shows the trim in the passenger 
/ 

compartment of the VLS. It is made up of a 
foam, 3 cm thick, in front of the thorax, and 

sea, Bracing 4 cm thick, in front of the pelvis. 

reinforcemem: 

Test Results 

Figure 10. Bracing by the seats of the VLS. The passenger to wall impact speed has 
been considerably lowered. The passenger’s 
transversal speed variation has gone from 36 
[o 26 km/h (table 2). It is close to the AV of 
[he vehicle. 

For the passenger, this impact is equivalent 
to a collision without intrusion. This result is 
a maximum. It was obtained at the price of in- 
creasing the structural weight by 35 kg, not a 
realistic increase given the present energy situ- 
ation, although a moderate deformation on 
the body side is acceptable. 

Figure 11. Front face of the VLS. 

Modification of the Trim 

The trim absorbs the energy of the impact 
of the passenger in the vehicle. It completes 
the deformation of the door sheet metal which, 
when deforming, acts as a shock absorber. 
The ridigity and dimensions of the trim must 
be adapted [o the biomechanical character- "----~ / 
istics of the passengers. \ -/ 

An overly rigid trim is dangerous; an overly 
flexible [rim is only effective at low speed. Figure 12. VLS trim. 
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Table 2. Influence of the VLS structural rein- derived from the 104, is organized around two 
forcements, fundamental questions: 

¯ what does the passenger of an accident ve- 
104 v LS 

hicle undergo? 
Intrusion ~, how to improve the protection of the pas- 

(ram) 
315 60 

sengers in a real accident? 

It is only possible to answer these questions 
zXV T Occupant 

36 26.5 under certain conditions: (Km/h) 
¯ know, with sufficient exactitude, the condi- 

tions of accidents and their seriousness for 
The improvement of the protection from the passenger. An error in judgment in this 

the 104 to the YLS is quite substantial (table 3). area leads to recommending inappropriate 
All the criteria are less than the objectives that countermeasures; 
we had set: HIC 1500, less than 60 g at the ¯ study and design the protection improve- 
thorax, less than 90 g at the pelvis, ments using representative test methods 

So, it is possible to optimize the structure making it possible to replace the vehicle and 
and the trim. its passengers under conditions which are 

close to those of the most frequent accidents; 
Continuing the Program ¯ check, on overall impact with a dummy, the 

The side impact research program aiming to effect of the modifications under considera- 

........ optimize a small vehicle, the VLS, is not tion on the passenger; 

....... finished. * use a realistic test speed which will not be 

The second phase, now going on, is to too slow, covering only certain situations, 

define the best compromise between struc- and not too fast which would exceed the 

tural reinforcement, trim performance, price technological possibilities and would be 

and weight increase, economically unrealistic both for the cus- 

The last phase is to correct this compromise tomer and for the community’ 

based upon the biomechanical characteristics Following this logic, the experimental anal’ 
of the human body. It will he undertaken ysis--with dummies--of side impact has made 
once a representative dummy is available, it possible to define the two fundamental 

parameters which control the gravity for the 
CONCLUSION passenger: 

The research performed at Peugeot Auto, * speed of impact of the passenger against the 

mobile Company on side impact, resulting in wall, 
the development of the VLS safety vehicle, ¯ deformation capacity of the hit wall. 

Table 3. Results with dummies--comparison VLS/104. 

Dummy 
104 VLS - 

Driver Rear passenger Driver Rear passenger 

Head HIC 265 139 170 400 

SI 807 50 112 201 
Chest 

IT] 3 ms (g)     65         19         40        40 

Pelvis    ~! 3 ms (g) 105 45 52 40 
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These parameters should be taken into 2. June 1972--14th FISITA Congress Lon- 

account in all the fields of safety and, in par- don. RSle de l’agressivit~ des structures en 

ticular, the field of setting regulations, collision lat~rale. M. Jean Hamon 

Among [he draft regulations proposed Peugeot. 

today, it is the car to car impact with dummy 3. March 1973--4th E.S.V. Conference 

which seems to present the best guarantee of Kyoto. E.S.V. synthetic draft. M. Jean 

representing reality: Hamon--Peugeot. 

o this is the most frequent accident, 4. March 1979--Journal S.I.A. Analyse des 

* at the same time, it complies with the zXV paramatres significatifs du choc lateral. 

of the vehicle and the impact speed of the M. Bernard Loyat--Peugeot. 

passenger against the wall, unlike a rigid 5. March 1979--Journal S.I.A. D~v~loppe- 

mobile barrier, ment de moyens de protection en choc 

o by integrating the effect of the aggressivity 
lataral. M. Georges Stcherbatcheff-- 

of the front unit, it contributes to the ira- Renault. 

provement of the compatibility of the ve- 6. October 1976--20th Staff Car Crash Con- 

hicles, ference. Occupant protection in lateral im- 
pacts. M. Francois Hartmann--Labora- 
torie de Physiologic de l’Association Peu- 
geot-Renault. 

7. March 1979--Journa! S.I.A. Travaux ef- 
FIEFERENCES fectu~s pour disposer d’un mannequin et 

1. October 1971--2nd E.S.V. Conference de crit~res convenables pour amEliorer la 

Sindelfingen Peugeot-Renault Association protection en choc lateral. M. Gilbert 

Program on lateral impacts. M. Jean Walfish--Laboratoire de Physiologic de 

Hamon~Peugeot. l’Association Peugeot-Renault. 

The V-Shaped Vehicle Front--its Influence on 
injury Severity in Pedestrian Accidents and Side Collisions 

ULRICH BEZ, RAINER HOEFS, H.-W. STAHL designs, the evaluated V-shaped vehicles have 
Research and Development Center realized highly favorable results (injury sever- 
Porsche ity reduced by 15-20%). The "mere V-shape", 

which in theory is even more favorable, could 

ABSTRACT not be sufficiently examined in corresponding 

In the Federal Republic of Germany, ap- "in-depth" studies. 

proximately 3100 pedestrians per year are The efficiency of V-shaped vehicle fronts 

fatally injured by passenger cars, while the with long hoods in pedestrian accidents (with 

yearly number of vehicle occupants killed dur- a child or an adult involved) is demonstrated 
ing side collisions amounts to about 1100. using anthropomorphic test devices (dummies). 

These are almost 35% of all casualties occur- The "assumed conflicting objective" of in- 

ring in accidents involving passenger cars. creased safety in side impacts and realization 

On the actual traffic scene, the "mere of a mere V-shape resulting in an improved 
V-shaped" vehicle front is of minor impor- pedestrian protection, is aggravated by the 

tance, as it is found with only 0.5% of all today’s legally prescribed bumper heights and 

registered cars. required access facilities (wide doors, low 

When evaluating the severity of pedestrian door sills). This conflict has been investigated 

injuries caused by different vehicle front in the framework of the present paper. To this 
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car-to-car side collisions have been simulated, ficiency. 

Solutions to reduce the intrusion and to im. In a simplified way one could say that the 
prove the occupant protection were shown. In energy consumption depends directly on the 
combination with additional supporting vehicle weight, the air drag coefficient, and 
measures, vehicle concepts with V-shaped the vehicle frontal area. Low vehicles with a 
fronts, which are found in sports car con- V-shaped front, i.e., sports cars, offer the best 
struction for example, would permit a nearly conditions for the realization of low air drag 
10o70 reduction of injury severity caused in ac- coefficients.8 The question is, whether a 
cidents involving a vehicle. V-shaped cars also V-type vehicle concept with its aggressively 
have an improved air drag coefficient and in- shaped front is able to comply with the in- 

......... creased fuel economy, creasingly more severe safety demands. 
One can proceed on the assumption that in 

INTRODUCTION frontal collisions and with attached restraint 

There is quite a number of technical prod- systems the shape of the frontal structure has 

ucts which constitute a potential threat to no negative influence on the reactions of the 

man’s health and life already at the stage of vehicle occupants.9 

production and during operation, One out- But how about pedestrian collisions and 

standing example is the passenger car, as it is side impacts, where the narrow V-shaped 

of permanent interest to the public on the one vehicle front acts immediately on the partner 

hand and plays an important part in the over- involved? 

all accident statistics on the other: in the Fed- As already stated before, pedestrian protec- 

......... eral Republic of Germany, approximately tion and protection in side impacts are of in- 

....... 6,850 vehicle occupants are killed per year and creasing importance. 

the annual number of people injured in vehicle Table 1 shows some numbers of vehicle-to- 

accidents amounts to 273,274.1 pedestrian accidents and vehicle-to-vehicle 

As, in the framework of increased vehicle side impacts in the overall accident scene. The 

safety, basic design defects have been elimi, values apply to the Federal Republic of Ger- 

nated and are practically non-existent with many and are based on the results of 1976. 

later model years (references 2 and 3), recent Of 6850 casualties, approximately 4100 

examinations of the economic value of specific were killed in frontal crashes. About 50°70 of 

vehicle-relevant safety measures have been these persons could be saved by increasing the 

concentrated on: belt-fastening rate from today’s 40% to 
100o7010. 

¯ restraint systems4 It will be almost impossible to realize a 
¯ protection in side collisions5 similar economic value for pedestrian protec- 
¯ pedestrian protection6 tion and protection in side impacts by means 

Initially, when optimizing individual safety of one single protective measure. At least as 
measures, conflicting objectives of other sec- far as pedestrian-to-vehicle collisions are con- 
tors of automotive technique or vehicle safety cerned, a vehicle-contour-depending injury 
are normally left out of account (e.g., bumper severity must be assumed as a fact. 

standard FMVSS215). It is rather difficult to assess the actual 
As the aspects of fuel economy and envi- value of the "mere V-shaped" configuration 

ronmental importance have gained in ever in- because the accident analysis takes into 
creasing importance in the last few years (ESV count the existing vehicle population (table 2). 
1976, S 3 E)7 any measures taken to improve And in the framework of current research 
secondary safety will have to comply first of work mainly those vehicles are taken into con- 
all with the demand for reduced energy con- sideration which have correspondingly high 
sumption which will have priority over ef- turnovers. 
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Table 1. Pedestrians and vehicle occupants killed in traffic accidents in Germany. 

Casualties in traffic accidents total 14,820 

Casualties in accidents involving passenger cars 11,817 

Vehicle occupants killed total 6,850 

Vehicle occupants killed in side impacts left and right 1,085 

Pedestrians killed total 3,991 

Pedestrians kil~ed by vehicles total 3,117 *-- 100 % 

pedestrians aged 0 - 15 years 577 --* 18.5% 

15- 65 years 1,032 *-- 33.1% 

> 65 years 1,508 --* 48.4% 

Percentage of pedestrians killed at different impact speeds: 
30 - 40% up to 30 - 35 km/h 

up to 50 kmlh 50% 

Table 2. Vehicle population in Germany in 1977. Shares of the different vehicle front configurations. 

Vehicle population on 7.1.77 20,020,197 = 100% 

Vehicle recorded 14,611,260 --* 73% 

Share in the Share in the 

Vehicle front Number overall number of 
population recorded vehicles 

V-Shape 92,641 0.5% 0.6% 

Beetle shape 2,680,486 13.4% 18.3% 

Pontoon shape 10,978,799 54.8% 75.2% 

Trapezoidal shape 859,354 4.3% 5.9% 

That is why to date the "mere V-shaped mainly used with sports cars such as the 924 

vehicle concept" has not been sufficiently and 928 for example (fig. 1). 

treated in pertinent literature. For a better understanding of the "mere 

The "mere V-shape" has no clearly defined V-shaped" vehicle car-to-car side impacts and 

hood edges, Its hood radius exceeds 2 m. It is car-to-pedestrian test with anthropomorphic 

Square shape* Beetle shape V-shape 

I - r~gcrn2. 9cm2 ~1 -r~’-~154 cm2. 154cm2 ~1 -r~300Ocm2 I - r ~3000 crn2 

0~ 81° 60° < (2< 81 o 35° < 0~ 60° and/or 0~ 35° 

*Basic definition as seen n Reference 11. 

Figure 1. Definition of vehicles with square-shaped and with wedge-shaped fronts. 
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test devices have been performed. The results Table 3 shows some important geometrical 

are discussed in the following, data. The Porsche 928 is compared with the 
42 European vehicle types most frequently 

COMPARISON OF VEHICLE DATA registered in the Federal Republic of Germany 
in 1977. 

We have chosen the Porsche 928 to demon- Vehicle weight categories have not been 
strate a "mere V,shaped" vehicle concept 

taken into consideration. 
(fig. 2). The data have been determined as follows: 

Door width is measured as maximum dis- 
tance between the pillars. 

Door thickness is car width outside minus 

~ 
car width inside in the height of pelvis divided 
by two. 

Effective impact zone is defined as: 

............. 
Seff = Wcj -- 2Wp 4 "FtD 

Wcj = car width inside 

Wp = pelvis width of the 95% man 

tD = door thickness 

Figure 2. Porsche 928, lateral and overhead Door sill height is the height of door sill 
view. above street level. 

Table 3. Average geometrical vehicle data. 

Deviation of 
Average of Standard Values of the 928 from 

42 car models     deviation       the 92 average 
x           t-value 

Door width 1060 mm 118.0 mm 1390 rr 2.79 
Door thickness 151 mm 24.3 mm 243 rr 3.79 

Effective impact zone 291 mm 27.9 mm 380 mm 3.19 

Door sill height 361 mm 30.6 mm 350 rr 0.36 
Hinge height 768/499 mm 39.2/33.3 mm 750/420 mm 0.46/0.87 

upper/lower 
Door lock height 711 mm 65.5 mm 770 mm 0.90 
Height of bonnet edge 764 mm 40.5 mm -- -- 
Bumper height 509 mm 45.6 mm 552 m 0.94 
Length of front end 1262 mm 162.8 mm 1660 rr 2.44 
Car width 1665 mm 84.9 mm 1836 rr 2.01 
Car height 1395 mm 58.9 mm 1313 rr 1.39 
Frontal area 2.32 m2 0.14 m2 2.41 rr 0.65 

t-value <- 1 comprises approx. 64% of al! cars 
t-value _< 2 comprises approx. 95% of all cars 

t-value -< 3 comprises approx. 99% of al! cars 
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Bumper height is the distance from ground ably differ from the other vehicles examined, 

to the top edge of the bumper, as the increased vehicle width comes along 

Length of front end is the distance from the with a reduced vehicle height which is smaller 

leading edge of car to the windscreen frame, than the average height of the other vehicles 

Frontal area = car height x car width. (figs. 4, 5). 

When interpreting these values one will find Thus, the chosen front structure largely 

that the vehicle chosen differs considerably corresponds to the "ideal V-shape," which, 

from the other vehicle types as far as vehicle to date, has hardly been considered when ex- 

width and door thickness, i.e., the effective amining the efficiency of safety measures. 

impact zone is concerned. Door sill and Let us now explain the "large-V-concept" 

bumper height are comparable to those of the on the basis of available test results and com- 
other vehicles so that vertical overlapping of pare it to previously conducted examinations. 

the colliding vehicles is ensured and the 
behavior during frontal collisions is un- EFFECTS OF THE V.SHAPEDVEHICLE 

changed. FRONT IN PEDESTRIAN COLLISIONS 
With view to the door lock and hinges one When examining concepts to attenuate the 

wilI find that all data are comparable, pedestrian injury severity, it must be consido 
An overall unsatisfactory stiffness in car- ered that the measures taken must serve both 

to-car collisions must be expected due to the adults and children. 
door opening which is only approximately Approximately 20% of all pedestrians killed 
300 mm narrower than the average "optical in street accidents are children of less than 15 
vehicle width" of the 42 examined vehicles. years, whose ergonomic and biomechanical 
The "optical vehicle width" is not identical limiting values differ from an adult’s ones. 
with the "functional vehicle width" or the And there is still another aggravating fact: the 
"effective vehicle width" in impacts (fig. 3). limiting values of loads applied to children are 

The reason for this difference is the stiffness largely unknown (10). 
distribution in the vehicle width, the bumper 
design and the location of the longitudinal 
members. 

The frontal area, one of the factors influ- 
encing the fue! economy, does not consider- Porsche 928 

value\ 

Deformed area 

//after side impact                                            I 
Minimum 

/ Frontal frame 
/ value 

/ Engine 
~Car center 

Windscreen 

Windscreen frame 

Wvo 
4-Door cars bottom 

All models "/ 

~= Optical car Wveff ~= Effective Figure 4. Overhead view of a v-shaped vehicle 
Wv° width car width front, smallest and biggest pontoon- 

shaped vehicle of 42 European vehicle 

Figure 3. Definition of effective car width in side types relative to the door openings. 
impacts. 
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~ the bumper structure 

~ I /~-=-:- 
® the height of the hood edge 

k -. ® the length of the hood 
928 

® the structural stiffness at the impact point 

- -- head 
Average door sill height -- thorax 

-- abdomen 
-- lim~s 

~-~ ~g.~es~ of as far as the primary contact ~ith the vehicle 
42 cars is concerned, and 
Smallest of 

42 cars ® the throw height 
o the throw distance 

o the attitude 

with view to the secondary contact. 
~ The evaluation of the tests carried om with 

5o~,~ Ad~,~t V-shaped frontal structures is based on today’s 
confirmed findings. 

According to References 1 t through 26, the 
following findings are considered as being 
principally confirmed: 

® In general, the primary im pact on the vehicle 
causes more severe injuries than the sec- 

__ ondary impact on the street. 
o The mean impact speed for adults is ap- 

6-Yem old child proximately 11 
* The mean impact speed for children is 

Figure 5. V-shaped contour compared with the approximately 7o10 m/so 
contours of the biggest and smallest o At higher impact speeds, children are tess 
of 42 most frequently sold vehicle severely injured than adults. 
types in Germany, 1979. ~ [n the case of head impacts, the pontoon- 

shape has been found to be more advama~ 
geous for adults, as in the case of a beetle- 

In addition, consideration mus~ be g~ven to shaped frontal structure the risk of a head 
age-depending limiting values of adult per-- impact to the windshield flame is grea~ero 
sons, as abom 50% of all people involved in * in general, a frontal structure with a reo 
traffic accidents are older than 65 years, duced height of the hood edge is less dan- 

The most essential values influencing the gerous ~o children than a pontoon shaped 
effects of a car-to-pedestrian collision are: front. 
® the age ® Long frontal hoods are generally more 
~ the weight favorable than shor~ ones. 
® the height ® More than 90% of al! severe knee injuries 
o the sex of the pedestrian invotved are caused by bumpers having a height of 
~ the vehicle speed 42-53 cm. 
~ the point of impact on the vehicle ~ Sixty to eighty percent of all severe head 
® the pedestrian movemem juries (AtS 4-5) are caused by impacts on 
o the bumper height the vehicle structure. 
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® An increased bumper projection relative to Table 4. Significant test parameters of 

the frontal pontoon contour results in an V-shaped car-to-pedestrian collision 

increased throw-on trajectory in the direc- (tests carried out by Prof. Appel at the 

tion of the windshield frame (see also 
Institut fur Fahrzeugtechnik in Berlin): 

V-shape, increased throw-on trajectory). 
¯ 50% of all pedestrian casualties are killed at 

¯ Car type:     Porsche 928 

impact speeds of approximately45-50 km/h. 
¯ Car weight: 1450 kg 

¯ The head impact speed is almost identical to 
o Impact speed: 25 km/h 

the vehicle impact speed. 
40 km/h 

¯ Dummy: adult--Alderson pedestrian 
From the accident analysis it can be seen dummy 50% male, 

that the overall pedestrian injury severity Hybrid II 
depends on the contour of the vehicle front child--Alderson VIP 6c 
and the age of the person invotved26. The (6 year old child) 
results show that the V-shaped structure ¯ The car braking starts at the moment of 
offers advantages over the pontoon and trap- collision. 
ezoidal contours for both: ¯ The pedestrian dummy is arranged in a 

OAIS , = 0.30 walking position and laterally hit by the o the child of < 15 years: m/s                 impacting car. 

OAIS= 0.36 ¯ the adult of > 15 years: m/s 

The "standardized overall injury severity" 
degree of the different frontal shapes (defini- 
tion according to Reference 29) seen in rela- 
tion to the frequency of accidents, involving 
people of different ages, is as follows: 

¯ pontoon shape 0.421 = 100% 
¯ trapezoidal shape 0.392 = 93% 
¯ V-Shape 0.349 = 82% 

So, a theoretical improvement of the over- 
all injury severity by approximately 18°70 can 
be obtained when using a V-shaped front Figure 6. Energy absorbing zones in the exterior 
structure with long hood (and no head impact paneling of a large v-shaped car. 

to the lower windshield frame). 
In order to confirm these advantages taken 

from pertinent literature, impact tests with a Figure 7 shows the cumulative percentage 

6-year child dummy and a 50-percentile-adult of the "unreinforced front end area" and the 

dummy were carried out. The impacting car "pedestrian effective front end area" of 32 

was the large V-shaped Porsche 928 (table 4). European cars. 

When examining the design concept of an The "unreinforced front end area" is de- 

existing vehicle and interpreting the results fined as "total area" minus "effective stiff- 

obtained, attention must be paid to separate ened area." "Effective stiffened area" means 

the influences of specific design features from the designed stiffened area plus a zone of 5 cm 

basic results of general concern. Such specific on each side. The "pedestrian effective front 

design features for example are measures taken end area" is defined as "unreinforced front 

to increase the stiffness of the hood or fenders end area" minus zones, which are influenced 

(fig. 6). by stiff parts less than 7 cm below the hood’ 
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impact on the road surface. So the dummy 

(%)~ 100% ~= 36 Types 
deceleration at the moment of impact on the 

~ loo[’     l’~ 
road can be considered as a measure charac- 

¯ ; terizing the previous throw-off phase. 

~Z~ 80[-Fk~--~--| Y"/Y~ ’ 

~ ;a’Total front endarea:                                              TFEA Figure 8 shows the throw-on distance as 

~ | °f[,i IJnreinforced front end compared to the pontoon configuration and 
60J___~__~i~_~ area: UFEA the beetle shape. With the large-V-shape, the F 

~ I / ~’Fz Pedestrian effective 
~ ] ~ ~ front end area: PFEA 

ratio oi’ the throw-on distance and the impact 

,~ 40t--’---/--,/~--~ ~ --UFEA     PFEA speed of both the adult and the child is only 

~ ~T.FEA..rk_=TF~EA- 

1/3 to 1/20 as with the pontoon or beetle 
~ 20~b-/ ~ T " i’- ~’-- J shapes. However, at reduced speeds, the 

o [~/." ] . ~ ] . ! ~,- throw-on distance is considerably greater with 

0 0.2 0.4 0.6 0.8 F,. F~ the large-V-shape configuration. 
Figure 9 illustrates the impact zones at the 

Figure 7. Non energy absorbing zones in the ex- test vehicle. Figures 10 and 11 summarize the 

terior paneling of European vehicle impact speeds of head and chest (child and 
front structures, adult), relative to the vehicle impact speed. 

These data were obtained by film analysis. 
They give an approximate estimate of the in- 

Approximately 15% of the overall frontal crease of impact velocity versus car speed. 
area is free of stiffening elements. In the case The data allow to compare head and chest as 
of vehicles with strongly bent hoods (e.g., VW well as adult and child behavior. 
beetle) this portion is greater than with those Due to the low impact point of the V-shaped 
cars having only slightly bent frontal surfaces. structure and the large distance of free rota- 
The stiffening elements influence the behavior tion, the head impact speed especially of the 
of the outer body parts during operation and adult is relatively high. So, special attention 
serve also the energy absorption in frontal col- must be paid to the attenuation of this impact 
lisions. However, these requirements on the and the detail design required to this end 
one hand and the demand for energy absorp- (fig. 12). According to the measured results, it 
tion in pedestrian collisions on the other are 
strongly conflicting objectives, especially as 
all surface areas are of equal importance in 
terms of energy absorption during the pedes- 
trian impacts. < ,b (cm) l.lJ X 

When examining the effects of a frontal <re t 
,..--Large..--Vshape ...... front~ 

shape, in the first approach the acceleration ~ _./~z _ vw~ 
values measured in the test dummy at car con- ~< ...... 

--~ Large V-shape- 
tact are of no importance, r,    ad 

The significant values are: ,,5 ~o0] ~lt 
-r 

/ 

"~N~ t~ Beetle~adutt 
~ height of the first impact point ~: /,~’x~\\" ~ Pomoon-adult 
¯ throw-on trajectory ~- 

] Large V 
¯ impact speed of the individual body parts __ 

50 child ..,...,~-~’~./’.~ *Distance from leading 

edge of the car to 
¯ throw-off impulse ~ 

t.) [no winoscreen frame 

The throw-off impulse is directly influenced ~,z ~0 20 30 40 50 60 70 vi(km/h) 

by the body shape. The throw height, throw 
distance and attitude of the pedestrian struck Figure 8. Throw-on distance versus the vehicle 
have an effect on the decelerations occurring impact speed, beetle and pontoon 
in the individual body parts at the moment of shapes, accordin~ to Reference 27. 
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V. child = V. adult = 

J 

Figure 9. Head impact zones of children and adults in car-to-pedestrian tests. 

I Vhead 

/" I / (km/h) / *, Adult 
I                  Vchest~!I, 

60 Adult ~= ~, / 

50- Child ~- ¯ 
/ ~// 50 Child’ A__ ¯ / 

/ 
40                                                                      4                         /         ¯ 

3 I                                                                                             / 

!0 20 30 40 50 v,~ (km/h} 10 20 30    40     ~0 vi (km/h 

Figurel0. Relative velocity of head and v-shape Figure11. Relative velocity of chest and 

prior to the impact versus vehicle im- v-shape prior to the impact versus 

pact speed, vehicle impact speed. 

will be less difficult to observe the required off. Both the adult and the child hit the ground 

limiting values for the chest and pelvis, after having performed a relatively flat trajec- 

On Figure 13 one will find a number of tory (fig. 14), due to which the accelerations 

design proposals which could result in an im- occurring at the head, chest and pelvis do not 

pact attenuation without entailing weight in- exceed the admissible tolerances (figs. 15, 16 

creases or aerodynamic drawbacks, and 17). So, the results obtained with the 
After dealing with the car-impact we are large V-shaped frontal structure confirm the 

interested in the characteristics of the throw- expected relatively favorable sequence of 
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s (mml. Adult ~ 

400t "" vi = 40 10m vi = 25 0 

." km/h km/h 

300 t                   "                          Child 

200 t             . .;.~ 

~ >80g vi=40 vi=25 5m 
1 O0 { 

~60 g kin/h) km/h 
pelvis 

10 20 30 40 50 60 70 80 vi(km/h) 

Figure 14. Typical trajectory of a pedestrian im- 
pacted by a large v-shaped vehicle. 

Figure 12. Calculated deceleration distance 
versus impact speed. 

Bonnet                                       ahead 

\                              (g) ~ 
Adult ~ ¯ 

 oo. Ch,d ! . 
60- ¯ o 

40 ~t     ~ Adult 

20 " °-- Child 
Wheel a Wing ~- ~ / 

I0    20 30    40    ~ vi(km/h) 

Bonnet Welded 

X ~1 Figure15. Head acceleration versus vehicle 

~~ ~ speed in a seconda~ impact to the 
road after a collision with a v-shaped 
vehicle front. 

Wheel arch Wing 

ache~ 

(g) 1 

~ Adult 

40 
~ ~Child 

Wheel arch 10 20 30 40 50 vi(km/h) 

..... Figure 16. Chest acceleration versus vehicle ira- 
Figure 13. Principa I design solutions for energy pact speed in a seconda~ impact to 

absorption in car-pedestrian colli- the road after a collision with a 
sions (cross-section car front), v-shaped vehicle front. 
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~ When examining the economic value of an 

%e~v~s~ 
optimized V-shaped vehicle concept, we find 
that this configuration offers an advantage 

~g) , with view to the 3117 pedestrians killed in 
~oo Adult = - traffic accidents involving passenger cars: 
8ot 

® 10070 less casualties by increasing the vehicle 
! ~ / ] Adult impact speed to 50 km/h and avoiding im- 

": _ ,_ _ pacts on the windshield frame 

~- - - ~ 10070 less casualties due to the V-shaped 

10 20 30 40    vi (km/h) front structure and corresponding support- 
ing measures. 

Figure !7. Pelvis acceleration versus vehicle 
impact speed in a secondary impact EFFECTS OF THE V-SHAPED FRONT 
to the road after a collision with a STRUCTURE IN SIDE COLLISIONS 
v-shaped vehicle front. 

The evaluation of the behavior of a specific 
front structure in side collisions is based on 

motions performed by a child or an adult 
findings which today are considered as being 

struck by it. 
confirmed. 

The extrapolation of the test data of Figure 
Therefore, we can assume for the majority 

8 permits the conclusion that with a V-shaped 
of all European vehicles involved in car-to-car 

vehicle front, having a distance from ground 
side collisions that: 

to windscreen frame of more than 2 m, and ¯ the injury severity of the near-side occupant 
up to a vehicle impact speed of 50 km/h, no is almost twice as high as that of the off-side 
head impact occurs on the rigid windshield occupant, 
frame, an energy-absorbing design of which is ¯ the injury severity depends on the interac- 
extremely difficult to realize, tion (collision) between the occupants 

The speed range of up to 50 kmih covers ¯ the load tolerance is first reached in the 
about 50% of all accidents involving casual- chest and pelvis areas, followed by the head 
ties and approximately 70-80°70 of all incidents area 
involving injured persons. ~ the injury severity depends on the relative 

The results obtained from the literature impact speed of the moving body part on 
analysis and the tests performed lead to the the moving vehicle part (AVo[, OI = occu- 
conclusion that a vehicle concept with opti- pant impact) 
mized pedestrian protection must fulfill the ~ in the first approximation, all other values 
following requirements: such as intrusion depth of the body parts, 

~ V-shaped front structure angle of impact, impact speed, mass ratio 

¯ distance from the ground to the lower of the cars involved, structural stiffness 
windshield frame edge of at least 2 m (lateral, front), and energy absorption have 

¯ burnper height of 30-35 cm importance only if these parameters int]u- 

,, an energy-absorbing integrated bumper ence the impact speed of body parts/XVo~. 

(soft nose) for the first contact optimized 
for improved pedestrian protection 

A special problem in evaluating individual 

¯ energy-absorbing construction of hoods 
measures is the fact that: 

and fenders ,, injury criteria (HIC -< 1000, a res head <: 80 g, 

¯ large "effective front area" with minimum a res chest -< 60 g, a res pelvis ~60 g) are not yet 

stiffening of possible impact zones ~ufficiently confirmed and evaluated14. 
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¯ test dummies (developed for the testing of 
frontal crashes) are not necessarily suited ares 

(g) for side impact tests, as the shoulder/thorax o Head 
’~ Chest A Chest)> V-shape 

area is not deformable. 12o o Pelvis ~ shape ¯ Pelvis 

¯ AVo[ is difficult to measure, loo 
¯ there is only a small number of in-depth 

ao 
studies of accident analysis available. This 
is to be attributed to the complex accident 6o 
parameters, vehicle parameters, and injury 40 
patterns. 

¯ the only suitable test procedure available at 20 
the present stage is the expensive car-to-car .~. 
test. 10 20 30 40 50 60 70 v. (km/h) 

¯ it is difficult to furnish a definite evaluation 
of the individual design measures taken Figure 18. Results of dummy (near side front) 
from the accident analysis, versus collision speed. Pontoon 

shape according to Reference 28. 
In order to evaluate the influence of 

V-shaped front structures car-to-car tests were 
ares (gl o Head carried out using 3 types of V-shaped cars. 

Pontoon Different impact speeds, angles and points of 12o o Pelvis shape 

e Head I h~ 

impact were examined (table 5). loo 
,~ Chest V-s .......... : Figures 18-20 show the most essential results 

8o - Pelvis 
..... of these tests compared with the data of a 

pontoon vehicle28. 60 

Contrary to the pontoon shape, the mostly 4o 
loaded body part is the pelvis and not the 20 
chest. The maximum load values, however, 
are almost identical. The head load is smaller, loo 200 300    400 si{mm) 

The results obtained with the V-shaped front 
structure comply with the conclusions of the Figure 19. Results of dummy (near side front) 
"Report on Lateral Collision Tests" versus intrusion (inside)of the im- 

pacted cars. 

Table 5. Significant test parameters of car-to- 
o Deformation outside car side impacts with V-shaped cars. s (mm) 
~ Deformation inside 

Pontoon shape 

Impacting cars -- Porsche 911,914, 928 
Impacted cars -- Porsche 911,928 

700 oDeformation outside 

Test weight -- impacting cars: curb 600 
A Deformation inside_    V-shape 

weight + 2 dummies 500 

impacted cars: curb 400 

weight + 2 dummies 300 
~gthened + measuring device 200 
~/ lateral structure 

(~ 50 kg) 10o 
Impact speed -- 40 km/h, 50 kmlh 
Impact angle _ 90o, 75° 10 20 30 40 50 ~0 70 vi (kmih) 

Impact point -- H-point, A-pillar 
Number of tests -- 12 Figure 20. Deformation versus impact velocity, 

impact angle 90°. 
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pre~,ented by           Group Crashworo 
-hiness of the CCMC a~ the ESV-Conference 
in Paris in !979. The results comaincd i~ lhat 
rcporL based on a multitude of car-~o-car 
~cs~s_ are comparable to the data obtained 
with the V-shaped [toni <tructure with view to 

both the increasing in] ury severity from head 
u) ches~ and ~clvis and the magnitude of the 
~oad oI ~hese body parts. 

This basically positive resul~ is certainly 
favored by ~he large distance between the 

omer ~ ehicle comour and the sea center line. 
A nd certainl) it is also due to the fact that ~he 
effect of the V-shaped front is less aggressive 
than could be assumed from its aspect. As 
as the comparative vehicles are concerned, the 
~’optica~ width" or mos~ of them is no~ identi- 
cal with the "’effectwe width" in side impac<, 
so ~hat ~he behavior of the vehicle with 
V-shaped [’rom m si de collisions is comparaNe 
~o mat of ~he most ffequen~ European ca~s. Figure 22~ Porsche 928 with strenothened 

8)~ means of cor~espondin8 design ~neas- lateral structure before an~ after side 
ures (fi~.2lL strengthening the ta~e~a~ struc- ~mpaot test. Collision speed 50 km/h, 

rare, ~he relatively great vehicle width can be ~mpact angle 

effectively used as a pro~ective zone (fig. 22). 
The efficiency obtained by ~his improvement: 

According ~o Reference 5, about 60-70% of 
all injuries of AIS > 3 occur at impact speeds 

~s demonstrated in Figure 20. of up to approximately 40 km/h. 
Up m 40 km/h~ the actually applied limiting 

values have not been exceeded in the tests. 
r~ey can be observed up to a speed of 50 km/h 

Cross-sect~on of door am ~oor sin if the design of the side structure is improved 
.......... outer ~oor and K complementary measures are taken in 

~ane~ 
the vehicle interior. These, however, are not 

~ ~:reated in ~he gramework of this paper. 

Do~ sm &s almost 100% of the injuries of severity 
degree AIS ~ 3 occur at vehicle impact speeds 
of 50-55 ki!!h, an improvement of 20-30% 

C ross-sect~o~ o~        Hinge of ~he side impact injury balance can be ex- 

pected, if the tolerance range obtained with 
~t~e dummies up [o 40 km/h can be extended 
[o 50 km/h. The V-shaped car concept and 
supporting measures described in this paper 

Positive Iockio9 Outer ~oo~ seem to be suited to reach this aim. 
de~ice pane~ 

SUMMARY 

Figure 21. Proposed design solution to improve 
On the basis of a perdnem literature analy- 

the lateral structure, sv~ and ~he resuks of car-~o-pedestrian tests 
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A Study of Various Side-impact Configurations_ 

P. COOLEY, J. O’DAY, R. J. KAPLAN program. The study indicated that increasing 

Highway Safety Research Institute the side stiffness of vehicles can minimize in- 

The University of Michigan juries in only a small proportion of side-im, 
pact crashes, and that additional approaches 
to side-impact protection are needed. 

Data concerning side-impact crashes in- INTRODUCTION 
vestigated during 1977 in the NHTSA spon- 
sored National Crash Severity Study (NCSS) Side-impacts, as opposed to frontal, rear or 

program were examined in four different care- rollover crashes, constitute a problem area in 

gories. These were side-impacts between cars, which adequate data have been lacking. While 

between trucks and cars, between cars and it has long been recognized that there is a rela- 

fixed objects, and in rollovers. Fatal crash tionship between the severity of a crash that 

data for the same period obtained from the results in intrusion into the passenger com- 

NHTSA Fatal Accident Reporting System partment of a vehicle, and occupant injury 

(FARS) permitted a comparison of the rela- resulting from that intrusion, no reliable 

rive lethality of side-impact crashes within the statistics have been available to define the 

different crash configurations, problem adequately. The current operational 

Approximately three out of five fatalities NHTSA sponsored National Crash Severity 

resulting from side-impact crashes occur when Study (NCSS) program, a purposive sample 

passenger cars are struck by a truck or fixed of tow-away accidents in eight study areas 

object. The remaining two out of five fatalities within the U.S., each selecting crashes in 

occur in side-impacts between cars and in roll- accordance with a well defined sampling plan, 

overs. A series of actual side-impact crashes is does permit an examination of side-impact 

presented to represent the various crash con- crashes relative to all other types of crashes. 

figurations considered. These data are being used to analyze charac- 

The purpose of this study was to better teristics of side-impact crashes, including side 

understand the problem of side-impact crashes of vehicle impacted, object contacted, occu- 

for different crash configurations based on pant injury, occupant sex and age, and re- 

real-world crash data obtained in the NCSS straint usage. 
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Similar features of side-impact crashes also responded by providing a reinforcing beam,* 
exist in the Fatal Accident Reporting System or additional strut, installed laterally within 
(FARS), also established by the NHTSA. vehicle doors. At least three studies were con- 
These data, collected in a common form from ducted to examine the effectiveness of such 
the states, represent a census of all fatal acci- side-door reinforcing beams, based on acci- 
dents in the U.S. They are then put into a dent data available at the time. 
computer file that permits machine handling In a study of late 1973, Preston and Short, 
and analysis. By examining FARS data of ridgel, using accident data from various states 
fatal side-impacts, along with the NCSS data, in conjunction with selected in-depth exami- 
a comparison is made between various de- nations of side-impact crashes, found no sta- 
scriptive features of side-impact crashes. Both tistically significant differences in the injury 
data sets represent side-impact crashes within rate of occupants in vehicles equipped with 
different crash configurations of interest, as side-door beams, compared to occupants in 
well as fatal side-impact crashes. Typical side- vehicles lacking such side-door beams. 
impact crashes are presented to illustrate the Anderson2 in a study reported in 1974 con, 
contrasts between side-impacts in single- firmed that research on side-impacts and re- 
vehicle, two-vehicle, and fixed object crashes, lated injuries was sparse. In reviewing previous 

work relating to the problem, he found intru- 
BACKGROUND sion present in over 90°70 of side impacts 

It has long been recognized that side-impact studied in five model years of vehicles, with 
crashes present serious and unusual hazards injuries greater to occupants seated on the im- 
to occupants. Passenger compartment side pacted side of the vehicle. 
structures are relatively "softer" than front A study by McLean3, addressed to several 
and rear structures. This, coupled with the Federal Motor Vehicle Safety Standards, in- 
close proximity of occupants to the exterior cluded an examination of the effects of side- 
side surfaces of the vehicle, presents a greater door reinforcing beams in two-vehicle colli- 
potential for injury. Past crash data programs sions reported by police in North Carolina 

..... have not produced information with sufficient from 1970 through 1973. While the data on 
....... detail to adequately assess the side-impact which this study was based did not permit an 

problem. Previously, the only crash data that accurate statistical assessment of the effects of 
have documented side-impact crashes in detail side-door beams in crashes, McLean was able 
are those produced in specialized in-depth to conclude that the presence of a side-door 
investigations of selected crashes sponsored beam in a left-side impact did offer some pro. 
by NHTSA and industry, including Multidis- tection to the driver compared to a right-side 
ciplinary Accident Investigation (MDAI) case impact without a side-door beam. 
studies. These data are considered biased The Center for the Environment and Man 
because of the various uncontrolled selection (CEM)4 in an analysis of 1972 and 1973 Texas 
criteria utilized by the different investigation accident data found no detectable effect of 
teams, and are not representative in any way the introduction of side-door beams. Later, 
of national crash experience, under a separate contract, CEM developed 

Previous research studies have been con- methodologies for evaluating four federal 
ducted to evaluate the effects of side impacts motor vehicle safety standards, including 
through assessing the protection provided by FMVSS #214. Their study concluded with the 
reinforced side door structures. Federal Motor 
Vehicle Standard #214, which became effec- 
tive on January 1, 1973, requires a m~nimum *Such door strengthening structures were actually introduced 

in certain 1969 model year vehicles, and were in most 1971 door strength as specified by a series of test model year vehicles manufactured by the General Motors 

conditions, Most automobile manufacturers Corporation prior to the introduction of FMVSS #214. 
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recommendation that the NHTSA sponsored the eight geographical areas contained in the 

National Crash Severity Study (NCSS) pro- NCSS study.* Using this extrapolation 

gram be structured to provide data relating to method, the overall fatality rate for side-ira- 

side-impacts, intrusion and related injuries to pact passenger car crashes was established as 

adequately evaluate FMVSS #214. The Stan- 1.45 fatalities per 100 crash occupants involved 

ford Research Institute Transportation Centers in side-impact collisions. 

also deve!oped methods for evaluating FMVSS With this feature of side-impact crashes as 

#214 and similarly recommended that the background, a set of various crash types corn- 

evaluation be based on real-world accident prising side-impact crashes was examined. 

data as provided by the NCSS program. These were: 

Revision of FMVSS #214 is currently under ¯ ROLLOVER crashes in which one side of 
consideration. We expect that the material the vehicle sustained the dominant damage 
presented in this present study of available in the crash. 
NCSS data, along with data on side-impact ¯ TWO-CAR collisions, where one car im- 
fatal crashes in FARS, will help produce a pacted the side of another car. 
better understanding of side-impact crashes. ¯ CAR-TRUCK collisions, where a car is im- 

pacted in the side by a truck. 

NCSS SIDE-IMPACT DATA RELATIVE TO ¯ FIXED OBJECT side-impacts, where a car 

DIFFERENT CRASH CONFIGURATIONS was impacted in the side by a fixed object 

AND NATIONAL FATAL DATA such as a tree, utility pole, sign support 

The frequency, type, severity and injury 
post, etc. 

consequences of side-impacts are reported in These crash groups are shown in Figure la. 

the NCSS program. NCSS data provide a pur- The diagram also includes the number of 

posive or practical sample oftow-awaycrashes fatalities resulting from side impacts (7,902) 

conducted in eight locations in the U.S. These as identified in the NHTSA sponsored Fatal 

eight sites represent an urban and rural balance Accident Reporting System (FARS) in 1977. 

designed to be representative of the entire U.S. The totals in this grouping are further sepa- 

Crashes selected for investigation within each rated into right-side or left-side impact to the 

of the areas are in accordance with a well- vehicle, and for driver seated position and 

defined sampling plan stratified to produce a other occupant seat position. Again, FARS 

greater number of moderate-to-severe crashes totals for fatalities in side-impact crashes are 

compared to minor crashes. HSRI, besides included in this presentation to illustrate both 

operating one of the eight NCSS crash investi- the number and relative severity of the differ- 

gation teams, is also studying techniques that ent side-impact configurations. These are 

might be used to project NCSS data into na- presented in Figures lb through le. 

tional estimates of our accident experience. Figure 2a presents similar FARS data for 

NCSS data available from crash investiga- fatalities in three of the four crash configura- 

tions in 1977 show that 13,302 occupants of tion categories. In this grouping of side- 

passenger cars experienced side-impacts in impact fatalities we were unable to separate 

tow-away collisions. This sample was used to the two-vehicle side-impact crashes into car- 

project the national accident experience of to-car and truck-to-car impacts. However, 

such side-impact crashes by multiplying the Figures 2b through 2d present side-impact 

NCSS estimates by the population of the U.S.* fatalities by (1) the number of in-vehicle 

and dividing by the population represented by fatalities, (2) mean age of the driver, (3) per- 

*U.S. population was 203.112,877 according to the 1977 * The total population in the aggregate of all eight NCSS study 

census, areas is 3,975,506. 
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Total Car struck by car 

N 13302 
N 9005 

R 1.45 
R 0.82 I 

Roll v fixed 

object 

KEY 

, 
F = Fatalities, passenger 

occupants,(FARS) 

i 

1026 I I 349I 
N=T°tal°ccupantsin / 2731 II 18~81 

crashes, (NCSS) 0 92 1 0,46 
a = Annual fatality rate ,. , 

(fatals per 100 KEY 

estimated crash L = Impact on left 

occupants) R = Impact on right 

D = Driver 

O = Other occupant 

Figure la. Sid~impact crashes by crash con- 
figuration and occupant position.      Figure lc. 

Rollovers Car struck by truck 

F 210 F 2137 

N 293 N 1913 

R 1.75 R 2.73 

I ! 

I 177 / 

o, ,o o, ,o 
2.00 1.50 1.48 1,94 

KEY 
KEY 

L = impact on left L = Impact on left 

R = Impact on right R = Impact on right 

D = Driver D = Driver 

O = Other occupant O = Other occupant 

Figure lb. Figure ld. 

cent of male drivers, (4) mean vehicle weight These data concerning side-impact fatalities 

(in thousands of pounds), and (5) percent indicate that drivers whose mean age is 40 

occupants utilizing restraints, years old are more involved in two-vehicle 
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Car struck fixed object ] 2.22 

7902I 3,34 
2536 35.5 

2.7 
2091 

2,97 

I 61.5 
Rollover Two vehicle Single vehicle 

I I~ [’11432 [ 1125 , 
22~’00 [ _ ]31":48210 ". 5156 ’3"3239.5 ] 3.22536 ’3"4128"111.8 

I N 

] 

No. of persons 

D I _ [O _ Dr ...... "10 ,,, Meanage Meanveh. wt. 

I i 

% Restraint 

| 632 |1 
334 II 768 J 357 

~ 3.01 J~ 
2.39 ,,,,Jl 2.48 

] 
4.47 

Figure2a. Breakdown of 1977 EARS data by 

KEY collision type and occupant seated 
L = Impact on left position. 
R = impact on right 

D = Driver 

0 = Other occupant                              crashes, while younger drivers with a mean 
age below 30 years dominate single-vehicle 

Figure le. Side-impact crashes by crash con- and rollover type side-impact crashes. A 

figuration and occupant position, greater percentage of male drivers (73°7o) are 

Rollover 

210 2.17 N 
veh, st % 

28,0 3.18 
mean age 

restraint 
1.4 % Male 

~ 69.2 

Left Right 

2.13 79 3.20 131 
3.16 29.4 27.1 
2,3 0.0 

172.0 I64.6 
I I I "t { I ~ "t 

DR IV FC FR OTH DR IV FC F R OTH 

1 26 6 41 3 23 5 

23.0 15,0 29.0 4 32.0 

74.7 t 00,0 61.5 66.7 73.2 0.0 65.2 60.0 

1.82 3.00 2.42 3.50 1.68 2.3 2.48 4.20 

3.14 4.00 3.00 3.33 3.00 3.00 3.80 3.00 

3.3 0,0 0.0 0.0 0.0 0.0 0.0 0.00 

Figure 2b. 
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Two veh icte 

5156 ] 2.25 
N No. of persons, mean 

39.5J      3.32 

mean age veh, wt., % restraint 

3.2                % Male 

55,6 

Left Right 

2486 
] 2.11 

i 

2670 
2.37 

41.3 
3.33 

37.8 
3.31 

3.7 2.7 

159.4                                          152.0 

DRIV FC FR          OTH DRIV FC FR OTH 

1857 39 296 209 1138 74 274 

43,0 

24.8143.3133.1 [4t.8 

22.0 28.1 

66,9 27.5 32.1 45.7 65.5 25.7 40.2 50.7 

1.69 3.60 2.54 4.09 1.53 3.3 2.58 4.14 

3.30 3.29 3,33 3,52 3.23 3.28 3.36 3.44 

4.2 0.0 3.0 1.9 2.7 4.1 3.0 2.5 

Figure 2c. 

Single vehicle 

veh. wt, % restraint 

28,1 
3.41 mean age 

1.8 % Male 

72.9 

Left Right 

1104 2.18 

[ 

1432 

] 
2.18 

27.6 3.50 
28.5 

3,36 

2.0 1,7 

!75.2                                          171.1 

DR IV FC FR OTH DR IV                    FC FR OTH 

24 155 87 [ 780 30 139 

21.1 21,4 

[ 

80.7 37.5 60.5 68.2 79.9 40.0 62.4 63.6 

1,65 3,92 2.70 4.17 1.45 3.3 2.57 4.14 

3.43 3.71 3.42 3.86 3.33 3.67 3.31 3.59 

2.3 0.0 1.3 2.3 2.5 3.3 0.7 1.4 

Figure 2d. 

represented in single-vehicle side-impact single vehicle side-impact fatalities more often 
crashes, compared to two-vehicle and rollover represent young drivers. 
(56°70) side-impact crashes. Similarly, occu- A review of these data groupings according 
pants are restrained more often in two-vehicle to the four side-impaa crash configurations 

crashes than others. These data indicate that shows that the least number (0.46) of fatalities 
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per 100 exposed occupants other than drivers tended to simulate car-to-car side-impacts (at 

(most likely right front occupants) are in cars the door panel area), especially where the 

struck in the left side by other cars. The striking car is at an angle of 90° to the struck 

largest number (4.54) are occupants other car, and single-car collisions with poles, trees 

than the driver in cars struck in the right side and other fixed "pointed" objects. 

by trucks. Occupants other than the driver in Clearly, while the latter may be a realistic 

cars struck in the right side appear to fare test condition, it now appears that the former 

worse in all crash configurations except roll- may only reduce but a portion of the fatalities 

overs. Drivers are more apt to be fatally in- resulting from side-impacts. 

jured in all four crash configurations when 
side-impacted on the left side. ACTUAL REPRESENTATIVE 

The single most important conclusion indi- SIDE-IMPACT CRASHES 
cated by these data is that the potential for 
fatal injury to occupants in vehicles struck in A series of five different real-world side- 

the side is greater when they are impacted by impact crashes have been selected to illustrate 

large trucks or fixed objects. Approximately various crash configurations discussed here. 

three out of five fatalities occur from side- They are intended to demonstrate that while 

impacts by something other than cars. Side- analysts can select convenient groupings of 

impacts from another car, and rollovers crash events, there is still a wide variance 

where side damage was the dominant damage, within each grouping making it difficult to 

account for the remaining 40% of fatalities, select crash types that could be considered 

The rollover category has the lowest indica- typical. 

tion of restraint use (1.4%) of all four cate- The two photographs of the crash shown in 

gories, and typically consists more of a series Figure 3 illustrate a side-impact to the left side 

of distributed impacts rather than a single im- of a small, foreign sports car which was not 

pact. This suggests that in rollovers many required to comply with FMVSS #214. The 

fatalities may result more from full or partial driver pulled out in front of a full-sized sta- 

ejection, or by other injury mechanisms tion wagon on a wet, brick roadway with a 

rather than from side-impacts, even though downgrade so that the driver of the station 

the dominant damage to the vehicle was to the wagon was unable to avoid the collision. The 

side. striking station wagon was moving at a rela- 

FMVSS #214, titled "Side Door Strength," tively low speed. The driver of the sports car 

is a series of test conditions imposed on auto- sustained moderate injuries while the driver of 

mobile manufacturers to satisfy a minimum the station wagon was uninjured. The station 

strength requirement for side doors. Its put- wagon was driven away from the crash site. 

pose is to minimize the safety hazard resulting Figure 4 contains two photographs of a 

from intrusion into the passenger compart- similar side-impact crash, between a full size 

ment in a side-impact crash. Crash severity passenger car and a foreign sports car, with 

and occupant inj ury can be expected to in- the impact in this crash to the right side. The 

crease witl-r increased intrusion. Tests center force of the impact was applied to the sports 

around an initial crush resistance of not less car ahead of the right side door and right side 

than 2,250 lbs., intermediate crush resistance lower A-pillar. The unrestrained driver was 

of not tess than 3,500 lbs., and peak crush fatally injured while the driver of the striking 

resistance of not less than 7,000 lbs. (or two passenger car received minor injuries. The 

times the curb weight of the vehicle, which- speed of the striking passenger car was esti- 

ever is less). These forces are applied to the mated at 45-50 MPH. 

side door area of the vehicle under test condi- Figure 5, again a right side impact, shows a 

tions unlike real-world impacts. They are in- crash in which driver of the small, compact 
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Figure 3. Left side impact to foreign sports car by full size station wagon. 

Figure 5. Right side impact to compact station 
wagon from ful! size two-door sedan. 

station wagon lost control of his vehicle, 
which moved laterally across the opposing 
traffic lane where it was impacted by the full 

Figure 4. Right side impact to foreign sports size 2-door coupe. The two occupants of the 
car from full size sedan, compact station wagon were fatally injured 
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and were subsequently burned over large por- than 50°7o of the width of the vehicle. The 

tions of their bodies from a crash-induced unrestrained driver and right front occupant 

electrically-ignited fire fed by a ruptured fuel were fatally injured. Damage to the earth- 

system. The striking vehicle penetrated and hauler was superficial. Estimated speed at im- 

intruded the station wagon a distance greater pact was between 30-40 MPH. The passenger 

than 50°70 of the width of the station wagon, car was moved a distance of over 200 feet 

The driver of the striking two-door sedan sus- from impact, attached to the front of the 

tained minor injuries. Closing speed between truck. The disparity in striking vehicle size 

the two vehicles at impact was estimated in ex- and mass is most apparent in this side-impact 

cess of 60 MPH. crash. 

Figure 6 shows a right side impact to an in- Figure 7 illustrates a left side impact with a 

termediate size two-door sedan impacted by a fixed immovable object. In this crash the cy- 

larger unloaded truck and trailer earth-hauler lindrical overpass concrete support pier im- 

combination. The driver of the passenger car pacted the mid-door area on the left side of 

failed to stop at a four-way rural intersection the full size two-door coupe. The guardrail 

and was struck in the right side A-pillar area adjacent to the support pier, which was in- 

by the empty earth-hauler. Penetration by the stalled to redirect errant vehicles away from 

striking truck and resulting intrusion into the the pier, acted to channel the car laterally into 

passenger compartment was a distance greater the pier when the errant car became elevated 

Figure 6. Right side impact to intermediate size 
two-door sedan from truck-trailer Figure 7. Left side impact from concrete cylin- 

earth hauler, drical support p~er. 
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onto the guardrail. Both unrestrained occu- occur in car-to-car crashes and rollovers. The 
pants were fatally injured. The front portion latter may suggest that even a smaller number 
of the vehicle ahead of the fire wall separated of fatalities in this group occur from the side- 
completely. Speed of the car on the wet and impact. With the increasing disparity in vehi- 
slushy expressway pavement prior to loss of cle size and mass among vehicles in our 
control was estimated to be between 40-50 population, it appears that this problem may 
MPH. The vertical pier penetrated the passen- increase. 
ger car a distance greater than 50% of the 
width of the car. 
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Seminar Four 
Accident Investigation and Data Analysis 

Mr. William Scott, Chairman, United States 

The National Crash Severity INTRODUCTION 

Study and Its Relationship The principal objective of the NCSS is to 

to ESV Design Criteria build a data base on the crash conditions of 
towaway passenger automobile accidents. 
Pedestrian accidents are specifically excluded, 

JAMES H. HEDLUND, Ph.D. as are all other accidents which do not disable 
National Highway Traffic Safety Administration a passenger automobile enough that it must 
United States Department of Transportation be towed. The NCSS data base is directed 

specifically toward measuring crash severity 
(delta V, the velocity change during impact is 

The National Crash Severity Study (NCSS) used for this purpose), vehicle damage, occu- 

is a major accident data collection program of pant contacts, and occupant injuries in towed 

the National Center for Statistics and Anal- passenger automobiles. Information from 

ysis, National Highway Traffic Safety Admin- other vehicles in an accident (such as trucks or 

is~ration. Its primary objective is to provide a non-towed automobiles) is included in the 

data base from which statistical relationships data base, but is used only to describe the 

between crash conditions and occupant inju- crash conditions of the towed passenger auto- 

ries in towaway automobile accidents can be mobiles. 

determined and from which the distributions The data base has two general purposes: to 

of crash conditions in these accidents can be describe and to model. NCSS describes by 

estimated. At the time of the Sixth Interna- producing important statistics or distributions 

tional Technical Conference on Experimental on crash conditions and consequences: the 

Safety Vehicles, in October 1976, NCSS field proportion of frontal-impact fatalities in 

data collection was about to begin. Plans for which delta V exceeds 40 mph, for example, 

the program were described to the Conference or the number ot severe injuries in rollover 

in a paper by C. J. Kahane, R. A. Smith, and automobiles. Such descriptive results are 

K. J. Tharpe. In June 1979, NCSS field data easily produced from the NCSS file. How- 

collection is complete, data automation is ever, these results cannot be extended auto- 

nearly complete, and analytical work is in matically to the entire United States accident 

progress on several fronts, l~his paper de- population. Rather, their interpretation re- 

scribes how the NCSS program has func- quires a careful understanding of the NCSS 

tioned in the intervening two and one-half sampling plan, and of the way in which the 

years and sketches some characteristics of the NCSS data collection areas do and do not 

accident environment which emerge from the represent the nation. NCSS models by provid- 

data. Relations between occupant injury and ing data from which the relationships between 

crash mode, crash velocity, and occupant occupant injuries and crash conditions can be 

ejection are discussed. The current analytical explained. The relations between injury and 

work with the data is described, crash mode, crash velocity, and ejection pre- 
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sented here are examples of elementary mobile was towed due to collision damage. If 

models, subsequent investigation reveals that towing 

The relationships between the NCSS data was not due to collision damagemfor instance, 

and the ESV program are clear. The NCSS if a vehicle was towed only because the driver 

data describe the present passenger automo- was intoxicated--then the case is dropped. A 

bile accident environment, which in turn can towed passenger car is referred to as a case 

be extrapolated to the environment in which vehicle. Thus, each eligible accident has at 

the ESV must function. NCSS data can show least one case vehicle, and may have more 

where improved occupant protection can pro- than one. Each eligible accident is assigned to 

duce the greatest societal benefits. NCSS exactly one of three strata: 

models can help improve understanding of Stratum 1 (100%): an el.igible accident in 
........... occupant injury mechanisms in a broad range which at least one case vehicle occupant 

of crashes, which in turn can aid improved was hospitalized overnight or was fatally 
vehicle design, injured; 

Stratum 2 (25 %): an eligible accident not in 

NCSS FIELD OPERATIONS stratum 1, but in which at least one case 
vehicle occupant was transported from the 

NCSS field data collection took place in the accident scene to a hospital or other treat- 

27 month period of January 1977 to March ment facility in a police, fire, or other emer- 
1979. The original 18-month schedule2 was gency vehicle; and 

extended to achieve the desired sample size of Stratum 3 (10%): all other eligible accidents. 
at least 10,000 cases and to include light Each stratum is sampled at the indicated rate: 

............ trucks and vans in the program for the final all (100%) of the accidents in stratum 1, 1/4 
12 months. Accidents are chosen for investi. (25%) of those in stratum 2, and 1/10 (10%) 
gation in the following manner. First, seven of those in stratum 3 are investigated: 
data collection areas were selected, and an For analysis, each case is assigned a case 
accident investigation team was contracted in weight equal to the inverse of its sampling 

..... each area. These areas were not selected at fraction: 1 in stratum 1, 4 in stratum 2, and 10 
random. Rather, the only areas considered for in stratum 3. In tabulating data from the file, 
selection were those in which it was judged each observation is multiplied by its case 
that a high-quality accident investigation weight. Thus, each investigated case in stratum 
team could be established quickly. The aggre- 3 represents 9 other cases (which were not 
gate of the seven areas has an urbanization investigated) in addition to itself. The NCSS 
distribution which is close to that of the file in March 1979, from which the data for 
United States in 1970, and the areas are dis, this paper were drawn, contained 31,867 
tributed throughout the nation. However, the weighted cases (6,628 actual cases), from the 
selection of the seven areas was purposive, not period January 1977-March 1978. These cases 
random, so that data from the NCSS cannot contain 39,444 towed passenger automobiles 
be extrapolated objectively to national rates (8,616 actual), 62,026 occupants of towed 
or totals. More extensive discussions of the passenger cars (14,491 actual), and 485 fatali, 
NCSS sampling plan may be found in O’Day, ties in towed passenger automobiles (485 
et al.3 and Kahane, et al.2 actual), Thus the aggregate NCSS data repre- 

Within each data collection area, accidents sent all police-reported towaway passenger 

are selected for investigation by the following automobile accidents in the totality of the 

stratified sampling plato Accidents eligible for seven data collection areas. Data from the 

investigation (the sampling frame) are all approximately 5,500 cases from the final 12 

police-reported accidents within the area in months of data collection will be added to the 

which at least one occupied passenger auto- file shortly. 
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A NCSS investigation begins with a review on the crash conditions of individual vehicles 

of all police reports to determine which acci- and the consequences to the occupants of 

dents meet the sampling plan. This review these vehicles, a description of case vehicles 

usually takes place a day or two after the acci- (towed passenger automobiles) or case vehicle 

dent has occurred. The investigators visit the occupants is more appropriate than a descrip- 

accident scene and record pertinent data, with tion of crashes. 

particular emphasis on vehicle impact posi- 
tions, resting positions, and trajectories. Each 

Table 1. Accident types of NCSS cases, 

accident vehicle is inspected and its damage 
weighted NCSS data, March 1979. 

recorded. Investigators attempt to contact the (% of known 
driver of each accident vehicle for a telephone Accident Type Count 

cases) 
interview. House visits, mailed questionnaires, .. 

and interviews with other persons involved in Single Vehicle 9,755 (31.2%) 
the accident are used if telephone contact with Fixed Object 7,014 (22.4%) 
the driver is unsuccessful. Finally, a medical Other Object 1,411 (4.5%) 

report (such as a hospital discharge record or Rollover 1,330 (4.3%) 

emergency room report) is sought on each Two Vehicle 18,100 (57.9%) 
injured occupant. All data are collected on Front 2,917 (9.3%) 
field forms, reduced to coded values where Side 9,802 (31.3%) 
necessary, and automated. Each case is re- Rear 4,897 (15.7%) 

viewed by the investigation team, and is fur- Sideswipe 484 (1.6%) 

ther reviewed by the quality control contractor Three or More Vehicles 3,420 (10.9%) 
tO assure accuracy and consistency. Following 

Total Known 31,275 (100%) 
this review, each case is processed by a com- _ _ 
purer edit program, which checks that each Missing Data 592 _ 

coded value is a legitimate code for that vari- % Missing Data for 
able and also performs certain consistency Accident Type (1.9%) 

checks between variables. ------- 
Total 31,867 

NCSS CRASH DESCRIPTIONS 

Table 1 presents an overall view of the cases Table 2 gives an overall picture of the towed 

on file. The categories employed attempt to passenger automobile occupants on file. The 

describe the crash as a whole, not the indi- first column classifies these occupants by the 

vidual vehicles in it. In particular, the "two primary damage area of their automobiles. In 

vehicle frontal" category requires that both this classification, "rollover" includes all 
vehicles have frontal damage, while the "two automobiles which were known to have rolled 

vehicle side" and "two vehicle rear" cate- over during the crash, regardless of the initial 

gories require only that at least one vehicle impact area. The second and third columns 

have side or rear damage, classify all severely injured occupants and all 
For this and for subsequent tables the extent fatalities, respectively, by the same vehicle 

of missing data (here, the cases for which the damage categories. Severe injuries are those 

accident type could not be determined) is indi- with an AIS (Abbreviated Injury Scale) of 3 

cated, but percentages for the various accident or above, and include all but one of the fatali- 

types are calculated from the total of known ties. For those occupants with unknown AIS 

accident types only. injury codes due to missing medical data, an 

The description in Table 1 is interesting, estimation of whether the occupant had an 

but somewhat misleading. Since NCSS focuses injury of AIS 3 or above is made, if possible, 
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using additional information concerning the Missing data begin to pose a problem in 
occupant. Fatality is defined as death within Table 2. Note that vehicle damage data are 

30 days of the accident, missing for 19.3 percent of all occupants, but 
Table 2 shows the relative importance of only for 7.2 percent of all severely injured 

the different vehicle damage areas, in terms of occupants and 4.5 percent of all fatalities. 
the number of occupants, severely injured Thus, vehicle damage data are more likely to 
occupants, and fatalities which occur in each be missing in lower-severity crashes. Another 
vehicle damage mode. Note that rollovers, way of seeing this is to observe that the fatality 
frontal impacts, and side impacts all produce rate of .002 for occupants with missing vehicle 
many injuries and fatalities, but that rear and damage data is considerably below the rate of 
undercarriage impacts do not. .009 for all occupants with known vehicle 

The final column of Table 2 gives the fatality damage. The reason for this variation with 
rates, which are obtained by dividing the crash severity is that vehicles with minor dam- 
number of fatalities by the number of occu- age are sometimes repaired before they can be 
pants in a given row. Rollovers have by far the inspected by NCSS investigators. Severely- 
highest fatality rate, and rear impacts the low- damaged vehicles are not repaired as quickly 
est. A comparison of rollovers with frontal and are consequently more frequently in- 
impacts is illustrative. Frontal impacts pro- spected. 
duce two and one-half times as many fatalities In any work with NCSS data the missing 
as rollovers, but there were twelve times more data population must be considered. If it is 
occupants in frontal impacts than in rollov~rs, sufficiently small it may be ignored: in Table 
Rollovers, though rare, are dangerous. Again, 2, for example, the distribution of fatalities by 
rear and undercarriage impacts have low vehicle damage area is quite accurate, since 
fatality rates, fewer than 5 percent cannot be classified. But 

Table 2. Vehicle damage area and occupant injury, weighted NCSS data, March 1979. 

Principal Case Vehicle Severely 
Fatal 

Fatality 
Damage Area Occupants Injured Rate 

Rollover 2,517 205 84 .033 
(5.0%) (12.2%) (18.1%) 

Front 30,039 911 205 .007 
(60.0%) (54.3%) (44.3%) 

Side 13,800 535 168 .012 
(27.6%) (31.8%) (36.3%) 

Rear 2,961 13 2 .001 
(5.9%) (0.8%) (0.4%) 

Undercarriage 763 15 4 .005 
(1.5%) (0.9%) (0.9%) 

Total Known 50,080 1,679 463 .009 
(100%) (100%) (100%) 

M i ssing Data 11,946 131 22 .002 

% Missing Data (19.3%) (7.2%) (4.5%) 

Total 62,026 1,810 485 .008 
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in other instances the potential bias from where strange damage profiles are more fre- 

missing data must be taken into account either quent (reference 1). 

explicitly or implicitly. To continue the exam- The accuracy of the CRASH delta V recon- 

ple, it is likely that the true proportion of struction itself has not been determined pre- 

occupants in rollovers is less than the 5.0 per. cisely. There are two contributions to error: 

cent reported in Table 2. This follows since measurement errors associated with field data 

rollovers are relatively more severe crashes, so collection and approximation errors of the 

that rollover vehicles are more likely to be in- CRASH model itself. Experienced judgment 

spected than other vehicles, suggests that an overall accuracy of about 
_+: 20 percent may be assumed. In particular’ 

DELTA V DISTRIBUTIONS 
very high delta V values (those above about 50 
mph) are subject to considerable uncertainty. 

Delta V, the velocity change during impact, These observations on the representativeness 

is one of the key variables for describing crash and accuracy of delta V must be kept in mind 

conditions. Delta ¥ is calculated from vehicle when interpreting the distributions in the 

damage profiles by the computer algorithm remainder of this section. 

CRASH (for a discussion, see reference 2). Figure 1 presents cumulative delta V distri- 

The delta V values on file are neither as butions for all case vehicle occupants, all 

complete nor as accurate as desired. Delta V severely injured occupants (AIS of 3 or 

values have been calculated for only 54.1 per- greater), and all fatalities. These distributions 

cent of the actual case vehicles on file. The include all three vehicle damage areas: the dis, 

algorithm itself excludes certain crash types: tribution of all occupants, for example, is 

rollovers, other impacts with significant non- composed of 55 percent with frontal damage, 

horizontal forces, sideswipes, and crashes 28 percent with side damage, and 6 percent 

with yielding fixed objects. Approximately 10 with rear damage. (A few cases with roof or 

percent of the case vehicles fall into these undercarriage damage for which a delta V was 

categories. The remaining missing data come nevertheless calculated have been excluded.) 

from crashes in which vehicle damage data The distributions are based on known delta ¥ 

were missing or in which appropriate input data only. Figure 1 shows, for instance, that 

data for the algorithm could not be obtained the median, or 50 percent, delta V level is at 

due to unusual crash circumstances or damage about 10 mph for all occupants. Recall again 

profiles. A review of these cases by experi- that the entire file contains towaway accidents 

enced crash reconstruction experts should only: 10 mph is not the median delta V of 

eliminate a portion of this missing data. non-towaway crashes. 

With delta V available for only 54.1 percent Since frontal and side crashes have many 

of the NCSS case vehicles, the potential bias different characteristics, a combined distribu- 

due to the missing data population is crucia!, tion such as that of Figure 1 is perhaps inap- 

The available evidence is mixed. The overall propriate. Figures 2 and 3 give the distribu- 

fatality rate is slightly higher in vehicles with tions of severely injured occupants and fatali- 

known delta V (.0083) than in those without ties, respectively, for frontal and for side 

(.0078), which suggests that the known delta crashes. Rear crashes are omitted, but they 

V crashes are more severe. This is supported contribute very little to either injury or fatal- 

by the observation of the previous section that ity. The distributions in Figure 2 are quite 

vehicle inspection rates are higher for more similar, with a given percentile for side crashes 

severely damaged vehicles. On the other occurring about 4 mph lower than the same 

hand, for vehicles with known damage classi- percentile for frontal crashes. The fatality dis, 

fications, missing delta V cases are somewhat tributions of Figure 3 differ a bit more. For 

more frequent at higher damage extent levels, instance, about 85 percent of side fatalities 
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occur below 40 mph delta V, while only about 
60 percent of frontal fatalities occur at this loo 

level. 

75 - Side 

occupants // -’ ~ 
/      Front 

/ Severely 

75          / injured 

z 

if: 0 

~ 0 20 40 6(; 

25 ~ Fata DELTA V 

_ Figure 3. Delta V distribution of fatal occu- 
o ~ ~ - pants. 

0 2o 40 60 

DELTA V The final point plotted on each curve is ob- 
tained from all occupants at the indicated 

Figure 1. Delta V distribution of NCSS occu- delta V level and above. Thus the final point 
pants, for frontal crashes in Figure 4, which is plot- 

ted at 55 mph delta V, is obtained from all 
observations of 53 mph and above. The injury 

100 ~ 
Z~ rates of Figure 5 are again quite similar for 

Side ~/ 
frontal and side impacts. The final dip in the 

75 -I , " frontal curve, from an injury rate of about .90 
at 50 mph to a rate of about .63 at 55 mph, is 

z surprising. Undoubtedly some of the varia- 
~ 50 Front tion is due to small sample size (the rate at 50 
~- mph is based on only 33 observations, and the 

25 rate at 55 mph on 51). 
The fatality rates of Figure 5 have three 

~ 
interesting features. First, the rates are very 

o -.~ low up to 25 mph for side crashes and up to 40 
20        40        60     mph for frontals. Second, the rates rise rapidly 

DELTA V 
beyond these points. But, finally, the rates 
stop near .5 for both frontal and side crashes. 

Figure 2. Delta V distribution of injured occu- This final observation emphasizes once again 
pants, the fact that delta V is only one of many fac- 

tors which determine occupant injury, and 
Figures 4 and 5 present injury and fatality that a high delta V by itself is not necessarily 

rates, respectively, as functions of delta V. fatal. More sophisticated models, which in- 
The rates are computed for 5 mph intervals clude more variables than impact area and 
(3-7, 8-12, etc.), and are plotted at the inter- delta V, are required for an accurate predic- 
val midpoints without additional smoothing, tion of occupant injury. 
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Figure 5. Fatality rate. 
Figure 4. Severe injury rate. 

OCCUPANT EJECTION occupants is about ! in 200, while for ejected 

Occupant ejection stands out as a phe- 
occupants the rate is about 1 in 5. Clearly, a 

nomenon associated with an extremely dispro- 
factor associated with a 40-fold increase in the 

portionate number of severe injuries and 
fatality rate must be considered seriously, 

fatalities. Table 3 presents the basic ejection To begin a closer look, Table 4 classifies all 

data: only l percent of all occupants, but 15 ejected occupants and all ejected fatalities by 

percent of all severely injured occupants and impact area, as in Table 2. Rollover, frontal 

30 percent of all fatalities were completely or and side impacts all produce significant num- 

partially ejected from their vehicles. Put bets of ejections and ejection fatalities, while 

another way, the fatality rate for non-ejected rear and undercarriage impacts do not. The 

Table 3. Occupant ejection and injury, weighted NCSS data, March 1979. 

Ejection Case Vehicle Severely Fatality 

Occupants Injured 
Fatal        Rate 

Ejected 612 258 125 .204 

(1.0%) (15.3%) (29.8%) 

Not Ejected 60,817 1,430 294 .005 

(99.0%) (84.7%) (70.2%) 

Total Known 61,429 1,688 419 .007 

(100%) (100%) (100%) 

Missing Data 597 122 66 

% Missing Data (0.1%) (7.2%) (13.6%) 

Total 62,026 1,810 485 
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ejection rates (the number of ejected occu- rates between different impact modes is due 

pants divided by the total number of occu- to the difference in ejection rates between 
pants) vary greatly, though, with relievers these modes. 
producing ejections about 20 times more The ejection problem is easier to recognize 

often than frontals, than to solve. Ejection routes involve all pos- 
sible vehicle components: 39 percent of the 

Table 4. Vehicle damage area and occupant ejectors occurred through windows (half of 
ejection, weighted NCSS data, March which were open), 43 percent through doors, 
1979. 10 percent through the front windshield, and 

8 percent through various other routes. Each 
Principal Occupants Ejection Fatalities component presents different and difficult 

Damage Area Ejected Rate Ejected problems in attempting to make it more 
secure. Safety belts remain the simplest 

Reliever           200      .083       56 method for preventing ejection, but their low 
Front 115 .004 22 
Side 207 .015 35 usage rate--only about 8 percent of NCSS 

Rear 19 .006 0 occupants are restrainedmsuggests that active 

Other, Unknown 71 .006 12 restraints will not help significantly. Passive 
restraints may be of considerable help in some 

Total        612      .010     125       crash modes, though. 

WORK IN PROGRESS 
Table 5 takes all fatalities in frontal, side, 

and rollover impacts, classifies them by ejec- The preceding discussion provides a bare 
tion, and presents fatality rates for the ejected, suggestion of the NCSS file’s analytical and 
non-ejected, and overall populations. Several descriptive capabilities. Work is in progress in 
interesting observations emerge. The fatality several areas, both at NHTSA and by con- 
rates for the ejected occupants are quite simi- tract. At the same time, data from the final 12 
lar: about .20 for each impact area. Thus the months of the study is being added. A com- 
danger associated with ejection is relatively plete file of all 12,000 cases should be avail- 
independent of the way in which the ejection able by the fall of 1979. 
was produced. And this danger is high: the Three key issues concerning data accuracy 
fatality rate of each crash mode is about 25 and representativeness have been raised, and 

times higher for ejected than for non-ejected are being examined carefully. The first is the 
occupants. In addition, the fatality rates for quality of the recorded data: does it in fact 
non-ejected occupants are very close for fron- represent the crash event consistently and 
tel and side impacts, and are higher by only a accurately? This issue is particularly crucial 
factor of 2 for relievers. Thus a very large for the crash delta V reconstructions, both 
portion of the overall difference in fatality since delta V is such a key parameter in deter- 

Table 5. Fatalities with known ejection status weighted NCSS data, March 1979. 

Total Ejected Not Ejected 
Principal ~ 

Damage Area Fatal 
Fatality 

Fatal 
Fatality 

Fatal 
Fatality 

Rate Rate Rate 

Rollover 81 .034 56 .280 25 .011 
Front 186 .006 22 .191 164 .006 
Side 128 .009 35 .169 93 .007 
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mining crash severity and resulting occupant effort to improve occupant protection in side 

injury and also since delta V is not directly impacts by upgrading the current FMVSS 

observed but is only the result of a reconstruc- 214, for example, and the longer range work 

tion algorithm. To address this, the NCSS on improved occupant protection in all crash 

analysis contractor, Calspan Field Services, modes which will culminate in the 400-series 

pays particular attention to CRASH recon- standards. In addition, the data are used to 

structions in its regular case review. In addi- evaluate the effectiveness of some existing 

tion, NHTSA is reviewing the delta V recon- safety features, such as the current 214 stand- 

structions of selected crash modes, both to ard and the current active occupant restraints. 

seek out and correct inconsistencies in the For the ESV program in particular, the NCSS 

CRASH data and application and to explore data are used to provide a more accurate and 

whether the algorithm requires further cali- timely description of the accident environ- 

bration in some crash modes, merit, which will in turn improve the evalua- 
Missing data is a second problem. The best tion of the benefits of improved occupant 

solution is to avoid missing data in the first protection in various crash modes. Finally, 

place, and the accident investigation teams rnore general work on improving existing 

have worked to keep the missing data rate models of injury as a function of crash condi- 

low. But some persists, as noted above, and tions is in progress, to provide a better under- 

efforts to control for it are required. The standing of theeffects, magnitudes, and inter- 

primary NCSS analysis contractor, the High- actions of all factors which affect occupant 

way Safety Research Institute of the Univer- safety. 

sity of Michigan, is investigating bias in the The final use of the NCSS program, and 

missing data populations for the key injury the one which may provide the greatest even- 

and crash severity variables. Additionally, tual benefit, is to assist the development of its 

various methods of reconstructing cruder successor. The National Accident Sampling 

classifications of injury and crash severity System, NASS, began limited operations in 

based on additional information available on January 1979. NASS differs from NCSS in 

each case are being developed, two important ways. NASS is not restricted to 
The final problem is national representa- passenger automobiles, but includes all high- 

tiveness. I f data accuracy and missing data are way traffic accidents. Also, NASS collects 

accounted for, the data then describe directly data in areas of the country selected by a 

only those seven areas of the country in which rigorous stratified probability sampling 

the accident investigations took place. Since scheme, so that NASS data will provide 

the areas were not chosen by a random sam- national estimates with known error bounds. 

piing scheme, a strict extrapolation to the NCSS has served as a testing ground for many 

whole United States is not automatic. Never- i~nportant phases of NASS, from the overall 

theless, extrapolations employing varying management and coordination of accident in- 

amounts of subjectivity may be made. The vestigation teams scattered about the country 

Highway Safety Research Institute is investi- to the details of field protocols, data process- 

gating various ways of performing these ing, and analysis. NASS will continue to build 

extrapolations based on auxiliary data avail- upon the foundation of NCSS as it grows to 

able from the data collection areas (such as full operations during the next three years. 

population, vehicle registrations, and fatal 
accidents). 
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Accident Investigation Techniques for Secondary Safety, 

BARBARA E. SABEY ¯ Diagnosis of problems: to establish so- 
........... Transport and Road Research Laboratory called "causes" of accident or injury as a 
......... Department of the Environment-Department of prelude to determining countermeasures; 

Transport ¯ Seeking remedial measures: to identify optiL 
United Kingdom mum remedies which are economically 

ABSTRACT 
viable. 
These three objectives are successive stages 

The paper describes recent progress in the of the process of understanding how and why 
UK towards developing a multi-level system accidents or injuries occur and what actions 
of accident investigation specifically related to to take as countermeasures. It is now widely 
vehicle secondary safety. The application of accepted that to achieve them, different kinds 
the national police statistics to determine of accidentinvestigationarerequired, ranging 

.......... priorities, the extension of local in-depth in, from statistical analysis of numbers, through 
vestigations for furthering the understanding a combination of engineering and statistics, to 
of injury mechanism, and proposals for an a multi-disciplinary approach of examining 
intermediate level system for monitoring accidents in great detail. All kinds of investi. 
changes in vehicle safety features on a sample gations have a part to play and techniques 
basis are outlined, must be tailored to meet different needs. A 

The coordination of activities between 3 comprehensive approach to accident investi- 
teams involved in studying injury causation gation involves three levels of investigation: 
and alleviation (at the Transport and Road national, regional (intermediate level), and 
Research Laboratory, Birmingham Accident local in-depth. 
Research Unit, and Oxford Road Accident While these principles apply to all kinds of 
Group) is an important part of the work. A accident problems, whether associated with the 
procedure is being developed for harmonizing road environment, road user behavior, or the 
accident investigation techniques--for the vehicle, this paper considers only their appli- 
study of biomechanics of injury for car occu, cation to vehicle secondary safety. The dif- 
pants in particularuwhile enabling the teams ferent aspects to be examined are: the appli- 
to retain their own specific objectives and cation of the national police statistics to 
local interests. The current three year program determining priorities, the extension of local 
(1978-1981) of research studies is summarized, in-depth investigations for furthering the 

understanding of injury mechanism, and pro- 
INTRODUCTION posals for an intermediate level system for 

The process of road accident or injury in- monitoring changes in vehicle safety features 
vestigation can be regarded as threefold: on a sample basis. 

¯ Identification of problem areas: to give a 
NATIONAL ANALYSES perspective view of the accident situation to 

establish priorities both for application of Analysis of accident data on a national scale 
countermeasures and for research; forms the basis for identification and assess- 
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ment of problem areas. In the UK the main resources, whether for research or remedial 
source of data linking accident circumstances, purposes; 
vehicle features and casualties is the well- ¯ to a limited extent to assess legislation and 
established system of police reports of injury regulations related to different types of 
accidents*. Statistical analyses of the national vehicle and their use. 
data have important functions: Analysis of the 1977 national police data indi- 
¯ to give a perspective view of the accident cates the most prevalent conflicts in which 

situation in terms of who is involved (the road users are injured. About 90 percent of all 
type of road user), where (in urban or rural fatal and serious injuries (equivalent to AIS 2 
areas, i.e., low or high speed situations), or above~) occur in 1 or 2 vehicle accidents. 
and under what circumstances (the type of Table 1 summarizes the casualties for differ- 
collision); ent types of vehicle. 

¯ to monitor trends and examine the need to The most frequent injuries are to: pedes- 
change priorities in application of trians in collisions with cars in urban areas; 

car occupants and motorcyclists in single vehi- 
cle accidents (especially cars in rural areas); 

¯ Note: Administratively there are separate systems for Grea[ 

Britain (England, Scotland, and Wales) and Northern Ireland. 
car occupants and motorcyclists in collision 

Data given in this paper relate only to Great Britain. with cars. An important change from earlier 

Table 1. Fatal plus serious injuries in road accidents in Great Britain in 1977 in different types of 
coil ision. 

Urban roads 
Rural roads 

Type of Accident (30-40 mileth) 
(50 mile/h or 

greater) 

Casualty Type of collision No % No % 

I 

(A) One Vehicle & Pedestrian 
Pedestrian Struck by car 13,303 23.5 i 1,071 3.4 

Pedestrian Struck by other vehicle 4,736 8.3 339 1.1 

Other road user 601 1.1 110 0.3 

Total casualties 18,640 32.9 1,520 4.8 

(B) One Vehicle Only Striking an object andtor 

Car occupant I. losing control 4,942 8.7 7,044 22.3 

Motorcyclist 2,996 5.3 2,270 7.2 

Other road user 1,681 3.0 1,106 3.5 

Total casualties 9,619 17.0 10,420 33.0 

(C) Two Vehicles 
7,189 ~ Car occupant Carlcar 6,044 ) 

Car occupant Car/heavy goods vehicle 653 ~, 8,071 14.2 1 350 9,826 31.1 

Car occupant Car/other vehicle 1,374 ) 1,287 

Motorcyclist Motorcycle/car 8,543 ~ 2,578 

Motorcyclist Motorcycle!other vehicle 2,088~10’631 
18.8 

925,’ 3,503 
11.1 

Other road users 4,214 7.4 2,072 6.5 

Total casualties 22,916 40.4 15,401 48.7 

(D) Three Vehicles or More 
Total casualties 5,481 9.7 4,258 13.5 

Total Casualties 56,656 100 3! ,599 100 
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years is the increase in motorcycle usage (over frontal impacts for head, thorax, hip 
50 percent between 1974 and 1977). and pelvis, femur 

¯ advancing the understanding of mecha- 
IN-DEPTH INVESTIGATIONS nisms of pedestrian injuries and ways of 

In recognition of the increasing demands alleviating them. 

for a better understanding of injury mecha- Emphasis is being given to injury investiga- 
nisms, with particular emphasis on establish- tions for occupants of cars of types for which 
ing more reliable human tolerance levels and instrumented controlled collision data are 
improving protective measures for all types of available. 
road user, the UK program of accident inves- In the UK program there are four projects 
tigations aimed at secondary safety2 has been concentrating entirely on accident and injury 
considerably enlarged. The well-established investigation for car occupants, with two sup- 
accident investigation teams at the Transport porting projects concerned with reconstruc- 
and Road Research Laboratory and Birming- tion of vehicle and occupant movements, and 
ham University have been augmented by the estimation of crash severity. These are: 
formation of a new unit at Oxford Univer- 
sity-the Oxford Road Accident Group, com- 
prising departments of Orthopedic Surgery, 

Depth Investigation of Car Occupant 

Accident Service, Engineering Science, and 
Injuries (TRRL)* 

Clinical Pharmacology. A program of acci- A hospital based study examines the nature, 

dent investigation to be conducted over the severity and mechanisms of injury for car 

three year period 1978 to 1981 concentrates on occupants in frontal and side impacts. Estab- 
studies of car occupants, pedestrians, and lishing crash severity is an important feature 
motorcyclists. Formal links are established of the work, to link injury probability to 
between the three organizations to coordinate impact performance, and to provide informa- 

activities. In particular, a procedure is being tion which can be linked with controlled colli- 
developed for harmonizing accident investiga- sions to establish better human tolerance 
tion techniques to advance the study of bio- levels. 
mechanics of injury for car occupants more 
rapidly, while recognizing that individual 
teams need to retain their own specific objec- 

Clinical Study of Road Traffic Accidents 

tives and local interests. 
(Oxford)* 

The work comprises two main projects: 
Program of Accident Investigation I. Classification of severity of injuries, which 
1978 to 1981 aims to determine in a more meaningful way 

In accord with the general conclusions of the severity of injury and to correlate this with 

the report of the EEVC working group 4 on vehicle damage, and to examine patterns of 

biomechanics, the priorities for car accident recovery and return to fitness times; II. Study 

studies related to secondary safety in the UK of injuries incurred by restrained vehicle occu- 

lie in: pants, which includes the effectiveness of the 

¯ establishing injury probabilities over a range 
restraint systems in use in relation to injuries 
incurred and types of collision (e.g., side 

of impact severities for impacts): it also examines the patterns of 
restrained occupants in frontal collisions restrained occupants in relation to features of 
restrained or unrestrained occupants in internal vehicle design. 
side collisions 

¯ establishing more reliable human tolerance 
levels for vehicle occupants in *See note on next page. 
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Side Impacts in Cars (Birmingham)* Pedestrian and motorcycle safety are under 

investigation in three further studies: 
The study investigates the struck car and 

the striking object (or vehicle) in a representa- Mechanisms of Injury in Serious and Fatal 
rive sample of side impacts in urban and rural Pedestrian Accidents (Birmingham) 
environments. The main aims will be to estab- 

lish the epidemiological factors, the injuries A recent three year study by the Unit on 

and their sources, and the collision variables, pedestrian injuries and their origins has ad- 

vanced the understanding of the mechanisms 

Occupant Injury Accident Study of pedestrian injuries4. The new project aims 

to cover areas of injury mechanisms in pedes- 

trian accidents which have not been adequately 
The study investigates injury producing 

dealt with because of lack of data. The em- 
mechanisms for restrained occupants in cur- phasis is on child pedestrians and the elderly, 
rent models of cars, concentrating on frontal 

and on the differences in injury potential 
collisions, tween different vehicle profiles. 

Assessment of the CRASH Reconstruction 
Injuries to Riders of Motorcycles 
(Birmingham) 

The American CRASH computer program 

reconstructs speeds of impact and changes of 
The pattern of injuries sustained by motor- 

cyclists is being examined, and sources of 
speed during collision from known vehicle 

injury identified. Specific attention is being 
characteristics, measured vehicle movements 
and impact conditions, and damage dimen- 

paid to performance of crash helmets and eye 

sions. The application of this program to 
protectors (and factors relating to primary 

European cars and conditions is now being 
safety). 

assessed3 by reconstruction of controlled col- 

lisions for which speeds are measured and of 
Motorcyclist Head Injuries (Oxford~ 

accidents attended by investigators at the time The injury patterns of motorcyclists with 

of occurrence, head injuries are to be examined with a view 

to assessing tolerance to brain injury and to 

Vehicle and Occupant Movements in improving head protection. The work will 

Accidents (Oxford) include histological examination of brain 
tissue from fatal cases, and inspection of 

The overall objective is to relate occupant 

injury to occupant exposure. The study will: 
damage to helmets. 

(a) provide support, via accident reconstruc- 

tion and simulation, for clinical studies of Harmonization of Techniques for Study of 

injury; (b) develop computer reconstruction Biomechanics of Injury for Car Occupants 

and simulati on programs, and compile appro- The general procedure adopted in the UK 
priate values for the input parameters to cover 

for determination of tolerance levels is to 
a variety of makes and models of cars and relate severity of different types of injury 
sizes of occupants; and (c) seek better meas- incurred in accidents to physical measures 
ures of accident severity and ways of improv- obtained in controlled collisions using instru- 
ing compartment design to alleviate injury mented dummies. It is necessary to cover a 
severity, wide range of injury and crash severity. The 

stages of the procedure are: 
*NOTE: Each of these ffmr projects aims to cover between 150 

- From accident investigations, assessment Of 
and 200 accidents per year. in total it is anticipated that the annual 

coverage for the UK wi!| be: 300 side impacts: 450 frontal impacts, probability of injury of specified nature 
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and/or severity (P) in relation to crash se- * characterization of the accidents in terms of 

verity (Av). ranges of crash severity and/or injury 
¯ From comparative controlled collision severity covered; 

data, impact tolerance as defined by force * characterization of the accident involved 

or acceleration etc. (T) in relation to crash vehicle in terms of type of vehicle (including 

severity (Av). make and model), type of impact, type of 

¯ From comparison of the correlations in the obstacle struck, etc.; 

preceding two stages, probability of injury * characterization of vehicle occupants by 

(P) statistically related to tolerance (T). personal characteristics and degree of 

Construction of this P/T relation enables representativeness of vehicle occupants (in- 

decisions to be made on suitable tolerance jured in relation to uninjured); 

criteria for regulations on the basis of proba- * environmental conditions in the area cov- 

bility of injury to the general car occupant ered by the sample, e.g., urban or rural, ter- 

population rather than in absolute terms, rain, traffic composition, weather; 

To enable results from different studies to * basis for data selection: police reports, hos- 

be aggregated to advance knowledge oninjury pital data, garage sources~ vehicle ex- 

probabilities and tolerance levels certain basic aminers, etc. 

essentials of the investigation must be har- Knowledge of such biases should enable re- 

monized. Although the overall aims of indi- sults to be extrapolated to the national situa- 

vidual projects extend beyond the specific tion if so required. It is particularly necessary 

requirements for study of biomechanics, har- if any assessments of risks are to made. 

monization of data for this purpose should 

not pose any undue burden which would inter- Harmonization of Source of Data and 

fere with the overall aims. The basic essentials Selection Methods Sources of Data 

are: The primary source of data will inevitably 
¯ definition of sampling systems be different in different projects, depending 
¯ harmonization of selection methods and on the facilities available to the investigating 

sources of data teams. This source may be: 
¯ harmonization of data elements * hospitals 
It should be noted that there is no suggestion * police 
that raw data should be pooled, only aggre- ° garages 

gated results from the individual investiga- ° vehicle examiners 

tions. In this way allowance can be made for Whichever is the primary source, data from 
biases in selection of the different samples, other sources will be needed ~o supplement 
While the principles outlined here have been that from the first source, as well as t he team’s 
drawn up for coordination of activities in the own observations. The most important conse- 
UK, they could equally apply to studies in quence of using different primary sources is 
other countries, that the sample will be selected on the basis of 

either injured person or vehicle. To achieve 
Definition of Sampling Systems the main aims of the work, which involve 

In detailed accident investigations, it can- inj ury assessments in relation to vehicle design 

not be expected that any sample will be repre- and collision characteristics, it is important to 

sentative of all accidents in the area under 
harmonize the aspects covered whichever pfi- 

study, which in turn may not be representa- 
mary source is used. Ideally what is needed is 

tive of the country as a whole. What is impor- to ensure that for each injured person or each 

tant is to know the bias of the sample, which vehicle (whichever is the primary source 

needs to be defined in terms of: 
selected) all occupants of the relevant vehicle 
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are identified, the vehicle is examined, and * internal vehicle damage severity 

information is obtained on the collision type, * occupant/vehicle contact and related char- 

i.e., whether impact with vehicle or object, acteristics 

and the circumstances of the accident. In general the data elements relate to the case 
Unless effort is made to link the sources of vehicle and its occupants, but to evaluate 

data the following biases will be introduced: crash severity damage data and dimensions 
¯ hospital based data will cover a spectrum of are also needed for the struck vehicle or 

injuries but miss the severe crashes in which object. 

occupants escape injury (especially impor- Injury Severity. The Abbreviated Injury 
tam when studying restrained occupants) Scale (AIS) is now universally accepted as a 

¯ police based data can cover a spectrum of measure of inj ury severity for use in studies of 
vehicle types but will be biased towards biomechanics. It is reasonable to suppose 
more severe crashes therefore that use of AIS would be acceptable 

¯ garage and vehicle examiner sources are 
to all teams, whether it is related to individual 

likely to result in more ad hoc choice of parts of the body or (with Injury Severity 
vehicle and collision type. ScoreMISS) for an overall measure. Never- 
It is usually recognized that all cases pur- theless, adoption of this scale does not over- 

sued need to refer to hospital records (for in- look the need to improve classification of 
juries) and to police files (for collision type injury severity, which is indeed one of the 

and accident circumstances) in addition to the broader aims of one project. 
accident investigators’ own observations of Crash Severity. Currently Av is considered 
vehicle damage and occupant contacts. But the most appropriate measure of crash sever- 
over and above this, it is desirable to assess ity. This can be assessed from comparison of 
what part of the total spectrum of injuries, damage characteristics for accident involved 
and vehicle and collision characteristics the vehicles with those for vehicles in controlled 
selection of cases represents: reference to hos- collisions. The library of records of controlled 
pital records and police files is also required to collisions is however limited. Alternatively, 
get the broader picture, the Calspan CRASH program can be used. 

Selection Methods. The selection of cases in The initial validation of this program for 

different projects should cover as wide a range European models of car3 suggests that it 

of injury severities (including nil) and range of should be seriously considered for application 

crash severities as possible. It is important for to all crashes within this program, i.e., simple 
frontal or side collisions. A recent study has 

teams to exchange information on what range 

of either or both can be covered in their selec- indicated the total input data required for 

tion. In addition, there should be a deliberate CRASH, and the extent to which it can be 

selection of models of car and types of impact used, within certain limits of error, with lim- 

for which controlled collision data are, or will ited input data. This allows its use with retro- 

be, available. This restricts types of impact to spective studies at accidents which do not 

simple frontal or side collisions with other enable as much data to be available on the cir- 

cars or objects, cumstances of the collision as do at-the-scene 
investigations. 

Harmonization of Data Elements 
Internal Vehicle Damage Severity. At pres- 

For analyses from individual projects to be ent there is no standard method of presenting 
compatible the following data elements need internal damage severity although Vehicle 
harmonization. Interior Deformation Index (VIDI) has some- 

* injury severity times been used. Qualitatively intrusion and 
¯ crash severity location of damage should be recorded. There 
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is urgent need to derive a simple measure to must be made by the police, who are respon- 

quantify the internal damage severity, sible for collecting details of the circumstances 
Occupant/Vehicle Contact and Related of the accident. The main steps of the proce- 

Characteristics. Points of occupant/vehicle dure would therefore be: 
contact should be identified, specifying loca- ¯ Reporting of specified types of accident/ 

...... tion of injury and location of damage. Other vehicle by the police, together with the 
occupant/vehicle related characteristics basic accident circumstances; 
include seating position, use of belts and ejec- * Examination of collision conditions and 
tion. vehicle damage (and defects, if primary 

safety was also being monitored); 
INTERMEDIATE LEVEL INVESTIGATIONS * Identification of vehicle occupants and 

other road users involved; A further requirement of high priority is the 
ability to assess injury risks in relation to 

* Linkage with hospitals to acquire injury 

changes in vehicle design and usage as vehicle 
data, and classification of injury. 

safety features and legislation are introduced. A pilot study carried out in one area has 

....... On the one hand, national accident data col- been aimed at determining the practicability 

...... lected on a routine basis do not contain ade- of performing these steps locally without the 

quate detail, either of vehicle damage or need to set up trained research teams in each 

injury, for this purpose, On the other, depth area. If the data can be collected satisfactorily 

investigations have hitherto been on too small in this way, they would then be coordinated 

a scale numerically to provide statistically sig- centrally by one research unit, which would 

nificant results. There is need to develop a also be responsible for undertaking analysis 

methodology which will provide significant of results. 

detail in sufficient numbers to enable risk In step one, the main test was to explore 

assessment to be made. whether police could reasonably be expected 
A feasibility study has been made to explore to report different types of collision. The 

the possibility of setting up a procedure to criteria used were: (a)an occupant wasinjured 
...... meet this requirement. The aim of ~he pro- and taken to hospital; (b) occupants escaped 

posed procedure, called CISILI (Crash Injury injury even though the vehicle was very 
Study: Intermediate Level Investigation) is to severely damaged. Details requested included 
acquire vehicle-injury related statistics in suf- seating position of all occupants, and whether 

ficient quantity to provide answers over short seat belts were in use: 
(3 to 6 month) periods on the effects of In step two, the police agreed to carry out 
changes in legislation, design, driving habits the required vehicle examination to report 
and component types towards increased sec- external damage data sufficient to assess 

ondarY safety. By coordinating data on a change in speed during impact (iXv) and inter- 
nationwide basis it will be possible to concen- nal damage indicating occupant contact 
trate data on specific problems related to points. 
whatever is the current topic of interest, for These are the two critical steps, which if 
example, a particular type or model of vehi- they cannot be successively achieved would 
cle, type of impact, or design feature. The negate the whole process. The trial showed 
ultimate project proposal aims to achieve 5000 that both steps can be reliably carried out by 

detailed accident reports per year, covering at the police without too great a burden being 
least five different areas of the country, placed on them, provided clear definition of 

Since the main use of the scheme would be the basis for selection and recording of data 
to assess risks related to vehicle and compo- are given. The reporting rate was of the order 
nent types, involving injury risk related to of 75 percent of relevant accidents. Although 
crash severity, the main basis for selection this particular trial used police to carry out 
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vehicle examinations, other professionals such tor the effects of changes in vehicle design and 

as the Department of Transport’s regional usage as new vehicle safety features and legis, 

vehicle examiners could perform this func- lation are introduced. The essential require- 

tion. The importance of this step of the trial ment is that such assessments can be made 

was to show that it did not require research with reliability within a short time scale (3 to 6 

scientists to undertake the task, and that the months). Proposals for such a scheme, based 

vehicle examinations could be conducted reli- on a sampling from selected areas over the 

ably and quickly, country, are suggested but the scheme has not 

The last two steps were carried out by cor- yet been fully tested. 

respondence. They were shown to be feasible In-depth investigations in the UK have 

through the cooperation of police and medical recently been increased fourfold in recogni- 

authorities although there were on occasions tion of the urgent need to gain a better under- 

unacceptable delays in obtaining the informa- standing of the mechanisms of injury as a 

tion. It is believed that this problem could be basis for establishing more reliable human 

overcome by more direct personal contact tolerance levels and improving protective 

with hospitals, or basing the selected centers measures for all types of road user. To take 

of reporting on areas with large Accident and full advantage of this enlargement of the 

Emergency Departments. After an initial research program, a procedure is being devel, 

period of training, non-medically qualified oped for harmonizing accident investigation 

personnel were able to classify injury severity techniques among different teams, while 

on the AIS scale reliably, ensuring that individual teams maintain their 

On the basis of the experience in this trial own specific objectives and interests. The pro- 

proposals for the full scheme are now being cedure outlined could equally apply to coordi- 

drawn up, which will be tested in one of the nation of activities between similar research 

proposed centers before extending it to other organizations in different countries. 

centers nationwide, 
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Data Base for Accident and Safety Research on the Sector 
of Automotive Engineering: General Aspects of Data 
Requirements and Supply                                -- 

GUNTHER ZIMMERMANN vehicle safety features involve the question of 
Highway Research Institute under which conditions despite fixed expendi- 
Federal Republic of Germany tures, the best possible effectiveness can be 

reached. 
OBJECTIVES AND TASKS Therefore, the setting of priorities requires 

In connection with the scientific and tech- 
the development of one or several guiding 

nological progress in the development of the concepts based on the tasks to be accom- 

motor vehicle, the following 6 main areas of a 
plished. The general tasks of the BASt, which 
are the "reduction of traffic accidents" have 

research program are mentioned which are 
dealt with on a world-wide basis1: 

to be expressed in terms of operational guid- 
ing concepts. The saving of human life, both 

* conventional drive systems from the political and from the social view- 
* unconventional drive systems point, is to be given the highest possible rank- 
* alternative fuels ing. In addition, but ranked not quite as high, 
* electric traction is the guiding concept of reducing the number 
o safety engineering technologies and severity of the injuries of accident victims 
o electronic route guidance and information not fatally injured. Only if a decision cannot 

systems, be arrived at with respect to the first two guid- 

The area of "safety engineering technolo- 
ing concepts in the process of priority setting, 

gies" includes attempts at reducing the num- and only then, the overall burden on the econ- 

ber and severity of traffic accidents by means omy due to traffic accidents (fatalities, inju- 

of improving the active and passive safety 
ties, and property damage)shouldbeincluded 

features of motor vehicles. Improvement of 
in the decision making process2’3’7’12- 

active motor vehicle safety is achieved by Therefore, there is the general task of 

vehicle-related measures which are expected assessing the contributions of the various 

to contribute to the avoidance of accidents research and countermeasure activities to the 

within the system of "driver-vehicle-environ- attainment of the overall objective, on the 

ment." Passive safety measures, which are basis of the sociopolitical guiding principles 

technical motor vehicle improvements, are laid down and mentioned above, in order to 

directed at minimizing the number and sever- work out an optimal strategy for using the 

ity of the injuries of the persons involved in scarce fiscal means available. On account of 

accidents, methodological shortcomings in the fields of 

Since the funds allocated by public authori- measuring effectiveness, in particular with 

ties to certain tasks such as, in this context, respect to the sociopolitical goal mentioned, it 

research and development of remedial meas- is still not possible to accomplish a globa! 

uresmare generally limited, the efforts weighting and ranking system for the tasks to 

directed at improving active and passive motor be tackled and solved in all the fields of activi- 
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ties. As things are, the order in which the Apart from the search for the causes bring- 

problems to be solved are taken up and the ing about an accident and which might be 

magnitude of the expenditure invested in these mastered by means of active safety measures, 

efforts are predominantly determined by the there is also the viewpoint of passive safety 

political weight attached to the current re- under which the most important and frequent 

quirements or needs voiced by the public, causes must be searched for which, in the 

Apart from that, the various approaches to crash phase, are responsible for the fatal in- 

research and countermeasure activities to ira- juries of the persons involved in the accident. 

prove traffic safety are generally evaluated on Previous research efforts in the fields of 

an equal basis by the bodies responsible be- active safety features of motor vehicles dem- 

cause of their lack of knowledge about the onstrated that accident causes generally are 

contributions they might make to goal attain- related to the following four factors influenc- 

ment. ing the safety of motor vehicles4: 

A concrete definition of what the particular ¯ vehicle configuration/geometry 

objective of "improvement of active and pas- ¯ driving properties of the motor vehicle 

sive safety features of motor vehicles" in- ¯ driver seat and range of operation 
volves, at first sight, leads to the following * observance of safety-related operating 
tasks: characteristics. 

¯ determination of accident causes by means It is obvious that changing these factors in 
of global and detailed analyses of accident the sense of promoting safety and efficiency 
events in critical traffic conditions requires compre- 

¯ development of remedial measures hensive information about the properties of 
the car, roads, traffic flow, meteorological 

¯ checking results of remedial measures. 
conditions as well as about the capacity of 

It must be assumed that the relationship information intake, processing, car operating, 

between resource utilization and positive actions and response of the total driver popu- 

changes will approach an optimum if we suc- lation. 

ceed in identifying and eliminating the most ,An increase in passive safety might be 

important automotive engineering causes of achieved by means of improving the protec- 

fatal traffic accidents. To achieve this objec- tion of occupants of cars involved in acci- 

tive, it is at first required, on the basis of an dents, two-wheelers involved likewise, and 

analysis of national accident data, to deter- pedestrians. Automotive engineering efforts 

mine the most frequent accident constella- and the data required in this connection are 

tions resulting in fatalities by means of rela- primarily directed at restraint systems, the 

tively brief information on the place, time, seats and interior reserved for occupants, and 

type and other circumstances related to each the exterior of vehicles. The objective of the 

accident in question, development of remedial measures, in this 

Having this in mind, and the most frequent connection, is an increase in the compatibility 

accident constellations established, the char- of different collision parties and an increase in 

acteristic combinations of causes underlying the survival chances for the persons involved 

the pre-crash phase must be determined, in the accident therewith. 

resulting from the "driver-vehicle-environ- Measures aiming at the technical improve- 

ment" interaction6, which, in the final ment of active safety features are predomi- 

analysis are the ones bringing about the fatal nantly taken by the car manufacturing indus- 

accident. Detailed and in-depth studies are try, or sponsored by this branch of industry, 

expected to lead to the vehicle-related causes and generally are following market trends, 

present and involved in the characteristic while occupant protection is rather viewed as 

combinations of accident causes, being the task of public bodies to be carried 
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out by means of enforcement measures, such ,, mechanics (car repair shops) 
as laws, decrees and standards, in order to * universities (public or private contracting 

satisfy the public’s claim to safety on the agencies) 
road. The need for information resulting from * organizations of the emergency medical 
both tasks could largely be fulfilled by coop- services 
erative action. ¯ consultants. 

In the setting up and following-through of The responsible police stations generally 
safety programs their methodological prepa- record all accidents registered or made known 
ration, the integration of remedial measures to them. However, only accidents 
and checking their results are extraordinarily 
important tasks. Checking aim attainment is o involving fatalities or injured persons 

generally oriented towards the change in acci- ° involving property damage estimated at 

dents which remedial measures brought about. DM 1,000--0r more for one of the parties 

However, since such changes can rarely be involved 

determined in a clear-cut manner, because of * involving criminal offenses (e.g., alcohol, 

the complex nature of the traffic system as a hit-and-run cases) 

whole and also for statistical and methodo- are recorded on a uniform official form, then 

logical reasons, these changes are frequently processed, and the information passed on to 

measured by means of indirect indicators the 11 Statistical OfficesoftheLaender. From 

derived from better definable aims which are there, after having been processed once more, 

also frequently oriented towards legal stand- a selection according to a fixed selection pro- 

ards (e.g., effects of seat belts: measurement cedure is passed on to the Federal Statistical 

of installation and usage figures). Office which is responsible for maintaining 

The main tasks to be derived from the and updating the national traffic accident 

sociopolitica! goal of "saving the life of as statistics. 

many human beings as possible" would have Although this form of statistics was con- 

to be expressed in operational terms and the ceived as a total survey, it does not satisfy this 

data requirement determined which could claim to an extent still to be investigated since 
a number of accidents never become known contribute to accomplishing these tasks in an 

efficient manner. Alternatively, the data to the police or are not recorded despite the 

requirement could also be determined by in- police’s knowledge about them. Investiga- 

terviewing the experts working in the fields in tions are in progress to assess the magnitude 

question. This alternative should be taken into of this unknown quantity. In addition, the 

consideration in all cases in which, due to the survey method produces important statistical 

lack of efforts towards analyzing objectives, biases because police records and data proc- 

the definition of the objectives which is neces- essing are greatly depending on the experience 

sary for the determinat ion of needs cannot be and training of the police officers engaged in 

carried out. this work. 
In spite of the shortcomings described and 

not yet remedied, the national accident statis- 
DATA SOURCES tics based on police records, also for economic 

In principle, the following public and pri- reasons, are an indispensable instrument, 

vate institutions of the Federal Republic of e.g., for identifying road user groups or areas 

Germany can be considered as relevant data with an accident risk above the average, for 

sources with respect to traffic accidents4’5: determining the most frequent accident con- 

o police stellations or for evaluating the course of 

o insurance companies developments as time goes on. 

¯ hospitals, health insurance companies The data material of the insurance compa- 

¯ car manufacturing ind,astry hies essentially consists of the information 
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provided by the insured parties, the sufferers tainly be considered in connection with studies 

and/or witnesses, supplemented by medical concerned with the factors causing traffic 

records, technical expertises, and, as the case accidents. What matters is the establishment 
may be, police records4’s. However, these of a relationship between the causes docu- 
statistics are subject to similar limitations as mented by the police, which areto be taken as 

are the national accident statistics: only acci- a kind of indicator, and the very combination 

dents are covered on which the insurance of causes, a relationship which is of special 
companies are notified, i.e., in the Federal bearing on devising remedial measures. 
Republic of Germany only damages are taken Finally, also the authorities responsible for 

into consideration for which liability and emergency medical services and consultants 

property damage benefits (comprehensive in- must be mentioned as traffic safety data 

surance) are due. In this case, too, a suffi- sources. The vehicle-related data acquired by 
ciently exact statistical evaluation of the com- consultants are of particular significance from 

panies, selection from the population of all the viewpoint of active and passive motor 

accidents is r~ot yet available. On the whole, vehicle safety. The documentations of the 

however, more data groups are covered than emergency medical service authorities provide 

in the national accident records thus enabling an insight into the consequences of injuries or 

a more detailed analysis and more refined the measures necessary in such cases. How- 

singling out of the parameters sought after for ever, in this case as well, proper integration of 

an in.depth studyt°. the nonrepresentative data into the national 

The statistics of hospitals and/or health accident data is a question that still remains to 

insurance companies are based on case his. be solved. 

tories and treatment expenditures and cover To sum up it can be said that the inclusion 

generally data groups, such as size of injured of the available data in the basic road traffic 

persons, alcohol or drug consumption of in- safety statistics still leaves a number of ques, 

jured persons, type and severity of injuries, tions open that need to be solved. Among 

causes of death, irreversible consequences of these is the particular question of interrelating 

injuries, rehabilitation costs, and time periods different statistics and evaluating the repre- 

necessary for rehabilitation. These are data sentativeness of the data. 

which are not kept on file by the police. 

The local accident investigations carried out N EED FOR DATA 

by the car manufacturing industry and univer- 
sities as state contractors are fairly compatible Form of Need Analysis 

with respect to the characteristics used and Appropriate and economical use of the 
studied. The results from the data collected by funds allocated to data acquisition and supply 
the industry are generally difficuIt to be con- requires precise priority setting with respect to 
verted and further evaluated since the data are the tasks which are to be derived from the 
mostly acquired in relation with specific prod- goal laid down by traffic safety policies as 
ucts!3, The accident analyses and data acqui- well as the knowledge and coordinated utiliza, 
sition actions9 carried out in Hanover, Berlin tion of all data sources that might be of use. 
and Heidelberg, projects for which the BASt The data needs, which depend on the tasks to 
is the contracting agency, raise the problem of be accomplished, can either be determined by 
interrelating the casuistic data with the data an analysis of research subjects and remedial 
representative for the accidents as a whole, measures or, for reasons of practicability, be 

Apart from the inclusion of the locally ac- established on the basis of interviewing the 

quired data in the Federal statistical material, scientists and experts engaged in work on the 

there is also the question of how to make the sector of traffic safety. The BASt chose the 

most effective use of them. They should cer- latter course of action for its research project 
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"Medium and Long-Term Data Need for ciently accurate and compatible form, Further 

Research and Development of Remedial knowledge was acquired from studies related 

Measures on the Sector of Traffic Safety’’14. to a comparison of the desired and available 
The required data were to be limited to acci- planning data, to the evaluation of shortcom- 

dent data, data on situations conducive to ings with respect to the present data offered, 

......... accidents, and the reference data needed to and to concepts for the improvement of data 

determine ratios, The crucial point of the data supply (including access to data and differen- 

need analysis was questioning professionally tiation of desired data according to their im- 

competent staff members of institutions either portance for medium and long-term project 

carrying out accident research projects them- planning). 

selves or also in need of accident data or acci- 
............ dent research results as a basis for their activi- Classification of Data Need 

ties. The systematic selection of the institutions 
expected to have the required insight into data The current or future data need for the 

needs on the basis of their specific fields of 
main tasks in the areas of traffic safety efforts, 

activities was made by means of a graduated 
determination of accident causes, develop- 

plan, ment of remedial measures and their control, 

The postal survey included 75 institutions in described in Section 1, can be classified ac- 

the Federal Republic of Germany. Replies 
cording to the significance of the characteris- 

were received from 67 institutions and formed 
tics, namely broken down into "important for 

the population on which the selection for the 
individual studies" and "generally important." 

second interview action was based. Represen- 
The following characteristics are ,’impor- 

............ tatives from 40 institutions on the public and tant for individual studies": 

private sector were finally interviewed regard- 
* related to a very small population 

ing the following subjects: 
* the importance of which can be clarified in 

a single study and where major changes are 
¯ data need and evaluation of the current not to be expected 

data situation in the fields of traffic safety * the operational definition of which is gen- 
¯ future development of main research areas erally not yet clear. 

and important remedial measures 
¯ assessment of access to information and 

Characteristics "of general importance": 

data * are assessed as being of great importance 

¯ data acquisition and organization at the for the tasks and which, for that reason, 

institutions * should be collected on a continuous basis or 

¯ cooperation or collaboration with other at regular intervals. 

institutions. Only the characteristics "of general impor- 
For the evaluation of currently available tance" can be the subject of a coordinated 

data a list of characteristics, set up on the and cooperative data collection and supply 
basis of an evaluation of research reports and aspired by the BASt by making use of the data 
questionnaires, was provided containing all sources available, since only the need of these 
characteristic groups of importance as well as, data can be sufficiently reliably estimated for 

by ways of example, the typical characteristics medium and longer-term periods. For that 

of importance classified according to "acci- reason, the observation and documentation 
dent data" and "general data from the fields of the characteristics required for special 
of traffic safety/reference data." On this list, studies in the fields of active and passive safety 

the characteristics were to be marked or addi, features of motor vehicles should also be 
tional characteristics entered representing the strictly oriented towards the problems to be 
desired medium or long-term data need to be tackled in order that so-called ’,data ceme, 
satisfied on a continuous basis, and in a suffi- teries" may be avoided. 
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Selection Criteria With a View to Defining named additional characteristics carry special 

Desired Data Pool weight and will be included in the desired 
data. 

The representatives from the 40 institutions Eighty-four of the accident characteristics 
who participated in the discussions on data are alternatively in accordance with the 4 cri- 
acquisition presented 170 "characteristics of teria and will be included in the desired data 
general importance." Since the composition pool; 72 characteristics will be included on the 
of the experts interviewed could not be fixed basis of the evaluation of the experts (criteria 
in accordance with the importance of their 1, 2, 3), and 56 characteristics (criterion 4) are 
research areas and fields of activities on the required by the legislators for their reports. 
sector of "road traffic safety," the questions 

The characteristics from the data block 
had to be based on the specific data needs of "general data from the fields of traffic safety/ 
certain groups and these used to determine the 

reference data," which are to be included in 
desired future data supply. The persons inter- the desired data pool and are thus subject to 
viewed were grouped in accordance with the continuous or at least regular surveys, mainte- 
main area of their activities resulting in the nance, updating and evaluation of informa- 
following research and/or fields of activities: tion value, can be largely determined by means 
* road user of a systematic examination of the reference 
o road, traffic rules and regulations data required for the accident data. The refer- 
* motor vehicle safety (active, passive, bio- ence data will be supplemented by parameters 

mechanics) additionally to be determined by means of the 
* economic problems criteria 1 to 4. 
* emergency medical services 
* activities relating to all or most of the re- 

search areas. FUTURE PROSPECTS 

Characteristics to be included in the desired When the BASt was charged with the task 
future data pool had to meet the following of traffic safety and accident research it was 
alternative requirements: also charged with the coordination of research 

activities in these fields within the Federal 
criterion 1: named by all (or nearly all) ex- 

Republic of Germany. Research was to be 
perts in at least three of the 

stimulated where effective remedial measures 
groups set up could be expected. 

criterion 2: named by all (or nearly all) ex- The research results are to be evaluated by 
perts in two of the groups set the BASt, suggestions for appropriate reme- 
up or named by the majority in dial measures developed and, finally, the effi- 
at least three of the groups set ciency of the measures introduced controlled8. 
up In view of these tasks, the different data 

criterion 3: spontaneously mentioned more sources already available and the efficiency 
than once as additional param- criteria to be observed in each single case, the 
eters scope and contents of the data to be made 

criterion 4: characteristics required by the available had to be decided upon. If the find- 

legislator due to reports to be ings of the requirement analysis were to be 

drafted at regular intervals, accepted and, therewith the medium or longer- 
term desired planning data which need to be 

Criterion 3 requires an additional notation: ensured, the next necessary step is the search 
because of the tendency towards limiting one- for an optimum strategy of data acquisition, 
self to marking given lists, the spontaneously supply and updating. Much can be said in 
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favor of entrusting a group of experts with the cooperation possibilities mentioned will not 

solution of this problem, experts who repre- suffice to satisfy the data need which was 
sent the data sources described in Section II. established as "desired data pool." For 

The most important subjects this group that reason complementary survey models, 

would be dealing with are the following:14 limited in scope and time consumption, will 

........ ¯ Complete documentation of data collected, have to be developed taking account of the 

A variety of data is collected on a con- data material continuously becoming avail- 

tinuous basis but, for a number of reasons, 
able in the course of administrative routine 

these data are not processed and docu- 
activities. In this connection, the scope of 

mented. An improvementmightbe achieved local accident investigation must also be 

........... by documenting all data relevant for safety solved. An answer to this question is largely 

........ collected in the course of routine operations dependent on the extent to which, e.g., 

in order to make them accessible from the casuistic data can be used for research ac- 

outset, 
tivities and the development of remedial 

¯ Possibilities of linking available data pools, measures in the fields of active and passive 

By linking available data pools the offer of car safety features or whether a represen, 

parameters could be greatly increased with, 
tative data base must be drawn upon.11 

out extending survey efforts. This applies However, it is obvious that economic 

particularly to combining accident data 
reasons would be against an uncontrolled 

with the characteristics on motorization, 
evaluation of nonrepresentative, locally 

transportation routes, and on the traffic en- carried out indepth accident investigations. 

vironment. The costs of an increase in the number of 

.......... ,, Improvement of surveying instrumentation cases would not offset the additional infor- 

and documentation aids. By doing without mation obtained, unless the problem of 

an extension of the process of accident representativeness can be cleared up 

recording carried out by the police, which 
simultaneously. 

will most likely remain the basis of accident ¯ Possibilities of an institutional collabOra- 

statistics in the Federal Republic of Ger- tion in the acquisition and supply of data 

many in the future, and taking account of materials required on a medium and longer- 

the fact that the data to be collected must term basis. Apart from the concentraton on 

also help the police in fulfilling their very the subject-related data needs, the avoid- 

task of preservation of accident evidence, ance of duplication of efforts is an essential 

the data or characteristics to be collected condition for realizing the principle of 

are to be so defined as to be easy to identify rationalization within the framework of 

and classify. Further improvement might be data acquisition and supply. An interlock- 

achieved by fuller standardization of the ing system or combine of data sources and 

documentation of accidents and the devel- users of data relevant for traffic safety, co- 

opment of efficient technical documenta- operating technically as well as financially, 

tion aids which are easy to handle as well. should also be responsible for coordinating 

¯ Intensification of educational efforts to the data collection efforts to ensure data 

better equip persons collecting data to per- compatibility, assume responsibility as a 

form their task. Improved education, train- central information agency on existing data 

ing and test programs would lead to an in- and their processing, and ensure easy access 

crease in the internal and external reliability to the most recent data. In this connection 

of observers and avoid statistical bias of ac, the advantages and drawbacks of making 

cident data. data available on a centralized or decen- 
¯ Planning of complementary surveys. The tralized basis woutd still need to be 

utilization of all the improvement and discussed. 
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Analysis of Pedestrian Accidents Taken From a Road 
Traffic Accident investigation 

MASAHIRO ITOH 
Japan Automobile Research Institute, Inc. 

120[ ~ Deaths 
17 

loo[ ABSTRACT ~-- 

~_ 901 
14~ 

...... The situation of road traffic accidents in ~ 80t 13 ~ 

been on the increase with the rapid advance of 

~ 60[ road traffic, but after reaching a peak in 1970, 

~ 50[ 
lo 

evinced a steady downtrend during the past 8 
~ 40~ 9 

years. But the number of deaths and injuries ~ / , . ..... 
is, however, still high at an annual rate ex. ’68 ’70 ’72 ’74 ’76 ’77 
ceeding 600,000, thus inflicting great losses YEAR 
and causing social unrest. 

We have investigated road traffic accidents Note: 

from the view point of the vehicle safety and 
According to Nationa~ Police Agency’s statistics. 

the following evidences were found by an 

analysis of pedestrian accidents: 
Figure 1. Changes in the number of cases, 

deaths and injuries due to road traffic 

¯ The most frequent type of pedestrian acci- accidents. 

dent takes place while crossing the road. 

¯ The impact direction of vehicles are in many 
18 

cases from the front. 
16                 Per lO0,000 population 

. In the case of pedestrian accidents, the ~: 
14 ~~~~ highest death rate occurs with children. 

~ 12 

~ 10 
LL 

¯ The vehicle impact speed is directly propor- o 8 
tional to the degree of injury to the victim ,,, 

m 6 
in most cases. ~ 

4 

2 

INTRODUCTION o .............. 
’68 ’70 ’72 ’74 ’76 ’77 

The statistics on road traffic accidents in "YEAR 

Japan show that the number of deaths has Notes: 
1. According to National Police Agency’s data. 

been on the decrease during the past 8 years. 2. Population figures are estimated as of 

Figures 1 and 2 show the changes in number October 1 of each year. 
3, The number of vehicles are based on Ministry 

of accidents, deaths and injuries over the 9 of Transport surveys conducted at the end of 
each year. years. 

There were 8,783 persons killed in road 

traffic accidents in 1978, which was a decline Figure 2. Changes in the number of persons 

compared to the 1958 level, killed in road traffic accidents. 
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Figures 3 and 4 show, on the international 
/~ West Germany 

level the road traffic accidents by a rate of o Japan 
deaths per a population of 100,000 and 10,000 A Italy 

vehicles. Because statistics are not available 
= Holland 
c France 

from all countries, it is difficult to make an ¯ United Kingdom 

~) United States 
accurate international comparison in this 
figure. But approximately these countries 
show a slight decrease. 

In our country, however, pedestrians are 
concerned in 33-37°7o of the total number of ~" 10 

8 

6 

z~ West Germany t~ 4 
~ United States LL 

¯ Holland 
2 & Italy 

~ France 
o Japan - 
¯ United Kingdom ~ ’70    ’71 ’72    ’73 ’74 ’75 

~ 35 YEAR 

~ 30 Notes: 

1. The number of death ratios conform with 
the Demographic yearbook (UN). 

~o 25 2. The number of vehicles are based on the 

o Statistical Yearbook (UN). 

~, 20 
3. Values for Japan are from Ministry of 

~ Health and Welfare data. 

15 

~" ~a 
~ Figure 4. International comparison of deaths in 

~ road traffic accidents. O 

5 

so it seems that the pedestrian injuries are 
YEAR more serious than road traffic accidents. 

Note~: Figure 5 shows an international comparison 
1. The number of deaths ratios conform with with the formation ratio of pedestrian deaths 

the Demographic Yearbook (UN). 

2. Values for Japan are from Ministry of 
in road traffic accidents. From this figure one 

Health and Welfare data. may note that each country has been consti- 
tuted a respective ratio, especially our country 
and the United Kingdom, which have the 

Figure 3. International comparison of deaths in highest rate of a total of more than 3007o of all 
road traffic accidents, road traffic accidents every year. 

The purpose of this paper is to consider the 
cause and effect of pedestrian accidents 

road traffic accident fatalities every year. And through an investigation of road traffic acci- 

pedestrian accidents are concerned in 22-25% dents under the subsidy from the Ministry of 

of the total number of road traffic accidents, Transport. 
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NUMBER OF PEDESTRIAN ACCIDENTS 

ACCORDING TO TYPE OF ACCIDENT 4c 
o 

Table 1 shows the number of pedestrian 

accidents according to type of accidents, made _      30 

by an analysis of 46 investigated pedestrian 

accidents and domestic conditions in 1977. V- 
The most frequent type of pedestrian accident ~ 20 ~~ ® United Kingdom 

is the crossing of roads that are unmarked, ~_ ~ o Japan 

which is followed by accidents occurring while ,,<, a West Germany 

C~ 10 
A Italy 

crossing roads at crosswalks and all situations [] France 
® United States 

of crossings account for a total of 75070 of all ~ Holland 
pedestrian accidents (in 1977). In this respect, 0 ...... 
statistics of investigated pedestrian accidents ’7o ’71 ’72 ’73 ’74 ’75 

show similar tendencies. When considering YEAR 

safety measures for road traffic, stressing the 
Notes: 

prevention of these types of pedestrian acci- 1. The number of death ratio conform with 

dents should be an important factor, the Statistics of Road Traffic Accidents 
in Europe (UN). 

2. Values for Japan are from National 

CAUSES OF PEDESTRIAN ACCIDENTS                  Police Agency’s statistics. 

Accidents Resulting From Driver Violations Figure 5. International comparison with the for- 
mation ratio of pedestrian deaths in 

The number of accidents resulting from road traffic accidents. 
driver violations (made by an analysis of 46 

investigated pedestrian accidents) is 41 and These accidents involved 18 onesided driver 
Table 2 shows thenumber of driver violations, violation accidents but at least 23 accidents 

Table 1. Number of cases in pedestrian accidents according to type of accident. 

Number of cases Number of cases 
Type of accident Percent Percent 

(investigated) (in Japan in 1977) 

While facing traffic 2 4.3 4,484 4.5 

Not facing traffic 2 4.3 6,945 6.9 

While walking at road shoulder 

zone 620 0.6 

While crossing at crosswalk 8 17.4 15,380 15.3 

While crossing near crosswalk 2 4.3 6,969 6.9 

Other crossings 24 52.2 53,115 52.8 

Playing on road 3 6.6 3,779 3.8 

Working on road 1 2.2 

Others 4 8.7 9,268 9.2 

Total 46 100.0 100,560 100.0 
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Table 2. Number of cases in investigated involved violations by both drivers and pedes- 
pedestrian accidents according to triar~s. 
drivers’ violation. 

Accidents Resulting From Pedestrian 
Number of 

Violations 
cases Violations 

Obstructing pedestrian passage The number of accidents resulting from 
on pedestrian crossing 5 pedestrian violations (made by an analysis of 

Other obstruction of pedestrian 46 investigated pedestrian accidents) is 5, all 
passage 5 of which occurred where a pedestrian sud- 

Looking aside while driving 5 denly ran out into the road. Table 3 shows the 
Drunken driving 2 number of pedestrian violations (in 1977). 
Unlicensed driving 1 The most frequent violations on the part of 
Violation of speed limitation 1 

pedestrians occurred where someone suddenly 
Slow down violation at 

specified zone 1 ran out into the road, followed by violations 

Other violation of safe driving 21 occurring where a pedestrian crossed directlyin 

from of, or at the rear of a vehicle and almost 
Tota~                       41         all of these accidents were with young children. 

Table 3. Number of cases in pedestrian accidents according to pedestrians’ violation (in 1977). 

Violations 
Number of 

Percent 
cases 

Ignoring signals 1,396 7.3 

Walking on wrong side of road 18 0.1 

Passing    Walking on vehicle road way 32 0.2 

Others 4 0.0 

Crossing outside crosswalk 205 1.1 

Oblique crossing 107 0.6 

Crossing Crossing immediately in front or behind 

vehicles parked or stopped 5,115 26.8 

Crossing at forbidden location 542 2.9 

Young child walking alone 138 0.8 

Drunken loitering 379 2.1 

Playing on road 432 2.3 

Working on road 44 0.3 

Running out into road 10,354 54.2 

Others 214 1.2 

Unknown 20 0.1 

Total 19,000 100.0 
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INJURIES INCURRED IN PEDESTRIAN head, contusions in the face, fractures in the 
ACCI DENTS lower limbs occur. And in case of side impact, 

many fractures occur in the lower limbs. 
tn most cases, pedestrian accidents incur 

injuries that are more serious than other types 
of road traffic accidents. An investigation of 

Table 5. Number of pedestrian injuries accord- 
ing to direction of vehicle impact and 

46 pedestrian accidents reveals 9 deaths, 20 body region. 
severe injuries and 17 minor injuries. 

~ -----~rection of 
c I 

Injuries Incurred to Pedestrians According Body ~ vehicle. 

to Direction of Vehicle Impact 
region Injury ",,~t 

Table 4 shows the number of cases accord- Head Contusion 15 2 3 
Cerebral contusion 12 1 I 

ing to the direction of vehicle impact. Con- Fracture 3 
cerning conditions under which accidents have Contused wound 3 1 

Lacerated wound 1 
been investigated, 33 pedestrians incurred Face Contusion 1--~" 
injuries from the front of the vehicle. In this Fracture 2 
type of accident, the vehicle speeds are higher Lacerated wound 2 

Contused wound 1 
than in other impact directions with vehicles Abrasion 1 ’ 

and also due to the shape of vehicles’ front. In cervical :racture 1 
many cases, head injuries are incurred in this region Lacerated wound 1 

Whiplash ! 
type of accident. 

Thorax Contusion ~ 2 
Fracture 5 

Table 4. Number of cases in pedestrian injuries Abdomen Contusion ~-- " 
according to direction of vehicle- Internal organ ruptur~ 

impact. Pelvic Contusion 8 2 
girdle Fracture 4 1 

Direction of vehicle impact Number of Upper Contusion 13 1 3 

Injury grade cases 
Percent limbs Fracture 4 

Abrasion 3 2 
Lacerated wound 2 

Front 33 71.7 Contused wound 1 
Deaths 8 17.4 ---- ’ 

Lower Contusion 26 1 
Severe injuries 14 30.4 limbs Fracture 16 1 8 

Minor injuries 11 23.9 Abrasion 5 ] 1 
Lacerated wound 2 

Rear 2 4.4 Contused wound 1 
Deaths 0 0.0 Distocauon 

Severe ~njurles 1 2.2 Sprain 1 
~’Run over’~                      1 

Minor injuries                1          2.2                                        -- 

Side 10 21.7 ~                      Total 

- ~ai-ffs 0 0.---0--- 
Severe injuries 5 10.9 Relation Between Incurred Pedestrian 
Minor injuries 5 10.9 Injuries and the Part of the Impacted 

Unknown _ . 
1 ___ ___2"2 Vehicle 

Deaths 1 2,2 

Severe injuries 0 0.0 Table 6 shows the number of all incurred 
Minor njunes 0 0.0 pedestrian injuries according to damaged 

parts of the impact vehicle, body regions and 
Table 5 shows number of incurred injuries injury grade. We expressed injury grade in 

according to the body regions by vehicle im- terms of the Japanese Abbreviated Injury 
pact direction. In the case of front impact, Scale (J-AIS). This injury scale is based on the 
many contusions, cerebral contusions in the American Medical Association’s AIS in 1971. 
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In the case of the average incurred injury 
grade according to potential damaging parts 
of vehicle impacted, it seems that the front 
panel (J-AIS 4.5) and hood (J-AIS 3.2) show ~ I Male 

highest damage potential. ~ ~ Female 
~ ’ 

Relation Between Incurred Pedestrian 
Injury and Age ’"= ., 

~ 0 10 20 30 40 50 60 70 80 90 
Figure 6 shows the number of pedestrians z AGE (YEARS) 

by age and distinction of sex (in 1977). The 
accident rate for pedestrians under 6 years old Figure 7. Number of pedestrians by age and 
is outstandingly high. sex distinction (investigated data). 

RELATION BETWEEN INCURRED INJURY 
100- ~ Male TO PEDESTRIAN AND THE IMPACT 
80 ~ o Female 

SPEED OF THE VEHICLE 
60 Figure 9 shows the relation between largest 
40 

~ ~ ~ 
injury grade incurred to pedestrian and the 

2o ~ .~ ~/~ ~ ~ ,~/~,~:~ 
impact speed of the vehicle in case of frontal 

~ -.. ~ ~,-~ ~ ~ direction of vehicle impact. It seems that the 
- - vehicle impact speed is directly proportional 

O 10 20 30 40 50 60 70 80 90 

AGE (years) to the degree of injury in most cases, but it is 
not always decided because there are many 
physical differences in pedestrians and the dif- 
ferences of vehicle exteriors. 

Figure 6. Number of pedestrian deaths by age Fatal accidents occur at impact speeds of 
and sex distinction (in 1977). between 28-55 km/h, but most often occur 

over 50 km/h. And severe injury accidents 
occur at impact speeds of between 9-55 

Figure 7 shows the number of investigated km/h. 

pedestrian accidents by age and distinction of 
sex. Concerning the number of accidents, we CONCLUSIONS 

see high rates among young children. Most frequent causes of pedestrian acci- 
Figure 8 shows the relation between injured dents occur when the pedestrians suddenly 

body regions (largest injury grade) and dam- run out into the road. And special attention 
aged parts of the vehicle according to vehicle must be given to young children because they 
frontal impact, account for the largest group of pedestrian 

In case of incurred injury by age group, violations. The most important thing is to pre- 
each group has a peculiar tendency to some vent accidents. 
degree: young children incurred head injury In the case of pedestrian accident, the most 
by impact with vehicle hood tip and lower frequent type of accident takes place while 
limb injury by impact with vehicle front crossing the road, so there are many cases of 
bumper and adults, if the impact speed is low, incurred inj uries by the front of the vehicle. It 
incurred pelvic girdle injury by impact with is desirable to reduce this potentially danger- 
vehicle front grill or if the impact speed is ous vehicle front, but it goes without saying 
high, incurred head injury due to impact with that there are many difficulties along with 

vehicle hood end or windshield, these measures. Because there is large differ- 
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Figure 8. The relation between largest injured body region and part of the vehicle. 

ence in kinetic energy, but in view of the 

8 - Bonnet type " results of our experiment, if the impact speed 

_ 
c Cab over type 

~ 7 . is relatively low, it seems possible to reduce 

injuries by vehicle improvement. 

o 
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Collision Characteristics and Injuries to Pedestrians 
in Real Accidents 

M. DANNER, K. LANGWIEDER sented with the "v" form; "pontoon" form 

Automobile Engineering Department cars have a higher incidence of abdominal an d 
German Association of Third Party, Accident, upper thigh injuries. Serious/fatal head in- 

Motor Vehicle and Legal Protection Insurers juries had equal frequency with both car 
(H UK-Verband) forms. 

Risk zones with frequent pedestrian contact 

ABSTRACT are, for the "v" form, lateral and upper wind- 

screen frame, windscreen and bumper/front 
Pedestrian accidents represent a focal point end area; for the "pontoon" form a higher of road traffic accidents. In future, the more 

incidence of damage was found to rear and risks to car occupants are reduced by technical 
front end of the bonnet and to the lower sec- safety measures, the more significance will 
tion of the windscreen frame. attach to pedestrian accidents. 

In spite of the remaining risks of road con- Results with regard to accident and injury 
tact, pedestrian safety in car collision s can be characteristics of pedestrians are presented on 

a basis of 3,000 real world accidents, positively influenced by measures of vehicle 

Location and intensity of pedestrian pri- technology and by optimization of car front 
structures. mary impact on the car is stated. In more than 

50% of the cases the pedestrian contacted the 
INTRODUCTION outer third of the car front end. Head and leg 

injuries are predominant pedestrian injuries. Protection of collision opponents is now an 
The influence of pedestrian age was clearly important aim of accident research. However, 
confirmed. Elderly adults sustain more frac- whereas protection of car occupants and, to a 
tures of lower limb, pelvis and upper thigh, certain extent, of two-wheelers was improved 
Children reveal a high incidence of head, during the past few years, it seemed that vir- 
torso and upper thigh injuries due to their tually no protection existed with regard to 
relative height. Seeing that about 20% of the pedestrians. Only recently more attention has 
injured pedestrians are children only between been paid to the problems of pedestrian acci- 
6 and 9 years of age, safety requirements of dents by accident research in various court- 
children should be included to a higher degree tries. Basic results were obtained, above all, 
in the optimization of the car front end. from experimental tests and mathematical 

Typical influence of car form on injury models. However, only few results deal wi~h 
incidence was found. Pedestrian overall in- real world pedestrian accidents and the conse- 
jury severity was about balanced with some quences of injury. From the results on hand 
advantage for the "v" form as compared to the supposition that little can be done with 
the "pontoon" form. However, typical dif- regard to car/pedestrian collisions is now 
ferences exist with regard to individual body being questioned. Without doubt, the prob- 
areas. Lower limb injuries are over-repre- lems of finding starting points for safety 
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measures are much more difficult because of Table 1. Nature of traffic participation of seri- 

the complex nature of pedestrian accidents, ously and fatally injured persons. 

The more necessary will it be to carry out (Source: Official German Statistics, 

large-scale investigations into real world 1977). 

pedestrian accidents. ~’--.....~i~ severity ] Severellife- Fatal 

The results of the present study, based Traffic ~ ] threatening 
participation Number % Number % 

upon 3,000 pedestrian accidents, are intended 
~c~pat~on ""~t " 

Pedestrian 27,292 17.8 3,748 25,0 

to furnish advanced knowledge on accident car 76,887 50.0 7.25~ 48.5 

characteristics of real world car/pedestrian Motorizedtwo,wheeter 30,111 19.6 2,152 14.4 
Lorryt bus 3,069 2.0 300 2.0 

accidents. Additionally, injuries are related to Others 16.376 10.6 1.620 10.1 

collision types. The influence exercised by the Total 153,735 !00,0 14,978 ] 100,0 

factors "pedestrian age" and "vehicle shape" 
on injury risk is discussed. It is intended to use 
the present study--beyond its immediately half, were children between 6 and 9 years of 

available resultsmas a basis for further investi- age., Elderly adults form the second main 

gations into specific technical safety measures, group. 20°70 of all injured pedestrians are 
older than 65. This means that in Germany 
60.7°70 of all pedestrians involved in an acci- 

SIGNIFICANCE OF PEDESTRIAN dent are either children or elderly adults, 
Because of the fact that one out of three in- 

Pedestrian accidents represent a focal point jured pedestrians is a young child up to 10 

of road traffic accident totaJs (table 1). years of age, it is important to discuss possible 

Almost 4,000 pedestrians are killed and ap- technical safety measures not only with regard 

proximately 27,t)00 are seriously injured every to the adult, but to include in the future also 

year in the FRG. In one out of four accidents specific safety requirements of children, 

with fatalities a pedestrian was involved, caused by their difference in stature. The high 

Age was found to influence strongly pedes- proportion of seriously and fatally injured 

trian injury incidence (fig. 1): 40.7°7o of all elderly adults is due not only to their accident 

pedestrians involved in an accident were chil- frequency but, above all, to their reduced 

dren up to the age of 15; 18.5°70, or almost tolerance levels to trauma. 

30 
[] HUK research "pedestrian 

20 

-5                -9                -14              -20              -24               -34              -44             -54              -64             >~ 65 

YEARS OF AGE 

Figure 1. Frequency distribution of age groups in pedestrian accidents. 
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As regards the collision opponent, certain Table 2. Overall injury severity versus type of 
focal points were noted (table 2). Approxi- collision opponent (Source: Official 
mately 80070 of the accidents were pedestrian/ German Statistics, 1977). 
car collisions. Contrary to lorries, two- 

~ Officia German Statistics 1977 
wheelers etc., technical safety measures seem "~jury severity ~nlury proaucmg Car crash w~[n 

quite possible in the case of cars. However, Vehicles ~ car crashes fatalities 
involvea           ~,. 

knowledge of pedestrian accidents is com-                   " 
Car 46,463 78.5 2,640 80.7 parable to the status of car occupant protec- Lorry/Bus 3.965 6.7 345 10.5 

tion research 15-20 years ago. Today, new Motorized wo-wheeer/others 8,742 14.8 286 8.8 
technologies will offer new possibilities also Total 59.170 100.0 3.271 100.0 

with regard to exterior car design. 

From the point of view of the impact vehicle insurers, which means that they will 
speeds, too, the realization of technical safety 

appear in the HUK accident material. The 
measures seems possible at least within certain 

files of the German motor vehicle insurers are 
limits. It is true that the impact speed levels well suited for accident analysis, as police 
are difficult to ascertain also in reconstruc- reports, hospital and expert records etc. are 
tions. However, without doubt, most pedes- 

included. 
trian accidents occur in the speed range of 

The present investigations into pedestrian about 30 km/h1,2,3,4. This is indirectly con- 
accidents yielded very copious data. In view firmed by the fact that the clear majority of 
of the fact that in most cases pedestrians had accidents occur in urban traffic accounting 
suffered serious injury, approximately 90% for 73.8% of all fatally and for 91% of all 

seriously injured pedestrians in Germany5. of the accidents studied had also been re- 
corded by the police. A survey on the most 

Thus it is that not in all, but in many cases, important data groups of the HUK pedestrian the injury risk to pedestrians could be reduced 
accident analysis is given in Figure 2. HUK by means of technical safety measures, pro- 
engineers subjected the initial results to a vided that knowledge of collision character- 
detailed multi-phase analysis, established ad- istics, pedestrian contact and the resulting 
ditional documentation based on photo- injuries can be improved. An answer to these 
graphs and obtained further information questions will have to be sought for by large 
from the parties involved in the accidem. 

scale studies of real world accidents and corn- Thus, all information on an accident gathered 
parative studies on an international scale. 

by any institution was centralized and sub- 
j ected to a global evaluation. THE ACCIDENT MATERIAL OF THE 

PRESENT STUDY The collision analysis reports used are 
shown in part by Figure 3, These collision 

Accident Sampling analysis reports combine the findings of the 
evaluations in such a way that they can be 

Within the scope of HUK-Verband acci- data processed. They are supplemented by 
dent research work, injury-producing pedes- detailed information, such as the originals of 
trian accidents from the years 1975/76 were the medical diagnosis, expert opinions, acci- 
studied. The evaluations were carried out by a dent reconstruction etc. This procedure 
team of engineers of the department of auto- sures detailed technical case analyses even 
motive engineering in cooperation with physi- with regard to the present large sample size. 
clans in a retrospective analysis. The basic 
evaluation method used is shown in Refer- Description Criteria Used 
ence 6. 

In Germany, virtually all injury-producing Injuries are rated on the AIS7, whereby the 
pedestrian accidents are reported to the motor injury description by type, severity and 
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Behavior 

Road exterior 

Driver 
Road condition Pedestrian 
Weather condition 

Accident cha racteristic 

Injured person 

Collision type Overall and detailed injuries, 
age, sex, etc. 

Accident-type and -course 

CBr 

Vehicle Causes of 

damage 
injury 

Evaluation by HUK engineers 

Basis: all information!data compiled by various ~]roups 

--Police reports Photo documentation of accident scene ana car 

--Medical reports --Interviews/witnesses 

-Expert reports --Accident reconstruction 

Figure 2. Main data groups used in HUK research program "Pedestrian Accidents." 
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VERBAND DER HAFTPFLICHT-. UNFALL- UND KRAFTVERKEHRSVERSICHERER 

- Untersuchung yon Ful~g~ngemnfiillen - 

I Kennziffer VU l 1 I ~ Aktenzeichen [ 

I. UNFALLKARTE ] Kaskoversicherung VK L~J TK L~ SV-Gutachten vorhanden L~J entnomrnen ~_J 

Polizeibedcht vorhanden ~.~ Fragebogen gepriJft L-__=    gelocht    [ _J 

L J StraSenklause 
U ¯ 

L~ nan 

[] Fu~g~inger~t~ 
[_J G~:hwtndlgkelt ~gm.zung ~ 

LJ ~ ~ Konfllkt~telle - In Rtc~lu~g Ktz ~]40/50 ~20 

.... Siehe LS 54 

LJ Verkehrmgeleng 
OJ weggeschleudert 

Figure3a. HUK Collision Analysis Report: "Pedestrian Accidents," section "Accident Charac. 
teristics." 
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FUSSG~NGERKARTEJ I N~ u~ ~,~c.r,~ 

Collision ~nalysis Nepo~: "Pe6estdan Acci6ents," section "Pe6estrian Data, 

Behavior an6 Iniudes." 
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I FAHRZEUGKARTE I 
I Name und Anschrift Fah 

~ L~ Nat~naltt~t 

Figure 3c. HUK Collision Analysis Report: "Pedestrian Accidents," section "Vehicle/Driver." 
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~ocation, used also in previous HUK studies, fication of car models will permit, in future, 

has proved useful (fig. 3b). the study of any typical vehicle parameter, 

For the description of the "external situa- such as relative bumper height, characteristics 

tion," an "accident type catalogue" was of the front end, bonnet height and length etc. 

developed8. This classification describes the 

conflict out of which the accident had 
developed (for example see fig. 4). The Accident Material 

For the description of the primary impact So far, some 3,000 pedestrian accidents, in 
area and resulting secondary impact areas, as which a pedestrian had suffered at least one 
well as of the damage to the vehicle, the car minor injury, have been evaluated. Real world 
body was subdivided into detailed damage accident totals are represented by this pedes- 
areas (fig. 4). Make and model as well as year trian accident sample. The investigations are 
of construction of the involved vehicle were 
noted. The characteristic car shapes were sub- 

currently being continued so that, in future, 
even more comprehensive data will be avail- 

divided, namely into able for in-depth analyses of various technical 
¯ the "v" form and parameters. 
¯ the "pontoon" form (fig. 5). In line with German official statistics5, col- 

Small delivery vans and lorries were charac- lisions "pedestrian/car" predominate in the 

terized by "box" form. This systematic classi- HUK accident material with approximately 

Recording of car damage (HUK method) 

Type of accident 4/6/1 crossing 

Real world accident 

tnjunes: 

fatal brain 

stem injuries, 

pelvic fracture, 
thigh fracture.                              ~ 

Description: pedestrian crossing intersection 

is hit by car (Opel Ascona) at night. 

Figure 4. Example for accident type and documentation of car damage by pedestrian contact. 
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Figure 5. Classification of typical car forms and examples of car modets. 

80°70. In these collisions, 2,545 pedestrians all injury severity. These pedestrian/car colli~ 
had sustained injuries, Table 3 gives the over- sions form the basis for the following eval- 

uations. 

Table 3. Accident material of this report:overal! The coincidence with real world accident 
totals is confirmed also by comparing the injury severity of pedestrians in all 

types of collision, frequency distribution of urban/rural acci- 
dents and pedestrian age with official statis" 

AI~ Only accidents ticsh: 68.2% of the accidents studied in the 

Overall injury accidents involving cars HUK material with fatally injured pedestrians 
severity I AIS Number l % Number % and 89% with seriously injured pedestrians 

....... had occurred in urban traffic. As regards 
Minor 1 1,275 I 42.5 1,067 41.9 pedestrian age, both the HUK sample and 
Moderate 2 771 I 25.7 662 26.0 official statistics show exactly the same distri- 
Severe 3 507 I 18.9 453 17.8 
Critical 4/5 151 [ 5.0 121 4.8 

bution (fig. 1). Other characteristic compara- 

Fatal 6 rive factors of the HUK material, such as acci- 
~ 

296_._r_~ 24~2 9.~5 dent type, daytime distribution etc., were welt 
Total 3,000 

! 10~0.0~ ~ 21545~ 100:~0 in line with official statistics, too. 
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ACCIDENT CHARACTERISTICS AND A far higher proportion of rear impacts 

RESULTING PEDESTRIAN INJURY (approximately 10% more) is noted for acci- 
dents involving lorries ("box" form). In 34070 

Collision Types and Location of Primaw      of the lorry/pedestrian collisions, primary 
pedestrian contact was found to have been on 

Impact the lorry’s side surface. A deviation barrier on 

Information as detailed as possible on the the lorry’s side structure between front and 

collision process of a pedestrian accident is a rear axle could help to render safe this specific 

prerequisite for the determination of risk risk zone for both pedestrian and two-wheel 

zones of cars and, thus, for priorities of rider9J°. If this deviation barrier could keep 

specific car safety measures, the pedestrian from being run over following 

As expected, primary contact with the car’s a light side contact, the injury risk to pedes- 

front end predominates (68.5%) (fig. 6). In trians could be easily, and effectively, re- 

28% of the cases, the primary contact was on duced. Frontal impact is the most frequent 

the car side. Characteristic for this car side primary impact with lorry accidents, too 

contact is that the pedestrian is in full motion (56%). 

and contacts the fenders or the compartment Figure 7 shows the distribution of impact 

area (fig. 6). Primary contact with the car’s speed levels. In 1,353 of the pedestrian/car 

rear end results from collisions while backing collisions under review reliable information 

up. Children are most frequently involved in on impact speeds was obtained. For about 

this collision type. half of the accidents impact speeds in the 

Front end Front end 

68.5% / 56.0% 

Left side Right side Left side Right side 

10.7% 17.3% 10.7% 23.4% 

Rear end 

9.9% 

Rear end 

3 _5% 

Figure 6. Location of primary impact for cars Cv" and "pontoon" form) and lorries ("box" form) in 
pedestrian accidents. 
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[%] 
100 

8O 
Collision speed 

70                                                                   distribution     __ 

>.- "V" form Pontoon 
O 
Z 60 km/h 

z~ form [] 
LU 

322 cars 1031 cars 
::) "V’" form and , 
0 

-15i 48.5 47.4 
rrm 50 "Pontoon" form -30 27.6 26.2 
u. 47." 

-45 14.0 17.3 

40 -60’ 5.0 5.7 
-80 3.7 2.1 

-100 i 0.3 1.0 
30 >-100 i 0.9 0.3 

2O     / 

-I 5 -30 -45 -60 -80 -t OO > 100 

COLLISION SPEED [km/h] 

Figure 7. Impact speed levels VK in pedestrian collisions with passenger cars (total 1,353 accidents). 

range of only 15 km/h were recorded. How- Risk priorities are determined by the result- 
ever, it should be borne in mind that the acci- ing consequences of injury versus primary 
dent material consisted of accidents of all impact. For instance, a primary contact with 
degrees of injury severit y including AIS 1. the front edge of the vehicle could mean that 
Only 9.3% of the accidents were found to the pedestrian receives a glancing blow and is 
have occurred at high impact speeds (45 km/h flung away to the road; on the other hand, 
and up). Other studies3,11 show corresponding depending on the sequence of motion, an in- 
results--taking into account the different creased risk of A-post contact is possible. 
sampling with higher accident severity. In this connection it has been found that 

Figure 7 also shows impact speed levels the central frontal contact with the car does 
related to the "v" and the "pontoon" form. by no means generate the most serious injury 
The figures for both vehicle shapes are virtually consequences (fig. 9). Contacts with the outer 
the same; this finding is of importance to the front thirdwfar more frequent in occur- 
subsequent comparison of pedestrian injury, fence show the same risk, even an increase 

Primary impacts related to individual car in risk when related to fatal injuries only. 
body areas are given in Figure 8. More than Consequently, the A-post represents an 
50% of the pedestrians involved in an accident important risk zone, which is of secon dary 
contact the outer third of the car front struc- importance only in primary contacts with the 
ture, whereby the right third is by far most fre- central third of the car’s front end. Further- 
quently contacted with a proportion of more, the outer edges of the bonnet of many 
32.2%. Primary contact with the center part car models are much more stiffly designed 
of the front structure occurs in only 14.7% of than their center part. The analysis of real 
the cases, world accidents related to collision frequency 
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Right side 

12.6% 3.8% 0.9% 

32.2% 

Front end 14.7% 
3.5% Rear end 

/ 
7.7% 2.4% 0.6% 

Left side 

Figure 8. Primary, impact areas in pedestrian/car collisions ("v" and "pontoon" form). 

Total AIS % 

527 1 33.5 

Cases 2/5 49.7 

6 16.8 

1 32.0 
240 

~ 

2/5 54.4 

LL Cases 
6 13.6 

353 I 28.7 

Cases 2/5 55.6 

6 15.7 

~ Cases 2/5 47.8 

~ 6 3.9 

Figure 9. Resulting pedestrian overall injury severity versus car body area of primary impact. 
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and injury severity indicates that car crash 
tests on "pedestrian safety" will produce 
most realistic statements if the primary con- 
front third of the car. The risk of injury from 
tact of the dummies is directed to the right ,.-r. ,, 
car side contact was found to be much less 
important. Almost half of the pedestrians sus- 
tain injuries of only a minor nature--an indi- 
cation of the pedestrian being flung away 
from the vehicle after primary contact. Severe 
and fatal injuries were sustained, above all, in 
cases where the pedestrian, because of his 
own motion, contacts bonnet, A-post, or 
windscreen and the torso is fully accelerated 
following the initial impact. 

Injury frequency severe/i Injury frequency allI life threatening fatal 
............ injury severities 
......... Injury Risk of Pedestrians injuries AIS 3-6 

For reasons of better monitoring, the over- Figure 10. Risk of injury to individual body areas 
all risk of injury related to all collision types for all pedestrian accidents. 
and vehicle shapes is shown in Figure 10. Of 
the total number of 2,582 pedestrians in- 
volved, 61.5070 suffered head injuries of all injuries, whereby a much higher incidence of 
degrees of injury severity, 12.707o sustained lower limb injuries (8.40/0) than of serious 
severe or fatal head injuries (AIS 3-6). upper thigh fractures (2.7070) was noted. PeP 

Next injury priority both by frequency and vic injuries (6.3%), too, were more frequent 
severity was leg injuries. Lower limb injuries than serious injuries to chest (2.3070) and ver- 
were found to have been sustained in 38.7070, tebra (1.5070). As compared to car occupant 
upper thigh injuries in 20.4°70 of all collisions, injury patterns, the biomechanics of pedes- 
In pedestrian accidents abdominal injuries, trians in accidents reveal different priorities. 
too, take a significant proportion of 19.8070 Naturally, these relations change when only 
for all injuries and of 6.5070 for serious/fatal fatal injuries are considered. Out of 154 indi- 
injuries. Chest injuries of all degrees of sever, vidual injuries to various body areas known to 
ity were sustained in 10070, vertebral injuries in be responsible for death, as many as 1 l0 were 
about 70/0 of the cases. Serious injury to cer, head injuries, followed by injuries to chest 
vical and dorsal vertebra is, however, relatively and vertebra (Table 4a). 
rare. 

A detailed allocation of injury severity by The Risk of Injury to Children and Elderly 
individual body areas is given in Tables 4 a/c. Adults 
The percentages refer to the total number of 
2,582 pedestrians who had suffered an injury Children up to the age of 9 and elderly 

in pedestrian/car collisions. For easy com, adults (65 +) were found to have been involved 
parison with earlier investigations, especially in pedestrian accidents with a proportion of 
clinical sampling. Table 4 gives also the basic roughly 30 and 20°/0 respectively. Therefore, 
figures for injured pedestrians in line with their injury characteristics with regard to 
overall injury severity, frontal car collisions are dealt with separately 

For those sustaining serious injuries (AIS in Figure 11. Children were found to have a 
3/5) it was found that head and leg injuries very high incidence of head injury (76.4070). 
were, again, the most frequently sustained This results from theirdifferentheightrelative 
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Table 4a. Frequency and severity of injuries to the individual body. Areas of pedestrians: head/torso. 

OSl distribution of all 

injured persons Minor Moderate Severe/life- Fatal 

Body 
AIS 1 AIS 2 threatening AIS 3/5 AIS 6 

OS~ 1 1097 Total areas 

OSt 2 664 2,582 iniured 

OSI 3-5 566 persons Number % Number % Number % Number % 

OSI 6 255 - 

Head 1004 38,9 256 9.9 218 I[ .5 110 4.3 

,~" Chest 135 5.2 44 1.7 59 .3 24 0.9 

Abdomen 292 11.3 53 2.0 162 E .3 5 0.2 

Cervical 
35 1.4 3 0.1 7 ( .3 14 0,5 

spine 

Dorsal/ 

lumbar 95 3.6 3 , 0.1 31 .2 1 0.1 

spine 

Table 4b. Frequency and severity of injuries to the individual body areas of pedestrians: upper ex- 
tremities. 

Bod~’ areas 
Minor Moderate 

Severe/life- 

injured AIS 1 AIS 2 
threatening 

AIS 3/5 

Number % Number % Number % 

Shoulder 159 6,2 101 3.9 5 0.2 

, Upper arm 245 9~5 80 3.1 19 0.7 

, Forearm 121 4.7 56 2.2 9 0.3 

215 8.3 30 1.2 3 0.1 
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Table 4c. Frequency and severity of injuries to the individual body areas of pedestrians: lower ex- 
tremities. 

Severe/life- 
Body areas Minor Moderate 

threatening 
injured AIS 1 AIS 2 

AIS 3/5 

Number 
I % 

Number 
I % 

Number % 

,~ /Th igh 
298 11.5 160 6.2 69 2,7 

Knee 411 15.9 36 1.4 18 0.7 

’~ 

~Shank 459 17,8 324 12.5 216 8.4 

Foot 209 8.1 66 2.6 8 0,3 

to the car front structure. Dangerous/fatal speed levels for injuries sustained by elderly 
head (16.6%0) and abdominal (8.3%) injuries adults are approximately 7.5 km/h lower than 
were also frequently sustained injuries. How- the speeds for comparable severities of injury 
ever, a clearly increased susceptibility to injury in younger adults. From Reference 13 it fol. 
of the elderly was ascertained. Almost 1 out of lows that impact speeds would have to be 
4 elderly adults was found to have sustained a reduced by approximately 10 km/h in order to 
dangerous/fatal head injury in a frontal car arrive at severities of injury in elderly adults 
impact. Typical injuries with regard to this age (65) comparable to those of a 40-year-old 
group are extremely frequent lower limb in- adult. Both studies demonstrate, as a trend, 
juries, as well as pelvic and upper thigh in- the strong influence of high age due to re- 
juries. The frequency of injury to thorax and duced biomechanic tolerance levels, 
cervical vertebra was found to be above aver- 
age, but not predominant. VEHICLE SHAPE INFLUENCING INJURY 

These effects of age on the pattern of pedes- 

trian injury are caused by impact dynamics on Previous Studies 
the one and by injury tolerance levels on the 

other hand. For instance, the bones of young All existing publications agree that pedes- 

children up to the age of 9 are more resilient trian injury is strongly influenced by vehicle 
than the bones of adults11. The elderly tend to shape. However, because of the complex 

be more susceptible to fractures due to their nature of pedestrian accidents, the results 

decreased bone strength. Moreover, elderly often cannot be easily followed up or com- 

adults, because of their physical condition, pared. Depending on the course of the acci- 

are more likely to die from serious injury, dent, either location of the initial vehicle con- 

Two studies have tried to quantify the gen- tact, vehicle speed, vehicle shape or pedestrian 

eral effect that age has on injury severity. In height can become the most prominent factor. 

Reference 12 it is suggested that the impact According to References 2 and 14, probably 
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Most results published call for qualitative 
Children up to Persons aoed 65 interpretation; nevertheless, they all show a 

and older 9 years of age Total 
Total trend, namely that, by optimizing vehicle ex- 

I76.4 (15.6) 2~ 206,J59.9 (24.8)1 terior design, pedestrian injury could be re- 

[~.2 (1.7) 4.9 ( 3.4) 1 duced at least considerably. 

I~.6 l -1 ( * I1 
Risk of Injury for Cars of "V" Form and 

I3.9 (2.6) ( 7.3)] "Pontoon" Form 

[~0.9 (") 12.1 (1.5)1 
The present investigations, too, were con- 

[2.2 ( . ) ( 0.5)] fronted with these difficulties which have not 

4.4 ( 1.9)] been solved to date. In view of the large num- 
ber of, sometimes conflicting, individual 

7.8 ( * )l parameters, it is very important not to lose a 
8.3) 24.8 (14.1)] perspective of road traffic accidents as a 

whole. 
L26.6 (1.7) 21.8 ( 5.8)] 

Consequently, evaluation criteria such as 
~o.5 (-)~ ( 1.o)] overall injury severity, injuries to the indi- 

vidual body areas and damage to the vehicle 
[22.3 { 3.5) 55.8 (17.0)) 

versus car form (according to fig. 5) are, at 
[3.5 ( * )[ (1.o) 

first, compared. It must be possible to express 

[injury frequency severe/ I Injury frequency all 

I 

data relating to safety criteria of vehicle shape 
[life-threatening fatal 

I injury severities I 
quantitatively when the size of the sample is 

/injuries AIS 3-6 , large enough. 
¯ No injuries ascertained in this sample The results quoted in the following chapters 

are based upon frontal pedestrian/car colli- 

Figure 11. Injury risk to individual body areas of sions involving 

child ren and elderly adults in frontal ¯ 257 "v" form cars and car impact. 
¯ 863 "pontoon" form cars. 

not as many severe injuries result from con- 
Both samples revealed: same age distribution, 

tact with the "v" form as from contact with a 
same primary contact areas as well as same 

conventionally designed car. According to impact speed levels. Thus, it becomes possible 

References 15 and 16, this is the case only at to associate risk of injury with vehicle shape. 

low impact speeds up to 30 km/h while at Later on--using these results as a basis--in- 

impact speeds higher than 40 km/h the con- depth analyses of large sample sizes with 

verse is true. regard to vehicle shape parameters can be 

In order to demonstrate the relative influ- conducted effectively. 

ence exercised by vehicle contour on pedes- Table 5 gives a survey on overall injury 

tian height, in References 11 and 17 a coeffi- severity of pedestrians related to vehicle shape 

cient was formed by absolute bumper or for frontal and side primary impact. Pedes- 

bonnet height versus pedestrian height. Ac- trian overall injury severity was found to be 

cording to Reference 11 relative bumper height about balanced with some advantage for the 

and leg injuries are more closely connected "v" form as compared to the "pontoon" 

than bonnet height and pelvic injuries, form. These differences should not be over- 

Bumper lead, too, as well as bonnet height stressed for the moment. 

relative to the bumper lead and bumper lead Because of the fact that only frontal im- 

angle are of great importance]L18. pacts were considered, the proportion of 

602 



SECTION 5: TECHNICAL SEMINARS 

Table 5. Overall injury severity of pedestrians in front and side impact (cars "v" and "pontoon" form). 

Minor Moderate Critical/ Total 

Vehicle Impact severe fatal 

form area OSI 1 OSI 2/3 OSI 4-6 

Number1% Number 1% Number1% NumberI % 

~ 
~.. 

Front end 79 30.7 131 51,0 47 18.3 257 100,0 

"V ’° form Side 75 56.0 49 36.5 10 7.5 134 100.0 

I 

~--"J~(~~-]~~~ 

Front end 276 32.0 391 45.3 196 

22.7 863 i :OO.0 Side 144 44,6 145 44.9 34 10.5 323 00.0 

"Pontoon" form 

critical/fatal injuries (AIS 4-6) amounts to is a much higher incidence of abdominal 
20%. The risk to which pedestrians are ex- (10.8%) and upper thigh injuries (4.6%). In- 
posed in side impacts is much lower. It could juries to the vertebra, too, are slightly more 
be possible that in primary side contacts, too, frequent as compared to serious injury with 
the vehicle shape influences to some extent the "v" form. 
injury incidence. The following studies are, 
however, limited to frontal impacts. 

The evaluation of the risk of inj ury to indi- 
vidual body areas in dependence on vehicle Injury frequency-serious injuries AIS 343 

shape was made on the basis of serious/fatal Non form Form related 

related injuries injuries 

injuries (AIS 3 and up). Above all, injuries of Total 742 persons 
this degree of severity are relevant to safety. Number % 

Minor injuries AIS 1/2, on the other hand, ~41 19.0 1~ 
Number % 

are of secondary importance to the judgment 
from the point of view of safety, but data 

[ 1 o.1 13 1.8] 

material is, of course, on hand. As can be 132 4.3 ~ 13 1.8] 
seen from Figures 12 and 13, even the 9 1.2 8o lo.8 
restricted definition "frontal impact," "pon- 
toon" or "v" form, serious injury AIS 3 and 4 0.6 34 4.6 J 
up yielded a sufficiently large number of ] 2 0.3 r 83 11.21 
cases tO come to secured conclusions on the I 12 1,6 distribution of injuries. Percentages refer to 
injured pedestrian totals for either I1 0.1 
"pontoon" or "v" form cars. 

Equal frequency of serious head injury was 
recorded for the "pontoon" form (fig. 12) Figure 12. Frequency of injuries (AIS 3 and up) 
and the "v" form (fig. 13). However, a char- to individual body areas in frontal 
acteristic difference with the "pontoon" form car impact ("pontoon" form). 
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mind that an injury could have been caused 
Injury frequency--serious injuries AIS 3-6 

Non form Form related 
also by contact with an undeformed vehicle 

related injuries injuries part, for instance, the A-post. 
Total 218 persons In roughly 80070 of the frontal collisions, 

Number % ~L" damage to the car was found. Figure 14 gives 

~ 1 
,- 

Number % car damage frequency distribution for the 

*-- -- 
--1 3 1.4 ] general car body sections, based on a sample 

of 205 "v" form and 711 "pontoon" form 

[ 8 __-.o37 _’~/,/~     ~l’l 
2 0.9 ] cars. In cases where multiple car damage had 

~ 1.4 y/~f.’/ J 
13 6.0 ] been recorded, every damage was recorded in- 

~ , "_[/17~#] /~ 
0.9] 

dividually--therefore, an increase in damage 
frequency does not necessarily indicate an in- 

1---" ~- --’i" ~ I 
39 17.9] crease in injury risk as well. However, pedes- 

trian contact and, consequently car damage is 

" ~ ]~~ 
theym°re mustfrequent with theSemoreCar body areas and 

be called risk-prone than 

others. 
*Other body areas: 

No severe injuries registered in this sample As impact conditions were equal, car front 
end damage frequency was found to be iden- 

Figure 13. Frequency of injuries (AIS 3 and up) tical with the "v" and the "pontoon" form 
to individual body areas in frontal (83.9 and 83.5°70 respectively). Frontal iT- 
car impact ("v" form), pacts of all degrees of severity were found to 

have also identical damage frequencies in the 
Characteristic injuries sustained in contacts areas "bonnet, fender, windscreen and roof," 

with cars of the "v" form are, above all, Only the area "windscreen frame" was found 
lower limb injuries. As compared to the to have been damaged more frequently with 
"pontoon" form, they are increased by 1.5. the "v" form (6.8%) than with the "pon- 
Injuries to the upper extremities and the toon" form (3.2%). 
thorax did not show any clear dependence on 
vehicle shape. It seems that injury incidence is 

Figure 15 differentiates between detailed 

strongly influenced by direct transmission of 
damage areas related to accidents of all 
degrees of severity. Both the "pontoon" and 

force into pelvis and legs. No preponderant 
the "v" form cars under review were found to 

influence of car shape with regard to head, 
chest and arm injury incidence was discern- 

have the right third of the car front most fre- 
quently damaged from primary contact (45.6 

ible. It can be, therefore, expected that an and 46.3% respectively). The front end of the 
optimization of the front structure will not 
lead to an additional, new risk of injury, for 

bonnet was found to have been damaged more 

instance, to the head. By rendering safe pres- 
frequently with the "v" form; the remaining 

ently known risk zones of the car’s exterior, 
areas of the bonnet and the windscreen re- 

pedestrian injuries could be considerably 
vealed no differences when accidents of all 
degrees of severity are included. In one out of 

reduced, 
five accidents the windscreen had been de- 
stroyed, in most cases completely (18.5 and 

Contact Areas on Cars 19.4%) as is the case with tempered glass. In 

Frequency distribution and location of cases involving laminated glass in which the ..... 

vehicle damage furnish indications with area of primary pedestrian contact could be 

regard to risk zones and, consequently, to the determined it turned out that the lower right 

pedestrian sequence of motion as well as to part of the windscreen was the area most fre- 

the causes of injury, But, it must be borne in quently contacted both with the "v" form 
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% "V"(wedge) form                                                   "Pontoon"form % 

Roof           4.4                                                                                 3.2 

Windshield      6.8                                                                                 3.2 
frame 

Windshield     21.0                                                                                    22.2 

Bonnet 47.8 46.6 

Front 83.9 83.5 

Side 21.5 19.7 

Figure 14. Overall damage frequency of car body areas in frontal impact ("v" and "pontoon" form). 

and with the "pontoon" form. Although (fig. 14) is to be attributed to the fact that 
windscreen contact rarely causes serious head both the left and the right A-post were found 
injury, the type of windscreen used is of im- to have been damaged almost twice as often as 
portance in pedestrian accidents. This risk will in the case of the "pontoon" form. As re- 
be attended to in future studies, gards the upper windscreen frame, roughly 

An increase in damage frequency of the the same damage frequencies (1.0 and 0.7%) 
windscreen frame recorded for the "v" form were noted with "v" form and "pontoon" 

"V’" form 0.,4 1~ "Pontoon" form 

6.3 
27.8 

~ 
~ 

1.0 0,3 

~ 

13.2 0.1 10,3 

Figure 15. Damage frequency of detailed car body areas in frontal impact of cars "v" and "pontoon" 
form. 
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form when related to accidents of all degrees minor injuries, windscreen damage frequency 

of severity, was found to be almost balanced (roughly 
It is of decisive importance to the valuation 10o70), whereas in the case of moderate/severe 

of the motion sequence whether the car dam- injuries windscreen damage frequency was 

age frequency distribution changes when only even higher with the "pontoon" than with the 

accidents with serious injuries are considered. "v" form. Indications are that this is not due 

Figure 16, therefore, shows dangerous/fatal to the typical car form but to the length of the 

injuries related to the "v" form and the "pon- bonnet. Windscreen contact frequently occurs 

toon" form. With regard to the "v" form, with small-sized "pontoon" form cars even in 

risk zones are clearly discernible: in 52.4°7o of accidents of low accident severity. However, 

the "v" form cases the windscreen had been the category "life-threatening injuries" 

damaged, whereas this type of damage oc- showed that windscreen damage was likely to 

curred in only 33°7o of the "pontoon" form occur in 33.0°7o of the accidents involving 

cases. Also, damage to the A-post (16.6°70) "pontoon" form cars, and in 52.4°7o of the 

and to the roof (14.3°70) was found to have accidents involving "v" form cars. From this 

occurred far more frequently with the "v" follows that the windscreen and the wind- 

form than with the "pontoon" form (6.4 and screen frame represent critical damage areas 

6.3°70 respectively), with the "v" form; with the "pontoon" 

Figure 17 depicts the variation of damage form; on the other hand, pedestrian contact 

frequency in frontal collisions versus car form occurs far more frequently in the rear bonnet 

and pedestrian injury severity. Statements on area. In frontal collision with "pontoon" 

characteristic risk zones indicating sources of form cars, the force transmission in the upper 

injury are possible with regard to both the thigh/pelvis area causes angulation of the 

"v" and the "pontoon" form. Considering pedestrian’s torso and a secondary impact in 

°’V ’" form 0.5 OPontoon" form 

9.5                                                                                         ¯ 0.5 

3.2, 

11.9                              2.4                      13.8 
7.4                  0.5 

7.1 

O.5 9.6 

Figure 16. Damage frequency of detailed car body areas ~n severe frontal impacts (pedestrian 
injuries at AIS 4) of cars "v" and "pontoon" form. 
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"V" form cars 0 A                        "Pontoon" form cars ¯ A 

zx 
~ 20 -" 

I 2 3 4    OSI I 2 3 4    OSl 

Figure 17. Frequency of typical car damage in frontal collisions versus car form and pedestrian over- 
all injury severity (AIS). 

the bonnet area, while in accidents involving tion and design of bumper systems should be 
"v" form cars the pedestrian is more often optimized also in regard of pedestrian acci- 
thrown up against windscreen, A-post or dents. Because of the fact that characteristic 
roof, which explains the high damage fre- vehicle shape influences strongly pedestrian 
quency of these car body areas, injury incidence, safety measures related to 

Results from dummy tests with typical dif- the car front structures are very effective in 
ferent motion sequences depending on exterior spite of the fact that the risk of injury due to 
car shape are, thus, confirmed by real world road contact cannot be avoided. By providing 
accident studies. However, not the sequence for a compliant front structure and by further 
of motion but the resulting consequences of optimizing areas found to the risk-prone, a 
injury is the most decisive factor. Overall contribution to this end seems possible-- 
injury severity was almost balanced, but there experimental "pro-pedestrian" vehicles show 
is the fact of higher incidence of pelvic and starting points14,19. 

upper thigh injuries with the "pontoon" It will be certainly necessm~ to intensify 

form. This often causes permanent disable- pedestrian dummy tests. However, it will be 

ment and this risk cannot be described ade- of decisive importance to obtain more detailed 

quately by the AIS scale. Therefore, car conclusions from analyses of realworldpedes- 
development during the last years has started trian accidents. This should ensure that char- 
to move in the right direction; as also with acteristic features of the dummies--still deter- 
"pontoon" form cars, an approximated "v" mined by their use in car occupant tests--will 
form was achieved by reducing the rectangular be reliable also in pedestrian accidents with 
front profiles and avoiding sharp contours, their lateral force loading and the marked 
Moreover, it should be possible to reduce the joint torsions. On the other hand, the results 

risk of lower limb fractures with the "v" form of the present studies have to be extended in 
by taking suitable technical measures. Loca- order to answer the question as to which car 
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parameters--such as bumper lead, angle of Head and leg injuries, especially lower limb 

car front end, height and length of the bon- injuries, are the predominant types of pedes- 

net, etc.--actually influence decisively the trian injuries. Abdominal injuries, too, were 

pedestrian’s motion sequence in a real world frequent, whereas injuries to chest and verte- 

accident, bra were relatively infrequent. 

New comprehensive results will not be The effects of age on pedestrian injury were 
short-scheduled because the problems of clearly proved. In frontal pedestrian/car colli- 
pedestrian accidents are complex and call for sions almost one out of four elderly adults 
the optimization of various, often conflicting, (65 +) suffered a severe/fatal head injury. 
requirements. Their decreased bone strength led to over rep- 

Knowledge already acquired as well as new resented fractures of lower limb, pelvis and 
vehicle technologies may offer practical solu- upper thigh. The risk of injuries to chest and 
tions provided that, in addition to occupant vertebra was not increased by much as com- 
protection, problems of pedestrian safety will pared to other adults. Children reveal a very 
receive the attention they deserve, high incidence of head, chest, abdominal and 

upper thigh injuries due to their relative 

CONCLUSION height. Since 20% of all pedestrian accidents 
are accidents involving children between 6 and 

Pedestrian accidents represent a focal point 9 years of age, car safety measures are not to 
of road traffic accidents. In Germany, in one be limited to the requirements of adults but 
out of four accidents with fatalities a pedes- should also take into account those of 
trian was found to have been involved. The children. 
rn ore safety measures help to reduce the risk The influence of vehicle form on injuries is 
of injury to car occupants and two-wheel confirmed. Pedestrian overall injury severity 
riders, the more weight will be given to pedes- was found to be about balanced for both the 
trian accidents. "pontoon" and the "v" form. 

The present study is based upon an analysis However, typical differences exist with 
of 3,000 pedestrian accidents. The evaluation regard to injuries to individual body areas. 
method applied as well as the data contained Serious lower limb injuries were found in 
were described, about 20% of the cases with "v" form cars. 

The primary contact in more than half of This figure is increased by 1.5 as compared to 

the pedestrian accidents is in the vehicle’s the "pontoon" form. On the other hand, a 

outer third of the front end; in approximately typical feature of the "pontoon" form cases 

15 % the primary impact of the pedestrian is in was a much higher incidence of. abdominal 

the center part of the car front end. Injury injuries (approx. 10%) and upper thigh frac- 

severity from primary impact in the outer tures (approx. 5%) as well as a slightly higher 

third of the front end was found to be at least frequency of vertebral injuries as compared to 

equal; fata! injuries were found to be slightly the "v" form. Serious head injury was found 

more frequent as compared to centra~ front to have equal frequency (about 19%). It 

impact. Experimental tests on "pedestrian seems that vehicle shape influences pedestrian 

safety" will produce most realistic statements injury incidence, above all, by direct force 

if the dummy’s primary contact is in the right transmission resulting from primary impact. 

third of the car front end, because the risk This finding reduces the still essential prob- 

factors A-post and lateral bonnet stiffening lems of front structure optimization. 

can take effect. Impact speeds in the range up Risk zones with regard to pedestrian con- 

to 30km/h were ascertained for 75°70 of the tact for "v" form cars are, above all, wind- 

accidents involving injuries of all degrees of screen frame, windscreen and bumper/front 

injury severity, end area. With the "pontoon" form it was 
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found that risk zones are the rear part of the suchung uber 15,000 Pkw.mUnfalle mit 

bonnet/lower section of the windscreen frame Personenverletzung in der Bundesrepublik 
as well as the front edge of the bonnet. In one Deutschland aus dem Jahre 1974," HUK- 
out of five accidents the windscreen had been Verband, Munchen, 1977. 
destroyed. In accidents with critical/fatal 7. "The Abbreviated Injury Scale (1976 
injuries (AIS 4 and up), 52.4% of the wind- Revision)," Joint Committee of the 
screens of the "v" form cars were found to American Medical Association, The Soci- 
have been destroyed, but only 33% of the ety of Automotive Engineers, The Amer- 
windscreens of the "pontoon" form cars. ican Association for Automotive Medi- 

Pedestrian accidents, in spite of their com- cine, AAAM, Morton Grove, Illinois, 
plex nature, demonstrate the effects of vehicle 1976. 
conception on accidental injury. Conse- 8. "Unfalltypen-KatalogmEin Leitfaden 
quently, pedestrian safety in car collisions can zur Bestimmung des Unfalltyps ent- 
be strongly influenced by measures of vehicle sprechend den Richtlinien zur Fuhrung 
technology, notwithstanding the remaining von Unfalltypen-Steckkarten," Mitteilung 
risk of road impact. It will be necessary that Nr. 7, Beratungsstelle fur Schadenverhu- 
the problems of pedestrian accidents receive tung des HUK-Verbandes, Koln. 
an amount of attention corresponding to their 9. "Anforderungskatalog fur Aussenkanten 
high injury exposure in real world accidents, an Lkw," Appel, H., Middelhauve, V., 

Heger, A., Forschungsbericht Nr. 218, 
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A Study of Driver Control Behavior Based on Accident 

YOSHIMI FURUKAWA 
SHOICHI SANO INTRODUCTION 

Honda Motor Co., Ltd. In order to identify the characteristics of 
controllability and stability required of a 

ABSTRACT motor vehicle for preventive safety, efforts 

For the purpose of preventive safety, it is are needed to find out how a driver who oper- 

interesting to look into the mechanism through ates an automobile in his daily life is led to 

which a driver who operates a vehicle in his make an error that results in an accident. Pre- 

daily life commits an error resulting in a traffic sumably due to complicated circumstances 

accident, under which a traffic accident occurs, how- 

In order to facilitate a study in this area, we ever, few attempts have been made to analyze 

set up a hypothesis that such errors are the mechanism of such errors in a unified 

attributable to lack of balance between the manner. 

"objective judgment of safety" inherent in a Assuming that these errors can be attrib- 

driver-vehicle environment system and the uted to lack of balance between the "ob- 

"subjective judgment of safety" as deter- jective judgment of safety" inevitably deter- 

mined by individual drivers, mined by a driver-vehicle-environment corn- 

An analysis of data on some auto accidents bination and the "subjective judgment of 

has proved that this assumption is available safety" to be formulated by individual 

for practical purposes..Also an attempt was drivers, we embarked on a research program 

made through the application of this idea to to identify the process of all traffic accidents 

quantify drivers’ subjective judgment of in a uniform manner. 

safety as a preparatory step to quantitatively It was found that a new analysis of accident 

predict the probability and course of traffic data based on this assumption can clear up 

accidents. This research activity has produced such process. If subjective judgment can be 

favorable results and provided a key to the quantitatively identified in addition to objec- 

achievement of the final goal. tive one, it might be possible to statistically 
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forecast the occurrence of an auto accident by Table 1, which gives some essential details on 

using a mathematical model, the drivers, vehicles, and environments 
While objective judgment is being quanti- volved as well as the course of the incidents, 

fied through numerous studies on this sub- Case A shows an instance where a vehicle 
ject, very little efforts have so far been exerted got out into the outer side of a curved road, 
to quantify subjective one. In order to throw because it was running too fast to stay on the 
some light on this problem, we conducted a road. 
series of closed-loop tests. 

In case B, the driver made an error in his 

ACCIDENT INVESTIGATION steering action when he started to change 
lanes in an attempt to overtake another vehicle 

Method running immediately ahead of him on a clear 

A statistical analysis of numerous data is road with two lanes in each direction; his vehi. 

not suitable for analyzing traffic accidents cle got out of the road after wandering some 

based on the imbalance between the objective distance. 

and subjective judgment of safety. Instead, Case C represents an accident in which a 
efforts should be directed to a study on the vehicle got out of a road with one lane in each 
process of individual accidents in detail. It is direction because the driver turned the steer- 
feared, however, that dealing with numerous ing wheel more than necessary while attempt- 
cases of accidents by this method would in- ing to avoid a head-on collision with another 
volve tremendous work, and yet the findings vehicle that was running close to the center 
of such analysis are unlikely to provide inter- line in the opposite direction. 

............ related data. 
In order to efficiently carry out our research Finally, case D also involves a vehicle that 

program, we had picked out those data which got out of a road with one lane in each direc, 

appeared to have a significant level of correla- tion, but this incident was attributable to the 

tion from among numerous materials before driver’s carelessness. While driving inatten~ 

we embarked on this project. With a view to tively, he found an obstacle only several 

using those accidents for which conditions are meters ahead and turned the steering wheel in 

relatively limited, we turned our attention to a flurry to avoid crashing against it. The vehi, 

self, induced accidents and decided to analyze cle, after wandering some distance, got out of 

some of them that were related to drivers’ the road. 

steering action in some way or other, since 
these were typical instances of accidents in- Review 

volving the controllability and stability of An analysis was carried out on the objective 
vehicles, and subjective judgments of safety concern- 

ing these accidents. Table 2 gives the results of 
Findings a study on the factors that brought about a 

A survey on some 1,000 traffic accidents, significant difference between the two ways of 

which took place in selected regions of Japan safety judgment. 

during a 12-month period from November In all the four groups, the accidents are 

1976 through October 1977, revealed that attributable to the fact that the drivers’ sub- 

about 40 of them were independently caused jective judgment was more optimistic than the 

by affected vehicles alone. Of these accidents, objective one. The causes of their erroneous 

11 were associated with inappropriate steering judgment can be broadly divided into two 

action of the drivers, groups: (i) wrong prediction of the vehicles’ 

By types of mechanism, these accidents can response to their steering action; and (ii) mis- 

be divided into four groups as shown in judgment of a safety margin. 
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In group (i), most of the accidents (six cases should be noted that of these six accidents, 

out of eight--A1, A2, A3, B1, B2, and C1) five were caused by unskilled drivers with less 

can be attributed to the drivers’ error in pre- than one year of experience. In cases B1, B2, 

dicting how the responses of their vehicles and C1, the inexperienced drivers were pre- 
vary with different levels of running speed. It sumably led to form mistaken judgment by 

Table 1. Summary of eleven accident records. 

Driver Vehicle Road 

Width (m) Accident 
Number Number 

Number of 
Visibility Groups Occupation Driving 

Ownership Type of ,30nfiguration 
lanes (in each age experience 

occupants 
direction) 

Plasterer 
2 Driver 

Passenger 
2 

~ 

8-10 
Good A t 

19 car 2 

10 mon 
Another Passenger 

3 

~ 

13 
Good Jobless 

Turning A 2 19 occupant car 2 

Bank 
Another Passenger "-7 ~’- 5.3 

A 3 employee 6 mon 2 / \ Good 

19 
occupant car i 

Senior 

h,gh school 
2 days Brother 

Smal 
5 

/ \ 

12 
Good B t student trucl~ _ _ 2 

18 

Lane cl~ange 

Auto 
2 yr Passenger 

/ \ 

15.2 
B 2 mecnamc Driver 1 Good 

11 mon                  car                                      2 
22 

University 
Passenger 5-6 

C 1 student 7 mort Friend 5 Poor 

18 

Secretary 
Sub- 

1 / \ 6 
Good Avoiding C 2 female 18 mort Father 

compact qon-centerline 

another 23 

vemc~e 

coming from 
Postal 

service 
Leasing 4 

!\ 

Good direction 
officiat truck Non-centerline 

2O 

C 4 
Carpenter 

Driver 
Passenger 

3 Poor 
24 car 

Company 
2 yr 

Driver 
Passenger 

4 ’Y~ 5-6 
Good D 1 employee 

3 mon car ."// 
Non.centerline 

21 

driving 

Carpenter 7 yr 
Employer 

Smal 
3 Good D 2 

28 11 mon truck 
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Table 1, (Cont,) 

Weather conditions 
Vehicle 

Date of Purpose 
Number 

Road accidents of trip 
speed Course of accidents 

Weather                                      (kin/h) 
surface 

Traffic light turned green. Driver 

started and accelerated, Steered 
to the left. Vehicle was forced May 12 Trying a 

50 toward the outside of the curve. A 1 DRY 
20:00 new auto 

Driver stepped on the brake hard. 

Vehicle dashed out of the road to 
the right. 

Gentle corner, Steered to the ~’ Driving right. Rear wheels slipped to the WET 
June 26 

for 90 left. Head angle at forward right. A 2 
17:00 

i,,# 
pleasure Brake applied. Vehicle got out of 

the road to the right. 

Driver disregarded a stop sign. 
Started turning to the left. 

~.,L~,~_. 
Crossed the center line. Another 

A 3 ~ DRY 
Sept. 4 Returning 

50 
vehicle coming from the opposite 

~ 15:45 home direction 6.8 m ahead. Sharp 

...... "~/~ \’~ steering to the left, Vehicle 
skidded. Got out of the road to 
the left. Rolled over. 

Steered sharply to the left to 
overtake another auto. Turned to 

Driving a 
the left excessively. Steered back ~t’ 

friend to 
sharply to the right. Vehicle .... ~ Nov. 19 

where he 60 B 1 DRY 
22:00 

was slippedto the leftSidewayS*and steppedDriveronSteeredthe 

heading 
brake. Vehicle spun. Collision. 

Rolled over, 

1/i,, / Tried to overtake another auto 

~/,~’, ’ WET from its left side. Steered to the 

B 2 ~Y’~ Mar. 24 
Commuting 70 

right. Front wheels slipped. Driver 

~ 8:10 steered to the left. Vehicle turned 
around. Crashed against an 
electric pole. 

_~_ 

WET 
Aether vehicle coming from the 

Nov. 27 Returning 
opposite direction close to !he 

C 1                              10:15       home       50      center line. Driver steered to the 
left slightly. Left wheels fell into 
a gutter. 

Large truck coming from the 
SNOW opposite direction. Driver steered 

(~ ,~ 
sharply to the left. Rear wheels 

C 2 

~ 

Jan. 18 
Commuting 30 slipped to the right, Driver 

8:35 
steered to the right. Vehicle 
slipped to forward left. Hit lightly 
the guardrail on the left. 
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Table 1. (Cont.) 

Weather conditions Vehicle 

Number 
Date of Purpose 

Weather 
Road accidents of trip (km/h)speed 

Course of accidents 

surface 

Another vehicle coming from the 

’ :," .... "’ ICE opposite direction 52.4 m ahead. 
" ¯ " ; "" ’ tt came closer to 17.2 m ahead. 
..... Mar. 4 

C 3 
’," .. ".’ ’. "." 

~ 

10:40 
Business 15 Driver stepped on the brake 

. -_-_- - . . rather hard and steered to the 
¯ , left. Vehicle slipped to the 

forward left. 

Vehicle turned crossing the 

WET center line at a right curve. Driver 
~:~ Driving noticed another vehicle coming 

Dec. 19 
for 50 from the opposite direction. C 4 

~ 3:50 
~ pleasure Steered to the left and stepped 

on the brake. Vehicle hit lightly 
the guardrail on the left. 

~ 
Driver was looking aside, talking 
to other occupants. Noticed an 

Nov. 15 
Dining out 60 electric pole 8 m ahead. Steered D 1 DRY 

2:00 to the right. The right side of the 
vehicle hit the wall. 

Returning 
Driver was looking aside (down 

at his feet). Noticed a wall 5 m 
Mar. 23 after 

D 2 DRY 50 ahead. Steered too much to the 
13:00 disposing 

rubbish 
right. Vehicle spun. Got out of 
the road to the right. 

the non-linearity of vehicles’ motion, since running speed (Forecasting such changes 

the steady state response gain of its lateral ac- is particularly difficult for inexperienced 

celeration changes roughly in proportion to drivers); 
the square of its running speed. Changes in the coefficient of friction 

between tires and road surface; 
Salient Points of the Accident Investigation Changes of a vehicle’s steering response 

due to braking; and 
o As far as the traffic accidents covered by 

Non-linearity of a vehicle’s cornering 
our research program are concerned, their force in relation to the slip angle of 
causes may be ascribed to the imbalance be- 

tires. 
tween the "subjective judgment of safety" 
formed by individual drivers and the * Unfavorable effects would be produced by 
"obiective judgment" which was deter- such circumstances that provide a seemingly 
mined by the appropriate driver-vehicle- excessive safety margin. 
environment system involved. 

¯ , Among the factors of a significant differ- 
ence between these two ways of judgment, Limit to the Achievement of Accident 

those related to the controllability and Investigation 

stability of a vehicle include: The foregoing study revealed that traffic 

-- Changes in the characteristics of vehi- accidents are attributable to the imbalance 
cles’ steering response depending on its between the subjective and objective judg- 
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Table 2. Analysis of eleven accident records. 

Driver’s judgment Causes of a significant 
Number    (subjective judgment of Objective judgment of safety difference between objecti\ 

safety) and subjective judgments 

A1 

I 
Can easily follow the                                          Non-linearity 

A 2 course of a given radius The vehicle was running too fast of the tires’ 

without reducing the for its tires to maintain a firm grip cornering - 

vehicle speed, on the road, force to their 
slip angle, 

A3 

B1 

Changes 
in the 

The vehicle was running so fast that its steering 

B 2 
response gain would reach a high level 

Changes in 
response, 

with increased time lag in response to 
vehicle speed. 

Can safely turn the steering action. Large steering wheel 
wheel at a large angle to displacement would be dangerous, 
make the vehicle follow 

a desired course, 
C1 

The friction coefficient of the road 
surface was at a low level. Large Changes in C 2 
steering wheel displacement would the friction 
cause the vehicle to skid, coefficient of 

the road 
Stepping on the brake too hard would surface. Can safely continue to lock the wheels likely to bring about 

C 3 run by reducing vehicle danger because the steering system 
speed with braking, would produce no effect, Braking. 

Think there is no vehicle Actually, a vehicle running in the Road environ- 
coming from the opposite direction appeared from ahead ment with a 

C 4 opposite direction ahead of the curve. The vehicle in question very small 

of the curve, should not have crossed the center line. traffic volume, 
Large 

seemingly 
safety 

D 1 
Clear road margin 

Have a sufficient safety 
margin to look aside for In reality, there was little safety 

with 

while, 
margin, unobstructed 

view. 
D2 
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ment of the conditions under which they take Turning Test 
place. In order to identify the balance be- 

In case A, the unskilled driver was led to 
tween these two ways of judgment in further commit an error in formulating his subjective 
detail, it is apparently necessary to quantita- judgment due to his failure to accurately 
tively deal with them. Unfortunately, how- 

determine the maximum speed at which the 
ever, only a limited result can be expected 
from accident investigation alone due to the 

vehicle could keep on a curved course of a 
given radius. 

following reasons: 
To look into this problem more closely, we 

o It is difficult to accurately quantify the rela- carried out a test on drivers to find the basis 
tionship between a driver’s steering and on which they determine the vehicles’ running 

braking operations and the subsequent speed when a curved course of a certain radius 

motion of his vehicle in the course of events is set for them to follow while they are driving 

leading to an accident; and normally. At the same time, an attempt was 
¯ It is practically impossible to quantitatively made to quantitatively identify the variance 

identify the mental state of a driver when he range of subjective judgment formed by the 

runs into an auto accident, most typical of general drivers, 

in combination with the foregoing accident Test Method 
investigation, therefore, recourse should be 
taken to some other means, including closed- For the purposes of this test, a three-meter 

loop tests and the preparation of a model for wide semicircular course was set on a proving 

a driver-vehicle system. For this purpose, the ground as shown in Figure 1. The subjects 

quantification of the subjective judgment, were requested to enter the course at a con- 
stant speed from straight forward running and objective one as well, is necessary. 
and to turn the vehicles along the curved 

CLOSED-LOOP TEST course without varying their speed. 

In quantifying the subjective judgment of 
safety, it is apparently necessary to systemati- 
cally perform closed-loop tests to find out the 
type of information that is used by drivers asa 
basis for formulating their subjective judg- 
ment. To deal with many different cases of 
traffic accidents, such experiments must be 
carried out by using various types of drivers 
and vehicles with different characteristics. 

With a view to identifying the effectiveness 
of conducting various closed-loop tests in the 
future, we picked out from the accidents 

o 

examined two cases which had taken place 
under relatively simple conditions and there- 
fore appeared to be easily simulated for a 
closed-loop test on a proving ground. These Figure 1. Course lay-out of turning test. 
experiments include: 

¯ Turning test conducted by simulating case 

A; and The drivers were allowed to determine three 
¯ Lane change test performed by simulating different levels of running speed that give 

case D. them the senses shown in Table 3. 

616 



SECTION 5: TECHNICAL SEMINARS 

Table 3. Levels of driver’s mood in test run. Each of their senses (a) through (c) is roughly 
consistent with a straight line connecting the 

(a) Relaxed mood a speed that allows the driver points shown in the diagram. Since the incli’ 
to go with a sufficient safety nation of this line represents centripetal accel- 
margin, looking at the sur- eration in a vehicle’s turning maneuver, the 
rounding scenery sense of subjective safety judgment is consid- 

ered to be closely interrelated with the centri- 
(b) Normal mood a speed at which the driver 

most often runs a vehicle in 
petal acceleration of the vehicle. 

his daily life (under ordinary Table 4 presents the levels of such centri. 

circumstances) petal acceleration at which two selected drivers 
felt each of the three senses. 

(c) Critical mood the highest speed at which NO significant difference was noticed be- 

the driver can be sure of his tween these two drivers in sense (a), which 
ability to ensure safety 

Table 4. Results of turning test. 
Incidentally, four different radii were 

selected for semicircular courses: 15m, 30m, Level of driver’s mood Sub. B Sub. C 
70m, and 126m on the inside of the curve. 

(a) Relaxed mood 0.07 G 0.07 G 

Findings 

Figure 2 shows the square of the vehicle 
(b) Normal mood 0.13 13 

speed Uo selected by two drivers for the given (c) Critical mood 0.5-0.6 G 0.35-0.45 G 
radius of semicircular courses. 

[ U~)(m/sec)2              Sub B                                Sub ,C 

,0.dG (c) 

~/0.5G 
rn Relaxed mood 600 
r= Normal mood 0.4G 0.4G 

II Critical mood 
(c) 

i,ool 
200 (b) 

~ 
0.1G 
(a) (at 

15 30 70 126 (m)0 0 15 30 70 126 (m) 

TURNING RADIUS                          TURNING RADIUS 

Figure 2. Results of turning test. 

617 



EXPERIMENTAL SAFETY VEHIC LES 

represents a relaxed way of driving with a suf- Obstacle D entirely blocking this 3.5 meter 
ficient safety margin, and sense (b) which they wide lane was placed ahead of the driver. 
feel when driving at a normal speed. In sense Either one of strobo lights SR and SI~, installed 
(c) that represents their critical mood, a sub- right behind the obstacle, was turned on when 
stantial difference was observed between the test vehicle reaches a point P set at a cer- 
them. It may be assumed that a variance be- tain distance L before the obstacle. The driver 
tween different individuals in determining this was requested to avoid the obstacle by turning 
critica! status plays an important role in iden- the steering wheel to shift the vehicle into the 
tit~’ing how their subjective judgment is re- other lane indicated by the strobo light with- 
lated to the probability of accidents, out changing its running speed. 

Lane Change Test The test was designed to provide a rating 
scale for determining the extent of danger the Case D represents an error committed by a 

driver in formulating subjective judgment of driver feels from the oncoming obstacle when 

safety due to his mistaken determination of a the running speed Uo or distance I_ between 

safety margin he had got ahead of him. the vehicle and the obstacle was varied by 

In order to examine the relationship be- changing point P at which one of the strobo 

tween a driver’s subjective judgment of safety lights was to be turned on to indicate the 

and the time allowed him before his vehicle direction for bypassing the obstacle. 

reaches an obstacle ahead, a test was con- 
ducted to simulate case D by getting selected Test II. In this experiment, a predetermined 
drivers to avoid an obstacle through lane course bypassing an obstacle was provided as 
changes, shown in Figure 4. The entire course was so 

The test was divided into two sectors; one is designed that drivers could not change lanes 
designed to quantitatively identify the degree up to a point short of the obstacle by distance 
of danger they feel when the length of such L. They were requested to freely choose vehi- 
allowable time is determined beforehand, and cle speed Uo in such manner that they would 
the other is to find how much time they allow always have the same sense while running in 
for safety purposes when they are requested such a bypass course even if distance L was 
to follow a predetermined course at a speed changed. The aim of this test was to examine 
they usually drive, the relationship between distance L and vehi- 

cle speed Uo. Among the sense groups as 
Test Method 

shown in the section on the turning test, only 
Test I. As shown in Figure 3, a subject was the upper and lower limits of the "Relaxed 

requested to run at a constant speed Uo in the mood" (a) and the "Critical mood" (c) were 
middle of a straight three-lane road. adopted for the purpose of this experiment. 

Figure 3. Course lay-out of lane change test I. 
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lOOm 

50m 

T-----(                                        C            D 

m O 0 0 0 0 0,, 

Figure 4. Course lay-out of lane change test II. 

Findings For subject A, the percentage of his failure in 

Test I. Figure 5 presents the results of plot. 
avoiding the obstacle is also plotted in the 

ting a rating scale for the level of danger felt 
same diagram. Subject B, although capable of 

by the two selected drivers in relation to time 
successfully avoiding the obstacle at all times 
even with such a short time allowance of 

allowed for avoiding such danger (tm = L/Uo), tm = 1.2 sec, said that he "could not avoid the 
obstacle in any shorter time than this," 

I%) 
¯ ~ubA                   Meanwhile, the axis of ordinate presents 

the relative values of various time allowances 
by setting the minimum time required by the 
subjects for avoiding the obstacle at 5 points, 
while giving 1, to the time allowance with 
which they felt they could easily avoid such 

0 
danger, leaving a sufficient safety margin. 

_~ 
5 

,~,,Q, ,~ Accordingly, it does not represent any abso. 

"’ 

~o 

lute values. 4 o 
...... .~ o The diagram indicates that tmE, minimum u.z 3 

o.~ time required for avoiding the obstacle by 
z,, each of these drivers in their own subjective ~.o 

~ 
1 o          judgment, is a little longer than 2 seconds for 

, I ~ ~ , ~ Subject A and some 1.5 seconds for Subject B. 
2 3 4 (~e) 

On the other hand, tmo, which is sufficient 
TIME ALLOWANCE       tm time to make each driver feel that he is free of 

Sub B danger, is around 3.5 seconds for Subject A 
and 3 seconds for Subject 13. Presumably, 

5 ~ these are the time allowances with which they 

4~ 

~ 

usually drive in their daily life. 

3                                   This implies that the difference Atm be- 
tween tmo and tmE (z~ tm = tmo -tmE) repre- 

2 sents the safety margin a driver allows for his 
1 daily driving. For both Subjects A and B, 

, I , I ~ I such safety margins are estimated at around 
2 3 4 (~c) 1.5 seconds (z~ tm = 1.5 sec), 

TIME ALLOWANCE tm Test II. Figure 6 shows the relationship be’ 
tween distance L covering the portion of the 

Figure 5. Results of lane change test I. course where a driver is allowed to change 
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lanes and the vehicle speed selected by him for After adjusting such differences, the mini- 

passing this portion, mum time allowance was determined for each 
driver. It was found that Subject A required 

3.5 seconds for "relaxed" driving and 2.3 sec- 
(mlsec) onds for "critical" driving, while Subject B 

20 - ,~’~ needs 3.2 seconds and 1.4 seconds for the two 

’~ 
Relaxed Critica~ 

different ways of driving, respectively. 

~-" mood mood Table 5 gives a summary of the foregoing 
,*~’ Sub A O [ ¯ 

i~ Sub B ~ ] 
A test findings, and Figure 7 shows a diagram 

i~ ~ ~" ~’~:"~~ 

prepared from these data. 

~, 10 ~ ~o, 
As is apparent from this diagram, the "Re- 

~’ 
~ 

laxed mood" (a) is roughly consistent with 

>~ ! ,~ ~:~ time allowance tmo, which is sufficient to re- 
lieve the appropriate driver from the sense of 

danger. Meanwhile, the "Critical mood" (c) 

is roughly equivalent to time allowance tmE, 

0 ~ ~ ~ which is the lowest limit of a safety margin in 
0 10 20 30 (m) 

the subjective judgment of each driver selected 
DISTANCE 

for these tests. 

The above observations indicate: 
Figure 6. Results of lane change test II. 

¯ T’hat a driver’s "subjective judgment of 

It is interesting to examine which range of safety" is considered to reach its lowest 

Test I findings corresponds to the time allow- limit when the time allowed before his vehi- 

ance chosen by the drivers selected for Test II. cle reaches an obstacle becomes shorter 
In Test I, subjects did not know whether he than his own given value; and 

should shift into the left or right lane until one ¯ That drivers usually operate their vehicles 
of the two strobo lights was turned on to indi- with a somewhat larger safety margin than 
cate the direction in which he should bypass 

the lowest limit of their subjective judgment. 
the obstacle. This means that actual time 
allowed him for this purpose became shorter 

than tm by the portion he would waste before Salient Points of the Closed-Loop Tests 

taking any action (or time lag after the strobo 

light was turned on). Closed-loop tests consisting of turning and 

In Test II, on the other hand, the subjects lane change maneuver were conducted on a 

were informed beforehand as to which course proving ground to work out a series of such 

to take for avoiding the obstacle. This per- tests as required for quantifying drivers’ 

mitted them to start turning the steering wheel "subjective judgment of safety." The find- 

at a proper place a little further away than dis- ings indicate: 

tance L from the obstacle to allow for the ¯ That in the tests for simulating two differ- 
vehicle’s response time. 

ent instances of traffic accidents, one same 
In order to properly compare the time driver shows a general standard which is 

allowances given to the drivers in these two available for identifying his "subjective 
experiments, therefore, it is necessary to take 

judgment of safety" and is common to both 
account of both the time lag before the drivers 

could start their steering action in Test I and 
experiments; 

the portion of time saved by an earlier corn- * That such a standard is apparently inter- 

mencement of such operation in Test II. related with the lateral acceleration of a 
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Table 5. Results of two lane change tests. 

tmE tmo Atm = tmo -- tmE tma tmc 

Sub. A 2 sec 3.5 sec 1.5 sec 3.5 sec 2.3 sec 

Sub. B 1.5 sec 3 sec 1.5 sec 3.2 sec 1.4 sec 

vehicle when running along a circular viewpoint of the balance between the objec- 

course, while in avoiding an obstacle, it tive and subjective judgment of safety. The 

appears to be related to a time allowance results of these studies revealed: 

before the vehicle reaches the obstacle; ¯ That an auto accident can be attributed to 
¯ That a comparison of different drivers lack of balance between the objective judg- 

reveals that their subjective judgment of ment of safety inherent in a driver-vehicle- 
safety substantially differs from each other, environment system and the subjective one 
particularly in respect to the limit up to as determined by individual drivers; 
which he can be sure of his ability to ensure 

safety; and ¯ That in traffic accidents associated with the 

¯ That such subjective judgment can be prob- controllability and stability characteristics 

ably dealt with in a more generalized and of vehicles, drivers are often led to commit 

quantified manner through the collection an error in formulating their subjective 

of data by applying this test method to judgment of safety by a wrong estimate of 

many other conceivable cases of traffic their vehicles’ response to their control 

accidents as well as selecting subjects from action; particularly, unskilled drivers ap- 

a much wider range of candidates with dif- pear to have difficulty in predicting the 

ferent levels of driving skill, variation of such response following a 

change in the vehicles’ running speed; 

CONCLUSION * That the prospect of quantifying such sub- 
The accident investigation and subsequent jective judgment has been made certain 

closed-loop tests were carried out to deal with through a series of closed-loop tests de- 
traffic accidents in a unified manner from the signed to identify drivers’ sense of danger; 

and 
Sub A 

l That the probability of auto accidents to be 
tOnE O~--Atm’~otm0-- ~ 

¯ caused by a certain driver while operating a 

0 1 2I. 3 ~, 4 (sec) given vehicle under given circumstances 
tmc    tma 

may probably become predictable through 

~ Sub B furtherance of our research activity in an 
tmE -~-A trn-~ 

tmo 
~ effort to work out models of driver-vehicle- 

0 1 * 2    3, 4 (sec) environment system by quantitatively iden- 
tmc ~ma tifying numerous drivers’ subjective safety 

judgment with adequate consideration 

Figure 7. Relation between two lane change given to its involvement with the charac- 

test results, teristics of vehicles and circumstances. 
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Compatibility of Masses and 
Structures in Car-To-Car Lateral 
Collisions 

Fo HARTMANN, J. Y. FORET-BRUNO, The study of a survey of 1344 car-to-car 
C. THOMAS, C. TARRIERE lateral collisions in France shows that the 
Association Peugeot-Renault occupants of an impacted car are more 

severely injured when the mass ratio between 

ABSTRACT their car and the impacting car is lower. Thus, 

In recalling the major causes of car-to-car almost 40% of the occupants were killed or 

lateral collisions, the body compatibility of seriously injured when the mass ratio (struck 

the cars involved affects their degree of car/impacting car)was less than .60, under 

severity. This factor, coupled with mass com- 10% of the occupants were killed or seriously 

patibility, is an additional handicap for the injured with a mass ratio above 1.50. 

lightest-weight cars. The injury risk for occupants in the impact- 

An in-depth investigation of 90 collisions ing car varies inversely. It is no greater than 

shows that ~_./~ of the struck cars’ damaged the risk to occupants of the impacted car 

area was located in the occupant compart- unless the mass ratio reaches 1.25 (figure 1). 

ment. Mention is also made of the injury risks Tests (1, 2, 4) have shown the considerable 
to which the 63 occupants directly affected by influence of passenger compartment intrusion 

the intrusion were exposed as a result of these on the severity of injuries sustained by the oc- 

factors, cupants on the impact side. The contact speed 

Proportion (%) of OAIS 

for near side occupants 

in struck cars 

3O 

10 Proportion of OAIS 93 

for striking cars drivers 

~ Struck car mass 

Striking car mass 

0.66 0.90                                 1.10 1.50 2 

MASS RATIO 

Figure 1. Variations of the risk of serious or fatal lesions related to mass ratio for drivers on the im- 
pact side and for striking car drivers in 1344 lateral collisions. 
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between the occupant and the intruded wall, ...... 
which is always greater than the AV of the ~ 

(ao2 co~i=ions) 

vehicle, increases with the collision speed. 
~ 50-- Moreover, at the same collision speed, the 100 

intrusion of the wall of a given vehicle in- W <750~/y 950-1150 

creases with the mass of the impacting vehicle, I 
assuming that the relative stiffness of the ao~ f ~,, 

front end of the impacting vehicle and of the 
side of the impacted vehicle is constant. 

| i..~ >115o 
The study of 302 real accidents indicates 

z that the relationship between mass and intru- 
sion is not affected by the fact that the impact 
speed would on an average increase as the *" 40 
mass of the impacting car increases, given the 
correlation that exists between mass and peak 
speed. The curves of Figure 2 show that there 
is no significant difference in the impacting 

20 

speeds according to classes of weight of the 
impacting cars. 

20    40 60 80 100 

COMPATIBILITY OF STRUCTURES AND ~MPACT VELOCITY Ikm/h) 

MASS RATIO 

The significant body characteristics in Figure 2. Impact speeds of impacting cars by 
lateral collisions are the height of the bumper classes of weight. 
and the rocker panel. Measurements were 
taken of the height of these parts on 75 Euro- 

........ pean cars of different makes and models. The rocker panel were divided into three cate- 

.............. results are given in Figure 3. Since there is a gories (fig. 4): 

positive correlation between these heights and ¯ The bumper struck an area above the 
the car weight, the impacting bumper general, rocker panel (37070 of the cases) 
ly strikes an area above the rocker panel of the ¯ The bumper initially struck the upper part 
struck car when the impacting car weighs of the rocker panel, then overshot it in most 
more than the impacted car. Contrary to this, cases (intermediate configuration, 37°70 of 
when the impacted car is heavier, the bumper the cases) 
of the impacting car generally strikes the ¯ The bumper interfaced with the rocker 
rocker panel, panel (26070 of the cases) 

Ninety lateral collisions were analyzed from When the mass ratio of the struck/impact- 
this point of view. They were chosen from the ing car is less than .85, the initial contact oc- 
file of accidents studied by the multidiscipli- curs above the rocker panel in 6507o of the 
nary accident study group of the Peugeot- cases. However, when the impacted car is 
Renault Association. These 90 lateral colli’ considerably heavier (M1/M2 > 1.25), the 
sions have the following feature in common: interface of the bumper and the rocker panel 

at least ¾ of the deformed area is located in is complete or partial in 92070 of the cases. 
the occupant compartment. They are there, There is contact above the rocker panel only 
fore extremely dangerous collisions for the oc’ 8070 of the time, 
cupants. The relative positions of contact be- As a result of this poor compatibility, the 
tween the impacting bumper and the impacted lightest cars, which are already handicapped 
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A 

700 1000 1300 1600 

MASS (kg) 

Figure 3, Average above ground heights of certain critical parts in lateral collisions, measured on 75 
different models of European cars. 

by their tow relative mass, are exposed to EFFECTS OF INTRUSION ON 
maximum intrusion since their most rigid OCCUPANTS 
parts are seldom hit. 

Sixty-three persons seated on the impact 
side were directly affected by the intrusion. 

INTRUSION RISKS OFTHE RELATIVE The most frequent injuries were thoracic 
BUMPER/ROCKER PANEL IMPACT lesions, followed by approximately equal 
POSITION numbers of pelvic and abdominal injuries. 

Intrusion values are measured at point Hx The above occurred more often than head in- 

and at the level of the thorax, that is at juries, which are more frequent in lateral col- 

350 mm. + 50 above point Hx. lisions, against rigid obstacles and trucks and 

At impact speeds of 50 km./hr., the aver- which, in car-to-car collisions, are always 

age maximum intrusion values are the follow- related to serious or fatal lesions of other 

ing: parts of the body (table 1). 

o 210 mm. (thorax) and 295 mm. (H×) when 
Intrusion and Thoracic Lesions the impacting bumper strikes the rocker 

panel) There is a high risk of serious thoracic 
o 290 mm. (thorax) and 330 mm. (H×) in the lesions when intrusion, measured at 350 mm. 

intermediate configuration + 50 above point Hx, reaches or exceeds 
¯ 370 mm. (thorax) and 430 mm. (Hx) when 300 mm. (fig. 7). Starting at this level of in- 

the bumper does not strike the rocker panel trusion, there is almost a systematic associa- 
(figs. 5 and 6) tion of abdominal and thoracic lesions at an 
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Table 1. Severity of lesions by body region of 
occupants impacted directly by the (~ configuration 

intruded wall. 

70-1 
A.I.S.                                     ¯ ¯ ¯    " 

0-1 2 3 4 5 Total       5° 

Head 527 -22 
63 o~:" 

Thorax 39 3 19 2 - 63 

Abdomen 52 - - 9 2 63 

Pelvis 51 1 11 - - 63 

~ 70-~I 
." .’Y~ configuration 

,,=, ~o--~ "" :" "."- 

60 
50 

20     4 I 
10 

~." ~ ’,-’ ~’ ~"I . 

M1/M2 > 0.86 

DEPTH OF INTRUSION AT THORACIC LEVEL, rnm 

Figure5. Exterior intrusion (measured at 
350 mm. _ 50 above the projection of 
point Hx) in terms of the impact speed, 

0.85<M1/M2<l.15 according to the relative bumper- 
rocker panel positions: 

60 1 ~ 

~ 

ConfiguratiOnrocker panel A: Impact above the 

Configuration B: Intermediate be- 
2o 8 tween A and C 

~ Configuration C: Impact on the 
il/M2 ~> 1.15 rocker panel 

Figure 4. Relative bumper-rocker panel posi- 
When the impact direction is farther away 

tions in real accidents according to from the perpendicular ( < 75°or > 105°), 

mass ratio, neither the pelvis nor the abdomen seem to be 

exposed to serious lesions. And yet, the side 

impact velocity higher than 50 km/h and of the vehicle is more deformed at the level of 

when the impact direction falls between 75° the thorax than in cases of perpendicular ira- 

and 105° (angle to the longitudinal axis of the pact at the same impact speed, This causes 

impacted car). isolated thoracic lesions. These deformations 
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the effect of intrusion with respect to AV is 
(~configuration considerable, for complete accuracy we 

should ascertain that, in the survey of 63 oc- 
cupants, the risk of thoracic lesions is indeed 
correlated with intrusion and not with AV, 
which increases as the mass ratio increases in 
favor of the impacting cars, given constant 
impact speed and constant mass of the im- 

~ sod pacted cars. 
The graphs of Figure 8 raise some doubt in 

I ~co.figu~~ this respect. The effect of wall intrusion is 
very great. This result can also be drawn from 

u~ 30 
’, " ". [cRib fractures (nb) 

~ 10 
1~ Abdomen AIS 4.5 

~ 
~ 500 Angled impacts _ 

J &Thorax + abdomen 
600 j o AIS 0.1 

e3 

olO6! 
400 1 ~2 70 

E oli 
50 E 4 

300                          = i 13 

30 

10 ~ 200" o 

,o.~ o o 

~ 500 ~ .~ oo oI 
DEPTH OF INTRUSION AT Hx POINT (ram) 

~) ~x 

~ ~ 
’ 20    40    60 80 

Figure6. Exterior intrusion measured at the ~ ~ 
height of the projection of point Hx in ~ ~11 Perpendicular impacts 
terms of the impact speed. ~ E 

:D E g0° - 15° 
Configuration A: Impact above the ~- ~ 6o0 rocker panel F: ~ &10 
Configuration B: Intermediate be. 

0                                 ~5 &5 tween A and C 
Configuration C: Impact on the ~ 4oo ~6 ~10 
rocker panel ~ 

518~t ’ ’~ 14 
300 

of the car’s side are often due to the fact that 
02 

the pressure exerted on the B pillar exceeds 200 . dO 
that which the pillar rocker panel joint is able o 

to support. Likewise, the rigidity of the doors ~ %*~, o 
and the support they receive from the rocker . . _- 
panel and the B pillar are not always sufficient 20 ~o 6o do 

to resist the strong localized pressure from an IMPACT SPEED (kin/h) 

angled impact. 
We have said that intrusion risks are in- Figure 7, Exterior intrusion at thoracic level in 

terms of impact speed of the impact- 
creased by the poor structural compatibility ing car and lesions observed for 
of the cars involved and that this, in turn, is angled impacts and perpendicular im. 
related to mass ratio. Although we know that pacts. 
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The level of significance of the observed 

Intrusion <300mm correlation coefficient being .250 (at 5% of 
the first type, with 60% freedom, Fisher- 
Yates table), the following significant correla- 

tions are obtained: 
/ ~0. o / ¯ .446 between intrusion and rib fractures 

30 / oNo ribfraeture I (confidence interval at 5%: .221, .626) 
o~.o~oo o ~ "Rib fractures I ° .329 between age and rib fractures (con- 

z0. og °~°° fidence interval at 5%: .086, .534). 

_ m. ’~°~T The method of evaluation did not point to 
~= 

/~, ] 

any direct influence of impact speed nor of 
~ . AV. However, it does show the relationships 
=.u 20 40 60 8~) 1 t~0 1 ~0 -, between intrusion and zXV (°273) and between 

intrusion and impact speed (.371). 
Intrusion >~ 300 mm 

Intrusion and Pelvic Lesions 
<~ 50-                  / 

/ ¯ / Pelvic lesions, almost always accompanied 
40- 

~.° ." by severe abdominal lesions, occur when the 
impact is perpendicular to the axis of the im- 

30- o No rib fracture I 
° Rib fractures ] pacted car (_+ 15°) at impact speeds of 50 

20. km/h or more and when the intrusion reaches 
or exceeds 400 mm (an average of 325 mrn of 

lo~ interior intrusion) at the level of point Hx 

¯ _ (fig. 9). 

20 40 60 80 ld0 1~0 The same statistical analysis of correlations 

IMPACT SPEED (km/h) using several variables shows once again the 
great importance of intrusion. 

Figure 8. zXV of the struck vehicle and impact 
speed of the impacting vehicle. VARIATION OF RISKSWITH RESPECT 

Thoracic lesions observed with the in- TO THE GEOMETRY OF VEHICLE SIDE 
trusion at the thoracic level below or DEFORMATIONS 
above 300 mm. 

In any given impacted car, the risks for the 
occupant vary according to the height of the 

an analysis of the correlations between several impacting bumper, the contour of the front 
variables: end, and the impact angle. 
¯ intrusion at the thoracic level These factors intensify or lessen the effects 
¯ impact speed of an impact, which are already related to the 
¯ AV visual parameters of force. The risks of tho- 
¯ occupant age racic lesions are most easily affected by these 
o number of rib fractures factors. 

The largest coefficients are calculated, This phenomenon can be summarized as 

which show the intrinsic, or absolute, ties follows: 

which remain when only the two values being Generally, when the most rigid parts of the 

considered vary (a linked set having as a front end of the impacting vehicle collide with 

model the related law of the Gauss reference the side of the struck vehicle at the level of the 

set). The number of rib fractures is chosen as rocker panel, the thorax of the occupant 

the function, strikes against the interior wal! under 
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result of direct impact. These rather favorable 
m Pelvis AIS 2.3 

A Pelvis + abdomen impact conditions for the occupant sometimes 

x Abdomen AIS 4.5 occur in spite of the fact that the rocker panel 

o AIS0.1 was not hit, for example, in cases where 

60"0 Angled impacts vehicles with low, streamlined front ends 
strike the vehicle above the rocker panel. 

o 

However, whenever the occupants receive 
thoracic lesions, the wall has been directly im- 

o 

40o o oo pacted, at the level of the thorax, by relatively 

"~ o o rigid parts of the impacting car. This type of 
o 

~ 00°8 go o wall impact occurs very frequently when the 
z 200       °o    o                      bumper overshoots the rocker panel (all 

00 

~ o thoracic lesions observed in angled impacts 
=: occurred under these conditions). When the 
< ......... _ .... ~ bumper overshoots the rocker panel, there is a 
z 20 40 60 so dual risk for the occupant; on the one hand, 0 

the intrusion depth is increased and on the ~ Perpendicular impacts 

~- A other, the height of the intrusion is raised, 
_z 800 --- which exposes the thorax to an impact against 
o "" a wall that has been strengthened by the ex- 
~- terior contact of the impact parts. 
C~ 400 

o 

o 

200 
°° With rib ] o AIS 0-I 

egression J m fractures 
l 

¯ Rib fractures 
o Vl Abdomen aBd/or 

°o~o 

[ 

line]_ Without rib[ " 

o°° fractures I [] APs~ l°v~ ~a t~ I°Sn ~ 2+ c 

20      40       60    80                  E 

IMPACT SPEED (km/h) 

Figure 9. Exterior intrusion at pelvic level (Hx), in ~ 
terms of the impact speed of the im- 

,, 600 

pacting vehicle. Lesions observed in 5s) E 
angled and perpendicular impacts. ~ ~ 

favorable conditions. The speed of the wall is _= ~ 400 ....... 

actually less than at the lower part of the wall , g .................. -: _ and its deformability is unchanged. A signifi- 5+~ 
cant part of the energy of the thoracic impact ~ E ~~. 

~o 200~ ...... -- : ...... C]L .......... - 
can thus be dissipated in the wall’s deforma- ~ ~ 
tion toward the exterior. There are very high ~.~ 
values of intrusion at point Hx, causing 

o 

serious pelvic or abdominal lesions without ~" 
accompanying thoracic lesions, although the a 

DEPTH OF INTRUSION AT Hx POINT (mm) 
intrusion at 300 or 400 mm. above Hx is very 
great (fig. 10). This intrusion is due to the 
movement of the door panel as a result of the Figure 10. Lesions in terms of the intrusion at 
impact at its lower part. This intrusion is not a thoracic and pelvic levels (point Hx), 
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- This difference of severity is not related to 
the fact that the impact speed is greater in 

5o0 heavier cars. 

r2= 0.98 
¯ The risk for occupants in cars impacted by 

heavier cars is closely correlated with a poor 400 
Thorax 

/ compatibility of the relative heights of the 
/ bumpers and rocker panels. This increases 

300 t..~.. Pelvis          intrusion and also raises the occupant/wall 

~ 
’~’ 

r2 
contact speed above the level attained when 

/ = 0.96 
200 // only the mass ratios and the relative rigidity 

of parts dissipating the energy of the impact 
are considered. 

I00 

,,,’/ - The protection afforded would be consider- 
" ably increased by making the lower parts of 

¯ ~ the side of the vehicle, just above the rocker 
0 100 200 300 400 500 panel, more rigid in lighter cars. 

EXTERIOR INTRUSION (ram) 

~ The ~evels of severity of thoracic, ab- 
dominal, and pelvic lesions, linked in this 

Figure 11. Interior intrusion with respect to ex- study to the estimated values of VR, ZXV, 
terior intrusion, and intrusion, may be helpful in interpret- 

ing, in terms of severity for the occupant, 
the values measured on dummies in experi- 

We have also said that angled lateral im- mental collisions. 
pacts sometimes cause deep intrusion at rather ¯ The geometry of the intrusion of the lateral 
low impact speeds. This is due to the buckling 

walls, in car-to-car collisions, is such in to- 
of the B pillar and/or to the bending of the day’s cars that the occupant/wall contact 
door, which are of course dangerous for the 

speeds decrease from point Hx upwards to 
adjacent occupant, the thoracic level. Consequently, there is 

Since it has not been possible to develop 
less risk of head lesion than in lateral im- 

cars that are perfectly compatible with respect 
pacts against fixed obstacles. 

to the relative heights of their most resistant 
parts, accident findings certainly justify a * Age, a known cause of the variation of the 
significant increase of the resistance of the severity of thoracic lesions, does not play a 
lower parts of the bodies of the lowest cars significant role in pelvic or abdominal 
and improvements of the fitting of the doors lesions in the survey of accidents studied. 

with the pillars and rocker panel. 
These changes, effected and tested on the 

synthesis safety vehicles, should be a priority. ACKNOWLEDGEMENTS 
Under real accident conditions they would 
help to increase the effectiveness of comple- We would like to extend our thanks to 

mentary safety measures (interior padding, M.Y. Cotter for his valuable contribution to 

reinforced doors), the statistical interpretation of the results, 

We would also like to thank the CRS no. 2, 
CONCLUSIONS 

the Gendarmerie (State Police) units of Yve- 
¯ The severity of car-to-car lateral collisions lines, and the municipal police forces of Yve- 

increases as the mass ratio increases in lines and Hauts de Seine for their efficient col- 
favor of the impacting car. laboration in the accident survey. 
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Pedestrian Protection 

Mr. lan Neilson. Chairman, United Kingdom 

Car Design for Pedestrian Injury using dummies and cadavers, and from math- 

~v~]FlilTlizatioFI 
ematical modelling of the pedestrian impact. 
In this paper the results of real accident 

S. d. ASHTON and G. M. MACKAY 
studies, in particular those carried out by the 

Accident Research Unit Accident Research Unit at Birmingham Uni- 

Department of Transportation and versity, England, are used in conj unction with 

Environmental Planning results from other studies, where necessary, to 

University of Birmingham examine the influence of vehicle design on 
pedestrian injury and to indicate how "pro- 

ABSTRACT pedestrian" vehicles might be designed and 
tested. 

Data from an in-depth at-the-scene study of 
pedestrian accidents have been used in con- 

THE DATA 
junction with data obtained from a study using 
existing police and hospital records to examine Two studies of pedestrian accidents have 

the influence of exterior car design, impact been carried out by the Accident Research 

speed and pedestrian age on pedestrian in- Unit. In the first study, sponsored by the In- 

juries. The causes of pedestrian injury are surance Institute for Highway Safety, data 
identified and it is shown that the severity of from existing police and hospital records have 

pedestrian injuries can be reduced by appro- been combined and used to examine variations 

pr~ate design of the car exterior. The potential in injury patterns between different pedestrian 

benefits from improved design are examined, age groups and vehicle shapes. In the second 

Finally factors to be considered in establishing study, sponsored by the Transport and Road 

realistic test procedures for pedestrian protec- Research Laboratory, in-depth at-the-scene 

tion are discussed, accident investigations have provided very 
detailed data on a smaller sample, and this has 

INTRODUCTION been used to examine in detail the effects of 
vehicle front shape on pedestrian injuries. 

In designing the first generation of Experi- 
Detailed results from both these studies have 

mental Safety Vehicles virtually no considera- been previously published.l-3’ 6-8 
t ion was given to the pedestrian. The early 
E.S.V. program was concerned with improv- 

PATTERN OF INJURY 
ing vehicle handling and occupant protection. 
As the program continued it was realized that The results from the hospital and police 

vehicle design can influence the injuries sus- data study have shown that for pedestrians 

rained by pedestrians and today "pro-pedes- struck solely by the fronts of cars, or light 

trian" vehicles are being designed. This reali- goods vehicles derived from a car, that, al- 

zation has come from in-depth studies of real though the pattern of injury varies with age 

pedestrian accidents, from experimental tests and with overall injury severity, head and leg 
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injuries are the most frequently sustained in- injuries were sustained by 55% of those with 

juries. Details of the incidence of injury by minor (AIS 1) injuries, by 79% of those with 

body area, age and injury severity for these non-minor, non-life-threatening (AIS 2-3) in- 

pedestrians have been reported previously, i juries and 95°/0 of those with life-threatening 

The incidence of injury to any particular or fatal (AIS 4-5) injuries. Comparable figures 

body area was found to increase with increas- for leg injuries were 67°/0, 72°/0, and 81°/0 and 

ing overall injury severity. For instance, head for chest injuries 5%, 12O7o and 48o7o (fig. 1). 

MINOR INJURIES 

(Y’/0 20% 40% 60°/0 80% 100% 

I I I I 
Head inc face 

Neck 

Back 

Chest 

Abdomen 

Pelvis 

Arms 

Legs 

NON-MINOR NON-LIFE-THREATENING INJURIES 

0°/0 20% 40°/0 60% 80°/0 100% 
I I 

Head inc face 

Neck 

Back 

Chest 

Abdomen 

Pelvis 

Arms 

Legs 

LIFE-THREATENING OR FATAL INJURIES 

0°/0 20% 40% 60% 80% 100% 

I I I I 
Head i nc face 

Neck 

Back 

Chest 

Abdomen 

Pelvis 

Arms 

Legs 

Figure 1. Pattern of injury by overall injury severity for 568 pedestrians with minor injuries, 739 pedes- 

trians with non-minor non-life-threatening injuries and 253 pedestrians with life-threatening 
or fatal injuries--frontal contacts, all injuries counted. 
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For those with only minor (AIS 1) injuries, struck by the front of a car, the initial contact 

leg injuries were generally more frequent than is between either the bumper and the lower 

head injuries except for the very young child legs or the leading edge of the bonnet and the 

(0-4 yrs) for whom there was a much higher upper legs or pelvis. Given a sufficient impact 

incidence of head injuries and lower incidence velocity the pedestrian will bend and slide over 

of leg injuries than for any other age group, the front edge of the bonnet, the head and 

Arm injuries were the third most frequent in- upper torso dipping down to strike the car. By 

jury. Overall, head injuries were sustained by this time the pedestrian has usually been accel- 

55%, leg injuries by 67% and arm injuries by erated up to the speed of the car, and if the 

34%. car is braking, the pedestrian will move ahead 

]For those with non-minor, non-life-threat- of the slowing car until brought to rest after 

ening (AIS 2-3) injuries, injuries to the head striking the ground. Each of these contacts 

were most frequent. Leg injuries were the sec- can, and frequently do, cause injury. 

ond and arm injuries the third most frequently 
sustained injuries. Overall, head injuries were GENERAL CAUSE OF INJURY 
sustained by 79%, leg injuries by 72% and 
arm injuries by 43%. If only non-minor in- 

In depth at-the-scene accident studies have 

juries are counted the relative importance of 
enabled the specific causes of pedestrian in- 

the different body areas does not change al- 
juries to be identified and the relative impor- 

though the frequency of injury does. Overall, 
tance of different mechanisms of injury to be 

non-minor head injuries were sustained by 
established.2 It has been shown that contact 
with t he vehicle is the main cause of non-minor 

62% non-minor leg injuries by 42% and non- 
minor arm injuries by 18%. 

injuries, and that the severity of the vehicle 

For those with life-threatening or fatal (AIS contact injuries is dependent on impact speed, 

4-6) injuries, head injuries were the most fre- 
whereas the severity of the ground contact in- 

quent injuries sustained no matter what sever- 
juries is virtually independent of vehicle speed3 

ities of injury were counted. If all injuries 
(fig. 3). Pedestrian age has also been found to 

were counted the overall order in which the 
have a great bearing on the severity of the 

body areas were most frequently injured was 
resultant injuries. While impact speed and 

head, legs, arms, chest, pelvis, abdomen, 
pedestrian age are the main factors determin- 

neck and back. If, however, only non-minor ing the severity of the injuries, vehicle design 

injuries were counted the order changed to has also been shown to have an influence on 

head, legs, chest, pelvis, abdomen, neck and the location, nature and severity of the 

back. When only life-threatening or fatal in- 
injuries. 

juries were counted the order became head, 
abdomer~, chest, neck, back, legs (fig. 2). ~MPACT SPEED 

Children, especially young children, when For current car designs pedestrians struck 
seriously injured were found to have a higher at impact speeds below 30 km/h normally sus- 
proportion of serious head injuries and a rain only minor injuries while at speeds above 
lower proportion of serious leg injuries than 30 km/h the injuries are predominately non- 
other age groups. Neck injuries, while rela- minor. Life-threatening or fatal injuries are 
tively infrequent, in overall terms, were found usually sustained when the impact speeds are 
to occur frequently to children aged 5-9 years greater than 50 km/h. There are however con- 
sustaining Iife4hreatening or fatal injuries, siderable variations in injury severity for a 

given impact speed, fatalities having been 
PEDESTRIAN IMPACT DYNAMICS observed at impact speeds less than 10 km/h 

It is hardly surprising that the most frequent and minor injuries having been noted at im- 

injuries are to the head and legs. For an adult pact speeds greater than 45 km/h. 
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Figure 2. Pattern of injury by severity of injuries counted for 253 pedestrians with life.threatening or 
fatal injuries--frontal contacts. 

AGE cles. If the pedestrian is an adult the bumper 
would typically strike the lower leg and the 

Age influences pedestrian injuries in two front edge of the bonnet would strike the up- 
ways. Firstly height and weight are related to per leg or pelvis. If however, the pedestrian 
age and consequently a child will experience were a 6 year old child, the bumper would 
different impact conditions to an adult if both strike the upper leg and the bonnet would 
are struck at the same speed by similar vehi- strike the chest or abdomen. 
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Figure 3. Predominant injury severity by impact speed for vehicle contact and ground contact 
injuries. 

Secondly, injury tolerance is a function of the bumper and the front edge of the bonnet. 

age. The bones of young children (-< 10 years) Accident studies have shown that the shape of 

are more resilient than the bones of adults .4 the front structure influences the nature of the 

The elderly generally tend to be more suscepti- pelvic and leg injuries sustained. 

ble to injury than other age groups due to Although the shape of the front structure 

their decreased bone strength and, once in- of a car can be described, in a general way, by 

jured, are more likely to die from injuries of a bumper height, bonnet height and bumper 

given severity. Two studies have tried to quan- lead, difficulties arise in considering the ef- 

tify the general effect that age has on injury fects of vehicle shape on pedestrian injuries 

severity. Gotzen et al5 suggested that the im- due to the confounding effects of the pedes- 

pact speeds for injuries sustained by elderly trian’s height. In order to eliminate the effects 

adults ( ~-- 60 years) were approximately 7.5 of pedestrian height, bumper height and bon- 

kmih slower than the speeds producing com- ne~ height can be expressed in the following 

parable injuries in younger adults, while way: 

Aston3 showed that, for adults an increase in 
age of approximately 2 V~ years was roughly RELATIVE BUMPER HEIGHT 
equivalent to an increase in impact speed of 1 

ABSOLUTE BUMPER HEIGHT 
kmih.                                        = 

PEDESTRIAN HEIGHT 

PRIMARY VEHICLE CONTACTS 
RELATIVE BONNET HEIGHT 

The primary vehicle contacts are responsi- 
ble for virtually all the non-minor pelvic and = ABSOLUTE BONNET HEIGHT 
leg injuries, the main sources of injury being PEDESTRIAN HEIGHT 
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Bumper lead, i.e., the distance by which the bumper lead angle decreases there is an in- 
bumper is further forward than the bonnet crease in fractures resulting from contact with 
front edge, has an influence on the relative the front edge of the bonnet (see references 1 
importance of the bumper and front edge of and 7). This is because long bumper leads, or 
the bonnet as sources of injury. However, this more precisely bumper lead angles of less than 
interaction is also influenced by the relative 70°, result in virtually all the primary contact 
heights of the bumper and bonnet. In order to forces being applied through the bumper. As 
allow for this effect, bumper lead can be ex- the bumper lead angle increases there is early 
pressed in the following way: contact with the leading edge of the bonnet as 

well, and the bumper contact forces reduce, 
BUMPER LEAD ANGLE and leading edge of bonnet contact forces in- 

BONNET BUMPER\ creases, until a situation is reached where vir- 

= TAN-1 l.HEIGHT. 2 HEIG.HT)--~ 
tually all the contact forces are applied by the 
leading edge of the bonnet. There is thus an 

\ BUMPER LEAD ! 
optimum bumper lead angle where the con- 

Bumper Height tact forces are distributed between the 
bumper and leading edge of the bonnet, and 

In general the site of the fracture is close to likelihood of fractures from either minimized. 
the height of the bumper and thus bumper Vehicles with bumper lead angles greater than 
location influences the position of the leg 80° appear to be less likely to cause pelvic or 
fracture resulting from bumper contact; leg fracture than vehicles with bumper lead 
bumpers at a relative height of less than 0.26 angles less than 70° (fig. 4)°1 
result in lower leg fractures and bumpers at 
relative heights greater than 0.31 result in 
mainly knee and upper leg fractures. Knee in- Bonnet Height 

juries, as might be expected, are particularly When there is a contact with the leading 
prevalent when the relative bumper height is edge of bonnet, the height of the leading edge, 
0.26-0.35 pedestrian height and when a direct as well as the bumper lead angle has been 
contact on the knee is most likely to occur. In shown to influence the pelvic and femoral in- 
absolute terms, cars with bumpers located at juries sustained. ~ 
45-54 cm have been found to be more likely Pelvic fractures have been found to be 
to cause knee injuries than vehicles with lower more frequent when the relative bonnet height 
bumpers. The height of the bumper also influ- is 0.46-0.50 pedestrian height. In absolute 
ences the likelihood of a fracture occurring, terms, this means that where there is a 
the lower the bumper the less chance there is substantial leading edge of bonnet contact, 
of fracture (see references 1 and7), bonnet leading edge heights of 75-85 cm 

Although the "optimum" height for a stiff are more likely to cause pelvic injury in adults 
bumper depends on the height distribution of than lower leading edge heights. Reducing 
the involved population, bumpers located at a the leading edge height transfers the location 
height of 35 cms would appear preferable to of the impact to the femur and reduces the 
bumpers located at 50 cm.6 The introduction likelihood of pelvic injury. 
of compliant "pro-pedestrian" front struc- 
tures may alter this however. 

Discussion 

Bumper Lead Accident studies have shown that, for pres- 
It has been shown that when bumper lead ent day relatively stiff front structures, the 

angle is less than 70° nearly all the leg frac- locations of the bumper and leading edge of 
tures result from bumper contact but that as bonnet have a marked effect on the pelvic and 
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Figure 4. Variation in fracture incidence by pedestrian age and bumper lead angle for pedestrians 
struck at impact speeds between 21-40 km/h. 

leg injuries sustained. The accident data sug- particularly in the 41-60 km/h speed range 

gest that there are some benefits from short (fig, 5). 

bumper leads, in that the application of the It is therefore important to know what fac- 

impact forces at two points along the leg tots influence the location of the secondary 

rather than at one increases the threshold im- contact because if the car exterior could be 

pact speed at which fractures occur. Taking designed to reduce the incidence of head con- 

this concept to its conclusion suggests that the tacts with the relatively stiff windscreen 

vehicle front structure should be smooth ap- flame, a reduction in the incidence of serious 

plying a distributed load from mid-calf to head injuries could be expected. It must be 

pelvis rather than applying two concentrated remembered however, that the actual reduc- 

loads through the bumper and bonnet edge. tion in the overall severity of head injuries 

may not be as great as expected, due to the 

confounding effect of ground contact head 

SECONDARY VEHICLE CONTACTS injuries. 

A convenient way to locate the head con- 

The majority of the injuries resulting from tact on the car is to measure the "Wrap 

the secondary vehicle contacts are head in- Around Distance" from the ground to the 

juries. Whether or not the pedestrian’s head contact. "Wrap Around Distance" has been 

strikes the car is determined by the speed of found to be influenced mainly by pedestrian 

the car at impact and the relative heights of height and impact speed, although it also ap- 

the vehicle front structure and the pedestrian, pears that vehicle shape and deceleration have 

Increasing impact speed and decreasing front some effect. The difference between the 

end height are associated with an increased in- "Wrap Around Distance" and the height of 

cidence of head contacts.8 the pedestrian gives a measure of the slip of 

The severity of the head injuries is deter- the pedestrian relative to the car. Generally 

mined by the location of the contact as well as "pedestrian slip" is positive and increases, for 

by impact speed. Contact with the windscreen c urrent vehicle structures, with increasing im- 

frame has been found to be considerably pact speed, decreasing front end height and 

more hazardous than contact with the bonnet, 
decreasing vehicle decleration.3 
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Impact speed Location of contact N 0% 20% 40% 60% 807/o t00% 
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Windscreen frame 4 

61-70 KM/H 
Top of bonnet 2 
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Figure 5. Percentage of bonnet and windscreen frame contacts resulting in life-threatening or fatal 
head injuries by location of contact and impact speed. 

PRO-PEDESTRIAN DESIGN GUIDELINES bumpers, by virtue of the materials used, 
could be much lighter than existing "no 

The bumper and leading edge of the bonnet damage" bumpers.9 Further they would give 
of current designs apply concentrated forces more freedom to the designer because the 
to the pedestrian’s lower limbs during the tual visual exterior shape could be different 
primary vehicle contact. Changing the design from the effective shape due to the use of dif- 
of the front structure so that concentrated ferential stiffnesses. Pedestrian protection re- 
forces are avoided and contact forces are also quirements are therefore not incompatible 
kept within tolerable limits for most impact with other requirements. 
speeds would result in a considerable reduc- A number of experimental safety vehicles 
tion in the incidence of pelvic and leg inj uries, with "pro-pedestrian" front structures have 

These considerations indicate that the front already been constructed and the results of 
structure of a car should be made of a compli- impact tests with these vehicles indicate that 
ant material, the depth and stiffness of which the provision of compliant front structures, 
is determined mainly from consideration of primarily designed to reduce the severity of 
the pelvic and leg injury tolerance distribu- pelvic and leg injuries, also influences the 
tions of the pedestrians involved, and from location of the head contact on the vehicle. 
the impact speed distribution of the striking The "Wrap Around Distance" to the head 
cars. This compliant front structure would ex- contact becomes virtually equal to the pedes- 
tend over the whole of the front face of the trian’s height as the increased friction between 
vehicle, and, as well as being beneficial in the compliant front structure and the pedes- 
pedestrian accidents, could also protect the trian’s legs reduces the "slip" between the 
vehicle from damage in low speed car to car pedestrian and car exterior to zero {references 
accidents. Current "no damage" bumper 10 to 12). A reduction in the head contact 
systems, i.e., those designed to prevent vehi- "Wrap Around Distance" will, for medium 
cular damage in low speed accidents, are fre- and large cars, result in fewer head contacts 
quently heavy, clumsy systems which add a with the windscreen and windscreen frame 
substantial weight penalty to the vehicle, and more with the bonnet, and this in itself 
Compliant "pro-pedestrian" full face will reduce the risk of serious head injury. The 
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elimination of localized stiff areas on the top 95 percentile pedestrian is on the bonnet, and 

surface of the bonnet, such as those at the similar considerations to those for the small 

join of the bonnet and wings, and the provi- car indicate a general shape which is outlined 

sign of suitable under bonnet clearance will in Figure 6B. 

further reduce the risk of serious head injury 
from contact with the cars. still likely to be con- 

For small cars there are 
facts with the windscreen and windscreen 

~ t~ ./~-~ frame. Some improvements can be made. ~ . 
Masking of the stiff lower edge of the wind- 

screen frame with a compliant structure, per- 
haps by extending the rear edge of the bonnet 
further back over the frame, the provision of 
a laminated windscreen and the fitting of 

Figure 6B. Design guidelines for a "pro- 
pedestrian" car 

compliant material over the "A" pillars to o Compliant front structure prevents leg 
provide some ride down are likely to result in fracture and eliminates slip. 

some reductions in the risk of serious head in- 
- No localized stiff areas on top surface of 

bonnet and wings. 
iury. ¯ Dimension "A + B" greater than 95 

Suitable design goals for a small car might percentile pedestrian height (185 cmJ + 

be to eliminate leading edge of roof contacts 10 cm. 

for the 95 percentile pedestrian. Assuming no 
slip of the pedestrian over the front structure 

These design recommendations have been 

and taking the 95 percentile pedestrian height 
based on consideration of adult pedestrian 

÷ 10 cm as the minimum W.A.D. to the 
accidents. However the elimination of struc- 

leading edge of the roof with the compliant 
tures applying concentrated loads cannot but 

front structure collapsed indicates the general 
be beneficial to the child as well and as elderly 

shape which is outlined in Figure 6A. 
adults have lower injury tolerance than 

Suitable design goals for a medium car 
younger adults and children, it is appropriate 

might be to ensure that the head contact for a 
to design initially for them. 

Tests on compliant vehicles indicate that 
stiffness is more important than shape, and 
while it is likely that there is an optimum 
shape and stiffness combination for minimi- 

zation of pedestrian injury, the lack of precise 
data on this optimum should not prevent the 
design of vehicles which are less hazardous to 
pedestrians than current designs. 

POTENTIAL BENEFITS 
Figure 6A. Design guidelines for a "pro- 

pedestrian" small car The potential benefits obtainable by im- 
¯ Compliant front structure prevents leg pro ved vehicle front end design have been ex- 

fractures and eliminates slip. amined by considering how the overall severity 
o Rear edge of bonnet masks stiff lower 

edge of windscreen frame, of injury would be changed if the only pelvic 

¯ No localized stiff areas on top surface of or leg injuries sustained as a result of a vehicle 
bonnet and wings, contact were minor inj uries. 

¯ Dimension "A + B" greater than 95 As pelvic and leg injuries are rarely a cause 
percentile pedestrian height (185 cm) + 

lOcmo of death in pedestrians, improvements in 
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front structure design, insofar as they influ- not done there is a real possibility that the test 
ence the initial vehicle-pedestrian contact, will procedures will fail to discriminate between 
not markedly affect the numbers killed, The effective and ineffective designs. 
effect on serious injuries, defined as non- Accident studies have shown that there are 
minor non-fatal injuries, is, however, signifi- considerable variations in virtually all acci- 
cant. dent parameters. The heights, weights, pre- 

It can be expected that an ideal front struc- impact orientation and injury tolerance of the 
ture that does not cause any pedestrian pelvic involved pedestrians vary considerably, as do 
or leg injuries would result in a reduction of the impact speeds and locations of the con, 
about 20-25°70 in the number of pedestrians tacts on the vehicles involved, Thus, a single 
seriously injured. This assumes that the re- test under one set of standardized conditions 
quired changes to the front structure design can only test one point of the accident con- 
will not adversely affect the incidence and tinuum. The use of a single test is therefore 
severity of injuries to other parts of the pedes- probably not sufficient. 
trian,s body. The underlying strategy behind the intro, 

Changes in front structure design, however, duction of any safety related test procedure is 
do have an effect on the subsequent motion of to reduce the likelihood of serious and fatal 
the pedestrian. The introduction of compliant injury, in this case pedestrian injury, and this 
"pro,pedestrian" front structures designed to requires identification of the structures caus- 
reduce pedestrian pelvic and leg injuries is ing injury and information on the impact 
likely to result in a reduction in the "Wrap speeds involved and the tolerance of the body 
Around Distance" to the head contact and areas contacted. It has already been shown 
this will result in fewer head contacts with the that vehicle contact pedestrian injuries fall in- 
windscreen and windscreen frame and more to two main groups, the primary vehicle con- 
head contacts with the bonnet. This by itself tact lower limb injuries and the secondary 
will result in a reduction in the number of vehicle contact head injuries. It might be ap- 
serious head injuries. If the bonnet is specifi- propriate to consider separate tests for the 

.......... cally designed for head contacts the benefits primary and secondary vehicle contacts, The 
will be even greater. Results from the at-the- location of the secondary contact is however 
scene study suggest that a 50°7o reduction in determined by the height of the pedestrian 
the incidence of life threatening or fatal head and the design of the front structure. Thus 
injuries may be possible and this will result in testing of the secondary contact can be split 
considerable reductions in the numbers seri- into two: identification of the possible loca- 
ously injured and killed. Practically it may tions and testing of the structures at these 
not be possible to prevent all vehicle contact locations. 
serious injuries, and thus any actual reduction These considerations suggest that there are 
may be less than this. However, it is likely that three parts to the testing of the pedestrian 
for pedestrians struck by the fronts of cars, protection properties of vehicle front struc- 
reductions of a quarter to one third in the tures: 
number killed and seriously injured are ¯ Testing of the dynamic stiffness of the vehi~ 
realistic. cle front structure, probably by an impac- 

tor, the maximum stiffness of specified 

zones being determined from consideration PRO-PEDESTRIAN VEHICLE TESTING 
of the impact speed and injury tolerance 

In developing test procedures it is necessary distributions of vehicles and pedestrians in- 
to consider what happens in real accidents volved in real accidents. 
and to ensure that the procedures adopted * Identification of the location of the head 
reflect real accident circumstances. If this is impact zone for the particular vehicle by 
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conducting full scale vehicle dummy impact 3. Ashton, S.J. Pedestrian Injuries and the 
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o Testing the stiffness of points within the 5. Gotzen, L., Suren, E. G., Behrens, S., 

head impact zone, again probably with an Richter, K. and Sturtz, G. "Injuries of 

impactor, the maximum stiffness of the Older Persons in Pedestrian Accidents" 

zone being specified, in "Proceedings of Meeting on Biome. 
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head injuries. Exterior." S.A.E. Warrendale. Paper 

Arguably, the introduction of compliant 770092. 1977. 

front structures will produce benefits, in terms 7. Ashton, S. J., Pedder, J. B. and Mackay, 

ofthemitigationofinjuries, quite comparable G.M. "Pedestrian Leg Injuries, the 

to the effects that have resulted for car occu- Bumper and Other Front Structures" in 

pants from the introduction of seat belts. "Proceedings of 3rd International Con- 
ference Impact Trauma." I.R.C.O.B.I. 
Lyon, 1977. 

ACKNOWLEDGEMENTS 8. Ashton, S. J., Pedder, J. B. and Mackay, 

Financial support for the studies reported G.M. "Pedestrian Head Injuries" in 

on inthis paper was provided bythe Insurance "Proceedings of 22nd Conference 

Institute for Highway Safety and by the Trans- AAAM." AAAM Morton Grove, Illi- 

port and Road Research Laboratory. Any nois, 1978. 

views expressed in this paper are not necessar- 9. Weller, P. A. and Scrivo, J. V. "Davisorb 

ily those of the Transport and Road Research Bumpers Reduce Weight and Damage." 

Laboratory or any other part of the Depart- S.A.E. Warrendale, Paper 770308, 1977. 

merit of the Environment. 10. Pritz, H. B. "Experimental Investigation 
of Pedestrian Injury Minimization 
Through Vehicle Design." S.A.E. War- 

REFERENCES                                 rendale, Paper 770095, 1977. 

I. Ashton, S. J., Pedder, J. B. and Mackay,    !1. Harris, J. "Research and Development 

G. M. "Influence of Vehicle Design on Towards Improved Protection for Pedes- 

Pedestrian Leg Injuries" in "Proc. 22nd trians Struck by Cars." TRRL Supple- 

Conference AAAM." AAAM Morton mentary Report 238. TRRL 1977. 

Grove, Illinois, 1978. 12. Kuehnel, A. and Appel, H. "First Step to 

2. Ashton, S. J. and Mackay, G~ M. "A Re- a Pedestrian Safety Car." in "Proceed- 

view of Real World Studies of Pedestrian ings of 22nd Stapp Car Crash Confer- 

Injury." Unfall-und Sicherheitsforschung ence." Paper 780901. S.A.E. Warrendale 

Strassenverkehr. Heft 21, 1979. 1978. 

640 



SECTION 5: TECHNICAL SEMINARS 

A Synthesis of Available Data for Improvement of 
Pedestrian Protection, 

F. BRUN, D. LESTRE.LIN, F. CASTAN, and the education of both pedestrians and 
......... A. FAYON, C. TARRIERE drivers, have already brought about a reduc- 

i Laboratory of Physiology and Biomechanics tion in the number and violence of these acci- 
Peugeot-Renault Association dents; concurrently, investigations into passive 

safety are being carried on, with the aim of 
ABSTRAGT reducing the injury level of these accidents for 

Bidisciplinary accident study investigations 
a given violence level. 

To start with, let us recall some statistical 
and analysis of experimental laboratory colli, 

and accident study data relevant to this kind 
sions involving vehicles and pedestrians have 

of collision. 
shown that fatal head injuries are of frequent 
occurrence; most often these injuries are due 

STATISTIGAL AND AGGIDENT to the vehicles and not to the ground, at least 
at speeds exceeding 30 km/h. STUDY DATA 

Simulated impacts with dummy test heads 
Statistical Data at various localizations on the forward part of 

a car enabled comparative assessment of the In 1976, 43,560 pedestrians were victims of 
degree of exposure to danger represented by collisions with a vehicle in France; this figure 

............. the different zones; this brought us to consider represents 12% of all highway accident vic- 
............. the designing of improved features for the tims. The number of pedestrians killed-- 

most dangerous parts of the cars. 2,453--points up the seriousness of this kind 
The use of a mathematical model already of accident since pedestrians account for 18% 

validated by the simulation of a reasonable of total highway traffic accident fatalities, 
number of test collisions contributed to opti~ Figure 1 illustrates these data; the proportions 
mize the profile and stiffness of the car’s for- of slightly injured and seriously injured indi- 
ward part, with a view to reducing the injury viduals as compared with the total number of 
level of head impacts, casualties are also shown. 1 

We staged experimental vehicle-child Figure 2 depicts the pattern of change in the 
dummy collisions under the same testing con- numbers of pedestrians who have been acci- 
ditions as for adults, and did comparisons of dent victims and who have been killed (hum- 
the kinematics and localizations of head im- bers compared, respectively, with total casual- 
pacts for both adults and children. From ties and total mortality figures) in France over 
these, it is clear that additional car design fen- the past some fifteen years. The decay of 
tures will have to be planned for the purpose these ratios in terms of time indicates that the 
of ensuring protection for child pedestrians proportion of pedestrians killed compared to 
also. those killed in traffic has never stopped 

The investigations that have been going on decreasing. 
over the last few years and that have been This same Figure 2 shows the variation in 
devoted to highway traffic accidents involving injury levels of these accidents (ratio between 
pedestrians have confirmed the large number the number of fatalities and the number of 
of pedestrians who are victims of collisions individual victims) down through the years. 
with a vehicle, as well as the injury levels for This injury level rate, which peaked to a maxi- 
this type of accident, mum during the years from 1967 to 1971, has 

Effective active-safety protection measures, been decreasing steadily since that period. As 
such as town planning actions, speed limits stated above, this decrease may be accounted 

641 



EXPERIMENTAL SAFETY VEHICLES 

Victims Lightly injured Severely injured Killed 

Passenger cars ~ Pedestrians 

Two wheelers [~ Other vehicles 

Figure 1. Relative percentage of victims, slightly injured, seriously injured and killed by categories of 
individuals using the highways (France, 1976). 

for by two things: the adoption of active safety quently injured in this kind of accident, and 

measures designed to reduce the number of that the head is the part of the body that sus- 

accidents, and the gradual applicaion of find- rains the most serious injuries. Figure 3 shows 

ings acquired in the field of passive safety, the correlation between the O.AIS (injury 

aimed at reducing the injury level of these level index which takes into account all in, 

acc:idents, juries) and the AIS index of head injury level, 

Calculation of the ratio between the number the scale ranging from 0 to 6 on the basis of 

of fatalities and the number of individuals in, the new standard ratings. It will be seen that 

volved for each category of road users (com, the majority of the cases involved in our inves, 

piled for 1976) shows that of all the traffic tigation correspond to an O.AIS that is equal 

accidents, those involving pedestrians are the to the AIS, thereby confirming the fact that 

most serious, with a rate of 5.56% whereas head injuries are the most serious as compared 

this rate is 2,70%, !.63% and 1.17%, respec- to injuries to other parts of the body. Among 

tively, for two-wheeled vehicles, passenger the fatalities, 80% were due to fatal head in- 

cars and utility vehicles, juries not associated with other fatal injuries 
to other segments of the body. 

Serious head injuries were most often due 
Accident Study Data to impacts against vehicles, not to impact 

In France, 80% of pedestrian accident vic- against the ground; the major cause of head 

rims were involved in collisions with cars. The injuries of an AIS = 4-5 level was the head, 

tRO/Peugeot-Renault medical and technical vehicle impact in at least 70 to 75% of cases. 

investigation shows that the lower parts of the However, the difficulty involved in analysis 

body and the head are the segments most fre- (imputing head lesions to impact either with 
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25’ I Number 

N killed pedestrians of cases 
;.9 23.7      N killed all users 

AlE 
23 ~ 0 1 2 3 4 5 N 

6+ 1 1 36 38 ......... 21.3 

20.2 5 9 9 
20i 

19.4 
4 3 3 

18.8 
18.1 - -- 

3        1       6       3      5                                      15 

N victims pedestrians 
2 5 14 31 50 

15 4 ~4.8 N victims all users 
1 1 12 13 

.......... uJ 0 0 

"’ 12.1 ~- 128 cases 

80% of killed people sustained a fatal head injury, 
10 not associated to other body fatal injuries. 

N killed pedestrians 

; .......... N victims pedestrians 

; 7.3 
Figure 3. Index of overall injury level (O.AIS) in 

terms of index of severity of head in- 
juries (ALE) for 128 pedestrian casual. 
ties. 

5 

The accident investigation does not make it 
possible to provide a definite answer to the 

question of whether the injury should be due 

to the vehicle or the ground; however, this 
result can be deduced from the experimental 

! L_ ~ analysis. 
......... 1960     1965 1970 1975 

.......... YEARS Figure 4 shows the injury level of impacts 

of the head against the vehicle, and the points 

on the vehicles at which these impacts oc- 
Figure2. Pattern of change in numbers of curred. Three categories of pedestrians were 

pedestrian victims and killed (num. used, i.e, children, adults, and adults aged 
bers compared respectively with total 

over 65, who present lesser tolerance to ira- 
numbers of victims and total killed) in 
France, during the past 15 years, and 

pacts. The great majority of injuries of only 

changes in rates of injury levels of slight severity (AIS    0-1) or of average 

these accidents, severity (AIS 2-3) corresponds to impacts 

occurring against windshields or hoods. As 
the vehicle or with the ground) makes any concerns the children, all the impacts oc- 
estimate of the accuracy of this finding haz, curred against the hood, because of their dif- 
ardous. In a great number of cases, the cumu, ference in height and size (D, fig. 4). The ex, 
lative effect of two successive impacts could tremely serious and/or fatal injuries were due 
account for the injuries observed.2 to impact against the scuttle, the windshield 
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ger compartments and the striking of the head 

,I Children against the dashboard. 
0 Adults Figure 5 indicates the severity of head in, 
¯ Old people (more 

than 65 years old) juries sustained from contact with vehicles in 
terms of collision speed. The areas impacted 

~~-~--~°~ on the vehicles change place depending on 
~ ..................... x velocities, and the degree of injury severity is 

% ,.~’t] x, x an increasing function of collision speed. At 
~ moderate speeds--under 40 km/hr--most of 

A~S = 4-5 the injuries were of the level AIS = 0-3. The 
extremely serious and/or fatal injuries occur, 
for the most part, at speeds over 40 km/hr, 

-- ~--~ ~ and involve impacts against the windshield 
..................... ~o~xt 

frame or the roof. 
....... ..... o -~._ ~ xI B) io~-2 severity," the 

¯ 
~,~~fx ~x 

; In terms of "frequency x 

,:,__:~..-, ...... ’~ head-to-vehicle impacts as a whole account 

AIS = 2-3 for 82% of the total severity of head impacts, 
while direct impacts with the ground account 
for 17%, with 1% represented by ground im- 
pacts subsequent to head-to-vehicle impacts. 

c) 

¯ >60 km/h 
AIS = 0-1 -~ 50-60 km/h 

¯ 40-50 km/h 

X 30-40 km/h 

1.64                                      O <30 km/h 

D) AIS = 4-5 

1,23 

t00    120 140 160 180 m 

NUMBER OF VICTIMS IN 

TERMS OF THEIR HEIGHT AIS = 2-3 

Figure 4. Severity of head injuries sustained by 
pedestrians in terms of their Iocaliza- 
tions on the vehicle. The various 
classes of pedestrians are separated 
(children, adults, and adults over 65 

A~S = 0-1 

years old). 

frame and the roof, as concerns adults and in- 
dividuals aged over 65. Other cases of ex- Figure 5. Severity levels of head injuries and 

tremely serious injuries correspond to wind- Iocalizations of impacts on vehicles 

shield impacts involving intrusion into passen- in terms of collision speed. 

644 



SECTION 5: TECHNICAL SEMINARS 

Before concluding, it is interesting to com- * vehicle profile 
plete these accident study findings by equiva- * stiffness of vehicle at impacted zones 
lent data stemming from the study of riders of 

* pedestrian’s height 
two-wheeled vehicles. 

Among the latter, head-to-vehicle impacts * pedestrian’s position and attitude at mo- 

are also frequent and severe: extremely serious ment of impact 

and fatal head injuries occur in the case of 
Some one hundred test collisions were car- 

some 70°70 of the two-wheeled vehicle riders ried out with complete adult or child size (six 
who sustained extremely serious and fatal in- 

year old) dummies, with various makes and 
juries, and in most cases the cause was head- models of cars and at various speeds (from 12 
to-vehicle impacts. These impacts occurred 

to 45 km/hr). These yielded the following 
essentially against windshield frame (3007o of findings, illustrated in Figure 6: 
total severity against the upper crossmember 

¯ The head against hood impacts on various 
of the windshield, 2307o against the windshield 

models of cars occurring at some distance pillars, the lower crossmember and the scuttle) 
from the wing-hood j unction line and from and against the sides of the cars (23°7o of total 

severity), 
the hood-scuttle junction line do not exceed 

the HIC = 1000 injury level, at least not at 
In conclusion, in the present state of prog- 

ress of our findings, the vehicle emerges as the 
collision velocities of up to 40 kin/hr. A 

single HIC of over 2000 was found at 45 major cause of head injuries in cases involving 
km/hr. 

speeds of 20 to 50 km/hr. This is why, over 
¯ The head against windshield impacts were 

the past few years, we have been concerned 

with experimental investigation of head-to- 
of moderate severity at speeds of up to 40 

km/hr, the highest HIC being 8!0. The vehicle impacts and with the changes that 
most severe impacts occurred with lami- 

should be made in automobiles in order for 
nated windshields. 

them to be less dangerous for individuals who 
¯ At a velocity of 40 km/hr, impacts agains~ 

are not passengers in vehicles. 
windshield frames and scuttles yielded ex- 

EXPERIMENTAL INVESTIGATION OF tremely high HIC values. At 32 km/hr, we 

PEDESTRIANNEHICLE COLLISIONS noted HIC ratings of more than 1500.3, 4 In 

Experimental investigation of head-to- 
the light of these findings and accidem 

vehicle impacts is aimed at a twofold objec- 
study data, the windshield emerges as one 

tive, as follows: 
of the vehicle areas that is most propitious 

for the occurrence of brain concussion ¯ reducing severity of head-to-vehicle impacts alone. Impacts against the ground (D, 
¯ ascertaining human tolerances of the head 

fig. 6) were less severe than impacts against 
in the occurrence of impact 

the vehicle. 
This investigation is being carried out on Figure 7 represents the velocity of impact of 

the basis of two different methods of proce- 
the head against the vehicle versus collision 

dure simultaneously, i.e. overall experiments 
speeds for some 30 tests performed with 

with both dummies and human subjects, and 
adult-size dummies. It will be seen that the 

experiments with dummy heads only. velocity of head impact is of the same magni- 

Collisions Involving Complete Dummies tude as collision speed, scatter being lesser a~ 

relatively high speeds (over 30 km!hr). 
Experimental collisions with dummies It is important to note that, in cases involv- 

enable investigation of the influence of the ing pedestrians and cars, unlike other types of 
various parameters involved in a collision, 

accidents involving car occupants, the impact 
i.e.: velocity of the dummy’s head is of the same 
¯ vehicle speed magnitude as would have been the impact 
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HIC 

~ ¯~ 4400 Severity of head to car impacts 

A -- On the windscreen frame 
B -- On the bonnet 

C -- On the windscreen 
D -- On the ground 
~, -- High long vehicles 

3000 
. -- Mean mean vehicles 

¯ o -- Low vehicles 

Hie 

(~)     ,,                     o 
2000                                                  2000 o 

0 

1500                             o 

1000                               .                     1000                                    o o 
O 

O 

o 
50(;                                   o 

o 

0 1 0 40 0 10 20 30 40 

Vc km/h Vc km/h 

¯ 

5(                                                     500 

¯ 

0 10 20 30 ,v 0 10 20 40 

Vc km/h Vc km/h 

Figure 6. Results of HIC measurements in experimental collisions devoted to investigation of head 
impacts: 
A: against windshield frame B: against the hood C: against the windshield D: against the 

ground in terms of collision speed. 
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* front wing 

~*M$ ~ * scuttle 

~/P’/ * scuttle-wing-hood junction line 
#" * windshield flame (different places) 40 " 

The findings of these tests are summarized 
in Table 1. It will be seen that, whatever the 

30 ~ 
~ collision speed, the least severe impacts oc- 
-y_ 

/. ~, 

curred at the center of the hood, and that 
> 20:1 * severity increases with velocity. 

........ o *, The most severe impacts were found in im- 

, pacts against the windshield frame and the 
........... i0. / hood-wing-scuttle junction point; at a colli- 

" sion velocity of 32 km/hr, the HIC exceeded 
J 0 , o , 2000 and the HIC reached 4500 on the scuttle- 

0 10 20 30 40 hood-wing junction point. These data are in 
Vc km/h 

full agreement with the severity of the injuries 
.......... sustained in true-life accidents. 

Figure 7. Velocity of dummy’s head at time of Tests were also performed with a head 
impact against vehicle in terms of alone, the head striking against either tem- 
collision speed, pered or laminated windshields. The HIC 

values calculated were slightly more severe 

velocity of a real-life victim’s head under the    than those for collisions involving a complete 

same circumstances. The use of dummies is 
dummy; however, they did not exceed HIC = 

hence a valid tool for acquiring human toler- 950 at velocities up to 44 km/hr. It will be 

ances by means of reconstitutions; in addi- noted that, in contrast with the overall test 

tion, we can readily transpose to this type of findings, more severe impacts were achieved 

collision the values of protection criteria with laminated windshields than with tern- 

...... defined from other sources, pered windshields. For a given impact veloci- 

These experimental collisions enable inves- ty, the impacts involving separated heads 

tigation of the kinematics of the pedestrian striking against the various areas were, over, 

during impact, in terms of vehicle profile, of all, slightly more severe than the impacts of 

the features of a vehicle’s front end, of colli- 
the heads of complete dummies under similar 

sion velocity, and of the position and size of testing conditions. This finding may be inter, 
preted by the difference in apparent mass of 

the dummy that is hit. 
the head involved in the impact, this differ, 

Simulations With Separated Heads ence being due to the head-thorax connection 
of the dummy. 

The method involving simulations with These collisions, performed either with 
separated dummy heads is frequently used. It complete dummies or with separated heads, 
enables comparative study of the degree of make it possible, among other things, to do 
danger of the various areas of a vehicle for a an experimental study of the severity of im- 
given model of head to sustain a free-fall onto pacts sustained by heads striking against vehi- 
various areas on the forward part of a car and cles, this severity being expressed in terms of 
at different speeds, accelerations measured on the heads. Recon- 

The areas used for these tests were the structions of actual accidents using the same 
following: techniques (complete dummy or separated 
,, hood in median axis head6) were designed to establish relationships 

* off center, on the hood between these physical measurements and the 

647 



EXPERIMENTAL SAFETY VEHICLES 

Table 1. Hybrid ~1 separated impact severity against different parts of a car. 

Impact localization VI H.I.C. 3’ Max. (g) 

m/s Km/h 

6.7 24 95 71 

vliddle of the bonnet 8.9 32 398 175 

11.1 40 853 204 

Bonnet-scuttle-wings i unction 6.7 24 948 145 

point 8.9 32 4485 500 

6.7 24 758 146 
Wings 8.9 32 2354 280 

6.7 24 624 100 
Scuttle 8.9 32 1211 160 

6.7 24 781 165 

Windscreen frame 8.9 32 2224 250 

11.1 40 3297 256 

9.4 34 943 265 

Windscreen centerlaminated 12.2 44 943 327 

9.4 34 508 185 
Tempered 

11.1 40 755 207 

level of the injuries sustained by the actual the applications of this modelization were 

accident victim. Reconstructions were also limited to specific investigations, generally in- 

performed with cadavers and, in these cases, vestigations of the influence of specific pa- 

it was possible to obtain direct corre- rameters, and they required a different set of 

spondence between the level of injuries sus- data every time that we changed the configu- 

rained by the cadaver and the physical meas- ration (vehicle characteristics, speed, height 

urements, of pedestrian). At the present time, the pur- 

l?here is another approach to the investiga- pose is to achieve total validation of the 

tion of pedestrian-and-vehicle collisions. This following: 

is mathematical modelization, o The model used for pedestrians 
¯ A set of basic data including all the less 

MATHEMATICAL MODELIZATION "preponderant" parameters to which have 

Mathematical modelization is also widely been assigned mean numerical values suited 

used, in the same way as experimental colli- to all vehicles 

sions involving dummies, for the simulation o A method enabling simulation of any vehi- 

of vehicle/pedestrian accidents. Previously, cle on the basis of the values of a limited 
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number of parameters characterizing its pedestrians and all the collision speeds most 
profile frequently occurring in real-life accidents. 
This is to be achieved by comparison with The objective pursued by the use of the model 

experimental collisions already performed is multiple. 
and with actual cases drawn from the accident In an initial stage, we are devoting our ef- 

........... investigation, forts to trying to reproduce, with the help of 
Mathematical modelization of the pedes- this model, experimental collisions that have 

trian-vehicle collisions was done with the already been performed with dummies. For 
assistance of a prograrn developed from the this, we must supply the model with the accu, 
MVMA-2D model, by HSRI.7 In this model, rate characteristics of the collision, i.e. vehicle 
the human body is schematized by an articu- velocity, profile and stiffness characteristics 

........... lated skeleton composed of segments assem- of the concerned zones, and the height, posi- 
bled with deformable ellipses, with which tion and attitude of the dummy at the mo- 
masses are associated. The impacts take into ment of impact. We selected some fifteen col- 
account the nature of the materials that come lisions for reproduction, those that we 
into contact, as well as the masses or inertias deemed to be representative because of the 
involved, diversity of vehicle profiles and the diversity 

For the application of this model to the of their velocities. The model gives the dum- 
vehicle-pedestrian collision, we eliminated a my’s kinematics in relation to the vehicle, the 
trunk articulation from the model and added localization and instant of impact of the head, 
an articulation to the ankles. We confined as well as the head’s impact velocity. These 

.......... ourselves to accurately reproducing the kine- various findings are compared with those 
............. matics of the pedestrian during impact against yielded by experimental collisions, and the ad- 

the vehicle, and specifically the trajectory of justment of these two sources of findings is a 
the head in relation to the vehicle, disregard- validation of the model. Figures 8, 9 and 10 
ing the fall to the ground in this phase of the represent such simulations; the fine,line 
investigation. The profile of the simulated curves represent the trajectory of the head 

....... vehicle was not "traced" with close resem- tained from the model, while the broad-line 
blance to the actual profile; rather, it was curves represent the trajectory found in the 
wholly reconstituted on the basis of the values experimental collision. The two vehicles con- 
of six geometric parameters accurately noted sidered have extreme profiles: a Renault 5 
on the plan of the actual vehicle, via an (small car) and a Ford Fairlane (a full-size 
unique method whatever the vehicle simu- American car). In both these cases, the com- 
lated. The features of the material used for parison is highly satisfactory: the kinematics, 
the vehicle and the friction coefficients were the localization and the instant of the head’s 
always identical whatever the vehicle simu- impact, as well as its velocity, are equivalent. 
lated, since we were concerned only with the The purpose is to obtain from these head tra- 
trajectory of the head, not with the severity of jectories (and on the basis of such data as the 
the impact; the same, of course, applied to the shape and size of the vehicle’s front part, its 
dummies. At the present time, it is these two speed, and the pedestrian’s height and posi- 
latter points that we are endeavoring to op- tion) a parametric curve equation suitable for 
timize, i.e. the method of reconstruction of reproducing all the head trajectories found in 
the vehicle’s profile and the features that are experimental collisions. In short, this curve 
common to all the vehicles simulated, basic- which would be defined in the light of a few 
ally materials and friction coefficients, so that tests that would be different yet representative 
the validation obtained from a few typical of all vehicle-pedestrian collisions should 
vehicles may be generalized to virtually all the enable proper modelization of all our experi- 
vehicles involved, and for all statures of mental collisions, and hence also of actual 

649 



EXPERIMENTAL SAFETY VEHICLES 

Figure 8, Example of modernization of vehiclelpedestrian collision: collision between Renault 5 and 
pedestrian at speed of 36 kmlh. 

accidents for which the parameters noted tions, same instants of impact (figures l la 

above are known with sufficient accuracy, and 1 lb) and same head-impact velocities as 

We have solved an initial part of this prob- in the reconstitutions. It can be concluded 

lem: we considered two cases of actual acci- that, in both cases, the mathematical model 

dents for which reconstitutions with dummies also reliably reproduced these real-life acci- 

had yielded very good results: a collision be- dents. 

tween an Opel Kadett and a pedestrian at 45 The next step is to find out whether, on the 

km/hr and a collision between a Peugeot 204 basis of the parameters of an actual accident 

and a pedestrian at 40 kmihr. For these two for which no experimental reconstitution has 

accidents, we obtained, via reconstitutions been performed, it is possible to satisfactorily 

with dummies, the same impact localizations reproduce by means of our model the main 

on the vehicles and the same deformations on characteristics of localization and of severity 

the vehicles as in the actual accidents. In addi- of head impact; this step is currently in prog7 

tion, it was possible to establish a relationship ress. If results prove satisfactory, the mathe- 

between the severity of head impacts (func- matical model could then be used in the 

tion of measured acceleration) and that of designing of a new vehicle, with a view to op- 

head impacts occurring in the actual accident timizing the profile, stiffness and design .... 

(injuries sustained by the victims). The simu- features of the areas that are hazardous for 

lation of these collisions by mathematical the heads of pedestrians, so as to make these 

model yielded excellent results: same localiza- vehicles less dangerous. 
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Result of mathematical modelization 

Result of experimental collision with dummy 

Figure 9. Comparison of trajectories of head yielded by experimental collision and by mathematical 
modelization for a collision at 36 km/h between a Renault 5 and a pedestrian (height: 
1.70 m). 

Mathematical modelization 

Experimental collision with dummy 

Figure 10. Comparison between trajectories of heads yielded by experimental collision and by 
mathematical modelization for a collision at 40 km/h between a Ford Fairlane (t960) and a 
pedestrian (height: 1.70 m). 
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Mathematical modelization 

Experimental collision with dummy 

Peugeot 204 

Figure 11& Comparison of Iocalizations of head impact in an actual accident reconstituted by 
mathematical modelization. Collision between a Peugeot 204 and a pedestrian (height: 

1,65 m) at 40 km/h. 

Mathematical modelization 

Experimental collision with a dummy 

Opel Kadett 

Figure 11b. Comparison of Iocalizations of head impacts in an actual accident and reconstitution by 
mathematica~ modelization: Collision between Opel Kadett and pedestrian (height: 

1.70 m) at 45 kmth. 
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As matters now stand, we have succeeded less dangerous for the heads of pedestrians in 
in accurately simulating collisions with a few light of present knowledge concerning their 
vehicles of extremely different profiles; we protection. This does not mean that other, 
can quite reasonably expect to be able to differently designed vehicles are more danger, 
simulate the majority of the vehicles and pus for non-passengers; only overall tests with 
thereby have a tool enabling the mathematical dummies can supply the elements of answers 
reconstitution of practically all accidents in- to this question. 
volving pedestrians. Design features that could be applied gener- 

ally to all vehicles were investigated for the 
MEANS TO BE CONSIDERED AND safety synthesis vehicles of the Peugeot and 
DEVELOPMENTS OF RESEARCH Renault companies in particular. A detailed 

.......... description of these is submitted in these pro- 
Means To Be Considered ceedings, 

The investigation of experimental collisions The second point, which consists of optimi- 

with either complete dummies or separated zation of vehicle profile, is more critical and 

should be envisaged while the vehicle is still in heads rnade it possible to ascertain the most 
dangerous areas on vehicles to the heads of the drawing-board stage. In the long term, the 

pedestrians. The purpose is to make these mathematical model in the perspective in 
which we are using it and in view of currently areas less dangerous, and to this end, two 

means can be considered: ongoing developments described above could 

supply elements useful in solving this prob- 
* Redesign of features of dangerous areas lem, taking into account all the other stand- 

............ * Optimization of vehicle profiles, so as to 
......... ards to be met in the designing of a car, 

bring about trajectories of the head ending 
on non-dangerous areas or areas whose 
features have been redesigned Development of Research 

For the first point, we can note certain The main orientations of research in the 
"redesigned features" already in existence on matter of pedestrian protection are as follows: 
certain vehicles, which make for less severe ® Increased number of accident data 
head impacts: * Technological efforts devoted to develop- 
. Recessed A-pillars, making it possible to ing vehicle features designed to protect vic- 

avoid direct head impact, the head being rims’ heads at higher speeds 
partially deflected onto the windshield * Attempt to optimize the profile and stiff- 

o Shafts of windshield wipers and window- ness of forward parts of vehicles so as to 
washing water jets masked by a hood cover- reduce head impact velocity 
ing the lower cross-member of the wind- * Increased number of reconstitutions of ac- 
shield unit tual accidents, in order to achieve progress 

* A hood extending above the wings to mask in the knowledge of human tolerances 
the rigid parts. (It should be noted that the * Investigation of compatibility of protection 
impacts against the hood basically concern of adult and child pedestrians 
children.) Concerning the latter item, which was not 

o A convenient laminated windshield that developed in this report, it may be pointed out 
deadens head impacts without yielding to that we find significant differences as regards 
penetration and that simultaneously en- the localizations of head impacts against vehi- 
ables a reduction in the seriousness of facial cles, because of the differences in heights of 
injuries these two types of individuals: adults are en- 
These redesign features, which are already dangered by the rear third of the hood, the 

incorporated in certain vehicles, seem to be windshield and its frame; children’s heads 
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strike the front surface of the vehicle and the 2. "A Synthesis of Data from a Multi- 

front part of the hood, hence the need for dif- Purpose Survey on Pedestrian Accidents," 

ferent and complementary design features for C. Thomas, G. Stcherbatcheff, P. Duclos, 

adults and children. In addition, it will be C. Tarri~re, J.Y. Foret-Bruno, Peugeot- 

easily agreed that the ideal vehicle shape is not Renault Association, France. IRCOBI, 

the same for both adults and children. Investi- Amsterdam, 1976. 

gation of compatibility of protection for 3. "Kinematics of a Pedestrian and a Two- 

adults and children is now proceeding. Wheeler Impacted by the Front of a Car." 

G. Stcherbatcheff, P. Duclos, C. Tarri~re, 
Peugeot-Renault Association, C. Got, A. 
Patel, Institute of Orthopaedic Research 

The investigations that have been going on (France), IRCOBI, Amsterdam, 1976. 
for the past few years concerning the protec- 4. "Simulations and Reconstructions of 
tion of pedestrians have made it possible to Pedestrian and Two-Wheel Riders Head- 
analyze and understand the sequence of to-Car Impacts," G. Stcherbatcheff, P. 
events during a collision between a pedestrian Duclos, C. Tarri~re, A. Fayon, G. Wal- 
and a vehicle. Specifically, it has been possible fisch, Peugeot-Renault Association, C. 
to ascertain which areas of a vehicle are the Got, A. Patel, Institute of Orthopaedic 
most dangerous--those that cause serious and Research (France), IRCOBI, Berlin, 1977. 
fatal injuries to the heads of pedestrian acci- 5. "Severity of Head-to-Car and Head-to- 
dent victims. The mathematical model whose Ground Impacts for Pedestrians." G. 
validation was performed by means of a num- Stcherbatcheff, J. P. B0ulaire, C. Tar- 
her of experimental collisions should gradu- fibre, A. Fayon, Peugeot-Renault Associa- 
ally be substituted for the carrying out of tion, C. Got, A. Patel, Institute of Ortho- 
these tests and should enable us to simulate, paedic Research (France), IRCOBI, Berlin, 
at lesser cost, a larger number of collisions oc- 1977. 
curring under various circumstances. The 6o "Reconstitutions exp~rimentales d’impacts 
overall array of these methods and working t~te-vEhicule de pifitons accident,s." G. 
tools has resulted in the designing of car outer Stcherbatcheff, C. Tarri~re, P. Duclos, A. 
features for providing protection for pedes- Fayon, Association Peugeot-Renault, C. 
trians; these design features have been incor- Got, A. Patel, Institut de Recherches Or- 
porated into Peugeot and Renault synthesis thop~diques (France), IRCOBI, Birming- 
vehicles, which are described in two other ham, 1975. 
papers included in these proceedings. 7. "MVMA Two-Dimensional Crash Victim 

Simulation," version 1, Highway Safety 
Research Institute, University of Michi- 

1. "Accidents corporels de la circulation gan, D. H. Robbins, R. O. Bennett, B. Mo 

routi~re," 1976, S.E.T.R.A., Ministffre Bowman, Oct. 1973. 

des Transports. 
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Results From Experimental Simulations of Car.To. 
Pedestrian Collisions With VW-Production Cars__ 

E. LUCCHINI and R. WEISSNER will be described shortly: Figure 1 is an overall 
Research and Development view of the entire facility. The individual com- 
Volkswagenwerk AG ponents are now described below. 

I NTRODUCTION 

One of the most important areas in the field 
of passenger car safety is that of pedestrian 
protection. In order to get knowledge about 
kinematics and loadings of an impacted 
pedestrian, it is necessary to perform mathe- 
matical and experimental simulations of vehi- 
cle-to-pedestrian collisions. These simulations 
must be based on statistically secure param- 
eters. Data of this kind are supplied by acci- 
dent research. In recem publications, the 
extensive work which is done by the Volks- 
wagenwerk AG concerning pedestrian protec- Figure 1. Equipment used for simulating vehi- 

tion has been described in References 1, 2, cle-to-pedestrian collisions. 

and 3. 
This paper presents results from our experi- Dummy 

mental work done with production cars. Gen- 
For this study a 50% male dummy made by 

erating those results is necessary for mainly 
Alderson, type VIP 50A, was used for simu- 

two reasons: lating the pedestrian. 
¯ To obtain knowledge about the behavior of 

production cars in a car-to-pedestrian colli- Dummy Retention and Release Equipment 
sion under special conditions and trying to 

As can be seen from Figure 1, the vehicle is 
define car-specific improvements 

made to collide with an upright dummy. For 
¯ To achieve data which can be used to vali- 

date mathematical simulation programs, this purpose, we developed a device which wilt 
hold the dummy upright in a standing posi- 

In this study results from tests with three tion. When a test is made, the equipment will 
VW-production cars are given: release the dummy smoothly enough to ensure 
¯ VW Golf that the experiment is not adversely affected 
¯ VW Passat by any restraining forces. 
¯ VW m Micro-Bus As soon as the vehicle used for the experi- 

It has to be stated that the tests were per- ment passes a laser light barrier, a retaining 

formed under very special conditions. Conse- bolt is withdrawn by a solenoid from a wire 

quently, a correlation of the data with the loop connected to the dummy. 

overall performance of the cars in the real Figure 2 shows the equipment used for re- 

accident situation is not possible, raining and releasing the dummy. 

DESCRIPTION OF THE Equipment Used to Determine the Weight 

EXPERIMENT SETUP of the Suspended Dummy 

The equipment used by VW for experimental The device described above is attached to a 
simulations of vehicle-to-pedestrian collisions beam clamped down at one end. This beam is 
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Test Vehicle 

Various ways in which vehicle-to-pedestrian 
collisions may be investigated systematically 
by mathematical and/or experimental simula- 
tion on the basis of accident research data 
were described in detail in Reference 4. 

This includes the description of various 
ways in which the car can be simulated. As 
mentioned above, for this study the three pro- 
duction cars: 

o VW -- Golf 
Figure 2. Dummy retention and release o VW -- Passat 

equipment. ® VW -- Micro-Bus 

were used. 

fitted with strain gauges connected to a call- 
Brake Activating Device 

brated momtoring device which indicates the 
force which causes the beam to bend under As soon as the vehicle makes contact with 
the !oad of the suspended dummy. In this the dummy an automatic device activates its 
way, it is possible to adjust the load of the sus- brakes. This device is shown in Figure 3. It is 
pended dummy to exactly the same amount triggered as soon as the vehicle passes a laser 
for all experiments, thus ensuring that the light barrier. 
friction between the shoes of the dummy and 
the road is approximately the same in all ex- Monitoring and Control Unit 

perimen~s. Figure 2 shows the flexible beam At all stages experiments are centrally con- 
used ~o determine the weight of the suspended trolled and monitored by an electronic unit 
dummy, developed specifically for this purpose. The 

ur~it is shown in Figure 4. 

TEST PROGRAM 

As has already been mentioned, any pur- 
poseful experiment program must be based on 

Figure 3. Device activating the 
brakes of the vehicle. Figure 4. Monitoring and control unit. 
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accident research findings. In accordance with RESULTS 
the goal of this study the following param- 

The results obtained from experiments sim- 
eters for the experiments were determined on 

ulating a vehicle-to-pedestrian collision can be 
the basis of Reference 1: 

broken down into kinematic data and load 
Impact Speed: 35 and 50 km/h data pertaining to the dummy. 
Impact Point: Vehicle front center The following tables and figures present the 
Pedestrian The 90°-position (walking results of the tests. 

Position: straight ahead) was chosen The numeric results are presented in Table 1 
for the test program (fig. for the tests with the VW-Golf, in Table 2 for 
1). the tests with the VW-Passat and in Table 3 

Pedestrian Accident statistics show that for the tests with the VW-Micro-Bus. 
Anthro- dummies of different sizes Figures 5 to 7 show the movement of the 
pometry: (child and adult) must be dummy-head relative to the car. 

used for vehicle-to-pedes- 
trian collision tests. For 

CONCLUSION 
this special program the 
50% male dummy was The purpose of this paper is to inform 

chosen, about loadings and kinematics of a 50% male 
Number of Four tests were performed dummy which is impacted by a production car 

Tests: for each parameter combi- under special conditions. Those data are the 

nation with the VW-Golf starting point for considerations about the 

and the VW-Passat; 3 tests usefulness of modifications of the car. Those 
were performed for each modifications have to be based on very care- 
parameter with the VW- ful investigations, which include tests with the 

Micro-Bus. child dummy. Tests with child dummies must 

Table 1. Results of the tests with the VW.Golf. 

~ ~ .... ,- _- - . ..- E - ~ ~-. 

~ 
0 

34.9 9.0 38 50 244 66 17 40 49 59 61 

35.2 9.5 52 96 367 155 29 67 103 144 95 

34.6 8.5 42 116 203 299 18 26 45 38 43 

34.0 9.0 34 120 234 323 50 53 149 108 21 

49.9 16.0 110 152 1916 884 31 32 169 68 20 

50.1 15.5 90 158 1654 958 51 63 198 211 47 

50.7 15.4 120 52 1877 195 41 85 170 219 202 

50.5 16.0 124 98 1688 191 33 147 174 639 82 
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Table 2. Results of the tests with the VW-Passat. 

E , o,.- E 

35.9 8,3 80 56 380 ~ 87 26 40 85 75 77 63 

35,3 9.0 55 94 367 185 26 17 71 28 73 47 

35~2 9.9 37 93 246 ~2 18 29 51 39 50 56 

35.0 9.3 68 106 350 205 22 24 50 29 77 82 

51.6 17.9 91 141 1572 1203 39 77 217 190 ~ 65 

~.2 18.9 82 43 1405 147 36 90 218 212 101 27 

50.2 16.8 96 20 1164 31 40 21 201 31 68 162 

50,1 17,0 105 58 1653 643 28 54 89 179 100 34 

Table 3. Results of the tests with the WN-micro-bus. 

~ ~1 I    ~-I 

O ,_ , O .-- O 

~ .......... 35.0 11,1 35 95 166 ~6 38 129 161 772 97 36 

35.3 12,0 38 67 174 117 35 [ 51 142 85 116 41 

35.6 11.3 41 63 191 185 36 95 132 264 135 38 

51.5 22.5 55 108 330 4~ 45 67 238 170 120 72 

49.2 16,8 68 177 811 1562 70 73 442 264 161 43 

50.5 20,5 74 68 419 228 56 60 287 143 145 ~ 

be performed in order to answer the question, not have a positive effect on the total accident 

whether the tendencies for the behavior of the situation. 
adult-dummy are the same for that of the Before any statistically secure conclusion 

child-dummy. Those tests are of basic impor- can be drawn, a high number of tests has to be 

tance because any design which has a positive performed under realistic conditions, the in, 

influence on the behavior of the adult but a fluence of different car designs has to be in. 

negative influence on that of a child would vestigated, for example, by mathematical 
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speed of nearly 40km/h. Taking into account 
35, 50 (kin/h)Impact Speed the biomechanical aspects, it is not yet clear 
/ 

whether the dummy loadings are representa- 
tive for the injury pattern of real victims. 

In Europe, an extensive research program is 
under way (Biomechanical Research Associa- 
tion--KOB) in order to clarify this problem. 
The methodology used is to reconstruct real 
accidents with dummies and cadavers and to 

Figure 5. Movement of the dummy-head rela- correlate the results. One conclusion which 
tive to the VW-Golf. may be drawn is that present-day dummies 

have to be improved in order to give a more 
realistic representation of an impacted pedes- 
trian. 

,~--’~’ Summing up all the problems concerning 
50 (km/h) Impact Speed 

~ 
the car-to-pedestrian collision and its simula- 
tion (experimental and mathematical), one 
has to realize that the benefit achieved by car 
related measures will not be as high as it can 
be expected for car occupants if they use their 
restraint systems. 

Figure 6. Movement of the dummy-head rela- Especially in the field of pedestrian safety, 
tive to the VW-Passat. the area of active safety, which means accident 

prevention, has to be improved. This im- 
provement can only be achieved by coopera- 

35, 50 (kin/h) Impact Speed 
tion between legislators, town planners, car 

,~ - ~/~--~i[ ] ~-----~i 

manufacturers and pedestrians themselves. 

~~                    ~ 
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Pedestrian Protection: Special Features of the Renault E.P.U.R.E. 

G. STCHERBATCHEFF which is severe and frequent and, secondly, 
Research and Development Department impact of the legs against the bumper which 
Renault results in a high frequency of injuries. Impacts 

caused by the pedestrian being thrown to the 
ABSTRACT ground appear to be less severe though it is 

Investigations of accidents together with ex- difficult to precisely determine the relative in- 

periments on accidents between cars and 
cidence of head/car and head/ground im- 

pedestrians show that the majority of serious pacts. 

and fatal wounds are localized at the head and There is clear convergence in the studies be- 

that the most frequent wounds are localized at ing performed in the world and they enable 

the lower members. It also appears that the guidelines to be laid down for the work of 

majority of wounds result from impact with design of the vehicle. The first priority is to 

the vehicle while falls on the ground are less prepare the head impact zones, once they 

severe in their effects, have been established. The second priority is 

The design of the Renault E.P.U.R.E. in- the protection of the legs particularly the 

corporates this data in order to provide in- knees which are the site of injuries that are 

creased protection for pedestrians, often irreparable. 

Zones of impact of the head have been deter- The measures for protection studied on the 

mined experimentally and by mathematical Renault E.P.U.R.E. experimental vehicle 

modelization of the various sizes of pedestrian, satisfy these two objectives. Head impact 

These zones have been specially equipped, zones have been set for the E.P.U.R.E. by 

Severity of impact on the lower members has reference to experimental collisions and by the 

been reduced by designing bumpers that use of a mathematical model. Modification of 

reduce the frequency of impact on the knee. the windscreen frame and of the hood/wing/ 
scuttle assembly was then studied, put into 

INTRODUCTION production and tested. A reduction of fre- 
quency of impact between knees and bumper 

The national statistics of countries having was aimed at. 
high traffic densities indicate that a high per- 
centage of victims of accidents are pedestrians 
or riders of bicycles or motorbicycles. In PROTECTION OF PEDESTRIAN’S HEAD 
Europe, in the USA and in Japan, 17% to 
40% of accident fatalities are pedestrians. The joint investigation of accidents carried 

The reduction of traffic accident victims out by the Peugeot-Renault Association arrived 

wilt be proportional to active research carried at a figure of 65% for serious and fatal injuries 

out on improvement of protection of all those (AIS -> 4) localized on heads of pedestrians. 

users of the road who incur a high proportion Eighty-six percent of pedestrians killed had a 

of accidents and this applies, evidently, to fatal head injury.1 

pedestrians. AAthough it is difficult to precisely establish 

Investigation of accidents and research ef- the causes of head injuries (car or ground), 

fected during the last ten years by automobile documents published agree in estimating that 

manufacturers and specialized laboratories the great majority of serious and fatal injuries 

brings out the importance of two factors which to the head are caused by impact between head 

are particularly harmful during collisions be- and car (see references 2, 3, and 4). The sur- 

tween cars and pedestrians. These are, firstly, vey carried out by Peugeot-Renault evaluates 

impact of the pedestrian’s head against the car the very serious and fatal injuries (AIS >- 4) 
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that occur to the head and caused by head/car increases on longer cars.6 The dimensions of 

impacts, at over 70~0.2 the E.P.U.R.E. are a little less than those of 
average European vehicles. 

A mathematical model of a collision be- 
Localization of Impact of Head on tween car and pedestrian (MVMA 2D) has 
the EP.U.R.E. provided localization of impacts of the head 

In the case of vehicles of European size, the on the E.P.U.R.E. for various heights of 

most frequent and most serious site of head/ pedestrian at speeds of 24, 32 and 40 km/hr 

car impact is the area of the lower windscreen (figs. 2, 3, 4). Consideration has been given to 

cross member, the scuttle and the rear end of four heights 1.20 m (a child of six years), 

the hood (fig. 1).5 This corresponds to a range 1.50 m, 1.64 m, 1.75 m (adults) (fig. 5). 

of car sizes from the small car to the luxury Impact between the head and the windscreen 

car in Europe. or its uprights occurs to the 1 m 75 adult at 24, 

The impact of the head against the wind- 32 and 40 km/hr. The 1 m 64 adult hits the 

screen and its frame on small cars is exag- scuttle, and lower windscreen cross member 

gerated. The incidence of head/hood impacts zone at 24 and 32 km/hr and hits the lower 
part of the windscreen or its uprights at 40 
km/hr. The t m 50 pedestrian hits the wind- 
screen cross member zone (32-40 km/hr) and 
the child hits the front end of the hood with 

%~AIS3 ~--. his head at the different speeds. 
,~,~o/~ ] Head-dash panel impacts .... , , ~ At high speed, in excess of 40 km/hr, the 

top cross member of the windscreen may be 
~ struck by heads of tall pedestrians but is 
~- struck above all by riders of two-wheel vehi- 
< cles whose kinematics are different from those 

of pedestrians.7 
Bumper-leg 

Two experimental collisions were effected 

! o~_~....~ with dummies at 24 and 30 kmihr. These colli- 

39~ :!-::. vehicle impacts 
sions with the E.P.U.RoE. wilt be analyzed 
below. The height of the dummy was set at 

~ 
1.64 m. Localization of head ~mpac~ at the 

_ scuttle and lower windscreen cross member 
< zone confirms the results obtained with the 

MVMA 2D model under the same conditions. 
It appears from this data that the most fre- 

quent zone of impact of the head on the 
E.P.U.R.E. comprises the scuttle, the lower 

~~ 
windscreen cross member and the windscreen 
or its uprights, considering the average height 

-- [ ;.==~ 
of persons liable to accidents in France which 

~ 
is 1.64 m. The desire to consider shorter peo- 
ple has caused us to extend our work of pre- 
paring the E.P.U.R.E. to the whole hood. 
The top windscreen crossmember has been in- 

Figure 1. Relative severity and frequency of corporated into the prepared zor~e in order to 

pedestrian impacts against the vehi- extend protection to riders of the two-wheel 
cle (European size cars), vehicles. 
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1 m 20- 24 kmth m 50 - 24 km/h 

lm64-24km/h 1 m75-24km/h 

Figure 2. Head impact location on the E.P.U.R.E. at 24 km/hr for I m 20, 1 m 50, 1 m 64, and 1 m 75 tall 
pedestrians. 
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1 m 20 - 32 km/h                                   1 rn 50 - 32 km/h 

1 m 64- 32 km/h 1 m 75 -32 km/h 

Figure & Neaa impact location on the E.P.U.FI.E. at a2 km/hr Ior I m 20, 1 m 50, 1 m 64, an6 1 m 75 tail 
pe6estrians. 
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lm20-40kmih                                          1 m50-40km/h 

1 m64-40km/h 1 m75-40km/h 

.............. 
I [] 

Figure 4. Head impact location on the E.P,U.R.E. at 40 km/hr for I m 20, 1 m 50, 1 m 64, and I m 75 tall 
pedestrians. 
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Under TEN 

16% of population 

22% of severely injured 

14% of fatalities 

3 4 5 6 ft 

HEIGHT 

Figure 5. Breakdown according to height of accident involved pedestrians in France. 

Impact of Head Against Windscreen in order to partially mask the rigid structure 

Uprights and Cross Member by the windcreeen and to deflect the bead on 
impact (fig. 6). 

Although of smaller size. when compared A second solution which has been retained 
with the windscreen itself, the zone that com, for this survey consists of fitting an energy 

prises the uprights and the top cross member absorbing material to the windscreen frame to 
is the cause of a greater number of severe and absorb the kinetic energy variation of the head 
fatal injuries to the head (fig. 1). This is caused while reducing its acceleration. A shape has 
by the particular severity of impacts between been designed which is compatible with the 
the head and the windscreen frame and the style of the vehicle and which will not damage 
fact that the severity of impacts between head the aerodynamic qualities of the vehicle 

and windscreen are below the threshold of (fig. 7). 
tolerances set for the head. The table below Wind tunnel tests have been performed to 
recalls the results provided .by a previous check the air penetration properties of the 
survey (table 1).8 vehicle with and without fittings applied to 

A number of solutions have been proposed the windscreen frame. It is clear that the shape 
for the design of the windscreen frame. It is that has been designed, contrary to what might 
not possible to eliminate this structure on ac- be thought, in no way damages the aerody- 
count of the required roof strength in roll namic features of the vehicle (table 2), 
over configurations. Performances under impact of such fit- 

On the other hand, it is possible to improve tings, for which a number of materials have 

the shape of the windscreen near to its frame been used, were then assessed. Samples were 
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Table 1. Head to car impact severity with a separated hybrid II dummy head: impacts against the 
windscreen, the windscreen frame, the scuttle and bonnet zone of production cars. 

Pedestrian head to vehicle impact severity 

HIC Standard 
Impact speed 

Mean (n cases) deviation 
Max HIC 

Head to laminated 
windscreen impacts from 24 to 44 km/h 761 (6) 214 943 

Head to tempered 

windscreen impacts from 34 to 44 km/h 651 (4) 114 755 

Head to windscreen 

frame impacts from 24 to 40 km/h 1993 (4) 1052 3297 

Head to scuttle 

area impacts from 24 to 32 km/h 1817 (4) 1794 4485 

Head to bonnet 

and wings impacts from 24 to 40 kmih 892 (5) 871 2354 

Figure6. Designing the windscreen and A / !I 
pillars to reduce the severity of the 
head impact against the windscreen 
uprights. 

made of aluminum, of steel sheet of various 
thicknesses and also of phenexpan foam of 

various densities covered with a skin of resin-                      (~) 
impregnated glass fiber. 

The test facility consists of a catapult Figure 7. Modification of the windscreen up- 
designed to throw experimental heads at rights (A) and upper windscreen cross 
speeds up to 65 km/hr (fig. 8). The head is the member (B). 
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Table2, Aerodynamical performance of the 
E.P.U.R.E, with and without wind’ 
screen frame modification. 

Scx Cx    Cz 

E.P,U,R,E. without windscreen 

frame modification 0.647 0.374 0,242 

E,P.U,R.E. with the padded 

windscreen frame 0.642 0.371 0.228 

Figure 9, Position of the head relative to the 
windscreen uprights and upper cross 
member during the head impact tests. 

screen upright (HIC 823 and 872 respec’ 
tively). 

Steel sheets of 0.6 and 0.7 mm thickness 
provide good protection at the velocity of 
impact under study (25 km/hr). The injury 
criteria, respectively HIC = 235 (for 016 mm 

sheet) and HIC = 333 (for 0.7 mm) show that 
there is a great reduction of severity of impact 

Figure 8.Catapult for head projection (max. 
on the windscreen uprights when compared 

velocity: 65 km/hr), with the reference test (HIC = 872). When 
impact is against the top windscreen cross- 
member, the fittings made of 0.7 steel sheet 

head of the Hybrid II dummy and the point of    provide good protection: HIC = 353 (fig, 10). 
impact is the center of the forehead. 

The direction of trajectory of the head and 
the angle of the head on its trajectory are 
given in Figure 9. Velocity of impact is 25 A pillar without padding 

km/hr, a relatively moderate speed when =872 

compared with the range of speeds at which _ 100 
severe collisions (AIS -- 2) occur between cars 

Padded A pillar (steel 0~6 ram) and pedestrians (an average speed of 32 km/hr 
HIC = 235 

in the Peugeot-Renault sample) which satis~ ~ 5c 
fies the desire to approach the problem of 

~;i Padded upper windscreen frame 
protection of pedestrians at speeds at which ’,’,...-cross member {stee~ 0,7 mm) 

serious injuries occur at significant frequencyi 
’,} HIC = 353 This criterion is covered by the 24 km/hr/ !"~"~"- 

32 km/hr bracket, Higher velocities will be in, 5 10 15 20 25 30 35 ° 

vestigated later, v (ms) 

A fitting composed of aluminum of 
1 mm thickness does not provide sufficient Figure 10. Head to windscreen uprights and 
stiffness. Severity of impact of the head is the upper cross member impact severity 
same as when it strikes an unprotected wind- with and without modification, 
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Protection of the form of 40 gi 1 phenexpan characteristics of thickness of the steel sheet 

foam covered with a sheet of resin-impreg- and stiffness of the foam were only optimized 

nated glass fiber provides results comparable for the special shape (radius of curve, distance 
to those of steel sections. Low density phenex- of crush, etc) which has been designed and 

pan has the property of disintegrating on im- used for impact at 25 km/hr. 

pact which means that the whole distance of Optimum characteristics might have been 

travel may be used to absorb energy. The sur- different at higher velocity or for different 
face skin provides distribution of forces over shapes. 

an area greater than that of contact with the 
head and thus compensates for the low density Impacts of Heads Against Hoods 
and stiffness of the phenexpan used. A The zone comprising the scuttle, the bottom 
moderate criterion of injury was provided by windshield cross member and the rear section 
impact on the windshield upright, HIC = 254, of the wings is the site of frequent and severe 
and against the top cross member, HIC - 376 head impacts in the case of average vehicles in 
(fig. 11). The deceleration curves obtained Europe (fig. 1). Experimental collisions and 
with steel sheet protection and with phenex- mathematical models show that the pedes- 
pan protection show that the latter provides trians that are most frequently struck in 
better protection for the head: maximum France, of height around 1.64 m, hit this 
deceleration is lower (64 g and 86 g compared region on the E.P.U.R.E. (figs. 2, 3, 4). 
to 82 g and 100 g for sheet steel when SI and 
HIC are the same). A comparison between 

lmproved protection of this zone has been 

these two types of protection at higher veloci- 
provided by use of technologies that com- 

ties gives a more distinct conclusion on their 
prise: 

respective performances. - A hood that covers the bottom cross mem- 

These tests show that a form of protection ber of the windscreen, the scuttle and the 

applied to the windscreen frame, compatible wings (fig. 12). 

with the style of the vehicle and its aerody- ® A space to allow for deceleration of the 

namic qualities, provides considerable reduc- head between the hood and the structural 

tion of the severity of impact of the head. The and mechanical components under the 
hood (figs. 13, 14). 

¯ Optimization of the stiffness of the hood in 
order to make best use of the deceleration 
distance. 

~ OO 

ednS;~;22n f) ra m e 

’,; L~_.Padded A pillar {phenexpan} 

5 10 15 20 25 30 35 

T (ms) 

Figure 11. Head to windscreen uprights and 
upper cross member impact severity Figure 12. Design of the hood, wing and scuttle 

with and without modification, area on the E.P.U.R.E. 
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Deformable 
Plastic 

Q loo mm 

Figure 13. Layout of structure and mechanical Figure 14. View under the hood of the 
units under the hood of the E.P.U.R.E. 
EP.U.R.E. 

A series of impacts between head and hood collisions were performed at 24 and at 30 
has been simulated. The hood was secured to km/hr. The dummy, of Sierra Start type, 50° 
an experimental assembly providing simula- perc., was fitted with a Hybrid II dummy 

tion of securing and support points together head. In order to provide a configuration 
with the structural and mechanical com- representative of the average height of pedes- 
ponents under the hood. trian that incurs an accident in France (1.64 m) 

Points of impact were selected on the hood the legs of the dummy were bent (fig. 15). The 
at the stiffeners (A, B, C, D, E) and at dis- dummy was held by a harness which was freed 
tances from the stiffeners (H). Points A and B before impact by an electrical signal triggered 
are located above the windscreen lower cross- by the car. The dummy was placed at ½ of 
member. Rigid T-shaped supports were placed the width of the vehicle in an attitude half- 
beneath points A and B and beneath points C, way between "facing the vehicle" and "side- 
D and E to simulate "stiff" sections under the ways to the vehicle." 
hood on the vehicle. Impact of the head is localized on the hood 

Results provided by impact velocities of 24 of the car, at the two speeds in question, 
and 32 km/hr indicate that the cover made of respectively above the scuttle (24 km/hr) and 
steel sheet of 0.8 mm, thickness, comprising the windscreen lower cross member (30 
stiffeners of shape and of 0.7 mm thickness, km/hr) (fig. 16). 
provides good protection to the head at the The injury criteria in the two tests are mod- 
velocities being considered (table 3). Protec- crate for the head/car impact and low for the 
tion for higher speeds would require stiffening fall on the ground (table 4). 
of the hood while remaining within limits If the head/car impacts are compared in the 
compatible with reduced deceleration of the two experimental collisions with those effected 
head and/or to provide a greater distance of with the head separate on the experimental 
deceleration of the head. mounting, it is noticed that the second are 

more severe than the first although speeds of 
impact are similar. This difference may be at- 

Experimental Collisions With the E.P.U.R.E. 
tributed, partly, to the simulation of rigid sec- 

In order to check the data provided by the tions under the hood which is voluntarily 
experiment with a separated head and to favorable in the mounting, in addition to 
analyze the kinematics of the dummy in colti- localization of the im pact which is slightly dif- 
sions with the E.P.U.R.E., two experimental ferent. 
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Table 3, Head-hood impact severity on the E.P.U,R.E.mimpacts tests with a separated Hybrid II 
dummy head. 

Head Impacts Against the Bonnet of the E.P.U.R.E. 

impact point Speed HIC 

A 181 

"- ’~C--"~I lw-~ 24 km/h 

~li ""Ht 
# ! 

C 162 

’,,, ,:/I’ 

D 608 

........ 32 km/h 

E 434 

H 396 

Impact of the head in collision with the placed between the hood and the shock- 

E.P.U.R.E. at 30 km/hr is not severe if com- absorbers heads (figs. 13, 14). 

pared with impact of the head in the same 
zone on a standard vehicle (scuttle, lower PROTECTION OF PEDESTRIANS’ LEGS 

windshield cross member(minjury criteria Injuries to pedestrians’ legs are rarely fatal 

greater than 1,000 and which may approach (there was however one case in the survey car, 

5,000 (HIC = 4485) have been recorded in an ried out by Peugeot/Renault, due to rupture 
impact localized at the intersection between of the femural artery). But leg fractures and, 

scuttle, wing and hood at 32 km/hr, to a lesser extent, injuries to the knee, are fre- 
The improvement provided by the adapta- quent. The lower segment of the body is, after 

tion of the hood of the E.P.U.R.E. is consid- the head, the second segment to be protected. 

erable: hard points have been eliminated and The mechanism of injury to the legs was 

characteristics of stiffness have been opti- studied (see references 9, 10, and 11). Impact 

mized as a function of distance of decelera- of the bumper against the leg is the cause of 
tion, providing protection for the head at 30 the great majority of injuries to the legs and is 

kin/hr. Two particular points prevented per- less severe when the bumper is placed near to 

formances that were obtained elsewhere from the ground. Avoidance of direct impact be- 

being attained: the heads of the shock- tween the bumper and the knee is the first step 

absorbers, located near to the hood, were the to be taken considering that injuries to the 

subject of particular care. Foam pads were knees are often irreparable. 
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Figure 15. Dummy attitude at impact with the Figure 16. Head vehicle impacts on the 

E.P.U.R.E. E.P.U.R.E. in collision at 25 and 30 
km/hr. 

Table 4. Impact severity on the E.P.U.R.E. collisions at 24 and 30 km/hr, 

Impacts against the vehicle Ground impacts 

Collision speed 24 km/h 30 km/h 24 kmth 30 kmth 

Head (H IC) 111 303 < 50 < 50 

Thorax 3’ 3ms 20 g 29 g 8 g 32 g 

Pelvis 3" 3ms 36 g 55 g 20 g 54 g 

Knee 3’ max 115 g 160 g ~ -- 

Ankle 3’ max 40 g 65 g -- -- 

Standardization of the height of bumpers systematic in true accidents taking account of 

introduced by FMVSS 215 and ISO require- the fact that the vehicle is freq~aently braked 
ments leads, in reality, to bumpers of which before impact and the bumper is consequently 

the top edge is placed at 500 mm from the lowered. But the progress of design of 

ground and sometimes more. This is also the bumpers which has led to an increase of its 

height of the knee in the adult (figs. 17, 18): height during the last years in Europe is harm- 
Impact to the knee is, very fortunately, not ful to the pedestrian. 
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Figure 17. Percentage of bumper-knee impacts 
related to height of bumper upper 
edge. 

Figure18. Profile of the E.P.U.R.E. bumper 
related to the knee height of 5th 
perc. female, 95th perc. male and 
pedestrian of average height. 
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Figure 19. Direct bumpeFknee contact related to bumper height and the frequency of braking before 
~m ~act. 
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The bumper of the E.P.U.R.E., which -- The stiffness of the hood was adjusted 

moreover complies with ISO requirements, to provide good protection for the head 

has a shape of which the lower edge is lowered during impacts at 30 km/hr. 

(fig. 18). Frequency of contact between the The shape of the bumper of the E.P.U.RoE. 
bumper and the knee is consequently reduced, has been designed to lower the point of im- 

A calculation was made on the basis of the pact on the legs and to thus reduce frequency 
distribution curve of knee heights of pedes- of injuries to the knees which are so often ir, 
trians involved in accidents. It allowed to esti- reparable. 
mate at about 10% the benefit, because the 
lower number of bumper-knee impacts with 
the E.P.U.R.E. bumper compared with a 
bumper placed at 500 m (ISO loading) (fig. REFERENCES 
19). A bumper of which the upper edge would 1. C. Thomas, G. Stcherbatcheff, P. 
be at 400 mm from the ground would bring a Duclos, C. Tarri~re, J. Y. Foret-Bruno, 
benefit of about 25%. C. Got: "A Synthesis of Data from a 

Multi-Purpose Survey on Pedestrian Ac- 
cidents," in Proceedings of Session on 
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Analysis, Amsterdam 1976. 
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Richter: "Kopf, Hals und Wirbelsaiilverz 
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improved Pedestrian Protection by Reducing the Severity 
of Head impact Onto the Bonnet 

MARTIN KRAMER flange between the suspension strut take-up 
Audi NSU Autounion AG points and the front wall of the plenum 

chamber; this stiffening restricts the deform- 
ABSTRACT ability of the bonnet. 

By introducing a stepped bulge and elimi- 
Apart [rom improving occupant protec- 

nating the upright flange it was possible to 
tion, car manufacturers will be concentrating 

double the deformability of the structure 
future safety development work on providing 

where impact occurs, thus considerably 
greater protection for pedestrians. This re- 

reducing the severity of impact. In a real acci- 
quires precise knowledge of the kinematics of 

dent situation this would lower the risk of 
accidents involving pedestrians, and the way 

critical head injuries even at a collision speed 
in which the pedestrian is endangered by the 

of 50 km/h (30 mph). This design measure im- 
front of the car body. Audi has therefore con- 
ducted some accident simulation experiments 

proves the survival chances of pedestrians hit 

for the Audi 100 type. The results of this work 
by a car, and is therefore to be introduced in 

lead to the conclusion that up to a collision 
the replacement model for the Audi 100 as a 
first step towards systematic pedestrian pro- 

speed of 35 km/h (22 mph)--and 50% of all 
tection. 

pedestrian accidents occur at or below this 
speed--adult pedestrians are adequately pro- 

PEDESTRIAN PROTECTION 
tected from critical inj uries in a collision with 
the car front. But for higher impact speeds up Pedestrians are much more endangered by 
to 50 kmih (30 mph) the protection offered a vehicle than occupants, especially older peo- 
by the car front must be improved, ple in urban districts. For a long time the need 

At higher collision speeds the greatest risk for more safety for pedestrians seemed to run 
for the pedestrian arises from head impact counter to safety requirements concerning 
against the engine hood which is stiffened in occupant protection. But solutions to this 
the impact area by an upright connecting problem are conceivable1 and a number of 
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more or less practicable proposals have been cle and, depending on the collision speed, 
put forward for improved pedestrian protec, may even travel through the air before hitting 
tion.1 the road surface. There is hardly any reduc- 

This paper sets out to describe one design tion in the horizontal speed while the pedes- 
measure to improve protection for the pedes- trian’s body is in the air, so after impact with 
trians. As with all improvements this presup- the road the pedestrian will continue sliding 
poses exact knowledge of the present state of along the road surface for a certain distance 
impact performance in a pedestrian/vehicle until finally coming to a stop. The impact 
accident, energy which is not absorbed by deformation 

For this reason, Audi has simulated those of the body panels (or by injuries to the pedes- 
accidents using Audi 100 production cars and trian) during the primary impact with the front 

........ employing a 50 percentile male dummy. The of the car is expended as friction between the 
test~ have been run in close cooperation with sliding body and the road surface and by 
the R&D center of Volkswagen on their crash secondary injuries. However, at collision 
facilities which are described elsewhere.2 The speed above about 8 m/s these secondary in- 
aim of this program was two-fold: to deter- juries are always less severe than those caused 
mine the risk to the adult pedestrian on im- by the primary impact.3 
pact with the car front, and to find out which 
parts of the car particularly endanger the Effect of the Geometry of the Front Profile 
pedestrian in an accident. 

The nature and severity of the primary in- 

INJURY RISK ARISING FROM IMPACT 
juries caused on impact are affected to a great 
extent by the geometry of the front profile.4 

WITH THE CAR FRONT The relative height of the leading edge to body 

Pedestrian Kinematics 
height and the relative bumper height in the 
case of the Audi 100 front profile are such that 

The kinematics of an accident involving a pelvic injuries in particular, leg injuries just 
pedestrian comprise two phases: the primary below the knee cap and injuries to the prox- 
impact with the car front and the secondary imal tibia shaft are more likely, whereas thigh 
impact when the pedestrian is thrown onto the fractures are relatively rare. 
road surface. During the initial impact the The impact of the chest and pelvis against 
pedestrian is accelerated to the speed of the the front edge of the bonnet can result in 
vehicle, and his body is thrown onto the bon- severe injuries, particularly at higher collision 
net. The leading edge of the car’s front profile speeds, but because deformation is better at 
has the effect of a pivot axis, and the turning this point and because impact with the rib 
moment imparted to the pedestrian becomes cage tends to take place over a relatively large 
greater according to how far below the pedes- area, the forces occurring here usually remain 
trian’s center of gravity the impact occurs. A below critical limits. 
large turning moment causes the body to The more the leading edge of the front pro- 
make contact fairly well back along the bon- file will be deformed with the pelvis impact 
net, so that in a collision the pedestrian’s head (the pedestrian’s body may actually become 
will strike the cowl panel, the lower edge of caught when the leading edge buckles, mostly 
the windscreen, or even the windscreen itself, with trapezoidal front shapes), the greater the 
The sequence photographs clearly show that likelihood that head impact will occur on 
the head impacts the bonnet always after pel- parts of the bonnet which are more yielding 
vis and chest come into contact with the front than the rear edge of the bonnet, the cowl 
of the car or the bonnet, panel or the windscreen. 

Under braking (usually panic braking), the The profile of the Audi 100 however (accord- 
pedestrian’s body is thrown clear of the vehi, ing to a classification specified in reference 5) 
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can be better categorized as a pontoon-type erate" at 35 km/h (22 mph) to values of the 

shape. These shapes are more likely to allow order of EIS=4 (serious) at 50 km/h. So in 
the pedestrian’s body to slid further along the real terms the likely chest injuries would not 

bonnet, so that head impact occurs on the up- be quite so severe as head injuries at the same 

per part of the hood where its deformability is collision speed. 

relatively low. This is compensated to some The values measured in the tests for pelvis 

extent by the very long engine hood of 1.27 m. deceleration were considerably higher than 
those for the chest, due to the stiffness of the 

Severity’ of Head Impact front profile leading edge and the upper front 

Because of the length of the bonnet we did panel crossmember which have fair formability 

not observe any impact against the windscreen only under high loads. Figure 5 shows defor- 

frame or the windscreen itself ~n our tests, mations of the leading edge. The buckling 

even at 50 kmih. This advantage is offset by which could be observed at collision speed of 

the fact that the deformability of the bonnet 50 km/h is a sign of motion resistance between 

has been restricted by the vertica! front wall of the pedestrian’s body and the front edge of 

the plenum chamber (fig. 1). This can lead to the bonnet. This effect, together with the 

very high peak decelerations of between t40 g length of the bonnet, prevents the pedestrian 

and 200 g (3 ms). Deceleration values exceed- from being thrown too far back along the 

ing t00g (3 ms)were, however, also measured engine hood so that the head contacts the 

at lower collision speeds (fig. 2), where head cowl panel or the windscreen frame. 

impact does not occur in the area of restricted The severity of possible pelvic injuries can 

deformability. The deformabilit~ of the bon- only be estimated roughly because as yet no 

net as a whole is not sufficient; it cannot yield relation is known between loading figures and 

in the impacted area and convert kinetic injury severity (as expressed in AIS-degrees).a 

energy released upon head impact into plastic But a fair correlation was found between the 
deformation of the metal panel, measurements of pelvic decelerations and the 

The HIC,values and the corresponding square of the impact speed. As the severity of 

degrees of equivalent head injury severity (cat- pelvic injuries in pedestrian accidents is 

culated according to the method described in roughly proportional to the square of the col- 

reference 6)show how dangerous these hard lision speed as is known from accident 

impacts are for the human skull (fig. 3). The research, the degrees of equivalent pelvic in- 

limit of moderate head injuries (EIS = 2) is ex- juries should be approximately proportional 

ceeded at about 35 km/h (22 mph); this speed to the magnitude of pelvis deceleration. If we 

corresponds to the median value of collision take a figure similar to that for chest decelera- 

speeds in pedestrian accidents known from tion of 60 g’s (equivalent to an injury degree 

accident analysis] At collision speeds exceed- of AIS = 2), then pelvis decelerations of 100 g 

ing 50 kmih there is merely a chance of sur- would cause injury degrees ranging from 

viral due to the critical head injury severity. EIS--4 to EIS = 6, which means that very 
severe to critical pelvic injuries may occur at a 

Severity of mpact With Chest and Pelvis collision speed of 50 km/h or 30 mph. 

The effects of impact with the rib cage seem Severity’ of Impact with Lower Leg 
to be less critical. At collision speed up to 50 
kmih the peak chest decelerations exceeded Unfortunately there were no measurements 

60 g only once; at speeds up to 35 kmih of impact forces acting against the lower legs 

deceleration was in all cases considerably during testing. But at collision speeds as low 

below that tolerance limit (fig. 4). If equiva- as 35 km/h plastic deformation of the bumper 
lent injury severit,,.’ of the chest is determined were to be observed as a result of impact with 

as before, EIS-degrees increase from °°rood- the lower legs of the dummy~ The measured 
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Cowl panel edge of the bonnet 
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IMPACT SPEED 

Point o~ head impact onto the bonnet in simulated pedestdan/vehicle accidents (Audi 100). 

Figure 1. Restricted deformability of the engine hood at the head impact area (arrow) by the front wall 
of the plenum chamber; impact speed was 50 km/h (30 mph): 

677 



EXPERIMENTAL SAFETY VEHICLES 

2 4 6 8 10 12 m/s 

IMPACT SPEED 

1      t2                                  . 
2500 m HtC= Lt2_tl1       aresltIdt ¯ (t2-t1) ~ 1000 

~ooo 

800 

~oo . ¯ 

400 ~ 

200 

4            6           8           10          12          m/s 

IMPACT SPEED 

Figure 2 Resulting head decelerations and computed HIC-values in simulated pedestrian/vehicle 
accidents using Audi 100 production cars and a 50 percentile male dummy. 
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Severity degree 
Severity Code 

(AIS, EIS) 

0 No injury 
1 Minor injuries 
2 Moderate injuries 

3 Severe (not life-threatening) 
4 Serious (life-threatening) 

5 Critical (survival uncertain) 

6 Maximum (currently untreatable) 

The abbreviated injury scale (AMA SAE -- AAAM) 
(1976 Revision) 

Figure3. Equivalent Injury Severity (EIS) for the head and chest impact in simulated 
pedestrian/vehicle accidents (Audi 100). 
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height which let the bumper strike the knees 
of an adult pedestrian by reason of suspension 
dive under braking. The knee impact results ~ 60 
in some of the most severe leg injuries, such as 

g ~ 40 fractures of the patella and fragmentation of 

~ 
the tibia condyles. Injuries of the lower legs 

~:v- ~ 2o could be rendered less severe without involv- 
° < ing the knee joint by reducing bumper height 

to a position about 100 mm below its present 
>" height. 

Overall Accident Severity 

On the basis of test results obtained with 
g Audi !00 vehicles it can be stated that up to a 

~ ’ collision speed of 35 km/h (22 mph) the pro- 

z ~o0 -- -- tection by the front body section is sufficient 
o ! 1 (without further design measures) to maintain 
< so -- / - the severity of collision injuries below the 
~ ~ Pelvis impact 
~ ~, t , ’ critical limit (AIS >4) for adult pedestrians. 

~ g / 
* I This does in fact apply to 50% of all accidents 

~ ~ ~ *" involving pedestrians in urban regions. 
But at higher collision speeds up to 50 

~ km/h the protection afforded by the front 
~ 201 ,    --- , structure is still not adequate. The possible in- 

_ , . . juries in actual collisions would be so severe 
2 4    6 8 ~0 ~2 that the pedestrian’s survival would be un- 

IMPACT SPEED (misl likely. The areas of greatest injury potential 
emerging from our tests were: 

Figure 4. Peak values (3 ms) of resulting chest ® the rear third of the bonnet 
and pelvis decelerations as well as 

® the leading edge of the front profile 
figures of Gadd-SI for the chest, in 
simulated pedestrian accidents using 

* the bumper 

Audi 100 production vehicles and a50 Improvements to the vehicle should be con. 
percentile male dummy, centrated in these areas. 

Since head injuries have a major influence 

static forces required to generate the same on the overall injury severity,~° design im- 

deformation pattern were between 8 to 9 kN, provements in the head impact area are par- 

which is well over the fracture limit of human ticularly effective. The length of the bonnet, 

lower legs, for which a median value of 1.7 which at least reliably prevents head impacts 

kN is quoted:~ against the cowl panel and the windscreen 

Fractures of the lower legs are therefore frame up to 50 km/h, offers good scope for 

always likely to occur in actual road acci- suitable modifications. Our first step was 

dents, but the severity degree of the injuries therefore to eliminate some of the risk in the 

can only be roughly estimated as lying bet- zone where the head makes contact. 

ween AIS = 2 and AIS = 5. The lower leg in- In the head impact area (at 50 km/h) the 

juries are further made worse by the rectangu- bonnet is stiffened by the vertical flange and 
lar shape of the bumper which may result in front wall of the plenum chamber, which 
compound fractures, and by the bumper restricts the deformability of the bonnet. The 
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Figure 5. Typical front end deformations with the primary vehicle impact at 50 km/h (30 mph) m simu- 
lated pedestrian accidents using Audi 100 production cars and a 50 percentile dummy, 

obvious approach is therefore to modify the of energy can be worked off by bending work 

front wall of the plenum chamber with the on small radii. This effect is already being ex- 

specific object of giving greater deformability ploited in the design of energy absorbing body 

in this area, and thus reducing the impact elements.~ The manufacturing technique 

loads on the skull, must also be taken into account since the 
plenum chamber of the Audi 100 is deep 
drawn from pre-stamped metal sheet. 

DESIGN MODIFICATION TO FRONT WALL These design considerations produced ~wo 
OF PLENUM CHAMBER alternative versions for the front wall of the 

When absorbing kinetic energy by means of plenum chamber. These differ from the 

plastic deformation, a relatively large amount standard parr in that they are shaped with a 
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Engine hood 

Standard 

Narrow stepped 

500 

Wide stepped 

Plenum chamber 

400 ’ 

0 

Figure 6. Design modification to the plenum chamber of the Audi 100 for better energy absorbing 
cluality with head impact onto the bonnet. 
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stepped bulge, and the two alternative ver- not be disregarded when investigating an ac- 

sions also possess a different number of steps, tual accident situation. We ttnerefore substi- 
or bending points (fig. 6). tuted a simple metal panel for the bonnet and 

Insert plates were fabricated for both alter- only ran two tests with standard bonnets for 

native versions and welded into the standard purposes of comparison. 

plenum chamber, which was cut out accord- For these tests we measured the impact 

ingly, but otherwise unmodified. We simu- speed and deceleration on impact of the steel 

lated head impact against these metal parts hemisphere; all other interesting data could be 

using a steel hemisphere (m -- 7.12 kg), which calculated from these figures. 

was dropped so as to impact against the parts 

to be tested at various speeds (fig. 7). Since it Impact Reaction 
was intended to investigate the effect of a 

modified design as compared with the stand- A short, elastic impact with very high decel- 

ard version, it was necessary to eliminate eration amplitude and a duration of less than 

other factors, such as the influence of the 3 ms is followed by the actual energy-absorb- 

bonnet, even though the bonnet can obviously ing, plastic deformation phase. There is little 

Magnetic 

release 
Impact ball 

with sensor 
(m=7,12 kg)i 

I 
I 

- 

body 
shell ~~/ 

// /////// /// 
Figure 7. Test set-up for drop tests onto the front wall of the plenum chamber. 
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variation between individual elastic impact stepped version has a greater number of bend- 

peaks, which are approximately proportional ing points but the deformation here was not 

to impact velocity. In the case of the standard as deep as we had hoped, although still better 

!~lenum chamber impact deceleration increases than for the standard part. 

abe ve the initial elastic peak during the phase The standard body has a crossmember con- 

of plastic deformation; with the two stepped necting the front suspension strut take-up 

alternative versions deceleration is consider- points and welded to the front wall of the 

ably less than the elastic peak (fig. 8). plenum chamber on an upright flange, but 

The reduced impact decelerations with this crossmember is omitted on both the 

longer duration observed on the modified modified versions tested. The stiffening effect 

parts result from the better deformability of of the upright flange becomes particularly 

the stepped plenum chamber front walls, clear if the mean values of impact deceleration 

Comparing impacts at the same velocity are considered together with the displacement 

(which means the same impact energy) the produced (fig. 10). With the same degrees of 

deformation produced in the widely-stepped deformation the mean deceleration values 

test parts is nearly twice as deep as for the resulting with the two stepped modified ver- 

standard parts (fig. 9); the other, narrow- sions of the plenum chamber are only half as 
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Figure 9. Displacements of the plenum chamber front wall, standard and two energy absorbing 
modifications. 

great as with the standard version. This im- against the skull, in our tests this limit was 
provement is also achieved when real bonnet exceeded at an impact: speed of 9 mis 
panels are used, except that the displacement ( = 20 mph) with standard plenum chambers, 
of the plenum chamber and bonnet together is but with the two energy absorbing versions. 
rather less than that which occurred in the This limit was not exceeded even at the highest 
tests without the bonnet, test speed of 12 m/s (= 27 mph) (fig. 11). 

If, with the same displacement, the mean Again the improvements as compared with 
impact decelerations are reduced by half, this the standard version are very significant, but 
means that the impact loadings are also re- the differences between the two alternative 
duced by half, and these are the forces to versions are only marginal. 
which the skull is subjected in a real accident The same applies for the HIC-values (fig. 
and which determine the severity of the head 12). A value of HIC = !000 which is regarded 
injuries sustained, as the limit for serious head injuries is reached 

with the standard plenum chamber at 11 m/s 
Severity of Impact (= 24 mph), but with the two stepped ver- 

In biomechanics a value of 80 g (3 ms) is sions the HIC values do not exceed this figure 
regarded as the tolerance limit for impacts at any impact speed in our tests. 
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Plenum chamber front wal~ 

With standard 

bonnet 

60 

° 

F- 

u~ 40 

uJ 

20- 
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DISPLACEMENT 

Figure 10. Mean values of impact decelerations measured versus produced displacements, standard 

plenum chamber and two modified versions, two test runs with standard engine hoods for 
comparison. 

CONCLUSIONS 

A noticeable reduction in the loads imposed It therefore appears that a viable design 

on the human skull in real pedestrian acci- measure to improve the safety characteristics 

dents can be achieved if the protruding flange of the Audi 100 front in pedestrian accidents 

on the standard plenum chamber, with its has been found, and this will be introduced 

considerable extra stiffness, is omitted, and if with only minor changes in the body design of 

greater energy absorbing capacity is provided the Audi 100 replacement model as a first step 

for example by means of the stepped bulge towards a systematic pedestrian protection. 

used on the alternative versions tested. However, it is not sufficient merely to 

This proposed modification can make the regard the plenum chamber; it is just as im- 

head impact area much more yielding so that portant to redesign the engine hood for better 

the impact loads against the skull are cut energy absorbing characteristics in the head 

down significantly. The severity of head in- impact area. The next step towards greater 

juries even at a collision speed of 50 km/h pedestrian protection will therefore be certain 

could be reduced to the extent that survival modifications to the Audi 100 bonnet 

would become more probable, specifically for this purpose. 

686 



SECTION 5: TECHNICAL SEMINARS 

1 O0 - . ¯ ’ 

WSU tolerance limit 

¯ 

Narrow 
Standard o°                     stepped 

60- 

.~ stepped 

Plenum chamber front wall 

20" 

~ 4 6 S 10 12 m/s 

IMAPCT SPEED 

Figure 11. Peak values (3 ms) of impact decelerations with a steel hemisphere onto the plenum 
chamber front wall of Audi 100. 
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Peugeot VLS 104 and Pedestrian Protection 

JEAN-PIERRE ECHAVIDRE and 
JEAN GRATADOUR 
Security Research 
Peugeot 

INTRODUCTION 

At the preceding E.S.V. conference, 
Peugeot presented a synthesis security vehicle, 
the VSS. 

Figure 2. Peugeot VLS 104. 

Indeed, present day government policies 
aiming to reduce energy consumption tend to 
increase the number of small cars. 

On the other hand, in the specific case of 
vehicle/pedestrian collisions, it stands out 
that these are more frequent in urban areas 
where these cars are already in majority. 

Outfitting a small vehicle for the protection 
of pedestrians presents particular difficulties: 

® Limited space to instal! devices that are effi, 

Figure 1. 1-he Peugeot VSS. cient at high speeds; this is particularly the 
case of the front, the bonnet and the dash 

..... where the energy absorption lengths are 
This vehicle already showed a certain necessarily limited. 

number of developments tending to lessen the ® The relative increases in price and weight 
aggressivity of the vehicle towards pedes- due to arrangements for pedestrian protec- 
trians, mainly at the level of: tion are more important on a vehicle 

¯ the lower limbs designed to be as low-priced and as light as 
o the pelvis feasible. 
¯ the head The aim of this document is to: 

Thus, the problems were restricted to these ® Describe the technical solutions used 
areas of investigation: ® Furnish the first test results 
¯ choice of technology * Provide figures concerning the increases in 

’~ design and dimension cost and weight 
® Establish the compatibility of the system 

Studies on the VSS were continued in col- 
used with vehicle protection towards small laboration with the Physiology Laboratory of 
urban collisions the Peugeot-Renault Association and resulted 

in the development of a certain number of 
devices used on the VLS 104 introduced today. ACCIDENT STUDY DATA USED TO 

The VLS 104 is the result of a governmental DEFINE THE OBJECTIVES 

contract to study the economic feasibility of a Thanks to the efforts of the official 
small security car. stances, the automobile constructors and the 
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Vehicle 

occupar~ts 

52% 
PEDESTRIAN 

\ 

Cycles 
28% 

25.9% 

Pedestrians 

Light & heavy 

trucks 

\ 
V G.B. J. F.R.G. 1. 

FRANCE 

Figure 3. Statistics per type of users. 

Direction des Routes (Road Direction), pas- comes very severe and that improvements are 

senger safety has considerably increased. This needed. 

is beyond doubt one of the reasons behind the 
relative diminution of the severity of highway 
accidents. 

It has become apparent that the second 
1 1 22 

cause of death in accidents involving auto- 
mobiles are collisions with pedestrians. It is 6 
also in this category of accident victims that , 

the mortality rate is the highest. 2 
Difficult to study as very risky, this type of 

accident has been defined through accident 1 4 2 4 

studies conducted by various organizations, 
particularly those of the physiology labora- 7 14 27 

tory of the Peugeot-Renault Association. 
Through those case studies, it is clear that 

9 

the main injuries are caused by the vehicle. 
These are mainly situated at the head and to a 
lesser degree at the legs. 0 1 2 3 4 5 

The most aggressive areas for the head are HEAD AIS 

the wind-screen frame, the dash bay and the (Results of accidentology studies of 100 real 
cases by APR Laboratory of Physiology) 

bonnet, and for the legs the front of the car. 
It appears that it is at a speed of approxi- 

mately 40 km/h (25 mph) that impact be- Figure 4. Correlation OAIS/AIS head. 
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Importance of Overall Importance of 

Body regions injuries due importance injuries due 
Head vehicle Injuries Average 

to the vehicle of injuries to the ground contact areas importance severity 

Windshield Neck 0.7 0,9 0.2 frame ~ 4 
Chest 7,3 !1.3 4,0 Bonnet & fenders 22.6 

Upper members 3.4 4,7 1.3 Bonnet deck 12.9 3.7 
Abdomen 0,3 0.3 0.0 Windshield 10.6 2.9 

Lumbar column 0.2 0.3 0,1 
Facia pannel 9.2 5 Pelvis 1.7 2.1 0.4 

Lower members 
~ ~ 1.9 Side accessories 2 2.1 

Total            79,8          !00           20.2 
Injuries importance 

Criterion of injuries imoortance ~ (AISelement)3 

" ~AIS ~3 S (A!S)3 - body region 

~ (AIS)3 Average Severity 

Note: The members snow~ should be taken at their relative value: they 
n have no simple absolute significance. 

Figure 5. Severity of injury by body areas.        Figure 6. Severity of injury as per area of vehi- 
cle impact. 

Involved 

Injured 

Fatal issue 

/ 

10 20 30 50 60 70 80 90 1 O0 

25 percent of fatal issue 

75 percent of injuries 

KM/H 

Figure 7. Total probability of injuryldeath in function of speed. 
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In the light of these different statistical 
data, we have oriented our research: 
¯ Towards a better protection in head/vehicle 

r v 

impacts: modification of the trajectory, / 

local rearrangements, modification of the 
frontal shapes to obtain an impact speed as 

low as possible 
o Towards a rearrangement of the front to 

reduce its aggressivity 

We have worked on these arrangements to Perfect restraint: 

render them efficient up to a speed of 40 km/h V.F=0 

(25 mph). (This is the speed of our inspection The head impact speed is 

teStS.) 
equal to the vehicle speed 

Non perfect restraint: 

STUDY METHOD v. ~’<o 
Experience acquired during: Head speed is reduced 

o complete vehicle/pedestrian impact tests, 

o calculation via simple or complete mathe- Figure 8. Geometrical head outline. 

matical models (simulation by computer), 

showed that it is possible to work along two 
relatively independent lines: 

o ~rajectory improvement, to obtain head 
impact in a chosen area and at reduced 
speed, 

® improvement of the impact areas to dimin- 
ish the severity of those injuries due to the 
following impacts: 

-- legs/front of the car, \ ( 
-- head/bonnet, wings, dash, windscreen " 

frame and windscreen. \ 
Speed of head depends on 

the height of the impac~ 

Trajectory Study 
--the wmght distribution 

This can be approached with very simple 
~n the torso 

models. Vhead>Vvehicle 

These will quickly give a good approxima- Figure 9. Rigid trunk. 
tion of the impact point of the head and cer- 
tain main tendencies (restraint importance, 
influence of the bonnet height, and so on). 

The trajectory is systematically studied by 
of the good general characteristics of the VLS 

numerical simulation (using the MVMA-2D 
104 concerning the dummy’s trajectory. It 

model developed by the H.S.R.I. and per- 
also allows a quick study of the problems set 
forth by the tests, as well as all parametrical 

fected by Peugeot). 
studies wanted. 

This model, more cumbersome to use, 
requires a certain experience but allows de- 

For the VLS 104, it was used to define the 

tailed forecasting of trajectory and accelera- 
brackets concer.ning: 

tions. Its use enabled the quick demonstration ¯ The least unfavorable shapes of the front 
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* The relative rigidity of the bonnet front and is perhaps not the most representative of real- 
the bumpers ity, but has the merit of giving good recur- 

* The relative positions of the bumpers and rence. Before being able to obtain valid 
the bonnet front ("overhang") results, sufficient tests must be undertaken. 

Confirmation of the results is given by the 

global tests with the dummy. 

It is this alone which finally shows the 
Study of Local Improvements 

merits of the systems to be followed. It is to be After having studied, on the production 
noted that in this type of test the dispersion or vehicle, the various impact areas of the head, 
spread of trajectories, added to the dispersion legs and pelvis, and measured through tests 
of the characteristics of the impact area from the severity of the corresponding impacts, we 

one vehicle to another, make the results in have defined the necessary rearrangements. 
injury evaluation difficult to compare. Due to Each rearrangement carried out on the VLS 
this, we have adopted a test procedure which 104 was tested separately. 

Speed = 36.0 KMH 
Mannequin = hybrid 2 

Specific 
test area = frontal-center 

User = lestrelin-casta n 
Date = 24/4/79 
Scale = 1140 

Figure 10. VLS MVMA-2D computer output. 
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Figure 1t. Test photography. 

Figure 13. Modified areas on the VLS 104. 

Head impacts 

tn many cases, the head drop test separated Leg and Pelvis Impacts 
from the rest of the body is very representa- 
tive of the behavior of the head in a global The test device that we have developed 

impact (acceleration and HtC). allows for the study of the effort/penetration 

The test installation shown above (fig. t2) 
curves in different configurations of speed 

made it possible to draw up a chart of areas of 
and energy. 

the vehicle where the severity of the impacts 
With this device we have studied: 

is: ® Leg/bumper impacts 

o Very great (HIC > 1,(~30) ® Pelvis!front of bonnet impacts 

* Great but not fatal (5~ <HIC < 1,000) Through comparison with the results ob- 

* Low (HIC <500) rained from the production vehicle, it allows 

This has guided us in the choice of the areas us to: 

to be firstly considered. ® Choose the materials to be used 

The improvements undertaken on the VLS * Define the most favorable rigidities 

104 have been tested under the same condi- The results also allowed a more precise use 
dons, so as to be able to judge the efficiency of the mathematical model. 
of the devices used and to perfect them. 

Figure12. Installation for undertaking head 
drop tests. Figure 14. Vehicle front test pendulum. 
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TECHNICAL DESCRIPTION This bonnet lining serves also a shock ab- 

The VSS introduced at the last E.S.V. in 
sorber, in particular in the area of the upper 
attachments of the bonnet stays. London already enabled us to demonstrate 

the efficiency of a certain number of devices: 
Wings Attachments 

¯ "Soft-nose" integrating the bonnet front 
and bumpers The special profile of the wing attachment 

¯ Arrangement of the dash area, of the bon- allows them to serve as absorbers. 

net and of the front wings upper parts 

Considering technical evolution since then 
and a number of tests that we have carried Deformable cut out lining 
out, it has been possible: 

¯ To improve the protective devices /~/~" ~ - f--------..~"~-r ~~-J 
¯ To define solutions which are industrially 

feasible at a reasonable cost increase 
¯ To deal with a certain number of remaining 

"hard points"                                                       iv ne 
gref~ e ss We have also endeavored to design an opti- fender top 

mum shape, so as to: 

¯ Impart a trajectory which in most accidents 
will lead to a head/windscreen impact 

Figure 16. VLS 104 wing attachments. 

¯ Decrease the head/vehicle impact speed Motor Compartment 

Bonnet The spare wheel has been removed, increas- 

Fitting of a less rigid bonnet lining, which ing the absorbing run of the central part of 
the bonnet. will crush locally. The bonnet rigidity has not 

however been over-reduced, this to avoid con- 
tact with other hard mechanical objects. Dash Grille 

It is made of supple polyurethane and is 
fixed to metallic bulk partitions, the dimen- 
sions of which provide for good energy ab- 
sorption. 

Absorbing structure 

Figure 15. Bonnet of VLS 104. Figure 17. VLS 104 dash grille. 
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Windscreen Wiper Axes * A bumper including: 

The axes of the windscreen wiper arms are 
a rigid beam that serves as a bumper 

protected by an absorbant block of polyure- 
(i.e., for stress recovery in small urban 

thane, 
accidents) 

-- a foam coating which lessens the effort 

Windscreen Frame 
applied to the lower limbs during the 
impact, while providing reasonable 

The windscreen frame is coated with a energy absorption in small urban acci- 
ribbed polyurethane skin which absorbs dents 
energy in case of a head impact. The foam used has the property of regain- 

ing its initial shape a few moments after the 
Windscreen impact. 

The windscreen is a Securiflex make, of a 
reduced thickness (2.6 mm of glass; 0.76 mm 
of P.V.B.; 2.2 mm of glass and an anti-lacera- 
tion polyurethane coating), glued to a flexible 
seal. In case of impact, it can withstand severe 
deformation without perforation. 

On a flexible frame 
--    "securiflex" stuck Figure 19. Front of the VLS 104. 

Figure 18. VLS 104 windscreen frame and seal. PARTIAL TESTS 

Figure 13 gives a general view of improve- 

Front of Vehicle ments brought to the VLS 104: 

The front in polyurethane foam allowed to * In case of impact at 25 mph (40 km/h), the 

suppress some hard points of the production risk of severe inj ury is reduced. 

vehicle. * At the level of the windscreen, acceleration 
The level of the effort to the lower limbs is reduced over the whole width of the 

has thus been reduced to an acceptable value vehicle. This is particularly appreciable at 

constant on the width of the vehicle, the level of the bumper attachments. 

The front has: Impact of the leg with foam instead of with 

¯ A foam bonnet front fixed to the top cross a metal beam allows a better distribution of 

member of the front framework. The thick- the contact pressure. This real advantage is 

ness and rigidity of the foam have been cal- not shown by the figures shown herewith. 

culated to provide adequate protection up At the level of the bonnet front one also 

to 25 mph (40 km/h) in most leg/vehicle or finds considerable improvement, particularly 

pelvis/vehicle impacts; compared to the wing/bonnet seal. 
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¯ Fitting of a Securiflex made of relatively 
thin glass. One notices the influence of the 

lO4 thickness of the glass when one passes from 
2 

1_12~ 
’,~30 

tempered glass (5 mm) to laminated glass 
(two thicknesses of 2.6 mm each) to Securi- 
flex (two thicknesses, one of 2.6 ram, the 
other of 2.2 mm). Laminated glass and 

VLS 104 Securiflex have moreover the advantage, 
which does not appear in this comparison, 
of preventing perforation and therefore the 

v LS 104 contact with a second more or less harmful 
bumper surface 

750 * Mounting on a flexible seal. The improve- 
da N ment is mainly noticeable around the edges. 

(Head) 

Tempered glass 

Figure 20. Stress comparison at the level of the 
bumpers. 600 

1 
104 

400 

! 

3 

2             i                           200                 Laminatedl glass 

850 V LS 104 
~ 

dan 

Figure 22. Comparison of criteria of head in- 
juries due to the windscreen. 

SYNTHESIS 

General Tests Vehicle/Pedestrian 

In the general test, we found previous 
Figure21. Stress comparison at the bonnet results approximating those expected: 

front level. ¯ During partial tests: level of the effort to 

the legs, impact speed 
At the level of the windscreen, the improve-    o During the interpretation of the calculation 

merit is due to various factors:                  systems: impact speed, impact point 
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Though the number of tests undertaken is 
still insufficient (taken in account dispersion), 
it seems that the head/vehicle impact speed cost 

has decreased (13 m/s for the VLS instead of 
3.8% 

14.5 m/s for the 104). Windshield 
frame 

Compatibility Control in Small Urban 
~mpacts 

The vehicle bumper has been tested follow- 
ing the procedure used by Peugeot for bump- 
ers on vehicles marketed in Europe. Z Soft nose Weight 

~ ~ 1.4% 
The test consists of a series of impacts with 

a small pole, dia 50 mm, fitted to a pendulum 
assembled to the vehicle in running order. The 
tests are undertaken over the whole length of 
the bumper. The criterion is an absence of i Miscellaneous 
visible damage. For the VLS 104 the aim was 
to reach a speed of 2.5 mph (4 km/h) for 
frontal impacts and 1.56 mph (2.5 km!h) for Figure 23. Price and weight increases. 

lateral impacts, range vehicles (non-rigid front in the U.S.A., 
These speeds were reached without any Securiflex windscreen on the Peugeot 604, 

problems, non-rigid bumpers on the Peugeot 505). 
This shows the compatibility of the two These manufactured devices at present 

problems: could be extended and equipped to take into 
* pedestrian protection account the pedestrian protection. 
* vehicle protection The device making the windscreen frame 

One may note that this compatibility was non-rigid at the head impact, the usefulness of 

reached using a bumper of a mean height of which certainly is more important than plastic 

17.71 in. (450 mm). fronts, can also be industrially realized. 
It would not probably be necessary to keep 

Price and Weight Calculation to the polyurethane frame, because the main 

The prototype shown has been costed 
purpose can be obtained simply with a sheet 
of the non-rigid windscreen frame. 

following normal procedures. 
In the costing, we have tried to set out the 

Nevertheless, numerous tests still need to be 

increases in price and weight due to the pedes- 
performed to confirm the technical and indus- 
trial validity of this device. 

trian protection arrangements. It is not possible at the present day to eval- 

uate exactly the security improvement reason- 
ably to be expected from the tested devices. 

CONCLUSION Statistical results in this field are often disap- 

It is possible to manufacture a small vehicle pointing and the relations of cost vs efficiency 

providing limited pedestrian protection, and weight vs efficiency are unknown yet. As 

Indeed, the techniques used are known; work on the VLS 104 continues, we will be 

some of them are already applied to the high able to be more specific. 

698 



SECTION 5: TECHNICALSEMINARS 

Vehicle Design for Pedestrian Protection 

H. B. PRITZ barrier requirements of the no-damage Part 
Battelle Columbus Laboratories 581-Bumper Standard. 

VEHICLE DESIGN 
ABSTRACT 

The baseline vehicle used in this program 
This paper describes (1) the design of a was a 1978 Pontiac LeMans. This vehicle was 

modified production vehicle aimed at greatly selected principally because it has a molded 
mitigating pedestrian injuries through in- flexible production fascia forming the exterior 
creased surface compliance and (2) the experi- of the hood edge and bumper. This produc- 
mental evaluation of the modified design tion fascia is a compliant urethane material 
using (a) 5-mph barrier impacts and (b) eight capable of large deformations without dam- 
pedestrian impacts simulated with adult and age. This particular vehicle also represents a 
6-year-old-child dummies, current vehicle design and has a frontal geom- 

The results of this study indicate that a sub- etry typical of many vehicles in current use. 
stantial reduction in pedestrian injuries is The cross-section of the production frontal 
possible through straightforward modifica- structure is shown in Figure 1. The pedestrian- 
tions to existing production vehicles. The sub- injury-reduction design was incorporated in 
ject vehicle modification concept can be con- the vehicle by installing specially developed 
structed of production-feasible components, 
can satisfy the 5-mph frontal barrier test por- 
tion of Part 581-Bumper Standard, and can 
offer significant weight savings. 

INTRODUCTION                                   35 

For the past five years, Battelle’s Columbus 
Laboratories have been investigating ap- 3o-/ 

proaches to minimizing pedestrian injuries by 
changing the design of a vehicle front. Two 25 I q" ~--Radiator 

earlier studies showed that a significant reduc- 
tion in injury severity could be achieved, espe- 
cially in the knee and lower body area, by in- ~" 

! 
AiC condenser 

corporating surface compliance into the z_ 

bumper and hood edge of the vehicle. A num- 

ber of conceptual vehicle fronts of various dam 
]0 

geometries and surface compliance have been 
studied in experimental impacts using adult 

~-Production bumper 
and child dummies and anatomic specimens. 

Under a current contract with the NHTSA, 
Battelle is engaged in the design and develop- o ~ ~ ~ ~ I ~ ~ ~ ~ I ~-r-rmTrrr~ 
ment of a production-feasible vehicle front 0 5 10    15 20 
that potentially will reduce pedestrian injuries NCHES 

resulting from accidental impact. It was speci- 
fied that the experimental front involve mini- Figure 1. Cross section of production 1978 
mum change from the design of current pro- Pontiac keMans hood edge and 
duction vehicles and pass the 5-mph frontal bumper, 11 in. from center. 
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energy-absorbing foam materials in the space The foam in the hood edge area was as large 

behind the flexible exterior fascia and the as it could be without unduly restricting the 

radiator yoke panel. The rigid metal bumper room necessary for the headlights or the air 

structure was replaced with resilient foam flow to the radiator. A suitable light-gage 

elements. In this way the increase in surface sheet metal structure was attached to the radi, 

compliance was achieved within the space cur- ator housing to support the foam in the hood 

rently available in the front of the vehicle. No edge. 

change was made in the exterior geometry or 
in the radiator yoke assembly. 

The resulting design modification is shown FOAM DEVELOPMENT 

in Figure 2. The principal support member in The energy-absorbing foam elements for 
the bumper area is a steel beam shaped in a the bumper and hood edge were developed in 
"hat" section that spans the full width of the conjunction with the Davidson Rubber Com- 
vehicle just in front of the radiator housing; it pany. The design specifications for the 
is attached to the bumper mount on each side. bumper foam were based on experimental 
This steel beam is designed to transmit the knee impact data from cadaver experiments 
force of the barrier impact into the main conducted in two earlier programs (references 
frame members at the bumper supports. A 1 and 2), The specifications for the foam 
compliant deep foam element was fitted be- material required that a 7-pound mass (ap- 
tween the steel beam and the interior of the proximately the weight of an adult knee) 
production fascia in the bumper area. The when impacting the material at 25 mph not 
foam piece shown in Figure 2 was cored out in exceed approximately 80 g’s of acceleration. 
the rear to slightly increase the compliance. On the basis of these experiments, 80 g’s ap- 

peared to be the threshold level of accelera- 
tion below which minimal injury could be 

nergy expected; above 80 g’s, injury was more likely. 
35 -- 

absorbing foam 

- The dynamic deceleration characteristics of 
-- a candidate foam material were determined 

30 .-~ -Additional support using an impact device which propels a known 
_- sheet metal mass at any desired velocity into the material 

25- being evaluated. 

-_ Cored area A number of samples of foam materials 
- were fabricated by Davidson and then evalu- 

~ 202 - Bumper mount ated at Battelle for dynamic energy absorbing 
:: - performance. The material in all cases was a 
~ i 5 2 urethane foam which offers extreme flexibility 

in compounding and is a feasible material for 
beam use in future production vehicles. This ure, 

~ thane had also been designed for insensitivity 
_ to ambient temperature changes. Over the 

5- Energy temperature range from -20 to 125F the 
_-- absorbing foam 

compliance of the material varied only by a 

o- i~l,~l~ ~ I~i~vI factor of two. 

o 5 10    15 2o The urethane material selected for the 
~NCHES bumper had a density of 4.8 pounds per cubic 

foot and a dynamic modulus of 16 pounds per 
Figure 2. Cross section from center of modi- square inch (psi). The specific dynamic force-- 

fied 1978 Pontiac LeMans, 18 in. deflection characteristicsmof the material was 
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further tuned by coring the back of the foam front) adult and 6-year-old child dummies. 
block as shown in Figure 2. The dummies were developed by Battelle in an 

Foam material was developed only for the earlier program2 specifically for use as stand- 

bumper area because experimental data are ing pedestrian dummies in either a lateral or 
available to predict potential injury reduction frontal stance. In these experiments, par- 

....... only in this area. Injury tolerance guidelines ticular attention is applied to providing realis- 
are not sufficient at present for designing the tic lateral compliance in the leg area. The 
dynamic requirements of the hood edge area selected position represents a portion of the 

of the vehicle. Therefore, for the initial im- normal walking cycle in that 80 percent of the 
pact tests, the same foam material was used in body weight is acting through the leg nearest 
the hood edge as in the bumper, the vehicle. They are fully instrumented with 

........ An analysis was made of the weight of this triaxial accelerometers in the head, chest, 
modified system as compared with the pro- pelvis, knee, and foot. 
duction system. It was determined that the Figure 3 pictures the adult dummy in posi- 
modified bumper system was approximately 6 tion in front of the vehicle, Figure 4 shows 
pounds lighter than the production system. It both dummies and the accelerometer loca’ 

........... is estimated that this savings could be in- tions relative to the front of the vehicle. It can 

.......... creased to approximately 21 pounds by using be seen that the bumper impacts the knee of 

a high-strength low-alloy (HSLA) steel for the the adult and the mid-thigh of the 6-year-old 

main "hat section" support beam. child. The hood edge of the vehicle impacts 
the hip joint of the adult and the chest of the 

5-MPH BARRIER EXPERIMENTS child. 
......... The first two experiments with the produc- 
........ To evaluate the modified design, a series of 

tion vehicle provided a baseline for compari- 
four 5-mph frontal barrier tests was con- son. The second set of two experiments were 
ducted and the vehicle was then examined for made with the first modified vehicle (Mod 1) 
physical damage. The tests were conducted with the same (16 psi) foam in both the 
without headlights and grille. For two of the 
impacts, a 6-inch high by 4-inch deep wooden 

bumper and hood edge. The bumper foam 

member was attached to the barrier. In all of 
was cut out (i.e., cored out) in the rear as 
shown in Figure 2. These experiments with 

the tests the only damage to the vehicle was a Mod I revealed that the hood edge was much 
slight tear in the flexible production fascia at too compliant and that the impact energy was 
the corner where the fascia wraps around the absorbed primarily by the sheet metal support 
fender. It is anticipated that in future designs, 
some reinforcement or other provision can 
easily be included in the corner areas to avoid 
this tearing. The pendulum requirements of 
the Part 581 standard will be investigated in 
the future. 

EXPERIMENTS WITH ADULT AND 
CHILD DUMMIES 

A series of eight experiments with dummies 
was conducted with the modified and unmodi- 
fied LeMans vehicles to quantify the potential 
benefits. All of the tests were conducted at an 
impact velocity of 25 mph into laterally-posi- Figure 3. Standing adult pedestrian dummy in 
tioned (i.e., pedestrian side exposed to vehicle position in front of modified LeMan& 
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pelvis. The adult’s knee acceleration was re- 

1978PONTIAC LEMANS duced from 350 g’s in experiments with the 
18 INCHES FROM CENTER production vehicle to 60 g’s in experiments 

with Mod III; the child’s knee acceleration Center of bumper mount 

Acc, & hip 
was reduced from 367 g’s to 54 g’s. Propor- 

INCHES tionate reductions were evident for the pelvis 

~"il)i~l~i-~ 

and foot of the child. 
The pelvic acceleration for the adult (ap- 

30- 
proximately at the same height as the hood 

25 - 
edge) was reduced from 94 g’s in experiments 

~ 
with the production vehicle to 56 g’s in ex- 

20- ~ periments with Mod III. Some bottoming of 

"~ f~ the pelvis in the sheet metal hood edge sup- 
15- port occurred in all cases, although the fairly 

stiff foam of Mod III absorbed a significant 10- 
portion of the energy. Similar results were 

5- obtained for the child chest acceleration’ 
Foot aec. In each case, there was insufficient defor- 

o ~ ~ mation space for the hood edge foam to fully 
o 5 10 absorb the energy of that portion of the body 

INCHES impacting the hood edge so that the com- 
pliance of the supporting metal structure was 

Figure4. Adult and 6~year.31d child dummy necessary. Further reductions in the child 

relative to LeMans vehicle front, chest acceleration and adult pelvic accelera. 
tion could be realized by increasing the com- 

structure. It was also apparent that the pliance of the metal support structure. 

bumper was too compliant so that the knee of Reductions in peak accelerations were ob- 

the adult dummy and the pelvis of the child served in the heads of the adult and child 

dumany bottomed on the supporting steel dummies. The peak adult head acceleration in 

beam. the experiment with the production vehicle 
For the remaining four experiments (Mod was 115 g’s, which is higher than the accelera- 

II and Mod III) the cored bumper foam ele- tion observed in experiments with all three of 

merit was replaced with a solid piece of the the modified vehicles. This same trend was 

same 16psi material. To explore the full possi- evident in the Head Severity Index for the 

bilities of reducing the acceleration levels in adult; 940 in experiments with the production 

the area of the hood edge, two successive vehicle versus 385, 492, and 610 with the 

levels of foam compliance, 32 psi for Mod II modified vehicles. 

and 54 psi for Mod III, were used. The head acceleration levels for the child 

The pertinent results of the eight experi- were lower in experiments with the Mod III 

ments are shown in Table 1, including the vehicle than in experiments with the produc- 

peak acceleration for the various body ele- tion vehicle. Also, the head acceleration (86 

ments and the time from initial knee impact, g’s) and the Severity Index (700) were below a 

The table also indicates the Head Severity survival threshold level. 

index (S.I.) and the Head Injury Criteria The data from these experiments indicated 

(H.I.C.) for the dummies, that increased surface compliance in the 

In general, the results indicate significant bumper and hood edge of a vehicle would 

reductions in the acceleration levels--espe- have a pronounced effect in minimizing head 

cially in the lower body region of the knee and injuries of both adults and children. 
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Table 1. Experimental results. 

Vehicle identification 

Production Mod I M~ II Mod I1~ 

Bumper foam material -- 16 psi 16 psi 16 psi 
cored solid solid 

Hood edge foam material m 16 psi 32 psi 54 psi 
Vehicle velocity, mph 25 25 25 25 

Adult dummy results 

~S Head--peak acceleration, g @ ms* 115 109    39 78 49 81 81 109 
Head Severity Index I 940 385 492 610 
Head {njury Criteria 617 313 385 459 

Chestnpeak acceleration, g’s@ ms 34 121 43 126 39 122 35 51 
Pelvis--peak acceleration, g’s @ ms 94 9 76 24 66 21 56 24 
Knee--peak acceleration, g’s @ ms 350 4 120 24 81 22 60 "~ 1 
Foot--peak acceleration, ’s g @ ms 153 8 72 28 106 75 Lost signal 

Six-year-old child dummy results 

Head--peak acceleration, g’s @ ms 114 45 131 53 100 55 86 55 
Head Severity Index 1090 1200 827 700 
Head Injury Criteria 845 900 579 514 

Chestmpeak acceleration, g’s @ ms 67 16 96 31 76 26 65 26 
Pelvis--peak acceleration, g’s @ ms 304 5 147 27 82 24 89 23 
Knee--peak acceleration, g’s @ ms 367 5 93 28 56 4 54 3 
Foot--peak acceleration, g’s @ ms 240 11 78 30 78 39 173 39 

*MS after initial knee contact. 

SUMMARY AND CONCLUSIONS fled vehicle was (1) constructed of production- 
feasible components, (2) satisfied the 5-mph The results of this study indicated that a 
frontal barrier test portion of Part 581 

substantial reduction in pedestrian injuries is 
possible through straightforward modifica- 

Bumper Standard, and (3) offered significant 

tions to existing production vehicles. Acceler- weight savings. 

ation levels as recorded in adult and child 
REFERENCES dummy impacts were significantly reduced by 

the incorporation of surface-compliant mate- 1. Body-Vehicle Interaction: Experimental 
rials across the front of the vehicle. The in- Study, Contract DOT-HS-361-3-745, 
crease in surface compliance was obtained by March, 1975. 
replacing the production metal bumper sys- 2. Pedestrian Impact: Baseline and Prelimi- 
tern with resilient deep foam elements, using nary Concepts Evaluation. Contract DOT- 
available space within the vehicle. The modi- HS-4-0096!, May, 1978. 
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Safer Cars for Pedestrians_ 

J. HARRIS and C. P. RADLEY car to reduce the severity of pedestrian injury, 

Transport and Road Research Laboratory full scale impact tests have been conducted at 
Department of the Environment-Department of TRRL using modified cars striking dummies 

Transport                                 representing child and adult pedestrians. 
United Kingdom                               The cars were fitted with energy absorbing 

units in place of the bumper and bonnet lead- 

ABSTRACT ing edge and the locations of these units were 

Cars fitted with energy absorbing bumpers adjusted from run to run to represent differ- 

and bonnet leading edges have been tested to ent frontal shapes of cars. 

examine the importance of car frontal shape The purpose of these tests was to examine 

to the safety of pedestrians in impacts, the influence of car shape on the following 

Results show that with an energy absorbing aspects of pedestrian impact. 

front, improved protection may be afforded o The impact velocity of the adult dummy 

for both child and adult pedestrians at impact head and thorax relative to the bonnet top 

speeds up to 40 km/h providing that extremes o The magnitude of the impact forces to the 

of either low sloping or high near vertical child hip joint, thorax and head 

frontal shapes are avoided. ,~ The position of child and adult dummy 

The most acceptable compromise for the head impact 

child and adult is obtained with a 700 mm ~ The trajectory onto the bonnet and subse- 

high bonnet and 60 mm bumper lead. quently to the ground 

The importance of the bumper height is The first two items show the potential 
considered and suggestions made for combin- severity of the localized impacts to the dif- 
ing the respective merits of the low and high ferent regions of the body. 
mounted bumper, The position of adult head impact shows 

Impact velocities of the head and thorax on- the risk of the vulnerable head striking the 
to the bonnet show how the impact require- rigid windscreen surround, rather than the 
ments can be met in the design of the bonnet usually softer bonnet top and the trajectory 
top and wings of a car for pedestrian safety, shows the potential risk from subsequent im- 

An illustration is included of a medium pact with the ground. 
sized car modified at TRRL which demon- 
strates the practicability of a layout with a CAR TO DUMMY IMPACT TESTS 
soft front. Modified cars were driven into standing 

anthropomorphic dummies representing a 
~NTRODUCTION 50th percentile adult pedestrian and a six- 

In the United Kingdom impacts with the year-old child and braked immediately after 

fronts of cars are the major single cause of impact (fig. 1). 

pedestrian inj ury, accounting for about 50 The response of the dummies with respect 

percent of the pedestrian accident cases. Acci- to different settings of the bonnet leading 

dent data have shown that the most frequent edge and the bumper were examined at nomi- 

causes of inj ury are impact with the bumper, nal vehicle impact speeds of 24, 32 and 40 

bonnet leading edge, bonnet top and wind- km/h. The data from only the 40 km/h im- 

screen surround of cars and also subsequently pacts are given in this paper because the tests 

an impact with the ground, showed that this was about the maximum 

In order to study the potential of energy ab- speed at which the trajectory of the dummy 

sorbing surfaces fitted to these regions of the could be controlled within acceptable limits. 
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¯ Energy absorbing bumper and bonnet lead- 
ing edge: The energy absorbing structures 
consisted of hollow shells made of alumi- 
num sheet 0.56 mm thick and filled with a 
closed cell rigid polyurethane foam of ap- 
proximately 30 kg/m3 density. They had a 
constant crush force of approximately 4 
kN, a maximum crush depth of 210 mm 
and a vertical thickness of 80 mm. 

The stiffness chosen matched the tolerance 
load estimated for the pelvic region in vehicle 
side impact tests1 and the crush depth ensured 

Figure 1. Typical impact to adult dummy,        that the energy absorbing structure did not 
"bottom out" at test speeds up to 40 km/h. 

DU M M IES The primary dimensions of the vehicle front 

The adult dummy was a modified RAE that were varied during the test are shown in 

type VB with a height of 1.7 m and a mass of Figure 2. 

71 kg. The child dummy was of TRRL manu- 
facture 1.24 m high and 23.6 kg weight. The INSTRUMENTATION 
mid-torso joint of the adult dummy and the High speed motion picture film records 
arm and leg joints of both dummies were were evaluated using a digital analyzer to give 
completely free to move at all times. The impact velocities of the head and thorax to the 
dummy was suspended from an overhead gan- bonnet, position of head impact and extent of 
try and then released electrically by the ap- torso rotation. 
preaching car just before impact. It was struck Accelerations were obtained from 250 g ac- 
on the left hand side with the left leg forward celerometers mounted at the following sta- 
and the right leg backward to represent a tions: head, hip joint and thorax of the child 
walking stance. Both legs were straight and dummy and also the knee of an adult dummy. 
the full weight of the dummy was judged to be 
distributed approximately evenly between the RESULTS 
two legs at the moment of impact. 

Data from adult dummy tests and from 

TEST VEHICLE child dummy tests were unavailable at publica- 
tion time. Plots of head and thorax impac~ 

The test car had the existing bonnet top and velocities peak accelerations, torso rotation 
front end removed and replaced by an adjust- and position of head impact with relation to 
able mounting for an energy absorbing appropriate features of car shape are given in 
bumper and bonnet leading edge. The engine Figures 3 to 10. 
compartment was covered by a polyurethane The thoracic and head impact velocities are 
foam covered rigid panel. Further data were: for the components of the velocity normal to 
¯ Vehicle test weight: 900 kg. the surface of the bonnet top. They are taken 
¯ Brakes: The rear wheel brakes were blanked (at the instant of shoulder to bonnet contact) 

off in order to maintain directional control from a plot of the approach velocities. They 
during locked wheel braking which gave a were therefore not influenced by any changes 
deceleration of approximately 0.5 g. in trajectory resulting from the unrealistically 

¯ Front suspension: Blocks were inserted in stiff dummy shoulder striking the bonnet top. 
the coils of the springs in the front suspen- The thoracic velocities given refer to the 
sion to limit brake drive, region of the thorax located on the vertical 
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B Bumper leading edge height 
Energy absorbing 

C Bumper lead 
structures 

D Front slope 

~" 

| 

Figure 2. Test vehicle arrangement. 

centerline of the torso and level with the enced by bumper height, bonnet leading edge 

shoulder joint, height and angle of front slope. 

The distance of the head impact point from 
the bonnet leading edge gives the location of Adult Dummy 

the center of gravity of the headform when it The thorax to bonnet impact velocity (fig. 
strikes the top of the bonnet. 3) was only dependent on bumper height. 

Torso rotation is the maximum rotation of Ranging from 4 m/s with the bumper at 500 
the thorax and pelvis towards the bonnet. In mm and 5.2 to 6 m/s with a 375 mm bumper 
some cases the dummy continued rotating in height. 
the same direction after striking the bonnet Head to bonnet impact velocity (fig. 4) and 
and the value shown is the total rotation up to the location of head impact (fig. 5) were both 
the instant of striking the ground, influenced by bonnet and bumper height. 

Accelerations are the maximum recorded Generally impact velocities of 8.3 to 9 m/s 
with a duration of 3 ms. For the child head- were recorded but the combination of 700 mm 
form the values shown are accelerations high bonnet and 500 mm high bumper gave 
resulting from forces transmitted through the velocities of 6 to 7 m/s. The position of adult 
thorax and neck and originating from the first head impact ranged between 620 mm and 
instant of car to pelvic impact. Direct head to 920 mm behind the bonnet leading edge. 
car impact resulted in accelerations of less The impact position was 200 mm further 
tharl 25 g in all tests with the exception of the forward with a 500 mm high bumper com- 
700 mm bonnet, 375 mm bumper, 175 mm pared with 375 mm high bumper and 50 to 100 
bumper lead configuration which caused ac- mm further forward with an 800 mm bonnet 
celerations of over 40 g. compared with 700 mm bonnet. 

Torso rotation (fig. 6) ranged from 90° to 

270°. With a 375 mm high bumper fitted, ex- 
COMMENTS ON RESULTS cessive rotation resulted when the bonnet was 

In these tests conducted at 40 km/h (11.1 700 mm high and acceptable values of 90° 

m/s) the response of the dummy was influ- when the bonnet height was 800 mm. 
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6 O 

< Bumper height (mm) 

2 -- O---,=-,,O 375 

~-- -.~ 500 

o I I        I        I I ~ 
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Front slope (degree) 

Figure 3. Adult thorax to bonnet impact velocity/front slope. 
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¯ 
Bumper height {ram) 
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Figure 4. Adult head to bonnet impact velocity/bonnet height. 
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Bumper height (mm) 
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400 ~                                                ~ 375 . 
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A ~ No head to bonnet impact 
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~ ~ 
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Figure 5. Distance from bonnet leading edge to head impact pointlbonnet height. 
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Figure6. Maximum rotation of adult torso/bonnet height. 
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With a 500 mm high bumper fitted, exces- torso and neck and the accelerations recorded 

sive rotation of 180° was measured when may therefore be higher than a human child 
combined with a 700 mm high bonnet and a would experience. It indicates however than 
bumper lead in excess of 150 mm. an increase in the bonnet height or a more ver- 

Generally excessive torso rotation may in- tical front may result in higher neck forces. 
.... crease the risk of head injury from ground im- Torso rotation (fig. 10) was excessive when a 

pact and is difficult to counter. This suggests 375 mm high bumper was combined with a 
that a 700 mm high bonnet combined with sloping front. Conversely the dummy was 
either a 375 mm bumper, or a bumper lead of knocked forward to the ground with very little 
about 150 mm or more, are to the adult pedes- rotation when a 500 mm high bumper was 

...... trian’s disadvantage. Position of head impact combined with a near vertical front and an 

may also be important and a 500 mm high 800 mm high bonnet and this gave high hip 

bumper always reduced the risk of impacting and thoracic acceleration. Generally as for the 

the stiff windscreen surround, adult dummy, excessive rotation resulted from 
Providing that the head impact is to the a sloping front combined with a 375 mm high 

bonnet top, then it should be possible to de- bumper which also caused relatively high head 
sign the vertical collapse characteristics of the to bonnet impact velocities. 
bonnet to safely absorb the thoracic and head One of the most satisfactory set of dummy 

impact forces at the velocities shown. This responses was obtained by combining a 
may be achieved more readily, however, if 700 mm bonnet with a 500 mm bumper having 
designs giving the lowest impact values are a 50 mm lead. This configuration was also 

..... used. That is 700 mm high bonnet, 500 mm suitable for the adult dummy. 

..... high bumper, and 50 mm bumper lead. 

Bumper Height 
Child Dummy The 500 mm high bumper generally gave 

Child hip joint and thoracic accelerations better dummy responses than the 375 mm 
........ (fig. 7) both rise significantly as the car front bumper and this may be attributed to the in- 

becomes nearly vertical particularly when creased inertia of the leg mass below the 

combined with an 800 mm high bonnet, higher bumper tending to counter balance the 

Head to bonnet impact velocity (fig. 8) was momentum of the torso throwing the dummy 
generally low, ranging from 2 to 4 m/s, for onto the bonnet top. 

.... most configurations. The exception was a On a human pedestrian this lever action 

sloping front combined with a 700 mm high about the bumper may cause high forces and 
bonnet which gave a 6.5 m/s impact, stresses to the leg particularly if the bumper is 

The position of child head to bonnet impact of a rigid construction. In these tests using a 
(fig. 5) was always within 500 mm of the lead- crushable bumper 3 ms accelerations of 60 to 

ing edge, except for the 800 mm bonnet, 500 70 g were recorded at the knee. 
mm bumper configurations which resulted in It has been shown2 that lowering the 

the dummy being thrown forward to the bumper reduces the severity of bumper to leg 
ground without head to vehicle contact, impact force and that lateral articulation of 

Head accelerations (fig. 9) resulting from the knee joint of a cadaver may occur from a 
forces transmitted through the thorax and loading at the knee of only 2.2 kN (500 lb).3 

neck and originating from car front to torso The risk of leg injury from bumper loadings 
impact ranged from 25 g to 65 g. Either the may be reduced by the introduction of crush- 

500 mm high bumper or near vertical front able secondary bumper mounted at 300-350 
caused the highest values. In these tests the mm above the ground and positioned below 
dummy had no vertical compliance in the and approximately 50 mm behind a crushable 
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Figure 7, Child dummy--thorax and hip peak acceleration/front slope (at bumper height of 500 mm). 
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Figure 8. Child head to bonnet impact velocity/front slooe. 
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Figure 9. Peak acceleration of child dummy head (at impact of bumper with pelvis)/front slope. 
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Figure 10. Maximum rotation of child torso/front slope. 
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primary bumper. The purpose of this two to allow good contact with the bumper of a 
bumper system is to limit articulation of the heavy goods vehicle and to absorb some of 

knee to an acceptable level, give a widely dis- the energy of an impact 
tributed loading to the leg, and retain many of ,~ The bulkhead is essentially flat except for a 

the advantages for trajectory provided by a beam extending across the width of the car, 

500 mm high bumper, protruding approximately 70 mm into the 
back of the soft front and positioned about 

Practical Application 300 to 350 mm above the ground. In an im- 

The three crushable units considered, bon- 
pact into the side of a car, this beam is 

net leading edge, primary bumper and second- 
designed to strike the door sill of the oppos- 

ary bumper may conveniently be combined to 
ing cars and reduce penetration of the door 

form a soft front. Two different examples of 
panel and passenger compartment by the 
bonnet. 

soft fronts designed to improve pedestrian 
protection have been tested and reported else- Rigid Car Fronts 
where (see references 4 and 5) and a car has 
been modified at TRRL to demonstrate a The preceding comments on the position of 

medium sized car fitted with a soft front, the bumper and bonnet leading edge, have 

combining the crushable units discussed and been based on the assumption that the stiff- 

also including a deformable bonnet top, ness of each car component is matched to the 

Figure ! 1. appropriate human tolerance to impact. 

This car has also been fitted with represen- Very high impact loadings may result if 

rations of the following features, to show rigid bumper and bonnet leading edges were 

ways of complying with other impact design fitted in place of the energy absorbing units 

needs for car fronts, used and the preferred shape for a soft front 

o A strong bulkhead behind the soft front to may not necessarily be suitable for a rigid 

help distribute impact loadings in an offset front. 

car to car frontal impact 
¯ The top of the bulkhead, positioned at least CONCLUSIONS 

600 mm above the ground and welt braced, Shape and stiffness of the car front are both 
important at impact speeds of 40 km/h. 

~ ¯ A 700 mm high sloping bonnet front may 

~ ~. |_t[I throw both adult and child dummies into 
the air giving an increased risk of head in- 

-.,~,.j jury from ground impact when compared 
-~ -~ with higher bonnets or more vertical fronts. 

® A 800 mm high bonnet and a near vertical 
front causes high accelerations to the thorax 
and pelvis of a child which knock the child 
forward to the ground with the added risk 
of being run over. 

¯ A 700 mm high bonnet with a 500 mm high 
bumper and a bumper lead of 50 mm was 
the most suitable car front for both the 
child and adult dummies. 

® The bonnet top should have a vertical stiff- 

Figure 11. A car designed for pedestrian pro- ness and deformation performance which 
tection, will produce accelerations not exceeding 
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Development of a Simplified Vehicle Performance 
Requirement for Pedestrian Injury Mitigation 

ROLF H. EPPINGER 
of vehicles to mitigate the hazard they present 

National Highway Traffic Safety Administration 
to the pedestrian. 

U.S. Department of Transportation 
The results of many of the earlier efforts 

HOWARD B. PRITZ are documented in contract final reports (see 

Battelle references 1, 2, 3, 4, and 5) and papers in 
various scientific publications (see references 

INTRODUCTION 6, 7 8, 9, 10, 11, and 12). The following 
describes recent research by the NHTSA to 

Impacts of automobiles with pedestrians 
translate these results into a safety standard. 

produce approximately 8,000 fatalities and 

150,000 injuries in the United States and 
SAFETY STANDARD CONSIDERATIONS 

many more worldwide. The National High- 

way Traffic Safety Administration has, over Since the ultimate realization of this 

the past six years, pursued a vigorous research research will manifest itself as a vehicle per- 

program to establish the feasibility and prac- formance specification within a Federal 

ticability of modifying the exterior structure Motor Vehicle Safety Standard, it must, as 
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the law requires, be practicable, meet the need was reasonably easy to predict the area in 
for motor vehicle safety, and be stated in which the head, chest, pelvis, and leg would 

objective terms. The requirement of strike. Figure 1, which summarizes the results 
practicability demands that the technology to of this study, depicts the location on the vehi- 

meet the standard exist and that it can be cle of the initial head impact point as a func- 

reasonably and readily incorporated into tion of the vehicle velocity. The distance 

automotive vehicles. The need for automotive shown in the sketch is the distance from the 
safety requires a demonstration that vehicles ground along the vehicle profile to the head 
meeting the specifics of the standard present contact point. 
lower injury and hazard to the population at The need for simplicity and the predictabil- 

risk. The last condition, that the standard be ity of body contact areas allowed the program 
stated in objective terms, requires that the to focus on the development of a localized im- 
methodology to determine the compliance of pactor/test device to effect pedestrian injury 
a vehicle with the standard be repeatable. This reductions rather than pursuing development 
gives any manufacturer the assurance that if of a more complex procedure using a highly 
he tests according to the procedures specified articulated pedestrian dummy. 
in the standard and finds he is in compliance, This decision required the development of 
that certification testing by the NHTSA small subsystems that will dynamically load 
according to the same test procedures will also the particular area of the vehicle being tested 
indicate compliance. This repeatability in a manner equivalent to that pedestrian 
requirement is supported by the decision in body area which would strike it. Since there 
the United States v. Chrysler court case of are no assurances that any of the existing 

1972 (472 F.2d 659, 6th Circuit Court). pedestrian dummies are dynamically equiva- 
The characteristics required of a test lent to man, cadaver impact response data 

methodology for the accurate prediction and from the series of tests performed under con- 
control of injury are, unfortunately, naturally tract DOT-HS-361-3-745, "Body Vehicle In- 
antagonistic to the requirements necessary for teraction: Experimental Study"2 was consid- 
obtaining repeatable test results. That is, ered to be the most human-like data available 
accurate injury prediction requires complex- and became the basis for simplifying assump- 
ity, while repeatability requires simplicity, tions. 
Since the demands placed upon the vehicle Examinations of the force-time histories 
structures most frequently involved in pedes, produced when the instrumented bumper con- 
trian impacts are many and extreme, any ad- tacted the leg of the standing cadaveric 
ditional requirements demanded of these specimens indicated that a sinusoidal func- 
structures should be made as simple as possi- tion is a good approximation of the initial 
ble, to simplify the task of integrating all of loading phase. The relationship for the force- 
the requirements into a single design. There- time history was assumed to be: 
fore, it was decided that the pedestrian com- 
pliance development program would empha- f(t) = Fm SIN (~r t / 2 T) 1 

size simplicity in the development of the test where 

methodology and the performance criteria, f(t) -- instantaneous force at time 

Fm- Maximum amplitude of 
ANALYTICAL CONSIDERATIONS                           bumper force 

T u Time to maximum force 
Examinations of high speed films of 20 .... 

simulated pedestrian impacts showed using If it is assumed that acceleration of the 
both production vehicle structures and con- struck leg of the pedestrian is governed by the 
cept cars, that, for any given vehicle profile, it relationship 
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Figure 1. Head/hood impact location versus vehicle velocity. 
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f(t) 
2 

where 
2 

= Me Me -- equivalent mass (pounds 

where mass) 
2 -- acceleration of leg at time Fm -- maximum bumper force 

"t" (pounds force) 
T -- time from initial contact to 

Me -- effective mass of leg maximum force (milli- 

f(t) w instantaneous applied seconds) 
force level at time "time" V w velocity of striking vehicle 

(miles per hour) 

then by substituting 1 and 2 and integrating Table 1 duplicates some of the data from 
with respect to time, the following relation- 

Table 3 of Pritz, et al2 and includes the cal- 
ship for the velocity of the leg at any time t’ is culated equivalent leg mass and the maximum 
obtained acceleration it would experience with Fm. The 

average equivalent mass for the fifteen tests is 

or, n(~TT)d 

7.08 pounds. 

f FM Si 
t ~:(t ’) = 

Me 
~MPACTOR DESIGN 

k(t’) = 2FmT -Cos ~-~ 3 
~r Me o Encouraged by the relative constancy of the 

effective mass calculation over the large range 
of tests, it was decided that a local impactor 

If it further assumed that the bumper force is capable of propelling a seven pound leg form 
transmitted to the leg mass as a result of some at bumpers at speeds up to 30 MPH should be 
material compression and that an increase in designed and built. The resulting device, 
force implies a greater compression, the leg shown in Figure 2, uses a pneumatically actu, 
mass must achieve the velocity of the striking ated drive piston to accelerate the test form 
vehicle at that time in the event when the and guidance tube to the desired speed. The 
bumper force is maximum. This allows the drive piston is initially released mechanically, 
upper integration bound, t’ of Equation 3 to powered to speed by the charge volume, and 
be set at "T" and thus obtaining Equation 4 at the end of the power stroke is stopped by 
as the relationship between vehicle striking the snubbing piston acting on a trapped 
velocity and maximum bumper force, time volume of gas. As the snubbing of the drive 
duration between contact and maximum piston occurs, the test form and guidance tube 
force, and effective mass. continue at a constant speed guided by the 

large bushing. Instrumentation is included to 

V = 2 Fm T 4 
allow recording of the leg forms acceleration, 

~r Me velocity, and displacement-time histories dur- 
ing its entire stroke. In anticipation of the 

Solving 4 for the effective mass, Me, gives possibility of testing other areas of the vehicle 
involved in pedestrian contacts, the guidance 

Me _ 2 Fm T 5 
tube and support bearing portions of the im- 

~r V pactor were made interchangeable so that test 
forms of different sizes and effective weights 

and adjusting for specific units, 5 becomes could be used. The entire device is mounted to 
a steel frame which can be attached to a fork 

Fm T lift truck. The impactor is trunion mounted to 
Me = 0.01398 ~ 

V the frame in such a way that the impactor can 
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Table 1. Summary of test data and derived quantities Me and ~m. 

V Fm T Me ~m P.D. 

Max. Time to Max. 
Vehicle bumper maximum Eq uivalent accelera- 

Battetle velocity force force mass tion Permanent 

test # (MPH) (pounds) (MSEC) (LBM) of Me-G’s disability 

A1 11 800 4 4.04 198 25 

A2 21 1700 8 9.03 188 50 

A3 28 1700 4 3.38 502 75-100 

A4 15 1250 4 4.64 269 10-!5 

B1 11 800 8 8.08 99 10 

B2 21 1130 8 6.32 188 10 

B3 28 1600 4 3.18 503 30 

C1 19 7(X) 10 5.13 136 0 

C2 20 900 10 6.26 143 25 

C3 20 1300 5 4.52 287 10 

C4 19 900 12 7.92 113 15 

D1 19 440 25 8.07 54 10 

D2 20 1000 20 13.92 71 0 

D3 20 500 20 6.96 71 65* 

D4 17 720 25 14.75 48.8 15 

"Suspected metastic bone disease in specimen 

Me =---~ Me = 7.08 Ibm. 
NZ.~ 

be positioned in any direction from vertical to A simple regression was carried out to 

horizontal. Thus the total system as shown in determine a relationship between the calcu- 

Figure 3, permits placing the impactor at any lated maximum acceleration of the equivalent 

position from a horizontal one for knee im- leg mass and the percent permanent disability 

pacts at bumper levels to a vertical one for rating for each cadaver test, Both the data 

head impacts on the hood. and the resulting linear regression line are 

A series of tests were subsequently per- shown in Figure 5. This relationship suggests 

formed to adjust the impact characteristics of that if vehicle modifications could somehow 

the leg form to achieve the best duplication of limit the maximum leg acceleration to less 

maximum force and time to the peak ob- than 100 G’s during a 25 MPH impact, a sig- 

served in the cadaver tests. Table 2 lists both nificant reduction in average permanent dis- 

cadaver values and impactor values. It ability might be realized. 
became necessary to introduce a crushable Considering an ideal case where a bumper 

element in the striking leg form to duplicate depth of five inches could be devoted to 

the impacts into the rigid bumper bars. Figure pedestrian protection and a constant force 

4 illustrates the details of the test form simulao crushable material could be utilized in the 

ring the leg. design, the leg mass could be limited to 50 G’s 
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Drive piston 

\Mechanical Snubbing    \Charge volume 

release piston 

Initial position 

Leg form 

Guide tube 

Gear rack 

After release 

Figure2. Pedestrian compliance test device accelerator. 

Figure 3. Localized impactor system concept. 
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Table 2. Comparison of cadaver and impactor responses. 

Cadaver Impactor 

Test Vel. (max) Force Time Vel. Force Time 

A1 11 800 4 13 802 10 

B1 11 800 4 14 906 10 

A4 15 1250 4 14.1 836 10 

~ A2 21 1700 8 10.3 906 7 
m B2 21 1190 8 21 975 10 

A3 28 1700 4 21 1052 8 

B3 28 1600 4 21.4 1070 8 
25 1707 9 

26.5 1590 9 

E’ C1 19 700 10 13 504 10 

~. C4 19 900 12 17.6 662 10 

~ C2 20 900 10 25 911 9 

in such an impact. A more realistic accelera- 

~ 
tion maximum would be in the 80-100 G 

Guide tube range if real materials were used. This some- 
what lower attenuation of response would, 
according to the regression analysis, still 

[ ~,( ~ sFt~r~~ 

result in a shift of the average permanent 

oarn disability from 52°70 to the 0-10070 range in a 
25 MPH impact. 

~ 
Wood 

PRELIMINARY CONCEPTS VEHICLE 

The above results strongly indicated that 
pedestrian impact injury reduction was at 
least theoretically feasible. To confirm these 
results, an experimental test buck was de- 
signed using styrofoam as the compliant sur- 
face material. The profile of the test buck is 

# ~N~ 
shown in Figure 6. The bumper is 6-inches 

~. j 
6"" high and 8-inches deep. The hood edge is 

8-inches high and 10-inches deep. A grid of 
transverse 1-inch diameter holes was drilled 
through the bumper and hood edge to reduce 
the deformation strength of the solid mate- 
rial. The acceleration and displacement time 

I1.~ 4"---~ 
histories of the 7-pound leg striking the 
bumper at 25 MPH were the criteria for deter- 

Figure 4. Details of leg simulator, mining the best grid pattern. Figure 7 illus- 
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~ Rigid bumper 

O Soft bumper 

i.0 ( ) Velocity of impacting vehicle 

0.9 
~ (28) 

0.8 

0.7 

0.6 

P.D. = 0.89 + 0.102 X 
max 

0.5 ~’. 121 ) 

0.4 

0.3 (~ (28) 

O,{20) ~ (11) 
0.2 

O 117)    O 110)                   (~- (15) 

~ (21)         ~" (20) 0.1      O 1t9) @ (11) 

0 ~ C) (21) O 119) 
50             100                          200                            300                            400                           500 

MAXIMUM ACCELERATION OF EFFECTIVE MASS -- G 

Figure 5. Permanent disability versus maximum acceleration of effective leg mass. 

50th                                                   100 

~ 
_o 50 

60 < 

50 
6-year-old ,,,    50 

~ <~ 100/i2 L ’Maximur~ 

40 / ,t Soft hood edge ~ 10 
/ 

displacement - 

/ 8 
30 

z 
~u 6 

/ 20                                                                 uJ 4 

~r = ~’~10 msec 

~ 0 

Start of impact 

INCREASING TIME 

0 

0 10 20 30 40 

Scale in inches Figure 7. Dynamic impact experiment with 
simulated knee impactor @ 26 mph 

Figure 6. Experimental vehicle profile, into concept 3a styrofoam bumper. 
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trates the performance of the final bumper nent disability versus vehicle velocity. Table 3 
design at a 25 MPH impact velocity, illustrates a primary injury description, the 

Eighteen dummies (10 adult and 8 child) permanent disability evaluation, and the Ab. 
and three cadaver impact tests were subse- breviated Injury Score (AIS) for all of the 
quently performed using this design concept.3 specimen tests. 
The dummy test velocities ranged from 10 to 
25 MPH while all three cadaver tests were con- 
ducted at 25 MPH. The cadaver instrumenta-    ADDITIONAL IMPACTOR DESIGN 
tion included knee accelerations as well as CHANGES 
head, chest, pelvis, and foot accelerations. All 

As was previously noted, it was necessary to specimens were subjected to the same autopsy 
incorporate crushable styrofoam in the leg ........... protocol and injury assessment procedures 

used in the previous tests. The same ortho- form assembly to duplicate the maximum 

pedic consultant was retained to maintain force and time to peak acceleration values 

consistency of injury results, observed in the cadaver tests with the rigid 

Examination of the acceleration data 
bumper forms. The styrofoam was not re- 

revealed that the maximum knee accelerations 
quired when simulating cadaver impacts with 

..... of the cadaveric specimens were 66, 81, and the compliant bumper systems. Since any pro- 

64 G’s. The corresponding permanent disabil- tective concept capable of limiting the leg 

ity assessments were 20°70, 10%, and 0% response to under 100 G’s during a 25 MPH 

respectively. The average of these three tests, test would be compliant or appear to be cora- 

l0070, was very close to the 8% prediction of pliant, removal of the styrofoam would not 

.... the regression equation, effect the rating of these systems. 
This change has been made. It has several A series of cadaver tests was also per- 

formed3 with baseline vehicles at various ira- advantages from a compliance test viewpoint. 
First, the greater simplicity implies greater 

pact speeds. The resulting data allows com- 
parisons with the concept car to be made using repeatability of test results. Second, it avoids 

various parameters. Figure 8 illustrates peak developing a qualifying test for the crushable 

knee accelerations versus vehicle velocity for material. Third, the modified leg form would 
now exaggerate the maximum acceleration of 

all the tests while Figure 9 shows the perma- 
a rigid bumper strike and make it easier to 
detect the poor performing systems. 

Specimen 
C9 600- knee 

SUMMARY AND CONCLUSIONS 
2~ frontal 

O 500 o Vega Vega It has been shown that a seven pound leg 
I- z~ Impala - near center 
< form can simulate the dynamic interaction of 
~ 400. ~ Concept 3A 
_~ ~ a pedestrian leg with the front of a vehicle; 

~ 300 / that the response of this leg form when impac- 
< 

/~c~c~t~~ 

ting a vehicle has a relationship with the 
’"2 w 00 Impala near 
z ~ severity of the trauma produced, and that 

~ 100 limiting the response of the leg form through 
< Concept 3A c~ modifications of the vehicle frontal structure 
~- 00 

lb ~’0 3’0 does effect a reduction of pedestrian trauma. 

VEHICLE VELOCITY AT IMPACT-MPH In short, the development of a compliance 
test and methodology has been accomplished 

Figure8. Specimen peak knee acceleration and the feasability of modifying a vehicle to 
versus velocity, mitigate injury has been demonstrated~ 
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Table 3. Injury results and AIS ratings for experimental impacts conducted as part of "pedes- 
trian impacts: baseline and preliminary concepts evaluation." 

Experiment No~ Permanent 

vehicle Primary injury description* disability AIS 

velocity percent 

P!2 Tibia and fibula fractured--extensive comminution; 50 3 

Impala 19.5 anterior cruciate ligament completely torn. 

P13 Anterior ana posterior cruciate ligament avulsed; medial 20 3 

Impala t9,1 cotlateriat ligament avutsed. 

P14 Fibula fractured; tibia fractured- comminuted: anterior 20 3 

Vega 22.5 cruciate tigamen~ -- 40 percent torn. 

P15 Lateral femoral condyle fractured; fibu}a fracturee: anterior 35 3 

Vega 26 cruciate ligament avutsed; medial collateral ligament torn; 

medial meniscus torn. 

P16 Tibia fractured comminuted fibula fractured; medial 25 3 

~mpala 26 collateral and anterior cruciat8 ligaments torn; rib frac- 

tured. 

P17"* Multiple ribs fractured: femur fractured -- both legs; inter- 50-100 4 

Vega 19,2 vertebral disc separation at C8 --, T1. 

P18 Patella fractured left; capsule ruptured left; anterior 50-100 4 

Vega 26.5 cruciate ligament torn 3oth legs; tibia fractured -- right; 

rib fractured; C7 fracture. 

P19 Superior and inferior public rami fractured: tibia fracture 50 4 

tmpa{a 26.4 right -- open: anterior cruciate ~igament avulsed both legs; 

multiple ribs fractured: right internal thoracic vein hemor- 

rhaged. 

P20 Tibia plateau fractured; anterior and posterior cruciate liga- 20 2 

Concept 3A 25.0 merits slic~htty torn. 

P21 Anterior cruciate ligament ,--10-20 oercent torn; fibula 10 2 

Concept 3A 25.2 fractured: medial malleoius fractured, 

P22 Cruciate ligaments slightly stretched. 0 1 

Concept 3A 25,5 

722 



SECTION 5: TECHNICAL SEMINARS 

Specimen permanent 
disability 

100 All impacts lateral stance 
except P17 and P18 

9O 

>- 80 
1- 

O Vega 
~ P170 .~ 

Vegafronta!s 
~ 70 

/~, Impala -- near center 

............ 
_ ~ 

[] Concept3A 
~O P18 

~ 60 
z 

2: 50 P12 ~ ~, P19 

40 

f’~ P15 
Z 

30- Vega 
nr P16 
LU 

’~ 20- P13 0 ~)" [] P20 
P14 

10 - ~]P21 

0 -                       I                      t           {~} P22 

0                   10                  20                  30 

VEHICLE VELOCITY AT IMPACT - MPH 

Figure 9. Specimen percent permanent disability versus vehicle velocity. 
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For the last six years, the National Highway 

INTRODUCTION Traffic Safety Administration has pursued a 
vigorous research program to establish the 

A Federal Motor Vehicle Safety Standard is feasibility and practicability of modifying 
a requirement for vehicle performance de- vehicle structures to mitigate the hazards of 
signed to reduce the number of accidents, or pedestrian-vehicle accidents. The following 
to reduce the number and severity of injuries will present a summary of this work from the 
and fatalities to individuals involved in motor perspective of the four standards develop- 
vehicle accidents. The tasks in developing a ment tasks. 
motor vehicle safety standard are: (1) the 
analysis of the safety problem to document a PEDESTRIAN SAFETY PROBLEM 
need; (2) development of a countermeasure to 
meet the need; (3) development of a compli- A preliminary analysis of the pedestrian 

ance test methodology and performance cri- safety problem in the United States indicates 

teria which both stimulate adoption of the that there are approximately 110,000 injury 
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producing accidents annually with 8,000 major portion of pedestrians at risk. This re- 

pedestrian fatalities. The standard accident quires information about which structure 

reporting systems, such as police and insur- should be modified, and the performance 

ance reports and investigations, are inade- conditions that should be incorporated into it. 

quate for the purpose of establishing safety Analysis of the relationship of impact speed 

standards and, therefore, the NHTSA formu- to injury severity has identified this to be an 

lated the Pedestrian Injury Causation Study important factor in injury causation. Tables 1 

(PICS) to generate detailed information on and 2 illustrate this fact for both adults and 
2,000 pedestrian accidents, children. Considered as a whole, the 105 

PICs gathers detailed information concern- adults in the file received a total of 551 injuries 

......... ing the entire pedestrian-vehicle accident. (AIS 1-1) and 206 major injuries (AIS 2-6) 

.......... Each investigation includes detailed descrip- and fifteen were killed. Examination of adults 

tions of the vehicles, the victims and their in- struck at speeds above 25 MPH indicates that 

juries, and the entire circumstances of the the fatality rate is five times as great as in the 

event. Presently, 450 of the expected 2,000 below 25 group. When considering major in- 

cases are completed and recorded within an juries, the above 25 MPH group has an injury 

information system. However, due to the rate twice that of the other group. This ampli- 

difficulty in determining reliable impact speed fication of the injury hazard as a function of 

estimations with retrospective analysis, only impact speed is also observed in data on 

197 cases have impact speed recorded in the children. 

file. Figure 1 illustrates the location of injuries 

A summary of these 197 cases indicates that to adults in the file. The lower body area 
......... each pedestrian receives approximately 4.7 (pelvis and lower extremities) accounts for ap- 

total injuries and 1.0 non-minor (AIS 2-6) in- proximately 40% and the head/face/neck 

jury per accident. For the non-minor injuries, area accounts for approximately 30% of both 

about two-thirds are caused by contact with total and major adult injuries. In children 

the vehicle while the remaining third are (fig. 2), the head/neck/face area accounts for 

caused by secondary impacts, with the road- approximately 40-50 percent of the total and 

way or roadside objects. Non-minor injuries major injuries while the lower body accounts 

resulting from accidents involving pedestrian for approximately 25-35%. 

contact with the front of the vehicle at speeds Figures 3 and 4 document the vehicle struc- 

of 25 MPH or less total about 0.5 injuries per tures producing a major injury in various 

accident, and of these, 75% are the result of body areas. For adults, contact with the 

contact with the vehicle. Expanding this PICs ground or non-vehicle objects accounts for 

unweighted injury distribution to estimate na- the majority (60°70) of the head injuries. The 

tional accident statistics shows that about vehicle hood and windshield account for ap- 

500,000 pedestrian injuries are received an- proximately a quarter of the head injuries. In 
nually of which 110,000 are non-minor, and the pelvic area, half of the injuries were 

about 35,000 are non-minor injuries resulting caused from contact with the hood edge or 
from contact with the vehicle at speeds of 25 grill area of the vehicle while for the lower 

MPH or less. tremities, three-quarters of the injuries were 

The pedestrian safety problem is diverse caused by either the bumper, grill, or hood 
which makes it difficult to determine an ap- edge of the vehicle. 

proach to reducing the number and severity of For children, contact with the ground or 

pedestrians injured. Approximately two- non-vehicle objects accounts for half of the 

thirds of the non-minor injuries are attributa- head injuries, the grill and hood edge 30°7o 

ble to vehicle contact and therefore, modifica- and the hood 13% of the head injuries. In- 
tions of the vehicle structure would help the juries in the lower extremities are caused by 
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Table 1. Adult injury distribution by speed. 

Speed less than or Speed greater than 

equal to 25 MPH 25 MPH 

Adults 81 24 

Fatalities 6 9 

% fatalities 7% 38% 

Total inj. (AIS 1-6) 381 170 

Total inj./adult 4.7 7.1 

Non-minor inj. (AIS 2-6) 116 93 

Non-minor inj./adult 1.4 3.9 

Table 2. Child injury" distribution by speed. 

Speed less than or Speed greater than 

equal to 25 MPH 25 MPH 

Children 77 8 

Fatalities 1 1 

% fatalities 1% 13% 

Tota~ inj. (AIS 1-6) 312 44 

Total inj./child 4.1 5.5 

Non-minor inj. (AIS 2-6) 38 13 

Non-minor inj.lchild .5 1.6 

A~S 1-6 AIS 2-6                                                                 AIS 1-6                                 AIS 2-6 

30% 28% 42% ~ 50% 

Total injuries = 551 Total injuries = 209                Total injuries = 356 Total injuries = 51 

Figure 1. Distribution of adult injuries al! accidents. Figure 2. Distributions of child injuries for all accidents. 

726 



SECTION 5: TECHNICAL SEMINARS 

HEAD 

61% 

Non-vehicle 

Total adult head injuries (AIS 2-6) = 58 

PELVIS 

4% 
32% 

4%l 

Non-vehicle                                                                                     28% 

Total adult pelvis injuries (AIS 2-6) = 25 

LOWER EXTREMITY 

17% i 

Non-vehicle 

Total adult lower extremity injuries (AIS 2-6) = 54 

Figure 3. Distribution of adult injuries (AIS 2-6) for all accidents. 

the bumper in 42% of the cases and by the the front of the vehicle. Since experimental ef- 

tires in another 42%. fectiveness data were onl y available for speeds 
The proposed rulemaking action related to up to 25 MPH, the benefit analysis for the 

pedestrian impact protection focuses on those rulemaking action, to be on the conservative 
accidents in which the pedestrian is struck by side, considered that only impacts below 25 
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HEAD 

50% 

Non*vehicle 

Total child head injuries (A!S 2-6) = 24 

PELVIS 

0% 
o% 

o% 
o% 

Non-vehicle 
0% ! 0% 100% 

Total child pelvis injuries (AIS 2-6) = 1 

LOWER EXTREMITY 

15% i 

Non-vehicle 

Total child lower extremity iniuries {A~S 2-6) 

Figure 4. Distribution Of child injuries (AIS 2-6) for all accidents. 

MPH would receive a benefit from improve- 25 MPH. These accidents account for al:~prox ...... 
rnents brought about by the proposed rule. imately 65o70 of all accidents. 
Therefore all analysis was limited to those ac- Figures 5 and 6 duplicate the information in 
cidents that occurred at less than or equal to Figures 1 and 2 except that the cases under 
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AIS 1-6            AtS 2-6 AIS !-6 AtS 2-6 

_28%_ _~    24°/~ 42% 60% 

~, ~ 4% 4% 

17% - ’~’. 17% 

4% 11% 

9°~’~f~ ~17%T~, ’’ 

8% 0% 

3~~~~ 

~            34% 

25% 18% 

Total injuries = 322 Total injuries = 10! Total injuries = 253 Total injuries = 28 

Figure 5. Distribution, adult injuries for frontal Figure 6. Distribution, child injuries for frontal 
accidents at speeds less than or accidents at speeds less than or 
equal to 25 MPH. equal to speeds 25 MPH. 

consideration are limited to those in which the * Establishing impact tolerance levels for 
impact speed is less than 25 MPH. The loca- pelvis and legs of pedestrians struck by 
tions of injuries are similar to those for all motor vehicles. 
accidents. Figures 7 and 8 describe the distri- ¯ Developing practical vehicle modifications 

bution of vehicle structures associated with to reduce pedestrian injury severity. 
impact to the various body areas for the colli- o Developing compliance test methodologies 
sions at 25 MPH or less, and again are found for assessing injury reduction potential of 
to be similar to the case when all impacts were vehicle frontal structures and compliance 
considered, test procedures. 

,, Obtaining pedestrian accident data in quan- 
tity and accuracy and which is nationally 

COUNTERMEASURE FOR PEDESTRIAN 
representative. 

INJURIES Most of the research work w, as done under 
contract by Battelle Columbus Laboratories 

Since 1973, NHTSA has been engaged in a (BCL) of Columbus, Ohio, The initial con- 
research program to support rulemaking tract, DOT-HS-361-3-745. entitled, "Body- 
directed toward geometric and/or structural Vehicle Interaction: Experimental Study~’" 
modification of vehicle front ends as a means began in July 1973 and was completed in 
of reducing pedestrian injuries. Major ete- February 1975. The contract involved experi- 
ments of the program include: mental impacts of 15 unembalmed cadavers at 
¯ Obtaining an understanding of the relation- various speeds with stimulated vehicle frontal 

ship between collision parameters and structures mounted on an acceleration test 
pedestrian injuries through vehicle testing sled. The cadavers were instrumented with ac- 
with dummies and cadavers, celerometers on the pelvis and were supported 
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HEAD 

o% 

48% 

Non-vehicle 
4% 

Total adult head injuries (AIS 2-6) = 23 

PELVIS 

t,," - 

O% 

Non-vehicle 

Total adult pelvis injuries (AIS 2-6) = 16 

LOWER EXTREMITY 

13% 

Namvehicte 0% 

Total adult lower extremity injuries (AIS 2-6) = 32 

Figure 7. Distribution of adult injuries (AIS 2-6) for frontal accidents at speeds less than or equal to 

25 MPH. 

in a simulated standing position. Contact with precise location and extent of all injuries 

the vehicle was restricted to the lower half of received from the collision. This data was for- 

the body. Each cadaver was closely examined warded to an orthopedic surgeon for a deter- 

prior to impact and post-impact evaluation in- mination of the percent of permanent impair- 

cluded X-rays and dissection to determine the ment associated with the injuries. The 
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HEAD 

Non-vehicle                                                                              t 

Total child head injuries (AIS 2-61 = 15 

S 

0% 
0% 

.~~~. Non-vehicle 
1~0% 

~ 0% 

! 0% 
Total child pelvis injuries (AIS 2-6) = 0 

LOWER EXTR EM ITY 

0% 

0% 

20% i 

Non-vehicle 
0%    _ 0%      0% 

Total child lower extremity injuries (AIS 2-6) = 5 

Figure 8. Distribution of child injuries (AIS 2-6) for frontal accidents at speeds less than or equal to 
25 MPH. 

primary conclusions of this research program ¯ Lowering the height of the bumper and 
were the following: hood edge simulators changed the location 
¯ Changes in radius of curvature of the simu- and reduced the severity of pedestrian in- 

lated bumper and hood edge do not signifi- juries because contact location and subse- 
cantly effect the severity of injuries, quent trauma was moved from hip and 
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knee joints to the less anatomically complex underwent extensive post-impact medical 

long bones, evaluation and the results were sent to the 
o Reducing the bumper and hood edge height same orthopedic surgeon who participated in 

increases the ve!ocity of the head impact the previous cadaver impact program for a 

with the hood. prognostication of the percent of permanent 

The program was too limited to provide saris- 
impairment. The primary conclusions of this 

factory conclusions to the pedestrian injury 
research program are as follows: 

mechanism but it did establish techniques for 
pedestrian impact simulations with cadavers 

® Adult dummy 

and a yardstick for quantifying pedestrian in- No appreciable difference in head, 

i uries (percent permanent impairment) that is 
chest, or pelvis was observed through 

more suitable than the established AIS assess- 
profile variation. 

merit criteria. 
-- Pelvic and knee acceleration peaks can 

Further investigation of the pedestrian be reduced 50 to 80% from baseline 

motor vehicle collision was done under the 
levels through use of soft bumper and 

contract, DOT-HS-4-0096!, entitled 
hood edge materials. 

"Pedestrian Impacts: Baseline and Prelimi- -- Head and chest acceleration peaks were 

nary Concepts Evaluation." This research consistently below established tolerance 

program included 80 impact tests with an- levels. 

thropomorphic dummies and 11 tests with ¯ Child dummy 

unembalmed cadavers. The objective of the Lowering vehicle profile increases maxi- 
program was to quantify the existing safety mum value of head acceleration. 
problem and investigate injury severity reduc- Reductions of 90% in peak knee accel- 
tion potential of several selected vehicle eration and 60-70% in peak head acceler- 
modifications. Impacts were conducted at ation can be achieved with appropriate 
speeds between 8 and 30 MPH with the profile and structure compliance 
majority of tests in the 20 to 25 MPH range, modifications. 

The initial phase of this program involved 
development of stand-up versions of 50th 

,, Unembalmed cadavers 

percentile adult male and 6-year-old child Soft structures significantly reduce the 

dummies. Frontal structures of a 1974 extent of injury and the percent of per- 

Chevolet Impala and Vega were mounted to a manent impairment over the baseline 

test sled for the series of dummy impact tests, vehicles. 

Unembalmed cadaver impact experiments --No observable head injuries i~ any 

were also carried out using two production experiments. 

Chevrolei front structures. Injuries are confined primarily to areas 

A series of tests where various modified of the body struck by the vehicle. 

vehicles impacted the highly instrumented 
dummies also were conducted to assess the There were no vehicle or collision event 

response attenuation capability of each simu- parameters observed that were statistically 

lated vehicle concept. The dummies were in- correlatable to the injuries observed in the 

strumented at the foot, knee, hip, chest, and cadavers other than peak acceleration of the 

head with accelerometers, and review of the impacted area. The vehicle modification 

time history of acceleration at the different designated Concept 3A had a considerable 

body locations was the primary means of amount of soft material covering the bumper, 

assessing each design. The most successful hood edge, and hood. The peak acceleration 

concept was impacted into three equivalently levels were 80-100 G’s for the cadaver knee 

instrumented cadavers. The cadavers then when impacted by this vehicle simulation, and 
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the injuries and percent permanent impair- 
ment were substantially reduced when com, Production fascia 
pared to production vehicles. 

Concept 3A produced peak acceleration of 
30-50 G’s for both the adult dummy and 

........... unembalmed cadaver specimens. There was a0 
no permanent injury associated with the hood 
edge contact for the cadavers indicating that 
hood edges capable of limiting to the 50 G 
level in 25 MPH impacts would cause no per- [ 
manent injury to adults. Since there were no 
child cadavers, child injuries could not be 

20- 
directly assessed. However, using peak result- 2- Bumper 
ant G’s as a substitute for injury level, the "’.j mount 
Concept 3A vehicle simulation substantially 

co 15- 
reduced peak G’s of the child dummy chest                            It--- ...... 
and head contact when compared to baseline 
vehicles. 

A Pontiac LeMans has been designed to in- 
corporate the impact characteristics of Con- Bumper support beam 

cept 3A. This vehicle design presently utilizes 
a dense, thin urethane skin called a fascia to 
cover the entire frontal structure. A rigid steel 
bumper bar mounted on hydraulic energy ab- 
sorbers which attach to the main frame rails o- 
lies beneath the fascia. The modification, 5 lo 
shown as a longitudinal section in Figure 9, 

..... attaches, at bumper height, an open sectioned Figure 9. Section view of modified 1978 
bumper bar directly to the frame rails to tiac LeMans. 
which an 8-inch deep, 6-inch high foam block 
is attached. 

Inthe hood area, foam and associated sup- 
port brakets have been added. The fascia is G’s), 40% in the pelvis (to 56 G’s) and 30% in 

the head (to 81 G’s): The chest response identical to, and in the same position as it is in 
the unmodified vehicle, mained unchanged. 

A series of paired cadaver tests using a stan- Cuirrently, the performance of both the 
dard and the modified LeMans have been modified and an unmodified LeMans have 
scheduled for completion within the coming been evaluated using the standing adult and 
year to confirm the conclusions of the child dummies in 25 MPH impacts. The max, 
previous efforts, 

imum acceleration of the child knee was 
reduced 85°70 between test of the unmodified 

COMPLIANCE TEST METHODOLOGY and modified vehicle, The response with the 
AND PERFORMANCE CRITERIA modified vehicle being 54 G’s. The pelvis 

response was reduced 68% to 89 G’s, the The third major consideration in the deveP 
thoracic response 7 percent to 65 G’s, and the opment of a performance-oriented motor 
head response 34% to 86 G’s. The adult dum- vehicle standard is the establishment of a 
my experiences similar attenuation of compliance test procedure. The procedure 
responses: 83% reduction in the knee (to 60 must be an objective, repeatable means of 

733 



EXPERIMENTAL SAFETY VEHICLES 

determining whether a countermeasure pro- tion of the body contacted the same vehicle 

vides the performance necessary to bring location in similar tests and that it was :Oossi- 

about expected reduction in injury and fatal- ble to mechanically duplicate vehicle loading 

ity levels, conditions caused by cadaver legs. 

Performance testing for compliance pur- 
poses usually means subjecting the vehicle to Sirnu~ation of Pedestrian/Motor Collision 

the circumstances in which the countermeas- A pneumatic device was developed to accel- 
ure is designed to function. Therefore, court- erate the compliance test devices into a sta- 
termeasures for motor vehicle impact injuries tionary vehicle. The impact simulation blocks 
can best be evaluated through crash testing, are rigidly mounted to a piston which is held 
In general, compliance procedures are de- in place in the cylinder while gas pressure is 
signed to measure the injury mitigating pro- allowed to build to a level that will produce 
perties of motor vehicle components using the desired impact speed. The impact simu- 
human test surrogates. Since these surrogates lator and piston then accelerate rapidly to the 
are designed not to be damaged during the desired impact speed and strike the vehicle 
crash tests but to duplicate human motions, after about 8 inches of free traveI. In- 
estimations of the human inj ury hazard come struments for measuring displacement, veloc- 
from measured motions of the surrogate dur- ity, and acceleration of the impact block are 
ing the test collision, mounted on the cylinder and record the dy- 

For evaluation of pedestrian injury mitigat- namic time history of the entire event. This 
ing characteristics of vehicle frontal struc- device has proven to be a means of simulating 
tures, the pedestrian/motor vehicle collision is pedestrian/motor vehicle collisions that is 
being simulated by accelerating wooden relatively simple, highly repeatable, and flexi- 
blocks representing pedestrian body segments ble with regard to impact speed and a~.gle. 
into a stationary vehicle. Simulations of the 
adult lower leg and child upper torso have Compliance Procedures and Conditions 
been developed. These impact devices have 
contact areas and effective mass properties The current approach to a pedestrian im- 

necessary to simulate the gross rnechanical pact protection rule involves striking the vehi- 

responses of the human body impacting the cle at the bumper and hood edge with the 

vehicle structure, body segment impact simulators. The adult 

The impact simulation devices were devel- 
lower leg simulator will be used for the 

oped by Battelle Columbus Laboratories 
bumper impact and the hood edge will be 

(BCL) under a DOT contract entitled "Com- 
struck with the child upper torso simulator. 

pliance Techniques for Pedestrian Protection: 
The bumper is defined as the forward vehi- 

Feasibility Study," DOT-HS-5-012t8. Sev- cle exterior surface between the heights of 16 

erat other approaches to the problem of 
and 20 inches, above the vehicle resting sur- 

simulating the pedestrian/motor vehicle colli- 
face and extending the entire width of the 

sion event for compliance test purposes were vehicle. 

considered including using full scale anthro- 
The hood edge is defined for the rule as the 

pomorphic dummies, but were discarded as forward exterior surface !ocated between 25 

too complex for compliance test purposes, 
and 35 inches above the vehicle resting sur- 

The feasibility of the segmented body ap- face and less than 18 inches from the vehicle’s 

proach was determined through analysis of most forward point. The hood edge extends 

high speed films of cadaver and dummy im- 
the entire width of the vehicle, excluding the 

pacts, results from pedestrian impact simula- 
head lamps. 

tion computer models, and experimental The lower leg impact simulator is a rec- 

tests. These analyses showed that a given por- tangular wooden block with dimensions of 
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6 x 4 in. and a curved border with a radius of contact with the ground, will remain the 
one in. The weight of the block and acceler- same, and will neither increase or decrease as 
ator piston is approximately 7 pounds, a result of the proposed modifications. 

The child upper torso simulation device has Both experimental and accident data were 
the same geometry as the lower leg simulator used in the analysis. By combining experi- 
with a possible increase in weight of the im- mentally derived effectiveness data with real 
pactor and piston assembly to 10 to 12 world accident data, estimates were made to 
pounds, indicate potential injury reduction that could 

The proposed rule would require one test be anticipated under field exposure condi- 
with the appropriate impactor in each pedes- tions. The experimental injury reduction 

.......... trian protection zone at 25 MPH. The impac- potential is based on the results of both base. 
....... tor will be positioned with its 6-inch surface line and modified vehicle frontal system ira- 

vertical in either test. The direction of travel pacts with anthropomorphic dummies and 
will be parallel to the vehicle’s longitudinal unembalmed cadavers. 
axis for both tests. For the lower leg impact Baseline vehicles were represented by a 1974 
simulation, the impactor trajactory will also Vega, a 1974 Impala, and the modified vehicle 
be parallel to the vehicle’s resting surface. The was a specially built test buck with the 
upper torso impact will be adjusted from the geometric configuration of a full-size produc- 
horizontal plane to achieve tangent contact tion vehicle. The modified vehicle, termed 
between the impactor and vehicle surface, "Concept 3A," is used to represent vehicles 
This adjustment will be limited to a maximum possessing the desired injury mitigating char- 
of 30 degrees. The impact location may be acteristics. The Concept 3A vehicle profile is 
anywhere across the front of the vehicle, shown together with the baseline vehicle pro- 

files in Figure 10. 
Performance Criteria In order to assess the injury reduction 

Velocity and acceleration of the device potential between the baseline and modified 

must be measured and recorded for the time vehicles, various measures of effectiveness 

when the impactor is in contact with the vehi- have been established. The following para- 

cle. The proposed maximum allowable accel- graphs describe these measures of effective- 

eration for the lower leg simulator will be 100 ness. 

G’s and 60 G’s for the child upper torso im- ¯ Reduction in Long-range Low Body Per- 
pact simulator, The maximum rebound veloc- manent Impairment. 
ity of either simulator for the 25 MPH ira- Approximately 50°70 of adult pedestrians 
pacts will be 15 MPH. involved in accidents are injured in frontal 

collisions at speeds less than 25 MPH. Us- 

EVALUATION OF INJURY REDUCTION 
ing experimental data, it was observed that 

EFFECTIVENESS 
the average expected percent lower body 
impairment is approximately 16% for base- 

The objective of an effectiveness analysis is line vehicle impacts, whereas the average 
to assess the injury reduction potential of the expected percent lower body impairment 
proposed pedestrian injury countermeasure, for modified vehicle impacts is approx- 
The primary benefit of this remedy will be to imately 8%. Implementation of the pro- 
reduce injuries to the lower body caused by posed requirement would result in a 50% 
the vehicle front structure. It has been as- reduction of expected lower body impair- 
sumed that the incidence and severity of in- ment. 
juries to other parts of the pedestrian’s body; * Reduction in Lower Body AIS Level, 
that is, injuries caused by contact with parts Approximately 40% of adult pedestrians 
of the vehicle other than the front structure or involved in accidents receive injuries (AIS 
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Figure 10, Baseline and experimental vehicle profiles. 
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1-6) to the lower body from the vehicle modified vehicles to quantify potential in- 
front structure in frontal collisions at jury reductiono 
speeds less than 25 MPH. With present o Injury/Fatality Measure of Effectiveness. 
vehicles, 40-53% of these pedestrians Both adult and child fatality cases are be- 
received an AIS 2-6 injury and 19-27% ing reviewed in detail to estimate the poten- 
received an AIS 3-6 injury. In a totally tial this rulemaking action has in reducing 
modified vehicle fleet, it is predicted that the number of fatalities. This concept is 
the distribution would be such that 19-27% based on the fact that victims receiving 
would receive an AIS 2-6 injury and 2-7% multiple injuries have a higher probability 
would receive an AIS 3-6 injury. Thus, the of becoming a fatality than do single injury 
possibility of receiving an AIS 2-6 injury to victims. If lower body trauma can be 

.......... the lower body is estimated to decrease by eliminated or reduced, the probability of 
50% and the possibility of receiving an AIS becoming a fatality will also be reduced. 
3-6 injury is estimated to decrease by 80%. 

* Reduction in Peak Accelerations to the EFFECT OF PROPOSED RULE ON OTHER 
Chest, Pelvis, and Knees. FEDERAL MOTOR VEHICLE SAFETY 

.......... A third measure of effectiveness is derived STAN DARDS 
.......... by comparing the pedestrian acceleration 

responses when struck by a baseline vehicle Part 581 is the only Federal Motor Vehicle 

to those when he is struck by the modified Safety Standard that has a direct influence on 

vehicle. While the previous two measures of the structures to be regulated by the proposed 

effectiveness are applied only to adults pedestrian impact protection rule. All indica- 

.......... because of the paucity of child accident tions are that the soft-nose concept can meet 

data, this measure of effectiveness can be both the 5 MPH flat frontal barrier and the 

applied to both adults and children. The pendulum impact test requirements. Actual 

limitation of this measure of effectiveness is test will be performed on the LeMans in the 

that it relies on a proxy measure for injury near future. 

......... whose absolute relationship to injury is not The proposed pedestrian requirement may 

.... precisely known. However, a large attenua- have an influence on the vehicle performance 

tion of this measure can be presumed to be in FMVSS 208 test conditions but since all of 

correlated with reduction of injury severity, the original structure behind the present low- 

Based on experimental data from base- speed hydraulic energy absorbers is 

line and modified vehicle tests, the accelera- changed, little, if any, change in the crash- 

tion in the pelvis and leg of all pedestrians worthiness is anticipated. In side impact situa- 

ranges from 50-80%. The children’s chest tions where the modified vehicle is the striking 

area showed a slight reduction in peak ac- vehicle, the hazard to the struck vehicle is ex- 

celeration, pected to remain the same or even possibly 

* Child Head Measure of Effectiveness. improve due to more distributed loading con- 

Approximately 12% of total major in- ditions. 

juries to children (AIS 2-6) were to the 
head. The injuries were caused by the fron- 

SUMMARY AND CONCLUSIONS 
tal structure of the vehicles in collisions at 
speeds less than 25 MPH. For the child Pedestrian impact injuries from motor 
whose head impacts the soft area of the vehicles are a significant safety problem in the 

frontal structure, the predicted injury United States. Research has revealed that: 
should be considerably reduced. Experi- ® Appropriate modifications to the front 
mental data is presently being obtained structure of vehicles would reduce the 
regarding HIC levels for baseline and number and severity of pedestrian injuries. 

737 



EXPERIMENTAL SAFETY VEHICLES 

Simple impact devices can adequately The promulgation of this proposed rulemak, 

simulate local pedestrian-vehicle impacts ing action must proceed according to the laws 

and stimulate, through control of the which govern the operation of the National 

dyr,~rfics of the simple impactor, design of Highway Traffic Safety Administration. This 

veM¢’~� structures having injury mitigating means that all procedures and requirements 
discussed herein are tentative and subject to 

A pr~uction vehicle can be modified using change. They are, however, the best present 

present technology and materials, estimation by the NHTSA of how it will meet 

The ~uired modifications are compatible the need for motor vehicle safety in the 

wigan ~ther existing Federal Motor Vehicle pedestrian area. 

738 



Seminar Six 
Braking, Handling, and Stability 

Mr, Kazuhiko Aoki, Chairman, Japan 

Integral or Combined Braking A BRIEF COMPARISON OF THE 
System for Motorcycles EVOLUTION OF BRAKING SYSTEMS 

ON VEHICLES AND MOTORCYCLES 

SILVIO MANICARDI The Automobile 
Moto Guzzi -- Brembo 

At its birth, towards the end of the last cen- 

ABSTRACT 
tury, the motor car was equipped with an 
altogether primitive braking system. Modern 

In order to avoid any possible wrong friction materials had yet to be found 
maneuver which even the most experienced invented by Herbert Frood in !909, and the 
rider can incur when operating brake con- braking action operated only on the rear 
trois on standard braking (front by hand, rear wheels. 
by pedal) using one’s sensitiveness as to foot This fact, which in our day would seem to 
and hand in a free way, in such a manner that be against the grain of common sense, was 
the right braking power can be shared be- dictated by the belief that braking action on 
tween the two wheels (function of decelera- the front wheels was detrimental to successful 
tion and different conditions of tire-road driving. In any case, given the road conditions 
adhesion), Moto Guzzi and Brembo have of the time, the untarred surfaces and the 
experienced and realized a combined braking slow speeds, this aspect of the matter pre- 
system. This system has a single control device sented no great drawback. 
originating higher decelerations, within the In !903, a patent taken out by J. Van 
limits of tire-road adhesion and with the bike Mooydouk put forward the concept of four- 
tested under different loading conditions, and wheel braking. And, to cite a single case, in 
then suitable to convey the right brake power 1911 Argyll was responsible for a mechanical 
and distribute it properly to each wheel, braking device that functioned diagonally and 

The purpose of the system is to provide was worked by means of a pedat as well as by 
easier action and security of maximum effi- a hand-lever. 
ciency in braking, avoiding front wheel lock- The problem of four-wheel braking was 
ing in every circumstance. This combined simplified with the adoption of a hydraulic 
braking system operates in such a way that the device patented in 1908. But this was not alto- 
rear wheel is always first to reach the adher- gether satisfactory at first owing to the use of 
ence limit, water as the hydraulic fluid. 

This new pedal-controlled braking system Developments in the field proceeded apace, 
does not disregard the standard system, hand- however; so much so that in 1921 the 3-titer 
controlled operating on front wheel, which, in Duesenberg was the first on the race track 
this case, acts as an emergency braking system with hydraulically controlled four-wheel 
only. drumbrakes. 
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The drumbrake went nearly unchanged un- The Motorcycle 

til 1953, when Dunlop equipped Jaguar with 
disc brakes for its run at Le Mans. 

The development of brakes on motor-cycles 

These too worked with hydraulic control on has had a vastly slower evolution. 

all four wheels. Undoubtedly, the debut of As with the motor vehicle, at first the brake 

the disc brake in the Fifties opened the way worked on the rear wheel alone. Only with 

for new technologica! developments in the improved road conditions did the need for 

field of braking equipment, with parallel con- front wheel braking begin to be felt, and start 

tributions from improvements in friction the use of lateral drum braking. 

material and in rubber. But only theintroduc- It was as late as 1935 when BMW first 

tion of safety regulations have made it man- employed the central braking drum; it was 

datory for vehicles on the road to have similar however wire-controlled. 

deceleration values from the braking point of Disc brakes on motor-cycles are a faMy re- 

view. cent innovation. In fact, following some 

indeed, though the most varied type of applications on the race track, only in 1969, 

vehicles, from the utility to the custom-made, with the Honda 750, was it first adopted in 

fill our roads, and even though the cost and assembly line production. 

sophistication of the braking mechanism iHydraulic control was adopted along with 

depends on the class of vehicle, they all share the disc brake. However, braking control is 

points in common: always separated; in other words, a foot pedal 
is employed for the rear wheel, while a hand 

¯ The braking mechanism is controlled by a lever operates the front wheel control. 
single pedal which is invariably worked by It was only in 1975, as the result of a joint 
the right foot. project undertaken by Brembo and Moto 

¯ The brake control activates only the total Guzzi, that a combined control of the front 
braking force--deceleration--of the vehi- and rear braking, known as the "Integral," 
cles and not the sharing-out of braking was adopted in mass production for the very 
forces on the axles, first time. 

o The distribution of the braking forces on In this system, control via the pedal 
the axles is decided in the design stage, on operates on one front brake and on the rear 
taking into consideration the load variation brake, while the hand-worked control 
on the axles, be it static or owing to the operates on the second front brake and is 
dynamic effect of weight transfer. This is employed as an emergency brake or as a cor- 
fixed and cannot be modified by the driver, rection factor in cases of extremely ,violent 

¯ The sharing out of forces in every vehicle is braking. 
so calibrated that with any load varia- It will be clear further on how the integral 
tion--static or dynamic on the axles, and system has been developed with the inc},usion, 
for a given tire/road adherence between in the circuit, of a pressure-limiting valve vis- 
0.15 (snow) and 0.8 (dry, tarred surface), ~-vis the load. This final stage has by now 
the braking action will always be experi- been successfully subjected to all pertinent 
enced first by the front wheels, thus laboratory and road tests, and is ready for 
avoiding the danger of spin. adoption on assembly-line production. 

These specifics are compulsory safety stand- As will have been seen, over the years the 

ards everywhere in the world, and they are braking system of cars has followed a path 

observed by auto makers internationally. It is different from that of the motor-cycle. 

these norms that have enabled the automobile It is our firm belief that these two separate 

to achieve those gains in quality and safety roads--the couple and the separate brakesm 

that it possesses today, have developed more by accident, owing to 
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ease of construction, rather than out of a care- driving conditions--wet surfaces, curves, 
fully thought-out and convinced philosophy, turns, winding roads--adds to general driv- 

There would appear to be no real reason as ing safety. 
to why the two braking units may not be com- 
bined on the motor-cycle, as long as of course Development of the Integral System 

such a link-up is effected keeping in mind the The idea of linking the front and the rear 
correct distribution of the braking forces be- brakes originated in 1973. The initial device, 
tween the front and the rear brakes, which was to have kept costs down to an 

This combination, that is to say integral acceptable level, simply tied in the two brakes 
braking, in our opinion offers various advan- with identical pressure in the two circuits con- 
rages of favor in driving safety, trolled by a pedal pump, and leaving the fixed 
¯ The correct distribution of the braking sharing-out of the braking forces exclusively 

forces between the two separate units--to to the size of the disc and of the calipers. 
be effected by hand and foot is not some- The second, hand-operated front brake was 
thing that comes easily to all drivers. Only to be called into use in case of high decelera- 
the most expert are able to work out this tion, in order to achieve a correct balance be- 
ratio in normal conditions, this being tween the force on the rear and the front 
especially true of panic situations. With the brakes (figures 1 and 2). 
integral system the distribution of the brak- This elementary system suffered from the 
ing forces is automatic and built into the drawback of excessive braking on the front 
system, wheel in cases of low tire-road friction coeffi- 

¯ The rationing-out of the braking forces cients and low decelerations. This in turn led 
with the two separate controls requires a to the development of a pressure limiting 
more intense mental effort than effecting valve for the rear. This system has facilitated 
the operation via the pedal alone. This the use of a particularly efficient rear brake 
quite naturally leads to a gain in greater which was partially excluded in case of high 
driving concentration over extended deceleration; so it was possible to obtain a 
periods, pressure curve--and therefore of the braking 

¯ The right hand is left free to regulate the forces--which invariably guarantees the 
throttle control which, above all in difficult blocking of the rear wheel prior to that of the 
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Figure 1. Distribution of braking force. 
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front one. However, in order to achieve this into different pressures in the front and rear 
with two riders and a considerable quantity of circuits (fig. 4) 

: luggage, it was necessary to size the units so as In this way, as shown in the graph, an opti- 
to provide an excess of rear braking in case of mum distribution of the pressures and the 
high deceleration and driving alone (fig. 3). braking forces is achieved. At this point, the 

.......... As far as safety is concerned, however, the second front brake--which is held in 
modifications and innovations cited above reservewis employed only in case of emer- 
helped overcome the uncertainties and doubts gency if the main unit malfunctions and also 
that the first type of combined system had while maneuvering the bike by hand, when 
created. The relative lack of frontal braking the driver is unable to work the pedal. 

.... regarding the rear was made up for by suita- 
...... bly employing the second, hand-operated THE INTEGRAL BRAKING SYSTEM 

brake on the front wheel. TODAY--THEORETICAL DEVELOPMENT 
This type of mechanism has been available AS WELL AS COMPLIANCE WITH 

on the market till now. Since, however, the T0V NORMS 
philosophy underlying the system runs in 

........... close parallel to the use of brakes on automo, As previously said, the integral braking sys, 
biles, Brembo has developed the third step tem is an industrial reality as it was adopted by 
which is to be considered an important one, in Moto Guzzi in 1975 and, more recently, by 
terms of safety as well. Moto Benelli. 

This refers to the introduction of a limiting In this regard, the TI~/V (the competent in- 
pressure valve sensitive to high load differ- stitute for vehicles homologation in Germany) 

....... ences that are experienced by motor-cycles on proposed a norm for combined or "Integral" 
which the combined weight of the driver and braking systems for motorcycles which people 
the passenger may even exceed the weight of conform to for the verification of above said 
the riderless machine, and in which the center systems but which has not yet become law. 
of gravity has very high position. We are enclosing a draft calculation and 

This system is so set up that the instantane- verifications according to the aforementioned 
ous load reaction is "felt" and transformed norm. 

improving the Stability of a Commercial Vehicle When Braked 

d. W. DAVIS accurate control of braking distribution re, 
Dunlop Limited Engineering Group quired to satisfy braking safety requirements. 

This natural disparity is aggravated by signifi- 

ABSTRACT cant differences between the foundation 
brakes and operating systems of commercial 

It is generally recognized that the risks in- vehicles with respect to cars. 
volved when braking a road vehicle in an Car brakes, whether they be of disc or 
emergency situation are reduced if its braking drum-type, generally have direct fluid pres~ 
system is arranged to lock the front wheels sure actuation of their friction elements. This 
first, and to make best possible use of is not so for commercial vehicles, the braking 
tire/road adhesion before this happens, systems of which employ mechanical linkages 

By virtue of their more constant and lighter and expander mechanisms between fluid pres- 
operational weight conditions, passenger cars sure actuation and foundation brakes. The 
enjoy a natural advantage over commercial control of braking distribution is normally 
vehicles in the difficult problem area of the effected in the fluid pressure stage of a brak- 
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ing system, and this interposition of Should only the front wheels lock, steering 

mechanical devices adds more uncertainty to control is lost, and the vehicle continues in a 

the resultam control capability of a commer- substantially straight line. Yawing may occur 

cial vehicle braking system, if the rear wheels then lock, but without the 

Some o~" the tikely causes of control unpre- violence associated with rear wheel only lock- 

dictability of commercial vehicle braking ing. 

systems are reviewed and related to the ~t is generally recognized that, for the best 
features of the multi-disc brake concept which possible braking stability of a vehicle not 
tend to make the braking problems of the equipped with anti-lock braking, braking 
commercial vehicle more similar to those of distribution between axles should be such that 
cars. These features are direct fluid pressure front wheels lock first. The need for this has 
actuation, giving predictability and low oper- had considerable effect upon vehicle braking 
ational hysteresis: frictional consistency, and safety legislation in many countries. Careful 
the avoidance of heat distortion and poor control of the braking imposed at each axle of 
maintenance problems, together with the a vehicle is essential, and this infers good pre- 
characteristics of disc brakes which have long dictability of brake performance. The consid- 
been enj oyed by cars bur not by commercial erable weight changes experienced by the axles 
vehicles, of commercial vehicles make their problems 

in this respect more acute than are those of 

~NTRODUCTION passenger cars. 

The superiority of the disc brake over the In ~he United Kingdom the policy of "front 
drum brake, in terms of consistency and pre- wheels first to lock" has been pursued from 
dictability of performance, is widely acknowl- the middle !960’s for articulated vehicle: prime 
edged, Passenger car braking systems have movers by means of a voluntary Code of 
t a ken advantage of this for several years, and Practice for Vehicle Braking agreed between 
i~ makes a significant contribution to the Government and the vehicle manufacturers 
stable braking of the modern mass-produced representative body (S.M,M.T.). Government 
car which is now almost taken for granted, support was also given to furtherance of the 

Attempts to apply disc brakes to commer- application of anti-lock braking to the rear 
cial vehicles have hitherto met with very [im- wheets of articulated vehicle prime movers. 
ited success. Possibly this is because they were These actions have reduced the number of 
largely based upon car-type disc brake prac- articulated vehicle "jack-knifing" incidents 
rice adapted to deal with the heavier duty to a very small proportion of total accidents 
requirernem. This presentation suggests that involving this group of goods vehMes on 
the multi-disc concept offers a more promis- British roads. 
ing solution. While anti-lock braking apparently takes 

BRAKING AND DIRECTIONAL STABILITY 
emphasis away from the need for accurate 

The association between wheel locking and 
braking dist ribution, it is obviously most 
effective to use anti-lock system adaptivity to 

loss of directional stability during braking is cope with tire/road adhesion variations. It is 
we!l understood. If the rear wheels of a vehi- inefficient to use a significant part of the sys- 
cle lock while the front wheels are still tern control range to cope with variations in 
rotating there is considerable risk of violent vehicle brake performance. Braking predicta- 
yawing instability.* bility is also important to the more advanced 

methods for providing vehicle braking sta- 
*NOTE: In the case of a vehicle having a multi-axle rear bogie, 

"’rear wheels" means "all of the wheels of the rear bogie." 
bility. 
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CONTROL CRITERIA 

Perhaps the most important criterion of o 
goodness of a road vehicle braking system is < ~ ~ 

the extent to which it makes use of tire/road ’" ~ × 

adhesion before directional control is lost due c, 
to one axle locking. Figures 1 and 2 character- ~ 

istically plot deceleration versus pedal effort 
for the same hypothetical vehicle and road ~ 
surface, but with different distribution of ~ 
braking between the axles. Both cases yield 
approximately the same maximum vehicle ~ 
deceleration, but in Figure 2 the braking dis- 
tribution matches more closely the adhesion 
available at each axle than it does in the case 
of Figure 1. PEDAL EFFORT 

The good matching of braking distribution 
to adhesion available, of Figure 2, gives the 
safer system because the loss of directional Figure 2. Good braking distribution. 

stability occurs at a higher level of braking. 
Furthermore the system will "feel" better to that the front axle is always the first to lock is 

the driver because it has proportional even more so. The closer the locking points 

response over a wider range of braking, come together the greater becomes the risk of 

Caution is necessary, however, when at- locking axles in the wrong order due to toler- 

tempting to closely match braking distribu- ance effects and component deterioration in 

tion to adhesion available at each axle of a service. Consistency and predictability of 

vehicle. To produce a system with the charac- brake performance are important attributes, 
teristics of Figure 2 is difficult; to make it so and are required to remain good through long 

periods of service. 
In considerations of vehicle safety and 

stability the driver’s role is frequently over- 

_o ?~ ~, looked. A heavy goods vehicle which is not 
- 2, under driver control in the directional sense 

,,, ~ ~ represents a serious hazard. The risk involved 
"’ . can be reduced only by the driver’s reaction to 
uJ 
a the situation. Correct response of the brakes 

to his input at the brake pedal is vital. In this 
context it is important to note that "-front 
axle first to lock" expresses only half of the 
requirement. It must be followed by "... and 
last to unlock" if worsening of dangerous 

Instability situations due to drivers’ reactions is to be 
avoided. System hysteresis is an important 
factor. 

PEDAL EFFORT CONVENTIONAL BRAKES 

Almost exclusive use is made of drum 

Figure 1. Poor braking distribution, brakes on heavy goods vehicles, and even 
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though they are of excellent design and con- whether of disc or drum type, or the more 

struction they suffer, due to fundamental usual mixture of both, have no need for 

principies, in terms of predictability of mechanical linkages or expanders in their 

performance with respect to the disc brake, service brake applying systems. Apart from 

Furthermore the fluid actuators are usually brake peda! leverage, all force intensification 

remote from the brake, and operate the brake is normally effected in the hydraulic system. 

shoes through the intermediary of mechanica! The brake actuators are sufficiently compact 

linkages and expander mechanisms, to be built into the structure of the brakes and 

Expander mechanisms are generally of effi- operate directly onto the brake pads or shoes. 

cient design employing rollers on inclined Mechanical linkages and expander devices, 

planes or cams to minimize friction losses, and the particular braking instability prob- 

However they do transmit high forces and can lems for which they were responsible, disap- 

become less predictable in service due to lack peared from car service braking systems about 

of maintenance, wear, corrosion, and inden- 30 years ago. 

tation effects. Also they are usually required THE MULTI-DISC BRAKE 
to have high gain in the velocity ratio sense, 
giving a tendency toward irreversibility with Extensive use is made of the multi-disc prin- 

increased risk of operational hysteresis, and ciple in the braking of aircraft. Figure 3, a 

accentuation of wheel-rotation:based brake radial section through an aircraft brake assem- 

torque fluctuations due to brake drum distor- bly, illustrates the principle. A number of 

tion which may arise in service, rotor plates (three in fig. 3) are interposed be- 

Due to the much lighter duty braking tween a complementary number of stator 

requirements of passenger cars, their brakes, plates. 

Stator plates 

keyed to torque 

tube 

Hydraulic actuator 

Rotor plates 

keyed to wheet 

Figure 3. Section--aircraft multi-disc brake. 
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The rotor plates are keyed to, and rotate with, 

the wheel; the stator plates are keyed to, and 
held stationary by, the non-rotatable torque 
tube. All of the co-operating friction faces of 
the rotor and stator plates are urged into fric- 
tional contact by a common actuating force 
clamping axially across the complete stack of 
plates. The actuating force is provided by a 
number of hydraulic actuators spaced equally 
around the mean diameter of the brake. Only 
one actuator is shown in Figure 3. 

For any disc brake actuated directly by 
fluid pressure, the braking torque, T, applied 
to the associated wheel may be expressed as: 

Figure 4. Multi-disc brake on C.V. axle. 
T = p.A./x roN. 

............ where: p = fluid pressure 
............. A = pressurized actuation area 

available on an air-braked commercial vehicle 

/x = coefficient of friction 
by virtue of the enhanced number (N) of fric- 

r = effective radius of friction faces 
tion faces. For a conventional car disc brake 
N = 2. For the brake illustrated N = 10; this 

N = number of friction faces 
is not a limit. It is a practical number which 

....... Clearly the greater N is made, the lower gives compatibility between the braking re- 
...... becomes the requirement for actuating force quirements of the axle and the air pressure 

(expressed by p x A). Thus the multi-disc source. N of the order of 16 appears quite 
brake concept diminishes the use of space feasible within a typica! commercial vehicle 
(and weight) for load bearing structure and wheel space envelope. 
maximizes the space available for friction Should hydraulic operation be required it is 
elements. These factors, coupled with self- provided for a commercial vehicle in the man- 
contained compactness, make the multi-disc ner described for the aircraft application, with 
brake eminently suitable to aircraft applica- reference to Figure 3, for service braking. 
tions. They are also advantageous to commer- Control of the parking/secondary spring 
cial vehicle usage, brake function by hydraulic means is quite 

Figure 4 illustrates an air-pressure actuated straightforward. 
multi-disc brake adapted to a typical commer- In addition to the direct actuation feature 
cial vehicle drive axle. The slotted drum-like the predictability of performance of a multi, 
member encloses the rotor and stator plates, disc brake is aided further by improved fric- 
and the slots key with the rotor plates. Im, tion consistency. This is due to the averaging 
mediately to the right-rear of the drum-like effect of large numbers. Each stator friction 
member is the actuating mechanism. This face is composed of a number of pad 
comprises an annular actuating diaphragm for elements, giving a total of perhaps 50 to 1~0 
service braking; spring applying means, con- for a brake as illustrated in Figure 4. The pos- 
trolled by another annular air pressure sibility of these not being normally distributed 
diaphragm, for parking/secondary braking within the tolerance range of/x is remote. This 
purposes, and an automatic adjustment argument does not hold good for a convert- 
mechanism which minimizes actuator stroke tional drum or disc brake where the number 
and air consumption, of friction elements is usually two. 

The brake achieves the objective of direct The uniformity of !oading of the friction 
operation by the air pressure source normally elements of the brake, in heat input, force, 
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and torque terms, minimizes the risk ofdistor- bination with sintered metal stator facings, 

tion effects. The chances of premature wheel are currently giving excellent results, but 

locking due to "high-spots" are virtually development is continuing with optimization 

eliminated, targets. The viable exploitation of this brake 

Dynamometer and vehicle testing to date concept to reduce the braking problems of 

supports the response and predictability commercial vehicles is heavily dependent 

claims made in the foregoing text. This was upon the advanced materials technology of 

not unexpected from experience gained in air- the aircraft braking industry. 

craft applications. Current development work 
is centered upon the establishment of friction 
material combinations and design layout to ACKNOWLEDGEMENTS 
best suit the commercial vehicle application. 

The role of the friction materials in a multi, The author expresses his thanks to the 

disc brake is all-important. Both rotor and Directors of Dunlop Ltd., for permission to 

stator elements are required to have good present this paper, and to colleagues in Avia- 

heat-sinking and thermal conductivity proper~ tion and Vehicle Braking Systems Divisions of 
¯ 
ties for efficient heat dissipation from the ceno Dunlop Engineering Group whose efforts 

ter of the stack, Steel rotor plates, in corn- have made it possible. 

Hydro-Air Brake System_ 

FRED W. BOULTON The Hydro-Air system has been a?~plied 

Ley~and Vehicles both to a 16 ton truck and a 38 ton articalated 
tractor. Comparative data for conventional 

ABSTRACT and hydro-air systems confirms that impor- 
tant reductions in application delay and stop- 

Air brake systems with operating pressures ping distance have been achieved on both 
between 6.5 and 8.0 bars are widely used as vehicles. The system for the articulated trac- 
the means of braking heavy buses, trucks and tor is fully compatible with European ,~tand- 
trailers, ards and conforms to the requirements of 

In conventional systems the delay between Directives 71/320/EEC and 75/524/EEC. No 
movement of the contro! and application of change in trailer braking characteristics are 
the wheel brakes is appreciable. This delay ex- associated with the application of Hydro-Air 
tends stopping distances and can make the to the tractor. 
emergency brake performance of buses, 
trucks and trailers incompatible with that of ~NTRODUCT~ON 
passenger cars in dense mixed traffic condi- 
tions. Heavy commercial vehicles require power 

A study by Leyland Vehicles is described in operated brake systems, and compressed air 

which the elements of a conventional air has become the standard method of operation 

brake system are so redisposed in the vehicle for reasons of cost~ reliability, durability and 

as to minimize application delay. Character- performance. 

istics for air flow control valves were deter- Modern air-brake systems have evolved 

mined and a hydrostatic system chosen for the from simple beginnings, and a characteristic 

contro! medium, of air systems in their simplest form is that the 

Brake pedal forces and movements were functions of controlling pressure and delivery 

optimized against targets set by human factor of air to the actuators are combined. Today’s 

considerations, systems have relays added, but the delivery of 
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the control signal to the relay is by air pressure full actuator pressure with pipe lengths 
which is a relatively slow method of delivering reduced to the shortest lengths thought prac- 
energy, tical. 

A typical brake response characteristic is It was calculated that an application time of 
illustrated in Figure 1. 0.48 seconds should be achievable with the 

To increase theaverageretardationwithout pipe lengths chosen compared with 2.3 
lifting the maximum, the slope of the graph seconds measured on the standard vehicle 
must be increased. It is important to realize whose response characteristic is shown in 
that a vertically sloping line represents a sud- Figure 1. To verify the belief that the differ- 
den uncontrolled application, and therefore, ence between theory and practice was caused 
to retain or improve driver control, the hyster- by pipe restrictions, a vehicle was modified to 
esis of the control system must be reduced as use no "Tee Pieces" or "Elbows" in the pipe 
the slope of the graph in Figure 1 is increased, lines and separate relay valves were fitted at 

each wheel actuator. A measured application 
METHODS OF IMPROVING SYSTEM time of 0.45 seconds was achieved, which cor- 
RESPONSE related to the theory. (See fig. 2.) 

Today’s "state of the art" air brake sys- Fitting individual relays was an expensive 
tems have relays to reduce response time. In solution and the elimination of elbows in the 
an attempt to determine the "fastest pipes to and from a cab mounted footbrake 
possible" application time of an air brake valve was found to be impractical, due to the 
system, pipe lengths and diameters were meas- necessary smooth pipe runs being incompati- 
ured on a typical artic tractor and calculations ble with the packaging constraints of produc- 
carried out to determine an optimum time to tion vehicles. 

0.6 

0.51 
vm 

<.- 

m ~ 55 
~ 

- 
L0 uJ / 

0.4g 

0.2 
I 

0.1 

0 I 2 3 4 

TIME -- SECONDS 

Figure 1. Brake response characteristic. 
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Figure 2. Brake application time of modified vehicle. 

Other methods were therefore considered: Separating the Control and Energy Delivery 
Functions of the Air Brake System 

Increasing Air Line Pressure This has the attraction that the energy 

This was found to give only slight improve- storage system and actuators are not affected. 

ment with pressure increased from 8 to 10 A minimum number of components, con- 

bars. As the pressure is increased, the volu- nected with the control function, are changed. 

metric efficiency of the compressor reduces, The conventional footbrake valve and relays 

resulting in increased cost, weight and power are replaced by direct acting relays, placed as 

consumption. This method was therefore close as possible to the brake actuators and 

abandoned, minimizing the distance travelled by the com- 
pressed air in a brake application. 

For ease of packaging, hydraulically trig- 
Power Hydraulic System gered relays were chosen, rather than a 

Adoption of a radically different energy mechanical linkage, and this is the principle of 

delivery medium changes the whole system, the Hydro-Air Brake System. 

affecting all valves and actuators. Coupling of This system achieves the optimum response 

prime movers is made difficult as hydraulic time of the idealized air system first evaluated 

systems are particularly sensitive to leaks and without compromising the packaging of the 

dirt ingress, piping system to the driver’s foot pedal. In 

It was concluded that this method was not practice, small bore, high pressure hydraulic 

suitable for heavy truck models but that brake piping can be used with relatively tight 

power hydraulic brakes could be attractive on bends and packaging problems are largely 

passenger carrying vehicles, eliminated. 
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BRAKE PEDAL CHARACTERISTICS drivers in subjective appraisals has been the 

In conventional air systems, the footbrake improved sensitivity of brake pedal ~t. 
pedal characteristic is determined by the reac- 

SYSTEM DESCRIPTION tion area of the brake valve and the mechani- 
cal linkage employed between brake valve and Let us compare the actuation system of a 

........ pedal. The introduction of a hydraulic link conventional full air system with hydro-air. 
allows smaller reaction areas in the fluid- (See fig. 4.) 
reaction valve, as compared to a conventional The footbrake valve is discarded in favor 
footbrake valve, and the hydraulic circuit of a dual hydraulic master cylinder and the 
dimension can be used to tune the pedal char- relay valves replaced by similar units which 

...... acteristic. Figure 3 illustrates a comparison are hydraulica!ly triggered, 
.......... between the pedal characteristics of the artic- With both systems, it is advantageous to 

ulated vehicle before and after modification place the relay valves as close to the actuators 
to hydro-air, as possible. The improved application time of 

The obvious benefit is the greatly improved the hydro-air system is a result of the use of a 
pedal hysteresis characteristic. On the conven- virtua!ly incompressible fluid and of the 
tional vehicle, the wide hysteresis loop causes signal pressure being independent of supply 
the driver to overbrake within the duration of pressure. 
the brake lag time. When brake application 
occurs, the driver senses the vehicle retarda, 
tion and controls his rate of deceleration by APPLICATION 

....... reducing brake pedal effort. As a result, sud. The hydro-air brake system has been 
..... den, unpremeditated brake applications tend applied to a number of experimental vehicles, 

to be imprecisely controlled, and, to illustrate typical performance advano 
The primary objective of the hydro-air sys- tages, the test results from an articulated vehi* 

tem was to reduce stopping distances, but the cle operating at a Gross Combination Weight 
parameter detected and commented on by all of 31.9 tons have been chosen. 

Figure 3; Pedal characteristics--Leyland marathon, 
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Supply Front Supply Front 

Supply Rear Supply Rear 

Front Rear 

actuators actuators 

CONVENTIONAL FULL AIR HYDRO-AIR 

Figure 4. Comparison of full air and hydr~air systems. 

Tests were carried out to achieve near iden- employed. At high brake line pressures, sig- 

tical maximum retardation figures using the nificantly improved stopping distances are 

vehicle before and after modification and coy- achieved with lower maximum retardations. 

ering a range of actuation pressures. The This has been achieved by improving the 

measured stopping distances were used to application time of the brakes on the prime 

calculate mean retardation which was p!otted mover. 

on the same graph as the maximum retarda- On the test vehicle, the signal to the trailer 

tion figures, brakes was conventional, that is, taken from 

The graph (fig. 5) shows that better mean the actuation side of the prime mover brake 

retardation figures, giving shorter stopping system. The application time of the prime 

distances, have been obtained with littte mover brakes was therefore improved without 

change in the maximum retardation significantly affecting the trailer. If hydraulic 
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Figure 5. Brake performance of Leyland marathon from 40 km/hr, at 31,900 kg. G.T.W. 

signalling had been used, to fluid reaction CONCLUSION 
valves mounted close to the tractor/trailer air Improved stopping distances have been obo 
coupling lines, it is possible that further ira- tained reducing brake application time and 
provements in stopping distances would be this has been achieved with a minima! number 
obtained by speeding up the application of the of new components in the system~ A major 
trailer brakes. It was decided that this should additional benefit is the ability to improve the 
be postponed in favor of investigating any characteristic of the brake pedal when apply- 
instability effects generated by speeding up ing the hydro-air to existing vehicles. 
prime mover brake application independently It has also been demonstrated that mean- 
of the trailer. Several prime movers have now ingful improvements in application time can 
been converted to hydro-air, and many be obtained by careful attention to detail 
thousands of miles of service operation have design of piping components on standard air 
revealed no detrimental instability effects, braked vehicles. 

It is apparent from Figure 6 that brake Rig tests and field trials are progressing on 
release times are improved as well as applica- a variety of vehicle configurations, leading to 
tion times and this contributed to a general better stopping distances and improved con- 
improvement in control, especially in situa- trol of braking performance for the vehicle 
tions involving dense traffic, range of the 1980s. 
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Figure 6. System response--Leyland marathon. 

A Study of the Automatic Braking System 

MASAMI KIYOTO, NORIO FUJIKI, and INTRODUCTION 

TOSHIHISA FUJIWARA Studies of automatic collision avoidance 
Central Engineering Laboratories 
Nissan Motor Co., Ltd. 

systems have been in progress since the early 
1970’s. Especially noteworthy are the series 

AKIRA IWABE 
of investigations and studies which have been 

Communication Equipment Works performed under the sponsorship of the 

Mitsubishi Electric Corporation United States Department of Transportation. 
These efforts have yielded a great deal of in- 
formation and knowledge concerning design 

ABSTRACT philosophy, system requirements and techno- 

This paper describes the results of experi- logical problems. They have enabled many 

ments of a target discrimination study people to seriously discuss the actual realiza- 

employing road tests using a short pulse tion of an automatic collision avoidance 

modulation microwave radar with a micro- system. These studies have shown that radar 

processor-based electronic circuitry. A sensor malfunctions which are caused by non- 

restricted radar detection range, in accord- hazardous objects on the shoulder of the road 

ance with steering angle data, was found to be are one of the basic problems, and that a 

effective in reducing non-hazardous target restricted radar detection range on curved 

detection. However, technological problems roads might prove to be an effective solution 

in the development of an automatic braking to this problem. In fact, many companies 

system still remain, have adopted this technique in their collision 
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avoidance systems which are currently in the continuous waves are transmitted to the mixer 
process of being developed, as local oscillator signals. Received echo 

pulses, which were delayed by the time 

PULSE-DOPPLER RADAR SYSTEM required to go and return from the target, are 
sent to the mixer where detected by super het- 

Table 1 shows the characteristics of the 
radar system which has been developed and 

erodyne and converted to intermediate fre, 

tested as an automatic collision prevention 
quency (IF)pulses of 160 MHz. 

sensor. A basic diagram of the system is 
shown in Figure 1. Receiver Unit 

The receiver unit measures the distance to 
Microwave Unit the target using the delay time of the echo 

The output of the 24 GHz Gunn oscillator pulse and measures the vehicle’s relative 

consists of a continuous wave, and the fre- velocity with respect to the target using the 

quency of the oscillator is periodically con- phase of IF pulses. 

trolled by varactor tuning for the short inter- The phase of the local oscillator signal is 

val of 20 ns. The controlled frequency is always controlled by the phase of the carrier 

shifted 160 MHz from the original frequency, wave of the transmitted pulse, so that the 

and this shifted output is transmitted to the phase of the IF pulse is determined by the 

antenna in pulses of 20 ns. The remaining delay time of the echo pulse. In accordance 

...... Table 1. Characteristics of radar system. 

Item Description 

(1) Type of Radar Pulse Doppler Radar 

(2) Operational Characteristics 
Range 5 m - 100 m 
Distance Measurement Accuracy 3 m 
Relative Speed Meas. Range 3 km/h - 128 km/h 
Relative Speed Meas. Accuracy 1 km/h 

(3) Antenna 
Type Parabolic (Single) 

Beam Width (Horizontal & Vertical) 4° 

(4) Microwave Unit 
Oscillator Gunn Diode 
Frequency 24 GHz 
Pulse Width 20 ns 
Peak Power 20 mW 

Detection Super Heterodyne 

(5) Signal Processor Unit 
Calculation Cycle Time 45 ms 
Input Signal Other Than Radar Data Maximum Deceleration 

Steering Wheel Angle 
Carrier Vehicle Velocity 
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Maximum 
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1 ! 
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~ 
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Micr°wave’lj~-~[Receiver~unit                   unit processorSignallunit 
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f 

Brake 

~ command 

Power 
supply 

Display 
~ 

unit 
unit 

Alarm 

Figure !. System block diagram. 

with this principle, the doppler frequency is width is controlled in accordance with vehicle 
obtained by sensing the polar-range measure- ve!ocity and steering wheel angle. 

ments of the pulse radar and accurate velocity Radar Configuration 
measurements of the doppler radar are 
achieved using the high sensitivity of super Figure 4 depicts the radar configuration. 

heterodyne. A Gunn Oscillator is used as a The antenna and microwave unit assembly are 

transmitting power source and a !ocal oscil- mounted in an opening which has been cut in 

lator. Figure 2 shows the waveforms of each the center of the front grill, as shown in 

circuit in the microwave unit, and Figure 3 Figure 5. The parabolic reflector consists of 

shows the polarity change of the IF pulse, formed parallel plates spaced closer than one. 
half wavelength. This reflector helps to avoid 

Signal Processor Unit the air flow blockage to the radiator. 

The signal processor unit uses a micro com- BASIC METHODS FOR DETECTING 
purer to calculate a safe distance from the DANGER 
preceding vehicle by utilizing relative velocity 
measured by radar and carrier vehicle velocity Determining a Safe Distance 
derived from the speedometer. When the 
measured distance becomes shorter than the A proper and safe distance between the 

calculated safe distance, an alarm signal is leading vehicle and the following vehicle can 

generated and the LED (Light Emitting be calculated in several different ways. A 

Diode) and buzzer are activated. The alarm typical method is given in the following exam- 

signal is also used as a command signal for ple. 

automatic braking. A range gate is provided 
within the signal processing in order to Rs = Vr(2Va - Vr) + Vatd + K (1) 
eliminate um~ecessary target echo. The gate ¯ 2 o~ 
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Frequency controt signal 

Oscillator output 

Local oscillator signal~ 

Received signal 

Mixer output (IF pulse) 

Figure 2. Waveforms of each circuit of microwave unit. 

Gnd,..-~ 

10 ns!diw 

(a) IF pulse (start at positive polarity) (top) and Doppler       (b) IF pulse (start at negative polarity) (top) and Doppler 

detector output (high) (bottom)                              detector output (low} (bottom) 

Figure 3. Polarity change of IF pulse. 

Where Rs = Safe interval                            Va = Following    (radar- 
Vr = Relative velocity of                     equipped) vehicle veloc- 

leading vehicle as deter- ity 
mined by radar c~ = Deceleration 
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Rs,, = t + Vrtd + K (3) 
2o~ 

Antenna 

In the case of each of the Equations (1) to 

(3), driver reaction time td is necessary for the 

Microwave radar system to function as a warning system 
u<t that notifies the driver when the brakes 

should be applied by the driver of the follow- 
ing vehicle. When an automatic braking 

Signal Receiver unit system is available which combines the radar 
.__ ............... processor unit 

Figure 4. Radar configuration, sensor and the braking system, the reaction 
time of mechanical modulator is considered to 
be negligible. 

Figures 6 and 7 indicate the safe distance in 
relation to the velocity of the radar-equipped 
vehicle. 

120 ...................................... 

Figure& Microwave unit and antenna g t! 
mounted on a test vehicle. 5 4o~ ...... 

td = Driver reaction time ~ J 
K = Remaining interval m 20 

Equation (1} assumes that both the leading 0 2o 4o 6o 8o mo ~2o ~4o 
and fotIowing vehicles come to a stop at I VEHICLE VELOCITY: Va(km/h} 
deceleratio~ ~. 

If the leading vehicle comes to a sudden Figure 6. Safe distance vs velocity (1). 
stop because of a collision with another vehi- 
de which had come to a standstill in front of 
it, R is no lor~ger a safe distance for the fol, 
towing vehicle, and a multiple vehicle collision 

g m0 ..... 
is inevitable. To prevent such a pile up, the z Rs’ = 

safe distance between the leading and follow- ~ ~0 .................. ~- 
ing vehicles should be expanded as follows: ~ td = ~ sec 

~ ~ =0.4g ~ =0 

However, when the leading vehicle does not ~ 
change its velocity and the following vehicle is g 20 

approaching the leading vehicle at a higher 
speed, a rear end collision can be avoided onty 2o 40 60 8o lO0 12o 14o 
by decelerating [o the same velocity as that of VEHICLE VELOCITY: Va (km/h) 
the leading vehicle. 1n this situation, the safe 
distance ca[~ be shortened as follows: Figure 7. Safe distance vs velocity (2). 
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Range Limit on Curves 
S : ~+-- + 27- + Arz 

Figure 8 illustrates in simple terms the per- 
formance of the radar-equipped vehicle on 
curves. The radar beam reaches to the outside 1 
edge of the lane at a distance of S. Guard ~~    +,,, (4) 

rails, sign posts or other objects might exist on 
the edge of the lane. Where S = Limited radar range 

Limiting the range of radar detection on l = Wheelbase 
curves to a shorter distance than S could be ~3 = Steering angle of road 
effective in preventing the detection of such wheels 
objects along the roadside, S can be expressed ar = One-half of lane width 
in the following equation. OB = Radar beam width 

OB 

Centerline of vehicle 

Tangent of lane 

centerline 

-- Radius of curvature 

Figure 8. Radar range on curve. 
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The steering angle of the road wheels is information, a system for road tests and data 

determined by the steering wheel angle. Fiaure analysis was utilized, as shown in Figure 10. 

9 sl~ows the relation between S and the steer- The apparatus which was mounted on the 

ing wheel angle. It is assumed here that the vehicle for the purpose of data acquisition is 

vehicle is negotiating the curve while in the indicated at the left in Figure 10. The 

center of the lane, the width of which is 3.5 magnetic tape recorder (data recorder) 

meters, records the range and relative velocity of the 
signals measured by the radar, as well as con- 

APPARATUS FOR EXPERIMENTS ditions such as vehicle velocity and steering 
wheel angle, in addition to the warning signal 

In order to develop a signal processing pro- derived from the micro computer. 
gram for danger detection by utilizing radar The video tape recorder (VTR) records the 

roadscape in front of the test vehicle, working 
in combination with the A-scope on the high- 

80 1 I 
~ speed oscilloscope. 

’ ar = ~,75 m The data recorder and VTR are played back Play 

~ ~ 
60- in m , -- in synchronization at the laboratory and all 

Z ¢,~ steer- data is processed and analyzed in the hybrid 
~: ~, 40 ...-_i - 

computer. 

~ ~ The laboratory data analysis system is 

~: z_ 20 -- - - shown at the right in Figure 10. The hybrid 
~ computer evaluates whether or not the micro 

0    2    4    6 8 ]0 i2 
computer’s calculation results regarding the 
vehicle are appropriate for the traffic condi- 

STEERING WHEEL ANGLE (deg) tions at the time of the te;t. In addition, many 
other modified or improved calculation pro- 

Figure 9. Radar range vs steering wheel angle, grams are easily evaluated on the hybrid com- 

Hybrid 

computer 

(EAI 690) 

recorder 

(8 ch) 

Vehicle velocity -- ~.~ 

(Data aquisition) (Data analysis) 

Figure 10. Road test and data analysis system. 
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puter in conjunction with the output of the 

data recorder. 

ROAD TESTS 

Observation of Radar Echoes 

Figures 11 through 13 are examples of how 
the radar A-scope functions in relation to the 
roadscape of a Japanese highway. The hori- 
zontal axis of the A-scope corresponds to the 
distance from the front end of the test vehicle, 
and the scale is 15 meters per division. 

Figure 11 depicts a straight road where no 
radar echo is detected because the radar beam 

Figure 13. Reflection echoes on curve (2), 

width has been set properly in order to avoid 
detecting a big truck in the. neighboring lane. 

information, a system for road tests and data 

APPARATUS FOR EXPERIMENTS analysis was utilized, as shown in Figure 10, 

In order to develop a signal processing pro- 
Figures 12 and 13 relate to the situation 

gram for danger detection by utilizing radar 
when the test vehicle is being driven on a 
curved roadi Many echoes are being reflected 
from the guard rail posts or roadside plants. 
The problem of preventing these radar echoes 
on curves is the most important concern in the 
development of signa! processing methods. 

The Effect of Range Limits 

Road tests have been conducted on several 
Japanese highways in order to compare the 
effectiveness of each method described 
previously. A section of the road 100 km long 
which included many curves was selected for 
each driving test in order to expose the radar 

Figure 11. Roadscape on straight road. to severe conditions where many roadside 
objects were encountered. 

Figures 14 and 15 show the number of false 
alarms generated during the road test. The 
deceleration c~ was set by manual selector 
switch on the signal processor unit. One sec- 
ond was used in the calculation as the driver 
reaction time tdo 

The range limit imposed by the steering 
wheel angle was effective in reducing the false 
alarms caused by non-hazardous objects but 
further improvement is needed when the 
driver reaction time td is taken into account. 
However, the tests were conducted or~ the 

Figure 12. Reflection echoes on curve (1). roads where curves existed one after the 
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the braking system is shown in Figure 16. The 
6~ 

m 
command signal which activates the brake is 

/54- 
=~ ~ derived from the signal processor of the radar 

~3~-:V-~ "~ -- . ~ in accordance with the following equation: 

)" ~> Rs’’ =    + K (5) 
-10v..8 _~~~ ~ >~ 2d 

~>~ ~ Each symbol is the same as those in equa- 
~--[Vr{2Va - Vr)/20~] - S 

/fl4to ~ IK 

tion (2). Firm application of brakes in gradu- 
~ .s g\ ~-~0.7 g ated stages occurs automatically when the 

~ = o. g ~ 20.6 g command signal is generated. The tests were 
- ° conducted on the proving grounds of Nissan 

Figure 14. Number of false alarms on high- with the objective of combining the operation 
way A. of the radar and the brake into the system. 

The test vehicle was repeatedly driven 
straight toward a lightweight standing metal 
pole as shown in Figure 17. The correct timing 
of the application of the brake to avoid colli- 
sion has been calculated consistently through- 

~ ~ + 
out these tests, even where closing speeds and 

~ ~ ~ ~o road surface conditions were significantly 

~--]’.’ I ~ >~ ~ ~ " varied. Nevertheless rare instances of minor 

.... ~ I ] >~ ’~ >~ ~ collisions with the pole were caused by a fluc- 

’~2--~~ > ’ ,~ tuation of the road surface friction coefficient 
which still remains despite careful adjust- 

_        ~_ ~       ments having been performed on the micro 

//4~/1 ~. ~ 
- computer program and hydraulic circuits of 

= 0.5 g \ ot = 0.7 g the brake. 
o~ = o.4 g c~ - 0,6 ~ It was discovered that the accomplishing of 

automatic braking is not that easy even under 

Figure 15. Number of false alarms on Ngn- uncomplicated and favorable conditions such 
way B. as those on the proving grounds. 

other, and all alarms were counted regardless 
of t heir duration. 

In fact, the frequency of false alarms is CONSIDERATIONS 

rnuch lower on a typical highway, thereby 
achieving accurate performance of the warn- * These road tests have revealed that a warn- 
ing system. It is anticipated that improve- ing system for collision avoidance is within 
ments in the danger decision program will reach of the development. 
result in the perfection of the warning system. 
Still problems remain to be corrected in the ® The correct safe space interval for actual 

automatic braking system so that it will no driving is not easily determined. Other vehi- 

longer be affected by any false targets, cles would cut into the lane when the test 
vehicle was being driven with a sufficient 

PRELIMINARY EXPERIMENTS ON interval being maintained to avoid colli- 
AUTOMATIC BRAKING SYSTEM sion. Although the interval derived from a 

The radar set was combined with the brak- particular equation of vehicular motion 

ing system of t he vehicle. A block diagram of while it is standardized, it cannot be used to 
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Brake 
Master command 
cylinder Solenoid 

/ 

Brake 
controller 

Brake 
pedal 

’ 
~I- 

-ur~itAntiskid ~ ~C°nnect°r q ~~ 

~ 
cylinder 

Figure 16. Block diagram of braking system. 

handle all situations, r~o marker how varied° 
Several algorithms should be used to prop- 
erly determine the safe space intervals 
which are needed to cope with potential 
traffic conditions. 

¯ Range restriction is effective in eliminating 

unnecessary echoes caused by non-hazard- 
ous objects. However, it presents the possi- 
bility that it could fail to avoid collision 
with hazardous objects as a result of inade- 
quate response rime after the objec~ has 
been detected. The function of the radar° 

Figure !7. Automatic braking test with metal where the detection range is restricted, is 

pole target, limited to collision mitigation. 
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In an automatic braking system, full appli- ACKNOWLEDGEMENTS 
cation of the brake in graduated stages in- 
volves a simple mechanism, and the proba- 

This study was financially supported in part 

bility of a malfunction caused by striking 
by the Ministry of International Trade & In- 

the wrong target is minimized because the 
dustryo 

time of decision making is delayed until the 

last moment. However, a sudden and firm 
braking could present problems to a vehicle REFERENCES 
which is following the radar-equipped vehi- 
cle. t.R.A. Chandler, L. E. Wood, and L. A. 

A gradual application of brake in pro- Jacobson, "Analysis of Problems in the 

portion to the degree of danger is consid- Application of Radar Sensors to Automo- 

ered preferable so long as the malfunction tive Collision Prevention." DOT Report 

requires at most only moderate braking. No. DOT-HS-801-452. 

It is extremely important to determine the 2. R. E. Wong, "Collision Avoidance Radar 

price that customers are willing to pay for Braking Systems Investigation--Phase II 

collision avoidance or mitigation systems. Study Volume II." DOT Report No. 

However, for the present, the perfection of DOT-HS-820-020. 

the operation of the system is more impor- 3. Tetsuo Tamama, Akira Iwabe, Kazuhiro 
rant than its cost. In any event, significant Ban, et al, "Radar Sensor for Automotive 

efforts must be made to reduce the cost of Collision Prevention." 1978 IEEE MTT-S 

the system in order to attain acceptance by International Microwave Symposium 

our customers. Digest pp. 168-170. 

Radar-Controlled Functions in the U.S. Research Safety Vehicle, 

E. BELOHOUBEK, J. RISKO, M. ILOVtCH, the radar processing hardware and associated 

W. LILE, J. ROSEN, R. MARX, and computer algorithm for this function is per- 

G. McDERMO’rT formed with the help of tape recordings of a 
F1CA Laboratories large number of different road, traffic, and 

weather conditions. Separate road tests are 

ABSTRACT used to demonstrate the reaction time of the 

This paper describes the radar, related sub- system in a simulated collision with an 

systems used in the high-technology version of 
expendable target. 

The headway control system, interfaced 
the Research Safety Vehicle, developed under with the throttle of the car, permits the keep- 
DOT sponsorship. Minicars, Inc., is the prime ing of a safe distance behind the lead car, bas- 
contractor on this program with RCA being ed on the radar’s range and range-rate inputs. 
responsible for the radar, sensor and display A warning message appears on the electronic 
subsystems of the RSV. An FM/CW radar, display if the actual distance becomes less 
interfaced with a microcomputer, is used to than the safe limit. 
provide: 1) collision-mitigation braking, 2) 
automatic safe headway control, and 3) INTRODUCTION 
driving-related warning messages. 

The collision-mitigation function of the Improved safety and improved fuel econ- 

RSV involves the application of antiskid omy, compatible with low exhaust emission, 

brakes under conditions where, based on are key requirements for future cars. In the 
radar and other sensor inputs, it is certain that program, sponsored by NHTSA of the 
a collision will take place. The optimization of Department of Transportation to develop the 
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Research Safety Vehicle (RSV) for the time where a collision is unavoidable. This does 
frame around 1985, these goals are addressed not exclude the use of the radar for warning 
in a variety of ways. RCA, as subcontractor purposes over a longer range; the latter sub- 
to Minicars in the RSV program, is responsi- ject, however, is being covered extensively by 
ble for the electronic portion of this effort, the German radar development efforts and is 

...... The present paper describes the application of 
not addressed here. 

radar technology to improve the safety, fuel 
Whereas the collision-mitigation function 

economy, and convenience of future cars. 
mentioned above is tailored mainly to safety 

The use of radars for long-range warning is 
aspects of the car, the automatic headway 

being explored extensively in Germany by 
several companies (see references 1, 2, and 3) control could offer substantial savings in fue! 

under Government sponsorship; Another ef- economy and increase the throughput on 

fort involving the use of radars for precolli2 high-density highways. Since the collision- 

sion airbag deployment has been underway in mitigation function of the radar would not be 

Japan.4 The type of radar described in this used by the average driver so long as he is not 
paper addresses two other possible applica- involved in an accident, the simultaneous use 
tions to the automotive environment. One is of the radar for fuel economy purposes and 

......... collision mitigation, which involves the appli- driver convenience is expected to lend a strong 
cation of antiskid brakes under conditions sales appeal to the inclusion of a radar in 
where a collision is unavoidable; the other is a future cars. 
radar-monitored cruise control that keeps the During Phase II of DOT’s RSV program, 
vehicles automatically at a safe distance. RCA developed a microprocessor-controlled 

The efforts in Germany are geared mainly X-band radar5 that showed substantial prom. 
to warning the driver of impending dangerous ise with respect to the two above-mentioned 
situations and leave the decision to react to functions. This work included also a micro- 
this warning to the driver. Because of the computer-controlled display system that pro- 
relatively long reaction time of the driver (be- vides driving-related operation and safety 
tween 0.6 to 1 s), the warning has to be based information in alphanumeric form with both 
on tong-range information (typically 100 to digital and analog readouts. During initial 
150 m) at the high speeds prevalent on many road tests, it became soon apparent that due 
of Europe’s expressways, to the very complex and diversified nature of 

The situation in the United States; having a the road and traffic environment, a more 
maximum speed limit of 90 km/h [55 miles/ rigorous approach to the optimization of the 
per/hour (mph)] throughout, is substantially radar system must be taken to ensure proper 
different. Here we try to effect a societal say- operation and elimination of practically all 
ings by mitigation of an inevitable collision, false alarms under a variety of driving condi- 
The key considerations are elimination of atl tions. 
false alarms and automatic application of Phase HI of DOT’s program, presently 
antiskid brakes under conditions where, due underway, is therefore devoted to the tape 

to human error or mechanical failure, a colli, recording of a variety of road, traffic, and 
sion is definitely unavoidable. This limits the weather situations to permit a more systern~ 
action range of the radar to 25 to 30 m atic optimization of the radar processing 
because, for longer distances, the oppor- hardware and the associated computer algo, 
tunities for false alarms are increasing rapidly rithm. In addition, we proceeded from initial 
and, more importantly, a skilled driver headway control experiments that provided 
possibly could stilt perform an avoidance only speed-up or slow-down messages on a 
maneuver which could be hampered by the display to a dosed-loop system with the throt~ 
application of antiskid brakes, the tle of the car tied to the radar system for truly 
emphasis is on an automatic reaction onty autocratic headway co~troL 
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A photograph of Minicars’ high-technology 
version of the RSV is shown in Figure 1. The 
radar is located under the hood of the car. 
Early versions of the radar used the standard 
X-band frequency (10.575 GHz). The need 
for a sharper, well-defined beam and reason- 
able antenna size led to the development of a 
Ku-band radar during the current phase of the 
program. A block diagram, showing the 
various electronic functions of the RSV, is 
given in Figure 2. 

At present, separate microprocessors are 
used for the collision-mitigation system 
(CMS), the headway control, the display, the 

Fi§ure !. Minicars’ research safety vehicle. 

antiskid system*, and the automatic gear shift of the car. The latter function, being 

*~, commercially available antiskid system is expected to be 
developed under subcontract to Minicars by 

used in the RSV. Dubner Computer Systems Inc., is important 

Steering 
angle 

Tra nsmit 

___~_J c.o!.lisi~n ~- antiskid Brakes 

proce~, brakes 

Receive 

Se,    /1 

~ ~ 

~ Clutch 

~ ~P ~ Throttle 

Figure 2. 8lock diagram of electronics in RSV. 
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for improved fuel economy and interfaces Ku-Band FM/CW Radar Design 

directly with the commands from the The Ku-band radar uses two antennas (one 
automatic radar headway control. Later vet- for transmit and one for receive) in bistatic, 
sions of the RSV could possibly use only two homodyne operation. The bistatic arrange- 
or three microprocessors, whereby either one ment, although costlier, provides more sensi- 
could perform certain vital functions in case tivity and is less affected by antenna mis- 
of failure of the others to preserve a limp- matches that are generally associated with 
home ability. Questions of time sharing be- adverse weather conditions such as heavy rain 
tween microprocessors and interleaving of or dust and snow accumulation on the radar 
programs have not been addressed so far, radome. 

.... A block diagram of the CW/FM radar is 
..... RADAR AND RADAR/COMPUTER shown in Figure 3. The oscillator uses a 

INTERFACE triangular FM modulation with a deviation of 

The radar design reflects the need for a + 50 MHz and a repetition rate of 1 kHz, the 

sharp, well-defined beam while keeping latter being controlled by the microprocessor 

development costs at a minimum. The pres- to ensure proper timing of the computer func- 

ently used frequency of 17.5 GHz represents a tions. The output from the mixer is preampli- 

compromise between having on the one hand fled and shaped to provide a relatively fiat 

a narrow antenna beam and, on the other output independent of range. A postamplifier 

hand, still using readily available state-of-the- with sharp roll-off is used to limit the range 

art components at a frequency low enough to for CMS operation. The actual range and 

avoid difficulties from heavy rain or snow, as range-rate processing takes place in the radar 

these would otherwise require extra signa! card, described in more detail later. 
processing with a series of range bins. From a The antenna, shown in Figure 4, consists of 

long-range point of view, it is likely that the printed X/4 dipoles on both sides of a thin 

frequency of the radar will move higher, dielectric sheet in a housing whose back wall 

leading to lower-cost and smaller-sized anten- acts as a reflector. The antenna uses 512 
.... nas, while improving the signal returns from elements and measures 34 cm x 19.5 cm. The 

small targets, as wel! as further reducing current excitation of individual elements is 

multipath interference, tapered to decrease the side !obe levels. 

~ +50 MHz 
17.5 GHz 

-50 MHz 

Balanced 

G ~~,. G ~’~..4~ 

mixer f f 

( ~ ~ processor Signal 
Receive "~ ~ 
antenna 

Preamp Post amp 

Figure 3. Block diagram of Ku-band FM/CW radar. 
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Figure 4. Printed circuit Ku-band antenna. 

Typical antenna patterns measured in an 
anechoic chamber are shown in Figures 5 (a) ~c .... 

-210 ....... ’ ’ -60 -40 0 +20 +40 +60 

and 5 (b). The horizontal beamwidth is 3° 
DEGREES (Elevation) 

with side lobe levels 22 dB below" the main 
lobe. A similar pattern exists for the vertical 
beam shape. Because of the lower number of Figure 5(b). Ku-band antenna pattern (vertical). 
dipoles in vertical direction, the beamwidth is 

somewhat broader (5°) and the side lobe level 
oF ’ ~~ ..... ~ close by is only 18 dB below the main beam. 

Even higher side lobes exist at approximately 
45°; in practice, however, this did not appear 
to cause any difficulties. 

A photograph of the bistatic antenna 
-2o~ ~ assembly, which includes the RF sections 

~ mounted on the back of the antenna hous- 
ings, is shown in Figure 6. The complete 

-ao 

}tiil 
!l assembly is located in the nose section of the 

!~ 
RSV under a radome. Figure 7 shows a cross 
section of the front of the RSV and the loca- 
tion of the antenna above the air intake chan, 
nel. No special effort was devoted to the 

-5o development of a compensated, rigid radome 

~ structure. Instead, a lightweight, low-density 
foam is used in front of the antenna that is 

-60 *--~-~- shaped to the contour of the car hood and 
-60 -40 -20    0 +20 +40 +60 

covered by an expanded polyethylene sheet. 
DEGREES (azimuth) This construction provides minimal interfer, 

ence with the antenna beam, is easily im- 

Figure 5(a). Ku-gand antenna pattern (horb plemented, and is sufficient for present exper- 
zontal), imenta] purposes. 
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Figure 6. Front and back of bistatic Ku-band antenna assembly with RF part of radar. 

NOSE CONFIGURATION OF RSV 

Plastic body 
glove 

Radar symmetric to 

centerline of RSV 

Radome                                        1 

(part of air scoop) 

Trunk 

Air flow for 

engine cooling 

Foam 

bumper R adiator 

RF absorption material 

Ground 

Figure 7. Cross section of RSV showing location of radar. 
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A ser~es of detection area pattern measure- 
ments was taken with various antenna config- 
urations. The return signal strength was 
measured [or this purpose on a spectrum 
analyzer, connected to the radar IF output 
with a t0-m2 corner reflector target moved so "- 
along different axial and transverse posMons -40 

with respec~ to the radar beam axis. Typical 
70 

contours of constant reflected power for the 
original X-band radar are shown in Figure 8. 
This antenna had a gain of 25 dB and a hori- e0 

zontal beamwidth of 5°. The beam pattern 
--40 dB 

for ~his antenna is rather wide and shows a                          50 
strong multipath minimum at approximately 
35 m. The latter represents no problem for 
CMS operation because the maximum range 
is limited to below 30 m; it does. however. 
cause severe signal dropouts in the headway 
control mode where targets have to be tracked                                     - 30 dB 
OUt tO 45-50 m to ensure smooth operation. 

Similar pattern measurements performed 
on the new Ku-bax~d radar (30 dB gain, 3° 
beamwidth) are illustrated in Figure 9. The 

Lo- 2’.o a’.o 
Lef~ (m} Right (m) 

Figure 9. Sensitivity pattern of Ku-band radar. 

// -60db / 

T 8o ~/~"I               multipath minimum has been shifted out to 

[ 
~,!70-> , 

approximately 60 m and a better-defined, nar- 

k\ ~55d i 6 ~.~_.~ ~"’~m 

rower detection area has been achieved. The 
o } patterns are measured at the output of the IF 

~! /./i/// 

preamplifier which includes some roll-offat 

~..\\\\ 
_ 5o the higher frequencies. This decreases the sen- 

",.-,/..-~’.~,,~ 

sitivity at larger distances and reduces the 
possibility for false alarms. At the same time, 
the Ku-band radar offers about 20 dB better 
sensitivity in the range up to 50 m than does 
the X-band radar. For CMS operation, the 
gain is further rolled off sharply in a post- 

50, amplifier with the result shown in Figure 10. 

........ .~__ .                 The sensitivity is plotted here only along the 
3.0 2.0 ~.0 0.5 0.5 ~.0 2.0--~0         center line of the radar beam. The roll-off 
LEFT {rnl ~ ~ RIGHT (m} strongly decreases al! returns further out than 

40 m and, thus, reduces multiple target inter- 
Figure 8. Sensitivity pattern of X-band radar ference from large objects at long distances. 
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range-rate, 15,, data which then are used in the 
+10 ’ ’ , , appropriate algorithms for collision mitiga- 

tion and headway control. The FM/CW radar 
~ 0 uses standard triangular frequency moduta’ 

~ tion at a 1-kHz modulation rate. To keep 

m> -10 complexity and cost down, no multiple target 
-~ discrimination with range bins is included in 
_J 

< the signal processor. The system is, however, 
z -20 
~ | capable of determining both range and range- 
~ 

I 

rate independently of each other in a very 
> -30 V- short time, which is essential for collision 

......... - mitigation braking. 
cc 

-40) The basic block diagram of the signal proc- 
essor is shown in Figure 11. The 1-kHz modu, 

-5Oo    1; 2*0 30’ 40’ 50 
lation frequency in the form of a separate 
square wave is applied to three locations: the 

RANGE (m) ~ radar, the blanking pulse generator, and the 
status transmission gate. The 1-kHz square 
wave is converted in the radar to the tri, 

Figure 10. On-axis sensitivity of Ku-band radar angular wave, shown in Figure 12 (b), which 
with gain rolled off for CMS opera- 
tion. 

provides the frequency modulation for the 
homodyne oscillator. The blanking pulse 
generator, which is also triggered by the 

The general performance data of the Ku- 1-kHz signal, generates blanking pulses 
band radar are summarized below: (Figure 12 (c)) that at each of the turn-around 

points of the triangular modulation sup~ 
Frequency 17.5 GHz presses transients and phase discontinuities in 

.... Power Output 20 mW the IF signal. The final function of the l-kHz 
Frequency Deviation _+ 50 MHz signal is the timing of the calculation process 
Modulation Rate 1 kHz in the microprocessor through the status 
Beamwidth Horizontal 3° transmission gate. 
Beamwidth Vertical 5° The beat frequency, or IF, obtained from 
Antenna Gain 30 dB the radar section has the form shown in 
Bistatic Antenna Assem- 77 cm x 20.5 Figure 12 (d). The range is proportional to the 

bly Size cm x 2.5 arithmetic sum of the beat frequencies during 
cm the up and down swing of the modulation.6 

Range 6-to 30-m Range-rate can be obtained by either differen- 
Collision dating range in time or taking the difference 
Mitigation between the beat frequencies during the up 

6-to 50-m and down swing.6 To determine these beat 
Headway frequencies, the IF is first passed through a 
Control threshold circuit that flags the microprocessor 

Range-Rate 0 to 60 m/s if the measurement becomes inaccurate due to 

Signal Processor 
a low signal level, a multipath signal drop out, 
or strong multiple-target beating effects. The 

As shown in Figure 2, the IF signal from the signal is then fed to a trigger generator, which 
radar unit is fed to a signal processor that con- converts the beat frequency into narrow trig- 
verts the IF to independent range, R and ger pulses corresponding to transitions or 
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Figure 12. Wave shapes ~n radar signal processor. 
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threshold crossings, as shown in Figure 12 (e)~ and PROM chips, are mounted on standard 
The resulting signal is a train of pulses whose 11.5-cm x 16.5-cm cards and located in a card 
frequency is a function of both range and cage that also contains the necessary I/O cir- 
range-rate, cuits. Figure 13 shows the card cage that com- 

The trigger pulse train is leo on one side to prises all the processor and computer func- 
....... a control gate that is enabled by the micro- tions for the radar CMS. Separate RCA 

processor software at the beginning of each COSMAC 1802 microprocessors are used for 
up or down count. Here the pulses clock a the collision-mitigation and the headway- 
transition counter that counts the number of control calculations. 
periods within a measurement interval; this 
counter is reset to zero by the pulse which 

System Accuracy 

...... enables the control gate. The other side of the Standard CW/FM radar systems that use 

trigger generator output is connected via a straightforward zero crossing counts of the 

delay circuit to the period measurement beat frequency in the determination of range 

counter. This counter uses the 1.95-MHz and range-rate have relatively large quantiza- 

microprocessor system clock to measure the tion errors. By measuring the time interval 

time between subsequent trigger pulses. Each between adjacent zero crossings with a high- 

total count is stored in a first-in, first-out frequency clock, as performed in our signal 

(FIFO) buffer, except for pulses that occur processor, a considerably higher accuracy can 

during blanking. The delay circuit allows the be achieved. A theoretical estimate of the 

count to be entered into the FIFO, and the achievable accuracy under the assumption of 

..... counter reset before the next period measure- an ideal single target return and distortion- 

...... ment is made. Figure 12 (f) shows the transi2 free linear triangular modulation is given 

tions of the trigger pulses on a expanded scale, below, based on the following system data: 

and Figure 12 (g) indicates the 1o95-MHz Modulation Frequency fm 1 kHz 
pulses that are used to clock the period Frequency Deviation Af _+50 MHz 
measurement counter. Center Frequency fc 17.5 GHz 

..... The FIFO has the capability of storing Clock Frequency fs 1.95 MHz 
thirty-two 12.bit measurements. Since the 
number of bits increases with decreasing beat The range granularity, zXR/R, is independent of 
frequency, a bit number higher than 8 is 
necessary to measure relatively low beat fre- 
quencies. At the completion of the measure- 
ment interval, indicated by monitoring the 
status transmission gate, the 8-bit micro- 
processor reads out first the lower 8 bits and, 
subsequently, the remaining upper 4 bits. 

The signal processor card provides three 
outputs to the microprocessor. Aside from a 
status output, indicating if a valid reading. 
exists, the number of periods measured and 
the actual beat frequency count are presented. 
The software of the microprocessor acts then 
on these data to determine range and range- 
rate of a target within the detection area of 
the antenna beam. 

The radar processor hardware, together Figure 13. Card cage containing signal proc- 
with the microprocessor and associated RAM essor and microprocessor. 
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R and zXf and is given by                      collision is imminent or where the driver could 
have avoided the collision by himself). For a 
better understanding of the boundaries that 

&R= 4 fm (1) guide automatic braking, a simplified sum- R    fs mary of braking dynamics is presented. This 

Based on the operating parameters of t he Ku- is followed by a suitable algorithm implemen- 

band radar, this error becomes AR/R = 0.2°70 ration and a description of the tests per- 

with a minimum range measurement capabil- formed to ensure proper performance of the 

ity of Rmin ~ 3 m. CMS. 
For the range-rate measurement, the system 

granularity is given by Braking Performance Considerations 

The general case of two vehicles moving 

zX~ = 16 fm2 Af R _ 0.023 R [m/s] (2) toward each other, whereby one is being 
fc fs braked, is illustrated by the time-distance rela- 

This error is independent of range-rate, but 
tionship shown in Figure 14. The following 

increases linearly with range; thus, at 10 m the 
assumptions are made: 

range-rate error is 0.23 m/s, whereas at 100 m v1 ... initial velocity of radar-equipped 
the error is 2.3 mis or 5 mph. The actual accu- car 
racy for both range and range-rate wil! be 
considerably lower in practice due to target 

v2 o . . initial velocity of target vehicle 

scintillation, multiple target distortions, thres- (v2 < 0) 

hold reading errors, sweep nonlinearities, and 
v~ . . . impact velocity of radar car 

the shortening of the measurement period due 
v~t.., total impact velocity (vit = v~ - v2) 

to blanking. The above values are indicative, 
/xg... maximum braking deceleration 

however, of the basic high-accuracy capability 
(0.9g for dry road, antiskid 
brakes) 

of the system. R, radar detection range 
Range measurements performed with a "’’ 

zXt.., reaction delay (0.1 s for the radar 
10-m2 corner reflector showed a typical gran- processor and algorithm and 0.1 s 
ularity and reproducibility of 0.2 m at a for the brake system to reach full 
distance of 20 m, corresponding to a zXR/R of braking action) 
1%. The range-rate measurement reproduci- 
bility was checked by driving a test car 
through an expendable corner reflector at dif- 
ferent speeds. A typical range-rate repro- 
ducibility of 2 mis at a distance of 20 m was / vI (No braking, 

found. The calculation time for one set of / 

range and range-rate data, including averag- 
ing and deviation check, is approximately 35 

(With braking) 

rns~ vIt=vt’v2 

COLLISION MITIGATION SYSTEM                             ~a~       ~t=R+%’v2I~t 

The two key features of the collision- 
mitigation system (CMS) are (i) the automatic 

TIME 

application of antiskid brakes in case a colli- 
sion is definitely unavoidable and (ii) the com- Figure 14. Distance/time relation between two 
ptete elimination of false alarms (i.e., no vehicles, one of which is being 

application of brakes in cases where no real braked. 
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The relation between impact velocity, Vit, detection distance of 30 m is maintained. This 
and the radar detection range, Rt, can be ex- corresponds to a reduction in impact energy 
pressed as by 70%. 

For head-on collisions where both vehicles 
1 

........... Rt = 2/~-"~" [(vi - V2)2 - vIt2] are going at a speed of 25 m/s (55 mph), the 
........ impact velocity is being reduced by 7.7 m/s 

+ (v1 - v2) At (3) 
(17 mph), provided both cars have CMS brak- 
ing with a detection range of 30 m. The im. 

This equation applies, of course, also for the pact energy is correspondingly reduced by 

case of impact with a fixed object by setting 30%. Here the energy reduction is not so pro- 

v2 = 0. Since v~ - Vzocan be replaced by the nounced, but still significant enough to make 

measured range-rate, R, we obtain the more a substantial difference in the severity of the 

general relation injury sustained by the driver. Figure 16 

shows the resulting impact v.elocity, vit, as a 

Vtt = 4 A2 -- (Rt - ~t)2#g (4) function of closing rate, R, for different 
detection ranges. Also indicated are lines of 

The impact velocity as a function of different constant energy reduction. 

radar detection ranges, Rt, and initial closing 
Software Implementation rates, 1~, is shown in Figure 15. For a collision 

with a fixed object, for example, the impact The calculations outlined in the previous 
velocity v~t is reduced from an initial speed of section clearly indicate the importance of hav, 

............ 25 m/s (55 mph) to 13.7 m/s (30 mph) if a ing a large detection range, Rt, for the radar 
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Figure 15. Impact velocity as function of distance between radar car and collision object 

(system de~ay 0.2 s; braking coefficient # = 0.9). 
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Figure 16. Energy reduction as function of detection distance and closing rate. 

and a fast reaction time for the overall system. The inputs to the CMS algorithm consist of 

These requirements are counteracted by the range, range-rate, steering angle 4~, brake 

need for keeping all false alarms at an abso- pedal status-indicator, and car velocity. The 

lute minimum and, equally important, for en- range-rate is derived directly from the beat 

suring that a driver remains in control of the counts during the up- and downswing of the 

car as long as there is any possibility of frequency modulation cycle, and is not gener- 

avoiding an accident by a skillful driving ated by differentiating range with time. 

maneuver. Range-rate can, therefore, be used to inde- 

Based on a typical maximum lateral acceler- pendently check the validity of range data ob- 

ation of 0.3g (which is rarely exceeded by the rained at different time points. 

average driver), a minimum distance of 32 m The entire CMS algorithm is conveniently 

is required7 to avoid an obstacle straight in subdivided into two parts. The first part in- 

line of a vehicle driven at 25 mis (55 mph)o cludes the acquisition of radar data, calcula- 

We, therefore, selected a maximum detection 
tion of range, range-rate, car velocity, and a 

distance, Rt, of 30 m for a car driven at 25 
check of steering wheel angle and brake pedal 
position. The second part contains the actual 

m/s. If a driver at this speed approaches an decision subroutine which activates the anti- 
obstacle without steering wheel activation or skid brakes if all conditions for two sets of 
brake pedal action, the automatic antiskid data separated by a time interval, At, are 
braking should take over. At lower speeds, fulfilled. 
this distance should obviously be reduced A detailed flow chart for the CMS program 

further, is given in Figure 17. The following step-by- 
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initial program 

F1 =1 
] 

~ 

~ 

Fo I 

Reset output to 

~ 

No 

I1~-I~oI < 6 mis no braking 

F0 = F] = 0 

Data acquisition: -- No 
calculate (RoaR) < AR 

R, 1~1 and A~ = ~At2 

(Ro-R) > A~ 

Brake pedal No 

~ 
R < 25 m 

OK 

Deactivate brakes 

R~Ro 

No            ~          Activate               ~ ~ Ro 
wheel angle ..... 

~ 

antiskid __F~ Fo 
~                  ~XVI } 

brake 
AR ~ 

Figure t7. Flow chart for CMS algorithm. 
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step description refers to the individual block xv. Activate antiskid brakes. 

numbers on the flow chart: xvi. In case one of the conditions listed 

i~ The program is initiated by activati~g was not fulfilled, the brake signal is 

the internal registers of the microproc- reset to "off" and the last valid values 

essor and some locations in the 
of R and t~ are stored as previous 

memory, values for the next calculation rou- 

ii. A ~’no-brake" signal is outputted, fine. Also, an upper b__ounda.ry for the 

and the flags F0 and F1 are set at zero. range difference AR = R zXt1 is 

F0 and F~ are flags that indicate, calculated and stored (zXt1 = 1.2 

respectively, whether the previous or iDuring the development and testing of the 

present data are from a valid target or algorithm, the program also included a 

not. display output that was used to monitor range 

iii. Check if car’s velocity is greater than and range-rate data during the entire calcula, 

10 mis (22 mph). This is to deactivate tion process, whenever a target was present~ 

operation of the system during low- In actual use, the display routine is eliminated 

speed city traffic and parking because the reaction time of the driver is too 

maneuvers, slow to permit him to react to readings within 

iv. Acquire radar data and perform de,vi- 25 m of the target. An exception is the head- 

ation check. Calculate R and 15, and way-control algorithm where warnings are be~ 

the lower boundary, ZX.~R = ~_ zXt2, for ing given over the display if the following 

the difference of the last two range distance becomes too close. 

calculations (Z~t2 = 0.82~t). To increase the benefits to be derived from 

v. Determine if acquired data are within collisionomitigation braking, the above algo, 

the tolerance of the deviation check, rithm can be extended to include situations 

vi. Check if brake pedal is activated by where ~ could be smaller than 16 m/s (block 

driver° viii of Figure 17) and 4~ could be larger than 

vii. Check steering angle. This deactivates 1o5° (block vii), provided that R (b!ock xiv) is 

the program if the driver takes evasive simultaneously reduced. This modification 

action or makes a turn (4~ > t.5°), would mitigate collisions that occur at lower 

viii. The first of a series of conditions for speeds and under slightly curved road condi- 

the antiskid brakes to be activated is tions. This type of algorithm was, however, 

that ~ must be larger than 16 m/s. not fully optimized and is not included at 

ixo The flag F1 is set to zero for ~ < 16 present. 

m/s and set to one for ~ > 16 m/so 
x. Check Fo (flag for previous data set), 

Algorithm Optimization of Collision- 

If previous data were from valid target 
Mitigation System 

arxd the previous range-rate was larger One of the major difficulties to be faced in 

than 16 m/s, F0 is one; otherwise F0 is optimizing the hard- and software of the colli’ 

zero. sion-mitigation system (CMS) is the large 

xi. Check if difference between present number of road and traffic situations a car en- 

and previous range-rate is less than 6 counters in the course of its normal driving 

m/s. routine. Moreover, it is nearly impossible to 

xii. Check if present range is smaller than duplicate a particular driving situation at will, 

previous one~ Thus, it is very difficult and time-consuming 

xiiio Check if the present range is within to use only open road tests as a measure of 

the boundaries derived from previous how well a particular algorithm is working. 

range and range-rate. To avoid this problem, we selected a more 

xiv. Check if R > 25 m (range cub.oleo systematic approach that involves the taping 
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of both video and radar IF information of a The video tape recorder is equipped with a 
variety of road and traffic scenes. These tapes separate audio channel that is used for record, 
can then be replayed in the laboratory, and ing the vehicle speed and steering angle. These 
step-by-step improvements in the processing inputs are used together with the radar IF in- 
hardware or the algorithm can be closely formation in the CMS algorithm. Vehicle 
monitored to ensure that the elimination of speed is derived from a tone-wheel generator 
one problem (false alarm) does not cause attached to the speedometer cable of the car. 
others to appear or deteriorate the detection Steering angle is derived from a potentiometer 
ability for a truly dangerous situation, linked to the lower control arm of the front 

A special test van, shown in Figure 18, was suspension, which changes the frequency of a 

........ instrumented for this purpose. The van is square wave oscillator, accordingly. The two 
..... equipped with its own generator in the back to signals are both multiplexed on the audio 

handle the heavy power drain of the test in. channel and separated during replay by 
strumentation. Two separate tape recorders filters. 
are used in the taping. One records the road Figure !9 shows the equipment set up in the 
scene looking straight ahead, using a video laboratory for replay of the tapes. Two TV 
camera with a wide-angle lens; the other, a monitors are used in the initial synchroniza- 
military flight recorder with a frequency tion of both tapes. Range, range-rate, and 
response of up to 5 MHz, tapes the IF speed are displayed continuously during test 
response from the radar. Special synchroniza- runs on a plasma display in digital form. 
tion circuitry was developed to ensure syn- Braking commands are indicated by a buzzer. 
chronous running during replay of the 
recorders. Test Results 

The radar is mounted in front of the van at 
The detection ability of the radar was a height identical to that of the final location 

checked by recording the IF response while in the RSV. A flat plate covered by absorbing 
driving at different speeds through an expend- material extends below and in front of the 
able target on an airport runway, as shown in .......... antennas, simulating the airscoop configura, 

tion of the RSV. Figure 20. The target consists of a corner 
reflector made of aluminum-covered card, 
board with corresponding cross sections of t 

Figure 18. Test van equipped for taping of road    Figure 19. Test equipment for optimization of 
and traffic scenes.                         CMS algorithm. 

779 



EXPERIMENTAL SAFETY VEHICLES 

In the final testing phases, the van was 
driven through various traffic conditions 
while video and IF information were con- 
stantly being recorded in parallel to having the 
computer monitor for possible false alarms. 
The tapes were constantly erased and re- 
recorded during these runs. If a false alarm 
did occur, the particular part of the tape 
could be analyzed in detail in the laboratory 
by printing out from memory the computed 
results at various stages in the algorithm. The 
cornpromise that had to be made in the opti- 
mization was between avoiding false alarms 

Figure20. High-speed tests with expendaNe on the one hand, and on the other hand, 
target, obtaining a correct braking signal, reliably, as 

far away as possible from the expendable 

and 10 m2. The reflector is suspended by target during the airport test runs. 

strings between two poles. For speeds below The presently used algorithm is capable of 

16 m/s, no braking signal should be observed; detecting a 1-m2 target reproducibly at a dis’ 

for speeds above this value, the important tance from at least 21 m at a speed of 25 m/s 

parameter is how reliably, and at what dis’ (55 mph). This distance includes the reaction 

tance from the target, a braking signal is being and computing time of the radar processor/ 

obtained, microcomputer, but does not include the 

A series of test runs was taped at different delay in the antiskid braking system. (This 

speeds with both the t- and 10m; target. Some may typically add another 0.1 s which, at 25 

of the runs were also performed during snow~ m/s, corresponds to a full brake application 

fall and rain to check the influence of weather at a distance no less than 18.5 m from the 

conditions. The other important criterion is target.) With this algorithm, a wide variety of 

that the same hardware and algorithm that driving tests did not cause any false alarms. 

work satisfactorily with respect to fast, reli- Further algorithm optimization is possible 

able target detection, must not show any false with a goal of full brake application at ap- 

alarms during all other taped and live run-test proximately 25 m; this would correspond to 

the theoretical case for Rt = 30 m (see Braking runs~ 
We, therefore; recorded also a wide variety Performance Considerations, above). 

of road and traffic situations under different 
weather conditions. A total of 5~/2 hours of AUTOMATIC HEADWAY CONTROL 
tapes was recorded. Included in these tests are 
runs through extended tunnels, bridges, vari. A car equipped with a collision-mitigation 

ous forms of underpasses, turnpikes, regular system has limited sales appeal because under 

country roads, and winding secondary roads normal conditions, a driver would be totally 

in hilly terrain and through towns and unaware of the system’s presence. As dis- 

villages. Although these tests obviously could cussed before, emergency braking is to take 

not be all-inclusive, they represent a very good place only when a collision is unavoidable, 

cross section of what an average driver is and a good driver should, hopefully, never 

likely to encounter in daily drivingl During find it activated. We believe that public 

the optimization of the algorithm, tapes were acceptance of the radar would be greatly in- 

rerun many times to ensure that no false creased if it could also be used for im- 

alarms were generated, provements in convenience and/or operating 
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economy of the car. Automatic headway con- Digital Cruise Control 
trol that governs the safe spacing of successive 

cars in dense traffic on limited-access Initial cruise control experiments were per. 

highways is such an application, formed with a commercially available 
vacuum-activated throttle controller that was The difference between regular cruise con, 

trol and radar headway control is illustrated interfaced with an RCA COSMAC 1802 
microprocessor. Although reasonably good in Figure 21. In the normal cruise control, a 
cruise control performance could be obtained fairly popular option in American cars, the 
with this arrangement, the nonlinearities and driver can select a particular cruising speed, 
poor resettability of the vacuum throttle con- Vset, and the car will maintain this speed (v1 = 
trol mechanism caused the actual throttle ex- 

..... 
Vset) until a new speed is set or the brake pedal 

........ is tapped. This convenience feature is, unfor- cursions to be too large and somewhat jerky 

tunately, not very useful when traffic density to be considered useful for fuel economy pur- 

increases. Cars ahead, going at only slightly poses. We, therefore, switched later to a 

lower speeds, force the temporary disable- purely electrically activated throttle controller 

with good linearity and predictable response. ment of the cruise control or lead to rather 
............ dangerous weaving in and out of traffic lanes This still left the nonlinearities in the throttle, 

......... to avoid having to reset the cruise control, and the engine and car response, to be 

Under radar headway control, the radar suitably modeled and included into the soft- 

senses the distance and closing rate with ware to achieve smooth operation. 

respect to the vehicle ahead and controls the A simplified block diagram of the cruise 

control function is given in Figure 22, The sys- throttle to match the speed of the first car 
(v2 = vl) and keep a safe headway. If there is tem uses a digital, closed-loop control to keep 

no other vehicle ahead, cruise control takes the car at a constant speed that can be preset 

over and the car resumes the preset speed. In by the input Vset. The difference between vse~ 

the present implementation, only the throttle and the car velocity v1 is fed to the compensa- 
tion block, which outputs the proper car is interfaced with the radar; if the closing rate 
control signal, Cc, for the throttle. The ....... becomes too high, a warning signal is given on 

......... the electronic display and the driver has to compensation block, as implemented in the 

take over. computer, follows the equation 

Cc = (Vset- v1)K1 - @set- Vl0)K2 (5) 

AUTOMATIC CRUISE/HEADWAY CONTROL 

v! = Vset selected cruising speed 

~////~1~///////////// No car in fron~/~" 

! Plant 

/ / //,’.’.--~//I/ /////////////t’/7-c-’~"/// ///; 
Yl ~.~    R    ~ v2                           Compensation ~~ 

v1 = v2 (m/s) automaticall3/ t~ .... 

R = 1.34 v2(m) } maintained 
Includes throttle, engine and ca~" behavior 

Figure 21. Comparison between cruise control    Figure 22’ Cruise control feedback in S-plane 
and radar headway control,                    notation. 
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where v] is the present car velocity, vl0 is the the radar processor and a desired range, Rdes, 

car velocity at the preceding sampling time, which is derived from the car’s own velocity, 

and K1 and K2 are constants. The difference v l, by multiplication with a constant, KR. The 

between K1 and K2 is kept relatively small to difference between t he two ranges, the 

provide a smooth throttle activation. ERROR, is routed through an integrator to 
smooth the response and then fed to the inner 
loop, together with the range-rate. The 

Radar-Controlled Headway resulting total error, Et, is passed through a 

As shown in Figure 21, the objective of compensation block similar to that of the 

headway control is not only to keep the cruise control, but with different constants. 

velocity of the radar car equal to that of a The output is then applied to the throttle of 

vehicle ahead, but also to maintain a safe the car. 

distance, which changes as a function of To close the loop, the radar car’s velocity, 

velocity. To accomplish this, the headway v~, can be compared with the velocity of the 

control system uses two closed loops: an inter- vehicle ahead, ¥2, and integrated to provide 

hal one based on range-rate, f~, between the range (indicated by the dotted line in fig. 23). 

cars, and an external loop, based on range, R. In practice, the loop is closed through the 

This two-loop system is shown in Figure 23. radar which provides the range information 

Inputs to the external loop are the actual directly. Since the time constants in the head- 

distance to the vehicle ahead, as calculated by way control mode are fairly large, an update 

~ 
~ 

Kr (S+Tr~ 

÷ 

R 

Figure 23. Block diagram of headway control system. 

782 



SECTION 5: TECHNICALSEMINARS 

cycle time of zXtHc = 0.5 s is used for the functions was attempted during the initial 
radar data. This provides a long averaging program development and optimization. A 
time for the range data and, thus, smaller description of the basic algorithm using the 
fluctuations. It also helps to greatly smooth block numbers indicated in Figure 24 is given 
the range-rate data, which are obtained below. 
according to the equation i. Activate memory locations 

and internal registers of the 
I~ - R - Ro microprocessor. 

Atnc ii. Set flags F and SF to 0. (F has 
the same meaning as in the 

....... where R is the present range, Ro the previous’ collision-mitigation algo- 

range, and 1/Atnc the sampling frequency of rithm.) F = 0o .previous 
the data. In the collision-mitigation mode, the radar data not valid; F = 
range-rate is obtained directly from the dop- 1...previous radar data OK; 
pler information in a much shorter time SF = 0o..throttle governed 
(35 ms), albeit with considerably more fluctu- by cruise control; SF = 1. o . 

........... ations, throttle governed by headway 
As mentioned previously, the present head- control. 

way control acts only on the throttle of the iii. Set flag SP to 0, indicating 
car. If the car spacing becomes too small or that no cruise control speed 
the closing velocity too high in spite of a zero has been selected. 
throttle input, the driver is being warned by iv. Wait for driver to select cruis- 
the electronic display and must initiate the ing speed. 
braking himself. From a large number of road v. Set cruising speed by pressing 

tests in actual traffic, it became evident that a an external interrupt switch 
small amount of gradual braking would be when desired speed is reached. 
very desirable under circumstances where the vi. Completed program cycles 

....... closing velocity remains finite or does not returned to the STAR point 
decrease fast enough. Such gradual braking must wait for timer interrupt 
could considerably increase the convenience (every 0.5 s) to start with a 
performance of the headway control, pro- new set of radar data. 
vided the braking is limited to relatively low g vii, viii. Acquire radar data and indi- 
values and thus could avoid the possibility of care by deviation check if data 
panic stops. The implementation of braking are valid. 
is, so far, being investigated only theoreti- ix. If not valid, set flag F = 0. 
cally, x. Calculate distance between 

radar car and target vehicle. 
Combined Cruise/Headway Control xi. Check if previously acquired 
Algorithm data were valid (F = 1). If 

The two control functions described above not, skip range-rate calcula- 
form the basic subroutines for the computer tion. 
algorithm that permits fully automatic throt- xii. Calculate range-rate with re- 
tie control. A flow chart for a simplified ver- spect to .target vehicle, accord- 
sion of the algorithm is shown in Figure 24. ing to R = R - RoizXtHc, 
At the present time, separate microprocessors where zXtuc = 0.5 s. 
are used for the headway control and collision xiii. Set F = 1 to indicate that the 
mitigation, although the same radar output is present data are valid and can 
used in both programs. No interleafing of be used for the next cycle. 
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interrupt                                         ~ Yes 

No 

Yes 

Range 

calculation 

Figure 24. Flow chart of combined cruise/headway control algorithm. 
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xiv. Check if distance to target xxx. In cruise contro! (SF = 0), the 

vehicle is smaller than 55 m. If program is returned to the 

not, switch to cruise control STAR point for a new cycle. 

mode. xxxi. In headway control, a check is 

xv. Check if throttle is to be con- made if the throttle command 

trolled by program or by was for a total release of the 

driver; if under driver control, throttle. This would indicate 

the program returns to that the car is closing too fast 

BEGIN. on the target vehicle. 
xvi. Check if the radar car speed, xxxii. If this is the case, the display 

v1, is below the selected cruise is activated to warn the driver 

control speed, vse~. of an unsafe headway condi- 

xvii. If v1 is larger than vset, the flag tion. This warning is given at 

SF is set to 0 and the program present in lieu of applying a 

continues in cruise control, low-g braking force. 

xviii. Check if present radar data Although somewhat simplified, the preced- 

are valid, ing description provides a good illustration of 
xix, xx. If not, check if program is in the type of algorithm that proved successful 

headway control mode and for the combined cruise/headway control 
hold throttle in existing posi- operation° 
tion if this is the case. Other- 
wise, switch to cruise control. Road Tests and Algorithm Optimization 
This check reduces throttle 
modulation during momen- The main requirements on a radar headway 

tary target return dropouts, control system are safety, driver convenience 

xxi. Provided both previous and (smooth control, with minimum action re- 
present radar data are valid, quired from driver), and fuel economy. 

activate headway control sub- Whereas false alarms are totally unacceptable 

routine, in the collision-mitigation mode, which limits 
xxii. Set flag SF = l for headway the active range to below 30 m, the headway 

control’ control requires range information up to at 
xxiii, if conditions xvi or xviii and least 50 m, but permits some false alarms, 

xix are not satisfied, the pro- provided they do not lead to jerky movements 

gram reverts to cruise control, of the car. Satisfactory headway control 
xxivo Check brake pedal position, under actual traffic conditions is difficult to 

xxv. If driver has activated brakes realize because it requires low-fluctuation, 
himself, release throttle, high-accuracy range and range-rate data that 

xxvL Wait until brakes are released constantly act upon the car’s throttle and thus 

again by driver, are continuously perceived by the driver. 

xxvii, xxviii. Wait for a new speed setting Since it is very difficult to separate prob- 

or resume command and then lems caused by the contro! loops from radar 

return to STAR: processing problems, the initial optimization 
xxix. If the brakes are not activated and program development for the headway 

by driver, either cruise control control was performed with a cooperative 

or headway control governs radar system. An existing X-band FM/CW 

the throttle and thus regulates radar was modified to accept only return 

car speed, signals from tagged targets. In the cooperative 
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modes of operation, the target vehicle is iden- driver. Since the size of the throttle modulao 
tiffed by a tag that consists of a printed circuit tions and their frequency have a direct effect 
antenna, terminated by a phase-modulated on the fuel economy of the car, radar head- 
reflector. A small, low-drain IC driver circuit way control, aside from reducing the bun- 
that can be driven by a battery, or hooked up ching effect on crowded highways, could also 

......... directly to the car’s electrical system, phase- have definite energy savings associated with 
.......... modulates the incoming RF signal at a it. However, no quantitative data on this 

500-kHz rate and reflects it back to the radar, aspect have been accumulated so far. Also, 
The radar filters out the 500-kHz signal in the the operation in the noncooperative mode has 
IF channel and, therefore, can be made to re- to be further refined to achieve the opera- 
spond only to targets that are equipped with tional smoothness of the cooperative system. 
the appropriate tag. Normal radar returns 
have frequency components generally below 

CONCLUSIONS AND 100 kHz and, therefore, will be rejected by the 
FIECOMM ENDAT~ONS processor. 

By use of the cooperative system, problems The present effort under DOT sponsorship 

with false alarms, signal dropouts, target scin- has contributed greatly to establishing the via° 

titlation, etc., are greatly reduced or totally bility of the radar concept for automotive ap- 

eliminated. The headway control algorithm plications. A suitably designed radar system 

can thus be investigated and optimized under promises to have a positive impact on two of 

idealized conditions; this is important for the key automotive requirements for the 

separating the possible causes of erratic or future: namely, safety and fuel economy. 

jerky performance. The cooperative radar Truly promising results have been obtained 

helped greatly in the initial phases of the head- with a radar-controlled collision-mitigation 

way development and is now being replaced system. With the help of tape recordings of a 

by the new Ku-band radar, described above large number of traffic, road, and weather 

with a maximum detection range of-50 m. conditions, a systematic approach to the opti* 
mization of the hard- and software of the 

Extensive road test experiments performed 
radar-controlled safety system has been made 

with the cooperative radar indicated typical 
possible. The importance of these tests lies in 

throttle movements of _+ 3 to 4 degrees for the 
the recording of raw radar data that permit a 

radar car when the target car was itself in 
thorough comparative study of how different 

cruise control. The target car used a commer, 
signal processing techniques affect the false 

cial cruise control that has, under normal 
alarm rate while, at the same time, giving 

level-terrain driving conditions, a throttle 
valuable information about the minimum 

variation of approximately _+ 2 degrees. Aver- 
detection distance and the speed with which a 

age drivers, by comparison, when asked to 
proper alarm (output to initiate amiskid brak- 

maintain a fixed distance to the car ahead, ing) is being generated from experimental 
vary the throttle up to approximately _+ 15 

targets of various cross sections~ 
degrees. This, of course, depends to a great 

With the present system adjusted for practi~ 
extent on the driver’s ability to perceive small 

cally no false alarms, a target as small as 1 m2 
changes in range-rate, an ability that differs 

is recognized at a distance of at least 21 m, 
from individual to individual, 

and braking is initiated if the closing rate is 
The foregoing figures show that the radar high enough to make a collision unavoidableo 

headway control indeed can match the In a car going at 25 m/s (55 mph) against a 
performance of commercial cruise controls fixed object, this action results in a reduction 
and is definitely superior to the average of crash energy by ~40%, an amount that 

787 



EXPERIMENTAL SAFETY VEHICLES 

can be very significant with respect to the in~ Here, too, one has to realize that a large 

juries sustained by the car’s occupants. Obvi- amount of work still remains to be done 

ously such a system does not provide the full before such a system can be implemented in 

solution to crash survivability but, if corn- passenger cars. First, operation in the non- 

bined with other means, such as car structures cooperative mode has to be brought to the 

with higher impact tolerance and use of air-. same standards achieved in the cooperative 

bags, a substantial societal savings can be mode; second, low-g proportional braking 

achieved, should be included to handle rnost of the fre- 

It also has to be realized that the system dis- quently occurring situations where a slightly 

cussed here represents only :a feasibility faster deceleration is needed than can be ob- 

demonstration of the present state-of-the-art; rained from engine braking alone; and third, 

further work in radar processing certainly the question of the stability of long columns 

could increase the minimum detection range of cars, that has been under study for some 

while keeping false alarms in check. Some of time with the driver as part of the feedback 

the desirable improvements that are consid~ loop, will have to be !ooked at under the 

ered feasible, but were not implemented dur- special conditions and restrictions of radar 

ing this program, are a further reduction in headway control. 

size of the antenna by going to higher fre- Another vital piece of information in esti- 

quencies and the introduction of range gate mating the possibility of introducing such 

processing to reduce weather interference and systems in the open market is, of course, the 

multiple-target problems. Also, it can be expected range of fabrication costs. Prelimi- 

assumed that further progress in signal proc~ nary estimates using RCA’s PRICE system9 

essing can be made to increase the safety indicate that a Ku-band radar system with the 

margin against false alarms, necessary computer hardware and sensors for 

Aside from the safety aspects addressed both collision-mitigation and headway con- 

with the CMS system, the high-technology trol could be fabricated in quantities of 

version of the RSV will be equipped also with 100,000 at a cost level of approximately $170. 

a radar headway control that is expected to This estimate refers to 1979 dollars with fabri- 

add greatly to the sales appeal of the overall cation in the time frame of 1985, after 

system. Tests performed with a radar inter- thorough product refinement and taking into 

faced to the throttle of a standard car and account expected progress in the solid state in- 

operating in the cooperative mode, that is, dustry for the next five years. It is interesting 

having the target vehicle ahead clearly iden- to note that in the PRICE calculations which 

tilled by a tag, shows excellent car-following have been and are being widely used in a large 

behavior. The radar headway control appears number of commercial and government pro- 

to be able to closely match the speed of the car grams, the effect of more complex signal 

ahead which, itself, operates in cruise control processing on overall cost is quite negligible. 

with only small throttle fluctuations. Corn- Finally, we want to suggest that the time 

parative tests with average drivers who were has come to take a serious look at the benefits 

asked to keep an approximately constant that radar can add to the automotive environ- 

distance with respect to the car ahead showed ment o Plans for fabrication of a limited 

the clear superiority of the radar-controlled number of systems should be initiated to per- 

system. The use of such systems on a large mit a more detailed and thorough testing of 

scale thus holds promise not only as a conveno the concepts discussed here under actual road 

ience for the driver, but should also improve conditions by average driver. Extensive road 

the fuel economy of cars in moderate-too tests on many cars for a prolonged period of 

heavy traffic on limited-access highways, time would certainly be required before a 
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Possibilities for improving Safety Within the Driver.Vehicle, 
Environment Control Loop 

KURT ENKE run of the maneuver by greater achievable 
Passenger Car Chassis Design deceleration during braking or higher lateral 
Daimler-Benz AG acceleration during evasive maneuvers. They 

ABSTRACT 
can, under simplified assumptions, be quan~ 
titatively established and compared, 

An increase of active safety can only be The result shows that an improvement of 
achieved by a change of the process of ap- the driving behavior--within the scope of that 
proach of a potential accident as compared which is physically possible--has the same el- 
with today’s situation, fect as a maneuver to avoid an accident which 

Vehicle development must make the neces- has started a few tenths of a second earlier. In 
sary contribution in form of providing the connection with statistical information 
best possible driving behavior° In addition the regarding the frequency distribution of the 
questions should be considered, what can be collision speed it shows that roughly half of 
improved by the driver and how can he be all collisions between vehicles could be 
assisted in doing so. prevented if each driver would initiate his 

There are two possibilities: Firstly, earlier accident avoiding maneuver approximately a 
start of the maneuver and secondly, changed half to one second earlier. 
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Further development of all vehicle charac- to the transfer of the vehicle movements to 

teristics, which as a base of active safety must the sensorium of the driver which should be as 

doubtlessly be pursued intensively, will there- correct as possible, as well as to the condition 

fore always help to avoid only few accidents reports via the customary instruments and in- 

additionally. 1"he very specific statement: "A dicator lamps. Additional information devices 

little earlier action produces a lot" should with board computers are currently becoming 

therefore be cause to increasingly provide fashionable; however, in the form in which 

punic research funds for roads to better they have been offered to date it must partly 

survey and for better road signs as well as for be doubted whether they are beneficial to ac- 

a change of the driver’s mode of acting by tire safety. 

means of psychologically intelligent informa- If one brings these achievements on the 

tion via mass media and similar instructions, 
vehicle and the developments still to be ex- 
pected in relationship to the entire control 

~NTRODUCT~ON loop on the one hand, and to the entire acci- 

Active safety is the undisturbed function of 
dent happenings on the other hand it unfortu- 
nately becomes clear that only a part of the 

the control loop driver-vehicle-environment control circuit is being covered, and that via 
in the sense that all processes of movement in the motor car we have only a very partial in- 
the traffic take place without road users con- fluence on the improvement of accident 
tacting each other, and without leaving the prevention. 
road. In addition to this general realization, how- 

Since successful active safety is doubtlessly 
to be preferred to best passive safety, the im- 

ever, it would be interesting--despite the 
almost complete absence of statistical infor-. 

provement of the first-mentioned type is be- marion--to find clues on the band width of 
ing worked at in many places and in many the effect of still imaginable improvements on 
fields. Meanwhile it appears that, besides the vehicle within the entire spectrum of 
some very partial investigations, there are 
hardly any estimations on what safety gain is 

possible accident prevention measures. 
Some essentially unconventional considerao 

expected from an effort made at a certain tions are therefore made in the following, 
place, mainly because some special statistical which will then enable hints from the basic 
surveys do not even exist and the entire statis- u nderstanding of motor car manufacturers to 
tical material on the subject active safety is be given also for other fields of active safety° 
not very extensive. The reason for this is the 
problems which, compared for instance with THE PROCESS OF APPROACHING 
passive safety, are by far more complex, since AN ACCIDENT 
they include hardly accessible fields such as 
the psychological component when driving a The aspect of active safety exists perma- 

motor car. 
nently in the flowing traffic, however, it cul- 

For the development of the vehicle--in ac- minates in critical situations which nearly or 

tive safety mainly the driving characteristics, actually lead to an accident. It is these critical 

control and driver information are referred situations then which must be considered, i.eo 

to--all technical and scientific methods the course of the events some time prior to the 

known today are employed. This develop- accident. The period of time and the section 

ment so far resulted in a constant progress, of the road, as far as they are connected with 

reaching today’s considerably high level, and the subsequently occurring accident, will be 

it appears to continue with the same con- termed "accident approach" in the following. 

stancy without major jumps, as far as this is We will at first assume a borderline case 

predictable today. The mentioned driver in- where a vehicle, following completion of a 

formation in this connection referred mainly braking maneuver, comes to a halt just at the 
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obstacle. We then go along the time scale of quent accident is so great that 
the accident approach. Brakes are often ap. the accident could be avoided. 
plied even if evading would be the right thing Phase II: A maneuver to avoid the acci- 
to do. The various brake response times are dent has been initiated; the accio 
neglected, dent could still be avoided by a 

For instance 5.7 seconds before the poten- suitable change of kind and/or 
tial accident the driver brakes with 3 m/sec2 intensity of the maneuver prior 
from a speed of 100 km/h; 3 seconds later he to entering phase 
notices that he won’t make it and brakes fully Phase III: Owing to the limited adhesion 
for 2.7 seconds with 7 m/sec2, causing his between tires and road surface 

....... vehicle to come to a halt just when contacting the accident can no longer be 
...... the obstacle (fig. la). (The uneven figures de- avoided even with extreme 

pend on the example.) maneuvering. 
Alternatively, with a second free lane, it We assume that A stands for the beginning 

would be possible to make an attempt to of phase II, B for the beginning of phase Ill 
release the brakes and to evade, initiated for and C for the time of the accident itself. 
instance at - 1.5 seconds, allowing the vehicle Of the three possible types of accident, i.e., 
to just clear the obstacle without damage (fig. lb), (1) leaving the road, (2) hitting a stationary 

Let us now assume a case where a vehicle obstacle, and (3) hitting a mobile obstacle, 
with a residual speed of approximately 30 km/h , case (b) was described in Figure 1. The point 
hits the stationary vehicle. Assuming that this of impact for accident type (a) corresponds to 

........ is again preceded by an initial brake applica- the point at which the vehicle leaves the road, 
......... tion with 3 m/sec2 at a speed of 100 km/h for type (c) also to the point of impact on the 

over a period of 3.5 seconds--beginning at mobile obstacle. 
the same position--the driver now realizes Depending on the speed Vrest at the time 
that he will not make it and applies the brakes t = 0 and depending on the type of the 
fully with 7 m/sec2 over a period of 1.3 maneuver--braking, steering or both--phase 
seconds up to the impact (fig. lc). III is of varying size. 

Starting out from the same basic situation, If the maneuver is started very late, phase 
the accident could alternatively take place as Ill (unavoidability of the accident) could 
follows: Initial braking with 3 m/sec2, starting possibly extend right into the ride prior to the 
at the same point as described before over 3.6 start of the maneuver, i.eo, phase II does not 
seconds, then realization that the brake ap- exist, in the extreme case a maneuver is not 
plication is inadequate and additional steering even attempted. 
as an attempt to evade over 0.9 seconds while This pattern applies to the majority of acci- 
maintaining the deceleration of 3 m/sec2, at- dents. Partly different are only those few acci- 
tainable mean lateral acceleration during dents where acceleration to avoid collision 
evasive maneuver assumed at 5 m/sec2, then would have been the correct way to prevent 
nevertheless partial collision with the obstacle the accident. 
with Vrest = 51.1 km/h (fig. l d). Though the consideration on hand in 

The previous histories of these accident Figure 1 is simple and general, it nevertheless 
examples according to Figure 1 are identical in permits some significant qualitative asser- 
principle to those of most other accidents, for tions. 
during the accident approach we distinguish 3 . The driver in phase I has full independence 
major phases: and freedom of choice and nearly always 

Phase I : Normal ride; temporal and spa- the chance with a great safety margin to 
tial distance from the subse- prevent an accident. In phase 
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Figure !: Phases of accident approach, 
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already under an extraordinary compulsion cerned in phase I1, while the significance of 
to act and has only a very limited choice of visibility declines. Point B shifts in the sense 
preventing the accident, particularly shortly of a shorter phase III the better the tire-to- 
before phase III. No action is of any use in road adhesion is. Finally in phase III, the 
phase III. adhesion and the room for traffic is no 

........ * The vehicle in phase I is hardly capable of longer adequate to prevent the accident. 
contributing towards an increase in safety In general it is doubtlessly true: By far the 
by means of its driving characteristics con- greatest possibilities for an improvement of 
sidering the general standard today; it is 

active safety are found at the beginning of the 
however mainly concerned with regard to processes of approaching an accident, they 
view conditions and to factors which help 

are far smaller in the middle and do not exist 
to prevent tiring and strain on the driver at all at the end of the accident approach. 
during normal ride. Predominately driving 

Only the severity of the accident can be influ, 
characteristics are referred to in phase II, 

enced here. 
the differences of which provide a certain 

Following this purely qualitative realization 
variation of the position of the starting are now some simple quantitative considera- 
point B of phase III. A slow shift of B (in tions regarding the effect of measures at the 
fig. 1 to the right) and thus a slow curtail- 

beginning of the period of approach. 
ment of phase III corresponds to the con- 

stant further development of the driving 

characteristics. Excessive demands on 
VARIATION AT THE BEGINNING OF A physics and thus the driving behavior are 

finally made in phase III. MANEUVER PRIOR TO THE ACCIDENT 

. The environment, i.e., the other road users It is assumed that a driver has just been able 
and the road can most effectively help to to avoid an obstacle by performing a drastic 
avoid an accident also in phase I--the road maneuver. The brake application is first 
users, by avoiding getting in the way of the looked at (fig. 2). 
vehicle underconsideration, creating an un- The mean deceleration at the initial 
solvable situation for it, and the road by maneuver O is assumed to be ao = 7 m/sec2o 
visibility and room for traffic. The quality Then it is assumed that the driver initiates 
of the road surface is additionally con- braking 1 second earlier in case t, and 2 

Brake actuation 

2 

Vo 1 
V 

Figure 2, Braking with different beginning of brake actuation. 
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seconds earlier in case 2, with otherwise iden- cle by 3 m with a maximum lateral accelera- 

tical conditions, tion of aql = 6 m/sec2 in the .curve vertices, 

If, versus the initial speed, one now one has doubtlessly selected an extreme 

calculates the necessary mean deceleration a1 maneuver. (The vehicle course is assumed as 

and a2 necessary to stop shortly before the inclined sine curve.) If this maneuver is ini- 

obstacle, the following picture is obtained tiated one second earlier, the maximum lateral 

(fig. 3). acceleration drops from 6 m/sec2 to 

It is presumably a general surprise, how low 
these deceleration values suddenly are, even if aq2 = 2.45 m/sec2 

the brakes are applied only 1 second earlier. 
An extreme maneuver even at high speeds is and this independent of the initial speed %. 

turned into normal firm braking; brake appli- This is approximately 40% of the original 

cation 2 seconds earlier results in medium value. 

braking. A maneuver sequence braking-curve is 

The result is still more surprising if the selected as third example (fig. 5): 

evasive maneuver is looked at (fig. 4). A curve is said to produce a lateral accelera- 

Starting om from a distance and time which tion aq] = 5 m/sec2 (r = 38.6 m) at 50 km/h. 

is required for parallel dislocation of the vehi- In case 1 the driver brakes from 100 km/h 
so that with a] = 5 m/sec2 he just reaches the 
start of the curve with a speed of 50 km/h 
58 m braking distance). 

If in case 2 the driver brakes one second 
earlier ( -"- 28 m), he has got the choice be- 
tween: 

~ ! - ~ 1. a2 3.7 m/sec2; aq2 ’ / 1 ~ = 
= 5.0 m/sec2 

,~ ~ = 2.05m/sec2 
~ 2 ’ 2. a2 = 5.0 m/sec2; aq2 

~ 
~ 

= 4.05 m/sec2. c~ -- 3. a2 = 4.05 m/sec2; aq2 

EFFECT OF AN EARLY ACTION ON 

__                   ACCIDENT PREVENTION o 
0 20 40 60 80 100 120 140 160 180 20C The considerations made so far provide a 

INITIAL SPEED v0 [km/h] certain feeling for the effectiveness of an early 
start of a maneuver, however, they do not 

Figure 3. Braking deceleration necessary for supply information regarding potential acci- 
the same final vehicle position, 
depending on the beginning of brak- 
{ng. 

2 1 

~- o~ = ~ m/s2 __ 
v = 100 km/h          v = 50 km/h          rn 

Vo ~                                                                                                                 aql = 5 

q 

F gure 5. Maneuver sequence braking--corner- 
Figure 4. Evading lane change maneuver, ing. 
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dent prevention. This is only possible far less vehicle is considered. No other behavior is ex, 
accurately and with much more difficulty, pected of the vehicle which is hit from the side 
The attempt to provide information is never- (although exactly this would often signifi- 
theless made in this case also, however, this cantly contribute towards accident preven- 
necessitates some very general and simplifying tion), it is dealt with like a stationary obstacle. 

.......... assumptions. Further, a severe brake application of the 
Three types of accidents, for which hitting vehicle, which will mostly be the case, 

statistical information regarding relative colli- with a deceleration of a = 5 m/sec2 is to be 
sion speed is available, are considered here, assumed as rather unfavorable mean value 
i.e., the accident at an intersection, the rear- between dry and wet roads. 
end collision and the head-on collision. The diagram in Figure 6 shows the distance 

.......... The times by which the maneuver beginning and speed behavior dependent on time (the 
would have to be advanced in order to avoid latter entered as common vertical axis). 
an accident are first established depending on Assuming a constant speed, the hitting vehicle 
the relative collision speed. These times are without obstacle would come to a halt at the 
subsequently compared with the frequency end of the braking distance Ht. B1 stands for 
distribution of the collision speed, beginning of braking, C for the point of colli, 

The intersection accident is looked at first, sion with the vehicle 2. Vrest is the speed of im, 
which is greatly simplified if only the hitting pact in point C, Srest the remaining braking 

(s) 

B1 vo 
2 

~ 
Srest    

~ 

Vrest 

C 

t~ /t~l,1) 

50 40 30 20 0 H 1 I 0 20 

-s(m) v [m/s] 

Figure 6. Front--side collision; time history of distance and speed. 
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distance from C to the halt at H1 with absent or t* = ~2 (sec) 
(Vre1 in km/h) 

obstacle. 
Now if the vehicle 1 is to come to a halt just 

in front of the transversely positioned vehicle, For the rear-end collision the hitting vehicle 

a time-distance curve must be selected which 1 is treated analogously to the case before, 

does end at the distance coordinate of the while the hit vehicle 2 driving ahead is to 

point C. maintain its driving style. It is assumed that it 

For this purpose the beginning of braking is drives with the same speed vo as vehicle 1 in 

shifted suitably far back along the straight the queue ahead of the latter, suddenly brak- 

line for the constant initial speed. The point ing at BE with a = 5 m/sec2, It would come to 

of the halt ~1 is then positioned on a line a halt at H2 without interference (fig. 7). 

parallel to the above mentioned straight line The vehicle 1 starts to brake at B1 and after 

through the point H1. passing the collision point C, would come to a 

The new beginnings of braking B~ is tem- halt at Hl as before, provided that there 

porally earlier than B~ by the amount t*, and would be no obstacle. 

regarding distance it is advanced by the In reality, however, the vehicle 1 hits the 

distance Srest. This means that braking must be still mobile vehicle 2 at C. 

advanced by the time t* in order to just avoid Another vehicle 1’ alternatively follows 

the accident, t* is also the time differential vehicle 2 at a greater distance, starts to brake 

between H1 and H1. at B~’, hitting the stationary vehicle 2 at C’ 

With constant deceleration a is generally: In order to avoid the rear-end collision the 
vehicle 1 (and in this example also vehicle 1 ’) 

2 would have to brake earlier by the time 
t* -- Srest -- 

Vrest 

Vo 2 2 

t*=    Srest 1 - Srest 2 _ Vrest 1 - Vrest 2 

If the factor k is now introduced which in- 
vo 2a ¯ vo 

dicates how many times greater the initial 
speed vo is than the residual speed Vrest, at the t* -- (vrest 1 - Vrest 2) ° (Vrest + Vrest 2) 

beginning of the maneuver, one obtains with 
2a ¯ vo 

vo = k ° Vrest 
and with vo = k o (Vrest 1 + Vrest 2) 

t* = Vres~k 
2aok 

as well as Vrest 1 - Vrest 2 =- Vrel 

With transversely hit vehicle, i.e. which has t* -- Vrei 
nO speed component in the direction of the 2a°k 

hitting vehicle, the residual speed equals the 
relative collision speed (Vrest = Vrel), i.e. 

Assuming again a = 5 m/sec2 and as mean 

value vo = 2 Vrest 1 and Vrest 1 = 2 Vrest 2, i.e., 
k = 4/3, one obtains 

t* = Vrel 

3 
If, as was assumed before, one places a = t* = Vre! °~0- (sec) (VreI in m/sec) 

5 m!sec2 and then k = 2, which for the range 
of lower collision speeds is quite a plausible 

3 
mean value, one obtains t* ~ = ¯ = VreI ° 40°3.6 Vre1 0.0208(sec) .... 

t* = ~ (sec) (Vre1 in m/sec) (VreI in km/h) 
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Figure 7. Frontmrear collision; time history of distance and speed. 

The head-on collision is shown in diagram t* -- Srest 1% Srest2 VoI = kl ¯ Vrest 1 
Figure 8. The designations from Figure 6 apply Voj Vo2 
analogously. In order to facilitate calculation, 

%2 = k2 * Vrest 2 
the earlier maneuver beginning for accident 
prevention is so distributed over the two vehi- 

t* = vrest l + Vrest 2 if aI = a2 = a cles that both come to a halt at the original 2a~okl 2a2ok2 
point of collision. 

The problem is then simplified to 2 cases and 
analogous to Figure 6, which only regarding 
speeds and distances have opposite signs. If v k ] = k2 = k, 
and s are both considered as absolute values 
one obtains becomes: 

t*    Vrest J ÷ Vrest 2 
t* = t~* + t2*                                     =     2a.k 
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Figure 8. Front--front collision; time history’ of distance and speed. 

t* - Vrel vestigated before is given by Danner, M. and 

2a ¯ k Krais, H.D.1 It is shown in Figure 9. 
On hand of the rough calculations per- 

t* being the sum t l* + t2* from the temporal formed on the last pages the times allocated to 
advances of the braking maneuver from each the respective collision speed were established 

vehicle necessary for accident prevention. At and entered in Figure 9 in form of scales. If the 

the most tl* or t2* equals t*, if a vehicle is maneuvers concerned were only of the brak- 

already stationary at the point of collision, at ing type and if the assumptions made were 

least tl* = t2* = t*/2, if both vehicles have correct, a braking beginning advanced by 

the same speed Vrest 1 = Vrest 2 at the point of these times would then prevent the corre- 

collision, sponding share of accidents. For instance 0.5 ........ 
In the further course the more unfavorable seconds earlier braking in the case of the inter- 

time is used, i.e. section accident would prevent 50°7o of the 
accidents completely, and reduce the severity 

tl* = t2* = t*, i.e. with a = 5 m/sec2 of the remainder. 
k = 2 Many of the assumptions for the time cal ........ 

culation are certainly incorrect. However, if 

Vrel (sec) (Vre1 in m/sec) 
one considers that halving the assumed .... 

tl* = t2* = 2--6" deceleration a or halving the factor k, i.e. 
vo = Vrest, which would mean no braking at all 

Vrel (sec) (Vre1 in km/h) 
before the collision, would only double the 

t~* = t2* = 7--~" calculated times t*, the values given for t* are 
not likely to be far away, at least by less than 

A frequency distribution of the relative col- the factor 2, from the real effectiveness for a 

lision speed of the three types of accident in- possible prevention, even if one includes the 
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be shortened by the amount Srest in order to 
loo 

/"~ ~ ~----,-~ - 
prevent the accident. 

>- 80 ~ / 
Vo2 ~ ’ / If - z / / aj 
2 s1 

= / / 
~ 60 
w / 
rr g VO2 V02 
" ~ //// then ~.~ = = 
g 40 / 2g~ 2(S1 Srest) 

__. / ..... Front-rear collision 
" / ’/ ----- Front-side collision This produces with vo 2 Vrest (k = 2) ~ 20 !/ / Front-frontcollision 

I 1 i I I I = 1.33 a, 
0 40 80 120    160 200 km/h 

0 10 20 30 40 50 m/s This example would then either require an 

RELATIVE COLL~S~ON SPEED (FINS) increase of the deceleration due to braking by 
33%, or braking would have to be initiated at t* - "3/40 0 1 2 3    - Vrel 

~" t* = Vrel/20 
Vo = 20 m/sec ~ 72 km/h, and a~ = 5 m/sec 

o 1 2 would have to be advanced by 0.5 sec in order 
o 1 ~ t* =Vrel/20 tO prevent the accident. 33% increase of the 

ACCIDENT COMPENSATION TIME [s] deceleration due to braking, however, is tech- 
nically not feasible. 

Assuming, however, one would succeed in 
Figure 9. Accident avoidance by earlier driver’s generally increasing the deceleration due to 

action, braking by 10%, a fact which we can only 
partly realize with an ABS-system, this would. 
for instance, mean that the vehicle 1 in Figure 

6 does not come to a halt in point H~, but at accidents caused by vehicles suddenly jump- 
ing the queue et cetera. H1.t, if there is no obstacle. 

As stated earlier, the effectiveness of an Braking distance is reduced by an amount 
AS. evasive maneuver started earlier is still greater 

than that of an earlier braking maneuver so 
that even the fact that many of the accidents zXs = so ~ - so ~.j 

recorded in Figure 9 include attempted evasive 
maneuvers does not prolong the times t*. Vo2 Vo2 

ZXS- 
2a 2a - 1.1 

EFFECT OF AN IMPROVED BRAKE 
2    0.09t DECELERATION AND LATERAL 

ACCELERATION ON ACCIDENT 2a 
PREVENTION 

The same effect, i.e. stopping at H~, could 
The considerations made so far are now be achieved by advancing the brake beginning 

compared with the effect of a technical im- by t*L~ with the original deceleration a. 
provement in form of increased deceleration This would mean 
due to braking. 

If we take again the intersection accident of ~s 
t’L1 =          (constant speed vo) Figure 6, the braking distance would have to vo 
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voo0.091 or also with 
t*I~ 2a a - 5 m/sec 

Vo = 20m/sec ~ 72 km/h 

t*l.t = 0.18 sec                                                     _~. 

e 
The increase of the deceleration due to 

braking by 10%, which is technically feasible 
only under some operating conditions, had Figure 10. Effect of a 10% increased lateral 
the effect in this example as braking advanced acceleration in a lane change 
by approximately 2/10th of a second, with the maneuver. 
deceleration possible today. (Assuming a 
higher original deceleration would still reduce of which the driver would have to start the 
this time.) maneuver 

As second example it is intended to investi- 
gate the effect of increasing the lateral acceler- zX se 1.8 
ation during evasive maneuvers by 10% t* = = = 0.09 sec 

v            20 
(fig. 10). 

A calculation under the assumption of an i.e. roughly 1/10th of a second earlier. 
inclined sine curve for the shape of the vehicle In summing it all up it must be said that the 
path produces for the evading distance effect of an increase of the maximum deceler- 

ation under the influence of braking or the 

~1Ill 

V2 

s~ = 2 ~r o-- o e transverse acceleration by 10%, i.e. by 
aq amounts at the borderline of that which is 

technically realizable, must be equated with 

With aq L1 = 1.1 ¯ aq this is reduced to: the effect obtained when the maneuver begin- 

ning is advanced by the driver by few 10ths of 
a second at the very most. 

v2                     Figure 9 and the following estiraations 
se 1.1 = ~/ 2 ~r ¯ 1.1oal o e showed that a maneuver beginning advanced 

by approximately a half to one second could 
= se ¯ 0.95                       prevent roughly half of today’s accidents in- 

volving vehicles only. Similar values are likely 

For instance with v = 20 m/s, aq = 
tO apply to avoiding accidents where a vehicle 

5 m!sec2 this produces e = 3 m leaves the road or hits a pedestrian. 

~/[2 3 38.8 m CONCLUSIONS 
400 

se    =     -3.141- 5 ° = 

From the previous, actually very simple in- 

s~ ~.t = 38.8 ¯ 0.95 = 37.0 m vestigations, it has become clear that the ef- 

fectiveness of the gain of an only slightly 
earlier action of the driver cannot nearly be 

zXse = se - se ~.~ = 1.8 m. attained by any other conceivable measure. It 

must therefore be considered, what contribu- 
This curtailment of the evading distance tions the individual components~vehicle, en- 

corresponds to an advance of the original vironment, driver--are to make and in what 

evading distance by 1.8 m, for the attainment way it is most suitable to proceed. 
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The vehicle has to provide: A suspension Better visibility and better recognizability 
and an operation which do not fatigue and of the course of a road and the traffic on the 
tire the driver, and which distract his attention road by correct configuration, correct adjoin- 
from the road as little as possible. It must pro- ing country and elimination of view-impairing 
vide a good view and must be easily seen by obstacles are important long-term measures 
others under all weather conditions during for an earlier recognition of the traffic situa- 
day and night. It must ensure safe and predic, tions by the users. 
table driving behavior even with combined The driver, finally, is the most important 
steering and braking or steering and accelera, link in the control loop chain. The necessary 
tion maneuvers, change of his behavior can only be attempted 

.............. These are the known vehicle characteristics by means of specific information and im- 

....... which influence the preparedness to a maneu- proved instruction. 

ver, and which assist its performance. The fact that it is just a short formula which 

Possibilities for installations in the vehicle promises a lot of effect, and not a long list of 

which prompt the driver to an earlier action rules of actions, should initially be of help 
here. Furthermore the suggestion "earlier act- without constantly getting on his nerves are 

......... difficult to find, as the maneuver beginning ing then usuat" contains such few restrictive 

aspired for should be so early as to actually elements that aversions are not likely to be 
built up if the matter is handled in an intelli- constitute an action and not so late that one 

can only speak about a reaction. A distance gent way. 

radar unit for instance is only able to invite a Actually nothing is demanded that requests 

............ reaction; if it warns earlier it only annoys the slower driving or reduces the average speed; 

....... driver, recommendations are merely made on some- 
thing that helps the driver to maintain his in- 

Information by means of telecommunica’ 
dependent freedom of decision in form of 

tion engineering should rather be given on 
adequate room for disposition, and which 

potentially dangerous events which cannot yet 
keeps him from being involved in events the 

be seen by the driver, e.g. on a close group of 
course of which he can hardly influence. 

slow vehicles further ahead, or also on a single 
The prospective success makes it seem ad- 

stationary vehicle on the highway at a greater 
visable to employ all psychological science 

distance and similar. 
available today and considerable funds in 

The environment poses dangers caused by order to initially produce a positive basic 
the other road users and by the road. titude towards the question of alertness in 

The other road users, drivers of all kinds road traffic in wide strata, for instance by 
and pedestrians, have an influence exceeding linking it with sporty attributes. 
our considerations, in that they should not The conveyance of concrete recommendao 
block the road for vehicles which have already tions which would have to include those covo 
approached quite closely or that they should ered here, would then have to be prepared 
not irritate its driver. The only help here is in- with similar conscientiousness. The signifi- 
tensified instructions of the kind already given cance 0f looking far ahead and of preventive 
at many places, action should be far more emphasized espe- 

The road is also a very big influence factor, cially in driving instruction classes, than is 
Earlier recognition of the correct road in generally the case today. 
many places even by strangers and thus earlier This, together with the awareness that at 
initiation of suitable maneuvers and improved first they are mostly incapable of correctly 
adherence to indicated restrictions can be ef- assessing factors relevant to traffic such as the 
fected at short notice by means of clearer road meeting point with an approac;hing vehicle or 
signs, the free room necessary for overtaking before 
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a bend or a blind elevation of the road, should Picking out partial aspects and subjecting 

be firmly impressed on the minds of the young them to legal regulations is completely unin- 

drivers which, as is well known, are particu- teresting and not worth the effort. 

larly threatened.2 Improved road configuration and road 

It is likely that the secret of accident-free signs, however, can contribute a measurable 

driving of many good drivers is to be found in improvement in a shorter space of time, for 

their early adapted way of acting rather than this exerts a direct influence on a driving style 

in their mastering extreme driving maneuvers, which adapts to the respective conditions in 

In concluding the following can be said 
good time. 

The behavior of the driver, constituting the 
about the general situation: The realizations actual key to active safety, can doubtle:~sly be 
of this report cannot be cause for the motor 
car manufacturers to slacken in their efforts 

changed with greatest difficulty only, as many 
barriers have to be overcome before instruc- 

to realize and provide the drivers with the best tions are accepted and are moreover realized 
driving behavior possible according to the as permanent practice. 
state of technology. In view of the realization of this paper that 

Indeed an optimum driving behavior in all for an extremely substantial gain on active 
phases prior to a potential accident is the basis safety it is only necessary to change a very 
of its possible prevention. For this purpose it small field of this behavior by only small 
is necessary that the activities in motor car amounts, this field should nevertheless be in- 
development include the entire vehicle creasingly taken into consideration. 
together with the driver in the closed control This will, however, not be possible without 
loop. As has become clear, however, only a great efforts on the part of funds for research 
slow progress in small steps can be expected, and communication, and the cooperation of 
since possibilities for improvement exist many scientists from the most diverse fields 
merely in the largely exhausted free space of will be needed. But at least in the distance we 
development within the physical limits. An can see the possibility to increase active safety 
improved adaptation of the driving behavior by means of a concentrated effort by more 
to the driver producing a visible effect can than what would ever be possible in all other 
only be achieved with great efforts, as due to fields combined. 
his great adaptability man is similarly suc- 
cessful in handling vehicles with quite dif- REFERENCES 

ferent behaviors. 1. Danner, M. and Krais, H.-D. Sicherheit 

Together with the quantitative estimations hat vorfahrt. Munchen: Auer und Fuerst, 

of this work this means that to the regret of 1976. 

the automotive engineer an improvement of 2. Ola Svenson. Risks of Road Transporta- 

active safety based on the development of the tion in a Psychological Perspective. Acci- 

driving behavior will statistically hardly dent Analysis and Prevention. Vol. 10, 

become visible. No. 4, December 1978. Page 267. 

802 



SECTION 5: TECHNICAL SEMINARS 

Analysis of the Control System "Driver-Vehicle-Road" 

WOLFGANG DARENBERG fects of physiological, operational and visi. 
FERDINAND PANIK bility safety additionally have considerable in- 
WOLFGANG WEIDEMANN fluence on optimum behavior of the control 
Vehicle Research system. 
Daimler-Benz AG The problem is that these effects are by far 

less accessible to theory and also to experi- 
ABSTRACT ment than control and system theory or the 

........... Intensive analyses of the control system recording of "open loop" and "closed loop" 

driver-vehicle-road have been made in recent behavior by way of measuring. This involves 

years. Ever more refined methods were em- the danger that the problems are mainly seen 

ployed both theoretically and experimentally, from the view of that which can be calculated, 

and more complicated driver and vehicle measured or quantified by whatever method, 

models were taken as a base for the investiga- so that via guidelines and test methods em- 

tions. The aim of all this was to get informa- phasis is placed on work which fails to comply 

tion regarding the influence of selectable with the actual significance of the field for ac- 

parameters of vehicle and road designs on op- tive safety. 

timal concurrence of components of the con- In the following the significance of "open 

trol system. Up to now the effects of this loop" behavior, information and disturbance 

............. work on improvement of vehicles and vehicle behavior is compared by means of criteria 

.......... components seems to be rather poor. The proven in control technology such as control- 

reason for this may be of a fundamental lability, observability and disturbability. 

nature. It may be that the optimum of closed 

loop behavior does not depend significantly INTRODUCTION 
on respective vehicle parameters. In plain, the 
driver can easily control the course during A vehicle driven along a given course is in 

normal operation even with vehicles of most the sense of control theory a follow-up con- 

diverse driving behavior, trol system.l This is the term given to controls 

This does not mean that there is not any op- where besides control deviations the reference 

timum, but rather that its forming parameters value itself is processed by the controller. The 

are possibly of a different kind: for example reference value (course, traffic) prompts the 

the parameters of information flow from the driver to a deterministic control of the vehicle, 

vehicle to the driver such as the information the control deviation to compensatory control 

content or the relation between useful signals (fig. 1). 

and noise. It depends on these parameters as The behavior of a control system is deci- 
¯ 
to how well the driver receives the information sively influenced by the way in which the con- 

necessary for control, how well he is capable trol is composed of deterministic and 

of determining his driving condition from compensatory proportion. This in turn 

these, how reliably he can judge his stability depends on the reference value itself (e.g., 

reserve and whether he notes the approach to visible course), on the vehicle ("calculable" 

a critical driving condition. Disturbances such behavior) and to a decisive degree on the 

as vehicle or steering vibrations have a direct driver, since his task during driving is the 

and also an indirect effect on the control most complex one. As schematically shown in 

system: directly via the distortion of the useful Figure 1, it is by no means limited to the task 

information, indirectly via the increased of control only. It consists of the measure- 

strain on the driver. In a similar way the ef- ment of reference and control values, the in- 
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Disturbances 

[ q 
Disturbances 

Reference 

v~d~[Determi- ~ COntrOl vAaltuUeating 

nistic r-~ output 
control    1 ~                                 Clntr°lled 

Track                  [ device       ~ Vehicle 

~ satory 

! j 
~ Acceleration and 

~ force deviations 

/ Measurin~ 
~ 

~ 
device 

L~ ~ ~ 
Driver 

Figure 1. Schematical diagram of the control system driver/vehicle/road. 

formation of the control deviation, the actual change of the reference model in the way of 
control and the operating of the actuating an adaptive behavior of the driver, 

systems of the vehicle. The compensating con- The better the driver is in measuring, ac- 
trol system is additionally divided into two tuating, in the allocation of reference vehicle 

parts, one part which responds to deviations and actual vehicle and in controlling, the 

of the actual track course from the desired smaller are the control deviations and the 
one, and one part where further values greater is the proportion of the deterministic 
registered by the driver such as lateral and control and thus the part of the active course 
longitudinal acceleration, yawing acceration, selection as compared to that of the course 

steering moment etc. are processed. In order correction. The extent to which the task of the 
to be able to form a control deviation in this driver is influenced by the characteristics of 

circuit, the driver must compare the measured the vehicle can best be recognized by analyz- 
values with expected values which are neither ing the different control tasks. 
visible nor tangible, and which must therefore 
be generated by the driver himself. In Figure 1 DETERMINISTIC CONTROL 

these values are output values of a block With this type of control the driver musk 

which is designated "reference vehlc e, and rely on optical information only. In hi:~ vehi- 

which reflects the vehicle behavior expected cle-fixed reference system [, ~ he sees the ..... 

by the driver, if control deviations occur in nominal course ahead of him (fig. 2). 

this circuit, the results are corrections of the The control output value of the driver u (s) 

control output value but additionally also a in the most general form is a functional of the 
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1 ... tOOo~ (o) da + .. (3) +  -T-i (s)    w      . 

Weighting of the nominal track 

OO(SB-S) 1~       via which one gets the transmission function 

~ 
of the driver for deterministic control: 

.~/~:’~:~ N ominal .,,,~"~[ B. " . track H (jco) = G~u Gu~ 

L.~:~ ~�~s, %, ~ = Gou(C1 + C2jco 

+ C3 (jco)2 + ...) (4) 
Figure 2. Weighting of the nominal track by the 

driver.                                 With co as angular frequency and G~u as 
transmission function of human actuating 

........... track course ahead of him, which in the linear behavior, which according to Figure 1 

case can be represented in the form.2 describes the conversion of the control output 
value u into the actuating value/3. Thus the 
following transmission function is obtained 

u(s) =fs oo ~ (s, sB) ¯ w (sB - s) dsB (1) 
for the closed loop system. 

This corresponds to the convolution inte- 1 -- (C1 + C2jco + C3 (jco)2 + ...)GouG7o 

gral which the linear system theory generally 
describes the relation between an input value (5) 

~ (s, s~) and a weighting function w (s~ -s) 
...... characterizing the transmission system. Gv~ = Vehicle transmission function from 

/3to ~. With ot (s) as side slip angle, 3’ as course 
With deterministic course selection the angle and v as driving speed the function rt 

driver is thus able to compensate dead and (s, s~) can be approximated with sB -s = a 
delay time of the vehicle by producing an 

1 "optical lead" via appropriate weighting (C1, 
r/(s, sB) = va(s)a + ~-’~(s) 02 C2, C3 . . .) of track course. For this purpose 

he must include changes of angle, curvature, 

1 ol .. 
changes of curvature etc. of nominal course: 

+ g ~" 3’ (s) 03 + . . . (2) The more lead he must produce, the more im- 
portant become higher derivations of the 
track course. With (1) this leads to the following equa- 

Here the side slip angle o~ is of a special sig- 
tion 

nificance. According to Figure 2 and equation 
2 the driver must take the side slip angle trans, 

u(s) = or(s)Vfo~aw (a) do 
mission function Go~-~ (side slip angle 
behavior during course angle rates) into ac- 
count. Depending on whether the course is 
more or less curvy, the stationary side slip 

+ ~- "~ (s)r~° 02 w (a) da angle or its transient behavior will play a big- 
vo ger part. This explains the significance which 
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the driver places on the side slip angle steering moment between esti, 

behavior in case of subjective evaluation of mated (= expected) and oc- 

vehicles (see references 3 and 4). curring values 

G in equation (5) is not laid down, it is 
determined by the driver according to his own The points in equation (6) are to indicate 

judgment under consideration of given that the information taken into consideration 

peripheral conditions (width of road, traffic, by the driver is more than the one mentioned 

disturbances). One criterion here is the ques- by a degree which cannot be accurately speci- 

tion as to how accurately he intends to follow fied. However, as shown in Reference 2, these 

the course, and at what approach of his vehi- five quantities are sufficient to place the 

cte to a boundary he will start to correct via driver in the position of a complete state feed- 

the compensatory control. Assuming that back controller. This means that he alone, 

each driver attempts to remain in the control i.e., his selection and assessment of the dif- 

system of deterministic control as long as ferent information, determines the dynamics 

possible, this can rnean that with adequate of the closed control system. The reason for 

view or knowledge of the track and familiarity this being the fact that with complete state 

with the vehicle, steering behavior feedback the pole locations and thus the in- 

characteristics are of minor importance. This trinsic behavior of the system can be deter- 

will then lead to the fact that in driving tests mined as desired by the selection of the con- 

these characteristics have a poor or no cor- troller coefficients k1 to k5 in equation (6). 

relation to the subjective assessment of the Strictly speaking this applies only to a vehicle 

steering behavior by the drivers5, or are veiled model of simplest form according to Riekert- 

by other parameters not directly connected Schunck,6 it can however, be transferrecl onto 
the vehicle. All pole locations can then no with the steering behavior such as the ac- 

celerating ability of the vehicles, longer be determined by the driver, however, 
except those which are of primary importance 

COMPENSATORY CONTROL for course control. These are the pole loca- 
tions which determine the dynamics of the 

Precondition for the deterministic control yawing and lateral movement in relation to 
is the stability of the compensatory control the course. An example (fig. 3) serves to ex’ 
system. Disturbances produce deviations be- plain this. 
tween nominal and actual course, which can The example shows yawing rate behaviors 
only be kept small with stable behavior of the of various vehicles for steering wheel step 
correcting control system. In case of small function input. Table 1 shows the control co- 
deviations the control output value can be set efficients for the vehicles of Figure 3, which in 
up linearly in form.2 all cases lead to identical dynamic behavior of 

u(s) = Kla + K2 zX’)" + K3 Z~aq 
the closed control system. In this case an 
aperiodic transient behavior has been seL up as 

+ K4 ~ + K5 ~M~ + . . . shown in Figure 4. A lateral displacement is 
(6) controlled here, which can also be interpreted 

as a lane-change or obstacle-avoidance 
a(s) = distance between nominal and maneuver. This maneuver is performed iden- 

actual course tically by all vehicles with corresponding con- 
= difference of course angles beo trollers of Table 1. Of course the different 

tween nominal and actual controllers lead to different controller output 

course values and different steering angles. These 

ZXaq, zXi, = differences of lateral accelera- different steering angles are shown in Figure 

~Mi tion, yawing acceleration and 5, the maximum steering angles and steering 
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(t) 

stat 

~ 

1.5 

2 

Vehicles 1 2 3 4 5 6 7 

0.5 ~" 0,1 0,2 0,4 0,6 0,8 1 1,2 

GJn[S-1] 22 16,5 11 i7,3 5,5 4,4 3,7 

0.5 1 1.5 t[s] 

$ = natural damping, ~n = natural frequency of the undampea system. 

Figure 3. Transient behavior of the yawing rate. 

Table 1. Control coefficients for vehicles 1 to 7 for achieving aperiodic transient behavior. 

..... kl k2 k3 k4 k5 
........ Vehicle 

rad/m ./. rads2/m 1/s2 radtN rn 

1 - 0.0012 - 0.0461 - 2.900 - 0.908 0.114 
2 - 0.0022 - 0.0820 - 2.351 - 0.702 0.098 
3 - 0.0049 - 0.185 - 1.800 I - 0.472 0.065 

........... 4 - 0.011 - 0.419 - 1.810 - 0.410 0.005 

....... 5 - 0.019 - 0.738 - 1.800 - 0.316 - 0.008 
6 - 0.030 - 1.155 - 1.800 - 0.198 - 0.186 
7 - 0.044 - 1.657 - 1.798 - 0.056 - 0.316 

..... rates necessary here for a lane change of 3.50 investigations on a flight simulator regarding 
m are shown in Figure 6. controlled capability of pilots, which also 

The range which can still be handled by show how pilots adjust their controlling ac- 
drivers in critical situations, as determined by tivities within wide limits so as to achieve a 
measurements, is also entered in this figure.7 total behavior of the controlled system as 
This is to show that the control for this exam- desired by them.8 The set control task is 
ple remains within the possibility of drivers, schematically shown in Figure 7. 

The Research Institute of Anthropotech- It is a compensatory control where the 
nology in Meckenheim (FRG) has performed pilots, with three different controlled systems, 
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~ [m] 
~ 150 

~ ~ 
~ 100~ / Controllable range 

~ ~n ~ | .//" 

by driver 

- z 50~- ~ 0.7 

~u 765 4 3 2 
!} Peak values for vehicles 

I 
~ ooo = 

1 to 7 

1 2 t[s] ~ 
100 200 300 400 [°/s] 

STEERING WHEEL RATE 

Figure 4. Aperiodic behavior of the closed-loop 
system in the lane-change maneuver. 

Figure 6. Peak values of steering wheel angle 
and steering wheel rate in case of the 

had ~o control the deviation between nominal calculated lane-change maneuver. 

and actual values. The transfer behavior of 
the controller (fig. 8) measured here was much lead is demanded of the controller that 
strongly dependent on the characteristics of the closed loop system reaches the limits of 

the controlled system, both in the amplitude stability. This becomes evident by the fact 

and phase response, i.e., precisely so that con- that with the amplification factor 1 in Figure 9 

currence of both led to identical behavior (fig. the phase angle comes close to - 180° 

9). However, the limit becomes visible too. In (Nyquist-criterion). Results of similar meas- 

the case of the very slow controlled system so urements on the vehicle simulator9 are 

15 [- 
7 Vehicle 

1.2 2.4 t[s] 

Figure 5. Steering wheel curves in the lane-change maneuver. 
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Disturbance 

~~ Actual _ ~-~,.~ .Vehicle s,mulat,on 
G(j LO) - ’~ ",~. measurements 

....... 

[ Pilot (controller) steering angle 

4. G 
"*~ ~---~ Gll 

0.1 
~r, 

GI{1- 

Variation of the controlled system: 0.01 ,~.~. 
!.0 10 f[Hz] 

_90o 
G1 (jLD) = k; 

HG~ 

,, 

......... k 180 
Gll (jL~)= 

1 +j G.~T’; 

k 
Gll1 (jLD)=11 +j Q.~T)2 ; 

............ Figure 7. Schematical diagram of the com- 
Figure9. Measured transmission functions of 

........... the serial connection controller/con, 
pensatory control. trolled system. 

parameters such as friction coefficient 

............ !1.0 ! 
! ...... ~" 

tire/road, load conditions, driving speed, 

......... 

| ~ 
deceleration and acceleration, each vehicle 

"~ :-’~o---~-~ ~1 can severely change its steering behavior, 
0.1F ~,~.11 Here the range of variation is greater than 

"111 that of different vehicles each in identical 
~ ~ ~ ~ operating conditions. The characteristic of 

0.01 .. 0..!..~’~" 1.0 10 f[Hz] 

~.90°- o~--,~:/&,.- ~ 
.~ the adaptability of the driver as illustrated by 

~0H | xck,~ the change of the reference vehicle in Figure 1 

-180ol 
-’~ 

is an important characteristic. The rate of the 
adaption process is quite high4 and completed 
already after few maneuvers in most cases, 

~ 
Figure 10 shows a typica! adaptation process. 

Figure 8. Measured transmission functions of A driver who has never driven a city bus 

a pilot belonging to different charac- had to evade an obstacle quickly with this 
teristics of the controlled system, vehicle. He completed the first maneuver in a 

rather insufficient way; after 4 to 5 maneu- 

entered as points in Figure 9. Although the vers, however, he nearly reached the standard 

controlled system, in this case a simulated of a skilled driver. The driver dominates the 
vehicle, is different, similar behavior is shown control system. Depending on the vehicle this 
for the amplitude of frequency response. The can be more or less difficult for him, whereby 
greater phase delay indicates that the drivers different drivers have different demands on 
do not always make full use of their stability the handling characteristics. 
reserve, but only do so when they approach If generally valid criteria regarding the vehi- 
the limit of stability, cle are sought despite this fact, it is important 

Adaptation of the driver to different steer- to take into account all characteristics which 
ing behavior of vehicles is necessary because have a major influence on the effect of the 

of the fact that depending on many control system and to carefully balance them 
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Table 2. Control and steering energy for the 
Latera| displacement vehicles 1 to 7 in case of aperiodic 

lane-change maneuver. 

a(t) I! 

Control Energy     Steering Energy 

0,5[ Lateral displacement of            ~0%2dt    g°~dt 

skilled driver                                Vehicle 

0 ~ ;~\~- ..i~.’~,~.~- 5~," 5..Maneuver /10 t[s] 

~\ ~ //     - ,’~.~-~                                  rad2s              rad2s 
r’-- 3. Maneuver 

-0.5 [ Maneuver 1 0.0313 0.0200 

2 0.0302 0.0195 

3 0.0302 0.0189 

4 0.0426 0.0206 

5        0.0896          0.0303 Figure 10. Adaptational behavior of a driver. 
6 0.2022 0.0557 

7 0.4165 0.1057 

one against the other. The assessment of a 
u = Controller Output 

controlled system regarding its suitability for 
~1 = Steering Angle 

the control is a constantly recurring task in 
system theory. Here the three criteria of con- 

towards lower damping values. These depend- 
trollability, observability and disturbability 

encies were investigated in Reference 10 on 
have proved their value. They can also be up- 

the example of a system corresponding to the 
plied to the controlled system "vehicle" with 

Riekert-Schunck model. A result showing this 
the aim of comparing the different demands. 

tendency is depicted in Figure 11. It addition- 

CONTROLLABILITY 
ally shows the extent to which the influence of 
damping depends on the driving task. With 

A dynamic system is considered to be fully fast maneuvers generally small damping 
controllable if an input function can be values are favorable, however, they have 
specified at any time, which can transfer the hardly any influence anyhow. During driving 
system from any desired state into any other 
desired state. 

The control energy, which is necessary for 
the transfer from one into another state is sug-      ~ 
gested in Reference 10 as a measurement for ~z 1£0. ~ Area of 10% deterioration 

the controllability. The required control 
~ 

°"/~i~i ~timalcontrollability 

energy and also the required steering energy 
~F 

are summarized in Table 2 for the example ,~ 0.6[ 
covered in Figures 3 to 6. ~ 0.4 

The minima of the measurable steering 
) 0.2[ 

optimal controllability 

energy and the control energy not measurable 
with man as controller, lie not at the same 1 2 3 4t[s] 

damping values but in this example closely DURATION OF LANE 
together, roughly at a ~’-value of 0.3. This up- CHANGE MANEUVER 

timum damping value depends greatly on the 
driving task or the intention of the driver. The Figure 11. Relationship between optimal 
faster he wants to or must change lanes, the natural damping and duration of 
more the minimum of control energy shifts lane-change maneuver. 
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tests requiring quick steering maneuvers it will 
therefore always show that the natural damp- 
ing of the vehicles does not have an influence 
on the assessment of the vehicle by the driver. 
For the continuous strain of the driver with 
slower steering movements during normal 
operation, however, the damping factor has a 
greater influence and its optimum value lies at 
higher damping values than in the case of 
quick maneuvers. The values in Table 2 show 
also a clear unbalance in regard to the limits 
of the range of the ESV-proposal with respect 
to controllability. 

OBSERVABILITY                          Figure 12. Automatically steered bus. 

The complete state feedback by the con- 
troller requires the knowledge of all state vari- Depending on the control algorithm and 

the information used, the controlled vehicle ables of the system. The observability pro- 
vides a measurement for how well or poorly a shows different dynamic behavior. The meas- 

controller is able to reconstruct the system ured values of the effective lateral deviation 

state from the measured quantities recorded from the course are entered in Figure 13 in a 

by him. kl, k2-plane- kl, k2 are the factors of the equa- 

The driver absorbs information via outer tion (6), with which lateral deviation and posi- 

and inner ear, eye, skin and muscles. The tion angle relative to the course are assessed 

visual information must be considered as the by the controller. If besides k~, k2 all other 

major information. Approximately 90°70 of factors are entered as zero in equation (6), the 

the information received during driving is controller drives alone with the information 

perceived by the eye. 11 Perceptible for the optically absorbed by the driver (the driver is 

driver are the positions of the vehicle relative not able to feel lateral deviation and position 

to the course in all 6 degrees of freedom and angle). The figure shows that with this infor- 

their rates. Now what is the significance of the mation alone driving is quite possible. The 

optical and the other information for the 
compensatory control? How well can a driver 
drive with optical information alone? As dur- 
ing driving tests with drivers it is impossible to ~ aef, [roml : k3, k4, k5 4:0 

restrict information absorption to the optical 4 \~ 1o 

kind alone, tests were performed with an -k2 [-] aeff [mml: ka=k4=k5=O t 
/ 

automatically steered bus (fig. 12). 
3          3~9~20~6-~ , 

The nominal track is marked by a wire with         2 
alternating current. Lateral deviations from 
the cable are measured by antennas fixed to         1 

the bus. These and further measuring values 
are fed into a computer which processes them 

0.1    0.2 0.3 oA -k1 I-tad!m] 

into the controller output value via pro- 
grammed control algorithm. The signal is fed Figure 13. Effective values of lateral displace- 
into a hydraulic system which adjusts the ment as a function of control coeffi- 
front wheels of the bus accordingly, cients. 
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points k1, kz which lead to small control that even with almost any open-loop behavior 

deviations can be seen, but also those which created by load, friction coefficient, tire 

lead to unstable behavior. The limit between pressure, or speed, it is no problem to achieve 

stable and unstable behavior could not be satisfactory dynamic behavior through the 

meas~ared, however, it is nearly identical with controller, if one succeeds in acquiring the 

the curve of 30 mm effective displacement, necessary information and keeping distortion 

Control restricted to the deviation alone for below a certain value. The measuring and ac- 

instance would be unstable (k2 = 0). Too tuating systems were a far bigger problem 
strong assessment of the measured values by than the actual controller. 
the controller also leads to an unstable 
system. DISTURBAB! LITY 

The extent of the improvement reached 
with the inclusion of the further information The effect of disturbances can be given 

according to equation (6) is shown by the analogously to the controllability. The distur- 

curves of the case with complete state feed- bability is then the energy of the disturbance 

back also entered in Figure 13 (kj :�:0, i = 3, 4, which is necessary in order to transfer the 

5). Firstly the stability range is greatly in- system from one state to another given state. 
creased, and secondly the control deviations This quantity is not easily applicable to the 

are clearly reduced, vehicle. Firstly, different values would be ob- 

The tests showed that optical information tained for each kind of disturbance; secondly 

alone is sufficient for driving. However, fur- it is not quite clear what the open controlled 

ther information such as lateral acceleration, system under the influence of disturbances 

yawing acceleration, and the steering moment precisely is. Is it the vehicle with the steering 
is of great importance to stability and control wheel free or fixed or one with the steering 

accuracy, wheel supported by a spring/damping system 

The support which a vehicle can give to the (simulation of the driver as a passive system)? 

driver in the way of improving the observ- Further, there is the question whether it is at 

ability is manifold, starting from the seat all sensible to investigate the effect to disturb- 

design and material (information on lateral ance only for the vehicle itself, It was possible 

and yawing acceleration) via the construction to investigate the influence of the controller 

of the vehicle front end (optical information), on disturbances with the automatically steered 

the steering characteristic (steering moment) bus. During test drives along crosswind 

right up to vehicle suspension and wheel facilities (wind speed 20 m/s) the lateral devia- 

kinematics (isolation against vibration, rolling tions were measured. Figure 14 shows a cor. 

motion). Vehicle and steering system vibra- responding measuring diagram. 

tions and rolling motions can distort the The measured curves of lateral deviation in 
signals required by the driver so that the the plane of the controller coefficient corre- 
driver is no longer able to separate useful spond roughly to those of Figure 13; only the 

signals and noise. Criteria referring to the values for the deviations from the nominal 
quality of the vehicle observability cannot be course are greater, the peak values approx- 
quantified to the same degree as that of con- imately by the factor 20. For the controller 

trollability, which can be determined by operating only with the information lateral 

means of "closed" and "open,loop" tests, deviation and angle difference (k3 = k4 = k5 
Guidelines refer to quantifiables, thus involv- = 0 in equation (6)), deviations stay smaller 

ing the risk of directing activities to all that than 20 cm within a very small range only. 

can be measured, independent of its actual The measurements show just how important 

significance. The activities with the auto- the addition of further information is for con. 
matica!ly steered bus in particular have shown trol in the case of disturbances. With the same 
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vehicle with complete state feedback it is thus effects of external disturbances such as cross- 

possible to keep the maximum lateral devia- wind, this information is of importance even 

tion in the entire stability field of the k1, k2 - in two respects. On the one hand the stability 

controller below 15 cm. range is increased (analogously to "optical 
According to this the disturbability of the lead," during control the driver can form a 

closed loop system depends greatly on how "dynamic lead" via higher derivations of the 

quick or well the controller can absorb the movement quantities), and on the other hand 

disturbance from the information, how the the occurrence of the disturbance can be 

controller processes the information and also earlier recognized by the driver and the course 

how quick actuating system and controlled deviations be kept smaller by quicker reac- 

system respond to controller output and dis, tion. 

turbance value. For instance disturbances in Whether in critical situations caused by 

the same vehicle are handled differently by the very intense disturbances due to external 

same driver, depending on the lateral stiffness forces (side winds), sudden--not expected-- 

or the driver’s seat--and thus depending on nominal course changes (other traffic, course 

the lateral and yawing acceleration informa- routing) or unexpected vehicle behavior 

tion received by the driver. Corresponding in- (aquaplaning, burst tire), the control by the 

vestigations have been performed in driver takes place in such a differentiated way 
Reference 12 for the case of unsymmetric ac~ as described above is certainly doubtful. The 

tion of the braking system, attempt to design for the automatically con- 

The disturbability alone as quantity is trolled bus a simple emergency control system 

therefore certainly not useless, but a reference with large deviations showed that simple algo- 

to observability and controllability would be rithms especially in critical situations are of 

necessary, no help. A control system which operates ac- 
cording to the direction "steering left in case 
of right and steering right in case of left devia- 

CONCLUSIONS tion" leads to instability with any vehicle2 (see 

The so-called control system driver/ also Figure 13, where the axle k2 = 0 corre- 
vehicle/road during course control actually sponds to the above stated control algorithm). 

comprises two control systems, that of deter- It is however, very probable that especially in 

ministic course and that of compensatory critical situations drivers control according to 

control. Distinguishing both is significant such simple algorithms, and in this way "steer 

because both make different demands on the vehicle off the road" or bring it out of the 

driver and vehicle. Deterrninistic control takes range of physical limits (friction coefficient,- 
place alone via the optical information, i.e. tilting). Due to this opposite tendency--that 

via the nominal course seen by the driver, especially when complicated compensatory 

Dead or delay times of the driver or the vehi, controls are most necessary there is the least 

cle are of no consequence in this control chance for the driver to provide themmhand- 

system as long as the driver can compensate ling specifications for the vehicle will only be 

them by "optical lead," i.e., as long as he can of limited help. It appears to be more effective 
see sufficiently far ahead, to concentrate research and development 

The information vestibularly or haptically activities on the development of systems 

absorbed by the driver is of great importance which offer the driver support in critical situa- 

for the compensatory control. The more sup- tions. The anti-skid device which maintains 

port in form of information with little dis- the steerability of the vehicle is an example; 

turbances the driver receives from the vehicle, power steering, lead-steering systems or steer- 

the better the dynamics of the closed !oop ing aids derived for the driver from the system 

system can be mastered by the driver. For the of automatic track guiding (this, however, 
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would require additional road and vehiclecom- Testverfahren ffir das Fahrverhaltem 
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Vehicle Characteristics Describing the Steering Control 
Quality of Cars_ 

FRIEDR]CH O. JAKSCH These vehicle characteristics must be meas- 
Volvo Car Corporation urable by the open loop method in order to 

assure repeatable conditions. The characteris- 
tics must be applicable to the driver-vehicle 

ABSTRACT relationship and separate driver studies must 

In automotive engineering, the crash avoid- be accomplished. 

ance phase still requires a great deal of re- The paper reports on the investigation of a 

search. Current Volvo investigations invehicle number of European 1978 and 1979 model 

dynamics clearly show that a certain number vehicles with respect to steering control qual- 

of vehicle characteristics are necessary to ity. The measurements are evaluated by cri- 

define steering control quality with respect to teria previously developed by the author, and 

vehicle safety, the evaluations show considerable differences 
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in steering control quality, particularly during 
large lateral accelerations. 

There is also a description of how these dif- 
ferences may be subjectively experienced dur- 
ing various handling and stability maneuvers. 

INTRODUCTION 

At the present time, there are no generally 
applicable measuring methods which can help 
to describe the steering control quality of a 
vehicle. 

Research operations are however in prog- 
ress, at various institutions and car manufac- 
turers, to find common measuring methods. 
The International Standardization Organiza- 
tion (ISO) is at the moment in administrative 
charge of a group of researchers from the 
automotive industry and other independent Figure 1. Measuring equipment including the 
research institutions, in order to set up stand- combined steering-braking machine 

ards for measuring the steering characteristics for measuring of steering and braking 

of passenger cars. characteristic& 

The results so far obtained from the 
search work show, even clearer, that several 
various vehicle characteristics must be meas- REVIEW OF CURRENT RESEARCH 

ured, in order to describe the steering control RESULTS 

quality of cars with respect to safety. The interaction between the vehicle and the 
driver has been studied by many researchers, 
over the last few years. After going through 

OBJECTIVES AND CONDITIONS the literature on the subject, it can be estab- 

The aim of this investigation is to show lished that research results very often focus on 

steering controt and stability characteristics a certain group of vehicle characteristics. 

for !4 passenger cars of different makes. Steering wheel angle, steering wheel torque, 

Measurements have been taken with the help yaw velocity, lateral acceleration and response 

of measuring equipment developed within times between steering wheel angle and yaw 

Votvo Car Corporation. The equipment con- velocity and lateral acceleration respectively 
sists of a combined steering and braking are characteristics often dealt with in various 
machine controlled by a signal generator, a investigations. 

gyrostabilized platform and signal amplifying M.C. Good2 has established in his litera- 

unit, which is shown in Figure 1. ture study that optimal vehicle characteristics 

All vehicles have been measured with the can be different for different types of maneu- 

same load; i.e., driver and measuring equip- vers. For normal driving maneuvers, the 

ment. The measuring equipment is mainly steady state response gain related to steering 

located on the passenger’s seat and weighs wheel angle, time lag between steering inputs 

approximately 80 kg. and vehicle responses and damping of direc- 

The measurements have been taken with tional response is of great importance. 
one type of road friction only; i.e., dry W. Lincke et a14 has accounted for results 
tarmac, from simulator studies and vehicle measure- 
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ments, In the simulator test, 8 drivers drove 8 shows a high correlation coefficient, which is 

vehicle configurations with different charac- shown in Figure 3. A short yaw velocity re, 
teristics along a l0 km long highway. The sponse time and a low vehicle side slip angle is 
drivers rated the vehicles subjectively and 10 regarded as being good and also gives good 
different vehicle characteristics were measured driving precision. 
during the drive. The highest correlation be, In the practical driving test, 8 unskilled 
tween subjective rating and vehicle response drivers drove 4 vehicles with different charac- 
was obtained from the product of yaw velocity teristics (vehicles X, W, T and Q in fig. 4). 

response time and steady state vehicle side slip The practical driving tests also showed a deft- 
angle as shown in Figure 2. The connection nite relation between subjective rating and 

......... between driving precision, expressed in the natural yaw frequency and yaw velocity re- 

......... number of penalty points for incorrect driving sponse time respectively as shown in Figure 5. 
and the product of yaw velocity response time D. McRuer et al6 in his investigation has 

and steady state vehicle side slip angle, also shown that steady state yaw velocity to steer- 

D rr E 
o 

90 o 
~Lu 3 G° >" E 

~ 
o o ~_ 

;"~" 2 
460 ° 

o C 

b5 z 
..... I,~ F o 

.......... ~ 1 l    I    I    1 I ~ 30 G 
:3 12     18     24    30    36 42 I I~ ,    I     1 1 
o3 

CAR CHARACTERISTIC 012" 18 24    30    36 42 

T~ T/star " SEC DEG 7530 14 
CAR CHARACTERISTIC 

Tt~ ¯ Ttstat . SEC, DEG 

SJ 1 = Handling extraordinarily easy. 
5 = Handling very difficult. 

Figure 2. Relationship between subjective Figure 3. Relationship between number of pen- 

judgment SJ and the vehicle charac- alty po.ints P and vehicle character- 
teristic T~oi~stat for 8 different istic T~o/]stat for 8 different vehicles, 
vehicles. 

Peak overshoot 

Car Time to reach steady state 
response for first time 

~’~F 
Z 0.172 (S) 

P 0.173 
~A1 

Q 0.200 

W 0.210 

X 0.225 -,,J 

U 0.246 

V 0.258 <( Time to reach 1 
S 0.268 ~ I 

Y 0,274 the steady sta{e response for first time 
! T 0.346 .~, Time to 

first peak 

Figure 4. Time to reach steady state yaw response for the first time measured with step steering in- 
put. 
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2 
~ Car X 
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SJ 1 = Poorhand~ing. 4 = Good handling. 1 ~ t ~ I ~ I ~ 1_ 

Figure5. Relationship between subjective 
0.~ o.2 o.4 o.6 0.8 

judgmen~ SJ and natural yaw fre-                            Tr (see) 
quency 

~ wheel annie ~a~ and yaw velocRy ~umer- Figure 6. Tentative boundaries of optimum 

ator dine constant appear to be the most ~m- vehicle response at ~ m.p.h, as deter- 

~or[aat vehicle characteristics ~ t~rms of mined from subjective ratings of ex- 

dr~ver r~dn~, 
perienced test drivers. 

The yaw velocity numerator time constant 
should be less than 0.3 seconds. The range of This implies that McRuer also states laterN 

acceptable steady state yaw velocity to steer- acceleration to steering wheel angle gain and 

ing wheel angle gain is between 0.2 and 0.4 yaw velocity response time as being important 

degrees per second per degree at 50 m.p.h, vehicle characteristics. 

and depends on the value of the yaw velocity B. Repa et al9 in an investigation, based on 

numerator time constant as shown in Figure 6. simulation and practical tests, shows that the 

In McRuer’s investigation, yaw velocity to steering wheel torque gradient (steering wheel 

steering wheel angle gain can also be replaced torque in relation to steering wheel angle) has 

by lateral acceleration to steering wheel angle a noticeable influence on driveability. More- 

gain, when, over, Repa has investigated lateral accelera- 
tion to steering wheel angle gain and lateral 

~.ss = Uo " ~ss acceleration response time. He states that it is 

important to investigate combinations of 
whereby, various vehicle parameters. According to this 

investigation, both steering whee! torque and 

G~ ~ G~W ~ ¯ u° response time have a greater effect on driving 
.... precision when lateral acceleration to steering 

Furthermore, the yaw velocity numerator wheel angle gain or control sensitivity is low ........... 

time constant has a strong relation with the as shown in Figure 7. 

yaw velocity response time, within certain D.H. Weir~2 related to a previous investi- 

limits. This means that for a linear vehicle gation conducted by Systems Technology Inc. 

model with two degrees of freedom and a very He shows that the steady state gain between 

low disturbance frequency that, yaw velocity and steering wheel angle and thus 
steady state gain between lateral acceleration .... 

T~ ~ Tr - 2 . D~, u~-~ and steering wheel angle and effective time 

constant of the directional mode respectively 
would apply, are key handling properties. Weir has investi- 
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¯ RT = 40 SEC 

RT = 75 SEC 

16       ~-      ~<.05 ~ 16- 

O 14 O 
14 - ......... ~. ~- p < .o5 

~ I0 z I( 
O O 

o ~ TG=6.5 N.M O 
RAD 

6                                                J 6- N+M 
~ ~ TG = 0.65 ~ 
~ RAD 

~ ~ 4 " 

~ 2 
~ 

2 

40 1.10 40 1.10 

CONTROL SENSITIVI~ (G’s/100 DEG) CONTROL SENSITIVITY (G’s/100 DEG) 

RT = Response time, TG = Steering wheel torque gradient. 

Figure 7. The effects of control sensitivity combined with response time and torque gradient 

lateral position deviations. 

time dJa~ram as shown Jn ~{Sure 8. e~u{valent time lab and Js found ~n the 

Weir ChOOSeS to ex~[ess v¢~{o]e [¢s~onse mental [o[m fo[ t~e yaw ve]oc{[y to the steer- 

time with the help of the effective time con- ing wheel transfer function. 

stant of the directional mode. This effective 

T+,s+I 

M.v Mitschke summarizes the vehicle char- 
,.50~ ~ Expert driver boundary , acteristics which are important for steering 
.40~ .... 

~ / ,.~;~#+" control. He describes gain factors for yaw 

.ao [ Omimum I / :g~’ velocity to steering wheel angle, lateral accel- 

~ Z .~:+" eration to steering wheel angle and steering 

.~o ,~ wheel torque to steering wheel angle. Re- 

� ~ [ ~                    Typical driver boundary sponse times between steering wheel angle and 
- 
¯ ~ ------~ yaw velocity, vehicle side slip angle, lateral 

acceleration and steering wheel angle torque 
respectively are also important. 

NESULTS OF MEASUNED VEHICLE 

oJ 0.2 0.4 o.e 0.8 
T~ ~ Steerino Gontrol Gharacteristics Measured 

with Sinusoidal Steerin0 Input 

Fi0ure 8. Boundaries of satisfactou vehicle The measuring method is based on the pro- 
response at ~ m.p.h, posal for measuring of "Transient Steering 
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Response" from the Swedish working group sponding to approximately 0.2, 0.4, 0.6 and 

within ISO TC 22-SC9 (International Stand- 0.8 g lateral acceleration. 

ardization Organization ISO, Technical Corn- Figures 9 and 10 show typical time histories 

mittee TC 22, Subcommittee SC 9, Handling of the measured vehicle characteristics. Figure 

and Stability). 9 shows a test with low lateral acceleration 

The vehicle is driven at a speed of 80 km/h while Figure 10 shows a test with high lateral 

in a straight course. When the vehicle has acceleration. 

reached steady state, it is controlled by means In this investigation, the vehicle characteris- 

of a steering machine. The signal for the steer- tics at various lateral acceleration levels are 

ing machine comes from a signal generator measured up to maximum lateral force be- 

and is a sinusoidal signal of one period. This tween the tire and the road surface. 

signal causes the vehicle to perform a single Tests have shown that the driving proper- 

lane change. The test consists of a series of ties of the vehicle, especially at high lateral 

measurements containing 3 different steering accelerations, have a much better correlation 

frequencies (0.3, 0.5 and 0.7 Hz) and 4 dif- towards RMS value for lateral acceleration 

ferem steering wheel angle amplitudes corre- than the maximum value for lateral accelera- 

VOLVO                              Weight 787/728 KG    Tire press 1 - 8/1 - 9 bar Datum 790111 

TestNR5 Freq0.5HZ W-DB Front 52 Percent Tire 1 -811 -9 

Steering wheel aml~ 35.8 degrees 3.84 NM 

Cross-corr Time lag msek 
Percent of equality 

Steering-yewvet 93 93 88 91 0 0 99.5 99.5 99.3 99.4 0 0 

Steering-letacc 183    178 169 176 0 0 99.7 99.8 99.9 99.8 0 

Degreesls 
Steering wheel angle Lateral acceleration M/52 

yaw velocity 
90,,15 --. 6 

lO                                                                      ¯ 4 
60 

5 

-5                                                                     - -2 
-30 

-10                                                                                                            -4 
-6O 

-15                                                                                                            --6 
-90 

-20 
-I 20 - 

-0.5 0 0. 0.1 1.5 0.2 2.5 3.0 SEK 

AMP for yaw velOcity 8.3 8.27 8.33 8.3 0 0 Degrees/s 

AMP for lateral acc 2.97 3 3.05 3.01 0 0 rn/s2 

RMS for yaw velocity 5.87 5.85 5.89 5.87 0 0 Degrees/s 

RMSfor lateral acc 2.1 2.12 2.15 2.13 0 0 m/s2 

Steering frequency 0.5 (Hz) 

Max. lateral accele ration 3.0 (m/s2) 

Figure 9. Time histories of steering wheel angle, yaw velocity and lateral acceleration for vehicle 9. 
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tion. An equivalent peak value for lateral and partly between steering wheel angle and 
acceleration is therefore chosen as the lateral lateral acceleration~ as a function of the 
acceleration level in this investigation. This equivalent peak value of the lateral accelera- 
peak value of lateral acceleration is calculated tion. 
as follows, The measurements show that response time 

varies greatly for the vehicles measured de- 
spite the fact that the measurements were 

ayp = 20"5(ayRMS) taken under the same conditions for all 

(_~ ) 

vehicles. 
ayp = 20.5 I~ ay2 it) dt The mean value of the lateral acceleration 

response time, ~’, for all the 14 vehicles, meas- 
ured at an equivalent peak value of the lateral 

Figures 11 to 24 show the response time, acceleration of approximately 2 (m/s2) was 
calculated from the time histories, by means 155 (ms), The spread a was approximately 25 
of the cross correlation method, partly be, (ms); i.e., the response time varied within 
tween steering wheel angle and yaw velocity 30°70 of the mean value. 

VOLVO Weight 7871728 kg tire press 1 - 8/1 - 9 bar Datum 790112 

Test NR 8 Freq 0.5 HZ W - DB front 52 percent Tire 1 - 8/1 - 9 

........ Steering wheel amp 111 degrees 4.75 NM 

.......... Cross-corr Time lag msek Percent of equality 

Steering-Yawvel 198 182 182 191 0 0 93 97.7 96 95.5 0 0 

Steering-latacc 373 0 0 84.2 50.6 86,9 87.2 0 

Steering v~hee.I ang~le~ Degrees/s, 
Yaw velocity ~ 

Lateral acceleration M/52 

15 I ~ v.- ~ ,~ I 

........... 10 6 

5 

~IO 

-15 

-20 

-0.5 0 0.5 1, ,I .5 2 2.5 3 SEK 
.8 

/ 
AMP for yaw velocity 31.3 31.5 32~3 31.7 0 0 Oegr~es/s 
AMP for lateral acc 7.76 8.15 7.9 7.94 0 0 
RMS for yaw velocity 22.1 22.3 22.9 22,4 0 0 Degrees/s 
RMS for lateral acc 5.49 5.76 5.59 5.61 0 0 m/s2 

Steering frequency 0,5 (Hz) 
Max. lateral acceleration 7.0 (mis2) 

Figure 10, Time histories of steering wheel angle, yaw velocity and lateral acceleration for vehicle 
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The mean value of the lateral acceleration by means of response time and vehicle speed 

response time for the 14 vehicles measured, ~, according to the following: 

was approximately 325 (ms) at an equivalent 
peak value of the lateral acceleration of 8 D = U ¯ Tay ¯ k 
(m/s2). The spread, o, was approximately 85 
(ms). The response time in this case varied Table 2 shows that the driver’s reaction is 
within 55% of the mean value. 

The vehicles show a much greater variation 
about the same for these two vehicles with low 

in percent at higher lateral accelerations, 
lateral acceleration (ayp ~ 2 (m/s2)) or during 
normal driving. 

When regarding individual vehicles, the dif- 
ferences can be even larger. Table 1 shows 

With high lateral acceleration (ayp = 8 

that vehicle 1, Figure 11, increases its lateral 
(m/s2)) or more drastic maneuvers, vehicle 12, 

acceleration response time between 2 (m/s2) 
Figure 22, demands much greater pre-steering 

and 8 (mis2) lateral acceleration by approxi- 
to be able to follow the same path as veh.icle 1, 

mately 28%. Vehicle 12, Figure 22, on the 
Figure 11. 

other hand, increases its response time within Measurements also show that vehicle 5, 

the same range by about 175%. Figure 15, has the shortest response time, with 

Table t also shows that the difference in a lateral acceleration of 2 (m/s2), of all meas- 

response time between vehicles 1 and 12, up to ured vehicles. The same car has also, on the 

a lateral acceleration of 2 (m/s2), is very other hand, the greatest reactlontlme cha ge, 

small. This implies that these two vehicles between 2 (m/s2) and 8 (m/s2) lateral accelera- 

behave rather similarly during normal driving, tion, an increase of approximately 180%. It 

where lateral acceleration is normally seldom can therefore be assumed that this increase in 

greater than 2 (m/s2). With higher lateral response time puts greater demands for adap- 

accelerations or during more drastic maneu- tion on the driver. 

vers, the difference between these two vehicles The response time characteristics of the 

is much greater, vehicles also vary more or less according to 

Response time can also be expressed with the steering frequency. The vehicle reaction 

the help of pre-steering distance. Pre-steering time will be longer when the steering fre- 

distance states how far in advance the steering quency increases. The greatest sensitivity to 

rnust be activated to obtain a particular different steering frequencies is shown by 

change in the direction of the vehicle. The vehicle 5, Figure 15, vehicle 7, Figure 17, 

pre-steering distances inTable 2 are calculated vehicle 11, Figure 21 and vehicle 14, Figure 24. 

Table 1. Lateral acceleration response time Tay 
Table 2. Presteering distance D (m) at different 

(ms) at different lateral accelerations lateral accelerations ayp (mts2) for 
vehicle 1 Figure 11 and vehicle 12 Fig- ~p (mls2) for vehicle I in Figure 11 and 

chicle 12 in Figure 22 measured with ure 22 measured with a sinusoidal 

sinusoidal steering input and a steer- steering input and a steering fre- 

ing frequency of f = 0.5 Hz. quency of f = 0.5 Hz. 

Lateral acceleration response time Tay                              Presteering distance D 
Vehicle 

ayp = 2 (mfs2) ayp = 5 (m/s2’, ayp = 8 (mts2) ayp = 2 (m/s2) ayp = 8 (m/s2) 

1 180 (ms) 190 (ms) 230 (ms) 1 4.0 (m) 5.0 (rn) 

12 200 (ms) 230 (ms) 550 (ms) 12 4.4 (m) 12,2 (rn) 
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Figures 25 to 38 show the inverse lateral Vehicle 9, Figure 33, has roughly the same 
acceleration gain versus the lateral accelera’ spread of response times as vehicle 8, Figure 
tion response time. The diagrams show the 32 (approximately 180 (ms) to 450 (ms)). A 
measuring points for two different steering subjective rating of these two vehicles 8 and 9 
frequencies (0.3 Hz and 0.7 Hz) and four dif- with lateral accelerations greater than 2 

........... ferent steering wheel angle amplitudes corre- (m/s2), showed that vehicle 8, Figure 32, 
sponding to 0.2, 0.4, 0.6 and 0.8 g lateral reaches an unstable condition more often and 
acceleration, quicker than vehicle 9, Figure 33. The differ- 

The least spread regarding inverse lateral ence between these two vehicles is that vehicle 
acceleration gain is shown by vehicle t, Figure 9, Figure 33 has a greater spread of inverse 
25 and vehicle 2, Figure 26. These two vehicles lateral acceleration gain within the whole of 
have also, on the other hand, the lowest meas- the lateral acceleration spectrum than vehicle 
ured values as regards the maximum lateral 8, Figure 32. 
accelerations. Vehicle 1, Figure 25 and vehicle The inverse lateral acceleration gain, which 
2, Figure 26, also have a small spread of increases due to lateral acceleration of vehicle 
lateral acceleration response timesl 9, Figure 33, informs the driver that an in- 

................ Vehicle 8, Figure 32, also has a small spread crease in response time is to be expected. This 
of inverse lateral acceleration gain, whereas gives the driver the possibility of taking action 
the lateral acceleration response time shows a in time. 
large spread, within the whole of the lateral 
acceleration spectrum. 

~ 
Steering wheel angle {~s 

(deg/g) 
Lateral acceleration 

wiayp) 
Steering wheel angle 

(6 /a ) (deg/g) 
Lateral acceleration sw yp 

o 0.7 Hz 

200 

200,                                                                ~o 
o 0.7 HZ 

°~° 150 o 0.3 Hz 

o 03Hz 
150 

lOO 
100~ 

50 Lateral acceleration 
50 

Lateral acceleration 
s) 

response time "Fay (ms) 

Ta(ym Response time 

100 200 300 400 

1 O0 200 300 400 

Figure25. Inverse lateral acceleration gain Figure26. Inverse lateral acceleration gain 
(6s.w/ayp.) (deg/g) versus lateral ac- (6s.w/ayp.) (deg!g) versus lateral ac- 
celeration response time Tay (ms) celeration response time Tay (ms) 
measured witl~ sinusoidal steering measured with sinusoidal steering 
wheel input: wheel input: 
Steering frequency--0.3 and 0.7 Hz; Steering frequency--0.3 and 0.7 Hz; 
steering amplitude--0.2, 0.4, 0.~3 and steering amplitude--0.2, 0.4, 0.6 and 
0.8 g. 0.8 g. 
Measured max. lateral acceleration Measured max. lateral acceleration 

~YePh = (3.7 (m/s2) aymax : 6.0 (m/s2) a p : 7.2 (m/s2) max 6.5 (m/s2) 
icle 1 RWD ~’fVe~hicle 2 RWD ay = 
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Steering wheel angle,£ , , Steering wheel angle 
~-~ ~o /a ~ (deg/g) (~sw/ayp) (deg~’g) 
Latera| acceleration sw YP Lateral acceleration 

o 0.7Hz                                                               o 0.7Hz 
200 

200 
O                                                                  o ¯ 0,3Hz 

t50 
i= 0.3 Hz 150 

100 
100 

50 
50 Lateral acceleration T (ms) Lateral acceleration T (ms) 

response time        a¥ response time a¥ 

I00 200 300 400                        100 200 300 400 

Figure27. inverse lateral acceleration gain Figure29. Inverse lateral acceleration gain 

(6swlayp.) (deglg) versus lateral ac- (6sw/ayD) (deg/g) versus lateral ac- 

celeration response time T (ms) celerat-ion response time T (ms) 
ay                                                  ay 

measured with sinusoida~ steering measured with sinusoidal steering 

wheel input: wheel input: 

Steering frequency--0.3 and 0.7 Hz; Steering frequency--0.3 and .0.7 Hz; 

steering amp litude--0.2, 0,4. 0.6 and steering amplitude--0.2, 0.4, 0.6 and 

0.8 g. 0.8 g. 

Measured max. lateral acceleration Measured max. lateral acceleration 

ayp = 8.8 (m/s2) aymax = 7.8 (mls2) ayp = 8.4 (m/s2) aymax = 7.3 (m/s2) 

V’6hicle 3 FWD Vehicle 5 FWD 

Steering wheel angle ((~w/ayp) (deg/g) Steering wheel angle ((~sw/ayp} (deg/g) 

Lateral acceleration 
~ Lateral acceleration 

o 0.7 Hz oo.7 Hz 

200 200 

oo~ 
® 0.3 Hz 

~0.3 Hz 150 o 
150 o 

100 100 

50 Lateral acceleration 50 Lateral acceleration T (ms) 

response time      Tay (ms) response time       ay 

~00 200 300    400                            100    200 300 400 

Figure2& Inverse lateral acceleration gain Figure30. Inverse lateral acceleration gain 

(~sw/ayp.) (deg/g) versus Lateral ac- (~swlayp.) (deg/g) versus lateral ac- 
celeration response time "1" (ms) 

celeration response time Tay (ms) ay 

measured with sinusoidal steering measured with sinusoidal steering 

wheel input: wheel in put: 

Steering frequency--0.3 and 0.7 Hz; Steering frequency--0.3 and 0.7 

steering amplitudes0.2, 0.4, 0.6 and steering amplitudes0.2, 0.4. 0.6 and 

0.8 g. 0.8 g. 

Measured max. lateral acceleration Measured max. lateral acceleration 

VaYeP = 9.25 (m/s2) aymax = 8.0 (m/s2) 
ayp = 8.7 (m/s2) aymax = 7.5 (m/s2) 

hicle 4 RWD Vehicle 6 RWD 
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Steering wheel angle 
((~sw/ayp) (deg/g) 

Steering wheel angle (~_w!ayp)~ (deg/g) 

Lateral acceleration Lateral acceleration 
o                                                                  o 0.7 Hz 

0.7 Hz 
o 

200 o 200 
o 

O                                                          O 
o 

¯ o 

150                                                                  150                 . " 
o ¯ 0.3 Hz                                                       0.3 Hz 

100 ~ 100 

50                                                           50            Lateral acceleration 
Lateral acceleration                                                                T (ms) 

T (ms) response time          ay 
response time        a¥ 

100     200     300    400 100     200     300    400 

Figure31. Inverse lateral acceleration gain Figure33. Inverse lateral acceleration gain 

(~sw/avD) (deg/g) versus lateral ac- (~sw/avD) (deg/g) versus lateral aco 
celera’tion response time Tar (ms) celer~tion response time Tay (ms) 
measured with sinusoidal stbering measured with sinusoidal steering 
wheel input: wheel input: 
Steering frequency--0.3 and 0.7 Hz; Steering frequency--0.3 and 0.7 Hz; 
steering amplitude--0.2, 0.4, 0.6 and steering amplitude--0.2, 0.4, 0.6 and 
0.8 g. 0.8 g. 
Measured max. lateral acceleration Measured max. lateral acceleration 

~yep = 8.0 (mls2) aymax = 7.0 (m/s2) ayp = 8.5 (m/s2) aymax = 7.5 (m/s2) 
hicle 7 FWD Vehicle 9 RWD 

Steering wheel angle 
((~sw/ayp) (deg/g) 

Steering wheel angle 

Lateral acceleration Lateral acceleration (~sw]ayp) Ideg!g) 

200 20C 

o 0.7Hz 

150 150 o 0.7 Hz 
o ¯ 

o                                                                   o 
o     ¯ 

o o~          = 0.3 Hz ®o O.3Hz 
100                                                           100 

50 50 
Lateral acceleration 

T (ms) 
Lateral acceleration 

T (ms) 
response time ay response time ay 

100     200     300    400 100     200     300 400 

Figure32, inverse lateral acceleration gain Figure34. Inverse lateral acceleration gain 

(~sw/ay    ) (deg/g) versus lateral ac- (~sw/ay ) (deg/g) versus lateral ac- 
celera~on response time Tar (ms) celera~on response time Tar (ms) 
measured with sinusoidal stbering measured with sinusoidal steering 
wheel input: wheel input: 
Steering frequency--0.3 and 0.7 Hz; Steering frequency--0.3 and 0.7 Hz; 
steering amplitude--0.2, 0.4, 0.6 and steering amplitude--0.2, 0.4, 0.6 and 
0.8 g. 0.8 g. 
Measured max. lateral acceleration Measured max. lateral acceleration 

~yeph = 8.3 (m/s2) ayrnax = 7.0 (m/s2) p = 8 3 (m/s2) = 7.0 (mls2) 

icle 8 RWD                          ~Ye~hicle "~0 RWD a~!max 
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celeration response time Tay (ms) 
measured with sinusoidal steering Steering wheel angle 

((~sw/ayp) (deg/g) 
Latera! acceleration wheel input: 

°o.7 Hz 
Steering frequency--0.3 and 0.7 Hz; 

o steering amplitude--0.2, 0.4, 0.6 and 
200 ® 

0.8 g. 
o Measured max. lateral acceleration 

o " 0.3 Hz ayp = 8.4 (m/s2) aymax = 7.5 (m/s2) 
450 . Vehicle 12 RWD 

100 

Steering wheel angle 
(~sw/ayp)v (deg/g) 

50 Lateral acceleration 
Lateral acceleration 

response time Tay (ms) 

1 I t t 200 - 

100 200 300 400 

Figure35. inverse lateral acceleration gain 
150 o O.7Hz 

(~sw!a~n) (deg/g) versus lateral ac- o 
oO ® e 0.3Hz 

celer~{~on response time Tay (ms) loo 
measured with sinusoidal steering 
wheel input: 
Steering frequency--0.3 and 0.7 Hz; 50 Lateral acceleration (ms) 
steering amplitude--0.2, 0.4, 0.6 and response time 

Tay 

0.8 g. 
Measured max. lateral acceleration lOO 2o0 30o 4o0 

avD = 8.6 (m/s2) ayrnax = 7.5 (m/s2) 
\@tqicle 11 RwD 

Figure37. Inverse lateral acceleration gain 
(~sw/avn) (deg/g) versus lateral ac- 
celer~t-ion response time Tay (ms) Steering wheel angle (~sw/ayp) (deg/g) 

Lateral acceleration measured with sinusoidal steering 
wheel input: 
Steering frequency--0.3 and 0.7 Hz; 
steering amplitude--0.2, 0.4, 0.6 and 

o 0,7 Hz 0.8 g. 
o Measured max. lateral acce!teration 

oo ayp = 7.8 (m/s2) aymax = 7.0 (m/s2) 
== ¯ ~ Vehicle 13 FWD 

0,3 Hz 

During the test with sinusoidal steering in, 

- Laterial acceleration 
(ms) 

put, the roll angle of the body was registered, 
response time Tay The body roll angle is defined as the angle 

l I ~ ~ between a horizontal axis in the body and a 
100 200 300 400 ground-based co-ordinate system. 

Table 3 shows tl~e measured values for roll 

Figure 36. Inverse lateral acceleration gain angle in relation to lateral acceleration RMS ..... 

(~swJayD) (deg/g) versus lateral ac- value. 
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’~ Table 3. Body roll angle q~RMS (deg) in relation 
Steering wheel angle to lateral acceleration a~ FtMS (m/s2) for 
Lateral acceleration (~sw/ayp} (deg/g} 

o o.7 Hz 14 different vehicles. 

o ¯ 0.3 Hz Vehicle 
Body roll angle 

(~/ay)RMS 200 -- Lateral acceleration 

o                                       8                   7.5 (deg) 

t 150 - ~ 
9 8.2 (deg) 

3 8.5 (deg) 

14 8.5 (deg) 

Lateral acceleration 
T (ms) 

1 8,5 (deg) 

response time ay 10 8.6 (deg) 

I t I 1 6 8.7 (deg) 
100 200 300 400 7 8.7 (deg) 

12 9.0 (deg) 

....... 5 9.5 (deg) 

Figure38. Inverse lateral acceleration gain 11 9.8(deg) 
(hsw/a,/ ) (deg/g) versus lateral ac,                                           13                          10.0(deg) 
celera~on response time Tay (ms) 
measured with sinusoidal steering 
wheel input: 
Steering frequency--0.3 and 0.7 Hz; shows, how many meters the vehicle deviated 

steering amplitude--0.2, 0.4, 0.6 and laterally during the test, a single lane change, 
0.8 g. with a steering frequency of f = 0.7 Hz and a 
Measured max. lateral acceleration steering wheel angle amplitude corresponding 

~ yep = 9.1 (m/s2) aymax = 7.8 (m/s2) 
to the highest possible lateral acceleration. 

hicle 14 RWD Lateral maneuverability is given here as a 
function of the lateral acceleration response 
time. 

Steering Performance Characteristics It can be seen in Figure 39 that lateral accel- 
Measured with Sinusoidal Steering Input eration response time increases if the lateral 

maneuverability increases. Increased response 
Short and constant response time gives a time on the other hand, implies diminished 

stable control system with good predictability, stability. 
A biased effort to obtain a short and con- The differences between the vehicles are 

stant response time or great stability can affect noticeably great: Vehicle t2 has a 50% longer 
the vehicle steering performance in a negative response time than vehicle 3 and vehicle 4, 
manner. One steering performance character- with roughly the same lateral maneuverability. 
istic is, for example, the maximum lateral Vehicle 3 and vehicle 4 have reached a rein. 
deviation of the vehicle on the road during a tively high lateral maneuverability with a rein- 
single lane change maneuver or maximum tively low lateral acceleration response time. 
lateral acceleration of the vehicle through a In Figure 40, the lateral maneuverability 
bend, versus the equivalent peak value of the lateral 

Figure 39 shows the lateral maneuverability acceleration is shown. The lateral acceleration 
versus the lateral acceleration response time peak value varies between 6.5 (mis2) rand 8.0 
for the 14 measured vehicles. The diagram (m/s2) for the measured vehicles. The diagram 
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does not show any clear connection between 

Lateral maneuverability ~Yp tin) maneuverability and lateral acceleration.. 
One way of defining steering sensitivity is to 

5. state the relation between lateral accele ration 
4.                  o~%~               and steering wheel angle. Another way is to 

O o 
o                          state the relation between lateral maneuver- 
o                         ability and steering wheel angle. 

2 
Lateral acceleration To,/ (ms) The inverse steering sensitivity is shown in 

t response time Figure 41, based on lateral maneuverability 

~ . - versus the lateral maneuverability in relation 
100 260 300 400 to -the lateral acceleration. The diagram shows 

that there is a connection between steering 
Vehicles in order from left to ri~lht: 1,2,3, 13,7, 14o5,4,6, sensitivity and lateral maneuverability. Steer- 
9, 10, 8, t l and 12. ing sensitivity increases when lateral maneu- 

Figure 39. Lateral maneuverability ~Yp (m) ver- 
verability increases. The diagram in Figure 41 

sus lateral acceleration response shows that steering sensitivity varies a great 

time Tay (ms) at maximum latera~ 
deal. The steering sensitivity for vehicle 2, for 

acceleration and a steering fre- example, is approximately 140070 greater than 

quency of 0.7 Hz. for _vehicle 10 and vehicle 13. 

Inverse steerino sensitivity based on 

!XYp (m) lateral maneuverability ((~sw//~Yp) (deg/m) Lateral maneuverability 

60 

5 

:¢oo 4 
40 o o 

3 
o o 

o ~ o 

2 
Peak lateral acceleration             20 I 

Lateral maneuverabilit’/ 

1 ayp (m/s~) 
performance (AYp/ayp) (m/g) 

2     4     6     8 
2     4     6     8 

VehicJes in order from left to right: 1, 2, 5, 14, 10, 13, 4, 7, Vehicles in order from left to right: 2, 3, 1, 14, 7, 5, 13, 4, 6, 

{_~_ foT } 
9.10,8, 11 and 12. 

12.1 1.8, 9, 6 and 3. ayp = 20.5 ay2 (t) dt 

Figure 41. Inverse steering sensitivity (~sw/Ayp) 

Figure 40. Lateral maneuverability ~Yp (m)ver- (deg/m)ofbasedthe vehicle°n lateralversusmaneuver-lateral 
sus the equivalent peak value of the ability 

lateral acceleration ayp (m/s2) meas- maneuverability performance (Ayp/ 

ured at maximum lateral accelera- ayp) (m/g) measured at maximum 

ticn with a steering frequency of 0.7 lateral acceleration and a 
frequency of 0.7 Hz. Hz. 
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The steering effort is the product of the maneuvering the vehicle. The large steering 
steering wheel torque and the turning angle of force does not necessarily imply a disadvan- 
the steering wheel at a certain lateral accelera- tage, but a large steering force in combination 
tion. If the steering effort in a car is too high, with a large steering wheel angle does imply 
the driver will not be able to make steering high steering effort. 
maneuvers and steering corrections quickly Table 5 shows the steering wheel rim forces 
enough. On the other hand, if the steering for the measured vehicles, The differences 
effort is too low, then the steering system can here are also great. 
be too sensitive during straight line driving. 

Table 4 shows the steering effort in relation 
to the lateral maneuverability of the measured Steering Stability Characteristics 

.... vehicles. The measured results show very large Measured with Step Steering Input 
differences between the vehicles. The steering 
effort for vehicle 2, for example, is 10 times This measuring method is partly based on 
larger than the steering effort for vehicle 8. the proposal for measuring "Transient Steer. 
Such large differences are very easily felt in ing Response" from the American Working 

........... the vehicle. Group within ISO TC 22-SC 9. 
.......... The force at the steering wheel rim also in- The vehicle is driven at a speed of 80 km/h 

fluences the driver and his capability of straight ahead. When the vehicle has reached 

Table 4. Steering Effort E (Nm) in relation to Table 5. Steering wheel force F (N) in relation 

lateral maneuverability Ayp (m) for 12 to lateral maneuverability zkYprn for 12 
different vehicles measured during different vehicles measured during 
single lane change with maximum single lane change with maximum 
possible lateral acceleration and a possible lateral acceleration and a 
steering frequency of 0.7 Hz. steering frequency of 0.7 Hz. 

.... Specitic steering effort Specific steering force 
...... Vehicle Vehicle 

(E/AYp) (Nm/m) (F/z~Yp) (N/m) 

8 3.3 8 5,7 
10 6.5 3 11.0 
3 8,0 10 12.7 

12 11.4 5 16.2 
5 11.7 6 17.3 
6 12.7 12 17,9 
4 14.7 9 18.3 
9 15.2 4 19,2 

11 17.8 11 20.1 
14 18.4 14 22.9 

7 20.4 7 25,6 
2 32.2 2 44.3 

Acceptable range based on subjective evaluation Acceptable range based on subiective evaluation 

5 (Nm/m) < (E/z~Yp) < 15 (Nm/m) 10 (N/m) < (FLaYp) < 20 (N/m) 
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a steady state, the vehicle is controlled by Table 6. Maximum "Yaw Velocity Over:~hoot" 

means of a steering machine. The steering sig, ~osp (deg/s) at the maximum lateral 

nal is a step steering input with a steering 
acceleration measured with stepsteer, 

wheel angular velocity of approximately 500 
ing input. 

(degis) at the beginning of the signal. The 
measurements are taken at four different Vehicle 

"Yaw velocity overshoot" 

steering wheel angular stages; i.e., 45, 90, 135 
(deg/s) 

and t80 degrees. This type of steering input 2 8 
causes the vehicle to drive.in a circle and 3 8 

change into a s.teady state (ff = ay ¯ u-1) or 7 9 

an instability (~, >> ay ¯ u- 1). 4 14 

To register the stability of the vehicles, 9 15 

three different vehicle characteristics are 6 15 

measured and a stability characteristic called 5 

Yaw Velocity Overshoot" is calculated. This 11 20 

stability characteristic is calculated with the 12 22 

help of the time signals measured for yaw 
8 25 

velocity, lateral acceleration and vehicle speed 
10 35 

as follows: 
Based on subjective evaluation the following c~n be 

stated: 
,~os(t) = ~(t) - a~,(t), u(t)-l(deg/s) 

~.osp < 10 (deg/s)    Stable 

10 (deg/s) < ~osp < 15 (deg/s) Slightly over~,~teering 

During the calculation of the "Yaw Velocity 15 (degls) < ffosp I nstable 

Overshoot," it was apparent that this func- ¢o,p = ~p- (aye/U)(deg/s) 

tion reaches a maximum value after approxi- Cp = Peak value of yaw velocity 
mately 1 to 2 seconds. ayp = Peak value of lateral acceleration 

In vehicles with a stable behavior, yaw u = Vehicle forward velocity 
velocity overshoot is small. This also implies 
that the slide slip angle of the vehicle is small. 

Table 6 shows "Yaw Velocity Overshoot" 
but all vehicles were rated by the test ~rivers, 
both before and after the measuring test. 

after approximately 1 to 2 seconds after steer- 
ing wheel angle input; i.e., maximum value 

Subjective ratings correlated to measured 
vehicle characteristics have been stated earlier 

for yaw velocity overshoot. 
As can be seen in the table, the difference 

in various reports. 

between the vehicles is large here also. Vehi- 
The views of the test drivers can be briefly 

cles 2, 3 and 7 were judged as being stable dur- 
summarized as follows: 

ing the test, while vehicles 8, 10 and 12 were ¯ Vehicle 1 -- Good control up to the limit, 
judged to be unstable and had side slip angles predictable, very stable. 
of about 45 degrees and more. * Vehicle 2 -- Good control, very stable, at 

the limit steering effort too high and there- 
fore, less controllable. 

Subjective Evaluation of the Measured 
¯ Vehicle 3 -- Good control up to the limit, 

predictable, stable at the limit. 
Vehicles 

¯ Vehicle 4 ~ Good control up to the limit, ...... 
No subjective rating of the measured able to take very high lateral forces, at the 

vehicles on a scientific basis was carried out, limit sometimes unstable. 
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* Vehicle 5 Follows the driver’s actions trol with high lateral accelerations, if sta- 
during normal driving very well, less pre- bility is to be retained. 
dictable with high lateral forces, stable at ¯ The vehicles have only been measured in a 

the fim~t, weight condition corresponding to the 
~ Vehicle 6 -- Good control up to the limit, weight of the vehicle and two occupants. In 

stable at the limit, cases of increased load, an even larger 
* Vehicle 7 -- Good control up to tlae limit, spread of measured results can be expected 

stable at the limit, as increased load, in general, moves the 
* Vehicle 8 Very good control with low center of gravity rearwards in the vehicle. 

lateral forces, difficult to handle with high The side slip angle of the vehicle, in relation 
lateral forces, at the limit unstable, to the lateral acceleration, thus increases. 

~ Vehicle 9 Good control with low lateral ,, It appears to be necessary to use several 
forces, more delayed reaction with high measuring methods to be able to describe 
lateral forces, sometimes unstable at the the driving characteristics of the vehicle. 
limit. ¯ New passenger vehicles still show relatively 

o Vehicle 10 Very good control with low large differences, as regards driving, espe- 
lateral forces, more delayed reaction with cially in situations with high lateral accel- 
high lateral forces, unstable at the limit, erations. 

o Vehicle I 1 -- Good control with low lateral 
forces, more delayed reaction with high 
lateral forces, sometimes unstable at the REFERENCES 
limit. 

~ Vehicle 12 Good control with low lateral 1. Chiang, S. L., Start, D. S. "Using Corn- 

forces, very difficult to handle with high puter Simulation to Evaluate and 

lateral forces unstable at the limit, prove Vehicle Handling." SAE Technical 

* Vehicle 13 Good control up to the limit, Paper 780009 March, 1978. 

predictable, stable at the limit. 2. Good, M. C. "Sensitivity of Driver- 
o Vehicle 14 Good control up to the limit, Vehicle Performance to Vehicle Charac- 

predictable, stable at the limit, teristics Revealed in Open-Loop Tests." 
Vehicle System Dynamics, Volume 6, No. 
4, October, 1976. 

CONCLUSIONS 3. Jaksch, F. O. "Driver-Vehicle Interaction 
with Respect to Steering Controllabilit~,~.’ 

Fourteen passenger cars of 1978 and 1979 SAlE Paper 790740 June, 1979. 

models have been measured, concerning driv- 4. Lincke, W., Richter, B., Schmidt, R. 

ing characteristics, within the entire lateral "Simulation and Measurement of Driver- 

acceleration area, and the following conclu- Vehicle Handling Performance." SAE 

sions have been reached: Paper 730489 May, 1973. 

5. McRuer, D., Klein, R. "Effects of Auto- 
o The differences between the measured mobile SteeringCharacteristicsonDriver- 

vehicles are relatively small with lateral Vehicle Performance for Regulation 
accelerations corresponding to normal driv- Tasks." SAIE Paper 760778 October, 
ing in traffic (0 ~ ayv < 3 (m/s2)). 1976. 

o With high lateral accelerations correspond- 6. McRuer, D., et al. "Automobile Control- 
ing to drastic maneuvers (6 <ayp < 9 lability. Driver-Vehicle Response for 
(m/s2)), the differences are very great, in Steering Control." UoS. Department of 
certain cases. Some vehicles require a notice- Transportation, Report No. DOT-HS- 
able change in driver behavior during con- 801-407. 

845 



EXPERIMENTAL SAFETY VEHICLES 

7, Mitschke, M. "Wichtige Daten fur die IUTAM Symposium, Technical Univer- 

Kurshaltung yon Kraftfahrzeugen." sity, Vienna September, 1977. 
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Definition of the Vehicle Dynamic Characteristics by the 
Transfer Function: Correlation With Subjective Evaluation. 

L. CHIDINI, F. MANTOVANI suits of a more extensive sample of vehicles 

Research Department and evaluators. 
Alfa Romeo 

INTRODUCTION 
It is now widely accepted that at. actual 

improvement, as far as active safety is con. 

This paper presents a synthesis of elabora- cerned, might be possible in the future only 

tions based on experimental data obtained by 
deepening the studies on the intricate interac- 

instrumented vehicles in order to obtain a reli- tion between driver and vehicle. Such general 

able method of handling performances identi- 
lines have always been supported, in ~:he pre- 

fication, 
vious E.S.V. Conferences, by Alfa Romeo 

The validity of this method has been investi- 
with the results of an original computer simu- 

gated particularly taking into account the 
lation of the driver-vehicle system. 

speed effects. 
More recently, with very interesting results, 

The main advantage of the experimental 
the attention of many researchers has been 

methodology used in this study is represented 
focused on the driver-vehicle loop in order to 

by the possibility of knowing the vehicle 
know how the subjective feel of the vehicle is 

dynamic characteristics by means of one sire- related to the vehicle response parameters 

pie test instead of several specific tests, 
and, consequently, to the vehicle design. 

A regression analysis has been carried out In this field too Alfa Romeo intends to 

between subjective rating and yaw velocity 
bring its contribution explaining the results of 

transfer function parameters fitted according 
experimental research based on the use of the 

to a simple vehicle model. (2 d.o.f.), transfer functions to describe the directional 

Interesting and encouraging results have dynamics of the vehicle. The main objectives 

been obtained; however, in our opinion, it is of this research are: 

necessary to probe the interpretation of the * the definition of the vehicle characteristic 

yaw transfer function parameters by the re- dynamic properties so that the directional 
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Alfa Romeo instrumented vehicle 
for active safety researches 

Rear braking Wiring junction box DC-AC converter Steering wheel transducer Recorder 
pressure transducer \ ~ and step steer input equipment control unit 

valves to 

\\\\ Pressure Solenoid valve switch front 

\ Filters feeder\ Power plant regulator control unit or rear brakes 

/ 
\\ 

cdraulic accumulator 
for controlled 

pressure braking 
Rear suspension 

position sensor 

"~....~ Front braking 

~ ~. pressure transducer 

Filters and 

power plant 

position sensor 

Recorde~j~" / Double integrator 
/_" / Optical 

J Platform feeder Yaw rate Gyro velocity sensor 

/ \ 
/ , \ 

/ Display for optical 
Rear slip angle Vertical stabilized velocity sensor Front sl ~p angle 
measuring device 3-axis platform measuring device 

Alfa Romeo instrumented vehicles 
for active safety researches 
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control is positively judged by the driver Substituting the following expressions 

(correlation between subjective feel and 
vehicle measured response parameters); /3 = u (3) 

o the comparison between experimental and v 

theoretical results in order to check the reli- 
ability of the vehicle model. Fy = AP~ (4) 

It is important to point out that the vehicle’s 
most relevant dynamic characteristics have 

and rearranging the equations (1) and 112) the 

been obtained by a particularly simple and 
well known forms of the yaw velocity and 

quick "open loop" test procedure, 
sideslip to steering wheel transfer fur~ctions 

The tests have been carried out with an Alfa 
are obtained: 

Romeo Giulietta in six different configura- 
1 + sTr              (5) tions of weight distribution and inflation pres-        Gr -- /~r 

s2 sure and with five expert drivers. Particular 1 + 2 ~’n s 
attention has been paid to evaluating the ef- COn C02n 

fects of the test speed. 

1 + sT~ 
Mathematical Model G~ = 

$2 
(6) 

In order to explain the experimental trans- 
! 

con COn 

fer function and, hence, to evaluate the vehi- 
cle dynamic parameters a simple fitting model The terms of the equations (5) and (6) can 
has been used based on a vehicle linear model be expressed as a function of the vehicle 
(2 d.o.f.) whose simplifications concern: parameters as follows: 

* lack of aerodynamic forces; 
* lack of driving or braking forces; A A1 - A2 (7) 
* lack of longitudinal and lateral transfer due xFA1A2 

to roll and pitch motions; 
® linearity between cornering force and tire x/A1A2gL 

slip angle; 
ZXcR _ 

u2 
(8) 

* negligible self-aligning torque; 
~ same behavior of the left and right tire of 

u    1                   (9) the same axle. 

The above mentioned simplifications, how- 
ever, do not modify, substantially, the results 1_ gA2 (10) obtained (see references 3 and 5). Tr u 

The different equations of motion (yaw and 
sideslip) of the simplified model are: 

lab {xiA---~g~2(1 ,~ ~/~ c°n =\~2z2~ ~ 7 \ zXcR.// (11) 

mur - m’~ = Fy~ + FY2 (1) 

~2 

m~zZf = aFyl - bFy2 (2) A~a + Azb + ~-~ (A~b + Aza) 
~’n= 

2x/~lA2 L X!~zZ/ab xi1 - zS/AcR 

where the symbols are defined in the nomen- 
clature. (12) 
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(~ b) 

1 that is only for understeer- 
/x~ = Tr - ~ 1 + A/~CR ing vehicle. (zX < 0). 

Tr " yaw time constant; Tr de- 
b 1 pends only on rear tires 

= /zrTr L 1--A/ACR 
(13) cornering stiffness, A2, 

and speed, u. 

1 = ab/’__l 
~ 

(14) 
COn : undamped natural fre- 

T-~ 0z2 k, Tr u/ 
quency; this parameter is a 
complicated function of 
yaw time constant, Tr, 

Particular attention has to be paid to the vehicle understeer, zX, sta- 
.......... meaning of the above mentioned terms. These ............. bility factor, ACR, geomet- 

parameters, in fact, influence the response of rical, and inertial vehicle 
the mathematical model and, hence, the vehi- parameters, Oz2/ab. 
cle response to a steering wheel input. ~’n : damping ratio; the same re- 

Am = ~ A/A~A~ : mean cornering stiffness marks as for the undamped 
......... natural frequency, con. 

....... A :vehicle understeer index: 
this parameter is greater 

/x¢ : steady-state sideslip steer- 
ing wheel input gain; this 

than zero when vehicle is parameter is a function of 
oversteering and lower yaw velocity gain,/xr, yaw 
than zero when understeer- time constant, Tr, wheel- 

............... ing. base, L, vehicle understeer, 
As one can see the vehi- A, and stability factor, 

cle understeer is connected ACR. Sideslip gain can be 
only with the difference in either positive or negative 
actual cornering stiffnesses according to vehicle speed, 

...... between front and rear u. For speed greater than 
tires, b/Tr sideslip gain is always 

ACR :Stability factor: when positive. 
vehicle understeer, A, is T¢ : sideslip time constant; this 
lower than ACR the vehicle parameter depends on 
is stable. The understeer- speed, u, geometrical and 
ing vehicle is always stable inertial vehicle parameters, 
while a critical speed exists abi0z2, and on yaw time 
over which the oversteer- constant, Tro Sideslip time 
ing vehicle is unstable. constant may be either 

~r : Steady state yaw velocity positive or negative ac- 
to steering wheel input cording to speed, u. 
gain; this parameter is a 
simple function of the As an example Figure 1 shows vehicle yaw 
wheelbase, L, speed, u, response to a steering wheel step input and 
understeer, zX, and stability Bode diagrams of the equation (5). The more 
factor, ZXcR. Yaw velocity understeering vehicles are characterized by the 
gain achieves its maximum lower yaw velocity gain and lower phase lag. 
value at: As far as subjective rating is concerned, we 

~igL~ 

think that yaw velocity is a very important 
u = parameter; therefore the attention has been 
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Neutral 
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Figure 1. Yaw response to steep steering input and Bode diagrams (speed 80 km/h). 
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focused onthe yaw transfer function and its this connection some interesting considera- 

parameters, tions can be made. 
Anyway we intend to study, later on, the 

sideslip transfer function. Iso-Speed Curves 
To clarify the relation between gain, #r, Such curves are equilateral hyperbolas 

time constant, Tr, damping ratio, ~’n, and un- whose expression, depending on vehicle geo- 
damped natural frequency, o~n, a parametric metrical and inertial parameters, is: 
diagram has been plotted in Figure 2 which 
concerns a simplified vehicle model with: 

1 gao 
wn - ~.nu 2--~0z2 (Ala + A2b 

a=b=L -- = 1.25 m 
2 

Q2 
+ ~bb (Alb + Aza)) (15) 

ab 

0z2-- 1 the points of the iso-speed curves are charac- 

Am = Ax/~A2 = 10.                    terized by variable understeer. 

Iso-Understeer Curves 
The iso-values of yaw gain, yaw time con- 

stant, vehicle speed and understeer have been Such curves are expressed by a rather corn- 
plotted with reference to a ~n, ~’n plane. In plicated expression that relates vehicle param- 

COn tad 

= 3 see4 

,~ /2 =3,5 

10. ht =4 

0. 0.2 0,4 0.6 0.8 1.0 

Figure 2. Iso-values of the yaw transfer function parameters. 
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eters: the points of the iso-understeer curves For the sake of simplicity on Figure 2 only 

are characterized by variable speed, the neutral vehicle is considered. 
The usefulness of this diagram is self ex- 

gab planatory: it summarizes the vehicle caarac- 
c°n - 2L~z2 teristics and illustrates the interdeper~dence 

between the different parameters, 

( 

0~2 

) 

For instance knowing test speed, u, and 
x Ala + A2b + ~ (Aib + A2b) vehicle understeer, A, the intersection point 

between iso-speed and iso-understeer curves 

(.,iA@A2 ~’/2 ( 

defines the actual values °f damping rati°’ ~’n’ 
× 

gL’] &/ ~’n2 -- and undamped natural frequency, con" 
The iso-gain and the iso-yaw time constant 

A1a + A2b + Oz2/ab(A1b + A2a!\’A 
curves passing through the above mentioned 

2.f~A2 L~z!ab 
) 

intersection define the other dynamic param- 
eters. Changing test speed the running point 

(16) shifts along the iso-understeer curve deiSning, 
in such way, the new parameters. Of course 
the same remarks can be made if another cou- 

Iso-Gain Curves pie of parameters are considered (for in stance 

Such curves are represented by straight lines 
speed and yaw gain, understeer and yaw gain 

starting from the origin of the reference axes. 
and so on). 

The slope of these straight lines depends 
By the way it is interesting to remaIk that 

mainly on vehicle geometrical and inertial 
the iso-gain curves intersect the iso-understeer 
curves in two different points defining, there- 

parameters; the vehicle understeer has a 
rather poor influence, 

fore, two different running conditions, 
That points out the presence of two speeds 

for which the vehicle is characterized by the 
con _ ~’n same gain and the same understeer. Therefore 

a speed exists for which the yaw gain reaches 
its maximum values; graphically such condi- 

2gA~A2 
x tion corresponds to the tangential poi.nt be- 

A~a + A~b+ o~/ab(A~b + A2a) tween iso-gain straightline and iso-understeer 
curve. After all, taking into account ~:he as- 

(17) sumption of the vehicle mathematical model 
and the reliability of the subjective evalua, 
tion, the diagram of Figure 2 should help to 

Iso-Yaw Time Constant Curves define the fields of acceptability of P’r, Tr’ con, 

Such curves are equilateral hyperbolas ~’n, and hence of the vehicle. Therefore it 
whose expression, depending on vehicle should be theoretically possible to choose the 

parameters, is: vehicle design parameters as a, b, A1, A2, 

and so on, in such way as to fall into ~:he ac- 

1 ab ceptability fields and, hence, to achieve a 
con - ~.~Tr ~z2 desirable handling performance. 

Ala + A2b + 0~2/ab(A~b + A2a) Experimental Method x 
2A2L The tests have been carried out with an Alfa 

(18) Romeo production car (A~ R. Gialietta) 
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equipped for the measure of the most relevant eration components along longitudinal, 

motion parameters (yaw rate, s.w. angle, transversal and vertical vehicle axes and 

front and rear tire slip angles, lateral accelera- also the pitch and roll angles. By integra- 

tion and so on). tion it is then possible to obtain the longi- 

These parameters have been recorded on an tudinal and transversal speed and displace- 

........ FM recorder and have been elaborated ac- ment components; 

cording to the following scheme: * a rate gyro to measure the angular velocity 
of the vehicle about its vertical axis; 

8sw(t)l       /r(t)                ¯ a device to select and keep a pre-established 
steering wheel angle and a potentiometric 
apparatus for its measure (A.R. design) 

Transducer ¯ devices to measure front and rear tire slip 

angles (A.R. design) 

v¢~ ~vr 

The tests have been carried out at constant 
......... speed (40-60-80-100 km/h) on the speed-ring 

Signal conditioning of Alfa Romeo’s proving ground character- 
modules; low-pass ized by large radius turns and long straight- 

filter 
aways. 

Vq~/ /Vr The driver applied a random steering input 
containing all frequencies up to the maximum 
possible at as near constant amplitude as pOS- 

FM sible for 3 minutes. 
recorder 

The steering wheel amplitude limits have 

v~l lvr been determined from a preliminary steady° 
state test in order to reach maximum lateral 
accelerations of 0.3-0.4 g and, hence, to 

] 

assure the linear behavior of the tires. 
PDP 11 Fourier 

analyzer By the way this "open loop" test procedure 
has revealed a very simple and quick one giv- 
ing the same results, in terms of transfer func, 
tion, of other test procedures like "closed 
loop" overtaking maneuver and "open loop" 

Vehicle frequency step input. The equivalence of the results of 
response the different test procedures has been checked 

during the first phase of our research. The 
vehicle has been tested in six configurations 
characterized by different weight distribution 

The measuring equipment is one of the most 
and different front and rear tire pressures as 

sophisticated and complete presently avail, 
explained in Table 1. 

able: it also includes some special devices 
As regards the correlation between subjec- 

studied by Alfa Romeo. 
tive rating and the transfer function param, 

The most interesting instruments are: 
eters, five expert drivers have evaluated the 
handling performances of the vehicle (in all its 

¯ a stabilized platform with a vertical axis configurations) (see references 4 and 6). 

gyro having two degrees of freedom; this The measured vehicle motion parameters 
platform allows measurement of the accel- have been elaborated at the Fourier Analyzer 
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Table 1. Test conditions. 

QI Weight P 1248 kg Q2 

~                  Vehicle conf. A1-60 k~/h 

"~,,,%.~1 
2 3 4 5 

Moment of i                                     uJ 

~ zJ = 1900kgm2 

~ 108 

<[ 

~ 180 
~ehicte 
figuration P~ P2 Q1 Q2 AtAm 

A1 1.8 2.0 0 0 - 0.048 

A2 1,8 2.0 55 55 - 0,054 ~3 ~: 

B1 1.4 2.0 0 0 - 0.067 
~ 

B2 1.4 2.0 55 55 - 0,068 z~ 0,5 

C1 2,0 1.4 0 0 - 0.029 < Yaw rate ’ 1 
C2 2.0 1.4 5555 -0.033 

~ 
f.w. angle 

¯ Samples: 128 ;/ 
¯ Sampling frequency: 20.48 Hz 0 "--- . 
¯ Low pass filter: 10 Hz 1 2 3 4 5 

¯ Number of blocks: 25 FREQUENCY HZ 

¯ Frequency range: 0-10 Hz 

As an example in Figure 3 the phase lag and Figure 3. Frequency response and power spec- 
the ratio between yaw rate and front wheel tral density of yaw rate front wheel 
angle are plotted versus frequency, angle (vehicle A1, speed 60 krn/h). 

The Power Spectral Density diagrams of 
the front wheel angle and yaw velocity con- has been fitted with the least square method in 
firm the actual range of frequency under con- order to get the values of the parameters of 
sideration. Particular importance has to be equation (5) over the frequency range 
paid to frequency bandwidth of the steering 0 + 3.68 Hz. 
input because with the larger bandwidth a bet- In our opinion such range covers any vehi- 
ter transfer function may be obtained, cle dynamic problem. In order to overcome 

The high values of the coherence function the non linearity of the problem a very simple 
(fig. 4), at least up to 3 Hz, confirm the reli- procedure for experimental results fitting has 
ability of the results of the yaw transfer func- been used. 
tion. For every parameter of equation (5): #r, c°n, 

~’r,, Tr, a range of possible values has been ini- 
Results tially fixed. By Monte Carlo simulation (ran- 

The yaw transfer function obtained by the dom numbers generation) one thousand set of 

Fourier Analyzer, for every test condition, values has been defined, For every set of 
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6 Vehicle conf. A1-100 km/h 

< z 4 

0       ,                         ~                     1-~ 

4 

Frequency hz                                                         Frequency 

1 2 4 

0.5 

z 1,o 

--O "\.\ ~ Calculated 

~ 0.8 
1.5 

u~ 2.0 Experimental ~~.~.. 

~ 2.5 ~ (rad) 

............. 

~ 2 4 Figure5. Comparison between experimental 
Frequency hz and theoretical frequency response 

(vehicle A1, speed 100 km/h). 

Figure 4. Experimental yaw response and co- 
herence function (vehicle A1, speed _As one can see there is a good agreement 

100 km/h), between experimental and theoretical results 
as far as amplitude ratio is concerned. 

values the yaw transfer function, according to On the contrary a remarkable difference 
equation (5), has been calculated and com- exists for phase lag curves; in our opinion this 
pared with the experimental one. In such way lack of agreement might be due to the fact 
every set of values is joined with a least square that the theoretical vehicle model does not 
prediction consider the dynamics of the steering system 

(see references 5 and 7). 
N Table 2, for every speed and vehicle con- 

J = i~1 (]Grexp(C°i)[ - [arra°del(Wi)])2 (19) 
figuration, shows the values of the yaw veloc- 
ity transfer function parameters obtained by 

Obviously, for a better fitting, this procedure fitting of the experimental results, 
may be repeated narrowing, little by little, the As an example on Figure 6 the trends of the 

range of values until a very small least square parameters /Zr, Tr, Wn,~’n, versus speed have 
prediction is achieved, been plotted: the figure concerns A2 vehicle 

The above mentioned fitting method has configuration (see table 1). 
been applied only to amplitude ratio diagram It is possible to remark that trends of the 
and not to phase lag diagram, fitted parameters reflect the theoretical ones 

As an example Figure 5 shows the compari- according to the relations 9, 10, 11, 12. Par- 

son between experimental and calculated yaw ticularly the yaw velocity gain,/z~, reaches its 
transfer function and phase lag, maximum value at 80 km/h; such a speed is 
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REACTION TIME t                                    REL. REACTION TIME t 
~__ 

5 

80 

Day 

60-- 

4--- ~o 

40 ........... 

0                                                                        2         3         4         5 

2        3        4        5                                         MOTOR VEH CLE 

MOTOR VEHICLE 

W~thout: conventional stop }ights "Day": daytime driving 

W~th: with additional high mounted stop ~ights "Night": nighttime driving 

Frequency: 99% Frequency: f = 99% 

Figure 3. Reaction time t for the drivers of the Figure 4. Relative reaction time t for the drivers 

second to fifth vehicle in a column of the second to fifth vehicle in a col- 
with and without additional high umn with and without additional high 

mounted stop lights on the first vehio mounted stop lights on the first vehi- 

cle of the column. Lie of the column. 

The additional high mounted stop lights Table 1. Number of accidents and stop light ar. 

comply with the illumination stipulations ac- rangements. 

cording to SAE. The use of one additional 
Number of 

stop light reduces the accident rate by 54%° Number of 

The reason for a smaller reduction of the road 
Vehicle equipped with 

Accidents 
Accidents 

accident figure when using two additional 
per li)6miles 

high mounted stop lights is apparent from the 
Conventional Stop 71 z.88 

combination of the stop light and direction in- Lights 
diLator used with this arrangement. 

1 Additional High 31 2.25 

IMPROVEMENT OF THE CONVENTIONAL Mounted Stop Light 

HEADLAMP LOW BEAM BY A 2 Additional High 54 
SUPPLEMENTARY MOTOR-WAY-LOW Mounted Stop Lights 

BEAM 

Abstract which is switched supplementary to a conveno 

Proceeding from the characterization of the tional headlamp-low beam the alteration with 

light distribution of a motor,way-low beam regard to the distribution of illuminance on 
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Table 2. Yaw transfer function parameters fit- 
ted from experimental results. Vehicle conf, A2 

Vehicle Speed    #r Tr ~n 5 # x ~ -Y~ ~’r " 0.7 
configuration (km/h) (sec-’) (sec) ~’n (rad/sec) 

...... 40 3.61 0.148 0.86 9.95 /,,.* 
.0,6 

..... 60 3.98 0.15 0.86 9.64 -~---~,’ o 
A1 4 / .0.5 

80 4.50 0.17 0.76 8.12 

100 4.23 0.187 0.647 7.81 / -0.4 

40 3.58 0.077 0.72 11.37 
Speed (km/h) 

60 4.18 0.134 0.75 8,78 40 60 80 100 
A2 

80 4.76 0.15 0.68 7.5 

100 4.34 0.2 0.61    6.94 

(.20 Tr                     ~- OJn’ 12 

40 3. 0.086 0.59 11.1 

60 3.32 0.11 0.59 9.85 ./~ ’ 10 
B1 

80 3.56 0.15 0.56 8.3 (~.15 

100 3.24 0.19 0.52 7,84 
,,~ / x 

6 
40 3.01 0.085 0.624 10.64 

C.10 

60 3.26 0.1 0.56 9.4 /o Speed (km/h) 
B2 .... 

80 4.03 0.166 0,73 7.84 40     60     80     100 
100 3.75 0.182 0.53 7,14 

40 3.6 0.12 0.7 9~35 Figure 6. Yaw velocity transfer function param- 

C1 
60 4.64 0.15 0,715 7.57 eters versus speed (vehicle A2). 
80 5,1 0.18 0.69 6.86 

100 5.53 0.2 0.69 6.19 

¯ multiple linear regression 
40 4. 0,1 0,8    9.37 

60 4.54 0,12 0.69 7.75 
C2 80 5.81 0.15 0.72 6.35 Oj = k + a#, + bT, + c~n + d~’, (21) 

100 5.38 0.19 0.66 6. 

¯ multiple regression: 

very close to the theoretical one calculated 

with the expression: Gj = A + B/zr + Co% + D!zr2 

u = gL    A2 + Ec°2n + F/zr¢% 

using the experimental value of x/’~’IA2/- A Polynomial Regression 

(see table 1). Table 3 shows the polynomial order, n, and 
Therefore a regression analysis between the coefficient of correlation, Cr, between 

subjective evaluations G and yaw transfer every subjective criterion and yaw transfer 
function parameters (fitted at 80 km/h) has function parameters. 
been carried out according to the following As one can see in most cases there is a non 
criteria: linear correlation; it follows that an optimum 
¯ polynomial regression value of the yaw transfer function parameters 

may exist for which the subjective rating is 

Gj = ao + i__E~ aix~ (20)    maximum. 
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Table 3. Correlation between subjective criteria and yaw velocity transfer function parameter,,;: poly. 
nomial regression according to the expression 20. 

/~r Tr O~n ~’n 
Subjective 

criteria n Cr Optimum Optimum Optimum Optimum 
value 

n Cr 
value 

n Cr 
value 

n Cr 
value 

G1 2 0,46 4,76 1 0.34 2 0.36 7.5 2 0.32 0.69 

G2 1 0.44 2 0.5 1 0.45 2 0.36 0.69 

G4 2 0.64 4~5 2 0.25 0.166 2 0.61 7.84 

G6 1 0.38 0.35 

G8 2 0.63 4.76 2 0.5 1 0.31 1 0.31 

G9 Uncorrelated 

Gll 2 0.42 4.5 1 0.35 6 0.18 0.68 

G12 4 0.73 4.76 1 0.4 2 0.48 7,5 

G13 2 0.61 4.76 1 0.32 2 0.45 7.5 

G14 2 0.52 4.76 1 0.32 2 0,31 7.5 7 0.4 0.68 

G15 2 0.58 4.76 1 0.34 2 0.38 7.5 1 0.25 

G16 2 0.58 4.76 1 0.3 2 0.37 7.5 7 0.21 0,69 

Generally the most correlated parameters is 
G]2 

yaw velocity gain,/Zr; natural undamped fre- 7 

quency con and yaw time constant Tr charac- 
terized by lower coefficients of correlation 5 

while damping ratio, ~’n, does not seem to 

influence driver’s evaluation. 3 

In particular the highest correlation coeffi- 
~I ° ° 

cients refer to subjective criteria G12 + G16: 
4 5 6 

¯ G!2: driving effort 7 
¯ G13: ease of adaptation ~[ G13 

o G14: precision of tracking 5 

o G15: high speed handling 
3 ¯ O16: overall handling properties 

The rating of the above mentioned subjective 
criteria versus yaw velocity gain, /xr, and 4 5 6 
natural frequency con, is plotted on the Figures 7 ~z t ° 614 
7 and 8. 

The presence of optimum values of yaw 5 
velocity gain and natural frequency surely 
represents useful information but, in our 3 "~] 
opinion, not yet sufficient to define possible ~~ ° 

acceptability limits. In fact it has to be veri- i # ..... 

fled if the existence of such optimum values is 3 4 5 6 
connected with the reduced sample of vehicle 
configurations or if it is meaningful in general. 

As regards yaw time constant (which in the Figure 7. Subjective rating (G12, G13, G14) ver- 

examined cases has low variations and, hence, sus yaw velocity gain (speed 8(I km/h). 
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gives low differences on the results) the sub- 

~1 

G15 

8j 

jective rating generally improves increasing 

o Tr, that is lowering rear cornering stiffness 
(see equation 10). 

Multiple Linear Regression 

,~| o o Table 4 shows, for every subjective criteria, 
~1 (’On the coefficients of the multiple linear regres- 

7 a 0 sion and the total coefficient of correlation. 

~ 
Generally the subjective rating improves in- 

£| 

~ 
G15 creasing yaw velocity gain, ~r, natural un- 

~ damped frequency, C~n, yaw time constant, Tr, 
and decreasing damping ratio, ~’n" 

However it has to be kept in mind that the 

above mentioned parameters are not physi- 
~ cally independent. 

4 5 ~ The total coefficients of correlation are 

~ G~6 similar to those of the polynomial regression. 
~| 

~ Multiple Regression 

As regards the subjective criteria G12, G15, 
~ 

~| / G16 (normal driving effort, high speed han- 

~ " °\ dling, overall handling properties, respec- 

, ,                               u tively) a multiple regression has been carried 
4 5 6 out between drivers’ rating and yaw velocity 

transfer function parameters/~r and %. 

Subjective rating (G15, G16) versus Gj = A + B/~r + Coon + D/zr2 
yaw velocity gain and undamped 
natural frequency (speed 80 km/h). + E~o2n + F!zrCOn (23) 

Table 4. Correlation between subjective criteria and yaw velocity transfer function parameters: linear 
multiple regression according to the expression 21. 

Subject 
K a b c 

criteria 

G1 23.7 - 1.76 -48 6.18 - 1 0.47 

G2 10.8 - 1 - 46 6.6 (3 0.6 

G4 31 - 1.6 - 1.8 1.44 - 2 0.64 

G6 0.38 0.71 1.02 - 1.24 0.216 0.39 

G8 37.7 - 3 - 60 9 - 2 0.72 

G9 7.8 0.3 - 0.57 - 6.38 -0 58 0.27 

G11 - 29 2.7 43 - 10.6 2.86 0.49 

G12 39 - 2.6 - 62 9.1 - 2 0.57 

G13 38 - 2.66 - 40.9 6.3 - 2 0.55 

G14 34 - 2.33 - 46.6 9.5 - 2 0.41 

G15 36.8 - 2.45 -51.5 7.6 - 2 0.46 

G16 - 38.8 3 54 - 7 3.24 0.62 
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according to the results of the polynomial velocity gain with opposite variations of 

regression, natural undamped frequency. 

The coefficients of the regression and the The iso-rating lines of the subjective cri~ 

total coefficients of the correlation are shown terion G16 (overall handling properties) are 

in Table 5. plotted in Figure 11. 

As far as normal driving effort and high As one can see the acceptability bourLdaries 

speed handling (G15) are concerned the iso- are very similar to the previous one~ (this 

rating lines define, practically, the same range fact, however, might be due to the ider~tifica- 

of values/zr and con (see figs. 9 and 10). tion of the subjective criteria G15 and G16 

Within these acceptability boundaries it is from expert test drivers). However taking into 

possible to compensate for variations of yaw account the test procedures, the vehicle con- 

Table 5. Correlation between some subjective criteria and yaw velocity transfer function parameters: 
multiple regression according to the expression 22. 

Subjective 
A B C D E F Cr 

criteria 

G12 3214 -678 - 4: 33.6 13.7 49 0.65 

G15 2418 -50t - 3~ 24.6 10.8 36.3 0.64 

G16 - 2050 454 2~ - 23 - 7.6 - 32 0.64 

Subjective rating 

Good Poor 

Ease of vehicle handling 

74 

! .......... 

6                        7 ...... 

Figure 9. Ease of vehicle handling: iso-rating curves in the/~, con plane (speed 80 krn/h). 
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Subjective rating 

Good Poor 

High speed handling 

9- \ 

7 

4 

7 

I I                      I                      ~ 

3 4                         5                          6                          7 

Figure 10. High speed handling: is~rating curves in the/~, o:n plane (speed 80 km/h). 

Subjective rating 

Poor Good 

10- \ 1 2 3 4 

\ 

Overall handling properties 

9- 

7 1 

\\ // 

5-                                                   Ij 

7      \ 

3 4 5 6 7 

Figure 11. Overall handling properties: iso-rating curves in the ~, c~n plane (speed 80 
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figurations and the skill of evaluators, in our 
opinion is more meaningful to consider the 71 

range of values of low gain and high natural g 

undamped frequency. 
Within this range (see fig. 11) the subjective 6 t 8 

rating should improve reducing the yaw veloc- 
ity gain and the radius of gyration and in- 

B~2C! 

// 

creasing the cornering stiffness (see equation 5t o1 o 
(17)). By the way such choices might be neces- 
sary to limit the effects of probable power / 
oversteering in rear drive cars. 

As far as the overall handling properties 4 o 8 

criterion (G16) is concerned a correlation has // 
been found between the subjective rating and c2 
the term/xOflnTr. Such term represents the vehi- 3 ~~,/o~         o 

cte initial yaw acceleration when input is a 
step steering angle. The results are plotted in / 
Figure 12; as one can see there is a linear cor- 2 / o o o 

relation and the subjective rating improves 
while the term/XC0n2Tr is increasing. This trend, 
however, is apparently in contrast with the 1 o o o 
results explained in Figure 11 on which lower 
and upper boundaries are defined. 

Concluding Remarks 30 40 50 sec-2 

in our opinion the use of the transfer func- ~nTr = ~’(t=0) 

tions to describe the vehicle dynamic behavior 
surely represents a well grounded and interest- Figure 12, Subjective rating (G16) versus yaw 
ing approach, acceleration at time = 0. 

The main advantage of this method is rep- 
resented by the possibility of knowing the 
vehicle dynamic characteristics by means of nected only to the vehicle lateral acceleration 
one simple test instead of several specific level. For lateral acceleration less thar~ 0.4 g 

tests, the "random steering input" procedure gives 
Moreover the transfer function allows, with the same results, in terms of yaw Uansfer 

the inverse Laplace transformation, to change function, of other "open loop" tests (like step 
from frequency domain to time domain; in input), which, in addition, are very complex 

such way it is possible to simulate specific and binding either for the time required or for 

"open loop" tests. Nevertheless, likewise the necessary large dimensions of the proving 
welt known approach based on specific "open ground. 

loop" tests, the transfer function method pre- In the linearity range, moreover, a 2 d.o.f. 
sents remarkable explanatory difficulties of (yaw and sideslip) vehicle mathematical model 

the experimental results, is still reliable. Particularly the yaw Uansfer 
According to our experience the "random function parameters, obtained by fitting of 

steering input" procedure, used in this report, the experimental results, are in good agr,~ment 
has revealed itself very reliable, quick and with the theoretical ones either from the abso- 
simple~ The repeatability of the results is con- lute value or from the speed sensitivity point 
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of view. The greatest limitation of this simple tation of the yaw transfer function parameters 

mathematical model is represented by the re- by the results of a more extensive sample of 

duced agreement between the experimental vehicles and evaluators. 

and theoretical phase lag diagrams. This lack The extension of a similar procedure also to 

of agreement, however, might be due to the the sideslip transfer function should represent 

steering system whose dynamic has not been the natural development of this methodology. 

considered in the vehicle model; by the way More complex models for the fitting of the 

this subject is, at present, under investigation transfer functions might be developed even if 

by A.R. research team. with obvious greater difficulties of interpreta, 

As far as the correlation between the sub- tion and elaboration. 
jective rating and the yaw transfer function 
parameters is concerned, taking into account REFERENCES 
the data availability, the results up to now 
obtained are, in our opinion, satisfactory and 1. Toti, G.: Primo studio generale sulla 

encouraging, tenuta di strada dell’autoveicolo. Studio 

It is well known, in fact, that this correla- N. 62--Internal Report° 

tion is strongly affected by the selection of test 2. Aseltine, J. A.: Les m~thodes de transfor- 
........ vehicles, test procedures, subjective criteria marion dans l,analyse des syst~mes ling- 

and skill of the evaluators, aires ed. Dunod. 

The polynomial regression has shown the 3. Weir, D. H., Di Marco, Ro J.: Correlation 

greater importance of yaw velocity gain and and Evaluation of Driver/Vehicle Direc- 

natural undamped frequency (coefficients of tional Handling Data S.A.E. 780010. 
.......... correlation 0.4 + 0.75) in comparison with 4. Bisimis, E., Beckmann, D., Roenitz, R., 

the yaw time constant and damping ratio Zomotor, A.: Lenkwinkel--Sprung und 

(coefficients of correlation 0.3 + 0.5). Uebergangsverhalten yon kraftfahrzeugen. 

Generally, as far as subjective rating result- ATZ, 12, 1977. 

ing from overall evaluation criteria are con- 5. M.I.R.A.: The Handling and Stability of 

cerned, a non-linear relationship produces the Motor Vehicles: Frequency Response 
...... best correlation. This result indicates the ex- Measurements and their Analysis. Report 

istence of possible optimum values of yaw No. 1970/10. 

velocity gain and undamped natural fre- 6. Institut fuer Sicherheitsforschung im 

quency beyond which a worsening of the sub- Strassenverkehr: Entwicklungsstand tier 

jective rating happens. For some subjective objektiven Testverfahren ffir das Fahrver- 

criteria (ease of adaptation, high-speed han. halten--1977. 

dling, overall handling properties) it was pos- 7. Knight, R. J., Randle, J. N.: A Discussion 

sine, by means of a multiple regression, to of Alternative Sports Car Concepts. 

define a probable acceptability range as far 8. Lincke, W., Richter, B., Schmidt, R.: 

as yaw velocity gain and undamped natural Simulation and Measurement of Driver 

frequency are concerned. In conclusion, in our Vehicle Handling Performance. SoAoE. 

opinion, it is necessary to probe the interpre- 730489. 
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The Effect of improved Vehicle Dynamics on Drivers’ 
Control Performance. 

SHOICHI SANO of assessing vehicles taking into account the 
YOSHIMI FURUKAWA driver’s behavioral characteristics. 
Honda Motor Co., Ltd. Vehicles now on the market, it can be said, 

YASUHEI OGUCHI have already reached a considerably high level 

Shibaura Institute of Technology of controllability and stability due to Lhese 
research and development efforts. It seems 
very difficult, therefore, to drastically im- 

ABSTRACT prove the present level of controllability and 

A four-wheelsteering system wasexamined stability solely by changing the vehicle’s 

as a means of further improving the control- design parameters within the context of the 

lability and stability of the existing vehicle, current technology. The introduction of some 

As a result of the analysis of the four-wheel new technology may be necessary to develop a 

steering vehicle’s open-loop characteristics us- vehicle with dramatically advanced control’ 

ing a mathematical model, it was presupposed ability and stability. 

that the controllability and stability of the With this in mind, we have decided to take 
vehicle could be improved, another look at the basic structure of veaicles 

Based on this presupposition, the Course now on the market. Since the existing w;hicle 

Tracking test simulating normal driving and depends solely on front wheels for steering, 

the Sudden Lane Change Maneuver test simu- rear wheels in some way constitute an obstacle 

lating evasive maneuver were both applied to to movement. It may be possible to clear away 

the test vehicle in which the steering gear this obstacle and improve controllability and 

ratios of front and rear wheels can independ- stability to a remarkable degree if rear wheels 

entty be changed on a lateral motion can also be steered in a positive fashion. Hav, 

simulator, ing noticed it, we examined a system whereby 
Both tests proved that the driver was able to front and rear wheels are steered simultane- 

improve showings in controlling the vehicle to ously. 

a remarkable degree when appropriate posi- In order to see how much controllability 

rive values were selected as the gear ratios of and stability can be improved by steering both 

rear to front wheels, front and rear wheels, we made analysis using 

a mathematical model and conducted closed, 
INTRODUCTION loop tests on the lateral motion simulator us- 

Much has been said about what character- 
ing a testing vehicle whose front wheels can be 
set in any steering gear ratios. 

istics are required of the vehicle as a compo- 
nent of the driver-vehicle-environment system 

CONSIDERATIONS IN IMPROVING 
to ensure good controllability and stability. 

CONTROLLABI LITY AN D STABI LITY 
In recent years, researches in the open-loop 

characteristics of the vehicle have made Let’s consider the turning movement of the 

greater strides and consequently it came to be ordinary vehicle with a front-wheel steering 

possible to make a significantly accurate fore- system. 

cast of the relationship between the vehicle’s When you turn the steering wheel right or 

design parameters and its response param- left while the vehicle goes straight ahead, it 

eters. Also some study of the closed-loop will start turning to the right or left. In the 

characteristics is in steady progress and a large early stage of turning, the cornering fo~’ce of 

nurnber of proposals have been made on ways front wheels alone helps the vehicle move 
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sideways. Rear wheels, in the meantime, do under which front and rear wheels can be 
not have the cornering force until the vehicle’s steered concurrently. 
yaw angle changes to form a tire slip angle. In 

: other words, there is a phase lag in generating CHARACTERISTICS OF THE 
the cornering force of rear wheels. This phase 

FOUR-WHEEL STEERING VEHICLE 
lag becomes larger as the vehicle gathers 
speed. It is one of the major causes of a phe- Here we will make a fundamental inquiry 
nomenon that the greater the vehicle speed into what effects the gear ratio k of rear to 
becomes, the more the phase of lateral accel- front wheels will have on the vehicle’s re- 
eration delays. Aside fromlateralacceleration sponse characteristics. Typical response 
gain which increases with vehicle speed, this parameters which have long been used for 

............. phase lag seems to make high-speed driving evaluating the vehicle’s controllability and 

rather difficult, stability include yaw velocity and lateral accel- 
This phase lag may be cut down by steering eration. 

both front and rear wheels simultaneously, so Now let’s take a look at the case where 
that the cornering force of rear wheels could front and rear wheels are steered in the steer- 
contribute to the vehicle’s lateral movement ing ratio of l:k. When the gear ratio of steer- 
in the early stage of turning. Based on this ing wheel to front wheels is n, the transfer 
concept, we analyzed response characteristics functions of yaw velocity and lateral accelera- 
of the vehicle equipped with a new system tion to a steering wheel angle are as follows: 

m(Cea - kCrb)s + (1 - k)CfCrl 
O~sw(S) = __1                                U° (1) 

! CfCrl2(1 4- KU0~J- n ims2 + ~0 {(Cfa2 + Crbi)m + (Cf + Cr)I}s +      Uo2 

CfCrl 
I(Cf + kCr)S2 + -~0 (b + ka)s + (1 - k)CfCrl 

G~sw(S) = £ (2) 
1 CfCrl2(1 + KUo2) n ims2 + ~0 {(Cfa2 + Crb2)m + (Cf + Cr)I}s + 

Uo2 

The steering ratio k of rear to front wheels 

..... is included only in the numerators of the Now let’s consider how these response 

equations (1) and (2) but not in the denomi- parameters change by changing k. 

nators, Since the denominator determines both o In case k = 0, the vehicle has a convert- 

equations for the vehicle’s characteristics, k tional front-wheel steering system. A steady 

does not exert influence on the understeer and state response, for instance, is as follows: 
oversteer characteristics of the vehicle. And a 
gain and a phase of the vehicle’s response to a 

[G~sw(0)]k=0 _ 1 
U0 

steering wheel angle can be changed to a con- n 1(1 + KU0-~ 

siderable degree by changing k. 
A gain in yaw velocity [G~sw 1, a gain in [G~sw(0)]k=0 _ 1 U02 

lateral acceleration l G~sw 1, among others, can n 1(1 + KU0Z~ 
be remarkably changed. A phase of yaw 
velocity hardly undergoes a change unless the ,, In case k > 0, the vehicle’s rear wheels are 
vehicle has excessive understeer or oversteer steered in the same direction as its front 
characteristics, wheels. A gain of steady state response in 
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this case increases by (1 - k) times as many tually help improve the vehicle’s controllabil, 

as the conventional vehicle as shown in the ity and stability effectively, we conducted 

equations betow: closed-loop tests to see how the driver will 
vary in control performance when k is 

G~sw(0) = 1 (1 - k)U0 changed. With regard to the range of chang, 

n 1(1 + KU;2i ing k, we obtained a rough idea from a fre, 
quency response analysis based on mathe- 

= (1 - k)[C2~sw(0)]k a 0 matical model (1) and (2) concerning the vehi- 
cle’s open-loop characteristics and its confir- 

1 (1 - k)Uo2 marion through open-loop tests. 
O~sw(0) - n 1(1 + KUo2) 

= (1 - k)[G~sw(0)]k=o SELECTION OF CHARACTERISTICS ,OF 
THE TEST VEHICLE 

Within the range of 0 < k < 1, a gain in yaw In order to clearly grasp variations of the 
velocity decreases to (1 - k) times as many driver’s control performance in driving a 
as the conventional vehicle. Within this four-wheel steering vehicle when the vehicle’s 
range a phase of lateral acceleration ad- design parameter k is changed in closed-loop 
vances more as k gets close to 1 in com- tests, it is necessary to quantitatively examine 
parison with the conventional vehicle. This in greater detail the relationship between the 
phase advance is expected to decrease a vehicle’s design parameter k and its response 
phase tag in the vehicle’s lateral movement parameter and then determine the value of k 
in response to steering input, thereby im- so as to obtain a marked difference between 
proving controllability and stability, response parameters of the vehicle. 

A gain in lateral acceleration decreases in As mentioned earlier, a gain in yaw veloc- 
the spere of low frequency while increasing ity, a gain in lateral acceleration and its phase 
the sphere of high frequency, can be change significantly by altering k. Of 

In the special case of k = 1 where front these response parameters, a phase of lateral 
and rear wheels are steered in the ratio of acceleration seems to have the greatest influ- 
1:1, a gain of steady state will become 0 and ence on the ease with which the driver con- 
the vehicle will be unable to turn regularly, trols a car. The value of k, therefore, has; been 

Within the range of k > 1, a gain in yaw determined in such a way as to bring about 
velocity becomes conversely against the marked changes in a phase of lateral accelera- 
conventional vehicle, tion. 

* In case k< 0, a steady state gain increases As is generally known, the vehicle on the 

with k. Since a phase in the vehicle’s latera! market has understeer characteristics:, but 
acceleration response delays to an even here we selected the vehicle with neutralsteer 

greater extent than the conventional one, it characteristics for fear that effects of changes 

is likely that it will be hard to control, in the vehicle speed may be felt on the results 
of tests. 

The above consideration suggests that it Replacing M(s) with the numerator in the 
may be desirable to select the gear ratio of equation (2), an equation for the vehicle with 
rear wheels to front ones from among appro- neutralsteer characteristics can be set up as 
priate values within the range of 0< k< 1 so as follows: 
to increase the vehicle’s controllability and 
stability. 

{p 
1 - k} 

In order to confirm this conclusion and M(s) = (1 + k) s2 + qs +--7--~-1 
make sure to what extent a change in k can ac- 
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Since p>0 and q>0, the smaller the value of Thus the test vehicle bears the above five 

(1- k)/(1 + k) becomes, the more the characteristics. Shown in ~;able 1 below are 

phase advances. When k = 0 as is the case response characteristics for each one of these 

with the conventional vehicle which has been gear ratios applied to the test vehicle. 

discussed earlier, (1 - k)/(1 + k) = 1. As Finding the frequency response character- 

for the range of 0<k < 1, 0 <(1 - k)/ istics of lateral acceleration and yaw velocity 

(1 + k)< 1, where the phase of lateral ac, by the equations (1) and (2), it can be clearly 

celeration seems to advance even more. seen that the vehicle to which these five gear 

Within the range of - 1 < k< 0, (1 - k)/ ratios have been applied displays desired char- 

(1 + k) > 1, where the phase of lateral accel- acteristics as shown in Figure 1. 

eration seems to delay. A preliminary test was also conducted to 

When k = 0.338 and 0.563, the value of find the frequency responses of the test vehi- 

(1 - k)i(1 + k) will be about ½ and ¼ cle with gears set in these five ratios on a 

respectively as compared with 1 for the con- lateral motion simulator. The result was that 

ventional vehicle. Both values of k were the vehicle’s frequency responses fairly agreed 

selected to show a typical case where the with the calculated values. We decided, there- 

phase of lateral acceleration advances. And fore, to carry out closed-loop tests using this 

- 0.270 was selected as another value of k to set of five gear ratios. 

show a representative case where the phase of 
lateral acceleration delays within the range of CLOSED-LOOP TEST 
(1 - k)/(1 + k)>l. Thus, aside from the 
conventional value 0, the values of k selected We decided to apply closed-loop tests to the 

....... to apply to the gear ratios of front and rear test vehicle fitted up with the aforementioned 

wheels include - 0.270, 0, 0.338 and 0.563. five gear ratios on the lateral motion simu- 

Then, a gain in yaw velocity will be (1 - k) lator to see what effects changed gear ratios 

times as many as the conventional vehicle will have on the driver’s control performance. 

when (steering wheel angle)/(steering angle of Closed-loop tests can be divided into the 
........... front wheel), n, remains constant. There is a following two categories: The Course Track- 

possibility, therefore, that effects of changes ing (CT) test to check up on the normal driv, 

in the gain of yaw velocity may get involved, ing and the Sudden Lane Change Maneuver 

To make a gain in yaw velocity constant, we (SLCM) test aimed at examining evasive 

tried to keep the value of (1 -- k)/n constant maneuver. 

...... by altering n. To inquire into effects of a gain In both CT and SLCM the center of gravity 

..... in yaw velocity alone, we also decided to ap- of the test vehicle placed on drums will be in- 

ply the test to the vehicle which has the same dicated horizontally through a wire on a 

phase of lateral acceleration as that of the screen eight meters ahead of the vehicle. Indi- 

conventional vehicle but has a greater gain in cated just above the mark of the center of 

yaw velocity, gravity is the target value. 

Table 1. Response characteristics for gear ratios applied to the test vehicle. 

Gear ratio B-1 80 B1 B2 DO 

k - 0.270 0 0.338 0,563 0 

n 26.8 21.4 13.4 8.0 13.4 

Phase of lateral                 Same as the con-                     Advance     Same as the con- 
Advance 

acceleration 
Delay 

ventional vehicle greatly ventional vehicle 

Gain in yaw Same as the con- Same as the con- Same as the con- Same as the con- 
Greater 

velocity ventional vehicle ventional vehicle ventional vehicle ventional vehicle 
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B-1 BO Bt B2 DO 

Lateral Lateral Lateral Lateral Lateral 

acceleration acceleration acceleration acceleration acceleration 

~ 
. .’-~, (Hz) 

(Hz) - (Hz~ | (Hz)l ~0.1~...~--T~_~ (Hz} 

- 

_90~ " , ~ , ~ - 

,I 80~                                                                              , .... 

Yaw velocity Yaw velocity Yaw velocity Yaw velocity Yaw velocity 

01            ~ ..... 

(Hz) 4 0.1 ~ (,H?) 
(H~ 

0.1 
~ (Hz) 4 ~~4 L_~ ~ ...... o~ 

" " ~ 

1 ~0~ 

i 
Circulation of ~ FFT analysisi 

U° 
(kin/h) analytical model of measured dataI 

80 

40 ........ , 

Figure 1. Steering response of test vehicle. 

In CT the target moves continuously from test vehicle to get the mark of the vehicle’s 

side to side at random, while in SLCM it center of gravity close to it as much as 

sways quickly from side to side in an irregular possible. 

fashion. While the target is moving in this Both tests were carried out with the test 

manner, the subject is required to control the vehicle fitted in with the foregoing five gear 

868 



SECTION 5: TECHNICAL SEMINARS 

ratios at the three fixed speeds of 40 kin/h, 60 angle ~isw made by the driver according to the 

km/h and 80 km/h and a steering wheel deviation e between the target value and the 
angle, lateral acceleration, yaw velocity, vehicle’s center of gravity. 

lateral displacement of the center of gravity, A gain inveG~sw varies widely with the sub- 

and yaw angle were measured while the test jects, but it generally shows the following 

vehicle was running, tendencies: 

Three drivers were selected to serve as the o It reaches a peak within the frequency range 
subjects~ of 1.0 1.3 Hz in connection with all the 

factors including gear ratios, vehicle speeds 

Course Tracking Test and the drivers themselves. 
............ o As the vehicle speed becomes greater, it 

.......... Test Mett~o~l declines but not so remarkably. 

The pre-determined target value Yd which ~ A striking difference does not exist between 

continuously varies at random had been the five gear ratios, except that B2 shows a 

stored in a data recorder. It is impossible for comparatively small gain in the transfer 

the driver to track the target value due to the function and D0’s gain is lower than that 

..... vehicle’s own characteristics if it contains ex- of B0. 

cessively high frequency components. Fre- The phase of the transfer functionve~sw 
quency components of higher than 0.3 Hz, does not vary so significantly with the sub, 
therefore, were removed from the target jects; however: 
value. ~ Regardless of gear ratios, the subjects tend 

........ The target value was so arranged that it to steer the test vehicle by putting the phase 
could move from side to side within the range forward as the vehicle speed becomes 
of about 2 meters due to the limited width of greater. 
the simulator. The drivers were required to ® Concerning a difference in gear ratios, the 
continue to control the test vehicle for three phase goes ahead in the order of B2, B1, B0 
minutes by tracking the target value and and B-1 regardless of vehicle speed. DO 
bringing the vehicle’s center of gravity as close shows almost the same phase as B0. In 
to it as they could, other words, the subjects tend to steer the 

test vehicle by putting the phase advance as 
Analysis the gear ratio k of rear to front wheels 

The driver determines the steering angle ~sw becomes smaller. 

according to the deviation e between the tar- Shown in Figure 3 are results of an integra- 
get value Yd and the position of vehicle’s tion of the absolute value of deviation e 
center of gravity Y (e = Yd - Y). describing the drivers’ control performance. 

In order to examine changes in the driver’s The general tendencies as reflected in these 
control performance in relation to changes in results are as follows: 
the gear ratio, therefore, an analysis was * Concerning a difference in vehicle speed, 
made of the frequency response of bsw to e us- the drivers’ control performance drops as 
ing the FFT analyzer, the vehicle speed becomes greater, which 

In this case the driver’s control perform’ applies to any gear ratio. r l eldt by integrating 

ance was obtained as f 0 o As for subjects, Subject A makes a remark- 
the absolute value of deviation, ably good result, followed by Subjects C 

and B. 
Tests Results ® In response to difference in gear ratios, B-1 

Given in Figure 2 are Bode diagrams show- and B0 generally make a bad showing, while 
ing the transfer functionve(]6sw of the steering gl and B2 show relatively good results. In- 
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It can be interpreted that the driver tries to 
keep the phase of the driver-vehicle system as 

Sub A Sub 13 Sub C a whole at a constant level by putting his own 
~krn/h * ¯ = phase forward to make up for the vehicle’s 
)km/h ¯ zl, 11 phase lag. 

..... 25 )km/h o ~, o Better results can be obtained with such 
positive gear ratios as B1 and B2, or those 

& 

- whose phase of lateral acceleration advances. 
A The reason for this is probably to be found 

20 " in the fact that the subjects could make highly 

~ ¯ ,, accurate control of the test vehicle just 

~ ,, because it was possible for them to reduce the 
o degree of their own phase advance when the 

× vehicle’s phase lag was shortened. 

F-. © £x 
A 

......... ¯ Sudden Lane Change 
~ " ~ ,~ Maneuver Test 

~ . * Test Method 
o g o 

m The test is made up of intermittent changes 
o 

in lane. Placed in front of the test vehicle is a 
o o o target indicating the target value, to which the 

5 ~ ~ ~ ~ ~ subjects adjust a board indicating the vehicle’s 
B-1 130 131 B2 DO center of gravity. The target steps from side to 

GEAR RATIO side at a certain range without previous warn- 
......... ing. A task given to the subjects is to steer the 

Figure 3. Drivers’ control performance in CT test vehicle to change a lane immediately after 
test. the target has moved and readjust the vehicle’s 

center of gravity to the target moved as 

between is D0, but results for this gear quickly as possible. The target value has some 

ratio vary with the drivers. It depends on the allowance and the subjects are informed that 

drivers as to which comes first B1 or B2, a control error will be calculated as zero if 

and B0 or B-1. only the vehicle’s center of gravity can be ad- 
justed within the range of this allowance. 

Review When the test vehicle is restored to the nor- 

When it comes to steering made by the 
mal running condition, the target steps again 
to the right or left and the subject changes a 

driver paying attention to the deviation e, a 
lane in exactly the same manner as before. 

remarkable tendency was noted in the phase, 
rather than in the gain. And the drivers tend 

This process is repeated some ten times with- 
out a break. 

to steer the test vehicle by putting the phase 
forward as the vehicle speed becomes greater The target moves in the ranges of 0.5, 1.0, 

and the gear ratio k of rear to front wheels 1.5 and 2 meters. The subjects are kept unin- 

becomes smaller. In other words, the subjects formed of in which direction and in what 

bring the phase of steering forward as the range the target moves. 

phase of the response of the vehicle’s lateral Shown in Figure 4 is the target,s movement 
acceleration to steering input delays, in connection with elapsed time. 
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_    1.0 ~ 

Sub A Sub B Sub C 

m ~ 0 ......................... 
)km/h @ & c~ 

~ ~ 
)km/h 0 ~ ~3 
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H : range of target movement 
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~ ~ 

TIME (sec) 

Figure 4. Time histo~’ of target value.                           ~                } 

Analysis ~ .o 
~ 

In order to examine variations of each 

1}t 
{[ 

driver’s control performance when the vehicle g 

{~ 
~                     ¯ 

speed and the gear ratio k have been altered, - ~ ~ 

t.T.A.E, numbers and settling time (time 2 ~ ~ 
taken for the position of the vehicle’s c.g. to - 

~ 
~ , 

settle within the range of ~ 0. t meter from ~,~ ~ i 
the target) were calculated. -’= }~i 

In order to study how the driver has moved ~ ~ !} 
the vehicle to change a lane, an attempt was ~ 

also made to express the movement of the test < 
~I} 

~}~ 

vehicle as a trajectory of representative points - 

on a phase plane in which the lateral displace- 
ment of the vehicle’s center of gravity Y and 
lateral motion velocity }" were shown as coor- 

dinate axes. 
O I I      ~ I ~ 

B-1 B0 B1 B2 D0 

¯ eSt ~¢8~1S GEAR RATIO 

Shown in Figures 5 and 6 are t.T.A.E. 
numbers as errors of lateral displacement to Figure 5; Drivers’ control performance in SLCM 

the target and settling time. Plotted points in- test (I.T.A.E. no.). 
dicate the average of results of lane change 
tests conducted 15 times in a row, and a ver- showed the small standard deviation in 15 
tical line shows the standard deviation ¯ o. consecutive tests done with the same vehicle 
Effects of a change in ratio, vehicle speed and speed and the subject unchanged. B0 and 
subject are more clearly indicated in I.T.A.E. D0 did very poorly as compared with B1 
number than in settling time. and B2 and varied widely in showings. 

¯ The best showings were made with B2 both There was no striking difference between 

in terms of settling time and I.T.A.E. hum- B0 and D0 but D0 showed better results, if 

bers regardless of the vehicle speed and the only a little. B-1 obtained even poorer 

subjects, results and varied widely with the subjects 

B1 gave fairly good results but fell slightly and the vehicle speed. 

behind B2. B 1 and B2 varied only a little * With regard to the subjects, Subject A was 

with the vehicle speed and the subjects and by far the best as is the case with the CT test 
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Sub A Sub B Sub C 

¯ : 80kmih ~ : 80km/h m : 80km/h 
~ : 60kmih | a : 60km/h c= : 60km/h 
o : 40krn/h | ~ : 40km/h ~ : 40km/h 

4 4 

B-I BO BI B2 DO B-1 I~0 t31 B2 DO B1- BOBI B 2 DO 

GEAR RATIO GEAR RATIO GEAR RATIO 

Figure 6, Driver’s control performance in SLCM test (settling time), 

which simulated normal driving. There was Good adjustability can be obtained with BI 
no marked difference in showings between and B2 in relation to any subject. 

Subjects B and C, but the former was a lit- 
tle better in contrast with results of the CT Review 

test. As was the case with the CT test, the SLCM 

Figure 7 shows a trajectory of r.epresenta, test, which simulated an evasive maneuver, 
tive points on a phase plane of Y - Y when the revealed that any driver can make remarkably 

vehicle speed was set at 80 km/h. Each point good showings in controlling the vehicle at 

on the phase plane indicates a position and a any speed only if the gear ratio k of rear to 
velocity of the vehicle,s center of gravity at front wheels is an appropriate positive value. 

certain time. This is simply because an advanced phase of 
In case of a lane change in a range of 0.5 the vehicle’s lateral acceleration could im- 

.... meter, for example, a process of the driver prove the response to a remarkable degree. 

steering the test vehicle from the origin (posi- After the test was over, each subject gave his 
tion Y = 0~ velocity ~ = 0) to a point of opinion, which almost agreed with each 

Y = 0.5 and ~ = 0 is expressed in the figure other. They said that, as compared with B0, 

as a semicircular diagram connecting the B 1 and B2 made the vehicle easy to drive at 
origin with a point of 0.5 and 0. In like man- any speed, while B-1 made it hard to drive. 
ner, a lane change in the ranges of 1.0, 1.5 and This tendency became more pronounced as 
2.0 meters is shown as a trajectory in the the vehicle gathers speed. 
figure. Opinion on DO was slightly divided: some 

A process of the driver adjusting the vehi- said it made the vehicle a little easier to con- 
cle’s center of gravity to the target is expressed trol than B0 and some said to the contrary. 

in the figure as a circinate trajectory around a From the subjective evaluation of the sub- 

point indicating the target. The vehicle has j ects, it was also made sure that determining 
better adjustment characteristics the smaller an appropriate positive value as the gear ratio 

the outer diameter of this spiral becomes, k of rear to front wheels and advancing a 
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,~(m/sec) B0 B1 B2 DO 

Sub B ~ 

0 

0¥1=) 
0 (Y(m) 0.5 1.0 1.5 2.0        0.5 1.0 1.5 2.0       0.5 1.0 1,5 2.0       0.5 1.0 1,5 2.0 

Figure 7. Phase plane analysis of lane change maneuver (80 km/h). 

phase of the vehicle’s lateral acceleration vehicle on the lateral motion simulator in 

could effectively improve the vehicle’s con- order to see how much steering of rear wheels 

trollability and stability at least on a could help improve the driver’s control per- 

simulator, formance. 
The Course Tracking test simulating nor- 

SUMMARY AND CONCLUSION mal driving and the Sudden Lane Change 
Maneuver test simulating evasive maneuver 

A four-wheel steering system was examined were carried out. Both tests proved that the 
as a means of further improving the con- driver was able to improve showings in con- 
trollability and stability of the existing vehi- trolling the vehicle when appropriate positive 
cle. value were selected as the gear ratios of :rear to 

An analysis was made of the open-loop front wheels. 
characteristics of the four-wheel steering vehi- In order to fix an appropriate gear ratio, 
cle using a mathematical model. As a result of however, it seems necessary to obtain more 
which, it was expected to widely change the data by applying a closed-loop test of this sort 
vehicle’s response parameter and thereby im- to subjects with a wide variety of drivir.~g skill 
prove its controllability and stability by set- levels, increasing types of tasks given to sub- 
ting the gear ratio of rear to front wheels j ects, widening the ranges of the vehicle 
appropriately, speeds, and carrying out tests on a proving 

Based on this presupposition, an open-loop ground. 
test was carried out for the vehicle in which 
the steering gear ra~ios of front and rear REFERENCES 
wheels can independently be changed on the 
lateral motion simulator so as to inquire into 1. Hirao, O. et al.: Study of Vehicle Perform- 

the vehicle’s open-loop characteristics, ance Using a Teststand, SEISAN-KEN- 

Results of this test corresponded fairly well KYU, Monthly Journal of Institute of 

with the calculated values. Then, a closed- Industrial Science, University of Tokyo, 

loop test was conducted for the same test Vol. 15, No. 12 (1963). 
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2. Hirao, O. et al.: Versuche an Kraftfahr- veau Banc d’Essai a Poste Fixe au Prob- 
zeugen auf den Pdifstand, ATZ Vol. 68 leme du Contr61e des V~hicules, 16th Con- 
No. 1 (1966). gress of FISITA, Tokyo (1976). 

3. Odier, J. A.: Conception et Etude d’une 5. Oguchi, Y. et al.: Experimentally Con, 
Nouvelle Machine d’Essai Automobile structed Lateral Motion Simulator and Its 
Simulant la Tenue sur Route, 12e Congres Characteristics in Man-Vehicle System, 
de la FISITA, Barcelone, Mai (1968). 16th Congress of FISITA, Tokyo (1976). 

4. Odier, J. A. et al.: Application d’un Nou- 

Improvement of Rear and Front Lighting Systems for 
Motor Vehicles 

HANS-dOACHIM SCHMIDT-CEAUSEN vehicle column. The investigation was car- 
Westfalische Metall Industrie Hueck & Co. ried out dynamically at various speeds on nor- 

mally used roads in daylight and at night. 
IMPROVEMENT OF THE ARRANGEMENT 
OF THE REARWARD MOTOR VEHICLE Test Procedure 
LIGHTS BY ADDITIONAL HIGH MOUNTED 
STOP LIGHTS 

The investigations were conducted dynam- 
ically with a column of 5 vehicles. All vehicles 

.......... Abstract 
were equipped with stop lights meeting the 

............. illumination stipulations of ECE Regulation 
The reaction times of drivers in a queue of 7. The high mounted stop lights, fitted addi- 

traffic were measured in dynamic driving tionally on the first vehicle in the column at a 
tests. The measurements were carried out height of approximately 1.25 m, also con- 
both with and without additional high formed with these requirementso 
mounted stop lights. The major conclusion to The measurement criterion chosen was the 

.......... be drawn from the investigations is that the time which elapsed between actuation of the 
use of additional high mounted stop lights can brake of the first vehicle in the column and 
greatly reduce the reaction time of drivers in a actuation of the brake of the second, third 
queue of traffic. For the driver of the 5th . . . vehicle. The measurement signals were 
vehicle, for instance, a reduction of the reac- radio-transmitted, the measuring accuracy for 
tion time of about 40% is achieved, both the reaction time was t -~ _+ 0.01 so 
when driving in daylight and at night. It is not 
necessary to equip every single vehicle with Test Results 
additional high mounted stop lights; it would The frequency distribution of the reaction 
be sufficient if every 5th or 6th vehicle in a times for the driver of the second vehicle for 
queue of traffic were fitted with them. daytime and nighttime driving is shown in 

Introduction 
Figure 1. 

For daytime driving, with conventional 
By using additional stop lights, mounted in stop lights, there results a reaction time of 

the area of the rear window of vehicles, it is t ~- 1.4 s with a frequency of 99%; for night- 
possible to warn the drivers of the following time driving the value is t -~ 1.1 s. This time 
vehicles substantially earlier of a braking ac- difference of At ~ 0.3 s results from the 
tion. The object is to investigate the effect of higher conspicuity of the stop lights at night. 
the additional high mounted stop lights on the The reduction in the reaction time obtainable 
reaction times of the individual drivers inthe by use of additional high mounted stop lights 
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FREQUENCY f 
REACTION TIME t 

99 5 ~~ 

90 Night~     ’ Day                             4 ~    i                                    -- 

3 
5O 

30 
201 

10 , 

2 

2 1 
1 

0,1 0.2 0,4 Q6 1.0 2.0 s 4.0 

REACTION TIME t 0 
2        3                ~ 

MOTOR 

Conventional stop lights 

"Day": daytime driving 
"Night": nighttime driving 

Without: conventional stop lights 

Number of braking actions With: with additional high mounted stop lights 

n = 219 o.. 223 
Frequency: 99% 

Figure 1. Frequency distribution of the reaction Figure 2. Reaction time t for the drivers of the 

time t for the driver o(the second second to the fifth vehicle in a col, 

vehicle in a column, umn with and without additional high 
mounted stop lights on the first vehi’ 
cle of the column. 

on the first vehicle of a column can be shown 
with Figure 2 (for daytime driving) and Figure tient of the reaction times which are obtained 
3 (for nighttime driving), with and without additional high mounted 

The straight line which, by simple addition 
of the reaction time of the second vehicle in 

stop lights. 
Thus, for the fifth vehicle of the column, 

the column, results for the third, fourth and the use of the additional high mounted stop 
fifth vehicle is shown as a dashed line. This lights results in a reduction of the reaction 
rests on the assumption that the stop lights are times of approximately 40%. 
completely concealed by the preceding vehi- 
cles. The results in Figure 2 and Figure 3 show Test Results "Washington Investigation" 
that obscuration does not always occur, since 
the reaction times "without additional high In a large-scale experiment in Washington, 

mounted stop lights" are below these straight D.C., carried out over a period of one year 

lines. By using additional high mounted stop with groups of taxi vehicles, each numbering 

lights these values are considerably reduced. 525 taxis, investigations were made into the 

This reduction can be shown in Figure 4 by -influence of high mounted stop lights on road 

summarizing the results in Figure 2 and Figure accidents. The results are summarized in 

3. The entries represent in each case the quo- Table 1. 
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the road is here discussed. Guided by test 
results which were extracted out of dynamical 

15o 
road-tests, it is shown that a supplementary -----~ 
motor-way-low beam has, compared with a 
conventional headlamp-low beam, a gain in 
visual range of 50% to 100% with only an in- m 

significant increase of glare. These results are 
valid both for the small test-objects (20 cm x 
20 cm) and the large one (50 cm x 180 cm). 

100 . 

Introduction 

The present-day low beam represents a 
compromise with regard to the range of visi- 
bility obtainable and the desired glare limit.~, 
By using a motor-way-low beam connected 
additionally to the low beam, the visual range 

50--- I 

-- 

for drivers can be increased considerably with 
only a very slight increase in glare. 

Develepmen! Stages of the Low Beam 

The stages of development of the low beam 
can be described by means of Figure 5 in 

o ! 
which, in the plan view, the graphs of equal 
light intensity for symmetric, asymmetric and 20 lo 10 m 

halogen-tow beam respectively are indicated. 0 

The vehicle is in the position 0/0. 
SLB: symmetric low beam 

The range of the low beam within the area ALB: assymmetric tow beam {conventiona! bulb} 

of the right edge of the road was increased HLB: halogen low beam 
from approximately 53 m with symmetric-low 
beam, to approximately 90 m with asym- 
metric-low beam and to approximately 115 m Figure 5. Graphs of equal light intensity for the 
with halogen-low beam. three development stages of the low 

A further improvement of the low beam beam. 

with headlamps of conventional design is not 
possible, additional motor-way-tow beam permits bet- 

ter illumination of the area of the right edge of 
Motor-Way-Low Beam the road, whereby the glare for approaching 

The additional motor-way-low beam repro- vehicles is increased to a negligible extent 

sents a possibilit y of improving the low beam. only. 

This more intensively concentrated low beam 
Test Results is superimposed on the conventional low 

beam. This is shown diagramatically in Figure in dynamic driving tests the visu al range of 
6, which illustrates a road, in perspective, as drivers was determined for various test ob 
seen by a driver. Shown in addition are the jects. For objects measuring 20 cm x 20 cm, 
graphs with equal light intensity for the con- the results in Figure 7 are represented by the 
ventional and the ad ditional low beam, The frequency distribution of the visual range. 
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FREQUENCY f v (HLB) v(HLB+MLB) VISUAL RANGE v(HLB+MLB) 

80 
v (HLB+MLB) 2,q~ ,:",::Z:~,~k::=? : 

30 

20                                                          80 

40 50 60 80 100    150 200 m 20 40 60 80 m 100 

VISUAL RANGE VISUAL RANGE v (HLB) 

HLB: halogen-low beam Size of object D: 50 cm X 180 cm 

........ MLB: motor-way-low beam 40:40 cm X 40 cm 

Size of object: 20cmX 20cm 20: 20crux 20cm 

Position of object: right side of road Position of object x: right edge of road 

¯ : left edge of road 

Figure 7. Frequency distribution of the visual Figure 8. Comparison of the visual range of 

range of driver when using conven- drivers when using halogen-low beam 

tional low beam and additional (HLB) and additional motor~way-low 

motor-way-low beam. beam (HLB + MLB). 

According to this, for the conventional hal- is obtained with the additional motor-way- 

ogen-low beam average visual ranges of about low beam, and the visibility v(HLB) which is 

73 m are obtainable. With the additional obtained with conventional halogen-low 

motor-way-low beam visibility is increased by beam. The crosses represent the results for the 

almost 70°7o to approximately 122 m. objects on the right edge of the road, the dots 

Figure 8 indicates the mean values of the the results for the objects on the left edge of 

measuring results of the visibility for objects the road. As the diagram shows, with the use 

of different size and in different positions. It of additional low-beam lighting visibility can 

indicates the visibility v(HLB + MLB), which be increased to the extent of 50°70 to 100%. 
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An Optimum Visibility Design for the Stop Lamp 

M. PASTA and P. SOARDO which can be tolerated by a driver at any 

Istituto Elettrotecnico Nazionate Galileo Ferraris distance. 
The Technical Committee TC 4.7 "Auto- 

ABSTRACT mobile Lighting" of the Commission Interna- 
tionale de l’Eclairage has studied the relation- 

The luminous intensity distribution of a 

stop lamp has been optimized with special ref- 
ships between the visibility of a lamp and its 

erence to the reduction of glare and to the im- 
discomfort glare: the illumination on the eye 

provement of visibility. Glare has an impor- 
of the observer given by TC 4.7 was found to 

tant influence by night, and a lamp giving the 
be compatible with some previous laboratory 

maximum acceptable glare for any position of 
experiences. 1 

the driver could be very helpful. Very good 
These considerations require the geometri- 

daytime visibility can also be obtained in these 
cal control of the luminous flux reaching the 

conditions, 
eye of the driver who follows a car, and this 

Some samples of this lamp were manufac~ 
can only be achieved through a considerable 

tured and some tests carried out, on the field 
change of the observation angle when the 

and in the laboratory, by day and by night, 
distance between the car changes. The posi- 

with a car equipped with them. These tests 
tion of the stop lamp was foreseen in the 

showed that, with clear atmosphere, the stop 
lower part of the body: so the height: dif- 
ference between the eye of the observer and 

lamps are visible at a distance of over 1000 m 
(either in day or night conditions), while by 

the lamp is 0.75 m in our design. 

night the glare is acceptable even at short dis- 
The inclination of the car due to the differ- 

ent load condition has a big influence; after a 
tances. The influence of the load on the car 
was also examined, 

survey on several European cars, a variation 

of the inclination of -+ 1° was assumed. 
The theoretical luminous intensity distribu- 

INTRODUCTION tion on a vertical plane obtained in this way is 
reported in Figure 1, where it is compared 

This paper describes the realization of a with the present standards (ECE, SAE). 
new stop lamp which can be compared at The horizontal luminous intensity distribu- 
advantage with the present lamps. Actually, tion has no particular importance in this 
its reduced glare at short distances by night design and was supposed equal to the one 
and its improved visibility at far distances by described in ECE standard. 
day could contribute to the driving safety. 

The theoretical design of this lamp was THE PROTOTYPES 
reported at the 5th ESV Conference in Lon, 
don in 19741: a few lines on this design could Some prototypes of the calculated lamps 

be of help for the reader, were manufactured by Carello. Figure 2 re. 

Visibility at far distances can only be im- ports the luminous intensity distribution on 

proved through a greater luminous intensity the vertical symmetry plane for 8 lamps. The 

of the lamp, but this can also produce a more lamps needed an alignment with reference to 

annoying and tiring discomfort glare by night their optical axis which in one case reached 

at short distances: an action toward an in- 
4°20’; for this reason it was necessary to 

crease of the driving safety could actually align individually the lamps on the car during 

reduce it. So it was necessary to design the the experiences. 

stop lamp bounding the luminous intensity The trichromatic coordinates of the lamp, 

distribution at the higher discomfort glare measured through a tristimulus colorimeter, 
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Two lamps were mounted on a test rig; the 
horizontal distance between the lamps was 
0.98 m. The rig stood in front of a white dif- 
fusing screen whose luminance could be 
varied between 0.1 cd/m2 (simulated highway 

/ driving) and 2 cd/m2 (simulated driving on a 
lighted road). 

The experiences were carried out in diffuse 
SAE       attention conditions; the observer was asked 

to observe a luminous signal at the level of his 
eyes and the middle of the road of the stop 
lamps. The signal was lighted at random and 
the observer had to switch it off. 

ECE The supply voltage of the stop lamps was 
changed randomly in order to obtain a lumi- 

0 2° 4° nous intensity along the photometric axis of 
195, 260, 360 and 480 cal. 

Figure 1. Theoretical luminous intensity distri- The observer sat at 5 m from the rig (a 

bution on the vertical plane compared probable distance in case of a long stop, e.g. 
with ECE or SAE standards, at a traffic light). The height difference from 

the eye level to the lamp axis could be set at 
0.75 and 0.6 m. The observer assessed the dis- 

cd comfort glare according to the CIE Glare 

\~,~ 
Control Mark GZ: 

400. G = 1 unbearable glare 
G = 3 disturbing glare 
G = 5 just admissible glare 

200. G = 7 satisfactory glare 
G = 9 unnoticeable glare 

The experiences were carried out with 22 
observers (12 were experts in photometry): the 
stop lamps were shown to the observers five 

_1o 

°o 2° 4° 

times for each luminous intensity. 
The experimental results are reported in 

Figure 3 as an average for each point of the 
Figure 2. Luminous intensity distribution for 110 available assessments; the standard devia- 

some prototypes compared with the tion was in any case lower than 0.2. The four 
theoretical distribution (continuous curves, for the screen luminance of 0.1 and 2 
line), cd/m2 and for the differences between the 

heights of the observer eye and of the lamps 
were x = 0.689, y = 0.311 and z < 0.001, of 0.75 and 0.6 m, run almost parallel and 
which comply with the present regulations, the difference in G for the four conditions is 

less than 1. At 360 cd, the nominal value of 
THE DISCOMFORT GLARE OF THE LAMP the luminous intensity on the photometric 

The discomfort glare of the prototypes of axis, one can calculate G = 4.10 as an 
the stop lamps was estimated in simulated average. A continuous observation could re- 
night conditions in the laboratory, quire at least G = 5: since in this case the 
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Looking directly at it, the new stop lamp 
was always visible at 1000 m. 

Adaptation Height 
luminance differ, 

0d/m2 m ROAD EXPERIENCES 
o.1 o.6o A FIAT 124 car was equipped with the stop 
0.1 0,75 

cd 2.0 0.60 lamps described in this paper. The lamps were 
5o0 ---.- 2.0 0.75 mounted on a very simple metal frame hinged 

at the bottom and with a screw on the top to 
provide for the necessary photometric align- 

",\, ment: the height of the lamps from the road 
level was 0.50 m. 

300 The car was driven at speeds varying from 

about 50 to 100 km/h. The observer drove 
another car which followed the first one at 
distances from 100 to 1000 m. 

\. Several tests were carried out in day and 

100 , ,. .... , ~. ,..-, , , night conditions with 8 observers, who were 
3 5 7 asked to state an overall assessment of visibil’ 

ity and glare. A reference was given by the 
normal stop lamps of the car. In any case the 

Figure 3. The discomfort glare assessments at new stop lamps were deemed by far mol:e visi- 

a distance of 5 m. ble and less glaring. 
Some experiences were also carried out on a 

tamp should not be lighted continuously, the 
disrupted pavement road: no problem arose 

glare obtained could be satisfactory, 
from sudden oscillation of the cars. 

VISIBILITY IN DAY CONDITIONS CONCLUSION 

Some stationary experiences of long The tests carried out on a new stop lamp 

distance visibility in day conditions and with showed a very good agreement with the hy- 
diffuse attention were carried out on the pothesis introduced in the theoretical design: 
Aeritalia airport runway in Apri! in the the new lamp allowed higher visibility and 
afternoon with clear sky. The observer was on lower discomfort glare. 
the driving seat of a Fiat 128 and was asked A modification to tne present regulal:ions in 
to switch off a signal put on the runway 20 m order to allow the installation of this new 
in front of him and 2 m on his right, which lamp could contribute to safety in driving° 
was lighted at random. The rig described The lamp must be mounted in the lower 
above was positioned on the axis of the car at part of the body and, at least in the prototype 

a distance of 100, 200, 400 and 600 m. The realized, it must be photometrically aligned in 
observers were asked at random to state the vertical plane, even if this setting is not 
whether the stop lamps were lighted or not. critical; these are the only small drawbacks of 

At the distance of 100, 200 and 400 m all the this lamp. 
assessments were correct, while at 600 m the 
errors were 50%; so daytime visibility is at    ACKNOWLEDGEMENTS 
least 500 m. 

The same experiences were repeated for a The authors are greatly indebted to Mr. 

normal stop lamp: at 200 m no observer could G. Danese, Mr. M. P. Devaux, Mr. G. Pocci, 

see it. and Mr. R. Strampelli for the helpful discus- 

882 



SECTION 5: TECHNICAL SEMINARS 

sion and suggestions during the development REFERENCES 
of the theoretical design and the experimental 
tests.                                        1. S. Bini and P. Soardo--"The Stop Lamp: 

Some Optimum Visibility Considerations." The authors wish also to thank Mr. 
Quarantawho followed the realization of the 2. Publication CIE nOo 31 (TC-4.6) 1976- 
prototypes by Carello and Fiat which pre- "Glare and Uniformity in Road Lighting 
pared the cars for the tests. Installations." 

A Practical Approach to Rear Underride Protection 

G. PERSICKE in June 1974, we said that "Motorists never 
F. I. Plant E., Ing. had it so good." They are able to drive in 

J. R. CHILD comfort and luxury on well built and designed 

Persicke & Child motorways from one end of a country to the 
other, very often without a single interruption 

ABSTRACT of a traffic !ight. We stated that we thought 
that there is a paradox here, for although they The overhanging rear ends of trucks are an 

obvious traffic hazard with a high proportion can drive in luxury they cannot yet drive in 

of fatalities per accident. At the 1974 E.S.V. safety; this situation has changed very little 
since 1974. Although every effort is obviously Conference a protot ype energy absorbing rear 
made to cut down the numbers of accidents it bumper unit for trucks was exhibited; since 
is vitally important to try to find new and bet- then further development and intensive 
ter ways to minimize and contain accidents testing was done and the results will be 

reported, when they do occur. 
One such new way is the energy absorbing The system now is capable of effective in- 

underrider developed by Quinton Hazell I.im- jury reduction in under-riding impacts of cars 
ited and this short paper will acquaint you of all sizes while eliminating or greatly lessen- 
with some of the design features and perform- ing the damage suffered by the truck. It will 
ance. be shown that the design of the unit does not 

reduce the ability of a truck to negotiate steep 
ramp angles and reduces the effects of impact DESIGN CONCEPTION 
with road furniture, curbs, ramps, etc., to 

In underride crashes in which a car collides 
negligible proportions, with the rear end of a lorry or trailer, the rear 

Heavy costs for damage to vehicles and end of the loading platform often pierces the 
structures from reversing accidents are suf- passenger compartment of the crashing car. 
fered by truck owners. The system used for 

As is welt known, the vehicle in motion 
under-ride protection also provides an effec- 

possesses kinetic energy, stopping the vehicle 
tive means of applying the brakes of a revers- requires that this energy should be either 
ing vehicle on contact with an obstruction changed into potential energy, dissipated in 
which is so sensitive that it responds to pedes- 

work or transferred to another mass, there- 
trian body contact while so controlled that fore the energy absorbing underrider system 
spurious signals are eliminated. must use some form of these energy conver- 

sion methods and these principles were used 
INTRODUCTION in the design of the underrider. An underrider 

During the Fifth International Technica! should not store energy, as this would result in 
Conference on Experimenta! Safety Vehicles a bounce-back of the offending vehicle with a 
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velocity similar to the initial impact velocity. 
The aim therefore must be to design an under- 
rider which dissipates energy and allows the 
crashing vehicle to come to rest without re- 

bound. 
It was therefore decided to design an under- 

rider using a horizontal bumper beam sup- 
ported by specially designed drop arms (see 
figs. 1 and 2). A conventional underride pre- 
venter absorbs the impact energy by the bend- 
ing of its vertica! arms so a logical step was to 
make use of this movement by hinging the 
arms and supporting them by energy absorb- 
ing struts using a geometry where the specially 
developed hydraulic cylinders formed one side 
of a triangle, the bumper beam being attached 
to the extensions of the drop arms. This ar- 

Figure 2. 

rangement gives a mean mechanical advan- 
tage of 3 to 1, but this changes as the beam 
moves backwards on impact. The hydraulic 

the method of controlling the hydraulic 

cylinders had to be of an effective but simple damping force, which is provided by the 

design, therefore the well known theory of 
passage of fluid through an orifice forrned by 

fluid energy absorption using variable flow a slot in a liner between the piston and the 

control orifices was chosen as a basis of the 
cylinder wall. 

design. Extensive development work indi- 
The shape of this slot determines the char- 

cared the necessity for a simple, low cos~, but 
acmristics of the energy absorber. During 

durable, energy absorber. The design objec- 
piston travel, pressure can be built up or 

rives were achieved by limiting the unit to five 
released simply by narrowing or widening the 

basic components, machined to tolerances 
slot, in other words the load displacemem 

which could be easily maintained during pro- 
characteristics required for a known applica- 

duction. The novel approach in its design is 
tlon can be obtained by a variation of the slot 
cross section along the distance covered by the 
stroke of the piston. 

FLUID BEHAVIOR 

During the extensive tests carried out with 
this design it was found that mineral hydraulic 
oil has a quite spectacular tendency to ignite if 
it accidentally leaks when under high pressure. 

~2~./~__~,n~ 

ThedangerOffireaddedtOtheeffecl Of an 
underride accident ruled out the use of this 

fluid, In order to eliminate this factor a new 
water-based hydraulic fluid with near stable 
viscosity over a wide temperature range was 

Horizontal beam developed and is now used in the energy ab- 

Highway scrber. One of the common problems in hy- 
draulic equipment is the effect of air in the 

Figure !. fluid, research was necessary to estab!ish the 
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behavior of this fluid when containing en, Swedish underrider, the impact speed was in- 
trained air, and it was found that by tuning creased to 35 mph and the results were as ex: 
the mixture of the fluid to the exact require- pected, little damage to the underrider but 
ments it was possible to work the energy ab- serious damage to the car, with serious to 
sorber successfully, either on a fluid or an fatal injury to the occupants. Again this test 
emulsion, was repeated with the prototype of the QoH. 

Endurance tests showed that emulsification design with no damage to the underrider, ex- 
of this fluid had no detrimental effect on the tensive damage to the car, but low injury 
performance of the energy absorber. The levels to the occupants. During these tests a 
force envelope showed slight but not detri- number of faults were discovered, one of 
mental deterioration at increased tempera- them being a tendency for the rear wheels of 
tures but on the other hand it was proven that the car to lift off the ground, causing head 
compared with valve type energy absorbers, and neck injuries when the car landed. So 
the Q.H. orifice design stayed cooler for back to the drawing board. All the test results 
much longer periods of time. It can now be were analyzed and the Q.H. underrider re- 
claimed that under certain circumstances this designed. This latest underrider again under’ 
energy absorber is actually more efficient went full tests at MIRA and a 30 mph speed 

......... when the fluid is emulsified, impact test showed that the occupants of the 
car would have been only slightly injured as 

TESTING the underrider prevented under,run and the 

A prototype of this underrider was built for hydraulic energy absorbers provided optimum 
ride down characteristics (see tables 1 and 2). testing, but first a full mathematical treatment 

was given to the design and a series of full- Needless to say, the underrider suffered no 

scale tests was arranged at MIRA in conjunc- damage at all. This combination of the hinged 

tion with the British Department of Trans- underrider structure and the new type of 

port, the first tests being conducted in energy absorbers results in a near ideal design 
for the absorption of energy as it provides the December 1976 and January 1977. As it was 

important to obtain comparative test results, few extra inches and milliseconds required to 

it was decided to import from Sweden a rigid ensure that the "g" force acting on the occu- 

underrider which was of the type approved by pants of the crashing vehicle will remain at an 

the. Swedish Government. acceptable level. So we feel that our primary 

The first series of tests were run with the objective, the safety of the driver and the 

Swedish type underrider fitted to a Scammell passengers in the car, has been achieved, 

trailer, as specified by the manufacturers, though obviously we shall keep an open mind 

This underrider was struck at 17 mph and was and still strive for improvements in this vita! 

damaged to such an extent that costly repairs aspect. 

would have been necessary. Damage to the 
car was as expected, injury to the car occu. FURTHER DEVELOPMENTS 
pants would have been at an acceptable level. The acceptance of devices contributing 
The second impact was with the prototype of mainly to the safety of others is often resisted 
the Q.H. energy absorbing underrider fitted as an indirect taxation by those who have to 
on the same Scammell trailer and impacted spend their money to fit and maintain them. 
under similar conditions. Damage to the So our next aim was to include design features 
underrider was non-existent, damage to the that would make the underrider even better 
car and injury level to the occupants less than and offer the user many money-saving advan- 
in the previous test. To establish how a strong tages. 
rigid underrider would perform a second Al! our tests to date have been run under 
series of test was carried out on a strengthened conditions that ensure good contact between 
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Table 1. This table summarizes the various requirements and recommendations concerning 
tolerance to injury. 

Measured Parameters UK SV Project FMVSS 208 EEVC 

Overall HIC ........ lower than 1000 Over 1000 without 
contact could be 
survived 

Head 

HIC during ........ lower than 1000 Lower than 1000 

contact 

Gadd SI ........ lower than 1000 ........ 

Resultant not over 80 g ........ not over 80 g 

Acceleration for duration of for duration of 

longer than 3 ms longer than 3 ms 
if contact occurs 

Chest 

Gadd S! ........ lower than 1000 ........ 

Resultant not over 60 g not over 60 g not over 35 g 

Acce eration for duration of for duration of for duration of 

longer than 3 ms longer than 3 ms longer than 3 pns 

Table 2. Test results actually achieved with above ground of about 500mm (20 ins.) and 

Quinton Hazell underrider, can only be restrained by a low placed impact 
beam, yet the very trucks whose long rear 

Port Starboard 
overhangs make underride crashes perilous Measured Parameter Dummy Dummy 

-- are those whose ground clearance would be 

Head Overall HIC 322 674 most seriously reduced by this. Reduction of 

Gadd St 391 900 rear end ground clearance would prevertt such 

Peak Resultant 36.2 76.6 trucks using many important commercial 

Acceleration (g) routes, especially those in hilly country or 

which use RO-RO ferries. As a result, the 
Chest Gadd SI          146      147       needs of commerce to travel freely on existing 

Peak Resultant 30.6 25.2 roads have over-ruled the desires of the 
Acceleration (g) safety-oriented and present proposals would 

allow a clearance under the beam of up to 
Maximum Diagonal Belt 44 33 

550mm (21 ½ ins.). 
Load (KN) Our concept of a hinged beam as~embly 

Maximum Lap Load (kN) 48 47 
provides the solution to this dilemma. All that 

-- is needed is to allow the beam to swing up- 

the underrider and the car. However, this pro- wards, away from the rear of the vehicle, 

duces an immediate conflict, for many cars should it strike an obstruction during forward 

have little strength in the body work at heights travel, just as the basic design readily swings 
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under the vehicle should it foul the ground when reversing does not know just where the 

during reversing. As with the cylinder itself, tail of his vehicle is. A simple sensor attached 

simplicity is the key to an efficient solution to the underrider solves this problem too. Ac- 

and, by carefulre-design, the addition of only tivated only when the gear lever is in 

one part plus modifications to three others "reverse," this sensor operates immediately 

gave the desired result, a unit capable of lift- the beam begins to move on its hinges and 

ing an extra 250ram (10 ins.) when meeting an feeds air into the braking system of the vehicle 

obstruction, without damage even under con- so that stopping is immediate and the risk of 

ditions of comparatively fast forward travel damage is minimal. The system is so sensitive 

and without in any way losing its efficiency as that only 30 Kg (66 lbso) force on the beam 

....... a life saving safety device. Now it is possible can stop a fully laden truck and trailer within 

......... to set the beam at an ideal height for safety yet 75 mm (3 ins.). Of course, it is possible to 

remain confident that adequate ground cancel the brakes if necessary to allow addi- 

clearance is still available, tional reversing, in which case a signal, such 

In some areas of the world cars average as the low pressure warning hooter, can be 

about one third heavier and may be travelling sounded to indicate that unprotected revers- 

at higher speeds so active development is in ing is taking place. 

hand to develop and test underriders which The fourth development intended to appeal 

will meet these heavier loads without involv- to the user is towards the reduction of weight, 

ing an uneconomic weight penalty, for it is the payload that earns the owner’s liv- 

Having ensured that the underrider is not ing, not the safety device. Sophisticated com- 

........... damaged when striking an obstacle when puter programmers are being employed to 

..... travelling, either forward or in reverse, we calculate the best distribution of metal to 

began to consider the obstacle itself. Many meet the likely stresses. 

people know the story of the car parked out- Taken together, these features change an 

side a Routier that was squashed flat by a expensive, heavy dead load installed by vehi- 

truck reversing into it; factory owners and cle owners under protest because of Govern- 

fleet managers know the cost of damage to ment legislation into a positive, effective, 

loading ramps, automatic levellers and truck money-saving device welcomed by haulier, 

rear ends which occurs because the driver factory owner and the motoring public alike. 

Vehicle Safety Car Handling and Braking: Legislation Can 
Not Cover Everything 

M. A. JACOBSON safety of certain in-built features. Insufficient 

C. Eng; F.I. Mech E; M.L Prod. E. allowances are made for climate, road 

The Automobile Association layouts, UK driving habits and lack of owner 
maintenance. 

Collaboration with manufacturers, involv- 
ABSTRACT ing substantial design and manufacturing 

The paper gives 10 typical examples of the changes, has resulted in added primary safety. 

Automobile Association’s Technical Service High speed towing instability problems were 

investigation of current handling and braking resolved by changes to suspensions and tires. 

problems, how these were established and A move from 4VzJ to 5 ½J rims gave much 

overcome. Reasons are given why procedures needed high speed straight line and cross wind 

adopted during development and type ap- stability to a front wheel drive car. Major 

proval testing can miss effects on primary design of suspensions and brakes dramatically 
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improved inherently poor road manners of a We may demand a more forgiving road, 

rear-engine rear-wheel-drive car. which gives more chances to motorists to 

Changes in temperature and humidity badly recover from their mistakes, but it will be a 
affected braking stability of a conventional long time before they become an everyday 

car. Modification of materials and detail reality. 

design features of the vacuum servo cured Accident statistics tend to record failures 

that. On another make lowering coefficient of not successes. There is no agreement on how 

friction of brake pads and attention to sliding one can scientifically assess handling and the 

calipers minimized slewing tendency, type approval requirement for new cars to 
Incidence of low tire pressures, wrongly pull up under emergency braking wil;hin a 

adopted in the interest of driver comfort, are specified width of road is not mandatory yet 

alarmingly high, resulting in needless sacrifice in many countries. Many cars in regular daily 

of safety margin at speed, use would fail such a test. 
Reodesign of radial tires can overcome self It has been repeatedly argued that since the 

steering on some current vehicles. However majority of accidents are largely due to driver 

there is little effective control over older or error, any improvement in primary safety 

neglected vehicles, where injudicious mixing merely induces motorists to use up the extra 

of replacement tires or poor rnaintenance can safety margin which automobile engineers 

have fatal effects, have provided over the years, by giving their 
Good correlation was established between vehicles better handling, better tires, im- 

slow speed roller brake test results and loss of proved suspension, more precise steering and 

control under severe braking. Enforcement of more powerful brakes and that the net result 

the revised MOT test could eliminate many is that collisions now occur at higher speeds. 

unstable cars. Accident statistics do not appear to bear this 
out. 

In the UK average speeds have been in- 
~NTRODUCT~ON creasing steadily at the rate of about 1 !/zkm/ 

hour per annum over more than a decade, so 
Secondary safety or crash survivability at- 

has traffic flow and total number of w.~hicles 
tracts a great deal of attention, and rightly so, on the road, yet traffic accidents or speed or 
for it is relatively easy to assess the effective- 

collisions have not followed this upward 
hess of changes in design and construction of 

trend. 
the car’s body and interior fittings as well as 

We believe that nothing produces serious 
the wearing of seat belts. The ~eduction in accidents more effectively than a rapid 1;ransi- 
numbers of fatalities and injury level can be 

tion from a safe predictable course to one 
used as a measure of success. However the 
evidence which demonstrates :that money 

which demands extra-ordinary and unfamiliar 

spent on improving primary safety--accident 
countermeasures, be it rapid application of 

avoidance--is money well spenti is far from 
opposite lock or easing off the brake pedal in 

obvious. It is not even well documented, nor 
a form of cadence braking. We must aim at 

is there general agreement on what criteria 
making cars more forgiving and seeing to it 

should be used. Predictable handling and safe 
that they remain like that throughout the 
usefu! life of the vehicle. braking characteristics under all normal 

operating conditions do not themselves 
guarantee that the driver will not get involved 

DRIVING HABITS 
in a road accident, but they should let him 
down more gently when he misjudges a road Road layout and driving habits play a vital 
layout or fails to see, in good time, a traffic role. They differ greatly from coun~:ry to 

conflict situation ahead, country and this is reflected in the type of cars 
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these countries tend to produce. Differences WHY SHOULD A MOTORING 

are most noticeable in terms of the "g" loads ORGANIZATION CARRY OUT 

which motorists habitually impose on their INDEPENDENT INVESTIGATIONS 

vehicles. If we were to accept such average INTO PRIMARY SAFETY 

............ values as design criteria, we should have some ........... When we decided to publish our findings 
very unsafe vehicles on the roads in Europe. on car handling and braking deficiencies we 
Observations in many different parts of the asked ourselves 5 fundamental questions: 
world tend to suggest the following values: 
Sideways acceleration rarely exceeds 0.20g on 

¯ Are there real safety problems? 

.......... trunk roads in North America and in Japan. Yes, but they are not easy to define. 

In Europe it can be as high as 0.4g on Alpine 
¯ What gives us the right to conduct inde- 

pendent investigations and, if necessary, 
roads and on the clover leaf approach roads 
to motorways. On UK cross country roads it 

challenge the findings of Industry, Govern- 

is around 0.3g to 0.35g. But there are a sub- 
ment and Independent Research Establish’ 

stantial number of drivers in a hurry who cut 
ments alike? 

...... in and out and take chances on bends, which 
We receive more first hand user com- 

.......... impose sideways acceleration of the order of 
plaints and carry out regular extensive 
Vehicle In Use Analysismat the rate of 

0.45g to 0.50g. 50,000 per annum. 

Similar results have been obtained for brak- ¯ What justifies us to cooperate with indi- 

ing behavior patterns. In North America 0.4g vidual manufacturers in helping to solve 
......... is rarely exceeded; in Italy it is the norm, par- what are essentially their design and manu- 

ticularly in towns, where 0.45g to 0.55g is facturing problems rather than fight them 
common. Heavy braking is quite frequent on in the Courts? 
some congested motorways in Germany. In It is the most effective way of eliminating 
rural areas of the UK 0.3g to 0.4g is the aver- recurring problems. 
age, but in the Metropolitan areas, where ~, Has this policy increased road safety? 
drivers jockey for position, 0.55g decelera- We believe so. 
tions are not uncommon. ¯ Is there a direct correlation between age, 

lack of maintenance and accident prone- 
Relatively few drivers habitually rely on a ness? 

0.7g straight line stop, thereby pushing their Our investigations tend to support the 
luck: Problems arise when the roads are view that whilst drivers adjust themselves to 
damp, with deterioration of road surfaces, progressive deterioration of their vehicles, 
when there are cross winds and when emer- this leaves insufficient reserves for real 
gency situations call for rapid response and emergency conditions l For instance routine 
the vehicle braking and handling character, maintenance of tire pressure is hit and miss 
istics then change unexpectedly. Our paper is and can affect safe handling. Case Histories 
concerned with these, rather than the steady No. 6 and No. 10 refer to this in particular. 
state conditions. For whilst it is common 
practice for most new cars to achieve a 0.9g DATA COLLECTION 
stop on a flat special surface proving ground 
section in the dry and a steady speed 0.6g In these days of consumerism, of greater 

lateral acceleration on a circular steering pad, awareness of the rights of the purchasers, the 

this is no assurance of comparable behavior greatest problems are not lack of data, but 

under actual traffic conditions of 3 year old rather problems of communication and ascer- 

cars. This is important, for the average age of taining how rneaningful and reliable the corn- 

cars in daily use in the UK is 5 ½ to 6 years, ments and complaints really are, There will be 
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a growing need for an independent organiza- etc., yet do not lower vehicle loading and 

tion like the Automobile Association, with speed. 
daily contact with the real life problems of It is often difficult to convince such owners 
vehicle ownership, to remain involved in that their expectations are unrealistic. They 
safety and engineering matters, tend to have an exaggerated sense of grievance 

We have noted that over the past 10 to 12 and frequently, being fairly well versed in 
years many more people are seeking a redress handling a pen, are not beyond threatening a 
in law as a first move, when in fact their cases bit of press or TV blackmail, 
are not all that well founded and they would Set against the people who claim to know 
previously have been settled on a basis of exactly what their legal rights are, and make 
goodwill or even an acceptance of shared sure that you are left in no doubt about that 
responsibility. Why do we not simply feed all by sending you a sheaf of notes at regular in, 
comments and complaints received from our tervals, must be the many who, after art acci- 
members into a computer? dent, are advised by our AA patrols or the 

TSe problem is that one has to sift and in- police to contact us for help, yet hesitate to 
terpret these. As received these complaints mention that when they braked hard they lost 
tend to confuse rather than clarify a situation, control of the vehicle and severely damaged 
for the most divisive element is language. It one side of their car. 
does not require an indifferent to poor trans- We must never forget those who can wield 
lation from one language into another for this no influence, the silent majority of the motor- 
to occur. Engineers, lawyers, and laymen use ing public. 
different languages. Since the gathering of factual data from 

The interpretation placed upon a phrase masses of correspondence is both tedious and 
depends so much on the training and back- ca!ls for considerable editing, it is tempting to 
ground of the individual and the way it can be rely instead on surveys, particularly those 
turned to advantage. This applies equally to long questionnaires filled in by readers of con- 
the representative of a large corporation as to sumer magazines. You will however inevitably 
a private motorist, find that the majority of interviewees are try- 

ing to create an image. They claim to be in 

OWNER COMPLAINTS favor of safety, better and more legislations, 
and are willing to pay an extra £ 25 on this or 

There are several reasons for this unsatis- that safety gadgetwbut will not buy it when it 
factory state of poor communication: is finally put on the market as an option, even 
~, An assumption by purchasers that manu- if it costs only an extra £ 20. 

facturers are :making huge profits out of car 
sales and can well afford to pay substantial 

THE FALLACY OF OWNER 
compensation to dissatisfied customers° 

QUESTIONNAIRES ¯ That there must be an absolute guarantee 
that a manufacturer’s product willbetotally In an endeavor to establish whether the 
safe under al,t possible operating conditions, observation of ordinary motorists can be 
That computers always give correct and relied on, we submitted some 80 people to an 

relevant answers, identical set of tests. We tested their ability to 
¯ With increasing economic pressures on car describe some fairly obvious engine mat:func- 

owners these tend to skimp on regular and tions on family cars which they were allowed 
preventive maintenance and replacement of to test drive. One car was a 4 cylinder auto- 
worn parts, notably tires and brake friction matic with the idle speed set very high, 
pads and linings, renewal of brake fluid another with it set rather low, a third had No. 
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3 high tension lead disconnected. All filled in factured cars that under certain conditions 

the questionnaire, yet only 10% diagnosed the these differed so substantially in performance 

faults correctly. Most used such complex from the original ones. Not all the parts were 

technical terms that we would have assumed a from the original source. Some were "ap- 

reasonable amount of technical knowledge proved equivalents." Approved by whom and 

and diagnostic ability--had we not known against what test criteria? We are still 

that the facts were very different from those awaiting proper answers. 

reported to us. The explanations varied from Manuiacturers are tending to delude them- 

a slipping clutch to a slow puncture, from a selves by imagining that their franchise holders 

choked air cleaner to a fiat battery. Regretta- (a) read (b) understand (c) implement all the 

bly many solicitors and some motoring writers advisory notes sent to them in a regular paper 

are no more reliable a source of factual data. deluge. Garages frequently do not have the 

We found that even the valuable contribution checking equipment in working condition, 

b y Police Constables in filling in after acci- nor receive the replacement parts--may in fact 

dent forms, particularly Stats 19, can leave a not even indent for them, for they regularly 

lot to be desired, buy lower priced spurious parts from parts 

You cannot expect a policeman on a diffi- factors. 

cult mission, where further accidents may There is also a growing market for the DIY 

occur round him at any moment, to be over man--mostly the 2nd and subsequent owners. 

concerned with finer points of tire pressure, Many garage mechanics, fitters and bus 

listing the actual tires fitted etc. Many an acci- drivers and other mechanically inclined indi- 

dent will be put down to driver error, when in viduals are tempted to undertake a little extra 

fact the condition of the vehicle was at least in and tax free spare time work. Even a well 

part responsible for it. We know of a number advertised recall campaign cannot guarantee a 

of such mysterious incidents where the vehicle public response of more than about 1 in 3. 

veered off course on a straight road and the 25% to 40% is about the norm for vehicles 

driver was not asleep at the wheel. Even so it over 3 years old. For up to a year old vehicles 

represents the most comprehensive National it is possible to achieve around 80% of all 

Accident Statistics and a valuable source of traceable owners, when a matter of life and 

information. So where else can one turn to? limb risk appears to be involved° 

Insurance Companies must be a rich source of 
information on the ability of the motorist to 
deny all personal responsibility for the ac- RULEMAK~NG IS NOT ENOUGH 
cident--maybe on the true facts rarely. The It may run counter to the philosophy of 
speed of the insured’s car is invariably low, 
that of other road users much too high. 

engineers, Government legislators, lawyers 
and politicians to have to concede that the 
field problems cannot be comprehensively 
covered by computer data and by detailed 

GARAGE TRADE FEEDBACK regulations. Cars are designed and assembled 

What about the garage trade then? Surely by men with human frailties. They are Ire- 

they must have all the information required, quently operated and serviced by people with 

The manufacturers rely implicitly on this only a minimum of training. 

source of information being unimpeachable. None of the safeguards of careful annual 

But is it? It came as a considerable surprise to inspection to which commercial aircraft are 

all concerned, including the manufacturer, subjected, the meticulous training of pilots, 

when we found that when replacement fric- engineers and technicians apply to cars on the 

tion pads were fitted to some overseas manu- roads. 
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T:HE ROLE OF THE AUTOMOBILE shortcomings and thereafter co-operate with 

ASSOCIATION them in overcoming them--or preferably 

It is the realization of how unreliable some eradicating them at source. The chances of 

of the data input is on which Government and 
doing some real good are at least trebled if we 

Industry base their policy decisions which has 
can co-operate with the vehicle builders. We 
believe that it is better to do so without insist- 

brought about a progressive and sustained 
change in the way the AA’s Legal and Techni- 

ing on a massive and costly recall campaign 
right from the start. There is little merit in a 

cal Departments operate, 
recall unless the modified design effectively 

We have evolved systems which allow us a 
cures the majority of the undesirable features 

fair degree of flexibility. Our primary objec- 
found. 

rive must always be to see that our members’ 
A number of shortcomings can become ob- 

interests are safeguarded and that, where they 
vious quite early on, within weeks of the 

are entitled to it, they receive full compensa, 
launch of the car, others may not come to 

tion for loss or injury, be it due to inadequate 
light until the cars are 3 to 5 years old. At any 

design or poor manufacture, faulty repair or 
one time we have contact with some 4 to 6 

indifferent servicing. 
When we believe that a problem does exist manufacturers on major problems, which the 

manufacturers either did not expect or which 
which warrants a much closer look at, we are 
in a position to carry out rapidly a series of 

extensive testing of pre-production units did 

spot checks by our 148 qualified staff engi~ 
not show up. These contacts can involve us in 

neers, by the AA’s Engineering Center, West 
long testing periods. They are always confi- 

Midlands Vehicle Inspection Center, by the 
dential. It may surprise you to learn that 

Specialist SectionsofRoadTesters, Materials 
professional testers can miss faults and 

Proving Laboratory, Electrical and Electronic 
characteristics which ordinary motorists find 
with uncanny regularity, though they rarely 

Engineering, all of which can, if necessary, be 
know how to describe them in terms which are 

augmented by reports from the 3200 strong 
Patrol Force, who carry out mechanical and 

useful to the design or quality engineers. 

electrical first aid at the rate of 2½ million,/ 
Potentially catastrophic failures are, for- 

annum and move about ¼ million broken 
tunately, rare, so one should exaggerate the 
number of inherently dangerous cars which 

down cars by AA Relay Recovery Vehicles. 
We carry out automotive component test- 

are freely circulating on our roads. 

ing ourselves and at times sub-contract to bet- 
Drivers tend to adjust to the quirks of their 

ter equipped Specialist Laboratories for 
vehicles and compensate for the inbuilt design 

verification of doubtful technical facts, 
limitations and the gradual deterioration with 
use and age of brakes, steering and suspen- 

Our used car Vet for Purchase inspection 
sion. scheme, which covers anything from an 8 

week to a !2 year old car, is a self financing 
operation, which enables us to gather valuable CASE STUDIES 

data on some 4~,000 cars annually. We also I would like to demonstrate in a brief analy- 
operate an MOT Test Station to monitor the sis of 10 recent case histories how we estab- 
effectiveness, or lack of it, of the scheme, lished that problems existed, how we set 

about finding the causes and measures for 
reducing their effects, what steps the manu- 

CO-OPERATION WITH MANUFACTURERS facturers took to put the modifications into 
It is our policy to bring to the notice of production, and the overall beneficial effects. 

manufacturers, as soon as we see a pattern All the vehicles concerned had current type 
emerging, inherent design and manufacturing approval documentation, or their equivalents, 
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to prove that they were meeting all legal re- 
quirements. It should therefore not be sur- 
prising that the response we receive when we 
present our test data and comments to the 
Directorate of the offending companies can 
vary from downright hostile to very co- 
operative. 

Case No. 1 

Trailer Towing Problems 

In 1973 we introduced long distance move- 
ment by trailer of our members’ broken down 
vehicles. Towing behind Landrovers or Ford 

Figure lB. 

Transit Vans presented no problems and on 
........... our low loader trucks we could even tow a It also demonstrated ~ fundamental points: 

trailer with one or two vehicles riding pig a ® Vehicle manufacturer’s test drivers develop 
back on the truck. They went round the exact- handling skills which far exceed that of 
ing ride and handling course at the MIRA dinary motorists. We now hand pick drivers 
proving ground as though running on rails, and give them some of the toughest training 
Yet some of our drivers experienced some em- 
barrassing loss of control incidents under far 

imaginable, for we discovered that, as they 

less demanding conditions, when we intro- 
get tired, their anticipation and steering 
correction reaction to counteract onset of 

duced the Range Rover as a more comfortable trailer snaking begins to get out of phase 
and speedier towing vehicle in t975. (See fig, and loses the vital smoothness of response 
ures 1 A & B.) required. In our experience a gentle tail 

.............. In our early operational use we had a jack- 
.......... knife or overturned trailer incidence at the 

wagging, if not snubbed out within 2 to 3 

alarming rate of 1 every 750 miles. Our 
seconds, can easily build up to rapid side to 
side oscillations, which can become a real 

reports caused frank disbelief and a most 
spirited demonstration of the driving skill of 

problem at fast towing speeds. Early com- 
binations could have a rhythmic side to side 

the manufacturer’s testers, oscillation of 500mm to 600ram. We tried 
various forms of towing stabilizers, includ- 
ing those using hydraulic dampers. While 
some of these are beneficial when towing 
caravans, none proved of real merit in our 
trailer towing operations; 

® Braking and stability tests by the manufac- 
turers were carried out on an old airfield, in 
other words a very special type of proving 
ground section, wide, straight, flat and free 
of opposing traffic. We found that, as soon 

as camber, bends and undulations were in- 
troduced, the combination of trailer--tow- 
ing vehicle could become skittish. The very 
stiff rubber-in torsion suspension of the 

Figure 1A. long low-load trailer, with its close,coupled 
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twin axles at the center of the trailer and a stiffening of the suspension, particularly in 
long overhang to the towing hitch, when the roll stiffness mode, had marked and 
matched to a relatively short wheel base, beneficial effects. 
very softly sprung, towing vehicles are not Over the past 21/z years the combination 

the most stable combination, has now fully proved itself in many 
tt is easy to introduce pronounced pitch, thousands of long distance towing opera- 

ing and bounce. This can result in a cyclic tions, covering well over 2 million accident 
variation of vertically applied loads on the free miles. 
towing vehicle’s road wheels. In extreme Figures 2 and 3 show a typical Range 
cases momentary loss of tire to road contact Rover-trailer combination. Some of the 
occurred. The amount of sidewaysguidance trailers were found less than satisfactory. 

force which a tire can exert is a direct func, The triaxte low loader was too prone to 
tion of the vertical load applied to it. As oscillate from axle to axle as it slowly 
soon as these tires have to provide side pitches fore ant, aft on our far from dead 
guidance forces, e.g. in a bend in an over- flat road surfaces. Others had overrun 
taking maneuver or to counteract onset of braking system problems, which have since 
trailer snaking, a situation arises in which been resolved. 
non-linearity of response clue to variation in 
tire loading manifests itself. 
Incorrect loading can induce early onset of 
instability. We carried out fairly:basic exper- 
iments, using simple portable accelerom- 
eters and paint brushes mounted on the ex- 
tremities of the vehicles, which were held in 
contact with the road while the vehicles 
were level and static. The tell-tale markings 
left on the road gave a graphic indication of 
roll, pitch, bounce, snake and yawing 
movements and the respective frequencies 
of oscillations, enabling us to establish the 
interaction of many diverse factors, iden- 
tify the natural frequencies which had to be Figure 2. Correctly loaded trai~er-Range Rover 
avoided to give acceptable stability under combination. 
all road, load and wind and weather condi- 
tions and offer a practical engineering com- 
promise solution. We achieved this by 
reverting from power assisted steering to 
normal manual, to give more positive 
precise driver control without time lag and 
phase shift, and by eliminating unwanted 
sideways shuffle. This meant increasing the 
side wall stiffness of the towing vehicle’s 
tires, altering the dimensions, side wall 
stiffness and tire pressures of those on the 
trailer. The hitch was lowered by about 
85mm on the Range Rover. Changes to the 
natural frequencies of the all coil spring and 
telescopic damper suspension; all round    Figure 3. Incorrect loading. 
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GENERAL PROBLEMS WITH frequent. Motorists of atl ages tend to travel 
faster on narrow, twisty cross country and 

PRIVATE CARS 
rural routes than almost anywhere in the 

UK Special Operating Conditions 
world, yet average distance covered per hour 
falls wel! below the German Autobahn aver- 

Two obvious questions come to mind where age. We have quite a few steep gradients but 
ordinary cars are concerned: no high altitude roads. 

Are the UK motoring conditions more 
demanding than in many other countries? Road System 
Several manufacturers share our view that this 
is so. Above all we have two factors which set us 

Why should that be? apart from many other highly motorized 

The principal reasons are: countries--our lack of segregation of road 
users and the ever present likelihood of 

® Climate weather and road conditions changing from 
, Road systems one day to the next, with the roads being wet 
, Driver temperament                        for about 20% to 40% of the trave!ling time, 

We believe that by and large manufacturers 
honestly try to n-larket good products and that 

depending on the geographic location and 
time of the year. 

failures to do so may be largely due to ignor- The need for rapid drainage and the con- 
ance of the special conditions which operate gested nature of much of our road network 
in the UK. Since the current import quote into has given us two additional road features, 

.......... the UK runs at about half the total of new car which can catch the uninitiated unawares: 
registrations, a very substantial number of One is road camber, which is usually around 
vehicles can be affected. 1 ° to 1 *A ° but can unexpectedly change from 

1° to 3° positive to 1° to 3° negative, particu- 

............ Climate larly so on the main feeder and rural roads, 

......... which carry a great deal of mixed traffic, 
In our small island one can find some of the 

densest mixed traffic anywhere in the world 
cluding heavy commercial vehicles; the other 
is roundabouts, where heavy traffic readily 

and also long stretches of lonely moorland polishes the road surfaces. At one time France 
roads where cars can be lost in sudden snow was noted for having very pronounced cam- 
drifts for days on end. Our climate may be her on its trunk roads. This has recently been 
temperate, but we can have weeks of summer greatly improved and many of them now have 
heat in which the black topped tarmac road little camber and much better road surfaces. 
surfaces tend to melt, with road surface 
temperatures in the region of 40°C, and then Mixture of Cars on the Road 
again near Arctic conditions when the temper- 
ature drops to -15°C, when diesel fuel Add to this the need to keep up with fast 

freezes in the feed line from tank to fuel pump moving traffic, including trucks and buses, 

filter inlet, when all drain holes of air brakes and it will not surprise you that out of a mix- 

are frozen solid, when the traction of summer ture of some 250 to 350 makes and models of 

tires on snow cleared road sections is alarm- cars, and ranging over an age span of 20 years 

ingly !ow. or more, from a variety of countries of ori, 

We experience relatively few totally wind- gin--which is very different from the situation 

less days, 70 to 90km/hour gusts of wind are in, e.g. Japan or Eastern Europe, even most 

rare--(Beaufort Scale 8 to 10) even in the of Western Europe--there must always be a 

most exposed coastal areas--but 15 to 35km/ few which do not quite fit in. They may well 

hour cross winds (Beaufort Scale 3 to 5%) are be within the legal requirements, may also be 
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totally acceptable in their respective countries characteristics of the front wheel drive layout, 
of origin, but in the interest of road safety in Its cross wind stability is poor. Our daily log is 
the UK they may need to be slightly re- filled with such typical observations as: ’~on 
engineered. The same can well apply in anything approaching fast bends there is a 
reverse. It is the self appointed rusk of the tendency to go from marked understeer to 
AA’s Technical Service to investigate and, if oversteer, there is 1¼ to 1½ turn of lost motion 
a~ all possible, offer practical solutions, in the steering wheel." 

Under fast motoring conditions on Conti- 

Case No. 2 
nental motorways the car is easily thrown off 
course by aerodynamic suction effects, which 

Tires and Wheels may be due to the walls of road tunnels and/ 
or passing columns of high sided lorries. Over, 

The motor industry in its endeavor to re- taking such lorries travelling at 90-110kmi 
main competitive has persistently specified hour (particularly if they tow one or two high 
tires which were only just adequate for the sided long trailers) can be a frightening experi- 
weight, potential speed and power of a car, ence, if the test car is travelling some 
although there are currently none in which the 40-50kin/hour faster. 
original equipment specifications is grossly at The suction or tunnel effect deflects the car 
fault. The problem nowadays is that a few some 1 to !.5m off course[! With a moderate 
manufacturers stillopt for too narrowa wheel gusting or oblique cross winds of about 
rim. The idea put forward by the manufac- 20-40km!hour (Beaufort Scale 4 to 6) the car 
turers in defense of their choice is that it weaves all over the place at speeds above 
softens the ride harshness by allowing the 90ki!!hour. 
sidewalls to flex more. The improvement is so The center of pressure being well forward 
marginal as not to be worth the distinct disad- of the "A" pillar under certain conditions 
vantages one has to trade in for this, particu- and fluctuating considerably relative to the 
larly since there is greater proneness to side mid point of the vehicle, depending on the 
wall concussion damage and a lowering of the angle of attack of the side wind, are distinct 
safety margin for the more aggressive and disadvantages, for this excites a rhythmic 
faster motorist, snaking movement, which it is difficult to 

A typical example is a car which comes on counteract by steering correction. The restor- 
41/5’~ J 14~’ diameter rims. As we increased this ing forces and moment to counteract this 
to 5 " and 5 ½" wide rims we noticed a marked yawing oscillation of the vehicle must be pro- 
and progressive improvement. The current vided by the rolling tires. Sideways corn- 
original equipment option is, in our opinion, pliance, whether due to flexing of the tire 
not a sound compromise, for it has some an- walls or lack of rigidity of the suspension 
noying shortcomings, mounts can aggravate this situation. With lit- 

it is basically a reasonably comfortable car tie effort on our part, beyond careful analysis 
with a very direct acting rack and pinion s~eer- of data gathered during our extensive testing 
ing and presents no problems for motorists in the UK and on the Continent of Europe 
cruising at 100-t05km/hour on motorways and thanks to the collaboration of a number 
and long stretches of dual carriageway. But at of tire manufacturers, who provided alter- 
speeds above 110kmihour the lack of tire native rims and tires, we were able to change 
sidewall stiffness due to the narrow wheel rim this roomy 5 seater fast back from a fairly in- 
option becomes a noticeable feature, the car different into a well handling car. But for 
then tends to snake and yaw. Furthermore commercial reasons the manufacturer has 
several of the tire options did not:adequately been very stow in adopting the modification 
compensate for the inherent torque steer ~o their vehicle specification--which is a pity. 
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We understand that the modifications will be we have of late discovered that in at least two 

introduced later this year. instances the reason was nothing more funda~ 
mental than a printer’s error, which the vehi~ 

cle builders did not want to admit to, once 
Case No. 3 many thousands of owner’s handbooks had 

.......... been issued. It was 26 lb/in2 (1.74 bar) instead 
Tire Pressure Settings and Tire Failures of 36 lb/in2 (2.44 bar). Nor had any recent 

Tire pressure settings affect handling and weight checks been carried out, All this 

tire life far more than occupant comfort, resulted in a needless paring down of tire life 

Many of the current tire pressure settings are and safety margins, for these were high per. 

.......... based on crossply assessment and historical formance cars. The assumption that their 

.......... data, Yet nowadays very few new cars sold in owners would not exceed the UK 70mph 

the UK have crossply as original fitment, and (112kin/hour) speed limit is as realistic as ex. 

similarly the rest of Europe is opting whole- pecting a crowd of Irishmen on an outing to 

heartedly for radial tires, the Guinness Brewery in Dublin, to be in. 

For years we have firmly supported the terested in its architectural charms only. 

popular belief that the vehicle manufacturer In the other case the owner’s handbook had 

knows better than the tire maker what tire a transposition of 2 figures, 1.38 bar instead 

pressures should be--but we no longer do so, of 1.83 bar. It meant an unintentional lower- 

for good reasons. Quite a few vehicle manu- ing of nearly ½ of the front wheel tire pres- 

facturers do not any longer have the expertise ures--net results: a very stiff steeringi In fact 

to assess where to draw the line between tire we found the optimum solution to be 1.90 bar 

........... life and strength reserve versus ride comfort, all around not 1.38 bar front, 2.04 bar rear. 

Tire noise is not the most reliable or meaning- In a previous paper to an ESV Conference1 

ful criterion by which to judge tires or opti- we gave a summary of our investigations on 

mum pressure settings, nor are exaggerated tire deflation problems. When recently a large 

chicanes and slaloms, unless you set up a car’s number of high performance cars were 

suspension for special events, checked for tire pressure settings and many 

Modern tire technology is very complex, yet were found to have been operated at least 

many of the decisions made by car manufac- 20% below the recommended minimum tire 

turers are very subjective ones, based on pressure for moderate speeds and only some 

reports by their professional car testers who, 5% at the sustained high speed Setting, it 

unlike the vast majority of ordinary motor- came as a great surprise to Senior Directors of 

ists, drive to the very limit of adhesion, with both vehicle and tire manufacturers. 

tires squealing in anguish. Tire inspection and pressure checks are car- 

Frequently tire manufacturers are expected ried out only very infrequently and owners are 

to supply the answers to the problems of com- often not aware of any changes in ride and 

fort, noise, ride and handling left unresolved handling on high speed motorways until the 

by the vehicle manufacturer. Commercial tire is about to fail by excessive heat genera- 

pressure is then brought to bear to convince tion. 

the Board of Tire Companies to take a more Figures 4 and 5, Carcass Failure, show the 

"realistic" view of the tire options--in other effect of running a considerable distance on a 
words agree to a lowering of tire pressures, motorway at about 40% underinflation at 

Since this shortens tire life too and only very speeds of around 135 to 140kmihour. 

rarely produces catastrophic carcass overheat- Tire failures on performance and luxury 

ing, few tire makers protest too loudly! In many cars, if they involve a loss of life, tend to at- 

instances the difference is merely 2 or 3 lb/in2 tract media attention rather more than those 

(about .15 to .2 bar) and hardly matters--but affecting more mundane vehicles. Our in 
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Figure 4A. General condition of tire. 

Figure 5A Inside view of parted tire. 

Figure 4B. Extent of failure. Figure 5B inside view of parted tire. 

depth investigations, which we have been car- factors are. During the summer, when road 

tying out over the past 10 years are no~ como surfaces are dry and hot and air tempera- 
plete yet, but we can draw a number of con- rares and sunshine can approach Mediter- 
clusions, ranean levels, we have measured, on cars 

subjected to high speeds on motorways and 
~ The mode and frequency of faiture is cross country routes, in the groove tire 

dependent on the time of the year and the tread temperatures some 15°C to 25°C 

road surface characteristics. We have not higher than after a cooling shower or in 
assumed that all drivers observe the legal autumn and winter. For identical test con- 
speed limits and carried out tests both in the ditions the high u surfaces, due to some 

UK and abroad to establish what the risk types of granite chipping may raise the tire 

898 



SECTION 5: TECHNICAL SEMINARS 

tread temperatures by 15°C compared condition. Hardly any were overinflated. A 

with those of the more common gravel typical tire pressure random distribution is 
chips, which polish more readily, are less shown on Figure 6. 

abrasive and offer a lower skid resistance, The inference is obvious, most drivers rate 
dry and wet. Water acts as a lubricant and comfort above economy and even their 

.......... promotes flint and foreign object penetra- own personal safety. It may be due to igno- 

tion and punction proneness, but it also rance or the belief that the more you pay 

cools the critical flex zones of a tire. for tires the greater the permissible abuse 

In the groove temperatures of around factors: Yet by their very nature high per- 

100°C to 105°C were measured in steel formance tires are like highly bred steeple 

belted quality tires without causing long chasers. Abuse and hitting sharp objects, 

term harmful effects or producing breaker bricks, curbstones, etc. at speed destroys 

edge looseness. However at around 115°C them. Equally alarming were the results of 

to 120°C some of these tires exhibited random tests on several hundred cars in 

distinct signs of beginning of steel to rubber public car parks. The attention given to tire 

bond failure. The corresponding tempera- care, including pressure maintenance, was 
......... tures at the critical zone inside the tire was at its lowest in two categories: the old, 

found to be t50°C to 165°C. neglected run-about and the more distinctly 

For properly inflated tires of modern up-market and performance cars. 15% of 

design and manufacture the highest in the the tires were overinflated by 20% to 80%, 

groove temperature were found not to ex- 15% of the tires were underinflated by 20% 

ceed 100°C, for even the most arduous high to 60%, 10% of the tires had a severe side 
.......... speed motoring conditions we encountered, to side tire pressure imbalance on the same 

,* Insufficient attention is paid by the opera- axle that could affect handling. In 8% it 

tors to pressure maintenance and the most was more than 25%. In 2% it was more 
cursory inspection of their tires. With the than 70%. 
greater reliability, lesser need for regular o Aging and low annual usage can adversely 

pumping up due to the advent of tubeless affect tire fitness. The properties of rub, 

tires and the predominance of radial ones, bermboth natural and syntheticmdeteri- 

where even the properly inflated tire has a orate with age, exposure to strong sunlight, 

distinct sidewall flexure appearance, few heat or when the tires are used only inter~ 

operators observe even the most rudimen- mittently, Most at risk are towing caravans, 

tary inspection and tire pressure checks, which tend to be fitted with the lowest 

Whereas differences of tire pressures across specification tires which can be found in the 

an axle were easily detected by drivers, as market place, are frequently run grossly 

long as the cars were fitted with crossply overloaded and often quite fast over long 

tires, the difference in rolling resistance and distances, then to be left standing for weeks 

handling is less noticeable on radial tires, in a sun drenched location. 

which could account for lack of driver at- Equally at risk are the low annual mileage 

tention, In a recent survey of some 30,000 VIP prestige cars. Net result: an unusually 

high speed tires2 fitted to a heavy car with high proportion of carcasses of wel! over 6 

sports car characteristics, it was found that years. After about that time age deteriora: 

8 V2 % of the front and 11% of the rear tires tion really begins to steeply lower the safety 

were at least 20% below the minimum for margins built into the tire. We have come 

light load running at 110km/hour. 73% of across a number of loss of control accidents 

the front and 40% of the rear tires were due to that, particularly ~ander the condi~ 

underinflated by 20% or more for the fully tion of summer heat and autumn rain. 

laden and sustained high speed motoring ¯ Few tires burst instantaneously. Even after 
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Figure 6. Typical tire pressure variations found during inspection of several hundred high perform- 
ance sports saloon cars. 

an impact it may take well over a second safety. Whereas previously there were unmis- 
before a tire deflates to the point of coming takable early warning signs of an impending 
off the rim, or causing irrecoverable loss of tire break up, such as an unusual noise., a 
control, rougher ride, a steering wheel shudder etc., 

o In all cars, up to about 2¼ ton weight, a some of our more refined performance cars 
sudden tire failure in the front is tess dan. tend to swamp these disturbing forces by the 
gerous than a slow, but progressive, punc- very nature of the power assisted steering and 
ture in the rear, regardless of whether the the compliance in the suspension. 
car is front or rear wheel drive, has servo Net result: Many drivers become aware of 
assisted steering or not. It is not beyond the a tire failure only when the tire is falling apart 
skill of most drivers to control a front tire and then overreact in sheer panic. It has been 
deflation rather than a rear one, also they claimed by some tire manufacturers that ex- 
notice it more readily. By observing the car- cess pressure makes their car tire more prone 
dinal rule--feet off everything, off acceler- to impact failures. Our tests indicate that it 
ator, off brake, off clutchnand not chang- takes an over-pressure of 30% or more before 
ing gear, they can easily bring the car to rest this begins to manifest itself and that it re- 
in a straight line. If they have a car with quires a very concentrated loading in the tread 
negative front wheel offset, they even brake area. Most car tires are set at quite modest 
in a straight line. But a serious rear tire pressures, when correctly inflated, and risk of 
deflation all too often leads to unpredic- impact failure is low on good quality radial 
table handling or total loss of control, tires. Underinflation of these, on the other 
Greater emphasis on ride and handling hand, tends to lower the ability of sidewalls 

comfort and good sound insulation tend at safely to understand brushes with rocks and 
times to lull motorists into a false sense of curbs. During running at speed, tire pressures 
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may rise considerably, due to hysteresis in the to !3,000km and the car steers beautifully 

tire, but less so if the initial setting is fairly round a LH bend, yet rocks its way in sharp 

high. In view of the lack of owner care, we jerks around a RH one taken at speed. Brak- 

recommend that manufacturers settle for ing is however fairly straight line. 

pressure settings which allow for gradual In the case of the Japanese short wheel base 

leakage due to lack of attention by raising dual purpose vehicle one can blame the cross- 

them to a level which does not lower handling ply cross country tires and the distinctly off 

precision or comfort but could in some in- center location of the drive line with its 

stances be higher than at present, transfer box. Off highway it performs well, 
but on a permanent road surface, in 2 wheel 

.... Case No. 4 drive, it calls for an extraordinary degree of 

driver anticipation and restraint from about 
Torque Steer 80km/hour to its top speed of around 105km/ 

A relatively new feature is torque steer. It hour. 

can be quite marked and disturbing on front Rapid acceleration at speeds above 80kmi 

wheel drive cars. The fact that unequal angles hour pulls the vehicle to the right, which in 

of inclination of the drive shafts produce a the UK is into the path of oncoming vehicles, 

steering moment and that increase torque emergency braking on the other hand heads it 

throughput magnifies this and that brake ap- to the left for the ditch. This is largely due to 

plications reverses it, may be well understood the slip angle developed by the rolling tire, 

by some engineers, who have mastered this by and the peculiarities of the drive line layout. 

diverse countermeasures, including the adding Our discussions with the Japanese are not 

of an extra support bearing in the transmis- complete yet, but we have achieved significant 

sion, thereby equalizing the angle of inclina, improvements by some tire construction mod- 

tion of the drive shafts in the straight ahead ifications. These are being evaluated. Some- 

position. Others have found it expedient to times it is possible on such unfavorable 

alter almost imperceptibly the free standing layouts, where an elernent of torque steer 

height or the wire diameter of the main spring becomes difficult to avoid altogether, to 

in the MacPherson strut from one side to the achieve a neutral response by modifying the 

other. Some quite spectacular self steering can tirecarcass construction and/or tread pattern. 

be induced by the garage or the DIY man In a steel belted construction a change of rein- 

when they fit these the opposite way round!! forcing belt bias angle of 2° to 4° can work 

Usually the driver compensates for this wonders. Such undirectional tires can trans- 

phenomenon by a steady pull on the steering form a car with an inbuilt crabbing tendency 

wheel, which can however be very tiring on a and allow one to proceed at 160kin/hour and 

long drive. But there are two fairly recent above without aching arms. But we have tried 

models, one British and one Japanese, where one front wheel drive sports car where the tire 

this may not be enough. Both were designed fitter ignored the tire manufacturer’s instruc- 

on the assumption of owners driving them at tions and fitted them the wrong way round. It 

moderate speeds--but well below their speed was not a pleasant experience, when we set off 

potential, at maximum acceleration. In the case of two 

In the case of the British car reliance was wheelers the effect can be more serious. There 

placed on a preload in the dead ahead position are some powerful motor cycles where fitment 

of the non servo assisted rack and pinion of unidirectional tires is called for. We have 

steering to ensure that the driver has not to come across two loss of rider control cases 

counteract the self steering tendency by apply- with serious accidents resulting. These were 

ing a constant pull on the steering wheel. With entirely due to the tire having been fitted the 

aggresive driving this wears off within !0,00~ wrong way round by a careless mechanic. 
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Case No. 5 One can of course argue that marginal 
motorists put themselves and others need- 

Tire Mismatching lessly at risk by delaying the day when they 
either have to replace major sub-assemblies or 

Fitting different makes of crossply tires 
does not generally affect handling stability, 

scrap their vehicle. Enforcement of the more 

but, when it comes to radials, the golden rule searching latest MOT Used Car Test pro- 
cedures could eliminate some of the vehicles 

never to mix makes and sizes on the same axle 
which put their owners and other road users 

certainly applies, for mismatching of tires can 
have disastrous results, 

needlessly at risk. But the degree of enforce- 

A 19 year old, who fitted one cheap but ment varies considerably across the UK. 

aged sports 165 SR 13 car tire on the front, 
which has a significantly lower wet grip than Case No. 7 
its standard companion, lost control at 
around 80 to 90km/hour on a very slight bend Rear Wheel Drive Swing Axle Cars 
of a slush covered road when he braked, and 
paid for it with his life, for he slid sideways There are nowadays, few, if any, of the 

into a bus, which cut the car in two. horrors left which could so readily finish up 

The tire industry should, in the interests of going down the road on their roofs, given a 

road safety, state clearly that age, poor stor- combination of the driver misjudging the 

age and exposure to heat and sunlight dras- severity of a rapid succession of bends and 

tically alter the elastic properties and par- ignoring gusty winds. Nor have we come 
across recent models where the swing axle can ticularly the wet grip of tires and that after a 

period of storage of about 4 to 5 years the tuck right under, jacking up the car prior to 

drop could be as high as 25%. When braking tossing it into the nearest ditch. Rear-engined 

hard on a slippery surface a slide and loss of rear-wheel-drive cars gained a reputation for 

control situation can easily arise, unpredictable handling, which they did not 
wholly deserve. 

When we tested the new Skoda Estelle we 

Case No. 6 were however surprised that it inherited 
several of the handling features of its 

Lack of Maintenance predecessor, which we had criticized so 
severely in 1973. Yet it had apparently been 

We do not however attribute all slides to accepted without adverse comment in West 
tires. In another fatal accident the probable Germany. 
cause was long neglect of maintenance of the Figures 7 and 8 show successive stages of a 
shock absorbers and worn out anti-roll bar typical emergency situation. Car A can be 
bushes. The car had passed its MOT test a few brought to rest without loss of driver control, 
weeks previously--but there is no agreed pro- Car B cannot. 
cedure for testing of hydraulic dampers. The car had some very odd handling fea- 

We have tested similarly neglected cars on a tures and in the hands of the unwary or those 
comparable road and found that; since they used to more conventional West European 
bounce up and down in a fairly pronounced makes was potentially hazardous. Our in- 
manner at around 80 to 100kin/hour, braking vestigations had pinpointed some areas which 
in a bend with the inevitable weight transfer could materially benefit from a re-think. It is 
rear to front and side to side can result in a to the credit of the Czech authorities and their 
most alarming swerve and slither to a stand- engineering management that, when con- 
still, It needs only a grassy bank, a curb or a fronted with all the facts, they responded 
wet patch and disaster is 1 V2 seconds away. quickly and without any rancor. 
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Figure 7, Steady speed circular path tests: effect of closing throttle abruptly and applying brakes, 
Car A: car deviates progressively from circular path but without loss of control. 

Figure 8. Steady speed circular path tests: effect of closing throttle abruptly and applying brakes: 
Car B: car spins. 

Initial re-design took place via telephone We were assured that it was a race and rally 

and teleprinter communication from a Lon- proved formula. It was in fact designed to be 

don hotel to the computer in Czechoslovakia a tail happy car for two good reasons: 

and within a matter of weeks there were a few o The early onset of a tail swinging out, pro- 

prototypes put together in the UK ready for vided it occurs at a low enough speed~ may 
evaluation and subsequent adoption by the give a powerful inducement to ~:he novice 
factory in Czechoslovakia. and the overconfident alike to stick to the 

The Czechs had designed and tested their very low speed limits which apply in much. 

Skoda Estelle to meet East European and of Eastern Europe. 
o In the hands of the experienced a lively rear 

Third World conditions, with which their very 
experienced automotive engineers were famil- end can save the rally driver those vital 

iar. Their recently modernized plant with its seconds in a forest stage or on a snow 

complex automated body welding lines could ered stretch of road. 

turn these out at a low cost and at a produc- An originally supplied breakaway occurred 

tion rate comparable to Western European at around 0054g sideways acceleration m 

standards. Seen from that l~oint of view, the dry and 0.43g in the wet on a high ~ surface 

very concepts which we criticized as being out flat circular steering pad. There are obvious 

of tune with Western automobile philosophy practical limitations to the extent to which 

were highly commendable. The simplicity of a one can modi~~ a car which is being mass pro~ 

pure swing axle rear-engine rear-wheel-drive duced, when no interruption ~f manufacture 

with plenty of wheel travel, a good ground can be conceded. A visit of mine to ~-he fac- 

clearance, large diameter wheels, even the tory clearly indicated how far one had to 

stiff walled long life tires makes sense in court- promise. Some of the ideas I would dearly like 

tries where roads can be rough or potholed, to have seen incorporated were impracticable. 

where months of summer heat and dust alter- Even so the joint Czech AA effort raised 

nate with weeks of deep snow, where city sideways hold to 0.72g m the dry and 0.67g in 

roads may be granite cobbles, where trams the wet and made the ~ransition ~rom neutral 

and tractors and trucks keep down average to oversteer predictab]e, slow and as precise as 

speeds, such a simple drive line wilt r~ermit. 
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Table No. 1 indicates the effect of suspen- tion of materials of the multi-jointed steering 

sign and tire changes, linkages and steering box it gave a degree of 
The compromise solutions agreed upon self centering which the car badly lacked, for 

were a UK specification, a variant of that for it originally suffered from a stiff, jerky steer- 
other West European markets and lesser ing. By virtue of the production tooling 
modifications for the remaining sales outlets, employed one cannot modify castor as such: 
including Czechoslovakia itself. Practically all the self aligning torque there- 

The center of gravity and roll centers were fore had to be provided by the tires. Selection 
lowered as much as practicable, without risk- of wheel rim, tire and tire pressures thus 
ing ground contact of the transmission casing become most critical. 
on the roughest of roads. Wheel diameter was The trim height was modified. Changes of 
reduced from 14" to 13" and this combined rear wheel camber from 3 ½ o _+ 1 ° positive to 
with the 165 SR 13 steel belted radial tires in- 0° =+ ½° was achieved by altering the free 
troduced a degree of pneumatic trail. When height of the coil springs. Changes in spring 
combined with changes in tire sidewall, belt rates and stiffness of both the front and rear 
and tread design, as well as some modifica- and an increase of the front anti-roll bar stiff-. 
tions to the clearance, finish, and combina- ness by nearly 5-°7o (16mm dia. instead of 

Table 1. Steering pad breakaway characteristic speeds, tested on high/x large diameter flat skid pad. 

Breakaway speed kin/hour Sideways "g" force 

Surface 
Requires 

Irrecoverable conditior Requires 
Irrecoverable 

Gradual rapid driver Gradual I rapid driver 
slide slide 

correction correction 

Original Este!le Dry 491/2 I    53 55 .43 .49 .54 
on textile radials 
155SR14 Wet 451/z I    48 491/2 .35 .40 .43 

Modified suspension on various tire options 

Estetle 120GL on Dry I 52 571/2 60 .48 .59 .63 
textile radials 
165SR13 (TypeA)* Wet I 50 531/2 571/2 .44 .51 .59 

on textile radials Dry ~ 53 581/2 61 .49 .60 .65 
165SFI13 (Type B)* 

Wet I 50 53 56 .44 .49 .56 

on steel be~ted Dry I 60 621/2 64 .63 .68 .72 
radial tires 
165SFt13 (3"ype C) Wet I 58!/2 60 611/2 .60 .63 .67 

on steel belted Dry I 59 61 621/2 .61 .65 .68 
radial tires 
165SR13 (Type D) 

on steel belted Dry I 581/2 60 61 .60 .63 .65 
radial tires 
165SFt13 (Type E) Wet i 541/2 57 571/2 .52 .57 .59 

on steel belted Dry I 60 621/2 65 .63 .68 .74 
radial tires 
165SR13 (Type F) Wet I 581/2 61 621/2 .60 .65 .68 

N.B. The generally lower # values of ordinary public roads would not permit such high "g" forces to be developed, 

for the cars would tend to slide broadside under such extreme conditions. 

*Tires squeal on the dry from 51 kmlhour onwards on both types of tires. 
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14mm), as well as a 20°70 change in the In the end it turned out to be a combination 

hydraulic telescopic damper rates, trans- of 3 factors: 

formed the Car’s handling and made it ¯ Time of the year 

reasonable at speeds up to its maximum. ¯ Flexible hose elastic extension 
These modifications drastically reduce the * Vacuum servo valve details 

.......... changes in camber and rear track associated All our indoor investigations proved noth- 
with simple swing axle designs, which can ing--the cars readily passed the brake dyna. 
upset handling at speed, especially on wet sur- mometer testing, yet road testing established 
faces of roads with undulations and camber that there was perhaps a relationship between 
changes. The revised specification telescopic weather conditions and a marked tendency 
dampers help to suppress bounce and pitch, for the cars to slew when being braked. The 
which some UK roads excited so readily. By critical ambient conditions appeared to be 
virtue of a combination of all these changes associated on the one hand with a range of 
the rhythmic cross wind wander at 110km/ around + 4°C to - 4°C and on the other with 
hour and above was reduced from 800mm-- dry dusty summers. 
1000mm to 40mm--60mm. The cold weather misbehavior was put 

......... There was a tendency for uneven wear and down to onset of black ice. We tried different 
occasional snatch of the rear drum brakes, tires with widely differing tread rubber mixes, 
Pre-machining of the brake linings to com- for we recognized that a number of West 
pensate for deflection under load of the brake European summer tires lose road grip or trac- 
shoes and re-routing of the actual hydraulic tion quite rapidly at sub zero temperatures 
brake lines all helped to improve heavy brak- from about -4°C onwards and that further- 
ing response and now ensure a straight line more the threshold of when tire-to-road grip 
pull up. fall-off begins to affect braking can vary from 

There still remained the mystery of why on one make of tire to another. But still the prob- 
the same routes RH drive cars handled differ- lem persisted. So we changed brake servo 
ently from LH drive ones. The reason was not units, but without a permanent cure. Eventu- 
so much thechanged kinematics of thesteer, ally we stripped the brake servos and 
ing linkages, but the fact that the LH drive wondered whether the operation of the small 
steering boxes were being made on more valve, which controls air admission to one 
modern machinery and to greater precision side of the brake servo piston, and the rubber 
and had a better surface finish, reaction ring, Which is elastically deformed 

and extruded in a predetermined manner into 
the control opening to cut off further supply 

Case No. 8 of air under atmospheric pressure, could be 
the cause. They looked the same as the Fiat 

Braking Problems--Over-Servoing Italy original but their change of stiffness with 

Our attention was drawn to erratic brake progressive fall in temperature was different. 

behavior on early Polski Fiats by AA mem- These small rubber components were one of 

bers’ complaints. On one occasion we had a the causes--but not the only one. The substi- 

long brake pedal travel and then on re-testing tution of a different rubber with more elastic 

it was normal again. One minute there was lit- properties at low temperatures and other 

tle vacuum servo assistance, then on re-test detail changes to the control valves went a 

the driver barely had to depress the pedal long way towards curing the problem. 

before the car would judder to a sudden stop. The vacuum servo has a small inbuilt air 

These were most baffling behavior patterns filter element, which in summer clogged with 

for a car, which so obviously derived from a dry dust and in winter with a form of semi- 

well proven Italian model, congealed dirt and moisture, which could 
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freeze, given the right ambient conditions, ducers of performance cars, but oddly enough 

Not until such filters are largely blocked does to the satisfaction of the police investigating a 
the resistance they represent really slow down slow speed rear end collision incidence, that 
the air flow into the vacuum servo. Regular the handling of controls, particularly the !oca, 
maintenance of this so easily neglected small tion of the vacuum brake servo in relation to 
air filter element was called for, but could ob- the engine manifold can be quite tricky in 
viously not be relied on, bearing in mind the some installations. 
lethargy of DIY owners and garage mechanics If it involves having some unusually long 
alike. Uncatled for clogging tendencies were rubber hoses, it is possible to generate, at 
cured, without really altering the principal speeds of around 2000 to 2500 engine rpm, a 
filter function, by having a much coarser cell form of standing wave in which a column of 
formation in the polyurethane filter element, air oscillates without creating the desired 
Relatively small changes in detail dimensions snap-open action for which the vacuum servo 

and functional characteristic of the brake is designed. We had a spate of complaints of 
servo such as the delay of onset and subse- slow speed braking failures, which did not 
quently lower rate of servo boost produced a seem to make sense at all. We experimented 
much improved, more progressive and less until we too could induce actual servo rever- 
variable braking response under almost all sal--a most disconcerting situation, where 
operating conditions, more brake pedal pressure produces a lower- 

The brake hydraulic system flexible hoses ing of applied line pressure. Fortunately it 
were substantially modified to reduce gain in curs only at modest to low speeds, but even so 
diameter under brake pedal application. This I did have some difficulty in explaining it to a 
overcame the long pedal travel problem, couple of policemen whose car I rammed 

A car which under emergency braking from fairly gently after having followed them, as 
high speed could swerve alarmingly across 2 agreed, at a safe distance at a steady 40km/ 
lanes of a motorway could now be brought to hour for some 10km. The only difference bet- 
rest in a straight line and in a shorter distance, ween the 2 cars was that one was a LH and the 

Once we had proved our point and demon- other a RH drive one. 
strated under repeated maximum braking Can such problems be solved? Yes, one ele. 
from around 150km/hour and subsequently gant solution is to leave the vacuum brake 
at moremodestbrakeapplicationonastretch servo in its original position and have a 
of road covered in thin black ice, that there mechanical linkage running along the bulk- 
was a marked superiority of the modified head to connect brake pedal and combined 
system over the original one, the problem brake servo and master cylinder assembly. 
resolved itself into one of agreeing perform- The other is more development time consum- 
ance tolerance ranges for subsequent manu. ing. Tune the long rubber hoses by suitable 
facture and the commercial rnechanism of selection of length and diameter, so that the 
retrofit on cars already delivered. The prob- standing wave cannot be generated within the 
lems were overcome, and all subsequent units normal engine rpm range. The 3rd solution is 
have been equipped with the modified brake a hydraulic brake servo for both LH and RH 
servo and the improved specification brake cars. 
hoses, 

Case No. 10 
Case No. 9 

Brake Pull 
Brake Servo Reversal it does not require the handling of a control 
We also established, to the surprise of some to produce a braking problem, nor the selec- 

well known German as wel! as some UK pro, tion of a too powerful vacuum servo. Admit- 
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redly over-servoing generally aggravates a covered one, can produce quite frightening 

brake imbalance problem, but the root slides at all speeds above 65km/hour. How- 

causes, if present, are frequently found else- ever not all cars were equally affected. There 

where, can be some 16 contributory causes to this, 

We are currently concerned with 2 Japanese tire pressure mismatch and driver reaction be- 

manufacturers who have an inherent emer- ing obvious contributory causes. By a system, 

gency braking problem--they frequently do atic process of elimination of each factor we 

not pull up straight. Both are obsolescent could reduce them to the 3 principal ones. 

designs and were originally conceived without ® Friction material selection 
servo assistance and with the vehicle equipped o The hydraulic brake system itself 

with crosspty tires. ¯ Steering and suspension system character- 
in the case of one, which has a modest top istics 

speed and drum brakes all round, we can Clearly radical modification of some 
reduce the slewing under full brake applica- 130,000 to 150,000 cars, all well out of war- 
tion to acceptable limits by tire design ranty, should not be undertaken lightly. 
changes, tn the case of the other, it is more Steering and suspension had to remain 
difficult to eradicate. Contributing factors are unaltered, if at all possible. 
relatively high center of gravity, front Though the driver feels a distinct tug on the 
mounted engine and a live rear axle located by steering wheel when applying emergency 
serni-elliptic springs only. Front wheel offset braking, his efforts to correct this rarely suc- 
is substantial--but positive. This means that ceed, for there is a measurable phase shift 

............. any imbalance on braking of one front wheel delay between applying steering and the car 
versus another will tend to produce a self responding to such correction, which is due to 
steering effect, which slews the car. A number the simple suspension (MacPherson strut on 
of front wheel drive cars have adopted the the front, semi-elliptic leaf spring rear) and 
principle of negative offset, pioneeered by the worm and nut steering gear with its multi 

........ VW-Audi, which tends to give straight line linkage assembly. At speed the chances of the 
braking, regardless of whether both front driver catching a swerving car are limited by 
wheels exert the same road grip or not. On the the width of the road and the presence of 
other hand the cars we examined were very other traffic. 
sensitive to 2 features commonly found in the Our tests indicated that the most effective 
UK, road camber and uneven road surface way to regain control of such a car at the 
polishing; both tend to aggravate any tend- point of severe slewing was to let go of the 
ency for an inherent brake imbalance to pro- steering wheel and ease off the brake pedal, to 
duce premature locking up of one road wheel allow front wheels to revolve a little. This un- 
whilst the other is still rolling, natural drive reaction to the onset of a slide 

As soon as a road wheel locks, it loses all snubbed out the tendency to snake, slew, or 
steering capability, the sideway guidance spin. It also resulted in a slightly shorter brak- 
forces generated by a rolling tire disappear ing distance. 
and slewing or spinning of the braked car The problem did not come to light in the 
becomes inevitable. A brake pressure limiter UK for about 3 or 4 years for two reasons: 
fitted to the later models helped to push the 
speed of instability substantially higher, but * We had a period of mild winters with little 

could not cure it under all conditions. The de-icing salt having been deposited on our 

problem does not manifest itself under gentle roads. 

or moderate check braking. But above ¯ The new MOT method of brake efficiency 

average 0.55g retardation on a dry road sur- testing, mandatory for cars 3 years old or 

face, 0.45g on a damp one, or 0.2g on a frost older, which measures the side to side im- 
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balance on a slow speed brake roller tester, suspension, steering elements are carefully 
was not applied until very recently, brought back to original specification settings 

It is more searching and more informa- before the tests commence. 

tive--but though some MOT testing stations We established that it takes only about 6 to 

already use it, it becomes mandatory only 8 weeks of normal motoring in a severe winter 

from June 1979. for the state of the car to bear little resem- 

There are basically two problems: blance to these ideal, standardized test condi- 
tions. 

* The partial seizure of the sliding caliper. 
Japanese cars, in particular, have a reputa- 

This is more pronounced on the near side, tion for good reliability and their owners do 
i.e. on the side of the road where dirt and not expect to spend anxious hours in a garage 
de-icing salt concentrations are highest, whilst their cars are being attended to. So 
hence the protective service treatment is major brake overhauls are rare and a large 
more likely to be affected by this. After ini- number of these cars would not go in for 
tial and premature corrosion pitting there brake pad renewal during the first 3 years of 
will be a progressive build up of a hard their life. 
layer on the sliding element exposed to the We established a substantial and very 
road dirt, resistance to free sliding will in- marked difference in initial braking effort left 
evitably follow. This layer is rarely, if ever, to right hand side of the car, on our tests, on 
removed during routine servicing, both high speed rolling roads and slow speed 

® After these cars have been in operation for roller brake testers, as well as on subsequent 
a number of years, there will be a substan- road tests. Moreover, we found the same pat- 
tial number of these on the road fitted with tern on cars of this make which had been in- 
replacement friction pads approved and volved in loss of control accidents on dry 
supplied by the importer. These have fric- roads. It appeared to be related to age and 
tion characteristics which differ from the mileage and the area of operation. We found 
original equipment fitment components, that on several of these cars it took a fraction 
Whilst being adequate for moderate and of a second before pressure equalization took 
average brake application and; despite the place on the interconnected hydraulic braking 
fact that they develop a high friction coeffi- system. This allows one side to develop peak 
cient on a simple standard quality control pressure and peak braking before the other. 
test rig, the build-up to full braking coeffi- The time interval was of the order of 0.02 to 
cient does not quite follow the same pattern 0.04 seconds, before all the sliding pistons and 
as that of the Japanese originals. In fact the sliding caliper moved freely without fric- 
they develop too high a friction value, tion. It is due to the slight expansion ander 
Lower friction value materials are generally high pressure of the hydraulic lines and the 
less sensitive to temperature effects and fact that the branched system has distinctly 
hence rninimize brake pull tendencies, longer arms on one side than the other. Whilst 

In view of the substantial servo assistance a it is possible to compensate for that by a very 
lowering of from around 0.5 to 0.38 is not small change in wall thickness of one of the 
really detrimenta!. It gives more stable and steel pipes, this did not prove adequate to 
more progressive braking and less of a tend- eradicate the root cause of brakepull. In any 
ency for the car to slew under full brake case it takes only 0.1 to 0.25 seconds before 
application, the pressure pulse (about 10 to !2 cycles/sec-- 

Tests carried out on the special, high coeffi- ond), which is set up by a sudden depression 
cient of adhesion, straight flat and camber of the brake pedal, is fully damped out. 
free braking sections of a proving ground will With a sticky sliding caliper the develop- 
tend to mislead, particularly if all braking, ment of equal braking effort on both front 
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discs can take much longer than this pressure and high speed roller brake testers on cars of 

pulse, for some effort must be expended on the same make and model and how they relate 

physically moving that sticking assembly to severe braking on dry surface tarmacked 

before it too can firmly grip the disc. This local feeder and trunk roads with a camber of 
creates a distinct brake pull. One road wheel 11A °, as commonly found in the UK. We give 

will lock before the other. A locked wheel them as a confirmation that the new MOT 

tends to slide and has a lower braking effect, brake test regulations seem to make sense. 

The other will reach peak braking a fraction They stipulate that the imbalance across an 

of a second later. The effect is a short pull to axle must never exceed 25% of the maximum 

the right (offside) followed by a veering to the recorded braking force on one wheel as shown 

left (nearside). The greater the initial speed on the slow speed roller brake tester. 

and the more abrupt the brake application, The car involved in the fatal accident had 

the more pronounced is the swerve, for it been regularly serviced by a competent garage 

causes the offside front wheel to lock up and and was driven by an elderly but very experi- 

slide over a longer distance. As the car has still enced motorist. The road was straight for 

............ some considerable forward momentum and several miles, had a good dry and very grippy 

........... kinetic energy as yet undissipated, it will rock road surface. 

on its springs. This can swing out the tail. Any According to witnesses, car A, travelling 

easing of vertical load on a tire will reduce the steadily at around 95kmihour was being over- 

brake force which it can transmit, for it will taken by another vehicle B, which abruptly 

lock prematurely. Slewing then becomes in- cut in front. The overtaking took place on a 

evitable. The car will start to slide sideways at rise and the overtaking car B lacked power to 

a considerable angle to the steered and braked pull away. His speed dropped. In order to 

line of progress of the car. avoid a possible rear end collision the driver 

A brake pressure limiter to the rear drum of car A applied her brakes hard, leaving clear 

brakes can compensate for load transfer ef- tire marks on the road. This abrupt braking 

fects, which would otherwise cause premature caused the right hand front wheel to lock for a 
........... rear wheel locking and sliding out of the tail, distance of some 2m before the others 

but is not the complete answer, gripped. This amounts to about 0.7 seconds 
The practical solutions are: only but the effect was marked, for the car 

¯ A choice of a different friction pad mate- slewed at an angle of about 6° into the soft 

rial, which has a more progressive build up earth bank, which caused its rear to lift off the 

to full braking, and is less affected by the ground and start on its fata! treble somer- 

temperature rise due to relative sliding of sault. 

the pad over the disc. The initial reaction of the Police Officer in- 

* A special surface treatment to the sliding vestigating the case was to put it all down to 

caliper elements and a grease which remains driver-error, for he found the brakes were 

effective over long periods under adverse functioning, at least within the terms of the 

environmental conditions, simple tests carried out after a road accident, 

¯ Adoption of a brake pressure limiter to the Only a more comprehensive testing on a roller 

rear circuit, brake tester and the stripping of the units 

While this cannot guarantee to overcome 
brought the latent braking problem to light. 

all the in-service problems, it will considerably 
Our fairly extensive on the road and roller 

miminize their effects and thus add to hand, 
brake testing have proved 4 points: 

ling and braking stability under all UK * There is good correlation between different 

operating conditions, slow speed roller brake test machines pro- 

Tables nos. 2 to 5 give some typical brak- vided they are properly calibrated. 

ing imbalance values as found on both slow * Slow speed and high speed roller test 
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Table 2. Deterioration of braking characteristics with use and mileage. Random tests on Japanese 

car Type A. Tests on AA West Bromwich Test Center crypton triangle slow speed roller 
brake tester. !978 model with 6" dia brake servo and rear brake circuit pressure limiter after 
11043 miles. No service yet. 

Brake force readings 
Brake application 

LH RH 

Front discs 200 kg = 80% of 250 kg Emergency braking 

220 kg = 88% of 250 kg Maximum braking 
(Gradual pressure increase) 

Rear drums !80 kg = 91% of 175 kg Maximum braking 
(Gradual pressure increase) 

Repeated road tests: 0.6 g deceleration from 80 km/hour, car slews 2° to 4° before 
coming to rest 

0.3 g deceleration from 55 km/hour, straight line puIFup 

Same vehiole tested on sun high speed rolling road 

Front discs             0.45 g deceleration 35 kg brake     Moderate brake pedal 
pull bias to the right pressure 

0.55 g deceleration 50 kg brake Hard braking 

pull bias to the right 

Rear drums 0.3 g deceleration 25 kg brake Moderate brake pedal 

pul! bias to the right pressure 

0.42 g deceleration 0-30 kg Hard braking 

brake pull bias to the right 

Tests carried out on sun JW~B stow speed roller brake tester 

Similar 1978 mode~ after 3,300 miles 

Front discs 180 kg = 77% of ] 235 kg Emergency braking 

Rear drums 160 kg = 86% of~     185 kg Emergency braking 

Repeated road tests: 0.6 g deceleration from 80 km/hour, car slews 6° to 8° before 
coming to rest 

0.3 g deceleration from 55 km/hour, straight line pull up 

19771’78 model after 6,000 miles with rear brake pressure limiter 

Front discs !65 kg = 75% of 220 kg Emergency braking 

35 kg = 100% of 35 kg Brief stab 

135 kg = 87% of 155 kg Moderate braking 

Rear drums 90 kg = 53% of 170 kg Emergency braking 

45 kg = 100% of 45 kg Brief stab 

Repeated road tests: 0.6g deceleration from 80 km/hour, car slews 6° to 8° before 

coming to rest 

0.3 g deceleration from 55 km/hour, car slews 0° to 1 ° before 
coming to rest 
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Table 3. Braking tests carried out on a slow speed crypton triangle roller brake tester. 1976 model 

10,000 miles--routine maintenance onlymbrake force readings. 

Brake force readings 
Brake application 

LH RH 

Front discs 150 kg = 61% of 245 kg Emergency braking 

115 kg-120 kg 0-remains freely Brief stab 
rotating and 
exerts no brake 
pull 

160 kg = 65% of 245 kg ~ncreasing pressure 
rapidly till both 
wheels reach wheel 
lock position 

135 kg = 82% of 165 kg Moderate braking 
(wheels not locked) 

290 kg = 100% of 90 kg Light braking 
(wheels not locked) 

Rear drums 120 kg = 67% of 180 kg Emergency braking 

65 kg 0-remains freely Brief stab 
rotating 

Repeated road tests: 0.6 g deceleration from 80 km/hour, car slews 20° to 23° before 
coming to rest 

0.3 g deceleration from 55 km/hour, car slews 2° to 4° before 
coming to rest 

Effects of age and changes of friction pads material on braking characteristics. 

Control vehicle 1976 model 11,500 milesmroutine maintenance only--with more progressive 
build up of friction coefficient and a lower friction value to assess effect of friction 

Materials only 

Front discs 155 kg = 79% of 195 kg Emergency braking 

70 kg = 100% of 70 kg Brief stab 

135 kg = 93% of 145 kg Moderate braking 
(wheels not locked) 

Rear drums 125 kg = 71% of 175 kg Emergency braking 

70 kg = 100% of 70 kg Brief stab 

Repeated road tests: 0.6 g deceleration from 80 kmthour, car slews 3° to 6° before 
coming to rest 

0.3 g deceleration from 55 km/hour, straight line pull-up 

machines both tend to show up brake pull ¯ The previous test method of braking on a 
imbalance, which mainfests itself in slewing public road from about 50 kin/hour and re- 
of such a car when braked hard from speeds cording deceleration on a Tapley meter or 
above 90km/hour. similar approved simple workshop deceler- 
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Table 4. Effect of brake system overhaul on braking characteristics. 1975 registered car 38,000 
miles--regular routine maintenance. 

I Brake force readings 
Brake application 

LH         RH 

Before brake system overhaul 

Front discs 170kg = 65% of 260 kg Emergency braking 

100kg -- 74% of 135 kg Moderate braking 

Rear drums 115kg -- 66% of 175 kg Emergency braking 

90 kg = 72% of 125 kg Moderate braking 

Repeated road tests: 0.6 g deceleration from 80 km/hour, car slews 16° to 25° before 
coming to rest 

0.3 g deceleration from 55 km/hour, car slews 3° to 5° before 
coming to rest 

After complete brake system overhaul by franchised dealer 

Replacement friction pads and brake linings have a substantially higher friction value than 
original equipment, which accentuates any inherent braking imbalance. 

Front discs 225kg = 78% of ~ kg Emergency braking 

135kg - 82% of 165 kg Moderate braking 

Rear drums 140kg = 68% of 205 kg Emergency braking 

160kg = 74% of 215 kg Emergency braking 

290kg = 72% of 125 kg Moderate braking 

Repeated road tests: 0.6 g deceleration from 80 km/hour, car slews 8° to 10° before 
coming to rest 

ot^2o 0.3 g deceleration from 55 km/hour, car slews 0 u before 
coming to rest 

ometer, of whatever construction, gave an behavior of cars, which can be 100°70 reliable 
average reading but did not establish cot- and effective in preventing any and every 

reet functioning of all braking elements, doubtful vehicle from being allowed on to our 

Also the results obtained were much roads. For these tests do not measure brake 
more subjective. It was possible to obtain a fade characteristics nor the contribution of 
pass mark on vehicles with one or more par- suspension and weight transfer. However, en- 

tially seized up brake cylinders, forcement of the new MOT test and spot 

* There is considerable merit in substituting a checks can go a long way towards minimizing 

lower friction coefficient pad of say ~ = 0.35 the risks which the public would be exposed to 

to 0.38 which varies little with heat build up if many potentially unsafe or badly main- 
during brake application for ones which are rained vehicles would be allowed to circulate 
in the tz = 0.45 to 0.48 region, freely. 

It is impracticable to have a rapid, simple, With an ever rising number of vehicles on 

low cost method of assessing the dynamic our roads there will also be an inevitable in- 
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Table 5. Brake test on fatal accident 1976 model. Fatal accident vehicle tested on police slow speed 
roller brake tester--brake force reading. 

Brake force readings 
Brake application 

......... LH RH 

Front discs 105 kg = 58% of 180 kg Emergency braking without 
servo 

135 kg = 64% of 210 kg Emergency braking with 
servo 

......... 45 kg = 64% of 70 kg Gentle brake application 
with servo 

130 kg = 67% of 195 kg Form braking with servo 

25 kg = 36% of 70 kg Very gentle braking with 
servo 

80 kg = 70% of 115 kg Modest braking with servo 

120 kg = 67% of 180 kg Maximum braking without 
servo 

Rear drums 120 kg = 86% of 140 kg Hard braking without servo 

125 kg = 96% of 130 kg Hard braking without servo 

115 kg = 96% of 120 kg Hard braking without servo 

120 kg = 93% of 135 kg Emergency braking with 
servo 

Same vehicle tested on AA West Bromwich Test Center’s crypton triangle slow speed brake 
tester 

Front discs 135 kg = 75% of 180 kg Emergency braking with 
servo 

140 kg = 67% of 210 kg Emergency braking with 
servo 

Rear drums 125 kg = 93% of 135 kg Emergency braking with 
ser¢o 

Same vehicle tested on sun high speed rolling road 

Front brakes Deceleration Brake bias 

100 km/h initial braking test, medium pedal pressure = .37 g 30 kg Brake pull 
10 kg with servo to the right 

100 km/h initial braking test, hard pedal pressure 16 kg = .44 g 30 kg Brake pull 
without servo to the right 

Subsequent tests 11 kg pedal pressure with servo at 65 km/h = .40 g 35 kg Brake pull 
to the right 

Subsequent tests 11 kg pedal pressure with servo at 50 kmlh = .55 g 50 kg Brake pul! 
to the right 
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Table 5 (Cont.). 

Front brakes Deceleration Brake bias 

Subsequent tests 11 kg pedal pressure with servo at 110 kmth = .47 g 35 kg Brake pull 
to the .right 

Progressive braking produced a 20 kg to 30 kg brake pu~l to the right, then gradual straighten- 
ing to zero. 

Rear brakes 

100 kmlh initial test, medium pedal pressure 11 kg = .28 g 45 kg Brake pull 
to the right 

1~ km/h initial test, hard pedal pressure 16 kg = .38 g 45 kg Brake pull 
to the right 
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and t~ear misses, stitution of Mechanical Engineers, Lon- 
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 ndirect VisibNty Requirements for Passenger Cars 

SEHCHt SUGIURA. KENJI KIMURA and radius of curvature from 900 to 1000 mm on 
HIROAK1 SHtNKAt both fenders and a plane inside mirror. The 
Toyota Motor Co. requirements for ~he rearview mirror system 

mus~ be based on the amount of curvature, 
field of view and location of the outside mir- 

ABSTRACT rors and the reflectivity, field of view and 

Rearward field of view is generally obtained location of the inside mirror. This report aims 

by means of outside mirrors and an inside to develop a design concept for the rearview 

mirror. In Japan, the rearview mirror system mirror system for use in Japan from the 

is composed of convex outside mirrors with a standpoint of human Factors. With this aim 
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we have taken into consideration the follow- minimize glare and ghost images at night as 
ing factors: well as reduce ghost images during the day. 
¯ Real traffic conditions. In the matter of mirror location, the three 

¯ Vehicle dimensions, primary points are as follows: 
¯ Drivers’ characteristics (e.g. distance judg- * Quick rearward awareness. 

............. ment, mirror monitoring patterns, the ex- ¯ Accurate rearward perception. 
tent to which mirrors form obstacles to for- ¯ Minimal obstruction in forward FOV, 
ward visibility and subjective evaluations in Both the first and second points have been the 
real driving conditions, subject of previous studies to establish the 

¯ Various geometric analyses, time required to detect a following vehicle,5 

.... drivers’ monitoring patterns6 and the failure 

INTRODUCTION 
ratio of alertness.7 In this study, findings for 
the placement of outside mirrors have been 

The two major factors to be considered in a made based upon experiments similar to those 
study of a rearview mirror system are the visi- of previous studies. For inside mirrors, the 
bility of rearward objects and the field of view reduction of obstruction in forward FOV has 
(FOV). been an additional subject of study by both 

experiment and geometric analysis. 
Visibility of Rearward Objects 

The Field of View 
In the case of outside mirrors, the use of 

convex mirrors is one practical way to solve For the required indirect rear FOV, various 
the enlargement of FOV, but it is also accom- studies have been made, which may be sum- 
panied by a demagnification of the image and marized into the three points as follows: 
a distortion of the actual traffic scene. It is ¯ Combination with the driver’s direct FOVo 
necessary to establish the degree of the cur- * Required rear FOV for safe maneuvers in 
vature that will provide mirror images which real traffic conditions. 
correspond to the real objects. Previous * Driver’s fixation FOV on the road. 
studies into this problem have been conducted 

For example, forward direct FOV, peripheral 
on the following matters: 

FOV and allowable head motion have been 
¯ Driver’s perceptual judgment through out- considered in regard to the first point] A 

side mirrors with various curvatures.1 photographic field survey of rearward vehicle 
..... ¯ Driver’s performance in traffic conditions locations has been performed as to the second 
.... using outside mirrors (data are obtained the point,s The location and the duration of the 

time it takes driver to be aware of the pres- driver’s eye fixations for obtaining rearward 
ence of a rearward object, his evaluation of information have been considered in regard to 
the gap between vehicles (references 2 the third point.9 
and 3). In this study, we have taken a continuous 

¯ Driver’s subjective evaluations of various ,view of a rearward car in an adjacent lane to 
outside mirrors in road use.4 be the minimally acceptable level of FOV for 

In this study, tests have been performed on outside mirrors. The FOV of inside mirrors 
the first and third points above, may be classified as "fundamental"--i.e., 

With regard to inside mirrors, the reflectiv- showing a rearward vehicle in the same lane or 
ity of the conventional two-position prismatic "desirable" i.e., showing vehicles in adjacent 
mirror has been studied. Special attention has lanes as well. 
been given to finding the degree of reflectivity These considerations have formed the basis 
to provide maximum rearward awareness but for our mirror requirements. This report in- 
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cludes a summary of our previous paper on 
outside mirror requirements1° in addition to (Underestimation) 

our proposals for inside mirror requirements, z      ~ 0 2 
~ ~av 
~---~ Night Finally there is a summary of indirect visibility 

~’~ 1~------~ -~--’/" Rainy 
requirements for passenger cars. a ~ 0.1 

~ ~- 0,0 ~X~-" --~ 7 " 

night 

OUTSIDE MIRROR REQUIREMENTS u~: -o.1 ~’~~--~ 
_o.= 

Curvature - ~: -o.3 
~ -0.4 1/1500 1/900 

~u 11oo !/1200 1/60__0 1/300 
Concep~                                     ~ 

1/R (1/mm) 

The two primary points concerned with 
(Overestimation) 

outside mirror curvature are as follows: 
o Can drivers judge actual distances using Figure 1. Distance ]udgment with outside mir- 

outside mirrors as accurately as they can by rot. 
looking directly? 

¯ How do drivers feel using various mirrors significant differences between the plane mir- 
in ~raffic conditions? ror and ~he convex mirror with not greater 

Tests were conducted to assess the accuracy of than 900 mm radius of curvature in any condi- 
distance judgment using various mirrors and tions (P -<_ 0.01). For this reason, a convex 
drivers were asked for their subjective evalua- mirror with not greater than 900 mm radius of 
tions, curvature is not preferable for safe maneu- 

vers, in comparison with a plane mirror. 
Distance ~udgmen~ 

The subject firs~ looked at a car a certain Subjective Evaluations 

distance behind him in a plane mirror (this The subjective evaluations were made using 
distance is called "do"). In this step the sub- a compact car (Toyota Corona) which had 
ject was instructed to memorize the do. in the test mirrors installed on both front fenders. 
next step the subject looked at a slowly Drivers were asked to rate the mirrors on dis- 
approaching car through the tes~ mirrors, and tance estimation sensitivity, speed estimation 
he was instructed to push a button when he sensitivity and comfort (i.e., acceptable 
thought the approaching car was the same dis- minification and vibration). The subject com- 
t ance away as the do. This distance is called pared mirrors in pairs using a 5-point system 
"d." "Distance judgment error ratio" e is (-2-- + 2) in which a value of 2 denoted that 
defined thus: mirrors used just before were much better 

than mirrors used at present, and a value of 
e = [ d - do ) / do 2 that the former were much worse than the 

latter (fig. 2). 
Here, e<0 means the overestimation of actual Figure 2 suggests that convex mirrors with 
distance {d<do). e>0 means the underesti- 900 - 1200 mm radius of curvature are most 
marion of actual distance (d >do). A mean favorable. 
distance judgment error ratio is obtained in 
such a way and produced in Figure 1. Conclusion 

This suggests ~hat the subject’s distance 
judgments tend to overestimate as the curva~ In the distance judgment, convex mirrors 

ture 1 iR increases. There were statistically with not greater than 900 mm radius of curva- 
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(Better) 
l JR (1/ram) (Better) 

1/R ( 
1.0 1.0 

1/= 1/1500 1/900 1/600 1/= 1/150~) 1/900 1/600 

1/1200 1/1200 

0.5 / \ 0.5 

O O 

-0.5 / -0.5 
/ Distance ! Distance 

z ~ sensibility ,’ O" O sensibility 

/ Z~--- -z~ SI3eed I 
! ~_..._~ Speed 

.! sensibility 
-1.0 I sensibility ~0~ 

X-- --)~ Comfortableness        t      ~ -- -X Comfortableness 

(WORSE} (A) HIGHWAY ROUTE (WORSE) (B) URBAN STREET 

Figure 2. Subjective evaluationsmeffect of curvature of outside mirror. 

ture are not preferable, but convex mirrors 
with 900-1200 mm radius are most favorable 
in the subjective evaluations on the road. Straight ahead 

These results may account for the Japanese 
driver’s experience in using convex mirrors. 
Therefore, it is concluded that convex mirrors F ¯ P 

\ 
,-~ F-D 

with 900-1200 mm radius of curvature are the 
most preferable outside rearview mirrors in 45° 

Japan. -. 

Location D - P D. D 
Concept 

The main point concerning the location of 
outside mirrors is that when looking forward 
the driver should be able to assess mirror in- 
formation both quickly and accurately. In this 

Binocular fixation 
study, the driver’s eye movements were field of view 
recorded and laboratory tests were per- <mirror> 

formed. The following experiments were per- FoD; fender--driver 
F.P; fender--passenger 

formed with the outside mirrors shown in D.D;door--driver 

Figure 3. D,P: door--passenger 

In Figure 3 the binocular fixation field is 
the visual field in which the driver’s visual axis 
in binocular vision can be distributed without Figure 3. Outside mirror placementmptan 
head movement, views. 
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Mirror Monitoring Characteristics During There was little difference in the failure ratio 

Overtaking between a fender mirror and door mirror on 
the driver’s side, but the passenger’s door mir- 

The subject drove the car, with fender and ror gave a much higher failure ratio than the 
door mirrors, on a highway route at will and passenger’s fender mirror. 
his eye movements during overtaking were 
recorded (fig. 4). Conclusion 

In the case of a door mirror on the passen- 
ger’s side (D,P), the locomotion time in The passenger’s door mirror (D,P) is not 

which the visual axis turns to the outside mir- desirable because it is far from the binocular 

rot is very long. fixation field. Outside rearview mirrors must 
be placed within the binocular fixation field. 

Reaction Time and Failure Ratio 
The Field of View (FOV) 

The subject was placed in a driving seat in a 
laboratory and asked to concentrate his vision Concep| 
forward. Target lamps having the angular size 
of a car at 30 m appeared at random in both It is essential for safety that when changing 

right and left outside mirrors and the subject’s lanes or overtaking a driver has continuous 

reaction times and failure ratios were rearward vision. Exactly, what FOV does a 

recorded (fig. 4). A comparison of the mean driver need? Ideally, he should see a passing 

laboratory reaction times with the total mean car in an adjacent lane continuously in his 

fixation and locomotion times (fig. 4) shows mirrors from the moment of approach until it 

only a small variation of about 0.2 seconds, reaches his peripheral vision (fig. 5). 

On road Laboratory 

1.5 

~ Fixation time Reaction Failure 

Locomotion time time ratio 

Figure 4. Fixation time, locomotion time, reaction time and failure ratio. 
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Direct 

Lane marker 

Outside mirror FOV 
Inside mirror FOV 

Driver 

/ 

Figure 5. The conception of the required FOV of outside mirror. 

In order to establish this required FOV the Driver’s Direct FO¥ 
following factors were researched. Driver’s direct FOV had better be set at 

100° which is the range of the ambinocular 
Rearward Car Size in an Adjacent Lane peripheral field without eye movements, the 

The cumulative distribution of car size was ambinocular FOV, in order to reduce the 

derived from the overall car numbers in Japan human load. 

(June, 1976) for passenger cars, multipurpose 
cars, trucks and buses. It was plotted in such a Required FOV of Outside Mirror 

way that the percentile would increase while In view of the foregoing data (hypothetical 

car size would decrease since the probability car size, lateral distance and direct FOV), i~ 
of smaller vehicle appearing in outside mir- follows that the outside mirror on the driver’s 
rors is less than larger vehicle. The 90th per- side must provide a FOV enabling the driver 
centile vehicle size was chosen as the hypo- to see a 2.15 m wide plane at 4.60 m behind 

thetical size of a car approaching from the his eyes (fig. 6). 
rear. This hypothetical car measures 3.87 m 

long and 1.53 m wide. INSIDE MIRROR REQUIREMENTS 

Lateral Distance to Another Car Reflectivity 

Lateral positioning of a car on a highway Questionnaire Analysis 

was recorded by means of a memo-motion A sample of owner drivers were asked to 
camera on an overhead bridge. The recorded complete a questionnaire on night visibility 
data were analyzed and the lateral distance to using the two-position prismatic mirror in its 
another car may accordingly be set at 2.15 m. night position (4°7o reflectivity) (fig. 7). 
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""Required 

outside mirror 
FOV (driver) 

inside mirror 

4.72 5~ 
Required outside 
mirror FOV (passenger) 

~- 

Figure 6. Required FOV of outside mirror. 

:i:i:i: Always 

Hi-beam and 
Too ........ higl 

Rearward Case of the night position 

awareness 
in ~~g- 

Discomfortable 

G host 
image 

Figure 7. The results of questionnaire analyses with inside mirror. 
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The results were as follows: tivity. The subjects were not discomforted 

* Seventy percent of the drivers answered by the ghost images in daytime driving us- 

that they required higher reflectivity, for ing a mirror with 8070 reflectivity. 

the benefit of rearward. ¯ Mirrors with a reflectivity in excess of 12% 

¯ Sixty-three percent of the drivers used their provided unacceptable glare at night and a 

mirrors in the day position (78% reflectiv- disconcerting ghost image during daytime 

ity). They turned to the night position only use. 

when a following car failed to dip its head- 
lights or when the high-mounted beams of Conclusion 

trucks are incident upon their mirrors. They Eight percent reflectivity is preferable on 
therefore found it inconvenient to have to the night position of the two-position pris- 
frequently alter the mirror’s position, matic mirror. 

Subjective Evaluations Location 
Drivers were asked to evaluate various rates 

of reflectivity for inside mirrors in an urban Concept 

street. The points they have to consider were The three primary points concerning the 
glare, rearward awareness and ghost images, location of the inside mirror are as follows: 
They were also asked their opinions on the ¯ Does the position of the mirror obstruct the 
amount of ghosting visible during the day- 

driver’s forward FOV or afford him a clear 
time. The results are shown in Figure 8 and view of such things as pedestrians and traf- 
the following conclusions may be drawn: tic signals? 
¯ Four percent reflectivity was found to be no ¯ Is the mirror located properly within his 

more desirable by the test subjects than by peripheral field of view in order to improve 
those who completed the questionnaire as his rearward awareness? 
far as rearward awareness is concerned. ¯ Does the driver feel that the mirror forms a 

¯ The subjects found the glare of a mirror visual obstruction? 
with 8% reflectivity was tolerable. They 

Points 1 and 2 can be determined by geometri- 
were more aware of rearward information cal analyses. The driver can resolve point 3 by 
with 8% reflectivity than with 4°70 reflec- increasing the distance between himself and 

the mirror. 

+1 a. Right and Lower Edges of Inside Mirror 
(Better) 

Rearward awareness The right hand edge of the mirror must be 
tu,~ "~\ ./~-~ 6host im.ge located in such a way that it does not prevent 

~ a driver from seeing a traffic signal on the left ~ ¯ 

_ 0 hand side of the road when approaching an 
o,, intersection (fig. 9).* 
I.u ,/ \ Glare tolerance The angle Xr in Figure 9 therefore is defined -" / ~.. ¯ - as not less than 25° by geometric analysis. 

(Worse_)1 ~"= Ghost image 
(daytime driving) 

4 8 12     16 

REFLECTIVITY (%) 
~Note. This applies to right-hand drive cars running on the left 

side of the road. 

The I I m stopping distance is for the mean speed of 
Figure 8. " ’-"--’"ouuj~;uve evaluations--effect of about 30 Kmph at which most cars are driven on urban 

reflectivity of inside mirror, streets in Japan. 
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LABORATORY 

Mirror 

Side view j 

Traffic signal 4,5 

Figure 9. The conception of right and lower ends of inside mirror. 

Similarly, the lower edge of the mirror must which pedestrians may be recognized can be 

not prevent a driver from seeing a pedestrian set at the 95th percentile cervical height for 

who is going to cross the road into which he is Japanese males. The angle X1 in Figure 9 

about to make a left turn (fig. 9). Laboratory must therefore be not less than 2°. 

tests reveal that there is little difference in the Mirror Center 
reaction time needed to recognize a pedestrian The mirror’s fundamental FOV (+_ 5°), 
between when the whole figure is visible and which is described later, should be within the 

when the head is obstructed but that the reac- driver’s peripheral visual field. Figure 10 

tion time significantly increases when half the shows a typical position for the center of the 

body is obstructed. Accordingly, the height at mirror. 

Eye point 

/ 

Mirror 

Fundamental FOM 
Binocular field of view 

Figure 10. Horizontal angle of the center of inside mirror. 
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The binocular FOV ( + 60°) is the peripheral the distance between it and the driver’s eyes, 

visual field without eye movement or head L; is not less than 300 mm. 
movement. Inside mirrors should be placed: 

Conclusion within the binocular FOV since they call 
driver’s attention to the rearward scene while In view of the foregoing it seems that the 
drivers are looking forward and will quickly side mirror should be positioned within the 
look in the inside mirror whenever something hatched area in Figure 12. 
significant happens behind. From the funda- The upper (Eu), left (El), front (Ef) ends of 
mental FOV and the binocular FOV, the the SAE 95th ellipse have been to represent 
angle Xc in Figure 10 is defined as not greater the driver’s eyes as these cover almost all eye 

.......... than 55°. locations. 

The Field of View 
Distance Between Inside Mirror and 
Driver’s Eyes Subjective Evaluations 

Drivers were asked to evaluate the degree of Tests were conducted to find out what FOV 
comfort they experienced when using the mir- drivers thought was necessary for safe driv- 
ror at different distances from their eyes. A ing. The subjects used a 5-point rating scale in 
5-point scale ( - 2 -- + 2) was used. A value of which a value of - 2 denoted that the mirror 
+ 2 indicates that they feel the mirror is the was very unsafe (fig. 13). 
correct distance away and a value of - 2 indi- Figure 13 suggests that a value of 0 corre, 
cates that it forms a serious obstruction (fig. sponds to a FOV of 3.6 at a distance of 15 m 
11). behind the car in the case of binocular vision, 

The results suggest that an inside mirror though it becomes 6.7 m in the case of ambin- 
doesn’t affect drivers psychologically when ocular vision. A value of + 1 corresponds to 

an inside mirror with an ambinocular FOV of 
8.0 m width at a distance of 15 m behind the 

+2 

/ 

Considerations 

+1 What effect do these inside mirror FOV 

.... ~, have on safety in real traffic conditions? 
.... < Forbes has derived a flow-concentration curve 

~ o, from driver characteristics and predicted that 
the driver could not reduce time headway 
below man-machine reaction time if the risk 
of collision with the car ahead has been to be 
avoided11. Citing flow data from urban and 
inter-city expressways12,13, we calculate the 
concept of reaction time headway described -2 I_.~    ~    ~    R    ,    , 

above to be about 1.0 second, 1.0 second time 
250 300 350 400 450 500 headway may be construed as a distance of 5 

DISTANCE BETWEEN MIRROR 
AND DRIVER’S EYES (mm) m on urban expressways or !5 m on inter-city 

expressways. The gaps calculated above and 

Figure 11. Subjective evaluations--effect of    the lateral distance to another car described in 
the distance between inside mirror the chapter on outside mirrors constitutes the 

and driver’s eyes. critical situation between cars in Figure 14, 
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I 
SRP Y 

,~~~ SAE 95th Eye ellipse 

Xl/>2° 

o / 

i 
Ef: front end of left eye 
El: left end of right eye 
Eu: upper end of eyes 
SRP: seating reference point 

/~ [ 
Planview ]i    1 Sideview ]SRP ._~- 

Figure 12. Required placement of inside mirror. 

(Safe) 

+2 -           ~ Highway route 

~- ----~ Urban street 

+1 

(Unsafe) 
Inside mirror FOV 
(15m behind car) 

0 1 2 3 4 5 6 7 Binocular 

3 4 5 6 7 8 9 10 Ambinocular 

Figure !3, Subjective evaluations--effect of inside mirror FOV. 
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0 5 10 15(m) 

Urban expressways 

.J-- 

Rural expressways 

Figure 14. The relation of the evaluated inside mirror FOV and real traffic conditions, 

Comparison between the inside mirror FOV FOV of inside mirror is 8.6 m ambinocular 
evaluated and the critical situation predicted width at a distance of 15 m behind the car. 
suggests the following: 

The inside mirror binocular FOV rated at 0 SUMMARY 

value approximates to the width of a lane. In these results, the indirect visibility re- 

The inside mirror ambinocular FOV rated quirements for passenger cars in Japan are 

at a value of + 1 approximates to the range summarized with regard to curvature, reflec- 

where the rearward car on an adjacent lane tivity, location and field of view in the section 

could be seen. that follows. 

The former is regarded as the "fundamental 
FOV" for an inside mirror since it cannot be 

Gurvature and Reflectivity 

seen in the outside mirrors. It should be seen Convex mirrors with 900-1200 mm radius 
binocularly in the inside mirror. The latter is of curvature are the most preferable outside 

regarded as the "desirable FOV" for an inside rearview mirrors. 

mirror since the image is better seen with an Eight percent reflectivity is preferable on 

inside plane mirror for safety although the im~ the night position of the two-position pris, 

age can also be seen in the outside convex matic mirror. 

mirrors. 
Location 

The mirrors must be placed within the 
Conclusion human visual field in order to improve rear- 

The fundamental FOV of inside mirror is ward awareness as follows (fig. 15): 

3.6 m binocular (6.7 ambinocular) width at a * Outside rearview mirrors must be placed 
distance of 15 m behind the car. The desirable within the binocular fixation field, 
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FOV, in addition, an inside mirrror had better 

Straight ahead be placed as follows: 

¯ An inside mirror had better be placed at a 
distance of not less than 300 mm away from 

o~--/0~--" 

a driver’s eyes. 
~_.. ,, The right edge of it had better be placed at a 

100 60 60"° 1°°° horizontal angle of not less than 25° away 
o~ from them. 

¯ The lower edge of it had better be placed at 
a vertical angle of not less than 2° away 
from them. 

Rearward Field of View (Fig. 16) 

The outside mirror on the driver’s side must 
Binocular fixation field of view !+-45°1 

Binocular field of view (:£60°) provide a FOV enabling the driver to see a 
Ambinocular field of view (-+100°) 2.15 m wide plane at 4.60 m behind his eyes. 

The fundamental FOV of inside mirror is 
3.60 m binocular (6.7 m ambinocular) width 

Figure 15. Driver’s visual field--direct look. at a distance of 15 m behind the car. 

,, The center of a inside mirror must be located REFERENCES 

in the place with not less than 5° inside 1. G. E. Rowland, et al, "A Comparison of 
from the binocular field of view. Plane and Convex Rearview Mirrors for 

Concerning visual obstruction in forward Passenger Automobiles." Final Report, 

4.6m 

Outside mirror’ 

2.15m 

\\\ 

~ ,nside mirror 6.7m 

2,15m 

Outside 

-- 4.72m 

Figure 16. Indirect rear FOV. 
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Ms Joan Claybrook Chairman, United States 

.... Introduction by the Fiat Motor Company on side impact 
...... protection, and by the British on motorcycle 

MS. JOAN CLAYBROOK crashworthiness and braking. I arn also very 

Chairman pleased at the priorities which seem to have 

United States achieved broad consensus among the people 
attending this conference. It seems to me that 

I would like to welcome you all to the clos- much of the thinking that has gone on in the 
ing session for the conference: the Panel Dis- United States in the last year and a half or two 
cussion on Intentions for Rulemaking. years has led us to conclusions very similar to 

1 would like to make just a few introduc- those reached in other countries. The work on 
tory remarks before we begin. First 1 would lateral impact testing devices and test dum- 

.......... like to comment very briefly on the value of mies is one of the highest priority for most of 
Experimental Safety Vehicle Conferences to us. It is particularly rewarding, because I 
me and to the United States representatives, think the papers that were presented at this 
We find the exchange of information that conference, and I hope at the next one some 
occurs here to be extremely valuable. The 16 months from now, will improve the state of 
conference also gives us all a deadline within our knowledge and ability to improve lateral 
which to prepare papers that formalize our impact protection in automobiles. 
recent work. The work on pedestrian and other non, 

It’s important as well, we think, to have occupant protection is also a high priority 
some of the critiques that occur at these con- effort in the United States, although we do 
ferences, critiques of our work and of other not suffer, as you know, from as high a rate 
people’s work. it helps to broaden our vision of pedestrian fatalities as do most of the other 
and make us more self-critical of the work countries represented here. Nevertheless, with 
that we undertake. 8000 pedestrian and some 4000 motorcycle 

I was pleased while attending the various fatalities, it is a terribly important area for us. 
sessions of this conference to again see the I was also encouraged to see the emphasis 
many contributions by a number of the recip- and concern about accident data gathering 
ients of the Safety Engineering Awards which and accident investigation and analysis. 
Secretary Adams presented on Tuesday. It Again, we’re spending a tremendous portion 

was clear to me that those individuals, as well of our budget on this work, and I was pleased 

as others, have been in the forefront of to see some of the significant contributions 
automotive safety research, made by others in this particular area. 

I would like to say that I was particularly I noticed quite a bit of discussion on front 
impressed by several pieces of work. This is angular impact, an area where the United 
not an exclusive list--but 1 was particularly States has not done very much work. This is 
impressed with the work done by the French an important area for study which we will 
government and Lndustry on biomechanics, take a look at when we return home. 
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I would like to take just a minute to talk to put automatic restraints in vehicles manu- 

about regulation. As important as research is, factured for sale outside the United States, 

in my view, regulation is equally important, that, if any mistake was made on setting that 

because it translates what we know and what standard, it was that we fixed the effective 

we’ve learned, into production vehicles. And, date for small cars too far in advance. We 

while some companies take initiatives to gave manufacturers a very long lead time. 

translate this knowledge on their own whether The Malliaris-Finkelstein paper also points 

for competitive reasons or for humanitarian out that the U.S. government has taken very 

reasons, it does not happen enough. I think little action to improve the safety perform- 

regulation is an important aspect of this whole ance of trucks and vans. As a result, as we see 

activity, in Figure 7 of the paper, that, with the in- 

We are presenting a paper from the U.S. crease in the sales of these vehicles, their safe- 

Departmem of Transportation prepared by ty performance is inferior to the automobile. 

Dr. Matliaris and Mr. Finkelstein, which By their nature, because they are larger and 

attempts to show the important role regu- heavier, their safety performance should be 

lation has played in the reduction of accident superior. 

fatalities and injuries in the United States. The We also see that the fatality rate for pedes- 

paper suggests that the payoff from the Motor trians and motorcycle riders has gone up sig- 

Vehicle Safety Standardswprimarily the nificantly in the United States, during thetime 

crash-worthiness standardswhas been a that car occupant safety has improved. Ithink 

40-50% improvement, in the safety per- that this is a result of our lack of emphasis on 

formance of vehicles produced since 1969, pedestrian safety and the removal of the 

compared to those prior to that time. motorcycle helmet laws in many of our states. 

The General Accounting Office (GAO), The Malliaris-Finkelstein paper also talks 

which is an arm of the United States Congress about fuel economy and the gains that have 

and a critic of most government agencies, been achieved in the United States, a country 

made an assessment in 1974 of the that is often accused of wasting enormous 

effectiveness of the Motor Vehicle Safety amounts of energy in an era when supplies of 

Standards and found that some 28,000 lives these resources are constrained. It only re- 

had been saved because of our standardsma inforces, in my mind, the importance, at least 

very significant payoff. And, if you took their in the United States, and 1 think beyond that, 

estimating techniques and brought them up to of regulation. We intend to double the fuel 

date from 1970 through 1978, your estimate economy of our cars in the ten-year period 

would be some 50,000 lives. That is a from 1975-1985, so that the benefit to the 

tremendously rewarding figure; it shows us consumer the car buyer will be some $400- 

that our standards have been worth the effort $500 over the life of their car. This amount 

and have provided significant safety benefits more than pays for any safety improvements 

to the public, we are requiring, indeed, the trend towards 

Because of this payoff and because we have smaller cars in the United States sparks the 

very low belt usage in the United States, Sec- need for improved safety. 

retary Adams issued a safety standard almost l’ve heard some suggestions at this con- 

2 years ago requiring automatic restraint sys- ference that the regulations in America for 

terns. These systems protect the occupants rue! economy are really not the best way to 

automatically so that no action is necessary to go, that perhaps the European method of 

engage the restraint system. I think, as I look competition would be better. I am a great 

back on that activity and as I learn of alterna- advocate of competition, but 1 don’t think 

tire approaches being pursued by other coun- that competition would achieve the fuel econ- 

tries and of the relative lack of determination omy we need. Indeed, I think that if our 
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regulation approach has any benefit at all in countries, not in all. Indeed, these innova- 

an international context it is that the Ameri- tions are not used voluntarily by the industry. 

can vehicles are going to be more competitive We have issued a five-year rulemaking plan 

in their fuel economy with European and that attempts to lay out for all interested par- 

.......... Japanese cars. ties the work that we intend to do. Mr. Finkel- 

........... The effect on sales, as Malliaris and Finkel- stein will discuss this plan later in this session. 

stein point out, has been negligible in terms of I would like to conclude by saying that in 

whether or not it has affected the economics addition to the regulatory activities underway 

of the automobile industry in the United in the United States, we intend to strike out 

State. They have enjoyed record profit years, on another course. We intend to test various 

Optional equipment still sells, with all of its makes and models of production vehicles 

luxurious provisions. Obviously, the health of against some of the standards that we have 

the economy is much more important to the applied to our experimental vehicles, We want 

health of the automobile industry than to see whether or not the production cars of 

whether or not we have certain regulatory re- today can meet the criteria set forth for our 

..... quirements, experimental safety vehicles. 

.......... Finally, I’d just like to make one very brief I believe there are some American cars that 

comment about harmonization. This matter will come close. I don’t know about imported 
vehicles at this time. We view this as a chal- has been discussed a great deal among many 

of the participants in this room. If I’ve lenge to the worldwide automobile industry. 

learned anything, it is that harmonization has Looking at their production cars and looking 

a thousand different definitions. Each person at the criteria for experimental safety vehicles, 

defines it his own way. The United States has we see that ESVs incorporate, as all of you 

been accused of not being a great advocate of know, common technology--technology that 
could be used in production automobiles. We harmonization, and I’d like to dispel that no- 
want to see what the differences are, and tion. That is not true. We would like very 

much to see increased similarity between the whether or not it is possible, even in advance 

standards of various countries, but we would of regulations, to take some steps to improve 

not like to see a reduction in the safety per- safety performance, based on the experience 

formance of cars as a result. I think that is and knowledge we have gained from the ex- 

probably why our stubborness and determina- perimental vehicle program. I think that if 

tion to maintain this has suggested that we are there is one thing that we should regret, it is 

not advocates of harmonization, 
that after we build experimental safety vehi- 

Now, I would like to suggest that if we need 
cles--after we show that the technology 
exists, and can be put into production 

a starting point for harmonization, perhaps cars--we often fail to use it in the cars that we 
we should focus on those areas where broad sell to the public. Thus, the public is not the 
general agreement exists about certain fea- beneficiary, as it should be. 
tures in cars, such as laminated windshields, 1 would now like to turn the microphone 
for example, that add significant safety bene- over to the various panel members. The first 
fits to the public. However, this kind of one is Mr, John Furness of the United 
feature has only become standard in a tew Kingdom. 
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Presentation on Prospects for Legislation: Europe 

JOHN W. FURNESS the ESV program began. At the outset vir- 

Director/Chief Mechanical Engineer tually the sole consideration was safety. Then 
Department of the Environment--Department we became increasingly concerned with the 

of Transport need to control pollution, primarily gaseous 
United Kingdom engine emissions. More recently, we are learn- 

The ESV program has now been running 
ing some hard lessons on the importance of 

for 10 years. As speakers at the Conference 
fuel economy. Over and above all this, the 

have already pointed out, it has already in- 
process of developing vehicle legislation in 

fluenced legislation in Europe and elsewhere, 
Europe has become increasingly influenced by 

notably in the development of car occupant 
EEC-sponsored programs to remove technical 
barriers to trade. 

restraint systems. To that extent the program 
is evolutionary rather than revolutionary. The moral of all of this for the future is to 

The same can generally be said of the pro- make haste slowly, all the more so, because if 

cess of legislation in Europe. For some 20 the past trend of legislation has been evolu- 

years the UN Economic Commission for tionary, we are now confronted with what 

Europe has been creating a steadily increasing amounts to a change of direction. If we are to 

number of harmonized regulations on vehicle design vehicles for the future with predictable 

safety and environmental pollution, regula- results in terms of improved public safety, we 

tions which, though not binding, have been have to move towards regulations promul- 

extensively accepted or adopted by European gated on a more scientific basis; we have to 

and other countries. It is accordingly to the seek to prescribe performance requirements 

UN/ECE, and in particular Working Party 29 rather than design requirements, and those 

of the Committee on Inland Transport that performance requirements must be identifi- 

we in Europe have increasingly looked for the ably related to known implications for the 

main pioneering initiatives toward harmo- safety of life and limb. 

nized legislation on vehicle safety and pol- In relation to cars, the work on ESVs has 

lution. The European Economic Community established a clear need for a better, more 

was a later development and fortunately, in- sophisticated frontal crashworthiness test, 

stead of seeking to duplicate the work of the and for the development of new lateral, rear, 

UN/ECE, it has adopted the general practice and roll-over tests. It is equally clear that if 

of letting the latter push forward the frontier these tests are to serve their purpose, we have 

and has then followed up with Community to use properly designed, adequately instru- 

Technical Directives, where this has seem jus- mented anthropomorphic dummies, which 

tiffed, truly simulate the effects of accident injuries 

I have thought it right to look back in this on the human body. It is not sufficient, for 

way because it clearly sets the framework for example, to lay down regulations on the 

the future. It is in the UN/ECE that we in physical extent of intrusion in a lateral crash 

Europe are seeking to develop our response to test. That approach is too arbitrary. 

the ES¥ program. Already valuable work has But there has been a failure so far to 

been done by WP29’s Group of Rapporteurs develop reliable dummies giving consistently 

concerned with Crashworthiness Testing repeatable results. So far as frontal crash test- 

(GRCS) and the Group (GRSG) concerned ing is concerned, the 572 dummy in its present 

with other safety standards, form is clearly inadequate as test work has 

I have also thought it right to dwell on the already demonstrated; nor do other dummies 

past because a great deal has changed since mentioned seem to be the complete answer; 
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and we lack a dummy of proved reliability for worthiness requirements. We really do have to 

testing lateral impacts. In this Conference we take the energy implications seriously. 
have heard of work already carried out by Moreover, we also have to think of other 
Peugeot-Renault and others to produce a types of vehicle and road users. For energy 
more satisfactory dummy. We have also been and economic reasons, two wheeled vehicles 
told that the NHTSA intends to develop a can be expected to become increasingly 

new dummy for application by the mid-1980s popular, and unless we act to prevent it, they 
which will serve in all modes of crash testing, will cause increasing loss of life and injury, 
Indeed I was struck with awe by the firmness particularly among the young. We therefore 

of the NHTSA’s intention to go decisively need in Europe to give greater priority to ira- 
ahead in this way. I felt like a man hesitating proving the safety of motorcycles. The paper 

at a bus stop while his companion mounts the given by my colleague Mr. Watson of the UK 
first likely bus which comes his way, and dis- Transport and Road Research Laboratory on 

appears in a cloud of dust in the distance! the subject of the ESMI is therefore highly 
I do not feel that we can commit ourselves relevant. May I also remind you that 1979 is 

to this strategy at the present stage, but we do the UN Year of the Child and that the ECE is 
consider that useful progress could be made in in the last stages of preparing a Regulation on 

the short-term by modifying the 572 dummy Child Restraint Systems which is a significant 
on the lines demonstrated by Associated step forward. 
Peugeot-Renault. In any case, it seems essen- Finally, we have to improve the safety 

tial, if our efforts for future legislation are to standards of buses and heavy goods vehicles. 

be fruitful, that we should take more positive A lot of valuable work is in hand on the 
steps as soon as possible to coordinate dummy development of new safety standards for 

development. The NHTSA has kindly invited buses, particularly in relation to roll-over pro- 
non-USA countries to participate in corn- tection. So far as goods vehicles are con- 

munal work on dummy development. I am cerned, there is still scope for better primary 

assured that the EEVC Committee will take safety requirements, including braking, and 
up that offer as soon as it can. To judge from one example of an important contribution to 

what we have heard at this Conference, there secondary safety, the rear-underride guard, 
are European laboratories and firms which has been demonstrated at this Conference. 
can contribute a great deal to this work. In sum, we in Europe see the progress of 

If we can resolve the dummy problem, the the ESV program to date as providing a good 
way will lie open to the UN/ECE to begin for- basis for further work in developing new safe- 
mulating regulations which can serve as mini- ty standards in Europe or updating existing 
mum requirements. But I do not want--if I ones, and that goes for both cars and other 
may risk an untranslatable Americanism--to types of vehicles. But there are no soft op- 
make the dummy the "fall guy"! There are tions: there is still much ground to clear, and 
several other problems, not least the weight it is essential that we act together in the in- 
penalty which may be entailed in future crash- terests of all of us. 
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The U.S. Motor Vehicle Safety in Perspective 

A.C. MALLIARIS INTRODUCTION 
MICHAEL FINKELSTEtN The mobility of the U.S. motoring public, 
National Highway Traffic Safety 

Administration as measured by motor vehicles and motor 

U.S. Department of Transportation vehicle travel per person, has grown continu- 
ously over the last 30 years. Figure 1 illus- 
trates the growth of motor vehicles] per U.S. 
resident and per licensed driver. The growth 

Motor vehicle travel and highway casual- of travel2 per person is shown in Figure 2. 

ties, including pedestrians, in the United 
It is undisputed that this growing mobility 

States are reviewed in the period between 1945 
has generated very important benefits both 

and 1977. The number of traffic fatalities per 
unit travel in this period has been reduced by 
a factor of two to three, as a result of improve- 
ments in the highway network, in motor vehi- 
cle equipment, driving conditions, driver ~ 1.0, 

education and other factors. More specifically 0.s ~-’~’~’Per licensed driver 
the safety record of motor vehicles is reviewed 
by an examination of accidents and of occu- 0.6 

pant fatalities and injuries in passenger cars 0.4 ~"~Per U.S. resident 
and light trucks as a function of model year, ~ ~ 

0.2 
based on U.S. accident and casualty ex- 
perience in each of the three calendar years 1950 1960 1970 1980 
1975, 1976 and 1977. Evidence of improve- 
m ents is manifested as a reduction of fatality 
and injury risks by 40 to 50 percent between Figure 1. U.S. motor vehicle registrations per 
pre-1969 and post-1974 model years, driver and per resident. 

These and other improvements are exam- 
ined in the context of U.S. Federal Motor 
Vehicle Safety Standards which have been in 
effect. Areas where a high effectiveness has 

been expected but not observed are particularly      ~ 
mmii~ 

� J 10 
emphasized and countermeasures either man- < ~ 

r licensed driver 
dated for near term effectivity or planned for ~- -~ 
the future are discussed with a sense of -~ E 
priority, z > 

> ;Z r U.S. resident For added perspective, progress is also re- ~ < 4~ 
viewed in the areas of pollution control and 0~_~o 

oo 
fuel economy improvements. Furthermore, = ~ 2- 

the resulting impacts on the consumer and on 
the manufacturers are examined in view of al- 1950 1960 1970 1980 
legations that the regulatory programs man- CALENDAR YEAR 
dating safety, air quality and fuel economy 
improvements have been unduly costly to the 
consumer and too burdensome to the motor Figure 2. U.S. motor vehicle travel per driver and 

vehicle manufacturers, per resident. 
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individual motorists and for the country 

whole. It is also undisputed that during >       ~ 100-     \ 
same period the level of safety of motor ~ ~ 8o 

vehicle travel has generally improved as illus- ~- ~- 

trated in Figure 3, based on the statistics of 
~ ~ 60. 
~- "J ~ ~ ~_ All traffic 

Table 1 (see references 3 and 4). <z.5 ~ 40 -- ",~to],~trievSe 
1- 0 hicle However, motor vehicle safety in the U.S. < .5 20 
LL occupant 

remains a major public health problem. Last -~ fatalities 
~ 0, 

an average of 137 persons were killed 1950 1960 1970 1980 
every day in traffic accidents. The 1978 road CALENDAR YEAR 

was more than 50,000 deaths during the 

In addition, hundreds of thousands of Figure 3. U.S. traffic fatalities per billion mi~es 
people suffered disabling injuries, travel. 

1. U.S. fatality rates associated with motor vehicle travel of all model years in each of the 
shown calendar years. 

Travel Fatality rates 

billion miles (1) (2) (3) 
Calendar .... Motor vehicle Passenger car 

year 
All motor Passenger All traffic occupant occupant 

vehicles cars fatalities fatalities fatalities 

1945 250 200 112.3 i -- -- 
1950 458 364 75.9 53.3 -- 

1955 603 488 63.4 , 48.2 -- 

1960 719 588 53.0 40.5 -- 

1965 888 706 55.4 ’ 43.3 44.9 

1966 930 745 57.2 44.6 
I 

45.7 

1967 962 766 54.8 42.8 44.4 

1968 1016 806 53.8 42.3 ’ 43.9 

1969 1071 850 52.3 41.7 42.3 

1970 1121 891 49.2 , 38.0 38.7 

1971 1186 939 46.2 35.3 36.0 

1972 1268 986 43.2 33.3 35.3 

1973 1309 1017 41.1 31.6 33.2 

1974 1286 991 35.2 26.4 27.3 

1975 1330 994 * 33.5 25.2 25.9 * 

1976 1412 1040 * 32.1 24.3 25.0 * 

1977 1477 1092 * 32.3 24.3 24.4 * 

Per billion miles of all motor vehicle travel. Fatalities include pedestrians, motorcyclists and pedalcyctists. 
Per billion miles of all motor vehicle tracel, excluding motorcycles, pedalcycles, and pedestrians. 

Per billion miles of passenger car travel. 
Excluding window vans 
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GENERAL HISTORICAL TRENDS for each of the calendar years 1975, 1976 and 

1977. 
Figure 3 displays generally successful trends 

The results of this examination are sum- 
but also shows signs of reversal, such as that marized in Table 2, for passenger cars and for 
occurring in the early sixties, and signs of light trucks. Both exposure (travel)and fatali, 
stagnation such as that occurring in mid to ties are shown as a function of model year. 
late seventies. The observed trends are a com- The overall yardstick for occupant safety, 
bination of results, not easily separable, from 

i.e., the fatality rate per billion miles of travel 
many attempts to improve overall traffic safe- is tabulated in the last three columns. A 
ty. uniform and monotonic decline of the fatality 

Roadway and driving conditions improve- rate is observed as the model year varies from 
ments are reflected primarily in the 1950 to pre-69 to recent model years. This is observed 
1965 period, when an extensive building and in each of the calendar years 1975, 1976 and 
improvement of the U.S. highway network 1977 for which the statistics were analyzed. 
took place. In the same time period extensive These results are generally consistent with 
urbanization of the U.S. population was tak- expectations of progress in motor vehicle safe- 
ing place. This movement, although contrib’ ty performance in post-68 model years. For 
uting very much to the increase of accident added perspective, results have also been ag- 
frequency, reduced the frequency of severe gregated in pre-69, post-68 and all model year 
and fatal accidents which are associated with groups. A definite reduction in fatality rate is 
rural travel, evident from pre-69 to post-68 vehicles and 

The resumption of improved traffic safety, the rate decreases continuously by model year 
appearing in 1967, is consistent with the in- after 1968. However, from this overall data, 
tended benefits of traffic and motor vehicle the individual effects of safety standards, 
safety legislation enacted in the U.S. in 1966. countermeasures and other factors are not 
During the period between the late sixties to easily separable. 
the present, although improvements in road, In addition, uncertainties arise from the 
way and driving conditions continued to estimation of annual travel as a function of 
make contributions to traffic safety, most of model year (and thus as a function of vehicle 
the benefits were expected to come from ira. age for a fixed calendar year). To minimize 
provements of motor vehicle and driver safety these uncertainties for passenger cars we 
performance, in both accident avoidance and averaged the data, from three independent 
crashworthiness, as well a~ from the impact of sources (references 7, 8 and 9), of annual mile- 
the 55 mph speed limit in 1974. age as a function of vehicle age. 

Principal factors contributing to the ap. 
PASSENGER CAR OCCUPANT SAFETY parent decline in fatality rate could have been: 

Over 70°70 of all traffic casualties in the U.S. (1) genuine progress in occupant crash protec- 

are occupants of passenger cars, light trucks and tion, (2) genuine progress in severe accident 

other motor vehScles under 10,000 lbs. gross avoidance, by improved vehicle crash avoid- 

vehicle weight rating. These vehicles are used ance performance, (3) decline of accident 

primarily for personal transportation. In avoidance and other performance as a func- 

order to evaluate the progress made in occu- tion of vehicle age (poor maintenance and 

pant safety of these vehicles we have examined other factors), thus appearing as an improve- 

detailed statistics of occupant fatalities5 as ment in successive model years, examined in a 

well as statistics dealing with registrations6 fixed calendar year, and (4) younger drivers 

and travel (see references 7, 8, 9 and 10) of (and possibly more accident prone drivers) 

motor vehicles as a function of model year, driving older vehicles. Other unidentified con- 
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Table 2: Total travel, fatalities and fatality rates in the U.S. for passenger cars and light trucks, 

as a function of model year in calendar years 1975, 1976 and 1977. 

Passenger cars, excluding window vans 

Model Travel, billion miles Fatalities Fatality rate per billion 

year in calendar year in calendar year miles in calendar year 

-~975 1976 1977 1975 1976 1977 197____.5_5 ! 1976 1977 

1969 86 73 63 2309 2172 2058 26.8 129.8 32.7 

1970 86 84 70 2230 2206 2200 25.9 I 26.3 31.4 

1971 93 85 83 2163 2208 2144 23.3 I 26.0 25.8 

1972 118 108 99 2394 2473 2466 20.3 I 22.9 24.9 

1973 140 131 120 2578 2482 2503 18.4 1 18.9 20.9 

1974 131 120 113 2416 2318 2302 18.4 I 19.3 20.4 

1975 71 103 92 1162 1672 1754 16.4 I 16.2 19.1 

!976 -- 98 129 R 1624 2377 -- , 16.6 18.4 

1977 -- -- 107 R -- 1828 n . -- 17.! 

Pre-69 269 238 216 10468 8823 70!3 38.9 I 37.1 32.5 

Post-68 725 802 876 15252 17155 19632 21.0 I 21.4 22.4 

All MY 994 1040 1092 25720 25978 26645 25.9 I 25.0 24.4 

Trucks under 10,000 Ibs. GVWR, excluding vans 

1 69 - 10.1 8.8 - 252 223 1 25.0 " 255-- 
1970 -- 10.6 9.3 -- 234 250 -- 22.1 26.9 

1971 -- 11.8 10.5 -- 271 236 -- 23.0 22.5 

1972 -- 17.8 16.4 -- 366 341 -- 20.5 20.8 

1973 -- 23.2 20.8 -- 468 429 -- 20.2 20,6 

1974 -- 23.5 21.3 -- 509 495 
-- 1 

21.7 23.2 

1975 ~ 19.7 17.7 ~ 443 386 -- 22.5 21,8 

1976 ~ 19,3 26.2 -- 402 579 -- 20.8 22,1 

447 -- 21,2 1977 ~ ~ 21.1 ~ 

Pre-69 ~ i 41.2 34.8 1242 1046 .... I 30.1 30.1 

Post-69 ~ 136.0 152.1 ~ 2945 3386 ~ 
I 

21.7 22,3 

All MY -- 177.2 186.9 -- 4187 4432 
-- I 

23.6 23,7 

tributions could interfere with the evaluation year, as percent of similar crashes for all 

genuine progress in safety performance, model years, are shown in Figure 4. Displayed 

order to obtain a quantitative idea of the in the same figure is also the distribution of 

interference from the aforementioned factors travel over the various model years as a per- 

examined detailed data of the distribution cent of total travel by all model years. 

tow-away crashes among model years of As mentioned, the data in Figure 4 refer to 

passenger cars represented in accidents during accidents taking place primarily in calendar 

calendar year 1977~ primarily. The results ex~ year !977, It is evident from these data that 

pressed in tow-away crashes of each model the earlier model year cars are to a certain 
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function of model year. For this we have used 

the recently available data of NHTSA’s Na- 
~ tional Crash Severity Study, a collection of 

~ random samples of tow-away passenger car 
~< 12 accidents within eight regions intended to 

- /" represent the major geographic and demo- 

~_ 10 / ’Trava~ graphic characteristics of the continental 

>- -, United States. 
~ ~ 8 / Table 3 summarizes the results we have ex- 

/ Tow-away ~" 
..z crashes amined, covering about 15 months of acci- 

~ ~ 6 .~ dent statistics from January 1977 to the spring 
< of 1978. Passenger car occupants involved in 
o 4 tow-away accidents are shown as a function 

~z of model year, along with the fraction of 
~ 2 those fatally injured, separately. 
o_ 

In order to minimize the fluctuations from 

1970 1972 1974 1976 1978 model year to model year, we are averaging 

MODEL YEAR the percent injuries and fatalities and report a 
three year moving average centered at the 

Figure 4. Passenger car travel and tow.away shown model year. The final results of this ex- 

crashes per model year as percent of amination are illustrated in Figure 5. The 

all model years, trend shown in this figure is indicative of the 

occupant crash protection progress made in 
tent overinvolved in accidents (more percent the last 10 to 15 model years of passenger 
tow-away crashes than percent travel). The cars. 
opposke is true for later model years. In an More conveniently summarized and up-to- 
aggregated sense, the following summary is date results are presented in Table 4. The risk 
relevant: of injury or fatality in this table is calculated 

as the ratio of the number of injured or the 

Model year Tow-away crashes Travel number of fatalities to the number of all in- 

.... Pre-69 22.0% 19.8% volved occupants. An inspection of the risks 

Post-68 78.0% 80.2% reveals progress in crashworthiness. Com- 

parison of pre-69 to post-74 data shows risk 

These results show approximately a I0% reductions of 49% and 46%, for fatalities and 

overinvolvement of pre-69 model year cars in serious injuries respectively. 

accidents, and a smaller underinvolvement of In order to insure that these reductions in 

post-68 model years. Regardless of the risk are not significantly confounded by fac- 

various reasons for this, the disparity is tots other than crashworthiness improve- 

relatively small by comparison to the 30 to 40 ments, we have examined the distribution of 

percent improvement in overall safety be- crash severity (as implied by the delta velocity 

tween pre-69 and post-68 model years, as in the crashes) as well as the general suscep- 

shown by the fatality rates tabulated in Table tibility of involved occupants to injury (as im- 

2, for each calendar year 1975, 1976and 1977. plied by occupant age) in the pre-69 and 

post-74 model year groups. Differences found 

OCCUPANT CRASH PROTECTION in these respects were relatively small and 

We have examined more direct evidence of counterbalancing, so that no significant 

occupant crash protection improvements as a overall confounding effects were present. 
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Table 3. Injuries and fatalities of occupants involved in passenger car tow-away crashes, as 

a function of model year (source: National Crash Severity Study, covering primarily 
calendar year 1977). 

Occupants 

Model Injured* Fatally 

Year 
All Seriously to Fatally Injured 

Involved 
Number Percent** Number Percent* * 

1961 243 0 -- 0 -- 

1962 428 8 1.44 3 .76 

1963 509 9 1.51 6 .76 

1964 1046 13 1.68 6 1.00 

1965 1545 30 1.72 19 .89 

1966 2105 28 1.56 17 .91 

1967 2840 43 1.34 23 .82 

1968 3850 47 1.35 32 .82 

1969 4554 62 1.29 37 .81 

1970 4795 61 1.25 38 .80 

1971 4937 55 1.16 40 .76 

1972 6026 67 1.15 42 .75 

1973 5800 70 1.15 44 .72 

1974 5086 57 1.14 36 .72 

1975 4192 45 1.09 29 .73 

1976 5034 54 1.09 39 .66 

1977 4227 48 1.08 21 .64 

1978 477 3 1.08 2 .49 

All MY 57694 700 1.21 434 .75 

Abbreviated injury scale 4 [o 6 

*Three year moving average expressed as percent of all involved 

SPECIFIC CONTRIBUTIONSTOMOTOR of improving motor vehicles, especially 

VEHICLE CRASHWORTHIN ESS passenger car crashworthiness. The most am- 

bitious of these standards is FMVSS No. 208 

"Occupant Crash Protection," dealing with 

Figure 5 and Table 4 summarize our occupant restraints and amended several 

estimates of aggregate progress in motor vehi- times since it went into effect in 1968. 

crashworthiness between model years of The NHTSA is continuously evaluating the 

mix-sixties and those of the late seventies effectiveness of this standard which, up to this 

a40percentto 50percent improvement, point in time is being complied with by 

is quite significant but still short of the manual (active) safety belts. NHTSA’s most 

available potential, recent evaluation12 of manual belt effective- 

the last ten years a series of Federal ness is shown below, as percent reduction of 
Motor Vehicle Safety Standards (FM¥SS) fatalities and injuries, for manual belts when 

into effect in the U.S. with the intention used. 
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Manual belt 
effectiv~,~ess 

injuries ~ < 1.6 
Lap & Lap 

shoulder only < !,4 

FatN 48% 21% <, \ 
Serious or higher (AIS 4) 61% 41% 

z Severe or higher (A!S 3) 61% 39% - 
C3 1.0 

Moderate or higher (AIS 2) 61% 44% ~u /~ Occupants injured 
> 

/ ~ 

seriousb/ or fatally 
J 

o 
> C.8 

~ C.6 

These results are based on NHTSA’s Na- < \ 
tionat Crash Severity Study and are consistent O C.4 

Occupant 

o fatalities with earlier results obtained from NHTSA’s o 
Restraint Systems Effectiveness Program. ~ c.2 

All recent model year passenger cars are re- z 
LU 

quired to have lap and shoulder manual belts. 
On the basis of the above results, one would ~ 1960 1970 1980 
expect to find evidence of 50 percent to 60 MODEL YEAR 

percent improvement in occupant crash pro- 
tection between older and recent model years, Figure 5. Passenger car injured occupants as 
assigned to manual belts alone, provided that percent of all occupants involved in 
the manual safety belts are worn by occu- tow-away crashes. 
pants. 

Unfortunately, rnanual belts are used by time (4.4 percent lap and shoulder belts 

the U,S. passenger car drivers, presently, no together and 3.8 percent lap belts only). 
more than t4 percent of the time.t3 In fact, re- Thus, the currently available occupant 

cent statistics from NHTSA’s National Crash restraints have an overall effectiveness about 
Severity Study show that occupants involved 5 percent in reducing fatalities and injuries. 
in accidents (tow-away crashes) use their This is a disappointingly low contribution 
manual safety belts only 8.2 percent of the when compared to the 50 percent to 60 per- 

Table 4. Injuries and fatalities of occupants involved in passenger car tow-away crashes, for 

various groups of model years (source: National Crash Severity Study as of April 1979). 

Mode! All involved 
Occupants 

Fatally injured Risk of Risk of 

year occupants 
injured* 

occupants injury* fatality 
seriously to fatally 

AH 62.012 809 485 .0130 .0078 

Pre-69 14.076 209 130 .0148 .0092 

Post-68 47,936 609 355 .0125 .0074 

Post-74 21.775 174 103 .0080 .0047 

Abbreviated in lury scale a to 6 
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cent potential contribution, based on full cars in model year 1982 and covering all 
utilization. It is especially unfortunate in view passenger cars by model year 1984. 

of the fact that the NHTSA and the U.S. Relatively little field experience is available 

Department of Transportation have con.- for the evaluation of on-the-road perfor- 
sistently pursued a number of programs mance of automatic restraints (air bags and 
designed to foster increased use of safety automatic safety belts). However, the 

belts, including extensive and varied public in- NHTSA monitors and evaluates frequently 
formation and education programs, the available experience 14. 15 from about 700 

Other paths to increased belt usage, such as million vehicle miles (December t978) of air 
mandatory safety belt use laws or the starter bag equipped cars and from the 2,500 million 

interlock feature in new cars that made it vehicle miles of automatic belts.12 The 
necessary to buckle safety belts before a car served accident and casualty experience of 

could be started, have failed as a result of these exposures is compared against the exper- 
strong Congressiona! and public sentiment ience from equivalent exposure of similar car 
against such measures, fleets. 

tn recognition of the great life saving and For the air bag, recent results of such a 

injury reducing benefits of occupant restraint comparison are shown in Figure 6. Specifical- 

systems and the public’s resistance Lo using ly, the air bag effectiveness, over unrestrained 
manual safety belts, the U.S. Secretary of occupants in equivalent cars, was found to be 
Transportation, on June 30, 1977, amended about 53 percent in the reduction of fata~ or 
FMVSS No. 208 to require automatic critical injuries, 44 percent in the reduction of 

(passive) restraints, beginning with full-sized serious or severe injuries and about 40 percent 

Observed reduction of inlunes 

Fatal or critica Serious or severe Moderate 

(AIS 6 or 5) IAIS 4 or 3) (AtS 2) 

No Manual Air No Manual Air No M~mua Air 

restraints belts bags restraints belts bags Restraints belts bags 

used as used usecl as usec~ useo as t~sed 

*Based on accident statistics from equivalent fleets of cars !~arge, GM, post 1973 models, 

Figure 6, Vehicles equipped with air bags.* 
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for moderate injuries. By contrast, manual sion. Moreover, in 1973, standards No. 2!4 

safety belts, as used presently, show an ob- and No. 216 for Side Door Strength and Roof 

served reduction of about 5 percent fatalities Crush Resistance became effective for passen- 

and injuries. Similar results were obtained~2 ger cars. 

by NHTSA from the comparison of auto- The individual contributions of each of 

matic (passive belts) with manual belts as used these improvements to the crashworthiness of 

currently, in equivalent fleets of cars. motor vehictes is not readily obtainable. The 

These results put in perspective the con- absence of extensive and nationally represent, 

tribution of occupant restraints to occupant ative accident data up to now and the relative 

crash protection, both historically and in pro- smallness of individual contributions made it 

jection. They are consistent with earlier difficult to isolate and quantitatively deter- 

evaluations of these restraints by the NHTSA mine the effectiveness of each improvement, 

and also consistent with recent evaluations especially in the presence of very many, very 

conducted by University of Michigan re- diverse and very variable masking factors, 

searchers.S(, such as those entering into the aggregate acci- 

The discussion so far has made ;it clear that dent and injury experience of the U.S. motor- 

equipping passenger cars with manual safety ing public. 

belts may account for about 5 percent of the With constant improvements currently un- 

benefits in overall crash protection which is a derway in the amount, quality and analysis of 

relatively smalt fraction of the aggregated accident data of national scope, the NHTSA 

benefits observed in Figure 5 (about 30 per- is in the process of addressing and evaluating 

cent to 40 percent between model years of the individually the above crashworthiness as well 

mid-sixties and those of the late seventies), as other safety performance standards, in 

The balance of the observed benefits could order to determine the need and the extent of 

be attributed to and is consistent with a series upgrading them, and the appropriateness of 

of crashworthiness improvements made by extending them to vehicles other than 

the manufacturers of passenger cars either passenger cars. 

voluntarily, ahead of Federal requirements, 
or in response to requirements of Federal LIGHT TRUCK OCCUPANT SAFETY 

Motor Vehicle Safety Standards. These stand- Using the general yardstick for occupant 
ards include FMVSS No. 201 which, effective safety, namely the number of fatalities per bil+ 
in 1968, requires padding of instrument 1ion miles of travel (or per any other conven. 
panels, seat backs, armrests, and sun visors lent measure of accident exposure)we would 
for passenger cars; FMVSS No. 203 and 204 expect light* truck occupants to enjoy an 
which, effective in 1968, require impact ab, equal or better safety margin than passenger 
sorbing steering columns and limit the rear- car occupants. This expectation is based on 
ward displacement of such columns and the fact that light trucks travel and have utili, 
FMVSS No. 205 which, also effective in 1968, zation patterns not very different than those 
specifies requirements for windshield and of passenger cars. Moreover the average light 
window glazing materials to reduce the liketi- truck is substantially more aggressive than the 
hood of laceration and to minimize the possi- average passenger car with consequent expec- 
bility of occupants penetrating the windshield rations of better occupant crash protection, 
in collisions, for the light truck occupants. 

Additional crashworthiness performance A comparison of occupant safety in light 
standards became effective later. They include trucks with that in passenger cars is presented 
FMVSS No. 212 and No. 219 which, effective 
in 1970 and 1977 respectively, deal with wind. 
shietd retention and windshield zone intru- *Gross vehicle weight rating less than 10,000 lbs, 
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in Figure 7, based on the accident and travel performance standards cover both occupant 

data summarized in Table 2. This is an aver- crash protection and accident avoidance. 

age of fatality rates for the calendar years An additional reason for this concern is 

1975, 1976 and 1977, shown as a function of that both the number of light trucks on the 

model years from 1969 to !977 model years, road and their aggregate travel has grown 

It is evident, in the data of Table 2 and in over the years much faster than those of pas- 

the display of Figure 7, that the light truck oc- senger cars. Thirty years ago, the travel of 

cupant safety (once superior to that of passen- light trucks was no more than 10 percent of 

ger cars, as expected), made little long term the passenger car travel. Today it is 17 percent 

progress in post-1968 model years. In fact, it and this rapid growth trend is expected to 

has lagged behind that of passenger cars as the continue. 

model years have progressed. According to 
these statistics, light truck occupants enjoy SAFETY OF PEDESTRIANS, 

less safety, in recent model years, than MOTORCYCLISTS & BICYCLISTS 

passenger car occupants do. From the data examined so far, it is evident 

The NHTSA has been very much concerned that the safety of motor vehicle occupants has 

about this disparity and has made it a high improved substantially over the last 20 to 30 

priority program to extend, to light trucks and years. Moreover, further and more significant 

other similar vehicles, the applicability of sev- progress may be expected in the 1980’s as the 

eral Federal motor vehicle safety standards scheduled improvements will become effective 

now in effect for passenger cars. These safety for automatic occupant restraints and as these 
and other improvements will be extended to 
the occupants of light trucks, vans and other 
motor vehicles. 

404 On the o~her hand, the safety of persons 

-~ other than motor vehicle occupants, such as 
> pedestrians, motorcyclists and bicyclists, has < 
~-cc shown very disappointing and in fact, rather 
~u alarming trends in the last 10 years. This is 
_ 30-4 
5 shown in Figure 8. Plotted in this figure is the 
z 
o 

." .... Trucks ~ 404 

_ram tl "~ Cars 

,~ -JJ 
~ rians 

~ 
~ 20 motorcyclists 

~ 
~D 

& el:her non-occupants 

o 

1970 1972 1974 1976 1978 
rr 10 

a_ 1950 1960 1970 1980 
MODEL YEAR 

Figure 7. Passenger car and light truck occu- Figure8. Pedestrian and other non-occupant 

pant fatalities per billion miles travel fatalities as percent of all U.S. traffic 

vs. model year. fatalities. 
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difference between all traffic accident fatali- For simplicity, three measures will be ad- 

ties and motor vehicle occupant fatalities, ap- dressed: the implementation of automatic oc- 

pearing in Figure 3, as a percent of all traffic cupant restraints, scheduled to be phased in 

accident fatalities, starting in model year 1982 and to be corn- 

Currently pedestrian, motorcyclist and bi- pleted by model year 1984 for passenger cars; 

cyclist fatalities account respectively for about the extension, to light trucks and vans by the 

16.5 percent, 7.5 percent and 2 percent, or a early 1980’s, of safety standards now appli- 

total of 26 percent of all traffic accident fatal- cable for passenger cars and the extension of 

ities. Over recent years, the fraction of pedes- automatic occupant restraints to light trucks 

trian fatalities has remained rather constant, and vans by 1984. 

while that of motorcyclist and bicyclist fatali- We estimate that these three measures 

ties has been rapidly rising, alone, when implemented, will save about 

Last year the traffic accident fatalities in 15,(,~3 lives for every year’s new production 

the U.S. exceeded 50,000 persons. Of these, of passenger cars and light trucks and vans. 

over 13,e~00 were non-occupants. This situa- Our estimates are discussed below and are 

tion will become more disturbing in the 1980,s based on current evaluations of fatality rates, 

when several measures of occupant crash pro- see Table 2, and on evaluations of automatic 

tection will become more effective, occupant restraint effectiveness, as discussed 

To date, most of NHTSA’s attention to the earlier in this paper. 

protection of non-occupants has come Fatality rates for passenger cars and light 

through traffic safety programs that seek to trucks are shown in Table 2. The latest calen- 

reduce motor vehicle collisions with non- dar year, 1977, will be considered, although 

occupants, as opposed to motor vehicle stand- trends are not fundamentally different in pre- 

ards that seek to mitigate the effects of these vious calendar years. Note that for the pas- 

collisions. Given that vehicle collisions with senger car fleet on the road the fatality rate is 

non,occupants can never be eliminated, the 24.4 fatalities per billion miles travel for all 

NHTSA has established as a long~term prior- model years (32.5 for pre-1969 and 22.4 for 

ity the development of motor vehicle stan- post-1968 model years). A fatality rate of 17 

dards that will reduce the aggressivity of fatalities per billion miles travel, very close to 

vehicles in collisions with pedestrians, bicy- the value estimated for model year 1977, will 

clists and motorcyclists. At the same time the be assumed here as the baseline for making 

NHTSA will continue traffic programs aimed projections, in the absence of further im- 

to further enhance pedestrian protection as provements. 

well as programs to enhance the crash avoid- Similarly, as shown in Table 2 for calendar 

ance and crashworthiness performance of year 1977, the fatality rate for the light truck 

motorcycles, fleet on the road is 23.7 fatalities per billion 
miles travel, (30.1 for pre-1969 and 22.3 for 

BENEFITS IN PERSPECTIVE 
post-1968 model years). A fatality rate of 21 
fatalities per billion miles is very close to that 

The following discussion is not a forecast estimated for model year 1977. 

but an attempt to put in perspective the pro- The implementation of the first measure 

jected benefits that could accrue as a result of under consideration (automatic restraints for 

several measures which are either scheduled, passenger cars) will reduce the fatality rate 

or planned, to become effective in the 1980’s, from 17 to about 10 fatalities per billion miles 

based on effectiveness values obtained from travel of cars so equipped. This estimate is 

the most recent evaluations, and provided based on that fact that automatic restraints 

that these measures are successfully imple- (air bags, automatic belts), will account for a 

mented. 40 to 45 percent net reduction of fatalities and 
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injuries, depending on the mix of air bags and knowledge of annual travel (see references 7, 

automatic belts and on the utilization rate of 8, 9 and 10) and of vehicle attrition rates6 as a 
automatic belts, function of vehicle age. The lifetime travel for 

The second measure under consideration light trucks is approximately 135 thousand 
will essentially equalize the fatality rates of miles per newly produced vehicle. These esti- 
light trucks and passenger cars. Without mates combined with the reference values for 
counting the benefits from the implementa- the size of newly produced fleets of passenger 
tion of automatic occupant restraints, the rate cars and vans yield estimates of total lifetime 
for light trucks will be reduced from 21 fatali- travel for each year’s newly produced fleets. 
ties per billion miles (baseline for light trucks) These are; 1320 and 540 billion miles of 

........... to 17 fatalities per billion miles (baseline for travel, respectively, for passenger cars and 
passenger cars). Furthermore, the implementa- light trucks and vans, for each year’s new fleet 
tion of the third measure, namely the planned in the U.S. When these exposures are corn- 
extension of automatic occupant restraints to bined with the fatality reductions per unit 
light trucks, will reduce the fatality rate for exposure, discussed above, they yield the esti- 

................ light trucks, from 10 to 10 fatalities per billion mated benefits which are 9240 and 5940 lives 
miles of travel, for the same reasons as for saved for each year’s new fleets of passenger 
passenger cars. cars and light trucks respectively, or a total of 

In summary, the implementation of the about 15~000 lives. Furthermore, the preven- 

three measures considered in this evaluation tion of 60,000 survivable but incapacitating 
comes with the expectation of a reduction in injuries (AIS 3) is estimated as an additional 
the fatality rate which is about 7 fatalities per benefit, based on the distribution of injuries 
billion miles travel of passenger cars and found in NHTSA’s National Crash Severity 
about 11 fatalities per billion miles of light Study. 
trucks and vans. The life saving benefits de- It should be noted that these benefits refer 
pend on the fatality reduction per unit expo, to each year’s new production vehicles but are 

i sure quoted above. In addition they are a accumulated over the vehicles’ lifetimes. For 
function of the projected exposure (travel) each new model year the contribution made to 
which is estimated below, the first year’s benefits is a relatively small 

The new fleet17 of 1977 model year passen, fraction. However, contributions from subse- 
ger cars in the U.S. stood at 10.8 million. The quent model years are additive and the total 
new fleet for 1977 light trucks and vans was builds up fast to the estimated total benefiti 
3.5 million. Although these numbers fluctuate 
from model year to model year, there is still a 
substantial growth, especially for light trucks MOTOR VEHICLE PROGRESS IN OTHER 
and vans. Based on trends in the last 10 years AREAS OF PUBLIC INTEREST 
the average growth rate for passenger cars is 

........ about 1.5 percent but for light trucks and In putting the safety of motor vehicles in 
vans close to 10 percent. Future growth rates perspective we have examined also progress in 
are expected to be lower. For reference pur- areas other than traffic casualties, This is es- 
poses we have assumed an annual volume of pecially necessary in view of the many and 
new model year registration, about 12 diverse interests at stake regarding motor 
million passenger cars and 4 million light vehicles in modern life. In addition to safety, 
trucks and vans, for the period of the 1980’s we have addressed, briefly but centrally, prog- 
and beyond, ress made in four other areas: fuel economy, 

A newly produced passenger car will travel environmental impact (emissions), consumer 
approximately a total of 110 thousand miles impacts and impacts on the manufacturers of 

in its lifetime. This is based on our current the vehicles under consideration. 
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Progress in fuel economy, is historically and in the last 10 years with more progress sched- 

in projection, is summarized in Figure 9 for uled to follow. 

passenger cars and light trucks. Until !974 the The following table summarizes, historical- 

fleet fuel economy of new domestic passenger ly and in projection the emission levels of new 

cars had steadily declined for a number of passenger cars in grams per mile of travel, for 

years. As seen in Figure 9, the trend was the three main pollutants: hydrocarbons 

reversed beginning in model year 1975. It is (HC), carbon monoxide (CO), and oxides of 

now technically feasible for most manufac- nitrogen (NOx). 

turers to meet the passenger car fuel economy _ 

standards mandated for the 1980’s and simul- Model year HC CO NOx 

taneously comply with established safety and Pre-68 8.7 87.0 3.5 
emissions regulations. The trend of fuel econ- 1976 1.5 15.0 3.1 
omy values for light trucks is also upward, 1979 1.5 15.0 2.0 
and that trend is expected to continue. 1980 0.41 7.0 2.0 

Motor vehicles have had a large effect on 
air quality and its influence on health and 

Post-80 0.41 3.4 1.0 

well-being of Americans. The automobile has 
in the past been a major contributor to air The projected levels are those mandated by 

pollution. Recent engine and other design im- amendments to the Clean Air Act. In addition 

provements brought about by Federally man- to the hydrocarbon emission standards shown 

dated regulatory actions have reduced the above, there has been substantial progress in 

automobile emission levels very substantially evaporative hydrocarbon losses. The level of 
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Figure 9, New vehicle fleet average fuel economy. 
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this mode of auto pollution was reduced from 
2.5 grams/mile in pre-1971 model years autos 
to 1.8 in the 1971 - 1979 period and is sched- 
uled to drop to 0.5 grams/mile or lower for _o 7000" ~                   price 

......... post-1979 model years. ~ ~’ 
~e ........ 6ooo- 

In a period of less than 15 years the z<~, 
~ 

.~ 
automobile has been removed from the list of ~ ~o 5000- 
major offenders of air quality. Similar prog- ~ ~ ~o ~: 

ress has been made for light trucks when again ~ ~ 4000- < ~ 

emissions have been reduced already, by large <ozl- 3000" Capitalized ~c~ ~.~-.z’J 

..... ......... factors, compared with pre-1968 model years 
~ ~ 

cost per mile to°°z 13 o 

and have been brought down to levels com- 

mm~ ~o 

2000 / ~- 

parable to those of passenger cars. ~ "~z 

Much progress to-date has been docu- ~ 1°°°1 ~" ~ 
Z mented here for safety, fuel conservation and 0 

air quality improvements, associated with 1960 1970 1980 
motor vehicles. More progress is under way. MODEL YEAR 
At this point the reader may wonder how 
costly all this progress has been or is; especial- Figure 10. Purchase price and capitalized cost 

ly since much of it has been achieved directly per mile of new U.S. passenger cars. 

or indirectly by regulation of new motor ve- 
hicles and "regulation" has come under seri- the fleet averaged purchase price to constant 
ous assault in recent years as unduly costly to 

1977 dollars. 
the consumer. The capitalized cost per mile is a generally 

The truth is that there is no evidence indi- useful concept21 which consolidates into a sin- 
cating that the consumer has been impacted gle measure several factors that influence the 
adversely. In fact, we find that the consumer automobile market as well as the ownership 
has enjoyed and is enjoying the benefits of and operation of automobiles, In calculating 
these and other improvements at no extra this quantity, one accounts for all costs of 
cost. The summary of this evidence is shown ownership and operation throughout the 
in Figure 10, which displays the fleet averaged economic life of the automobile. This stream 
purchase price of new passenger cars in con- of costs, including purchase, finance charges, 
stant 1977 dollars as a function of model year. repair costs, insurance, gasoline, oil, tires, 
Also displayed in the same figure is the capi- etc., is capitalized, i.e., discounted back to 
talized cost for ownership and operation of present value terms. Also discounted back to 
passenger cars in fleet averaged, constant present value is the primary benefit of the 
1977 dollars per mile. automobile ownership, namely the miles 

We have used historical data~9 of percent driven over the life of the automobile. 
registrations and purchase price of new pas- The ratio of the discounted costs over the 
senger cars in each of up to 17 market classes discounted benefits is the capitalized cost per 
and sub-classes in order to arrive at a fleet mile. The fleet average of this quantity, over 
averaged purchase price for each model year. all market classes of each model year, is plot, 
The purchase price includes base price, op, ted against model year in Figure 10. Note how 
tions as installed, plus taxes and other charges relatively stable the capitalized cost per mile 
as appropriate for the market class or subclass has remained over the last 20 years. Its rela- 
under consideration. Furthermore, we have tively slow rise in the last 10 years, in spite of a 

used the Consumer Price Index2° to normalize small decline in auto purchase cost, is primar- 
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ity due to the rapidly rising costs of such items shown below for the 1977 models of domestic- 

as repairs and maintenance, insurance, park- ally produced autos. 

ing and lately gasoline and oi!. 

The gro’ath rate of the consumer price in- Item 
Percent of 

dex of these items is ~’scandalously" high in 1977 fleet _ 

comparison with the cost of living in general, Automatic transmission 96 

transportation in general and especially in Air conditioner 82 

comparison with the price of new automoo Radio, stereo or taPe deck 93 

biles. The following table shows the average Power brakes 91 

annual growth rate for specific items in the Power steering 96 

U.S. Consumer Price Index,a° from t967 to 
Power side windows 27 

Power seats 21 
1977. 

Rear window defogger 35 

Average 

Item annual growth Most of these and other options, virtually 

rate, percent absent 20 years ago, are responsive to the 

All items 6.3 public desire and have contributed much to 

All transportation 6.1 
the sense of comfort, convenience and luxury 

New automobiles 3.7 of the American motoring public. In spite of 

Gasoline 6,8 the fact that these options are costly, for ex- 

oil 5.4 ample 25 percent or more of the base price of 

Tires 34 the automobile, they have not affected the 
Repairs and maintenance 7,6 total purchase price. Recall that the data 
Insurance 8.0 shown in Figure 10 are burdened with the cost 
Parking 7.0 of all options as installed. 

Evidently this is also part of the progress 
In summary, there is no evidence that im- made in motor vehicles and to the total credit 

provements in safety, fuel economy and envio of the manufacturers of these vehicles, which 
ronmental impacts have affected adversely the brings us to the last topic we wish to address, 

purchase price of automobiles in the last 20 namely the impact of this progress on manu- 

years~ On the contrary, the fleet averaged pur~ facturers, including the production of new 

chase price of new automobiles has remained fleets of vehicles that are safer, less polluting 
remarkably stable, if not declined, over this and reduce our dependence on foreign petro- 

period in spite of numerous product improve- leum, in addition to providing good transpor- 

ments in addition to compliance with safety, tation value to the consumer. 
fuel economy and emissions regulations. A summary of relevant data is displayed in 

New automobiles today are more popular Figure 11. The summary refers to the three 

than ever before. Fteet averaged passenger ca- major U.S. manufacturers which account for 
and performance* has over 85 percent of the motor vehicles sold for 

changed insignificantly and is projected to re~ use in the U.S. 
main relatively stable in the future, in spite of Total revenue is shown as sales in constant 
redesign pressures to achieve better fuel econo 1977 dollars. This information has been ob- 
omy. In addition, new automobiles in the rained from the annual reports of the manu, 

U.S. are purchased today with an unpreceo facturers. A strong upward trend is evident, 

dented number and frequency of options as with the exception of the well known cyclical 
downturns. Revenue has more than doubled 

*As implied by the fleet averaged engine displacement to re- 
(in constant deflated dollars) in the last fifteen 

hide weight ratio, years, in spite of the fact that these manufac- 
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1. Statistics from Federal Highway Admini, 
stration and U.S. Bureau of the Census. 

2. Statistics from Federal Highway Adrnini- 

~ stration and U.S. Bureau of the Census. 120~ 
sales 3, Travel Statistics from Federal Highway 

100t 

Administration. 
4. Fatality Statistics from U.S. Public 

~ 801 
~_ Health Service (1945- 1971), State Acci- 
z dent Summaries (1972-1974) and 

......... ~ 601 
Profitability 30 "’~: temNHTSA’s(1975-Fatal1977).Accident Reporting Sys- 

auto mfrs 

~ 401 20 5, NHTSA’s Fatal Accident Reporting Syso 

~ t 
""~-~ 

m tern, Disaggregated by Model Year. 

~ 20 .... 
- of all 10 ~ 6. R.L. Polk & CO., copyrighted. 

industries u. 
........ o 7. "Annual Miles of Automobile Travel" 

~- Rept. No. 2, Nationwide Personal Trans- 
19r60- 19~70 19’80 

YEAR portation Study, Federal Highway Ad- 
ministration 1972 (Passenger Cars). 

Figure 11. Revenueand profitability of the three 8. Annual Mileage (Passenger Cars), from 

major U.S. car manufacturers. Highway Safety Research Center, 
University of North Carolina, 1977 and 

turers sell in a virtually saturated market (see        1978. 
9. Annual Travel (Passenger Cars), from display of registered motor vehicles per 

licensed driver in figure 1) where there are Survey Research Center, Institute for 

now more motor vehicles on the road than cial Research, University of Michigan, 

....... licensed drivers. 1978. 

In addition to an excellent sales record, the 10. U.S, Department of Commerce, Census 

profitability of the auto manufacturers has of Transportation: 1972 Truck Inventory 
& Use Survey (Light Trucks Only). also been impressive. This is shown in Figure 

11, in comparison with the median profitabil- 11. NHTSA’s National Crash Severity 
Study, 1977. ity22 of all U.S. industries. The quantifier we 

are using here for profitability is, in percent, 12. "Safety Belt Effectiveness Based on Aco 

the ratio of net profit after taxes to the net cident Statistics," C; Cooke, NHTSA, 

worth, otherwise known as return on stock- March 1979. 
13. "Safety Belt Usage--Ongoing Survey of holders’ equity. It has been obtained from the 

Cars in the Population," Opinion manufacturers’ annual reports. 
The profitability of the auto industry, aver, search Corp.; for NHTSA, December 

aged over the three major manufacturers, is at 1978. 

a level above 15 percent, except for cyclical 14. "Fatality Rate Comparison, With and 

downturns, most notably in 1970 and again in Without Air Bags," C. Cooke, February 

1974 - 75, when major drops occurred in auto 1979. 

sales, precipitated by a generally unfavorable 15. "Injury & Fatality Rates for Equivalent 

economic climate in the U.S. In fact, with the Cars With and Without Air Bags," C. 
same exceptions, the profitability of the auto Cooke, NHTSA, March 1979. 
manufacturers has consistently remained wel! 161 ~’Effectiveness of Current and Future 
above the median for all U.S. industries, straint Systems in Fatal and Serious In- 
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jury Auto Crashes," D.F. Helke et al., Model, Historical Data Base, November 

Society of Automotive Engineers Paper 1978. 

790323, February 1979. 20. U.S. Department of Labor, Bureau of 

17. Ward’s Automotive Yearbook, 1978. Labor Statistics. 

18. "Automotive Fuel Economy Program," 21. "An Analysis of the Automobile 

Third Annual Report to the Congress, Market," Prepared by Wharton EFA, 

U.S. Department of Transportation, Na- Inc., for the U.S. Department of Trans- 

tional Highway Traffic Safety Admini- portation, February 1977. 

stration, Washington, D.C., January 22. Fortune, Special Annual Issues, 

1979. 1960- 1978. 

19. Wharton EFA Motor Vehicle Demand 

The Italian Govemment Presentation on Rulemaking 

DR. GIACOMO POCCI SIDE IMPACT PROTECTION 
Ministry of Transportation 
Italy This is a major problem whose seemingly 

difficult solution will have to balance conflict- 
Mr. John Furness has already outlined the ing factors. However, it should be stressed 

activities of the group of experts on vehicle that new approaches have been developed as 

construction, Working Party (WP)29 of the seen in Technical Session 3 of the confer- 

Economic Commission of Europe, Geneva, ence. The Italian proposal of using a moving 

of which I have the honor of being the chair- deformable barrier for tests in particular 

man. aroused the interest of other countries which 

Twenty-nine countries share the work of are now conducting similar research. 

WP29, and of those 29, five are non-Euro- The draft regulation that WP29 developed 
pean countries: Australia, Brazil, Japan, Can- some years ago was made obsolete by new 

ada, and the U.S. The group has developed 40 concepts and therefore was not applied. The 
technical regulations which envisage strict re- first step of the new WP29 approach will be a 
quirements covering active and passive safety; regulation covering internal fittings of pas- 

environment protection, air pollution, noise senger compartments in order to avoid occu- 

levels and radio interferences; as well as pant impacts against hard or sharp parts dur- 
criteria covering fuel consumption measure- ing side collisions. A study for a longer term 

ment, which will serve as a base for future solution to collision tests with the above men- 
studies of the fuel economy of road tioned deformable barrier is under way. 

transports. 
These regulations, which apply to mass- 

production vehicles, have been developed PEDESTRIAN PROTECTION 

with regard to the state-of-the;art and the 
results obtained from ESV and RSV pro- This problem is being studied by the WP29 

grams. Moreover, the WP29 has set up a thanks to the conscientiousness of the United 

small group (GRCS) to deal with the latest Kingdom. However, a satisfactory conclusion 

findings of RSV and ESV research in order to will not be reached for some time because of 

apply these to mass-production vehicles, the many variables involved. Nevertheless, I 

I will now address the four specific ques- must point out that many years ago WP29had 

tions posed during this session, approved regulation N.29 covering external 
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fittings which bans cuttings and sharp ex- RULEMAK~NG PLANS 
ternal parts that could aggravate pedestrian 

The WP29 program is broadly based and 
impact injuries, 

well known. A particularly important area of 

activity covers amendments to current regula- 

APPLICATION OF SAFETYSTANDARDS tions keeping pace with technical im- 

TO LIGHT TRUCKS, VANS, AND provements and utilizing the experience 

MULTIPURPOSE VEHICLES gained during the initial period of use. Also 

well known is the fact that harmonization be- 

The majority of international regulations tween European regulations and other coun- 
approved by WP29 applies to all classes of tries’ standards is under way with the support 
motor vehicles, such as those covering lights, of the U.S. Administration. 
braking, air pollution, noise levels, etc. Some In addressing issues of a different nature, 
regulations covering passive safety apply to priority is automatically given to problems of- 
passenger cars only; i.e., front and rear colli- fering the quickest solution. 
sions, seat belt anchorages, etc., because the The effectiveness date of regulations is at 
requirements are peculiar to the structural and the discretion of the country that accepts the 
geometrical characteristics of passenger cars. regulation. Depending on the case, the regula- 
Research is under way to extend their applica- tion may either replace national requirements 
tion to other vehicle classes, or be accepted as an optional akernative. 

The Japanese Govemment Presentation on Ruiemaking 

TAKASHI SHIMODAIRA First of all, I intend to describe the outline 
Deputy Director of the Safety Regulations for Road Vehicles, 
Motor Vehicles Department, Road Transport etc. in Japan, then proceed to the description 

Bureau of the situations in Japan in relation to the 
Ministry of Transport subjects provided for this Panel. 
Japan 

The number of motor vehicles in use has 
I am Takashi Shimodaira, and am in charge been increasing year after year in Japan. As of 

of the safety regulations for motor vehicles in the end of 1978, it exceeded 35 millions which 
the Ministry of Transport. is as much as 2.6 times more as compared with 

It is my great pleasure to attend this signifi- the number in 1968. In terms of classification 
cam 7th ESV International Conference and to of vehicle kinds in curren~ use, the number of 
have the opportunity of listening to the valu- passenger cars amounts to approximately 21 
able discussions by the number of dis- millions, that ofcommercialvehiclesabout 12 
tinguished people as well as to make my millions, while the number of motorcycles 
speech at this Panel Session of Government and others amounts to about 2 millions. As 
Representatives. you can see, the rate of commercial vehicles 

Taking this opportunity, I wish to express remains higher in comparison with U.S. and 
my sincere appreciation to the Government of European countries, in spite of the rapid in- 
France, the sponsor of this Conference, the crease of the number of passenger cars. 
Government of the U.S.A., the promoter of On the other hand, traffic accidents caused 
the Conference, and to other people con- by motor vehicles have been reduced year 
cerned, who have extended their utmost co- after year after the second peak in 197t that 
operation, involved 16,000 fatalities and 980 thousand 
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injuries. In 1978, the casualities were reduced Several systems are adopted in Japan to 

to 8,8C~) fatalities and 590 thousand injuries, facilitate motor vehicle operations in con- 

The rate of the reduction is, however, becom- fortuity with the Safety Regulations. Typical 

ing lower every year, and thorough traffic ac- examples are the Motor Vehicle Inspection 

cident preventive measures are strongly System, Motor Vehicle Maintenance Opera- 

desired :more than ever. tion System and Motor Vehicle Type Designa- 

As for the safety regulations for motor tion System, 

vehicles in Japan, "Safety Regulations for Let me explain these systems briefly. The 

Road Vehicles" pursuant to "Road Vehicles Motor Vehicle Inspection System requires 

Act" constitute the core of the safety regula- that every motor vehicle is subject to inspec- 

tions for the structure and equipment of tion by a national vehicle inspection station or 

motor vehicles. It is provided that no motor by a certain station designated by the govern. 

vehicle can be driven on a road unless it con- ment in order to confirm whether or not the 

forms with the Safety Regulations, and if it vehicle concerned is in conformity with the 

violates the Regulations, it may be subjected Safety Regulations, prior to the initiation of 

to some penalty, the use, and periodically thereafter--that is, 

While the Safety Regulations are standards once in every two years in case of a passenger 

requiring the compliance by motor vehicle car and once in every year in case of a truck or 

users, they also constitute provisions for bus. The Motor Vehicle Maintenance Opera- 

motor vehicle manufacturers’ standards as tion System, on the other hand, is for the 

well as motor vehicle maintenance and service authorization and upbringing of motor vehi- 

standards. Since the enactment in 1951, the cle service shops in order to ensure appro- 

Safety Regulations have been amended priate maintenance of vehicles which is vital in 

gradually over 40 times or so according to the terms of motor vehicle safety. Of these main- 

changes in the ways of motor vehicle use and tenance shops, excellent ones are to be desig- 

the technical progress, etc. Currently, the hated by the government upon application, so 

Regulations are classified separately by the that these shops are allowed to carry out the 

brakes, lighting devices, etc. including the vehicle inspection operation in place of the 

provisions on motor vehicle exhaust gas emis- government. 

sions and noises. The Motor Vehicle Type Designation Sys- 

Recent major amendments related with the tem is aimed at ensuring safe and high quality 

safety aspect of the Regulations are as manufacture of motor vehicles of mass pro- 

follows: the performance improvement of duction, and facilitating the smooth opera- 

lighting devices such as direction indicators tions of the Motor Vehicle Inspection System. 

and tail lamps, etc. in 1973; brakes perform- To be more specific, motor vehicle manufac- 

ance improvement, mandatory installation of turers are allowed to carry out the inspection 

three-points seat belts, addition of shock ab- of the motor vehicles in place of the govern- 

sorption devices for vehicle compartment in- ment in case the type of such vehicles has been 

terior equipment and others in 1974; and the designated by the Minister for Transport, and 

improvement of mirrors, addition of lighting when such vehicles are manufactured. 

devices and the improvement of bodies of In order to prevent the use of mass produc- 

large-sized trucks aimed at the prevention of tion motor vehicles having defects in safety, 

accidents against pedestrians and two- there is a recall system mandating the motor 

wheelers were revised in March, this year. vehicle manufacturer concerned to recall 

Through these amendments, efforts have motor vehicles with defects attributed to the ..... 

been made towards further improvement of design and manufacturing process to ensure 

motor vehicle safety~ the safety of motor vehicles. 
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The foregoing is the outline of safety siom so that pedestriar~s can see clearly that 
related regulations, etc. in Japan. Now, let me the vehicle will make a left mrno Thirdly, a 
comment on pedestrian protection measures provision is made for the obligatory installa- 
and the side impact protection against motor lion of a fender made of a plate or several 
vehicles. According to the statistics of motor rods between the front and rear axles so that 
vehicle accidents classified by the conditions pedestrians would not be dragged under the 
that occurred around 1976 in several coun- body of the trucks even if pedestrians should 
tries, the rate of fatalities of motor vehicle oc- be contacted by the bod y. Generally, new 
cupants against the total fatalities was roughly safety standards are usually applied to new 
35°70 in Japan, 70070 in USA, 55°70 in France vehicles, but these measures are to be applied 
and 40°70 in UK. On the other hand, the rate also to large trucks already in use. 
of fatalities of pedestrians against the total As for the vehicle side impact protection 
fatalities was 35°70 in Japan, 20% in USA, measures, no provisions have been established 
20% in France and 35°70 in UK, indicating so far in Japan, though there is or~e provision 
that the rate of fatalities of pedestrians was to prevent occupant(s) from being thrown out 
higher in Japan. Although pedestrian protec- of the body upon vehicle collision by means 
tion measures depend basically on the im- 

of a door-lock system. 
provement of roads, the betterment of safety- 

As regards the reinforcement of sides of related facilities and thorough education on 
vehicle bodies, we feel that it wilt be necessary traffic accident prevention, measures are also 

provided in the Safety Regulations. For exam- to make careful studies on the actual condi- 
tions of side impact accidents_ the effects of pie, the elimination of vehicle exterior pro- 

trusions, the provisions of shapes of rear- reinforcement of the side areas of vehicles 

mirrors, wheels, cargo boards of trucks, door- upon the reduction of the damages, and the 

handles, and bumpers, etc. Some provisions increase in vehicle weight caused by such 
measures and so on. were also made for buffering rear-mirror im- 

pacts. As mentioned earlier, distressful acci- Next, I witl explain the application of the 

dents have been occurring recently in which Safety Regulations to light trticks, vans and 

pedestrians and bicycle riders are caught by multipurpose vehicles. 

the left side of large truck bodies, then they As described earlier, the rate of commercial 
fall to the ground and are run over by the rear vehicles against the total number o f motor 
wheels when such trucks make left turns, vehicles in use is quite high in Japam Due to 
since motor vehicles run on the left side and this reason and the fact that [he purpose of 
pedestrians walk on the right side of a road, usage of such vehicles is different lrom that of 
hence the steering wheel is positioned at the passenger cars, the Safety Regulations have 
right side of vehicles. In order to prevent such been applied to nearly every type of motor 
accidents, the following measures are taken, vehicle including commercial vehicles. As £or 
Firstly, a mirror to see the area in front of the vans and special purpose vehicles for which a 
vehicle and a mirror to see the left front area clear classification is d~fficult to determine 
are to be installed in addition to a rear mirror whether they are passenge~ cars or commer- 
so that the driver can see 2m ahead and 3m cial vehicles, the application of the Regula- 
left-forward direction by direct or indirect lions is separately made according to the par- 
visibility° Secondly, another direction in- pose of usage that is, whether the vehicle 
dicator is to be installed at the center position concerned is mainly used for carrying persons 
of the side of the body, in addition to the or cargoes, or whether the structure is that of 
direction indicator already installed at the side a passenger car or that of a commercial vehi- 
of the body front unit by the obligatory provi- cleo 

953 



EXPERIMENTAL SAFETY VEHICLES 

The vehicle type classifications for the ap- made according to proper schedules based on 

plication of the Regulations are generally long-term visions instead of taking allopathic 

made by the types of vehicles such as ordinary measures. Accordingly, steps have been taken 

motor vehicles, small-sized motor vehicles, to strengthen the Safety Regulations. 

and light motor vehicles, etc. according to the Several years have passed, however, since 

length, width and height of the vehicle and the the receipt of the recommendations, thus a 

engine displacement, in addition to the classi- review study on the recommendations is being 

fication based on the usage. Furthermore, carried out by the said Council at present, as 

even for the same type of trucks or buses, the 
traffic environments have changed and the 

application of the Regulations is made technical level has been increased since then. 

separately by the loading capacity, the It is considered that future amendments of the 

number of passengers, and the overall length Safety Regulations will be basically made ac- 

of the vehicle, etc. according to the particular 
cording to the results of the review. 

purpose of the provision. It is believed that in addition to the results 

Roughly speaking, the emphasis of the of the review, followings should be taken into 

Safety Regulations is placed on the prevention full consideration upon amendments of the 

of traffic accidents and recently on the reduc- Regulations. That is, we should pay full atten- 

tion of damages upon accidents for passenger tion to the need of international harmoniza- 

cars, while further emphasis is placed on the tion of standards, regulations and test 

prevention of traffic accidents according to methods, strongly urged in recent years. Japan 

the particular vehicle type for commercial lacks in natural resources--for instance, 99% 

vehicles and buses, of the oil demands must depend on im- 

The last subject is related to the extension ports--and therefore, particularly careful at- 

and reinforcement of the Safety Regulations tention should be paid to resources and the 

in coming years. Until a few years ago, energy conservationproblem. Needless tosay, 

amendments of the Regulations were made the findings of surveys and studies currently 

according to the social needs at that time, tak- being made concerning the motor vehicle ac- 

ing technical feasibility into consideration, cidents, and the results of studies aimed at the 

However, recommendations were submitted improvement of safety should be taken into 

in 1972 by the Council for Transport Tech- full consideration as well. 

nics, an advisory body of the Minister for I have so far described the outline of the 

Transport, concerning the direction of estab- Safety Regulations in Japan and the direction 

lishing safety regulations in the future. It was of the future amendments. I will conclude my 

pointed out in the recommendations that the speech now, and thank you for your kind 

amendment of the Safety Regulations be listening. 
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Closing Remarks Thirdly, in keeping with past practice, the 
United States government will be publishing 
the proceedings of this conference, it will 

DR. R. RHOADS STEPHENSON 
clude all of the papers and major addresses Conference Technical Chairman 
from this conference. It is a big task to put all 

I have just a few comments to make and that together. The proceedings should be 

then Mr. Frybourg will close the conference, available in about four months and they will 
be sent out to all the attendees through the 

I have the honor of making several government representatives. 
announcements here at the end of the day. I am personally quite pleased with the con- 
The first is that the United States National 

tent of this conference and the volume of 
Highway Traffic Safety Administration will technical work that has gone on in the various 
be sponsoring an international fuel economy companies and laboratories and that was 
conference October 31st through November reported here. Substantial progress has been 
2nd of this year in Washington, D.C. We made in both the side impact and pedestrian 
have been in communication with the areas in particular and a number of 
representatives of the various countries, in 

advances in biomechanics. 
order to announce the conference and to 

I think we can all take pride in the work 
begin the call for papers. We will be selecting 

that has been accomplished in the three years 
session chairmen in the very near future. If 

since the last ESV Conference. There is ob- 
you wish any additional information on the 

viously work to be done, and we look forward 
conference, I refer you to Mr. Pete Shively, a 
member of my staff, who will be the organizer 

to working with you and our other colleagues. 
Finally, I would like to thank all of you for 

of the conference, coming to Paris and participating in this 
Secondly, I would like to respond to the seventh conference. We have representatives 

very kind invitation of the German govern- from industry, research laboratories of 
ment, and Professor Praxenthaler’s comment various kinds, government officials, and in- 
of the opening day, relative to the next Ex- ternational organizations. 
perimental Safety Vehicle Conference. At I would also like to thank the companies 
that time he invited us to hold the next con- that displayed their experimental vehicles, t 
ference in Germany. He and Dr. Seiffert from would also like to give my personal thanks to 
Volkswagen and I have been consulting over Mr. Shively from my staff who has been very 
the last few days and have selected October instrumental in organizing things on our end. 
21st through 24th, 1980 for the next Experi- And, of course, most importantly, I would 
menta! Safety Vehicle Conference. It will be like to thank the French government and Mr. 
held in Wellesberg, Germany. We thank the Frybourg for their very excellent preparation 
German government for inviting us to hold and conduct of this conference. It has been 
the next conference there, most successful! 

955 



EXPERIMENTAL SAFETY VEHICLES 

Closing Remarks 

MR. MICHEL FRYBOURG lisions. Ms. Claybrook, the NHTSA admini- 
Conference Chairman strator, advised us that in their 5-year plan on 

vehicle safety regulations and fuel consump- 
It is not an usual practice to introduce new tion, passenger protection will be evaluated 

elements in a closing statement. Nor is it through an overall approach that is an in- 
realistic to try to summarize such rich quality tegrated test. A similar proposal put forward 
discussions or to conclude a conference of this by France was studied at length in Geneva; it 
caliber with purely formula comments. Thus, received the support of the majority of the 
it will suffice to recall a few key phrases technical experts. Nothing, therefore, should 
spoken by eminent personalities which will hinder this regulation from being adopted 
give this 7th International Conference an quickly. In this manner the efficiency of inter- 
identity that will make it stand out in this long national discussions will be proven, and this 
process that started in 1971; it will still con- example will no doubt lead governments to 
tinue for the greatest benefit to highway safety, reduce purely national initiatives. 

Professor Ernst Fiala clearly pointed out I wish to thank all those who have contri- 
that an automobile cannot only be a safety ve- buted to the success of this conference: those 
hicle, or just one that causes little pollution, or who prepared statements and wrote docu- 
merely one that consumes less fuel; it must be ments, as well as those of you who participated 
all of these at once. If an experimental safety during the discussions. 
vehicle is only a safety vehicle, we will not see I particularly wish to mention our colleagues 
it on the streets tomorrow or the day after. who came from afar, particularly from the 
There are limitations to the safety of vehicles United States and Japan. I would also like to 
which are determined by the weight and cost thank the interpreters who broke the language 
of solutions studied. Thus, it is important to barriers that sometimes make mutual under- 
evalute priorities, based on cost-efficiency 
studies to reach well thought our regulations, 

standing difficult. 

Vehicle technology should progress on a 
I wish all of you "bon voyage" in returning 

parallel basis with accident analysis and bio- 
to your respective countries. It is only "au 

mechanics research, 
revolt" since we will meet again in Germany, 

The objective of ESV conferences is to 
I hope, when sufficient time has elapsed so 

stress all disciplines and synthesize them in 
that new and important research results may 

order to provide the necessary scientific back- 
be achieved, thus justifying the pursuit of this 

ing to those responsible for rulemaking, 
cooperation. As you know, research requires 

Mr. Joel Le Theule, the French Minister of 
time and patience. We cannot accelerate 

Transportation, reminded us that the French 
research by stepping up the number of con- 

government feels that an ongoing and con- ferences, and I would hope that a meeting will 

tinual adjustment of technical regulations 
be held after sufficient time has elapsed in 

must keep pace with advances in research and 
order to acquire new knowledge before the 

increased knowledge. In fact, of what put- meeting date for the new conference is upon 

pose would all the efforts and expenditures us. 

allocated to research be, if the results of And the time has now come to close the 7th 

research were not applied to industrial pro- International Technical Conference on 

duction as soon as possible? Experimental Safety Vehicles. I do so in 

To this end, the French government made a recognizing the honor that was bestowed 

complete proposal on rulemaking for the pro- upon me to preside at this meeting. 

tection of occupants in the case of frontal col- The meeting is adj ourned. 
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