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ABSTRACT
The United States Research Safety Vehicle Program
has beencompleted.Technical data on safetyperformance
of two RSV designsis available. These data shows that
the crash performance ofthese vehicles exceededthe performance of cars available on the market and that the
aggressivenessof these RSVs to other road users was less
than production cars. Steeringand handling performance
was not improved over production cars although some
other advanced crash avoidance features were superior.
Consumerinterestin "safe" car$was evidentin marketing
studies. Program management problems were mainly associated with the technical specification of crash avoidance requirements, the lack of resources for a full
demonstrationprogram, and the inability to transfer technology to the market place.

INTHODUCTION
The United States Research Safety Vehicle (RSV) Program has been completed with fabrication and evaluation
testing of complete RSV vehicles. Results, or products,
of this seven-yearprogram include an extensiveamount
of engineeringdata from a large number and variety of
tests, design information on materials properties and proc'
es$e$,structural and mechanieal component performance
data, and systems integration data. Participants in the
program also developedanalytical methodologiesas part
of their specification and design studies. In addition to
these technical outputs the RSV Program also compiled
data on public attitudes towards automobiles emphasizing
safety features.

This paper provides an overview of these results at the
Program level for the Minicars and Calspan RSV projects.
The evolution of the overall program plrrn and technical
goals is briefly reviewed and the two RSV designs are
summarized. Results are summarized for safety performance and design integration and the responseof the general public to the RSV designs is presented as a market
factor. Comments are offered on some of the major issues
relevant to government sponsorshipof such program$.

RSV PROGRAM
A project for an RSV-class passengercar was included
in the original U.S. Experimental SafetyVehicle Program
presentedat the First ESV Conference(l)*. Described as
an "Intermediate Sedan-3,000 pound class" the preliminary technical performance specifications for this project
were distributed in 1973 prior to the Fourth ESV Conference.At that Conferencethe overall plan was reviewed
(2) and many of the participants commentedon the specification and on the program. In the implementation of
the program many of these suggestionswere accepted and
incorporated either into the program or into one of the
specific projects. The General Motors comments, for example, on the major issue of trading off crash protection
against other design parametersand on the minor issue
of lighting sy$tems(3), were recognized and essentially
adopted.
The Program objectivescan be divided into two major
areas (Figure l). The first effort was the design and fabrication of experimental vehicles which would demonstrate improved levels of safety performance without
negativeeffectson fuel economy or emissions,and, hopefully, with some enhancement of this performance. These
vehicleswere then used to assessthe market acceptability
rNumbcm in pararthceie ut rcferenora
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Someof the underlyingphilosophyof the Programwas
that:

Develop ExperimentalVehicles To:
-

Demonstrate lmproved Safety Performance

-

l m p r o v e F u e l E c o n o m ya n d E m i s s i o n s
Performance

-

Assess Market Accaptance of Safe Cars

-

ldontify System Integration Problems

a. there should be continuousdisseminationof information from the contractorsinvolved,
b. industry should be substantiallyinvolved in order
to assistin the technologytransfer, whether voluntary or through regulation,and
c. safetywasnot viewedasa competitivesellingfeature
and unless this could be changedvoluntary improvementwas unlikely.

Test Vehicles To:
*

Acquire EngineeringData for Rulemaking

-

Guideand SupportAdded R&D

Figure1. Researchsafetyvehicleprogram-objectives.
of "safe" cars. The secondmajor objectivewas to test
thesevehiclesto acquiredata for rulemakingsupportand
to direct or assistother R&D efforts.This wasdoneboth
at the total vehicleleveland at the subsystem,/component
level (e.9., single beam headlights, soft bumpers).
Throughoutboth areas,but primarily in the development
work, a numberof systemtrade-offand integrationproblemswere identifiedand analyzed.This needto reconcile
the frequently conflicting designdemandsof improved
safety, better fuel economy,emissioncontrol, and economic feasibilityin the market placewas a key factor in
initiation of the RSV Program.

Major phasesor stagesof the Program are shown in
Figure2. Five parallelstudiesweremadein 1974to deflrne
the broad conceptsof the RSV and to further develop
first proposedby NHTSA.
the performancespecifications
As noted earlier, extensivereview of the proposedspecifications led to a number of changesin requirements.
Two contractors,Calspanand Minicars, werethen competitively selectedto proceedwith the designand development phaseand subsequentlymoved on to systems
integrationand fabrication.
Frequent reports on the Program were presentedas
shownin Figure 2. Theseconferences
werekeyedto completion of major phasesor milestones.Reference$4, 5,
and 6 presentresultsthrough the secondphaseand References7 and 8 provide the contractors'statusmidway
through the fabricationphase.
Evaluating testing beganearly in 1979 and was sup-
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Figure2. Researchsafetyvehicleprogram-activity
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Figure5. tvtinicar
RSV.
portd erteilsivelyby most of the countriesand many of
the manufacturersparticipatingin the InternationalESV
work. France, Italy, Germany, The Netherlands,the
United Kingdom, and Japan all performed significant
evaluationtestsand reportedon thesetestsbeginningwith
the SeventhInternational ESV Conferencein Paris in
June 1979.
Costs of the RSV Program incurred by the United
Statesare shown in Figure 3, Note that the total cost of
$30 million doesnot includecoststo other countriesor
the manufacturerswho participatedin the evaluationtesting phase.For comparison,the cost of the U.S. Family
SedanESV programwas $15 million,

DESIGNSUMMARY
The design features of the Minicars and Calspan/
ChryslerRSVshavebeenextensively
reportedearlier(5,
6, 7, 8, 9). Briefly, the Minicars approach,as shown in
Figure 4, was to developan all new body structure applying an innovativefabricationtechnologyof foam-filled,
thin gaugesheetmetal sectionsfor body structure.Designed from the basis of reducing societal cost from
crashes,
the designendedup at 2,550poundscurb weight
and achieved50 mph barrier crashworthines$.
Fuel economy achievedwith the modifiedHonda enginewas 29

mpg (City) and 4l mpg (Highway).The Minicar RSV iq
shownin Figure 5.
The approachfor the Calspan,/Chrysler
RSV is shown
in Figure 6. This RSV was evolvedfrom a 1976Model
Year Chrysler Simca and thereby representsa conventional, near-termState-of-Arttechnology.Extensiveuse
was madeof simulationanalysesin the structural design
process.The RSV, as shownin Figure7, weighed2,675
pounds.Major crash performancelevels achievedwere
,10mph Frontal Car-to-Carprotectionand 34 mph Side
protection.The turbochargedenginewith 5-speedgearbox
and feedbackcarburetorinstalledby Volkswagenprovided 26 mpg (City) and 42 mpg (Highway) and reduced
emissionssignificantlyover the $tandardOmni,/Horizon
engineinstallation.

PERFORMANCE
RESULTSSUM M AR Y
Nearly 60 complete RSV test vehicles of various types
were built and tested throughout all phasesof the RSV
Program. Many different types of tests were performed*
aerodynamicdrag, handling, braking, crash repairability,
low speeddamage protection, and others, as well as high-
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Figure7. CalspanRSV
speed car-to-barrier and car-to-car crash tests. Detailed
results of these tests have been reported at previous International Technical Conferences on Experimental
Safety Vehicles beginning with the Sixth. This report summarizes these results at the Program Level.

OCCUPANTPROTECTION
Both RSVs developed crashworthy structure and integrated these fitructures with automatic restraints, padding, seating systems,and other body and chassiselements
to provide safety performance as shown in Figure 8. Using
either conventional (Calspan/Chrysler) or innovative
(Minicars) technology as described earlier, these vehicles
were able to demonstrate occupant protection in various
crash modes.
Both RSV designs integrated automatic restraint $y$tems for drivers and front seat passengers.Two distinctly
different air bag designs were developed for the drivers.
The Calspan/Chrysler RSV driver restraint incorporates
a $teering wheel-mounted air bag with a pyrotechnic inflator, porous nylon bag, primary and back-up crash sen'
sors, and a dash-mounted diagnostic box. Knee blockers
are used but an active lap belt is availahle. The Minicars
RSV driver restraint system has a dual air bag configuration mounted in the steering wheel assembly. The inner
and outer bags are cylindrical and are constructed of low
permeability nylon. Venting in thesebagsis accomplished
by the fabric porosity, This sy$tem also has inflators,
primary and back-up crash sensors,and a diagnostic system. The $ystem generally works with a collapsible steering column and additional knec restraints. Satisfactory
structural integrity, controlled collapse of the front end,
and adequate energy dissipation are achieved through
proper design of the frontal structure.
It was in matching front structure performance with
restraint performance and in integration into the RSVs
that most effort was required.
The Calspan RSV system has demonstrated protection
up to 80 mph closing speed in head-on crashes against
equal weight cars. The Minicars RSV system users will

be protected in frontal impacts as severe as a 50 mph
barrier crash. Of approximately 9,500 driver fatalities that
occur anilually, in the U.S., it is estimated that almost
6,200 of thesecould be eliminated if all cars were equipped
with similar systems.
The Minicars RSV also uses a dual bag concept for
automatic passengerrestraints. Two bags separated by a
thin membrane serve as a torso and head cushioning
device. The torso bag is smaller than the head bag and
the volume and design features of each are tailored to
meet chest and head loading requirements.The system
consists of dual chamber bag, solid propellant inflator,
crash sensors, energy absorbing dash, and knee pad. In
the event of a crash the torso bag frlls very quickly and
maintains a high pressure. As the torso comes in contact
with the bag, the gas is forced irrto the bag for the head
through a vent in the membrane. Then the upper bag
inflates and retards the head as it starts to move. The
system includes passengerknee restraints.
The Calspan/Chrysler RSV usesan inflatable torso belt
systemfor passengerprotection. The belt u$e$an auxiliary
drive system to automatically positiorr the belt on the
passenger.Knee blockers or an active lap belt are used
in conjunction with the belt.
An inflatable belt distributes the crash loads on the
occupant torso over a large area thereby reducing chest
injuries. It also cushions the head and restrains occupant
forward motion. The same system functions as a conventional shoulder belt system when low-level crash forces
are encounteredas in minor accidentswhich do not deploy the air belt. A pyrotechnic inflator automatically
inflates the belt to an 8-inch-round bag during crashes.
Force limiting webbing is used on the ends of the belt to
limit the belt loads to 2,000 pounds. An advantage of this
type of system is that it is not unique for any particular
model and therefore can be used in a full line of production car models, thereby reducing costs. The air belt
is obviously more susceptible to consumer complaints
about discomfrrrt, inconvenience,and appearancethan are
air bags.
The RSV Side Impact Occupant Protection Systems

r

Dsvolopod Both Conventional and Innovative
Structures for Front. Side. Reer. end RolloverCrash
Protection

I

Demonstratsd Automatlc Protection For:
- H) MPH Car-to-Car Frontal Crerhes With
Conventional $tructures Technology
- 50 MPH Frontal Barrier Cfashes With lnnovative
Structures Technology

I

Demonstrated Car-to-Car $ide Crash Protoction at
50 MPH Closing Speeds

l| Demonstrated Reer Crash Protectlon at tl6 MPH
With Conventional Technology - No Fuel Leakage

Figure8. RSVresultssummery{ccupantprotection.
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utilize improved door structure, strengthened pillars, in'
terlocks betweenthe door and the vehicle structure, door
beams,and interior padding. The purpose of these com'
ponents is, first, to reduce the gross deformation of the
passengercompartment caused by an impacting vehicle,
and secondly, to control the impact forces on the crash
victim.
The Calspan RSV Side Structure utilizes conventional
design combined with application of high-strength ma'
terials to prevent the intrusion into the occupant compartment. Having reduced the intrusion, the occupant
impact forces are controlled by utilizing foam door trim
pads which enclosealuminum honeycomb. As the door
is moved inwards towards the occupant, the honeycomb
and padding deform to limit and control the forces imposed on the occupant.
In addition to the design featuresof the Calspan RSV,
the Minicars RSV embodiesa heightened door sill. The
purpose of this sill is to interact with a striking vehicle's
front structure, thereby reducing the magnitude of col'
lision force applied to the door itself.
The Calspan and Minicars RSV Side Impact testshave
demonstratedthat front seat dummies could survive in a
car-to-car crash at up to 50 mph closing velocities with
each vehicle traveling at 35 mph. Survival is defined as
injury measureson the dummies being less than those
required by Federal Motor Vehicle Safety Standard 208'
If all vehicles in the U.S. car fleet provided front seat
occupant protection in side impact accidentsat speedsof
50 mph, fatalities would be reduced by approximately
407o, assuming no change in the accident pattern. This
is based on an analysis of the side impact test data of the
Calspan RSV.
Rear crash protection of the Calspan RSV was gained
not only by modest strengthening of the rear structure
but also through careful redesign of the fuel tank and fuel
filler systems. The tank was strengthened and moved
forward on the vehicle and attached with wrap-around
straps. The fuel filler neck was also moved forward over
the rear wheel and out of the impact zone. These steps
were essential to reducing fuel leakage in rear impacts.
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DemonstratedTechnologyTo Reduce
PedestrianInjury Levelsat lmpact
S p e e d sU p t o 2 5 M P H

I

DemonstratedLow Speed Damage
Protectionto Struck Cars up to I MPH

t

DemonstratedTechnofogyTo Reduce
Injury Levelsof Struck Car Occupants
in Side CrashTests at 50 MPH Closing
Speeds

Figure9. RSVresults$ummary-aggressiveness.

and
towardboth pedestrians
concept,vehicleaggressivity
reduced.This front end
other vehiclesis simultaneously
designprovidesclear cut reductionof pedestrianinjuries
comparedto current front-end designs.It is also less
in low speed(lessthen l0 mph) impactswith
aggrcssive
other cars. The weight of the unit, as designedfor the
CalspanRSV, for example,is approximately35 pounds;
one half that of a conventionalbumper,grill, valance,
etc., which it replaces.
The NationalHighway Traffrc SafetyAdministration
injurieswould
hasestimatedthat up to 13,000pedestrian
fatalities
be reducedin severityand up to 340pedestrian
per year would be eliminatedif the entireU,S. car fleet
wasequippedwith soft bumpers.
reduction,of course,inHigh speedcrashaggressivity
volvesfront endstructuraldesignratherthanjust the soft
nose. In a seriesof paired car-to-cartests the RSVs
showedthe ability to reducethe level of dummy meagurementsin the car struck in the side by the RSV as
comparedto the paired car. Such benefits in reduced
aggressiveness
are, of course,gained at the expenseof
and
occupantprotectionandthe RSVdesigndevelopment
evaluationtestsprovidevaluabledata for understanding
this concept.
In the paired teststhe reductionin front seatdummy
measures
was significant.Chestand pelvicaccelerations
were reduced30 to 4OVo.Rear seat dummy measures
werenot improved,however,to the samedegreeand this
behaviorhas not yet beenexplained.

AGGRESSIVENESS
A principal requirement of all Experimental Safety Vehicle research has been the reduction of aggressiveness
toward other road users-pedestrians,bicyclists,and cars.
RSV results in this respectare summarized in Figure 9.
Low speedaggressivitytoward pedestriansor other cars
"soft nose." This
was achievedby designing a
soft nose
design developedfor the RSVs consistsof a high density
reaction injection molded (RIM) skin which enclosesa
low density foam. Engine cooling air slots are provided,
together with cut outs for headlampsand parking lamps.
The shape of the unit, and the foam properties, can be
tailored to meet specific design requirements.With this

ACCIDENTAVOIDANCE
A number of well-establishedconcepts related to accident avoidancewere integrated into the RSVs, Some of
these are noted in Figure 10. Anti-lock brake systems,
flat-proof tires, low tire pressure warning systems,and
high level rear lighting were usedbut were not specifically
evaluatedunder this program. A light-weight, singlebeam
headlight systemwas developedby CIBIE for the Calspan
RSV and was evaludtedunder a separateNHTSA proJect
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Integrated Crash Avoidance Subsystems:
- Anti-Lock Brakes
- Advanced Lighting
-

I

r

I

Designed Weight Efficient Gonventionaland
lnnovative $tructures - 2500to 27fl) Lbs.

f

ldentified Aerodynamics Benefits/Tradeoffs
- External Shapes
- Design Details: Front Dam, Mirrors,
G l a z i n g ,S p o i l e r s

I

Methodology for Systems Optimization

Conspicuity Stripes
Tires

Devoloped Radar-Activatsd Grash
Mitigation System

Figure11. RSVresultssummary-systems
integration.

ldentified lssues With Crash Avoidance
Performa nce Specifications

Figure10, RSVresultssummary-accident
avoidance.

and small external mirrors that failed to show FMVSS
compliance, in order to enhance fuel economy at the
expense of some possible degradation of safety performance,
Finally, the development of analytical methodologies
for design optimization were initiated in the RSV Program. Simulation methodologies for vehicle level and fleet
level analyses were started in the first phase of the Program and continued expansion of some of these is continuing. Other methodologies were developed for
projecting vehicle engineering characteristics and for costbenefit assessments.

(10). A radar-activated Crash Mitigation System was developed for the Minicars RSV but wa$ not extensively
evaluated beyond the design development phase.
Probably the most important contribution of the RSV
Program to Accident Avoidance was to focus attention
on the problems of crash avoidance specifications. While
the RSVs met the technical specifications for steering,
handling, and braking performance that had been proposed and accepted at the beginning ofthe Program, they
were considered by many to be inadequate in this performance category (l l). The quantiflredRSV performance
requirements were not suffrcient or complete enough to
avoid this negative judgment. Further definition of these
requirements must be made in future R&D work.

MARKETFACTORS
A summary of RSV work in the general area of market
factors-price to the consumer, safety beneflrts,and acceptance of the concepts-is given in Figure 12. Throughout all phases of the Program an attempt was made to
estimate the MSRP (Manufacturer's Suggested Retail
Price) for the RSV designs. In some cases, automatic
restraints for example, alternate price estimates were obtained from sources other than the RSV designs. As expected, the cost estimates for some systems varied by as
much as 3 to l. Obviously, the baselinefor price estimates
varied, different technological assumptions were made,
and in fact, technology has changed over the course of
the Program. Slight variations in performance could be
accepted for reduced price. In fact, simplified versions of

SYSTEMSINTEGRATION
A prominent feature of the planning for the RSV Program was thc broad objective of examining the tradeoffs
and integration demands of the various subsystems or
requirements. Indeed, early descriptions of the Program
focused on the so-called "S38" concept of balancing
.9afety, E'nergy conservation, Environmental protection,
and ,Economy of purchase and operation for the con$umer. The principal focus of these efforts became the
development of weight effrcient body structures using
either conventional production processeswith new applications of materials, or the development of the innovative Minicars structure. Very limited engine,drive line,
and emissionscontrol development was carried out in this
Program and so the tradeoffs and integration were limited
to packaging the various power plant components and
subsystems.
Some other integration efforts were made on Safety,/
Fuel Economy issuesas shown in Figure 11.Aerodynamic
tests were carried out on the RSVs not only to explore
external shapes but also to investigate specific details of
front dams, external mirror size and shape, wheel coverg
and wheel parts, etc. It was on the basis of such data for
example, that decisions were made to use headlight covers

I

Estlmat€d MSRP for FSV Designr
-

I

Estimated Craehworthiness Benefite
-

I

Range of Price Estimates
Evolving Technology (Materials, Deeignrl

Evaluation Technology lDummy, Test Modesl

AsE€sBod Gonsumer Reaction to RSV Concepts
-

Market Research (Focus Groups)

-

$afety Valusd at $ill0 to $15{Xl

Figure12. RSVresultssummary-market
factors.
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such RSV concepts as side door interlocks and secondary
hood latches are now appearing in production cars.
Similarly, various estimates of crash benefits were
made. These are obviously heavily dependentor the human surrogatesand test modesutilized in the evaluations.
The improved designsfor dummies now being utilized in
side crasheswould probably alter both the RSV designs
and the anticipated benefits. It is NHTSA's judgment
that substantialreductionsoffatalities and seriousinjuries
could be achievedwith RSV-type structuresand restraint/
padding sy$tems.
The RSVs were widely exhibited to the general public
and to technical audiences,Media interest was high and,
in fact, TV and magazines are still reporting on the Program. Public responsecovered a wide range of issues
ranging from technical details to practical considerations
of ownership to the philosophy of U.S. Government sponsorship of such program$. While classificationof the responses is diffrcult, they signify a broad interest in
highway safety and 957o of respondents who commented
on market availability indicated a desireto purchasesuch
safecars. Such responseobviously correlatesclosely with
expectedprice.
A more concentrated marketing sufvey was made with
the Minicars RSV using focus group discussions(lZ).
Twenty-three such groups were assembledin l0 cities
across the U.S. While results are not statistically valid
the research did show an increasedvalue ofsafety features
after some education on automobile safety performance.
Price and fuel economy(the study wa$conductedin 1980)
were the strongestfactors in purchasedecisions.
A conclusion might well b€ that consumersare much
less informed on safety than on fuel economy, comfort,
or styling and that increased awareness of safety could
alter these priorities.

PROGRAM
MANAGEMENT
Finally, a number of program management issues became apparent during the eight-year span of the program.
These are listed on Figure 13. One major issue was the
incompatibility of goals and objectiveswith the resources
available,and the variation in someobjectiveswith changing administrations. Funding and schedule$were clearly
not compatible with the ambitious goals for emissionsand
fuel economy performance.
Similarly, as the emphasis changed from one of technical evaluationofadvanced safetyconceptsto total demonstration, resourceswere insufficient. For example, a
major problem in the Calspan/Chrysler RSV acrive safery
or handling performance was the "cramped" driver environment. This occurred because resources were not
availableto widen the baseSimcawhen side crashpadding
protection was added and the interior spacewas reduced.
RSV design reviews were lacking in two important
areas, There was insuffrcient emphasis on production

o

Amhitious Goals, Objectives
Fuef Economy, EmissionsGoals
- Demonstration vs Evaluation
InadequateResources

t

InadequateDesign Assessments
Production Technology
- Operational Requirements

t

Wide Disseminationof Information
- Technical Conferences
Media

I

lnadequateTechnology Transfer

Figure13. RSVresultssummary-program
management.
technology projected by the RSV designersand there was
a failure to explore necessaryparallel changes in opera,
tional requirementsfor such things or licenseplates, tax
or inspection stickers. The soft front bumpers and modified windshields would necessitatechanges that, while
consideredfeasible,were not explored or widely recognized and acknowledged.
These deficiencies in design reviews were partly overcome, however, by the frequent wide dissemination of
program information to the technical community. In the
U.S. the SAE included paperson the RSVs and technical
displaysin almost all of their national meetingsfrom 1976
through 1980. Internationally, the ESV conferencesand
displayscontinued to provide the meansfor technicaldata
exchange.General disseminationof data to the nontechnical public in the U.S. has been discussed earlier.
And, finally, a disappointment of the RSV Program
Management has been the inability to transfer the technical results either to the market place or even to the
NHTSA rulemaking engineers.Only one element unique
to the RSV design-the St. Gobain "Securiflex" (TM)
windshield-has been considered for rulemaking action.
None of the fuel economy/safety tradeoff issues (e.g.,
headlight covers, external mirrors) are being considered
for change.Utilization of the vast amount of engineering
data has been minimal.

CONCLUSION
The RSV Programwasresponsible
for acquiringa great
deal of technicaldata on the safetyperformanceof completeintegratedvehiclesin a wide rangeof crashconditions. The crash performanceof these test vehicles
exceeded
the performanceof carsavailableon the market.
Similarly,the aggressiveness
of theseRSVsto other road
users--*carsand pedestrians-was less than production
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5. *'A Status Report on the Calspan,/ChryslerRSV,"
Dr. Patrick M. Miller, Report on the Sixth International Technical Conference on Experimental
SafetyVehicles,October1976.
6. "A Summaryof the MinicarsRSV Program,"Donald E. Struble, Report on the Sixth International
TechnicalConferenceon ExperimentalSafetyVehicles,October1976.
7. "Status Report on Minicars ResearchSafetyVehicle,n'Dr. DonaldStruble,Reporton the SeventhInternational Technical Conferenceon Experimental
SafetyVehicles,June 1979.
"status Reporton Calspan,/Chrysler
ResearchSafety
Vehicle," G. J. Fabian and G. Frig, Report on the
SeventhInternational TechnicalConferenceon ExperimentalSafetyVehicles,June 1979.
9. "The Minicars ResearchSafetyVehicle," D. Friedman, Report on the Eighth InternationalTechnical
Conferenceon ExperimentalSafetyVehicles,October
1980.
Head10."Evaluationof the Feasibilityof a Single-Beam
December1979.
lightingSystem,"DOT-HS-805-219,
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the MinicarsRSV," Dr. A. Zomotor,Reporton the
Eighth International Technical Conferenceon ExperimentalSafetyVehicles,October 1980,
of RSV Features,"DOT-HSt2. "ConsumerAcceptance
805-454.June 1980.

cars. Crash avoidanceperformancewas not improved
over productioncarsand in someaspectswasconsidered
Iesssatisfactory.In the U.S. there would appearto be
someconsumerdemandfor "safe" cars as determined
with the RSVs.Transferof
through market a$sessments
improvedsafetytechnologyto productioncarsis not being
accomplished.
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MinicarsRSV:Resultsof Angled Barrier and Headformlmpact Tests and a
Comparisonwith Those of the CalspanRSVand GhryslerAlpine
S. P. F. PETTY
Transportand RoadResearchLaboratory
ABSTRACT
A Minicars RSV was impacted into a 30'wood-faced
angled barrier at a speed of 60 km/h and subsequently
its interior was impact tested using a free flight headform.
The results of these tests are compared with those from
similar tests on the Calspan RSV and a Chrysler Alpine
car which was the baselineproduction car used to develop
the Calspan RSV. All the tests were carried out at MIRA.
In the angled barrier test the Minicars RSV met the
requirement of ECE Regulation 33 with regard to oc'
cupant survival space.There were two Patt 572 dummies
in the front seats.Despite a delay in the deployment of
the drivers airbag, all the dummy acceleration and femur
loads complied with the requirements of FMVSS 208'
The car met the full system integrity requirement of

FMVSS 301 with regard to the 30'angled barrier impact
but failed to meet the static rollover requirements because
of a minor design error in the fuel filler.
The headform test$ showed the need for more protection in secondary vehicle impacts when the occupants are
not fully restrained.
The comparison of the results from the different cars
showed an improvement in survival spaceand occupant
injury criteria of the RSV designs over the production
car.

INTRODUCTION
This is a report of a frontal angledbarrier crash test
of the Minicars ResearchSafetyVehicle (RSV) (Ref l)
followed by a seriesof interior headformimpacts.The
tests were carried out at the Motor Industry Research
Association(MIRA) (ProjectofftcersMessrs.B F Smith
and K Clemo)upon instructionsfrom the Transportand
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Road ResearchLaboratory (TRRL). The tests are part
of the continuingco-operation
betweenthe USA and the
UK in the field of vehiclesafety.
The testing procedureswere similar to those usedfor
the Calspan/ChryslerRSV test (Ref 2). The resultsof
the two sets of RSV t€sts and those from a standard
ChryslerAlpine upon which the CalspanRSV designwas
basedare comparedand highlight someof the differences
in designconceptri.
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Object
To assess
the performanceof the Minicars RSV in the
context of crashworthiness,with particular attention
being paid to occupant protection. Detailed objectives
were:
a) To subjectthe Minicars RSV to a 60 km/h, 30"
angledwood-facedbarrier crashtest, primarily to
check its performancewith regard to FMVSS 208
occupantprotectionand FMVSS301fuel integrity.
b) To measurethe noise generatedby the airbagsof
the passiverestraintsystem$.
c) To subjectthe front of the Minicars RSV passenger
compartmentto impactsby an instrumentedaluminium headformand analyseto FMVSS208with
regard to the head injury criteria.
d) To comparethe resultswith the CalspanRSV and
ChryslerAlpine tests.

The Test Vehicle
The test vehicle was a Minicars Research Safety Vehicle, (Fig l) and was identified by the figures M5-10.
The vehicle structure consisted of a frame that was built
of large thin-walled box sections, most of which were
foam filled. The outer skin was manufactured from a nonreinforced plastic, except for the luggage compartment
lid and its surrounding panel, which were manufactured
from glass-reinforcedplastic, (GRP). Some of the inner
wing weathercoverswere also producedfrom a thirr GRP.
Minicars have aimed at providing for the needs of pedestrian safety and the reduction of low speed impact
vehicle damage.To achievethis both the front and rear
bumpers had been manufactured from urethane foam covered with a soft plastic skin. Access to the passenger
compartment was by means of two gull wing doors that
were hinged at the roof line. To allow the doors to reinforce the structures during a frontal impact, loads were
transmitted between the door and the frame by location
pins attached to the front and rear of the doors, which
picked up on striker plates on the A-post and B-post.
The vehicle had a rear-mounted engine and transmission unit, giving rear-wheeldrive. The road wheels were
fitted with Dunlop Denova run flat tyres, that were inflated to 2.07 bar (30 psi) for the front wheels and 2.41
bar (35 psi) for the rear wheels.There was no sparewheel
supplied with the vehicle. The windshield was of the
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Figure 1. The vehicle on arrivalfor testing.

laminated type, and was honded to the vehicle. The fuel
storage tank was located inside the central spinal box
section, just forward of the rear seats.
The driver's side restraint system incorporated a steering-wheel mounted airbag that consisted of non-porous
nylon bag vented into the outer bag. The inner bag was
inflated by a sodium azide squib. AIso, the system incorporated a urethane foam energy-absorbing knee bolster. The front pa$sengerrestrainssystem incorporated a
double non-porou$airbag. The lower bag was vented into
the upper bag, which in turn was vented to the atmosphere
by two 62.5 mm diameter holes. The bags were inflated
by a sodium azide inflator. Again a urethane foam energyabsorbingknee bolster was used.Both thesesystemswere
activated by three parallel crash sensor$,two of which
were mounted on the port and starboardsidesat the front
of the body structure, and one on the top of the left front
suspensionstrut tower. The system also incorporated a
diagnostic box to warn of any malfunction iu the squib
firing circuitry. In addition to the primary crash sensors
a contact switch was located on the bumper blade at the
point of first contact. This switch, combined with an
electronic time delay circuit, was built and installed by
MIRA staff to activate the restraint system in event of
the primary system not flrring.

VehiclePreparation
The vehicle was painted in contrasting colours to assist
in the analysis of the high speed colour films. Markers
250 mm apart, were fixed along the side of the body at
the waist line and along the bonnet and roof on the vehicle
centre line. Before the test the vehicle was drained of all
fluids and, in compliance with FMVSS 301, the petrol
tank was completely filled with 32 litres of stoddard solvent fuel substitute; then 5To was removed leaving 30.4
litres. The vehicle was fitted with contact event switches
and 23 unbonded accelerometers.The vehicle complete
with onboard camera and two 50th percentile dummies

i
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Figure3. The microphoneinstallation.

Figure2. Portsideof the vehiclepre-test.

in the front seatswasweighedbeforethe test (Fig 2). The
loadson the wheelswere:
Port front
295 kg (651 lb)
Port rear
363 kg (800 lb)
Starboardfront
298 kg (657 lb)
Starboardrear
372 kg (820 Ib)
This givesa total of 1328kg (2929lb) distributedwith
457oon the front wheels.
Before the crash test the front seatswere put in their
most rearward latched position and an SAE three-dimensionalseatdeflectionmanikin was usedto determine
the front seatH-point, so that ECE 33 pre-testdimensions
could be taken. Then the seatswere repositionedto the
instructionsof MinicarsInc.,ReportNo. 5010FI (Checkout proceduresin RSV Frontal Impact Crash Testing,
Figures3-l and 3-2),and left in this positionfor the crash
test.

BARRIERIMPACTTEST
Test Method

out on the recorded signals.The pressurewaveform versus
time was plotted to show the instantaneous peak pressure
measured during the crash test. Rcpeated analysis showed
that the essential detail of the waveform was obtained
with a bandwidth of 6.4 kHz. The frequency content of
the signature was obtained in octave bands from 2.5 Hz
to l0 kHz using a Gen-rad 1995 integrating real time
analyser set to "max hold." The "max hold" facility enables a $pectrum to be obtained of the maximum level
(with a time constant of 0. 125 s) in each octave band over
the record length. It should be noted that the sum ofthe
octave band levels will generally exceed that of the maximum overall level because the maxima in the octave
bands do not occur at the same time as the overall maximum.
Two FMVSS Part 572 dummies fitted with additional
back up accelerometers in the head and chest were installed in the front seats following the procedures as defined in FMVSS 208 (Figs 4 and 5).
At the request of Minicars Inc., a squib firing circuit
was flrtted as backup to the existing air bag inertia switch

Using the MIRA linear induction motor crash facility
the vehicle was impacted into a steel barrier set at 50'to
the vehicles axis of motion and faced with a sheet of 20
mm plywood. The vehicle's and the dummies' instrumentation was to SAE Recommended Practice J2l1a.
Fourteen high speed cameras were used to give colour
fllm coverage of the impact.
Noise measurements were recorded during the impact
to determine the noise level generated during the inflation
of the restraint systems. For this purpose two condenser
microphones,Type 4136, mounted in a foam block were
flrxed to the rear of the drivers seat head rest. The microphones were positioned so as to be adjacent to the
driver's ears (Fig 3). The signal from each microphone
was fed to an FM tape recorder via two channels with
gains differing by 20 dB. This ensured a high signal to
noise ratio for the test. Two forms of analysis were carried

Figure4. Starboard
dummypre-test
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Figure5. Portdummypre-test.

n,

circuit. The requirement was for squib firing current to
be providedby the circuit 15 ms aftcr impact.
The barriertest wasfollowedby a staticrollovertest.
The vehiclewas rotated on its longitudinal axis to each
succes$ive
incrementof 90"(Fig 6).

Figure6. The vehicleinstalledin the static rolloverrig in the
second incrementposition.

Test Results
The vehiclespecdjust prior to impact was measured
to be 60.3km,/h.The positionof the vehicleafterthe test
is showedin the diagrambelowand in Figure7.

The laminatedwindshieldthat was bondedto the vehicle was lfi)7o retained,but examinationshowedthat
thereweresomecracksthat radiatedfrom the lower edge
immediatelybehindthe port sideair intake.This appeared
to be due to being hit from the inside by the left hand
front corner of the dashboardinstrumentconsole.
Both of the gull wing doors remainedclosedand unlockedduring the impact.The starboarddoor could be
openedby using the normal force requiredfor this operation.The port door catchreleasedby usingthe normal
force,but the door waspartiallyjammedby the overlap-

The VehicleStructure

r,.,r-...-7 gV,

A measurementof the static crush showeda shortening
of 235 mm on the starboard side and ll35 mm nn the
port side. These dimensions were taken from the metalwork as there was some considerable recovery of the
urethane foam front of the vehicle.
The wheel basehad lengthenedby 14 mm on the starboard side and shortened by 262 mm on the port side.
This was due mainly to the displacement of the front
wheels. The rear wheels were still free to rotate.

F-
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Figure7. Portsideof the vehiclepost-test.
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ping of the rear edge of the front wing. However, the
door could be forced open by using a snatch force to
overcome the resistance of the obstruction.
Before the test it was thought that the fire extinguisher
might break from its hxing and fly into the front pasrienger
compartment during the impact. The first precaution was
to have it weighed and then discharged and re-filled with
water until it was back to its original weight. It was then
anchored to one ofthe rear seat belt anchorage points by
a cord with 200 mm of slack, so a$ to allow the fire
exlinguisher to break free if it was going to, but then to
restrain it from entering the front passengercompartment.
However, the fire extinguisher did not leave its fixing
during the impact, and therefore did not present a hazard
to the front seat occupants.
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Figure9. Resultant
acceleration
of thebaseof thestarboard
A-post.

The Passenger
Compartment
the requirementsand the results are shown as part of
Table I which comparesthe vehiclemeasurements
of the
threecarste$ted.The figuresshowthat the MinicarsRSV
meetsthe requirementsof ECE Regulation33 with regard
to front occupantsurvival space.

Both front seats were retained in position during the
impact, and their displacement mechanisms were still operational after the test.
The resultant accelerations at the base of the port and
starboard A-posts are shown in Figures I and 9 as examples of vehicle accelerometer outputs.
The survival space that remained available in the passenger compartment could be assessedagainst the requirementsof the proposedECE Regulation 33, although
the test was an angled barrier impact and performed at
a higher impact speed. The regulation specifies the minimum dimensions of the passenger compartment which
must remain after a 48.3 km/h perpendicular frontal barrier impact. Paragraph 5.2 of the regulation relates to the
horizontal distance between the R-point and the instrument panel; paragraph 5.3 relates to the horizontal distance (through the brake pedal) between the front of the
passengercompartment and the R-point; paragraph 5.4
relates to the width of the footwell (through the brake
pedal); and paragraph 5.5 relates to the floor to roof
dimensions through the R-point. The numerical values of

DummyAnalysis
The signals from the transducers in the dummies'
heads, chests, and femurs were analyzed to the requirements of FMVSS 208. The analysis results are given in
Table 2 and Figures 10 to 17 and show that both dummies
pass the requirementsof FMVSS 208. It should also be
noted that the femur loads pass the levels as defined in
Reference 3 (12 kN may not be exceeded,10 kN may
not be exceeded except for duration of less than 3 ms,
and 7 kN may not be exceeded except for durations of
less than l0 ms).
The head of each dummy in the Minicars RSV was
fitted with a chamois leather mask, so as to assessany
laceratiorrs that might occur in the test. The masks were
painted just prior to impact, the left sides red and the
right sides blue. This was to give witness to any head
contact during the test. The post-test examination showed
that there was no evidenceof lacerationson either of the
masks. The paint witness showed that both headsmade
contact with the airbags only. The driver's mask showed
evidence of the steering wheel airbag rotating clockwise
during the head contact which is confirmed by the high
speed flrlms, and the post-test position of the steering
wheel. During the impact both dummies slid to the left
of the centrelineof their airbags,the driver sliding towards
the A-post and the passengersliding toward$ the space
between the two airbag systems. The post-test examination found the driver dummy back in its seat more or
less in its normal sitting position with the passenger
dummy leaning towards the driver, shoulder to shoulder
but with the passengerdummy slightly forward.
The impulse to the drivers head at 122.5 ms as shown
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Figure 8. Resultantacceleration
ol the base of the port

A-post.
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Table1. RSVandChrysler
AlpineVehicleResults.
Vehicte

Mlnicars
RSV
2 1 . .18 1
60.3
1328
45
Port
.
30'
Driver
11 3 5
235
100
0
474
' 8 .

Calspan
ChryslerFISV

None

None

200 ml/min
(seetext)

1ml/min
fromfuel
fillercap

Test date
lmpactspeed
km/h
Test weight
kg
o/ofront
Weightdistribution
Steeringwheelside
Barrierface angle
Sideof firstcontact
Staticcrush.driver'sside
mm
Staticcrush.passenger's
side
mm
Flebound
driver'sside
mm
Reboundpassenger's
side
mm
Lateraldisplacement
of the centreof m m
gravity
Finalyawattitude(fromoriginalllneof
travel)
Fuelleakageduringimpact

10.7.80
60.3
1436
55
Port
30"
Driver
800
60
150
0
825

Ghrysler
Aloine
14.2.77
59.4
11 8 8
56.4
Starboard
30"
Driver
900
115
380
0
135

20'

1z'

'
Fuelleakageduringstaticroll

ECEFleoulation
33 SurvivalSpace
Parameter

Position
5.2 Instrumentpanel
m
m
Driver
>450
to R-point'
)assenger
5.3 Frontof compartmenl> 650 mm f river
to R-point*
)assenoer
5.4 Width of footwell
> 250 mm lriver
rassenger
5.5 Floor to roof height
)river
<106/a
reduction lassenger
Flonrriramanl

10 ml/min
from fuel
tank filler
tube
Not rolled

Pre-test Post-test Pre-test Post-test Pre-test Post-test
560
590

1118
1120
480
480
1210
1210

550
590
1115
1120

462
460

460
480

521
521

390
490

950
940

822
940

475
480

705
705
1972
1970

690
750

1003
991
597
597
1041
1041

630
935
0
5S8

1205
1215

1970
1970

984
1027

'No R-point was sp€cifigd for the FISV
vehicles, so the pre,test H-points wero us€d.

in Figure l0 was entirely from the head vertical
accelerometer. At this moment the head was nearly horizontal and the top of the head was in the steeringwheel
airbag near the wheel structure. There was no evidence
of wheel deformation due to a head impact. The chest
accelerometers showed no impulse at this time but the
pelvis lateral accelerometer had a pulse of over 100 g for
20 ms. The exact dummy kinematics cannot be determined. It is possiblethat the dummy while rotating round
the partially inflated airbag with its knees held by the
foam restraints started to slide sideways out of the seat
and was hit back by an impulse from the door padding.

AirbagDeployment
Airbag fltringtime evidencewasprovidedby two elec'
tronic circuits,one monitoringthe current in the squib
circuit at a point insidethe primary systemdiagnostic
box, and one monitoringthe voltageoutput of the sec-
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ondary (back-up) system. The signals showed that the
primary system gave a current approximately 0.001 s in
duration of 6 a at 0.017 s after first contact and this
coincidedwith the film evidenceof the start of deployment
of the passenger'sairbag. The primary system then gave
a current approximately 0.003 s in duration of 2 a at
0.045 s after the first contact and this coincided with the
deployment of the driver's airbag. It appears from film
evidencethat the driver's airbag was not fully deployed
at the time of the dummy making contact with it, which
was due to the delay in the start of deployment. This
delay is also evident in the difference in the times of the
deceleration of the two dummies after the start of the
impact. Thc secondary (back-up) $ystem showed that a
voltage was switched to the squib circuit at 0.07 s after
first contact, but at this time both squibs had already
been fired by the primary system. Therefore, the secondary @ack-up) systemwas not involved in the firing of the
squibs. After consultation with the Engineering Staff of

SAFETYVEHICLES
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Table 2. FISVand ChryslerAlpine Dummy Flesults.

Typeof dummy
Head
HICover250 m sec.
HICduringcontact
GaddSl.
Chest
Sl over 250 m sec.
over3 m sec.
Acceleration
Timeover60 g.

ChryslerAlpine
Minicars
CalspanChrysler
Normal
HSV
HSV
Criteria
to
FMVSS
Driver Passenqer Driver Passenger Driver Passenger
208
OPAT
OPAT
Part572 Peil 572 Part 572 Part572 Part 572
665
665
881

1744
1697
2279

402

463

315

51.5
0

44.5
0

55
0.001

40
0

33.3

54.3

4g

83

44

6.32
8.52

3.48
4.55

8.84
5.72

3.54
5.75

2.7
1.8*

133.5

36

67.3

67.8

54

55

Airbag
No lap
belt

Airbag
Airbag

Airbag
Airbag

8.4
No lap
belt

4.8
4.4

7.3
8.4

69
0,062

35
0.037

109
0.06

49
0.05s

175
0.062

44
0.057

<1000
< 1000
< 1000

638
638+
745

222
222+
278

591
289
289+ No contact
813
341

<'1000

367

177

488

46
0

35
0

48.5

<Bo g.
> 0.003
t""

Peakg.
Femursload
Left (kN)
Right(kN)
Pelvisresultantecceleration
Seatbelt loads
Shoulder(kN)
Lap (kN)
Peakresultant**
at A-postg.
Acceleration
Time

2250lbf
(10kN)

0.6
2.9

+ Contect with airbag.
'1.8 kN was measuredjust priorto the load cell being demeg€d.
'* Filteredat 180 Hz,

"that
the driver's inflator
Minicars Inc., they conclude
did indeed receive current at the same time as the pas$enger'fi inflator, but that due to some inflator malfunction, the gas generator did not ignite until 0.03 second
later." The post-test examination of the airbags revealed
a small hole burnt in the passengerside airbag, approximately two cm. long and one cm wide. This would have
had no significant effect on the restraint performance of
the airbag as this hole is small compared with the airbag
vent hole. However, the hot material that causedthe burn
could injure the passenger,and may present a fire hazard.

FuelIntegrity
with regard to the requireThe vehicle was assessed
ments of FMVSS 301 in the 30' angled frontal barrier
impact. The requirementsof this standardare intended
to apply to lower speedsof up to 48.3 km/h. The fuel
spillageratesallowedby the standardare I oz. by weight
from impact until cessationof motion and a total of 5
oz. by weight in the 5-min. period following cessationof
motion. For the subsequent25-min. period fuel spillage

during any l-min. interval shall not exceed I oz. by
weight. The post-test examination showed that there was
no fuel spillage during or after the impact.
The crash test was followed by a static rollover test as
speciflredin FMVSS 301; the vehicle was rotated on its
longitudinal axis to each successiveincrement of 90'. The
vehicle was rotated first in the anti-clockwise direction
looking from the front, which was with the fuel filler pipe
down first. Immediately the fuel level was raised above
the fuel filler pipe, fuel started leaking at a rate of 200
ml per minute (5.25 oz.), which exceededthe limit set in
this standard.
At this point it was decided to abandon the test. On
examination it was found that the leak was due to an
inadequate seal between the metal fuel frller neck and the
flexible rubber hose that leads to the fuel tank. The rubber
hose wa$ of the type that has a steel wire reinforcing
wrapped spirally around its outer surface; this caused the
inner seal to have a spiral indent, which made it diffrcult
to make a good seal. First of all, the hose clip around
this joint was tightened, but this did not stop the leak. It
should be pointed out at this stage that when the fuel
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Figure 12. Axial force in the driver's left femur.
Figure 16. Axial force in the passenger'sleft femur.
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Figure 13. Axial force in the driver's right femur.

Figure 17. Axial force in the passenger'sright femur.
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Figure21. Maximumoctave band sound pressurelevelsoc_
curringduring first 1S0 ms after impact (0.125 s
time constant) right hand microphone.

filler pipe was below the level of the fuel, there were no
fuel leaks from the filler cap or its interface with the filler
neck, only from the connection ofthe rubber hose to the
filler neck. It was then decided to insert a rubber bung
into the end of the rubber hose and retest. In this repeat
test there were no fuel leaks. The test was also carried
out in the opposite direction of rotation and again there
were no fuel leaks. Therefore if a better seal can be made
at the fuel filler neck to the rubber hose connection. the
vehicle would meet the requirements of the standard in
this crash test mode.

NoiseMeasurements
The soundpressurelevelsare shownin Figures18and
19, the resultsof the octaveband analysisare shown in
Figures 20 and 21, and the 'A'-weighted octave band
levelsare shownin Figures22 and,23.The instantaneous
positivepeakpressureof 1940Pa for the left sideofthe
driver'sheadand 2040Pa for the right sideof the driver's
head is equivalentto an instantaneoussoundpressureof

Figure19. Pressurevs time: microphoneon right side ol
driver head position.
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Figure22. Maximum'A'-weighted
octaveband levelsoccurringduringfirst 1S0ms afterimpact(0.125s
timeconstant)left hEndmicrophone,

Figure20. Maximum
octavebandsoundpressure
levelsoccuringduringlirst 150 ms afterimpact(0.125s
time constant)left hand microphone.
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accelerometersaligned with the impact direction and two
other mutually perpendicular axes.This was fired at the
impact point by a pneumatic launcher. The system incorporatestwo major advancesover the normal ECE 2l
pendulum test in matching more closely the conditions
of a real accident:
l) The headform is capable of absorbing energy in rotation as well as translation when a glancing impact
is made. A pendulum mounted headform is capable
of absorbing energy only in translation.
2) The test is performed on a whole vehicleincorporating
the damage resulting from the impact test, whereas
the ECE 2l is normally conducted on segmentscut
from an undamagedcar.
The impact speedof the headform was 6.7 m,/secand
the impacts were aimed either in a direction originating
from the area of the front seat occupants' heads for the
header rail and upper facia or in a longitudinal direction
for the lower facia tests. The signals were filtered to
Channel Class 1000to SAE Jzllb.
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'A'-weighted
octaveband levelsocFigure23. Maximum
curringduringfirst150ms afterimpact(0.125s
timeconstant)righthandmicrophone.
159.7dB and 160 dB respectively.The figures w€f,crrF
corded with all of the windowsclosed.
This resultcanbe comparedwith the over-ridinglimit
of 150 dB of an instantaneoussound pressurein an impulsenoiseas quotedin the U.K. Codeof Practicefor
reducing the exposureof employed personsto noi$e.
(Ref 4).

HeadformlmpactTest Flesults
The results of the tests are given as part of Table 3 the
severity of the headform acceleration being expressedin
terms of the peak magnitude of the Resultant Acceleration
vector, the Gadd Severity Index, and the Head Injury
Criteria. The points impacted are given in Figure 24 and
may be divided into two groups. The first group are
contactable in the initial or primary vehicle impact' Examples of this are the upper surface and underside of the
facia which generally give rise to impacts of low severity
as a result of their energy-absorbing characteristics. The
second group are protected by the airbags during the
primary impact but then might be contacted in a secondary vehicle impact when the airbag has deflated.
In some cases,the latter produce more severe accel-

IMPACTTESTS
HEADFORM
Test Method
The crash test was followed by a series of impact tests
on the interior surface, using a modified form of the test
specified in Annex 4 of Regulation ECE 2l (Procedure
for testing energy-dissipating materials). These tests were
conductedat 14 specifiedpoints on the vehicle,distributed
over the upper and lower facias, the header rail, and the
windscreenpillars. The impact tests were carried out using an unrestrained spherical headform containing three

Table3. Headformimpacttests-impact speed6.7 metres/sec(15 mile/h)
lmpact Position
(Fiqure24)
A
B
C
D
E
F
G
H
I
J
K
L
M
N
Belt anchoraqe

Peak o
275
46
34
33
59
170
1'12
30
123
24
'114/221
89
27
44

MinicarsRSV
Gadd Sl
1134
178
95
61
111

Hrc
893
157
87
51
79
820
354
76
369
53
378/339
344
4'l
103

s61
423
83
440
5S
467/376
372
48
112

CalsoanRSV
Peak o
Gadd Sl
161
47
206
59
321
45
141
40

ChryslerAlpine
Peak o

Gadd Sl

94
57
47
88

100
140
252

61
79

227
305

61

s8

176
239

58

210

58

151

T

T

576
1621

63
104

167
235

,T
192
524

* The second figure referr to e s€condery impsct of tho hoadform on th€ inside of ttr€ windscreen,which it struck in fobounding from th€ impact point.
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Figure24. Headformimpact positioncode.

erationsof the headfortn,as for exampleat point A (see
Fig 25), wherethe edgeof the airbagcontainerlies inside
the faciacoveringmaterial,and at point F nearthe centre
of the headerrail. Someimpact areasresultedin sharp
fragmentsof materialbeingproducedwhich could cause
lacerationsto an occupant.This occurred at points D
and E on the instrumentpaneland to a limited extentat
point C on the centreconsole.

DISCUSSION
The MinicarsRSV CrashTest
The RSV impactedthe 30'wood facedangledbarrier
at a speedof 60.3 km/h. The driver's (port) side of the
vehiclemadefirst contact.
The vehicle structure met the intrusion requirements
of ECE Regulation 33 with regard to front occupant
survival space.
Two Part 572 dummieswere positionedin the front
seats.Analysis of the signalsfrom the dummy instru'

mentation showed that they met the requirementsof
FMVSS 208.
Both the restraintsystemsfunctioned;but whereasthe
passenger's
systemstartedto deploy0.017after frrst con'
tact, the driver's systemdid not start until 0.045sec.
The 30" angledport side barrier impact requirements
of FMVSS 301 were met, there being no fuel leakage
during the impactor the 30-min.periodfollowingimpact.
However, when the vehicle was subjectedto the static
rollover test required in the regulation,a fuel leak that
exceededthe limit set in the regulation was observed.
After the fuel leak had beenstoppedby removinga hose
from the filler pipeand sealingit off, the testwasrepeated.
This time there was no fuel leakage.Therefore,if a fueltight joint had been made to the filler pipe, the vehicle
could have met the static rollover test requirementsof
FMVSS301.
The peak noise pressurelevels were measuredto be
159.7dB for the left side of the driver's headand 150
dB for the right side of the driver's head with all of the
windows closed.Theseexceedthe 150 dB level recommendedin the Code of Practicefor ReducingExposure
of EmployedPersonsto Noise.

The MinicarsHeadformlmpactTests
The results of the headform impact test show that
although the areas in the front of the car which might
be contacted in the primary impact are well protected,
there are points which may be contacted in the secondary
impacts which require additional protection. This would
be in the form of improved energy-absorbing material on
the facia and header rail (at points A and F, Fig 24) and
a change to a material that does not produce sharp fragments when impacted on the in$trument panel and data
console (points C, D, and E, Fig 24)'

Comparisonof the Minicar'sRSV with the
FISVand a StandardProCalspan/Chrysler
ductionChryslerAlpine

l

P

h

f-' #"

I

'url;
r'I"* * rr

Figure 25. The metal work of the passenger'sairbag
container.

The combinedresults of the three cars are given in
Tables l, 2, and 3. The Chrysler Alpine car was the
baselineproductioncar usedto developthe CalspanRSV.
Although the MinicarsRSV had the greatestoverallstatic
crush, the survival spaceas definedby ECE Regulation
33 was greatestfor this car with only the Alpine production car beinglessthan is requiredfor different conditions in the regulation. The increasedcrush in the
Minicars RSV is reflectedin a lower vehicledeceleration
pulsemeasuredat the A-post on the impactedscale,with
a correspondingincreasein duration.
With a minor designmodif,rcationto the Minicars fuel
filler system,both RSVs would have passedthe static
rollover test of FMVSS 301. The ChryslerAlpine production car was not testedto the standard.

OF ESV/RSVDEVELOPMENT
3: HESULTS
SECTION
As the occupant restraint for each car wa$ difrerent,
their effectiveness can only be assessedby the dummy
performance.The Chrysler Alpine had standard production lap and diagonal belts; the Calspan RSV had a steer'
ing wheel airbag and a passengerinflator belt with knee
re$traints for bothl and the Minicars RSV had airbags
with knee restraints. Although the noise level in the Minicars RSV was 165 dB, it cannot be directly compared to
the CalspanRSV result of 153dB sincethe Minicars RSV
windows were closed and the Calspan RSV windows were

and the steering column (point N). The attention given
in both RSVs to impact protection over the area of the
centre consoleis shown by the higher figure on the standard production car (point D). Comment has already been
made on the need to protect against secondary vehicle
impacts when airbags may rro longer be providing protection (point A).

not.
Although a different type of dummy was used in the
Chrysler Alpine test and a direct somparison between the
tests should not be made, the indications are that there
was a marked improvement of the injury criteria for the
heads of the RSV passengersatrd the Calspan driver' The
injury criteria for the Minicars driver's head are within
FMVSS 208 but, possibly due to the late deployment of
the airbag, are no better than a typical standard pro'
duction car. The chest accelerations for all the cars were
similar. The axial femur forceswere higher for both RSVs
and reflect the use of knee bolsters as part of the restralnt
design as compared to the production vehicles' use of lap
and diagonal belts as the primary restraint. In all cases
the femur loads were below the maximum allowed in
FMVSS 208, The high lateral accelerationat the pelvis
of the Minicars RSV driver does not necessarily imply
an injurious loading as it will depend on the position and
distribution of the acceleratingforce.
Becauseof the different design concept of the Minicars
RSV, direct comparisons of headform impact tests between cars at specifltcpoints in the passengercompartment
were not always possible(e.g.,there is no upper anchorage
for a seat belt on the B-post in the Minicars RSV)' The
impact positions given in Table 3 relate directly to
the Minicars RSV and, where possible, the results for the
equivalentposition in the other two cars have been givenThe design requirement to provide a rigid door hinge
mounting down the centrelineof the roof of the Minicars
RSV is reflected in the higher figures for the car's header
rail and windscreen pillars (points F, G, and I' Fig 24).
The need to cover with an energy-absorbing material
certain small but critical impact areas that will not necessarilybe identified by the barrier test is highlighted by
the Calspan RSV figure for the seat belt upper anchorage

The protectionprovidedfor occupantsof the Minicar
RSV in a 60 km/h 30'angledbarrier impactappearsto
be generallyof a high order, A few reviseddetailsof
interior designand functioningof componentswould further improve the results.
Comparisonswith the CalspanRSV and its baseline
car, the ChryslerAlpine, show the improvementsin protectionthat can be provided.Most particularlyintrusion
aroundoccupantshasbeenpreventedand a severeimpact
to the head of the front passengerhas beeneliminated.
The resultsshowboth the goodprotectionin a standard
productioncar that can be providedfor wearersof seat
beltsagainstmost injuriesand the high levelof protection
to be possibleby the RSV cars.
that is demonstrated

CONCLUSIONS
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Crashworthiness
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ABSTRACT
The report summarizes the work of Volkswagenwerk
AG in the MIV (Modified Integrated Vehicle) Research
Project of the U.S. Department of Transportation, National Highway Traffic Safety Administration.
Within the framework of the MIV Project Volkswagenwerk was requested by NHTSA to develop concept$
and structures which would harmonize contradictory design considerations-the greatest possible reduction in
dummy loadings with the lowest possible vehicle weight
increase under the precondition that the design be suited
to current mass production methods. The 4 door-Volkswagen Rabbit was to serve as the basis of the study.
The NHTSA goals mandated the development of new
technology in conjunction with new test configurations
and devices for lateral impact at 30 mph and frontal flrxed
barrier impact at 35 mph.
The realization of NHTSA's project goals necessitated
the development of an all-new "Integrated Structure," a
concept in which the greatest number of components is
effective during the defined frontal and lateral impacts.
The speciflrcgoals established by NHTSA were met in
the MIV project. The results of Phase I demonstrate a
potential for promising reductions in dummy loadings.
However, becausethese reductions were observed in only
a single test, the results are presently not suffrcient to
justify the incorporation of MIV components into production vehicles. Further research on a hroader scale with
a broad range of vehicle types is required. The MIV
project is an important step, but only one of many which
must be taken in the complex research effort nece$$ary
to realize further increases in existing levels of passive
safety in real world lateral and frontal collisions.

in the form of the VolkswagenIntegratedResearchVehicles IRVW I and IL The MIV, in contrast,doesnot
include considerationof specialenergysavingor special
emissionreductionengine,/transmission
concepts.
Becausevehiclelayout, accordingto established
criteria
and subsequent
reinforcementfor modifieddesigncriteria,
always leads to substantialweight increaseswith commensuratelimitations upon producibility, it was decided
not to use the "add-on" strategy,but to developan all
new "Integrated Structure" for the 4 door MIV. This
conceptrequiresthat the largestpossiblenumberof componentsbe effectiveduring the specifiedfrontal and side
impacts.
NHTSA's designgoalswere the 35 mph frontal fixed
barrier impact and the 30 mph side impact with the new
1.565kg (3,450lb) deformable19'CrabbedBarrier and
the new HSRI Dummy which were speciallydeveloped
for the side impact.

STATEMENT
OF WORK
Vehicleengineeringmea$ures
for the increasedpassive
safety requirementsspecifiedin the project were to be
derivedfrom the resultsof baselinetestsas well as from
the know-howgainedin the ESVW I, ESVW II, RSVW,
IRVW I and II projects.The effectsof thesemeasures
were to be examinedin definedtests:
, -19' CrabbedBarier/4 door MIV-60' sideimpact at
30 mph impact velocity
4 door MIVlFixed Barrierhead-onimpactat 35 mph
impact velocity
The NHTSA goalsmandatethe developmentof newtechnology in conjunctionwith new test configurationsand
devicesfor lateral and frontal impacts.
-for greatestpossiblereductionin dummy loads
-for lowest possibleweight increase
-consistent with current massproduction methods.
Initially severalbaselinesideimpact testswith unmodified vehicleswereto be performedat 30, 35,and 40 mph
to assess
the dependencyof impact velocityupon dummy
loadingsand vehicledeformation.
The new HSRI Side Impact Dummy and rhe newly
developedCrabbedBarrier (Figures 1, 2, and 3) were
used.The deformablemoving barrier was crabbedat an
angleof l9'. The impact is intendedto simulatea 60ocarto-car side impact where the velocity of the striking vehicle is twice that of the struck vehicle.
The initial test$were to constitutethe basisfor modiflrcationsto be derivedto meetrequirementsfor increased

INTHODUCTION
The objective of the MIV project was to optimize two
contradictory design considerations-the greatestpossible
reduction in dummy loadings at the lowest possible vehicle weight increase (max. increase 20 lb/vehicle) with
the precondition that the design be suited to ma$s production.
The MIV is by definition not a totally integrated concept a$ discussedand presented by Volkswagenwerk AG
during the Eighth ESV Conference or as demonstrated
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Figure1. HSRIsideimpactdummysid.
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LOCATIONOF 18 ACCELEROMETERS

passivesafetyin the impact configurationdefinedin the
MIV projecr

Impact angle:
Dummies:

60'
two 507a male HSRI at
the impactedside, front
and rear seating positions, as delivered by
NHTSA
Protectioncriteria for the HSRI SideImpact Dummy
were specifiedby NHTSA as: "Volkswagenshall use
measures
so that the largestpossiblereductionin dummy

TESTPARAMETERS
ANDTESTS
PERFORMED
Test Parameters
All testswere run under the following conditions as
by NHTSA:
speciflred
-Side Impact;
Strikingvehicle:
simulatedby the deformable CrabbedBarrier
Struck vehicle:
4 door VW Rabbit or
MIV
Impact point:
I:(D+6)t0.8693
* 1.5(in)

loads is achieved."
-Frontal Impact:
Impact speed:
Impact anglel
Dummies:

35mph
0'
two 50%maleHybridII on

Protection criteria;

the front seats
FMVSS 208

+-

t5t? -.

-

-

i

|.|.__-2591--------.1

p O t N T. 1 = ( D + 6 ) / 0 . 8 6 9 J +5r ( t N )
IMPACT
Figure 3. Side impact test configuration point of initial
contact.
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Figure4. Baselinesideimpacttests 1, 2, 4 and 6. Scatterdetermination.

TestsPerformed

Scatter Determination
For scatterdetermination,testsI and 2 wereperformed
at 30 mph, and tests4 and 6 at 40 mph. The scatterfor
driver dummy loadingsis shownin Figures4 and 5. The
transformationof mechanicalparameter$to medicalAIS
values(seeFigure 5) is describedand discussedin the
paperof Richard M. Morgan and Hal P. Watersentitled
"Comparisonof two PromisingSide Impact Dummies,"
presentedat the Eighth ESV Conference.The transformation algorithmis still under development.
In a comparison of tests I and 2, the chestdamper,modiflredby
NHTSA, probablycausedthe greaterportion of the scatter. In tests4 and 6 the scatterwas probablycausedby
the deformationelementof the CrabbedBarrier. In test
4 the elementhad slight exterior cracks.

The following side impact testswere conducted:
-Baseline SideImpact Testswith 4 door VW Rabbits

TestI

l30l

Test2
l30l
T e s t3 y : l 3 5 l m p h
Test4
l40l
Test6
lqol
-Side

Impact Tests with 4 door MIV

Test5
l30l
T e s7
t v:lfOlmph
Test8
l30l
"Integrated
Test5: Sideimpactwith thenewMIV
Test 7:
Test 8;
r

Structure" developed in this project and the
MIV padding.
Side impact with MIV padding only'
"Integrated
Side impact with the MIV
Structure" without MIV padding.

Dummy Loadingas a Functionof the GollisionSpeed
The testresultsshowthat thereis an increasein dummy
loads with increasingimpact velocity if only the test results from tests2, 3, and 6 are compared(Figure 6).

BaselineTests

Derivationof Modifications
Analysis of the baselinetests led to the development
of the MIV for increasedpassivesafetyrequirementsin
speciflred
side impacts.

Baselineside impact testswere conductedfor the following reasons:
a) For determinationof the scatterof dummy loadings
and vehicle deformationunder identical test conditions
of dummy loadingsand
b) To evaluatethe dependency
vehicledeformationupon differentimpact velocities
c) For derivation of modificationsfor the increased
passivesafetyrequirementsspeciflred
by NHTSA in
this project

VW STUDYFORCOMPLIANCE
WITHTHE
MIVREQUIREMENTS
IN SPECIFIED
LATERALAND FRONTALIMPAGTS
The NHTSA goal to achieve the greatest possible reduction in dummy loads, in keeping with the objective of
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Figure6. Baselineside impact tests 1, 2, 3, 4 and 6.

lowest possible weight increase together with the prerequisite that the design be suited to mass production, required the developrnent of a new "Integrated Structure"
for the MIV. This concept requires that the greatest number of components be effective during frontal and side
impacts. The "Integrated Structure" approach involving
total redesign, rather than the less effective strategy utilizing add-on parts, is necessaryto achieve the goals established by NHTSA.
The MIV Integrated Structure (Figure 7) was developed in conjunction with the unique combination of test
configurations and test devices specified by NHTSA in
this project.

Figure7. MIVstructure.
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DOORBEAM
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DOORLOCKMOUNTING
BEAM
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Figure8. MIVstructural
components.

The structural components(Figure 8) are:

TESTSWITHMIVVEHICLES
AND
COMPONENTS

(l) A-Pillar
lA WheelhouseBeam
lB A-Pillar Brace
1C Hinge to A-Pillar AttachmentPlate
(2) B-Pillar
2A SideWindow Beam Support
2B B-Pillar Brace
2C Door to B-Pillar Attachment
(3) Sill Beam
3A Door Beamand Side Sill Interlock
38 Side Sill Bracing Plate
(4)
4A
48
4C
4D

Front Door
Door Beam
Door BeamInterlock
Door Lock Mounting
Side Window Beam

(5)
5A
58
5C

RearDoor
Door Beam
Door Lock Mounting
SideWindow Beam

SidelmpactwithMtV
The side impact (test 5) with the MIV incorporaring
the new "Integrated Structure" and MIV side padding
demonstrated a promising potential for reductions in
dummy loading (Figure 9). Structural deformation was
also reduced (Figure 10). The PAP values shown are part
of a new algorithm currently under development by
NHTSA to transform mechanical parameters into medical AIS values.
The reduction in dummy loadings cannot be reliably
attributed or assignedto individual MIV components becau$edummy loadings are dependent upon test parameters and many other factors including but not limited
to:
-force/deflection

characteristic of the front structure
of the striking car
-force/deflection characteristic of the side $tflrcture
of the struck car
-fotce/deflection characteristic and dimensions of the
padding, and
-free space between the dummy and the padding.

(6) Front Structure
6A Upper Beam
6B Longitudinal Beam
(7)
7A
7B
(8)

Comfort is reduced and vehicle operability is impaired
by the padding selected and installed primarily under
considerations of technical feasibility without emphasis
upon comfort or interference with operability.
The demonstrated reduction in dummy loading with
the relatively low overall weight increase confrrms that

Door Padding
Front Door Padding
Rear Door Padding
Steering System

64

3: RESULTS
OF ESV/HSVDEVELOPMENT
SECTION

SI

H r c a (s)
lsoo

A I S PAP
5 sooo

150
Comparison ol

1?OO

3000

900

2000

rooo
o
I xeaaI l*tt Upper Rib I

Upper Thorax

Figure9. Side impact test 5.

an integrated approach is the only appropriate manner
to deal with contradictory considerations of increased
levels ofpassive safety and low weight increase consistent
with current mass production methods. The extent to
which this potential can actually be realized will depend,
in part, upon the performance of MIV structures in defined side impacts when struck by the stiffer MIV frontal
structures developed for the 35 mph frontal fixed barrier
impact.

Sidelmpactwith MIV DoorPaddingOnly
The objectiveof test 7 wasto evaluatethe potentialfor
reductionof dummy loadsusingonly the samedoor pad-

BaselineVehicle
Figure 10. Side impact comparisonof test 2 end 5.

ding as used in test 5 but without MIV structural components.The higher reductionof dummy loadsusingthe
'-IntegratedStructure"and the MIV door paddingis evident(FigureI l).

Side lmpactwith MIV StructureOnly
The purposeof test 8 was to determinethe effect of
the "Integrated Structure" without MIV padding on
dummy loads(Figure l2).
A comparisonof tests 7 and I demonstrate$that the
left upperrib valuesin test7 nrelower,someupperthorax
and the lower thorax and pelvis valuesare higher when
only the MIV paddingis used(Figure l3).
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Figure12. Sideimpacttest 8.

In general, MIV padding will be less effective than the
"Integrated Structure;" it also decrea$es
newly developed
occupant comfort and interferes with vehicle operability.
Reduction of the thickness of the padding for occupant
comfort and non-impairment of vehicle operability will
reduce the effectiveness of the **padding only modification."

FrontalFixedBarrierlmpactwith MIV
The head-on fixed barrier impact was conducted with
the MIV at 35 mph (Figure l4). Working principles of
a new passive restraint system and a new steering system
were simulated together with the new "Integrated Structure."

SECTION3; HESULTSOF ESV/RSVDEVELOPMENT

SI
Htc

A I S PAP
5 5000

4000

Left Upper Hib

I

Upper Thorax

Figure 13. Side imPacttest 7 and 8.

Figure 14. Frontalimpact with MlV.

lmpactSpeed: BSmPh.

c) To achieve the greatest possible reduction in dummy
loads
d) Maintaining the objective that the design be suited
to ma$s production'

The MIV complied in all respectswith impact related
FMVSS (Table l).

SUMMAHY
Tests Performed

In Phase I of the MIV project, VW AG examined
approaches which appear technically feasible for the 30
mph side impact with the Crabbed Barrier and the 35
mph frontal fixed barrier impact under the following lim-

Five side impact tests were carried out with the 4 door
VW Rabbit at 30, 35 and 40 mph to ascertain dummy
responsrtat increasing test velocities.
Two of them were conducted with the 4 door Rabbit
at 30 and 40 mph in order to evaluate scatter in vehicle
deformation and dummY loading.
One side impact was conducted at 30 mph in order to
evaluate the effect of the MIV components.
In addition, each side impact test was conducted with

iting conditions:
a) Maximum additional weight for the new structure
and restraint system modifications: G : 20 lb
b) Maximum padding thicknesswithout widening the
vehicle, considering seat positioning and near contact bY the 95Vo male dummY
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Table1. Frontallmpactwith MlV.

componentsis estimatedto be 25Ib. The estimatedweight
increaseis in referenceto a specificvehiclewith a speciflrc
engine,/transmission
concept from one manufacturer,
without consideringalternativeconcepts,or other componentssuch as air conditioner,power steering,etc.
Furthermore the crash test results obtainedrelate in
eachcaseto only one specifictest. Even the testsin this
project demonstratethat there can be a wide scatterof
results under the same test parameters.Sfatementsof
generalnature or applicability with respectto existing
productionvehiclescanonly bederivedfrom this program
after testswith additional vehicletypes havebeencompleted.Parallelstudiesshouldthereforebe accomplished
on a worldwide scalein order to obtain statementsof a
generalnature. This study should also include further
validation of test proceduresand devices.
The test devicesmust be developedand manufactured
in accordancewith the realitiesofcrash testingpractises.
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only MIV structure and MIV padding to demonstrate
the influence of the individual MIV components.
One head-on flrxed barrier impact at 35 mph demonstratesthe effect of the MIV structure in conjunction with
increased frontal impact requirements.

RESULTS

CONCLUSIONS

If evaluation is limited to tests 2, 3 and 6, an increase
of dummy loads with higher impact velocity can be seen.
Evaluation of all baseline tests (Fig. 6) demonstrates
that the scatter of dummy loads is greater than the influence of test velocity. If tests I and 4 are excluded
becauseof diffrculties with the deformation element (test
4) and the new damper (test l) modified by NHTSA,
repetition of these tests is necessary in order to be able
to provide more information about the magnitude of scatter.
Comparison of the side impact tests Z, 5, 7 and I at
the same test velocity with baseline vehicle, MIV vehicles
and components clearly demonstratesthat the best overall
results in reduction of dummy loads were achieved with
the combination of MIV structure and MIV padding. It
must be noted, however, that the padding configuration
utilized representeda reduction ofoccupant comfort and
impairment of vehicle operability.
Widening the MIV by 140 mm for improved comfort
and no impairment of vehicle operability in order to compensate for the 70 mm door padding would, however,
probably further increase dummy loadings. In wider vehicles occupant loading may be higher becauseof the
greater distance between dummy and padding. This hypothesis would have to be tested in appropriate vehicular
impacts.
The head-on fixed barrier impact was carried out with
the MIV at an impact velocity of 35 mph. The working
principles of a new passive restraint system and a new
steering system were tested in conjunction with the newly
developed "Integrated Structure." The test results demonstrated compliance with all Federal Standards associated with the fuontal fixed barrier impact.
Considering secondary weight, which is necessarily required in order to correspondingly stiffen load bearing
structures and the chassis, the added weight of the MIV

The MIV demonstrateda promising potential for
dummy load reductionin the definedlateral and frontal
impacts.
Comfort is reducedand vehicleoperabilityis impaired
by the MIV paddingutilized in this project.
Further testswith a widenedMIV incorporatingMIv
padding must be conductedto evaluatethe effect of increaseddistancebetweendummy and side padding,required for comfort and vehicleoperability,upon dummy
loadsand to test the PhaseI resultsachievedwith closer
dummy/paddingproximity. It must be emphasizedthat
increasein overall vehicle width will necessarilyaffect
vehicleweight,payload,aerodynamicdragandothercoefficients, fuel consumption and possibly consumer acceptance.
The dummy load reductionswere achievedwith a relativelylow overallweightincreaseand in accordance
with
current massproductionmethods.In view of universally
acceptedconsiderationsof fuel economyand economic
useof resources,additionalweight should only be incorporated in vehicleswhere associatedadvantagesclearly
outweigh all associateddisadvantages
and it is assumed
that availablerestraintsare used.The use of occupant
restraintsavailabletoday and required to be usedin 30
countries, is a prerequisitefor the achievementof in_
creasedpassivesafetythrough the incorporationof MIV
structuresand components.The frontal fixed barrier impact at an increasedvelocity of 35 mph can otherwise
leadto an overalldecrease
in passivesafetylevelsifavailablerestraintsarenot employedbecause
frontal structure$
will necessarilybe stiffer and produce correspondingly
higher loadingsin other impact rypes.
The correlationbetweendummy loadingand occupant
injury must be e$tablishedin order to permit statements
applicableto realworld accidentsto bemadeandto justify
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incorporation of the MIV components tested into production vehicles.
Further research on a broader scale with a broad range
of vehicle types is required to verify and correlate dummy
loads and occupant injury with proposed test configurations and real world accident experience. Important
considerations of vehicle compatibility cannot be ignored.
Furthermore the influence that MIV components will
have upon fuel consumption and the economic use of
other resources,vehicle operability, comfort and purchase
price must be studied in detail beforestatementsof general
applicability can be made.

No single isolated measure but rather only Integrated
Concepts considering all previously described limiting
conditions can be the proper means to achieve further
increases in overall vehicle safety, The Integrated Structure with MIV padding of the ResearchMIV where the
greatest number of components is effective during frontal
and lateral impacts is the only aspect considered in this
project.
The MIV project is an important step, but only one of
many which must be taken in the complex research effort
necessaryto realize further increasesin existing levels of
passive safety in real world lateral and frontal collisions.

JE-

SVAR Alfa Romeo $ynthesis Vehicte -lds3Alfa Romeo
THEMEOF THE SVARPROJECT
In the early 70s, projectswere initiated on an internationalscaleto improvethe passivesafetyof vehicles.
At first it wasimportant to find a solutionto setobjectives,
overlookingthe effectof weights,costs,and./orresultsof
productionproblems.
The suddendeteriorationin world energyemphasized
the consumptionreductionissuealongsidethe passive
safety of passengers-protectionof drivers and pedestrians,pollutionlimits, etc.
The contemporarysolution to theseproblemswas not
easy since most engine and $tructural projects are by
nature in direct opposition to the demandsof energy
saving.
To this end, new researchvehicleswere soughtto integratethe variousconcepts.
Under the ever-presentpressurefor fuel savingsthere
Recently
areprototypeswhichaddress
only thisobjective.
we have seenaerodynamicresearchvehicleswith some
exceptionalCx numbersbetween0.20and 0.30.Engines
with extremelylow speciflrcfuel consumptionare seen,

such as the small turbo-diesels with direct injection. Ultralight prototype vehicles utilizing high-cost advanced
techniquesare another approach to reduce consumption
and retain performance.
Finally it should be remembered that the car user, while
he instinctively considersthe passivesafetyofhis vehicles
important, remains very sensitiveto the cost of fuel which
represents a large percentage of the overall cost of the
car's operation.
Alfa Romeo. in order to further its contributions to
the researchconducted so far, is using a basevehicle and
placing large demandsfor a seriesof improvementswith
the simultaneous objectives of reduction in fuel consumption and increasing the levels of passive safety.
An Alfasud has been used to meet these objectives:
r determine fuel economy benefits utilizing today's
technology, which could allow for fast adaptation to
large production.
r the performance and handling characteristics must
remain unchanged.
r obtain results to optimize the characteristics of passive safety.

BASEOBJECTIVES
PERFORMANCE
MaximumSpeed
Acceleration
0 + 100km/h fromstop
0 -+1000 m tromstop
0 +1000 m in sth gear
startingfrom40 Km/h
(ECEA70)
FuelConsumption
90 km/h
120 km/h
Urban

not belowthe standardbasevehicle

not belowthe standard
basevehicle
207oreductione
as comparedto basevehicle
20o/oreductions
as comparedto basevehicle
25oloreductionas comparedto basevehicle
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PASSIVESAFETY
ForecastveriJicationtests
t
I
a
a

30'frontal impact at 65 km,rh againstbarrier
lateral car-to-carcollision at 5Okm/h
impact at 50 km/h by 1800Kg by moving barrier
rollover at 50 km/h (control of fuel lossesand
dummy retention)
pedestrianimpact (adult or child) at 24 km/h

The dummies usedfor the tests were the Hybrid II type
conformingto Part 572.
Injury criteia for occupantprotection and pedestriansin
impact tests:
. Head : HIC < 1000
r Chest : max acc. a 60 g/3 ms
. Femur : max axial force < t000 dN

Performance
to the followingtable:
requiredaccording
Frontal
Injurylevel
Doorsmustremainclosed
duringimpact
Onedoormustbe operative
followingimpact
Possibility
to removedummies
by handfollowingimpact
No fuel leakage
Absenceof fire
Totalcontainment
of
occupants
duringimpact

o

o

Lateral
lmpact

Roll
Over

Flear
lmpact

o
o

o

o

o

o

o

o
o
o

O

o
o
o

o
o
o

of seal

RESEAHCHPATHS
The basic objectivesor goalsof the researchhave been
addressedaccordingto the following groupings:
. To lowerfuel consumption
r Adoption of a high effrciencyengine
. Optimization of gearboxand frnal drive ratios
. Lowering the aerodynamicdrag-coeffrcient
r Weight reduction
. Reductionof rolling resistance
. To increasesafety
. Reinforcementof the front structure for improved
frontal obliqueimpact resistance
r Reinforcementof the rear structure to provide improved energyabsorptionduring rear impact
r Reinforcementof doors to reduceintrusion during
car-to-carimpact
r Reinforcementof the windshield header area and
addition of a roll bar in the central roof zone
. Spoilerinstallationon enginecompartmenthood to
protect pedestrians
MODIFIEDVEHICLES
In order to carry out the required analysis,a vehicle
wasbuilt which only includedthosefeatureswhich tended
to reducefuel consumption(asindicatedby the ESVAREnergySavingsVehicleAlfa Romeo),and anothervehicle
was developedto offer higher levelsof peopleprotection
(SVAR-SynthesisVehicle Alfa Romeo).
The ESVAR vehicle is to be considereda transitory

effort to reducefuel consumption,while leavingthe handling qualitiesand occupantprotection levelsthe same
as thoseof production Alfasud vehicle.
The SVAR insteadis the final product combiningbenefits of the ESVAR with thoseof improvedpassivesafety
by meansof selectreinforcementof the structures.

REFERENCE
VEHICLES
One must take into considerationthat a production
Alfasud vehicleoffers theseprincipal characteristics:
VehicleBody
. r Front wheel drive. 4 cylinder opposedenginepositionedlongitudinally
. Overalllength3995mm
. Overallwidth 1590mm
. Wheelbase
2455mm
r Track, front 1390mm
r Track, rear 1360mm
r Empty weight (DIN) 905 kg
Engine
r
r
.
.
.
r
r

FIat four
Bore 84 mm
Stroke67.2mm
Displacement1490cm3
Compression
Ratio 9.5 : I
2 carburetors,eachwith twin throats
Maximum powerDIN 70 KW (95 Cv) (6000rpm,z

r)
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r Maximum torqueDIN 130Nm (13.3kgp) (3500
rpm/l')
Driveline
. Singledry disch clutch
. 5 speedtransaxle
Ratios
lst
2nd
3rd
4rh
5rh

Conformity with EmissionStandard
r ECE 15.03-78/655/EEC
Conformitywith External Noise
r ECE 5!-81/334/EEC

FUEL CONSUMPTION
HEDUCTION

I t 3.75
I : 2.05
l:1.38
I : 1.02
I : 0.82

HIGHEREFFICIENCYENGINE

. Final drive ratio 3.54: I (l l/39)
Performance
. Maximum spoed
. Acceleration
'
0 --> 100 km,/h from stop
0 +10ff) m from stop
I '
0 +1000 m in V from 4Okmzh

174kmt\
10.70s
32/4 s
40.65s

Suspension
and Tires
r Front suspensionis McPhersonstruts and stabilizer bar
r Rear suspensionis a solid axle locatedby a Watt
link and Panhardrod
. Tires are 165/70SR 13,wheel5J
Fuel Tank
. Beneathrrar geat.forward of rear axle
VehicleFuel Consumption
r ConsumptionECE
90 km,zh6.2
L/lW km (37.9milU.S. gal)
120km/h Ll
L/|ffi km (29.0mi,zU.S.gal)
Urban 10.6
(22.2milU.S. gal)
km
L/lW

After recentsuccessfulexperiences
by Alfa Romeo,it
was decidedto preparea small numberof Alfasud boxer
engineswith a microprocessorcontrolled electronicfuel
injectionand ignitionsystem(C.E.M.)developed
by Alfa
Romeo.
Air fuel ratio and spark advanceoptimization in the
whole engineoperatingrange,correctionfor coolantand
air temperatures,and fuel cut off during coa$t down
ensure overall enhancementof engine efficiency and
improved fuel economy. High accuracy of the
microprocessorcontrolled ignition systemmadepossible
a compressionratio of 10.2; L Work in processwith
knock sensorswill hopefully bring this ratio to a higher
value,The CompleteElectronicManagementSystemis
programmedto permit a "modular" modeof operation:
that is to say,the engineoperateson 4 or 2 activecylinders
accordingto the load conditionsrequiredby the driver.
2 cylinderoperationis achievedsimplyby shuttingoff
fuel injectionin ? of the 4 cylinders.In this way, the
overall effrciencyof the engineoperatingat varying low
loads and at idle increasesconsiderably.As low load
operationand idling are very frequentin city driving,the
final result is better fuel economyin theseconditions.
Goingon with theenginedescriptionandtheschematic
on the followingpage,we see(Fig. l) injectors,and major
enginecomponents.

Compliancewith EuropeanStandardsfor PassiveSof"ty
The vehiclesatisflres
all EuropeanStandardsin effect,
including these:
r Steeringsystem
Reg.ECE 12
Directive14-291/EE,C
r Seatbelt anchors
Reg.ECE 14.01
Directive8l/575/EBC
r Seatanchors
Reg.ECE 17.01
Directive8l/577/EEC
. Visibility
Reg.ECE 46
Directive 79/795/EEC

Figure1. CEM engine.
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1. Electronic
ControlUnit(ECU) 9. Fu€ltank

ail

2. Eleclroinjector

10. Electricfuel pump

3. lgnitioncoil

11. Fuelfilter

4. Distributor

12. Fuelpre8aure
r€gulatof

5. lntake air temperatureBensor 13. Solenoid-actuated

tlrfl
i t l l
,

\-5 -

"'4'i
-"-'
-(l
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6. Coolanl temoeratureFensor

14. Throttle actuetor

7. Sparkplug

15. Enginespeed sensor

8. Throttleanglesensor

16. Enginephase sensor

'.-l-,_

'.4)
J//

,._i'r"

\
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Figure?. General layout engine.
The engine is fitted with the Complete Electronic Management, and can be seen in Figure 2 with its control
box, sensors, and actuators.
The sensors are for:
r
r
.
.

throttle angle
engine speed
engine phase
coolant and intake air temperature

These sensors supply information to a digital microcomputer, based on an 8-bit microprocessor which, on
the basis of calculations, algorithms and memory maps
(program and mapping occupy 6 K bytes) drives the
following actuator$:
r 4 electroinjectors for fuel metering
. I special coil for spark advance
r throttle actuator to control engine idling speed

The idle actuator is useful on the 4 active cylinder
CEM to secure constant idling speedunder all conditions,
but is essential for the "modular" mode of operation
because maintaining idling speed with only 2 active cylinders requires wider throttle angles than would be with
4 cylinders in operation.
Flexibility of the system is such, that it was possible
to develop the "modular eugine" algorithm to achieve
these interesting features:
r the passagefrom 2 to 4 cylinders and back to 2 is
quick and smooth.
r 4 cylinder operation continues until the engine is
warmed up.
r when the engine is running on 2 cylinders the two
pairs change after a certain time and the accelerator
is released in order to provide even temperatures in
the engine and its combustion chamben. The driver
is not aware of this pair switching.
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r to en$uregood driveability when starting from stop,
a programprovides4 cylinder operation.For fast
acceleration
4 cylinderoperationcontinuesuntil the
changefrom lst to 2nd gearis made.

OPTIMIZATIONOF FINAL DRIVE RATIO
with the intent to operate the engine in conditions
more favorablefor lower fuel consumption,a more direct
(longer)ratio was selected(3.15comparedto 3.54).
Below is a comparisonof the overall drive ratiosr

This electroniccontrolledflat 4 Alfasud enginehasthe
following specification:

Km/h/1000
3.15
3.54

Ratio

displacement1490cc

4th Gear
5th Gear

max power (5400 rpm)
70 KW (95 Cv)

32,39
40.29

28.25
35.23

A performancecomparisonbetweenthe basevehicle
and the modified vehiclecan be seenin the test results.

mar torque (3500 rpm)
133Nm (13.5kgm)

DRAG REDUCTION

In Figure 3 the B.S.F.C.map of this engineis shown
as it relatesto 4 cylinder operation.
Figure 4 demonstraterthe differencein B.S.F.C.while
operatingin the modular mode.Notable is the bcnefitof
reducedconsumptionduring low speedoperationtypical
of city u$e,as well as suburbantrips at moderatespeeds
(< Km/h).

Aerodynamicresearchhasbeencanied out in the Pininfarina Wind Tunnel facility.
The stepsfrom the original configurationto that of the
final are these:
baseline
vehicle

lS
(Cx
(s"*

: 1.714
m2
: 0.423
: 0.725m2

1?
I1
10

I

d

7

F
;
U

E
ID

6

5

4

3

2

1

0
1200

1600

2000

2400

2800

3200

3600

E N G I N ES P E E D{ R . P . M . I

Figure3. B.S.F.C.map 4 cylinderoperation.
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4000
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5200
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6000
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.

Spoiler
Wheelhousings
Noseandcoolingair inlet
modifications
Platformunderside
Frontdoordeflectors

0.037
0.006
0.012
0.005
0.021

Total gain

Final values of
aerodynamically
improved vehicle

fs

i3;

: 1.714
m'
: 0.328
: 0.562m'

r structural resistanceof the body/chassiscould not
be changedin any way that would cau$ea oompromise to the basic objectiveof improving occupant
protection.
The frnal resultsare shown here:
+
I
t
+
*

Body Reduction
Engine Reduction
Mechanical components Reduction
Interior & trim Reduction
Spoiler, air dam, deflectors, etc.
Increase

Total weight saved

kg. 27,500
kg. 6,000
kg. 35,5fi)
kg. 12,000
kg. 4,000
kg. 77,000

vehicle
Weightsavingascompared
to baseline

8.4Vo

22.5%

Drag reduction

REDUCTION
OF ROLLINGRESISTANCE
Figure5 showsa typicalcurvefor tire rollingresistance
on an averagevehicle,where 307oof the total re$istance
still remainsat 80 km,zh.
The ESVAR and SVAR vehiclesare equippedwith
Pirelli P8 tires 165/65R 14 on stAI X 14 wheelswhich
permit high levels of active safety, durability, comfort,
and which reducethe power lost to rolling resistance.
The characteristics
of thesetires are a lower section,
useof newly formulatedmaterialsboth in the carcassand
tread. A particular tread designis employed.
Figure 6 showsthe reduction of rolling resistancebetween traditional cross-ply,radial steel belted, and the
new P8 tires.
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Figure4. Map of final B.S.F.C.reductionachievedwith
C.E.M.modularEngine.
Figure5. Rollingresistance.

WEIGHT REDUCTION
Efforts at lighteninghavebeenmadegenerallythroughout the body, with the followinglimitationsr
. weight reductioncould not causea compromisein
complying with Europeansafety standardsfor the
ESVAR vehicle.

IMPROVEMENT
OF PASSIVESAFETY
CHARACTERISTICS
The new objectives created a need to improve passive
safety performance by strengthening body $tructures,
which normally result in weight increases.

SECTION3: HESULTSOF ESV/HSVDEVELOPMENT
The weight gain limits were developedas followsr

ROLLTNG
RESTSTANCE
%o
22

Obliquefrontal impact at 65 kmlh
platform modificationsconsistingof reinforcing longeronsin the forwardportion with stiffeningwebsbe-

20
18
16

_cHoSS PL

14
12

neath the pedal zone
Weight penalty

.EEL

BADIAT

t Rear impact at 50 km/h
rear reinforcementof the platform by longerons
Weight penalty
* 8.7ks

10
I
6

P8

100
60
80
SPEED
Km/n

6'3 kg

Car-to-car-lateralcollisrcn
reinforcingdoor beamsand strmgthened"A" pillars
Weight penalty
* 25.0kg

I

s'l

t

120 140 160

Rolloverat 50 km/h
addition of headerzone reinforcementand roll bar in

Figure6, Rollingresistance
for varioustypesof tires(source
Pirelli).
This weightincreasewas clearlyin contrastwith fuel
saving efforts and therefore much effort was spent to
maintainany weightgain within small limits by the use
of aluminiumalloy in somecomponents.

center zone
Weight penalty

* 2.0ks

. Weightincreasedue to aerodynamicmodifications
-f 12.0 kg
Totel weight gain
54 kg

ffi-

required.
reinforcement
Figure7. Showsthe additionel
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Engine1490 cm"
Final drive ratio
Weight DIN (Kg)
Coeffic. Cx

Tires

Modifiedvehiclescharacteristics
Baseline
Vehicle
ESVAR
Complgte
Carburetors
Electronic
management
3.54
3.1
828
905
0.423
0.328
Low rolling
Standard
resistenc€

SVAH
Complete
electronic
management
3-1
882
0.328
Lowrolling

MAIN FEATUHESOF THE ESVARAND
SVAR VEHICLES

PERFORMANCE
AND FUEL
CONSUMPTION

On the table we have summarizedthe modified char'
acteristicsascomparedto the basevehicle.We remember
that the lightening of the body,/chassis
has been voluntarily limited, in order not to jeopardizethe safetytests
to which the vehicle would have undergoneafter the
addition of the reinforcements.
Figure I depictsthe GeneralLayout of the SVAR as
defined.In evidenceare the details of the aerodynamic
improvementssuchas air dam, spoiler,and door window
deflectors.

ESVARVEHICLE
Performance
Baseline
Vehicle
-Top speed,4th gear
174
Km/h
-Acceleration from stop
from0 to 100Km/h-sec 10.70
-from 0 to 1000m - sec
32.40
-Accelerationin Sthgear
40.65
from40 Km/h-sec

ESVAH
> 185
S.80
31.12
41.60

SECTION3: RESULTSOF ESV/RSVDEVELOPMENT
Weight saving and aerodynamic advantagescan be seen
in the accelerationtimes and maximum speed.
Acceleration from 40 km/h in fifth gear, due to the
longer final drive ratio, now requires 41.60 seconds, or
0.95 secondslonger than the base vehicle. This perform'
ance is still considered acceptable.

- l/100 Km
Fuelconsumption

90 Km/h constant
120Km/h constant
Urbancvcle

Basevehicle
6.2
8.1
10.6

ESVAR
vehicle
4.S
6.3
7.8
Figure9.

. Fuel consumption

The savinghas been l3.2Vo betweenthe basevehicle
and the ESVAR 4 cylinder,Accountingfor a SVolonger
of the
final drive and completeelectronicmanagement
engine(injection* ignition) a savingof about \Vo czn
be seenin a simulatedECE cycle.
In the modular mode.the datashowsa reductiondown
to 7.8 liter/100km which yieldsan overallfuel savingof
26.4Voas comparedto the basevehicle.
If the "effect of the longerfinal drive" is droppedout,
then the modular modeitself will yield a savingof about
2r.4%.
Overall, it is interestingto note that the difference
betweenthe constant4 cylindermodeand the modular
modeis l5.2To(from 9.2 to 7.8 l/100 km).

Here the fuel savingfeatureof the modularmode,when
operatingon 2 cylinders,can be seertas a considerable
reductionin the 70 km/h range.
At 90 km/h the fuel savingadvantageis about 207o,
increasingwith speedup to 22Voat 140km,/h.
r Fuel consumptionduringthe ECE urbancycle
Belowarethe resultsobtainedwith enginesin 4 cylinder
and modularmodes.Accordingto the ECE standard,the
inertia weight usedon the basevehicleand the ESVAR
are equal, since the weight reduction has not been sufficient to permit the use of a lower inertia weight class.
Thereforethe benefitsare derived from the ensineand
the lonser final drive ratio.

SVAR VEHICLE

- ECEUrbancycle- l/100 Km
Fuelconsumption
VehicleESVAB
Basevehicle
Mode4
cylinder Modemodula
10,6
The saving hes been
13,2% between the base
vehicle and the ESVAR
4 cylinder.Accounting
for a 57o longer final
drive and complete electronic managementof
the engine

Performance
ESVAR
vehicle
-Top speed,4th gear
> 185
-Accelerationfrom stop
9.80
from0 to 100Km/h-sec
31.12
from0 to 1000m - sec
-Accelerationin Sthgear
41.60
from40 Km/h -sec

7,5
9,2
(iniection4 ignition)a
saving of about 8olocan
b€ seen in a simulated
ECE cycle.
In the modularmode, the
data shows a reduction
down to 7,8 litri/100Km
which yields an overall
fuel saving ol 26,4a/oaS
comparedto the bas6
vehicle.
lf the << effect ol the
longer final drive >> is
dropped out, then the
modularmode itselfwill
yield a saving of about
21,4%.
Overall,it is interestingto
note that the difference
batw€en the constant 4
cylindermode and the
modularmode is 15.2olo
(from9.2 to 7.8 l/100 Km).

SVAR
vehicle
> 185
10.10
31.50 (1)
4e.65 (2)

l ) The higher time of the SVAR is attributedto higher

weight.

2) The fifth gear accelerationtime of 42.65secas compared to 40.65sec of the basevehicleis due to the
flrnaldrive ratio.
- l/100 Km
consumption
ESVAH
vehicle
90 Km/h
120 Km/h
ECE Urbancycle

4,9
6,3
7,8

SVAR
vehicle
5,1
6,4
7,8

During constant speeds the difference is due to the
heavier weight of the SVAR, while in the urban cycle no
difference is seen due to the same inertia weight class'
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SAFETYTESTS

Verifred all performances: doors were kept closed upon
collision, unable to close or open left front and rear doors,
no leakagein the fuel system, etc.

OBLIQUEFRONTALIMPACT
The resultsobtainedduring frontal impact at 65
km,/h against a fixed barrier at an angle of 30 degrees
to the trajectory of the vehicle are:

Htc

Driver
dummv
360

Passenger
dummv
384

49

61

Dummy head max acc.
g/3ms

Dummychestmaxacc.
q/3ms
43
Dummy femur max load
left,right
308/455
dN

30
168/60

Verified the required performancesduring the impact:
i.e., doors remainsclosed,no fuel leakage,no flrre,etc.

HOLLOVER
SVAR vehicle, two dummies Hybrid II retained by
active belts. Rollover at 50 km,zh.
-no openingof doors
-possibility to open doors after impact
-no dummy ejection
-no fuel leakage
-no flrre

PEDESTHIANIMPACT
The SVAR hasimpactedat 25 km/h aPart572 Hybrid
II adult dummy and 6-year-olddummy.
Injury levels:

REAR IMPACT
2S0

chitd
78

58

36

29

22

20

35

Adult

1800kg moving barrier rear impact at 50 kmAr two
dummies,left front and left rear, retainedby activebelts.
Resultsinjury levels:

Hlc
Dummyheadmaxacc.
g/3ms
Dummychestmaxacc.
g/3ms

Driver
Passenger
dummyfront dummyrear
51
26
30

14

51

19

LATERAL IMPACTCAR TO CAR
Target SVAR impact velocity50 km/h. Collisionangle
90 degrees;SVAR car equippedwith threedummiesHybrid II, two in the front, the third in the rear,with active
belts.
Results:

HIC

Dummymax
acc.q/3ms
Dummychestmax
acc,q/3ms

Max head acc.
g/3ms

Maxchestacc,
g/3ms
Maxpelvisacc.
g/3ms

ACTIVESAFETY

Performances required positively verified: non-opening
doors, fuel leakage, rear car deformation (changement
point H yersu$ front 7 mm).

Driver
dummv

Hrc

Front
dummv

Rear
dummv

47

98

261

30

35

67

45

54

19

The optimal characteristics of stability, handling, and
braking of the vehicle have been checked by usual Alfa
Romeo standards and based on the subjective evaluation
of expert staff test drivers, as well as by specific instrumentation tests.
The dynamic behaviour of the SVAR has proven proficient, as expected,and therefore acceptable.In our opinion the vehicle can be easily controlled by drivers of
different abilities and experience.
Though the complete RSV program could not be completed due to reasons of time, space, proving grounds,
and/or equipment availability (i.e., simulated lateral
wind), "open loop" tests were neverthelessconducted to
show:
-lateral adhesion
-handling
-braking
Active safety testing is done by expert stafftest drivers
at Alfa Romeo's Proving Grounds in Balocco, where the
ASTM skid number ranges from 70 to 80.

' rii+i
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For the terts the vehiclesare instrumentedwith:
Hardware
MeasuredParameters
stabilizedinertialplatformlateralacceleration
rate gyro
angularvelocityyawangle
electricaltransducer
steeringwheelangle
electricaltransducer
drift angles
optical$ensor
vehiclev€locityand
stoppingdistance
pressuretransducer
brakepedalforce

>

2

5

3 a o
U
u
w

t
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E

ts

5 1 0
5
i

E

Handling and lateral adhesion tests are performed with
the vehicle loaded to 6OVoof its max gross weight.
For braking tests, vehicle loads are 60Vo and IAOVo
M.G.W.
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STABILITYFACTOF K (s?/m,)

Figure 11. Stabilityfactor histogram,k at 0.4 g lateral
acceleration.

LATERALADHESION
t Response
rate
For checking the behavior rates of the vehicle, tests
are doneon circularpadsat the speedsand lateraladhesion (g) required.
Figure l0 showsthe yaw respon$e
at lateralacceleration
rates of 0.4 g for steeringangle of the wheels;the ratio
betweenthe steeringwheel angleand steeringgear ratio
is used.
Valuesmeasuredare within prescribedlimits.
The test resultspermit an interpretationin termsof a
"stability factor" K.
The figure resulting from the SVAR characterizesa
"stability factor" between2 and 3.10-3secz/m?.
Thesevaluesare indicative for an averagevehicle in
(Fig. I l).
termsof understeer.

HANDLING
t MaJeimum latersl acceleration
The scope of this test is to measure the highest lateral
accelerationwith various tire inflation pre$sures.
The lateral acceleration values measured are not necessarily the highest achievable, but are above those required anyway.

t Steering
pad

Surface

LateralAcc.
Tire
Pressurenequired Measured

Dry

B0o/o

0.55

> 0.7_

Data are takenfrom the vehicleas to its behaviorrates
on a radius of 37.5m up to the point of wherefront end
losesadhesion.
Figure 12 illustratesthe relation of the steeringangle
to the lateral acceleration.
This is indicativeof the high acceleration
level to the
progressivebehaviorof the vehicle.
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Figure10. Yawresponserate.

Figure 12. Steeringangle responserate (radius37.5 m).
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. Slalom
This test is performedover a courseof 300 m with l0
pylons spaced30 m apart.
The slalom averagespeedis above the minimum required, during tests"overturn" was never verified.

Required

Minimumaveragevelocity
Measured

80 Km/h

90 Kmlh

BRAKING
. Braking straightline
Straight-line braking distancesare measured three
times for eachtest condition:
.
r
.
.

Initial velocity is 96 km,/h on a braking lane 3.7 m
wide.
As demonstratedin Figure 13, the vehicle is characterized by a braking distancemuch lower than that required.
As well, the vehicle did not deviate from its path,
stoppingin a straight line without wheellock-up.
. Braking in cumes
This testis carriedout only usingthe completebaseline
system.
The vehicle,while travelling at 64 km/h on a 108 m
circular track (0.3 g lateral acceleration)is stoppedin a
distancemuch shorter than that required(Fig. la).
The vehicleis characterizedby a minor deviationfrom
its circular path, which is easily correctedby a slight
steeringcorrection.

completebaselinebraking system
systemwithout servo
systemwithout front circuit
systemwithout rear circuit

F $ V SPECIFICATION

R V S SPECFICATION

E=

SVAH RE$ULT

V clockwise

$VAR RESULT
normal
A systsm
v operailon
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lailure

A
V

rBar
hrak€
failurs

.
A
V

front
brat<e
failurB

Figure14. Brakingin curue*stoppingdistance.

CONCLUSIONS

Figure 13. Stoppingdistance-straight line.

A production vehiclecan show reductionsin fuel consumptionwhile not alteringthe philosophyor criteria for
occupantprotection.
Almost all for the modificationsdone on the ESVAR
are possibleusing today's technology.
There is evidenceof rather important cost,/inve$tment
problems.Somesolutionsof "controlled economy"could

SECTION3: RESULTSOF ESV/RSVDEVELOPMENT
permit introduction to production in short or mdium
terms. Other solutions require considerationof cost,zten"image"
efit. Certain applicationsmay be valuable as
for
the manufacturerand thereforebeneficial.Much depends,
in the end, on the eventual cost increase of petroleum
and on technologicaldevelopmentswhich today are very
costly.
The SVAR was constructed to obtain indications of
solutions which could be further studied in order to optimize occupant protection.
It is worthwhile to underline the fact that the ESVAR
vehicle is, in the end, slightly lighter than the base vehicle.
It is equipped with all of its devicesand inherits as well
the advantagesof low fuel consumption.
The results obtained are significant for future designs
that have requirements for improved protection with a
minimum increasein weight and cost.
From these lessons,it is seen that about 30% of the
weight gain could be eliminatedby rationalizing the structure.
Overall results of the safety tests indicate that it is
necessaryto continue the research,obtaining more data
for future rational projects.
With this last note we conclude the Alfa Romeo report
on the studies of today's need to reduce fuel consumption
and occupant protection, concluding that it i$ possibleto
achieveprogressin a light compact vehicle, while retaining the performance objectives-which in the original
vehicle were quite high.
The research continues.

ESVAH

F.
,rqigd$trd

SVAR

APPENDIX
MAIN TECHNICALDATA

Base vehicle

Overalllength
Overallwidth
Wheelbase
Fronttraclr
Reartrack
Emptyweight(DlN)
Engine;flat 4
Bore
Stroke
Displacement
Compression
ratio
MaxpowerDIN- KW/rpm/1'
MaxtorqueDINNm/rpm/1'
Clutch
Transzurle

mm
mm
mm
mm
mm
Kg
mm
mm
cm3

Axleratio

905

SVAR

882

84
67,2
1490
9,5:1
10,2:1
10,2:1
70l6000
70/5400
70/5400
130/3500
134/3500 134/3500
singledry disc
5 speed
| : 3,75
I : 2,05
lll: 1,38
lV: 1,02
V : 0,82
54: 1

81

ESVAH
3995
1590
2455
1390
1360
828

1 : 1

3 . 1: 1

'',@-
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The GermanResearchCar Profect
KLAUSH. BUROW
fUV Rneinland,
K0ln
JURGENBANDEL
FederalMinistryfor Research
Bonn
and Technology,
ABSTHACT
The paperpresentsresultsof the Germanresearchcar
project. Four prototype cars were built by Audi NSU,
Daimler-Benz,Volkswagenand a group of high school
institutes. Technical details of the prototypes are describedwhich werechosento meetthe project goal of an
integral improvementin safety,energyand re$ourceconservation,environmentalcompatibility,economyandutilitv.

INTRODUCTION
In 1978the GermanMinistry for Researchand iech'
nology startedthe researchcar project (Fig. 1) in order
to determinethe technologicalpotentialof a combination
of the most promisingindividual solutions,thus devising
an integral conceptof a passengercar of the future.
The fundamentalideasof this project and sometechnical details were reported on the 8th ESV Conference
in Wolfsburg,1980.The projectendedSeptember1982;
most results of the demonstrationand evaluationphase
are to be reportedin a short tirne.
In this paper, $omeresults from a more generalizing
Dsr Prolckt Forrclugo

point of view will be presented,whereasin the following
three papersof this Conference,emphasisis laid on passive safetyfeaturesof the researchcars.
In contrastto other projectswhich aimed at only one
field of automotivetechnologythis project (Fig. 2) was
set up to cover the full rangeof developmentneeds.
It was mainly to demonstratefuture technologywith
the potential to meet the whole range of conflicting demands on future vehicles.The presentedtechnologies
should have the potential for large seriesproduction.
Besidethe mandatedaverage307oimprovementsand
the general requirements(Fig. 3), it was open to the
companiesto compensatea smallerimprovementin one
field by a higher effrciencyin another field. Thus the
competitorswere enabledto concentratemore on one
specialfield oftheir interest,or to set prioritiesparticular
to the company'sproduction politics.
Audi NSU (Fig. a) tried to meet the goal with technologiesofthe next l0 years.Focalpointsofinterestwere
vehiclebody structuresand useof alternativematerials.
rDaimler-Benz emphasisedthe developmentof a ce'
ramic gasturbine for a large sizelimousineand the
implementationof featuresfor driver's aid and com'
fort.
-The univertity group focussedon exterior effects of
i.e.,emissionof noiseand exhaustgas
automobiles,
for pedestriansand cycle
as well as safety-measures
riders.
-Volkswagen rankedeconomyand utility highest;another focal point was use of alternativematerials.
In the following some general trends and results are
shown.
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Figure5. Daimler-Benz,minimalpermanentdisplay.

SAFETY
The 3O7oimprovementfor vehiclesafetywas defined
for summing up measuresfor accident avoidanceand
mitigationof injuries.
Although a numberof new techniqueswerepresented
in the prototypes,it can be statedthat safetywas not of
highestpriority. Despitethat the goalsseemto b€ met.
As measuresfor improvedpassivesafetywill be reported
in the following three papers,only someremarkson accidentavoidancefeatureswill follow here.
Generallyseenemphasiswaslaid on driver information
systems.Principally such systemsgive support to the
driver in his complextask of driving his car within the
trafftc flow as well as it controlsreliability and safety
relatedfeaturesof the vehicleitself. By this the driver's
need for memorizing and simple or complex thinking
operationsare reduced.
One major point is the reduction of permanentlydisplayedinformationon operationalstatusto an absolute
minimum, e.g., driving speed,fuel reserveand daytime;
further information is availableon requestonly. (Fig. 5).

Vehicle operational reliability control works automatically and generates warning information according to
safety priority, Warnings of high priority becauseof dangerous operation status which call for immediate stop are
displayed in the primary field of view.
One examplefor an in-vehicle route guidanceand driver'$ information systemsis called ALI (lutofahrer leitund lnformationssystem), the display of which is shown
in the mid section of Figure 6.
An All-equipped vehicle reports its presenceand destination when entering the area croveredby the system.
The information is transmitted via induction loop to a
roadside unit. Recommendeddirection ltlr the pafticular
destination of the vehicle is taken from microcomputer
in the roadside unit. and is then transmitted back to
vehicle via the same induction loop, which also detects
speedsand types ofall other vehiclespassingby. Roadside
unit data of a cross-section are preprocessedand transmitted to the control centre. There further evaluations
are carried out with particular emphasison the optimum
routes for the desired destinations of all vehicles in the

ri
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Figure4. The Audi r€s€archcar.

Figure6. ALl, driver's route guidanceand informationsys'
tem; Volkswagenresearchcar.
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With respect to driving behaviour if can be said that
vehicle layout can be varied to a great extent to control
dynamic behaviour. However, criteria for what the ideal
vehicle behaviour for the "normal driver" really is, do
not sufficiently exist, neither with respect to comfort nor
to safety. So it can be stated that wheel-suspensionsof
the research cars more or less are state-of-the-art layouts.
By summarizing, it can be said that safety was not of
highest priority although a seriesofnew technologies was
presented. Nevertheless,the goal of SOVIimprovement in
this field seemsto be reached.

ENERGYCONSUMPTION
AND
ENVIRONMENTAL
PROTECTION

Figure7. Volkswagenresearchcar; view from the top.

The goals for fuel consumption and the results of the
different motor type$ are given in Figure 9.
The demand for a fuel consumption reduction of at
least 3OVocompared to 1978/79 model cars is surpassed.
At the beginning of the project this claim had been
criticized as too hard to reach because of the pretended
conflict to the claim for 307o exhaust emission reduction.The energy shortage of the years after as well as the
given results lead us to the opinion, that the demands
were well founded. Each of the four competitors in the
project ranked energy consumption being of the highest
priority.
The piston engine oftoday is predicted being the vehicle
engine of the future, too. Consequentuse of some fundamental principles gives an astonishing potential for improved effrciency.
Not referring to details, some of the principles used in
the project will be rcported here:

control area. Alternative routes are assessedwith reference to the overall objective of
-reduction of travelling time
-reduction of vehicle operating costs
-reduction of number of accidents.
This system was successfully tested with promotion of
the Federal Ministry for Research and Technology with
participation of more than 4fi) vehicles in the Ruhrgebiet
Autobahn area.
Improvement of conditional safety played quite an important role in all r-esearchcars. Climatization of the
compartment will be of greater importance with larger
and more sloped windows (Fig. 7). Ventilation, temperature and moisture will be controlled electronically.
A future solution could be utilization ofheat-pipe techniques. Heat exchangers for air conditioning systems will
transmit heat from exhaust gas or motor cooling fluid to
the heating air as well as it will transmit heat from the
compartment air to the cooling fluid of the air conditioner.
Panel shapeofthe heat exchangercan be used for door
inside panel installation for example (Fig. 8).

l. Choice of thermodynamically most favourite combustion process: It was not surprising that each of
the participants made use of at least the Diesel engine in one of these prototypes. Consequently they
made use of the direct injection Diesel engine for a
passengervehicle.
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Figure11. Schemefor motor-transmission
control(UniversityGroup).
Some basic data from the three finished Diesel engines (Fig, l0) show that this engine type shows
outstanding fuel consumption in combination with
exhaust gas and noise emissions below the limits
given for the project.
2. All of the piston engines, and this is the second
principle, are supercharged. This is for Diesel engines as well as for spark ignition engines (Ottoengines).
3. The third principle is to eliminate idling and thrust
mode engine operation totally. This has been realized in the Diesel-versionof the VW-car. Power is
to be generatedonly then when it is neededto cover
driving resistanceor when it is demanded for acceleration by the driver via driving pedal. More
information is given in the paper by Volkswagen.
4. The fourth possibility is to operate the engine only
in the near of its point of optimum fuel consumption
and to shift control-function to the gear. Theoretically of best advantage are continuous variable
transmissionswith sufficiently spreadconverting ratio combined with electronically controlled enginepower transmission-management.
With an ideal (1fi)7a mechanical effrciency) CVT,
fuel consumption can be reduced by 307o compared
to mechanical 4-speedgear box by running the engine just along minimum fuel consumption control
characteristic.

is dual shaft with rotating heat exchangerdisk, single
stagecentrifugalcompressor
with backwardcurvedrotor
bladetips,ceramiccombustion
chamber,singlestageaxial
gas generatorturbine, single stageaxial power turbine,
adjustableinlet guide vanes,electroniccontrol of fuelsupply.All internalhot sectionsare madeof ceramics.
Test benchwork has beensuccessful;
first in-vehicle
testshave beencarried out in September.
With respectto fuel consumptionthe goalsset in the
projectwerereached.
With regardto exhaustgasemission
it must be saidthat the givenlimits (CH + 196. : l0
g,/testand CO : 36 g,ztest;EuropeanTest Cycle acc.to
ECE R 15)could not be achievedreliablyin all cases.In
thosesparkignitionenginesit could only be achievedby
givingup the achievedoptimumfuel consumption
values;
but even then the given fucl consumptionlimits were
suflicientlyreached.

Engine and gear box performance maps are laid down
in a microprocessor (Fig. l l), the control strategy being
that for every single point in the power map the product
of engine and gear box effrciency gets a maximum.
First results with UNI CAR show that the used CVT
"Transmatic" is an interesting alternative
with respect to
mechanical efficiency, speed of ratio change, spread of
ratio, specific power and costs.
The only alternative engine in the project is the gasturbine-version (Fig. 12) in one of the Daimler-Benz car$,
developed parallel to the Diesel version, This gas-turbine

representation
of the Mercedes-Benz
Figure12. Schematic
researchturbine.
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We think that some more detail work which could not
be done due to the short project duration could result in
better emission results.
For the Diesel engines all limits for exhaust gas emission, particulates included, could be achieved, the latter
even without filtering.
Related to noise emission the set limit of 73 dB(A)
according to ISO 362 was regarded as diffrcult to fulfill
becauseofthe levelsetting tire noise. The results, however,
show that with the help of acoustical capsules for the
engines a noise level of 72 dB(A) could be measured eveu
for direct injecting diesels.

Other result$ were obtained with regard to the outer
cover included the roof and the lower floor panel. Here
the use of new materials will increase in the near future
(Fig. la).
All four prototypes show plastic front sections with
integrated bumpers. Mostly they consist of an GFRP- or
aluminium cross member and a PUR body and skin. Main
advantages are the drastically reduced number of parts
in connection with greater freedom for design.
Side doors unanimously were made of aluminium. Audi
here also realized the functional separation of door structures. First into an aluminium structure carrying the lock,
window lifting mechanism and door hinges as well as
incorporating the side intrusion guard; second into the
inner door cover and the outer door cover (aluminium).
As to side panels and mud guards lightweight materials
will be used; both aluminium and plastics are considered;
a distinct trend to one of these materials cannot be seen
yet.
The most extensive structural modification can be seen
for the Audi car. Normal as well as steer forces acting
on roof and floor ask for extensive reinforcements for the
steel panels.
For this purpose the roof as a sandwich construction
out of a honeycombed aluminium core and GFRP-shells
could be advantageous.
The floor unit (Fig. 15) consists of a GFRP-construction with directed fibers from high-temperature-resistant
resins. Reinforcements for panels and supporting beams
are made of PU-hardfoam corelt. For anticorrosion purposes the floor asembly covers the side fenders up to the
doors.
The problems for this structural layout are the assembly
between steel frame and plastic subassembliesby gapflrlling adhesives.Another problem is that roof and floor
can only be mounted after completion of supporting
framework including total surface treatment.
On the other side this assembly sequence offers big
advantagesfor mounting the equipment of the passenger
compartment. Additionally roof and floor can totally be
preassembledaway from the main assemblyline on special
work benches with all equipment including mechanical
devices, electric wiring, carpets, seats etc.
Beside the just mentioned structural design works, an
important contribution to energy saving was given
through a drastical reduction of air drag. With realistic
chassis design the air drag coefficients for the four research car$ were between 0.24 to 0.29.

BODYDESIGNCONCEPTS
Guide lines for body designin the researchcars can
be describedas follows:
-principally retainingtoday'sproduction procedures,
modificationswith respectto u$eof alternativematerials, subsystemproduction and assemblyas well
as to final assemblyshould be investigated
-the whole body designought to play an important
role in vehicle economyimprovementby reduced
weight and favourableair drag
+xpenditure on energyduring manufactureand recyclingwereto be consideredin design.
The principle way for improvementsin this respect
seemsto be the consequentseparationofbody functions
into the supportingstructuresand the outercovergiving
vehicleshape.
The supportingframework(Fig. 13) consistsof a 3dimensionalframeworkof thin surfaceelementsand highstrengthrigid beams-in all four prototypesthesestructures are madeout of steelsheets.
On one side an optimal ratio betweenvehicleouter
dimensionsand passengercompartmentspacedemands
for minimal beam measures.On the other side survival
spacein accidentsdemandsfor an extremelyrigid compartment,up to this both can only be done by steelobviously.

ECONOMYAND UTILITY
Utility of a vehicleis ruled by its
-transport capacity
-reliability
-safetv

Figure 13. Body structureof Audi researchcar.
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Body and InteriorPartsmade from Plastics
Headlining

Wiper,Wiper Arm
+Glass+Carbon Fibres)
(Polycarbonate

'

(FolypropyteneFoam)

lnstrument Panel

Side Windows

(Polycarbonate)

(Polycarbonate)

Tailgate

Front $ection

Rear Window Shelf

( P U R S k i n , G F R PM e m b e r )

( PUR+q6*t;

Rear $ection

Wheel Housing

(PUR.GFRP}

{ABS)

All-Foam Upholstery

Trim

(Polyether)

(GFRP)

Sebts
(Polyamide6+Glass)

Figure14. Bodyand interiorpartsmadefromplastic(Volkswagen).
-+nvironmental compatibility
-life expectancy and depreciation

hard to give.A purely subjectiveremark at this time can
be givenyet:
-Even the few examplesin this paper show that for
the abovementionedfactors governingutility a remarkableimprovementcan be stated
-An improved utility can be proposedbecausemost
of the presented
in onefield of demands
technologies
did not affectnegativelyother fieldsof activity-that
wasjust the aim of the project
*The competitorsin the projectrankedeconomyvery
high for their work. Thesedecisionsmadein 1978/
79 havebeenverifiedby the internationaleconomical
developments
-The demand of the project for technical solutions
with the potentialfor largeseriesproductionas well
as the short projectdurationexcludedrealizationof
long-termtechnologies
but did alsoavoid exotic,unrealisticsolutions.

Regardlessto economy, utility can be improved by high
sophisticated technology-their interrelation is governed
by costs.The optimal ratio betweenthem dependsmuch
on the expectational attitude of the buyer of a specific
vehicle class.
So a concluding valuation of the four vehicles with
respect to 3OVoimprovement in economy and utility is

The four prototypesindeeddemonstrateefTectiveand
economicalsolutionsfor an improvedautomotivetechnologiesfor the last 20 yearsof this century.For this
reasonthe German FederalMinistry of Technologyregards the project as beingsuccessful.

Figure15. GFFIPconstruction
of floorpanel(Audi).
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ExteriorSafetyand Side Protectionwith the Uni-Car
HERMANNAPPEL,JOACHIMBLODORN,
ARNE KUHNEL, REINHARD PASCH,
HORSTRATTAJ,and WOLFGANG
lVOLLERT
Instituteof AutomotiveEngineering
at the
TechnicalUniversityof Berlin,West Germany
ABSTRACT
The integratedresearchvehicleUNI-CAR is the result
of a four-yearcooperativeeffort amongfour WestGerman
universities.The following were the points of emphasis
for the researchperformed:
----€nergysavings
-noise reduction
-safety improvement.
By virtue of its specifrcexperiencein the field, the
Institute for Automotive Engineeringof the Technical
Universityof Berlin wasresponsible
for the areaof safety.
Almost 50 percentof personskilled in traffic accidents
in West Germanyare either pedestriansor cyclists:what
we call "the outside victims." This situation has been
fully takeninto accountby the safetyconceptof the UNICAR. Extensiveprotectionhas beenprovidedfor pedestrians and cyclistsby the geometricaldesignand the use
of soft materials (foam) for the front end of the car.
Aerodynamic requirementswere also able to be taken
into accountin this concept.The configurationwas provided in such a mannerthat protectivecriteria were observedup to 50 percentin ca$esof collision speedsof 45
km,zh(28 mph).
A secondfocal point in the safetyconceptof the UNICAR was side protection;the side impact is one of the
dominant collision types, especiallyin city traffrc. Approximately20 percentof all deathsamongcar passengers
result from cars struck from the side; their number
amountsto approximatelyl0 percentof all traffrc deaths.
The test velocity for the car-to-carside collision was set
at 50 km,/h (31mph). This speedwould include75 percent
of all side crashesresultingin injuries.
Verified measureswere employedto prove that the
offrcially stipulatedsafetygain of approximately30 percent was achieved.We must point out, however,that
someof the solutionsaschosenarenot yet readyfor mass
production.

many in 1978a progrf,mfor the development,construction, and testingof a researchpassenger
car. In the West
German case,however,no particular point of emphasis
was intendedfor specialconcentration,as was the case
in the RSV and, especially,for the ESV projects.Instead,
the emphasisin Germany was to achievedecisiveimprovementsin the featuresofpresentday standardfactory
models,with emphasison the following R & D objectives:
<onservation of energy sourcesand other natural
resources
+nvironmental benefits
-safety (30 percent)
-economy and efftciency
Compensationwas to be allowed in the punuit of these
goals.
Proposalswere primarily solicited from the German
automobileindustry.A collaborativecomposedfrom four
German university institutes-from Aachen, Berlin,
Darmstadt, and Stuttgart-also applied for this project,
and they were awardedthis contract. For the flrrsttime
in Germany, a project was started which admits to the
opportunityto incorporatespecificexperience
in the com,
pletedevelopment
ofa passenger
car. Structuraland constructionwork assumedthe Karmann company.The first
prototypewasintroducedafter the extremelyshort period
of 23 months(Fig. l). Testingof the total of 4 prototypes
will be completedby the end of 1982.
As part of the scopeof responsibilities
of the Technical
University of Berlin, this presentationis intendedto describewhich safetyconceptwaschosenfor the UNI-CAR,
and under what prescribedconstraintsthis selectionwas
made.Measuresimplementedfor increasingthe exterior
safety (for pedestrian$and cyclists)and side-crashprotection will be described;with the aim of test results,
estimateswill be made with regard to the increasein
safetywhich can be expected.

INTRODUCTION
Similar to the United Statesin 1974with its Research
SafetyVehicleProgram(RSV),the WestGermanFederal
Minister for Researchand Technologyinitiated in Ger-

Figure1. Prototype1 of the UNI-car.
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SAFETYCONCEPTOF THE UNI-CAR

ations (moderatelydeveloped,rounded-offleading edge
of the hood,with sufficientoverallheightfor deformation
paths), the form shown in Figure I was selected.The
representedby the form is mitigated by
aggressivene$s
suffrcientcoil distance(distancebetweenthe streetsurface
and the headdentin the hood: 1.95m for the UNI-CAR
and 1.75m, for comparison,for the VW Golfl;,and by
integratedbumpers,headlights,and exteriormirrors.

The collaborative of the universitiesselecteda total of
three emphasesfor developmentfor the UNI-CAR:
-reduction

in fuel consumption by the following features: use of a diesel engine with direct injection,
utilization of an electronically controlled CVT gear
sy$tem,and drastic reduction of the air resistance
-reduction in noise emission by means of encapsula'
tion of the engine and the exhaust pipe
-increase in passivesafety,especiallytoward the outside.

lmpact-Energy
Absorption
at the FrontEnd
The following safety measuresand $tructural design
featureswere chosento be providedin the form of polyurethanefoam to ensuresuffrcientdeformationpaths:

The first two developmental goals-better aerodynamics and less noise emission-have resulted in fbrmdetermining and structural measures.These measures,in
turn, act as corstraints for the vehiclebody and, therefore,
for the safety concept and the design of the car interior.
These restriction conditions include the following:

-a soft facewith a deformationpath of approximately
150mm (Fis. 2)
-an impact-energy-absorbing
hood, with a deformation path of approximately70 mm (Fig. 3)
-an energy-absorbing
windshieldframe,with a deformation path up to approximately45 mm (Fig. 4)
-a peripheral,energy-absorbing
roof edge,with a depath
formation
of approximatelyl5 mm (Fig. 5).

--a

front end with a smooth surface, rounded off in
all directions
*a low, long, and gently inclined front end
-a marked withdrawal of the roof edges at the sides
-a sharply inclined windshield
-a spacious middle tunnel running throughout the
interior.

The safetymeasuresemployedare summarizedby persp€ctiveviews in Figures6 and 7.

The following safety concept was chosen under the
prescribedconstraintsand objectivesfor protective measures:
r n t e g r o lf o o ms k i n

-a medium-largeand medium-heavyvehicleas a compromise among self protection, partner protection,
and compatibility
-slight increase in the structural and interior safety
in the event of a head-on crash
-improvement in the restraint system for the frontseat pas$engers
-marked improvements in structural and passengercompartment safety in the event of a side crash (test
conditions: 90 degreecar-car collision with an impact
velocity of 50 km,/h (31 mph) against the target
vehicle at rest)
--considerable improvement of the exterior safety with
regard to pedestrians and cyclists (test condition:
collision velocity of 45 km,zh (28 mph)).

\
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EXTERIOR
SAFETY,MEASURES
TAKEN,
AND TESTRESULTS
Designof the FrontEnd
placedby
As a compromisebetweenthe requirements
(a
gently
inthe aerodynamicprinciples involved low,
clined front end) and by the pedestriansafetyconsider-

Figure2, Soft face.
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Figure3. Hood.
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Figure4. Paddingof the windshieldframe.
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from the side by a braking car: all of which conditions
serveto coverapproximately85 percentof all car-pedestrian accidents.
Since the UNI-CAR was intendedto be designedto
take into accountthe body sizesof a medium-sizedchild
(1.25m tall) and of the "50-percentmale" (1.74m tall),
dummieswere selectedin accordancewith the respective
data for six-year-oldchildrenand for the S0-percentman.
Severalversionsof the UNI-CAR, eachwith variations
in material characteristics,were availablefor the tests:
three different front facesand hoods,eachwith various
degreesof foam rigidity, were tested. For comparison
purposes,a car with a similar outer contour-a Citroen
CX-was also incorporatedinto the test program. This
was to enable estimatesto be made concerningformrelated influenceswith respectto earlier testswith pontoon-shapedtest cars.

g lue

__SerlenscAeibe
stde window

lnnenverkledung
i n n e rp o d d t n g

Figure5. Paddingof the roofedge.

Test Results
Approximately90 percentof all vehicle-pedestrian
accidentsin WestGermanytake placewithin built-up communities, i.e., on streetsin which a speedlimit of 50
km,rh (31 mph) is prescribed.Consequently,collision
speedsfor the testswereset at 25 km/h (16 mph) and 45
km/h (28 mph) in an attempt to correspondto realistic
conditions; furthermore, the test pede$trianwas struck

Figure7. Sectionthroughthe frontend.
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Comparisonsof test results with pontoon-shapedvehiclesand wedge-formed
onessuchasthe UNI-CAR will
differentmotionssequences
andloadalwaysdemonstratc
ing conditions,as a result of geometricfactors.We must
point out that hoodswith front edgesat the normal limousineheight are associatedwith extremelyhigh thorax
loadsand very long trajectorylengthsfor children;extremelylow designforms,on the otherhand,presentthe
dangerof increasedhead-impactvelocitiesof adultson
the hood.
The UNI-CAR compromise reached among serodysize,design,visibilityconditions,and
namics,constructed
deformationpaths representsan acceptablemean in the
configuration of the car body contour with regard to
safety provided for child and adult pedestrians.In this
velocity
regard,Figure8 showsa plot of the head-impact
perpendicularto the hood surface,as a function of the
car-pedestrianimpact velocity.The test valuesare therefore similar to well-known results from other investigations, despitethe flat form involved here. A somewhat

a r',i
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16
fled Inpxt velority

velocityin pe'
Figure9. HIC as a lunctionof head-impact
destriantests.
fortunately, relatively rigid and did not thereforeresult
in the improvementswhich had been expected'Those
featureswhich were primarily unfavorable were the aluminum supportingframesfor the heavierhood versions
polyurewhich had been paddedwith energy-absorbing
probAlso
thane foam that proved to be too dense.
shell
at
the
$trongcar body
lematicalwas the excessively
headlights
their
wells,
in
soft face,in the vicinity of the
as well as the seamalong the hood. The last point here
in the caseof the child
was especiallydisadvantageous
dummy.
Good results,however,were achievedthrough use of
a sandwichhood madeof a layerof polyurethanebetween
plastic;test measured
two layersof glass-fiber-reinforced
valuesare shownherein Figure 10.Further development
work is necessaryhere, however,in order to solve stillremaining problems involving manufacturing expense,
of fit: thesemust be solved
form distortion.and exactness
in order that the inherentadvantagefor pedestriansafety
can in fact be implemented.
In order to arrive at conclusionswhich can be repeatedly reachedunder more easily reproducibleconditions,
various verrions of the hood, with their corresponding
models,weresubjectedto separatetestingundera dropweight apparatus.Insofar as the distanceto immovable
auto componentsin the enginecompartmentremainssufficient (the attemptwas madeto ensureup to 120 mm
of intermediatespace,with the exceptionof severalcritical

V31 [m/sl
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E 26 Tecis

Figure8. Head impactvelocityas a functionof the collision
velocity,in car-pedestriantests.
higher contour would, however, have been more favorable. The pedestrian body-wrap distance should be taken
into consideration in such a manner that, even at collision
velocities of 45 and 50 km,/h (28 and 3l mph), the head
impact will always take place in an area restricted to the
hood.
Figure 9 shows the influence of padding the hood on
pedestrian head loads. Here the HIC (head injury criterion) values of the UNI-CAR are repre$ented together
with those of the comparison vehicle for similar headimpact velocities. Since, in the case of the 50-percent'
male dummy struck from the side, a considerable portion
of its rotational energy is relatively frequently absorbed
by the impact of arm and shoulder onto the hood, rather
than by the head itself, the collision velocity had not been
chosen as a criterion of comparison.
These tests show quite clearly that the versions of the
UNI-CAR favorable for production purposes were' un-
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Figure10, Path'of-forcecharacteristicfor a sandwichhood
of polyurethanebetween glass-fiber-reinforced
plastic.
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Figure 11. Sl as a function of the collisionvelocitv in
pedestrian tests.

points, with a minimum of 70 mm interveningroom),
and if large, nonsupportedsurfaceswhich could be deformed in their entirety were kept within certain limits,
then tolerableHIC figures up to velocitiesof 4j k:m/h
(28 mph), with very high energyabsorption,are indeed
possible.SeeFigure 10.
Figure l l showsthe influenceof the soft face,for which
the SI (severityindex) calcularedfor pelvisand thorax is
comparedfor the various test vehicles.The advantages
of the UNI-CAR are more apparenthere than for the
testsfor the hood, primarily responsibleas it is for head
injuries.
The reasonfor this phenomenonis the known fact that
favorably designedsheet-metalhoods can also result in

Iow loading figures-if the victim does not happen to
strike any bracing elements. In the case of a front end
made of sheet metal, however, the presenceof bracing,
edges, and corners can hardly be avoided; in any case,
the intention is to pass the 5 mph test as stipulated in
FMVSS 215, without harm to the pedestrian-and this
would not he possible with a metal front end.
As with the hood, the version of the soft face with the
greatest yielding characteristics proved to be most superior here as well. One of the results from a soft face
made entirely of integral polyurethane foam, which was
also includcd in the testing, showed that forces applied
to the pedestriancould indeed be reduced:here, the beneficial effect was achieved by elimination of the bracing
and reinforcement normally featured locally at the cooling-air intake, at the headlights, and at the body seams.
The addition of foam to these points resulted in more
than doubling the weight here, however.
The acceleration-time sequence plots alone, however,
do not suffrce to explain all the differences observed in
collision sequenceswith respect to all accident evidence
and traces and damage done to the dummies and the test
vehicles. With tests conducted using the conventional
comparison car, it was observed that the following types
of injuries were suffered in almost every seconcl test:
dummy legs and knee joints were damaged by the pronounced bumper edges, and collarbones were broken by
impact of the elbow on the hood in the vicinity of the
engine. Furthermore, splinter$ from headlight covers and
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Figure 12' D-amagesto the comparisonvehicles from pedestriantests (right side
UNI-Car;impact locations marked with
differentcolours).
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hood latche protruding partially through the hood metal
to the outsidewouldalsohavegivenrealcausefor critical
injuriesin the caseof an actual accident.The dangers
herearenot correspondinglyrecordedin the accelerationtime printouts,however.Figure 12 showsthe two cars
comparedin testingin the headlightareaaftera collision
with a S0-percentdummy at 45 km/h (28 mph). The
UNI-CAR has remainedfor the mo$t part undamaged,
in respect
and will thereforebesignificantlylessaggressive
the
types
injuries
which
of
to
could be expectedfrom
parts.
vehicle
thesedamaged

.fi
i*

SIDE CRASH PROTECTION,
MEASUREMENTS,AND TEST RESULTS
desUNI- tAR
fZugverbund

SideProtectionMeasures
The side protection systemconsistsofa transversebracing which is rigid in compression:two transversebeams
behind the front seats,betweenthe "8" pillars. The bracings are provided with additional rigidity by the seatpans.
See Figure 13. The door braces and latches ensure that,
in case of a side crash, an interlocked bracing system will
function to withstand initial forces applied in bending
and, for greater deformations, in tension. To guarantee
direct transmission of tension forces (i.e.. without first
having to overcomeplay), careful designofthe connection
points was neces$ary(e.g.,pillars, hinges,door, lock, etc.).
See Figure 14.
By virtue of seats which cannot be adjusted in the
longitudinal direction, it was possibleto provide uniform
optimal side padding for all sizes of passengers.The seats
have been moved a relatively great distance toward the
middle of the car, thereby allowing for considerableside
intrusion before the occupants are struck by the penetrating parts of the car.
Finally, interaction (collision) between the left and the

Figure13. Passenger
compartment
of the UNI-CAR.

i$
{'t

.d

Figure14. Hingesand lockson the UNI-Car.
right passengers
is extensivelyavoidedby virtue of the
high transmission
tunneland shoulderpadding.SeeFig15.
ure
An additionaladvantageis providedby anchoring
the top ofthe three-pointsafetybelt systemon the lzsde
ratherthan at the outside.

Test Results
:
Investigationwas madeof the effectiveness
of the various cross-bracingelements,individually and in interaction. For reasonsof cost.the testswereconductedwith
standardfactory car modelswhich had beenmodified in
accordancewith the improvementsmadewith the UNICAR. The following resultswere determined;
-By virtue of the bracing,considerably
more seating
room remainsavailable.
-Best effectiveness
wasachievedby an integratedsy$-

Figure15. Interiorpaddingin the UNI-CAR,
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Table 1. Assessmentof the safetybenefits.

Traffic

Pedestrians
Bicyclists
Mofa,Moped,Mokick
Motorcyclists
Occupantsin frontral
impacts
Occupants
in side
impacts
Other
Sum
tem with the door braces and the cross braces. Intrusion from side crasheswas reduced from 465 mm
with unbraced vehicles, to 225 mm, i.e., to less than
half.
-The free space remaining as a result of the above
phenomenon can be utilized for minimization of
forces acting on passengersby means of providing
suitable padding of the side doors. This is achieved
by ensuring as great a padding deformation path as
possible for acceleration of passengersup to the lateral vehicle velocity after a crash from the side.
-In the striking car, the paruiengersand vehicle will
be subjected to slightly higher collision forces as a
result of the bracing reinforcement provided in the
struck vehicle. The safety advantage gained on the
other hand by the maintenance of more survival
space in the target vehicle passenger compartment
'
more than compensate for the insignificant worsening of conditions for the striking car, with the
result that this slight disadvantage is acceptable.

ASSESSMENT
OF THESAFETYBENEFITS
Calculationof the safetybenefrtsgainedin the areaof
passivesafety is performed in accordancewith a new
prognosismethod.The individual stepsare as follows:
-probability of injury as a function of the collison
velocity, with the presentstateof vehicledesign
-gain in speedwhich resultsexperimentallyafter inwith equalloading
troductionof the safetymeasures,
-injury probabilityasa function of the collisionspeed,
with UNI-CAR conditions
-distribution of speedsin actual accidents
-breakdown of participantsinto AIS (abbreviatedinjury scale)classesby meansof collision speed,with
presentstate of automotivedesign
-shifted breakdownof participantsinto AIS classes
usingthe collisionspeed,with UNI-CAR conditions
--distribution of pedestrianinjuries in West Germany

Fatalityrate Fatalityrate Reductionof
absolutely (coll.with car) fatalityrate
(FRG1s8o)
(%)
(./.1
3095
23
40
1142
I
40
765
5
40
1232
I
20
3912
37
20
1825

17

1070
13041

100

25

j

Salety
benetit

9.2
3.6
2.0
1.8
7.4
4.3
0

-reduction in the proportion of thoseinjured in West
Germany
-reduction in the numberof deathsand severeinjuries.
Ifthe aboveprocedureis appliedto all relevantcollision
typesfor which the UNI-CAR couldbring improvements,
a safety gain of approximately 30 percent could be
achievedwith respectto the numberof traffrc deaths.See
Table l. This figure results from inclusion of estimates
madein the comparisonof data from:
-actual traffrc accidents
-test results with presentconditions of automotive
design(standardfactory models)
-test resultswith the UNI-CAR.
This safetybenefitresultsfrom the following breakdownr
lSVo for pedestrians
and bicyclists
4Vo for motorcyclists
l%o for car passengers
in a head-oncrash
4Vo for car passengers
in a side crash.
As a result,the stipulationssetin the relevantLoading
Specificationsfor a safetygain of 28 percentin the area
of passivesafetywere in fact satisflred
by the cumulative
effectsof advantagesfrom the variousaccidenttypes,as
weII as with respectto the death rate.
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INTRODUCTION
The tasks which research and development work is
called upon to fulfill have become increasingly more critical. This does not, however, alter the fact that the motor
car has to satisfy a large number of various, conflicting
requirements.For the researchdivision of the Volkswagenwerk, this means representingthe integral demands
made on the motor car of tomorrow. As long ago as 1973,
the concept of the IRVW was born and represented in
hardware. As far a$ thi$ concept is concerned, nothing
has changed up to this conference. Contrary to the well'
known demands, a whole series of additional demands
now have to be fulfrlled. Figure I shows theseconflicting
demands. Becauseof the causal relations, vehicle safety
must not, in our opinion, be seen in isolation, also with
regard to the further development of vehicles. In this
resp€ct, the "Auto 2000" research project is a logical
continuation of our research work up to now. The VW
Auto 2fi)0 project is demonstrated in the following along
with the results achievedto date.

DESCRIPTION
OF THE VW AUTO 2OOO
CONCEPT
General
The VW 2(H0 remarch vehicle has already been described in detail in severalarticles (l) (2).For this reason,
the general description can be limited to the aims and a
few highlights together with the results. The aim of the
project was to represent the future of motor car engineering up to the year 2000. Given this aim, the vehicle
concept was to be optimized along with a significant
improvement of vehicle safety,a reduction of exhaustgas
and noise emission and increasedfuel economy. Along
with alternative materials for all areas of the vehicle, the
use of electronic aids for the three electronic centres in
the vehiclewas to be investigatedin particular. As a result,
the Z-door saloon shown in Fig. 2 was displasedat the
IAA (International Automobile Exhibition) in Autumn
l98l in Frankfurt with the 3-cylinder Diesel engine and
at the 1982 Hannover Trade Fair with the spark-ignition
engine.In 1982,selectivefollow-up work was carried out,
the results of which are given in the following,
The 4-seater vehicle permits a payload of ,+00kg. The
luggage compartment at the rear has numerous possible
variations and means that the vehicle can be used to
perform a whole range of transport tasks. The two research prototypes are fitted with two different enginesa 4-cylinder spark-ignition engineand a 3-cylinder direct-

EXPEHIMENTAL
SAFETYVEHICLES

Figure 1. Conflictingdemands in car development.

Figure2. Volkswagencar 2000.

injection Diesel engine.Togetherwith the transmissions
selectedfor each engine,the vehicle consumptionand
performancevaluesshown in the tablesresulted.
The fact that these values were achievedwith comparatively high performanceshould be particularly emphasized.However,in the courseof the work the conflict
betweena further reductionof exhaustgasemissionand

an increase in fuel economy became apparent. It was only
possible to achieve these consumption figures by means
of the low drag coeffrcientof co X F : 0.25 X 1.86 :
0.47, i.e., substantially lower than the mean value of new
vehiclessold in Germany in l98l of cp X F : 0.81 (Fig.
3). Despite the use of a great numbef of alternative materials, it was not possible to lower the vehicle weight
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much below the mean value of present-dayproduction
vehicles.One reasonfor this is the largenumberof additionalitemsof equipment,the weightof which mustbe
compensatedfor by reducingweight elsewhere.
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DieselEngineand Stop/StartSystem
The Dieselenginewas designedas a 3-cylinderdirectinjectionenginewith electronicallygovernedDieselinjection pump. Of the possiblesupercharging
devices,an
exhaustturbochargerwasselected.The consumptionand
performanceof the Auto 2000 achievedwith this combination are shown in Figures4a-4c.The engine/clutch
managementsystemis worthy of particularmentionhere.
The clutch systemwas designedas shown in Figure 5.
The controlled clutchesK I and K2 causethe engineto
be switchedoff when the vehicle is stationary or when
decelerating.
Ifthis systemhad not beenintegratedin the
vehicle concept,fuel consumptionwould have beenapproximately l77o higher in the ECE urban cycle and
approximately4Vohigher in the US 75 test. Exhaustgas
werealsoreducedby switchingoff the engine.
emissions
The measuredvaluesfor the different test methodswere:
ECE exhaustgas test:
HC + NOx : 6 g/twt
CO : 3 g/test
US exhaustgas test:
CO : 0.92lmile HC : 0.3 g,/mile NOx :
g/mile
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Figure4b. Fullthrottlecharacteristics
injection
diesel.
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Figure4c. Operationaldata (diesel-version).

Spark-lgnition
Enginewith AutomaticTrans-

ffi
r;t#
Figure4a. 3-cylinderdieselengine (directiniectionwith turbocharging).

The spark-ignition engine used was a 1.06 litre engine
with mechanical supercharging,petrol injection, knock
limit control and map-controlled high-power transistorized ignition system. Figure 6a shows this engine with
the mechanical supercharger controlled via a variable
drive. The results achievedare shown in Figures 6b and
6c. Related to the limited pollutants, there is a clear
conflict between a further reduction of pollutant components and of fuel consumption.

AcousticCapsule
To reduceelterior noise,a vehicleacousticcapsuleas
shown in Figure 7 was designedfor both engines.The
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Figure5. Start-stop
systemwithflywheelineftiausage.

selected.The hydraulicunit combinesin a compactdesign
the master cylinder, brake servo, accumulator,electric
motor, pump and antiskid pressuremodulator.The system is basedon a three-circuitbrakesystem(front wheel,
rear wheel), with the front wheelsbeing controlled individually and the rear wheelsjointly (selectlow). The
testscarriedout showedthat with this systemsteerability
in particular is maintainedwhen braking on a bend and
The exacttyre inflation pressure
on p-split carriageways.
also contributesto perfectvehiclehandling as well as to
the maintenanceof comfort and low rolling friction. The
Boschsysteminstalledhas4 pressuresensorsin the tyres
and transmissions
from tyresto chassis.The sensor,which

installationof this capsulehas reducedexterior noisein
the ISO pass-bytest by 6-7 dB (A) in comparisonwith
the legal type approyaltest value of 80 dB (A). On the
vehiclewith the spark-ignitionengine,installationof the
capsulecomponentshighlightedthe problemsconcerned
with the rise in temperaturein the enginecompartment.
For a solutionappropriatefor seriesproduction,the capsule cannotfor this reasonbe usedto the sameextent as
in the Auto 20fi), with the result that the reduction in
noisewould not be as great.

SAFETYASPECTS
AccidentAvoidance
In the field of accident avoidance a number of addi'
tional components were te$ted which have not yet been
installed in this form as standard in vehicles. Here, we
are dealing with the following features:
driver information centre with the ALI systan
tyre pressure indicator
synthetic voice indicating warnings
antiskid device
A sub-frame with wishbones was selected for the front
axle and a plastic design with countersteering rubber bearings for the rear axle. These bearings, which are also
installed in the VW Passat,contribute to directional control, particularly in the event of side forces. The built-in
antiskid device was developed together with the Teves
company for the Auto 2000. Figure 8 shows the system

Figure6a. 4-cylinderSl-engine(Comprex-Supercharging).
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Figure 6b. Full throttle characteristicsof superchargedOtto engine.

inflation pressuretoo low." The ALI systemshould be
$eenas a further elementtowardsaccidentprevention.
This sy$temgivesthe driver information on the flow of
traffrc. There is still a great safetypotential in a continuous flow of traffrc with regard to reducingthe number
of accidents.

Spark-lgnition Engine

Top Speed
Acc6leration
O-1OO km/h
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Farticular attention was paid to mitigating injuries in
the event of an accident. The measurestaken can be
divided into two areas:
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Figure6c. Operational

T

is screwedinto the rim, consistsof a referencepressure
chamberand a metal diaphragmwhich, when bent, actuatesa contact so that if the pressureis too low a DC
voltage signal is transmitted to the driver information
centre where the syntheticvoice utters the phrase"tyre

Figure7. Capsuleconc€Pt.
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tudinal memberswere carried out, likewise with FEM
methods.Figure l0 showsthe mesh of a longitudinal
memberwith the resultsof the quasi-staticpressuretest.
the structure
On the basisof the theoreticalinvestigations,
for the body in white was designedas shown in Figure
ll. For head-oncollisions,a designwith straightlongitudinal memberswaselaboratedwhich absorbsthe energy
on two planes.The contact surfaceson the pillars were
madelarger speciallyfor the door arch.
The new developedspecialSekuriflexwindscreenwas
bonded to the body frame, as shown in Figure 12. The
structure of the windscreenalso meansan increasein
safetyfor occupantsnot wearinga seatbelt. This windscreenhasan additionalplasticfoil on the innersidewhich
helps to avoid lacerationsof the face and the sometimes
occurring penetration through the windscreenduring
crash. The Sekuriflex windshield is now under testing
related to the other performancecriteria in Germany.
Figure 13showsa sectionthrough the sidedoor. Because
of the relatively large door openingof the 2-door body,
to designthe arch accordingly.Together
it wasnecessary
with the energy-absorbinginner door parts, a further
improvementis to reducethe dangerof injury in the event
of collision from the side.For the front seats,the passive
seatbelt systemof VW, body belt with kneebolster,was
fitted (Fig. l4). The systemof VW body belt together
with the specialbreakawaysteeringcolumn(Fig. l5) gives
protectionup to 30 mph or more in accordancewith the
requirementsof US-FMVSS208. The following results
are thoseof sledimpacttestscarriedout with Golf bodies,
equippedwith the passiverestraint system:

Hydraulic-unit
-CJil

l€ffik

Br6ke boodtrr with fraster
cylind€r

Antl-skid-pdssuru
Ggulator

Electronic- control
Ktl

Frnt

right

Figure8. Anti-skiddevice.

Protection of
occupants:

energy-absorbing body, special
safety steering column, passive
seat belt system.

An optimum design of the body was aimed for taking
into account legal requirements, the constraints imposed
by aerodynamics, the vehicle curb weight of approxi'
mately 800 kg together with the enginesand transmissions
selected.
The wheelbaseis 2450 mm, the front track width l4l0
mm and rear track width 1358 mm. The passengercompaftment dimensions are: front/rear headroom 956/923
mml front,/rear elbow width 1455,/1426mm and the socalled comfort dimension (distance from pedals at front
to front edge of rear seat bench) 1825 mm. To achieve a
design satisfying this range of requirements, the latest
findings of the Finite Element Method were used. Figure
9 shows the FEM mesh of the research vehicle with the
appurtenant comparative results with regard to calculation and testing. The comparison shows that along with
the optimization measures of the FEM model, the test
conditions must also be exactly simulated. For energy
absorption in crashes, optimization runs for the longi-

Positionof dummy
Mid front of vehicle perpendicular to the car

lmpact
speed
(mph)
15,6
22,3

Av : 37 mph
HIC
G)
(S)
a res chest
(kN)
F lemurleft
F femurrisht (kN)

Driver
789,0
47,6
5,09
4,25

Passenoer
739,0
39,6
4,45
5,67

As is generally known, the head impact in particular
is higher in the event of a real crash than in the impact
test due to the different way in which vehicle and dummy
behave. Nevertheless,it can be assumedthat FMVSS 208
is met up to 30 mph or more.
Initial tests with a modified Hybrid Il-dummy were
also carried out to check the protection of pedestrians.
The results are listed in the following:

Head

HICG)
161
191

100

Dummydata(t > 3 ms)
Chest
(g)
ares
(g)
ares
54,7
48,0

24,e
36,5

Pelvis
ares(g)
31,0
40,8

1
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Figure9a. Finiteelementanalysis.
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Figure9b. Finiteelementanalysis.
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occupants, a judgment about the performance in real
world pedestrian accidents cannot be made at this time.
The tests and analyses of vehicle safety show that for
a future vehicle concept designed along the lines ofeconomy it is also possible to provide a reasonable degree of
vehicle safetv.

Ylr
lJ,lr

Displacement

Figure10. Finiteelementanalysisfor the front-beam.

Compared with vehicleswith a high front end, the
"flight path" of the dummy is different with the aerodynamic shapeof the Auto 2000.This appliesboth to the
kinematicsof the dummy motion aswell asto the contact
time of the dummy on the front of the car. The initial
impact is taken up by the front end which in caseof
pendulumtest absorbsenergyup to 2.5 mph. At higher
speeds,
the dummy comesinto contactwith the Sekuriflex
Figure 16showsthe contactbetweenthe car
windscreen.
2000 and the pedestriandummy during the collision
phase.Although the data measuredat the dummiesare
well below the criteria specifiedfor restrainedvehicle

WlndBcrcsn
Wlhdrcroan - froFa

Figure12. Hood/windscreen-design.

SUMMAHY

Figure11. Body in white.

The obligations incumbent on vehicle development
should not just be seenin the field of vehicle safety. Along
with the further increase in vehicle safety in the field of
accident avoidance and mitigation of injuries, the requirement$ in the field of energy saving (manufacturing and
operation), reduction of exhaust gas and noise emission
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Figure 15. Safety-steeringcolumn.

Figure13, Doorcrosssection.
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Figure 16. Collisionof the Volkswagen-Auto2000 with a
pedestriandummy.

as well as new products nnd production technologies must
be taken into account. For the fields of vehicle safety, it
would appear apparent that along with further steps towards optimization in the field of accident avoidance,the
assessmentcriteria for the behaviour of vehiclesin a real
crash in particular, but also in simulated accident tests
will have to be reformulated. This applies in particular
to the side collision, which representsa new area of emphasis for research in the field of vehicle safety.
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Aspectsof PassiveSafety in the Mercede$-Benz
Re$earchCar
HUBER
GUNTRAM
AG, Passenger
Daimler-Benz
Car
Development
ABSTRACT
Under a national research programme, supported by
the Federal Ministry of Research and Tcchnology, test
vehicles for a touring car were developed which had to
take into equal account aspects of energy savings, economy, environmental protection and safety. An important
partial objective of this programme was thc design and
testing of measures with the prospect of a further 307a
reduction in injuries and deathsofroad usersin accidents
involving cars.
Methods of improving passivesafety emphasizing "protection of car occupants in head-on and side collisions
and protection of pedestrians and cyclists" are demonstrated on the research car.
In countries with right-hand trafhc, drivers are subject
to the greatestrisk of injury in head"on collisions due to
forces acting mainly on the left side, seat use pattern and
the added danger from pedals and steering. This is countered by reinforcement of the left side of the body and
improved restraint system$ for all seats.
Increased resistance of the passengercompartment to
deformation under transverse load and correspondingly
re-designed interior surfaces of the doors are suited to
reduce the load on the occupant$ in side collisi<lns. Furthermore, a number of measuresare currently bcing tested
with the research car for the protection of pedestrians
and cyclists, whose percentageinvolvement in accidents
gains increasingimportance due to the growing number
of cyclists and the substantial advances made in car occupant protection.
The continued lack of suitable measuring devices and
extremely fragmentary studies on the correlation of lab'
oratory measurements with actual injuries suffered present great difficulties for coping with the challenge
effectively.

INTRODUCTION
In contrast to ESV/RSV developmentin the 1970's,
with its extremeone-sidedsafety-orientedemphasison
occupant protection, the design of the Mercedes-Benz
researchcar was influencedby a broader requirement
profile guided by considerationsof practical value and
advantageto society(Fig. l).
Measuresdesignedto con$erveenergy and resources
and improve environmentalcompatibility and economy

were accorded equal significance with active and passive
safety. This frequently resulted in a search for a balanced
compromise between contrary demands-for example,
more safety for car occupants and rcad. users outside the
car coupled with reduced weight and economic recycling.
While the total advantage to be derived was specified,
the freedom allowed the participants to choose the major
objectives within this scope was felt to be a beneficial
feature of the research programme which enabled more
realistic experiencesand initiatives to be introduced.
An important objective of the demonstration of automotive engineering advances in the reseirch car, the development of which was supported by the Federal
Ministry of Research and Technology, was the reduction
ofdeaths and injuries in accidentsinvolving cars by 307o.

Figure 1. Mercedes-Benzresearchcar.
As statistics show human error to be the causeof some
9OVoof all road accidents, measures to further improve
passive safety can be expected to be more effective than
improvements at the same effort and expense in the already highly developed active safety.
The new design features serve mainly the protection of
car occupants in head-on and side collisions as well as
the protection of pedestrians and cyclists, so that more
than 80% ofall injuries to persons in accidents involving
cars are thus covered. The expected reduction in the
consequential cost of injury on the basis of the familiar
AIS scale is taken as the measure of progress, The better
utilization of existing safety devices is not taken into
account, moreover (for example, according to a BAST
study a 30% higher rate ofbelt u$ecorrespondsto aA0qo
reduction in consequential cost of injury). In-depth case
studies, an integral element of development and improvement of production vehicles at Daimler-Benz for many
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yeart, are the precondition for achievinggood resultswith
the methodselected(Fig. 2).
However, developmentwork is rendereddiflicult by
the lack of usefulmeasuringequipment(sidecollisionand
pedestriandummies)and extremelyfragmentaryresearch
physicalquanresultson the correlationof measurable
tities from Iaboratorytestswith the injuriessufferedin
accidentsof comparablecrashseverity.

CASES WTH MAIS s+-INJUFED FFONTSEAT OCCUPANTS
36VoBELT USE
t00

TOTAL240 CASES
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Passenger
Protection
in Head-onCollisions
Head-oncollisionsrepresent6OVoof the car accidents
with injury to passengers.
They are by far the most frequenttype of accidentand entaila high risk of injury to
vehicleoccupantsowingto the greatchangesin velocity.
All endeavours
to reducetheserisksrequirereliabledata
on the frequency,severity and causefor a statistically
relevantlargenumberof vehiclecollisions.
Figure 3 showsthe diskibution of head-oncollisionsin the form of cumulativefrequencycurves-as a function
of the energyequivalentspeedEES,which characterizes
the nature and extent of the deformationof the vehicle
and thus the severityof the accident.
Two hundred forty frontal collisionscausingat least
(MAIS 3*)
one seriousinjury to or deathof a passenger
are taken into account.The EES was definedin connection with the reconstructionof highwayaccidentsand
has proven a far better descriptor of accident severity
than the often usedchangeof velocity A v.
From the distributioncurvesin Figure 3 we can conclude:
*6}Voof all seriousto fatal injuriesoccurin the speed
rangewith EES < 50 km/h, mainly due to failure
to userestraintsystems.
-More than 507aof all frontal collisionswith serious
injuries involve the left-hand side of the vehicle in
countrieswith right-handtraffic. This suggests
a similar frequencyon the right-hand side in countries
wheredriving is on the left.

rffi
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f
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Figure2. Accidentinvestigation
tearnon $cene.
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Figure3. Distribution
of head-oncollisions.

-4nly
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abott 25Vo conform to the legally prescribcd
0' barrier collision (3% of symmetric deformations
occur in crashesagainst trees or poles).
-In the speed range 40 < EES < 60 km,/h a sharp
increase of cumulative frequency is recognized,
causedmainly by collisions on the left-hand side.
-Speeds of EES > 80 km/h are hardly relevant statistically becauseof glance-off and the small number
of cases.

The analysis of the head-on collisions shows that the
drivers are subjected to the greatest risk of injury. This
can be explained by the additional danger comirrg from
the pedals and steering, the preponderanceof left-hand
offset collisions and the frequency of seat occupancy
(driver : frontpassenger : back seat : 4 : 2 : l').
Consequently, improved occupant protection for the
driver's seatin head-oncollisionsmust be accordedspecial
significance in terms of effrciency (benefit/cost/weight
requirement). Specialattention should tre given to an aspect of left-hand collisions, particularly involving glanceoff, in future accident evaluations and new vehicle designs
(Fig. a).
Serious injuries, which in most cases determined the
maximum injury severity (MAIS), to the lower extremities were found in the study of 82 belt-wearing drivers
whose cars collided in the lefthand otTsetmode. Due to
the high intrusion speedsin the footwell and the smaller
changeof velocity Av this trend is augmentedin collisions
involving glance-off (Au < 0.7 EES).
In addition to relatively minor head and thorax injuries
specific injuries to the lower extremities were observed
due to "impact shocks" from EES : 40 km/h upwards.
The investigation of all belt-wearing occupants in headon collisiorrsled to similar results: Injury severity MAIS
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Figure4. Inluryseverityof belteddrivers.
Figure6. Fronteloffset barriertest,
3-6 occurred with the following frequency: lower extremities 4OVo,trtnk ZJVI, head 277o, upper extremities 6%.
The following passive-safety-enhancingelements are
being tested in the Mercedes-Benz research car:

ment in steering shaft); and direction of pedals forwards when more severe deformation occurs
-Improved three-point belts on the front seats with
all belt anchorages in the seat structure; buckles integrated in the rear cushion (Fig. 5)
-Two-stage automatic support through belt tensioners
on all seats and airbag in the steering wheel
-Windscreen made of laminated glass with anti-shatter flrlm
-New type of child restraint system as integral part
of the rear seat, adaptable as regards age and interchangeability.

-Reinforced

front end and passenger compaftment
structure on left-hand side (asymmetric)
-Modified arrangement of components in the engine
compartment to reduce residual block length after
compression through crash forces
-Improved coupling of the right-side front-end structure, which is not directly loaded in a left offset
collision, with the left-hand side, by means of a high
strength bumper support and the hood, which is
hinged on the left and locked in two places
-Control of front wheel turn (becauseof influence on
leg room!); disconnection of steering gear-steering
wheel link dependent on displacement (Aramid ele-

As test procedure the frontal collision at 55 km/h with
a solid obstacle, offset to the left, with 4oVo overlap of
the vehicle width was selected (Fig. 6).
Results:
First tests with modified production cars including
evaluations on the Bendix-Accelerator have already given
some positive results. For example, despite the extreme
test condition the passengercompartment remained intact
as a survival space while acceleration was appreciably
reduced (a : 20 g instead of 33 g) and steering displacement lessenedand occupants could be freed without difficulty (door opening forces < 50 N).
Through measure$applied to the restraint system, the
following values for load on occupants were obtained for
driver and front passengerin comparison with the production cars (Fig. 7).

Protection
of Occupantsin SideCollisions

three-point
belts.
Figure5. Frontseatswith integrated

A study of side collisions as to type of deformation,
direction of impact, speed and severity of injury is not
yet available. A small number of casesbut a large variet|
of parameters make conclusive judgments diffrcult. The
great risk of injury in side collisions is brought about by
the extent and shape of the intrusion, the intrusion speed
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The following elementsfor enhancingoccupantprotectionin sidecollisionsarebeingtestedin the MercedesBenzresearchcar (Fig. 9):
-Claw type overlapbetweenall doors,the lower sections of which are reinforced,and the sidemembers,
transverselyreinforcedwith interior plates;additional overlapof front doors at the reinforcedbases
of the centrepillars (bumpercontact areal)
-Tension-compressionconnectionsin the doors betweenupper hingesand door latches
-Transverse stiffeningof the passenger
compartment
through floor crossmemb€rincluding transmission
tunnel bridge, recessedbulkhead and load'beanng
seatstructures(protectivezones)

ffi
ffii
Figure7. Dummyloadsin frontoffsetbarriertests.
of the impactedsidewallstructure relative to the occupantsand the limited capacityof the structural members
and body panellingto absorbenergy.
The risk of injury to the occupantscan-as shown in
Figure 8-be correlatedwith certain parts of the vehicle
and can be determinedfrom the frequencyof contacts
and the severityof the injuriesusingfactorsproportional
to the consequentialcost of injury.
Basedon the resultsof the 222sidecollisionswith 336
by us we conclude:
investigated
injuredpassengers
-The mostfrequentcauseof injury and thus the great'
estrisk ofinjury is attributableto the interior surfaces
of the doors.
-The most seriousinjuries are attributableto objects
compartment,chiefly because
outsidethe passenger
of contact with the head due to the breakageof
glasspanesand intrusions.
prestressed
-A similarly high risk existsin the headimpact area:
doorposts,side roof frame and window frames,the
latter particularly in conjunction with broken side
windows.
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FigureL lmprovedoccupantprotectionin lateralcollisions.
-Expanded hip impact zone$on all doors with approx'
80 mm thick energy absorbing foam members between inside and outside panels on the front doors
-All side windows made of Polycarbonate with high
,
impact strength, firmly glued to the window frame
-sandwiched prefab headliner with energy absorbing
foam and Kevlar surface layer which yields fairly
well under pressure in the head contact area
-AIl belt anchorages on the seat separated from the
sidewall structure which takes the direct impact.
The measures were to be tested in impact tests with
the moving barrier in accordance with ISO/TC 22/SC
l0 striking the standing research car at 45 km/h at an
angle of 90'. Results of the tests are not yet available.
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Protectionof Pedestrians
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The number of injured and killed pedestriansshows a
slightly declining trend, particularly relative to the in-
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FigureL Causeend riskof iniuriesin sideimpects'
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creased mileages of cars. By contrast, a sharp rise in
injuries and deaths to motorized cyclists can be noted.
Their accident balance, still little analyzed at this time,
is difficult to influence by measuresapplied to cars owing
to the large share of intrinsic energy, the higher riding
position and the wide dispersion of contact points.
The degree to which external road usersare endangered
is represented in the case studies at hand by the injury
risk ascertained in relation to contact areas on the vehicle
(Fig. l0).
The greatest risk of injury to pedestrians stems from
contact with the vehicle front, injury mechanisms of
which have been adequately researched.For cyclists only
few preliminary study results are available. In comparison
to pedestrians the large percentage of side contacts is
conspicuous.
BELATIVEINJURYRISK (rel. lF)
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As suitable test method a combination of pendulum
tests on frequently impacted structural elements and
model calculations is recommended. The latter serve to
ascertain contact points and te$t parameters in the development phase of new vehicles.
In the absenceof adequate experiencewith this method
of optimization, dummy tests with the CCMC pedestrian
position will be performed as a transitional arrangement
(Fig. I l).
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Figure11. Garto pedestrian
test.
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Figure 10. Causesand risk of injurieswith car collisionsto
pedestrians.
The following injury-reducing measures,which mostly
benefit also cyclists, are being tested on the MercedesBenz research car:

Results:
In Figure 12 first results of tests with a relatively frequent impact speed in city traffrc of 25 km/h are shown.
According to the results, all measurable load values with
the exception of the head values for the child dummy
could be reduced. The higher head load despite the soft
nose is traceable to the front edge ofthe hood (conflicting
targets load-bearing hood/head impact zone). Generally
speaking, these test results should be viewed with caution
due to only inadequate modification of the dummies and
because measurements of this kind only partially reflect
the risk of injury.

-Bumpers

with energy-absorbing foam facing in front
of the basebeamand Polyurethane spoiler with lower
leg contact area moved downwards
-Soft face with radiator grille of fibre-reinforced
polyurethane and yielding headlamp lenses of
Polymethylmethacrylate.
-Fenders and complete panelling of A-pillars made of
Polyurethane
-Hood edges and sealing hood / engine capsule ,/
accessoriespartition with low resistance to deformation under vertical loading
-More deeply set nose contour (children) and completely recessedwindscreen wipers
-Two-shell roof frame construction without roll-finished edgeand projecting trim to reduce risk ofinjury
to cyclists.
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Inffuence
of ResearchResultson Production
Cars:
The researchprogrammehas acceleratedthe demonstrationof somenew stepssuitedto improvefurther on
safety,economyand environmentalcompatibility of passengercars. The profound examinationof the demonstratedengineeringsolutionsis still pending.Only those

measures+ven partially modified-may be found on future productioncars which will be in strict correspond'
regardingfunction,reliabilityand
encewith our standards
justifiedresultstowards
quality.To achieveeconomically
improvedprotectionof road traffrc participant$,increased
willingnessof car occupantsto use existingmeansfor
protectionis a prerequisite.

r ib4q
Study of DevicesDesignedto lmproveSafety Belt Performance
M. PETIOTand J. PFIOVENSAL
RenaultStateOwnedWorks
Department
Researchand Development
INTRODUGTION
Safety belt effrciency in head-on collisions has been
confirmed by multidisciplinary analysis of actual accidents. However, this effrciency is limited, and wearing of
a safety belt is not a guaranteeof protection against impacts of any violence whatsoever. If the reader refers to
a recentaccidentologyanalysisperformedby the PeugeotRenault association,restraining improvement in the event
of head-oncollisionsremainsan essentialpriority. In fact,
according to this survey, and in the hypothesisirr which
belts are worn at a rate of lm%. head-on collisions will
still cause as many deaths as all other collisions configurations combined.
In a head-on collision, there are three main reason$
why wearing a seat belt does not prevent death or severe
injury:
-The

occupant strikes an element of the compartment
violently. This is due to an excessivemovement of
the occupant inside the compartment, and is favorized by a high intrusion level.
-The threshold of resistanceof the occupant'$ thorax
is exceeded,subsequentto excessivelyhigh forces in
the shoulder belt.
-The occupant "submarined."
For the first two reasons cited, improvement in seat
belts involves the resolution of a dilemma, increasing
retention without increasingbelt solicitations. The solution to this problem is known, and consistsin improving
coupling (or ride down effect), i.e., obtaining a better
immediate coupling of the occupant to the vehicle, so as
to use the stopping distance of the vehicle to the best
possibleadvantage.
With a standard three-point belt, the part of the occupant energy dissipated by coupling is relatively low.
Moreover, this is all the lower if the impact occurs at a

high mean deceleration,i.e., over a short stopping di$tance.In the caseof an orthogonalhead-oncollision,the
by the couplingis ofthe order
occupantenergydissipated
of 25 to 35V.
Of the severalfactorswhich limit the shareof coupling,
two are regularly mentioned:first of all, the belt wearing
slack,and secondly,movementof the webbingresulting
from tighteningofthe strap reserveon the retractorspool
(spool out effect).
Overrecentyears,devicesto suppressthesefactorshave
beenunderstudy.StrappretensiondevicesconcernwearThebelt lockingdevices
ing slackand,in part,movement.
movement.
are intendedto suppress
Renault is convincedthat an improvementin coupling
is still a highly interestingfactor and, since 1970,has
conductedstudiesin this field. In a previouspaper,Re(ll)'
nault presentedits work concerflingpretensioners
Up to the present,the interestof web lockingdevices
was cancelledout by systematicbreakingof the straps
due to the locking clampsor claws.Recently,research
in this field wasrenewed,dueto the availabilityof newly
designeddeviceslocatedat the retractor.
This paperis devotedto an examinationof the progress
actuallydue to thesedevices,omittingaspectsrelativeto
comfort. Renault considersthat comfort cannot be ne'
glected,and all the more so since unwinding and rewinding problems,togetherwith diffrcultiesin correctly
adjusting the pressureon the thorax, are to be feared'
it has
However,in agreementwith belt manufacturers,
beenadmittedthat the stateof progressof the prototypes
useddoesnot, at leastfor themoment,enablean objective
judgment to be made concerningthe hnal performances
of suchdevicesin this field.

DEVICESTESTED
Presentation
of Devices
In the presentstate of the technique,deviceslocated
at the D. ring were not retaineddue to breakingof the
webbingat the clampingdevice.
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Five different typesof lockerslocatedat the retractor
were or are being tested.
Theseare broken down into two classes,accordingto
their operatingprinciple.
Type A
The weblockeris independentofthe retractor.Locking
resultsfrom deceleration
of the compartment.Deceleration causesmovementof a flyweight,which actuatesthe
Iocking device.In the openposition,both locking clamps
areopen,and allow the strapto slidefreely.This principle
has no adverseeffecton comfort.
Figure2. Web lockerB.

OperationValidation
Webbingruptures
Our work hasdemonstrated
that the breakingresistance ofthe belt as a whole wa$ not decreasedwith respect
to that of a standard three-point belt.
During particularly stringent catapult tests, designed
to approach the resistance limits of the safety belt, the
percentage breakages,with or without a locker, were not
significantly different. ln ZOVoof the cases,breaking occurred with a three-point standard belt, and in 24Vo of
cases with the locker. All breaks were located on the
strap, the return loop or at the sliding buckle. Whatever
the type of locker tested, there were never any traces of
incipient tearing of the strap at the clamping device.
No breakagesoccurred during the barrier collision tests
using the locker.

Figure1, WeblockerA.

Type B
The locking device is located under the retractor. Locking results from forces in the strap. Once the retractor
has been locked, any pull on the strap causesthe locking
clamps to close in. The clamping pressure increaseswith
belt webbing tension. When the roller is not locked, the
clamps cannot close; this is the open position. With this
principle, there will be a decreasein comfort if the device
has not been carefully designed.

Spoolout reduction
The useof a lockerconsiderably
reducesmovement
due to tightening of the webbing around the retractor
spool.
This movement obviously increaseswith the length of
the strap weund, the severity of the collision and the mass
of the dummv.

Table 1. Average results of 18 sled testswith productioncars (b0 km/h - 0).

Conventional
RetrEctor
Filmspool
(mm)
Head
displacement
(mm)
,,' - (chest
s

- 3 ms)

F shoulder
belt
(daNl

WeblockerA

146

16,5

WeblockerB
54

655

s40

625

47

44

42

6S0

730

860
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otre gives, hereinafter, the mean travel values at the
outlet from the retractor, obtained over 40 $led tests,
performedunder identicalconditions;i.e., speed50 kph,
decelerationpulse for R"20 against0' barrier, length of
strap wound 800 mm, l2Vo elongationpolyesterstrap,
Hybrid 2 dummy. With a standardthree-pointbelt, the
meanspoolout is 170mm. For testsusinga locker,the
movementis reducedto 20,30,50 and 60 mm, depending
on the prototype locker used.
The type A locker gavenoticeablybetterperformances
than the type B, During subsequenttests,this was conflrrmed(seeTables I and 2). This advantageseemsto be
a logical consequence
of the operatingprinciple,which
enableslocking as soon a$ the flyweight moves.For the
type B prototypes,clamping calls for locking of the retractor, then strap movementwhile the clampsclosein.

-i

The conditionswere as follows; speed50 kph, orthogonalbarrier.H2 dummiesinstalledin the seattrack midposition,three-pointseriesproductionbelt with or without locker.One collisionwas performedwith a conventional retractor.one with locker A and one with locker
B.
I
Results
Locker efficiencywasestimatedby measuringthe characteristicrestrainingparameters,i.e.;
-Head movementwithin the compartment.This measurement was not retainedwhen a head impact occurred.
-The driver HIC and the impact speedof the head,
for barrier collisions.The HICs obtainedwithout
head impact are not characteristicof potential injuries, and were thereforenot taken into consideration (however,time over 80 g's has alwaysbeen
mentioned).
-Thorax 3 ms deceleration.
-Force in the shoulderbelt at the shoulder.
-Femur forces.
-"Submarining."

LOCKERSASSOCIATED
WITH A STANDARDTHREE-POINT
BELT
0' CollisionConfiguration
Test program
-18 sledtests
on R.I8 body

.
wereasfollows:spccd50kph;R.l8
Thetestconditions

collisionsaguinst banier with completeR.I8 vehicle

The resultsobtainedcall for the following comments
(seeTables I and 2).

deceleration law against 0'wall at 50 km per hr; dashboard, windshield and steering column removed; series
production three-point belt with or without locker, H2
dummy installed in seattrack mid-position. Six testswere
performed using a conventional retractor, six with a type
A locker and six with a type B locker.

Head forward movement
Sledtestsshowonly a slight reductionin headforward
movement;15 mm for the type A lockerand 30 mm for

Table2. Resultsof crashtestswithproductioncars(50km/h - 0').

Film spool (mm)
Head displacement
(mm)

Conventional
Fletractor
Driver
Passenoer
90
105

A
Weblocker
Driver
Passenger
I
0

615

WeblockerB
Passenqer
Driver
45
40
595

625

HIC
(relativevalues)
tforyhead>809
(en ms)
Head impact speed
{ms)

y'. chest
(q * 3ms)
y. Pelvis

(s-3ms)

F shoulderbelt
(daN)
Femur load left
{daN)

Femurloadright
(daN)

(ms)

(ms)

100
0,8
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0

8,7

15

62

0

13

0,8

;i:
0

13

57

50

44

39

45

43

44

36

45

35

52

45

535

540

680

630

810

780

100

260

80

360

120

200

240

140

220

170

390

180
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the type B locker. During barrier collision tests, an increasein head forward movement of l0 mm was observed
with locker A, and a decreaseof 20 mm with locker B.
These differences remain of the same order of magnitude
as those imputable to dispersion$, and it would seem
justified to conclude that no noticeable gain has been
provided by the lockers.
In spite of the absence of head forward movement
reduction, a certain reduction in shoulder forward movement wa$, however, noted. This contradiction can be explained by kinematic modifications. In particular, we
observed that the use of a locker increasesrotation of the
thorax with respect to the shoulder strapshoulder contact point. Strongly restrained by the shoulder strap at
the shoulder, the dummy tend$ to turn towards the door.
This twist explains the decrease in shoulder forward
movement. without a decrease in head forward movement.

HIC and head lmpact $peed
With respectto the seriesproduction three-pointbelt
test,driverHIC increasedbylTVowith the typeA locker,
and decreasedby 35Vo with the type B locker. These
important differencesdo not, however,indicatea ranking
of effrciency.Theseresultsfrom a minor modificationof
the kinematics.In one case,head-steeringwheel impact
took place at the hub, and the other at the rim.
The head impact speedwas slightly decreasedby the
use of a locker. This gain may be the result of better
restrainingof the dummy at the shoulder.Becauseof the
HICs obtained,it should,however,be notedthat this gain
doesnot providea suffrcientremedyto the differencesin
head impact location.

by a detailed energy study which it is not possibleto
develop here. At most, on the decelerationcurves recorded during the barrier collision tests,it is possibleto
observethat the actual start of restrainingof the dummy
is hardly effectedby the presenceof a locker (seeFig. 3).
It should be statedthat this result, as observedfor high
mean decelerationcollisions is not necessarilyobtained
for lower meandecelerationcollisions.Now, it shouldbe
noted that accidentologists
considerthe latter more representativeof accidentologicalreality.
On average,the useof a locker entailsa slight increase
in the thorax3 ms deceleration
criterion.Due to increase
of the force in the shoulderstrap, it is probablethat this
decrease
resultsfrom an increasein rotation ofthe thorax
as alreadymentioned.Therefore,this cannot be considered as an actual benefitin safetv.
"Submarlnlng"
The use of a locker seemsto increasethe tendencyto
"$ubmarine."This phenomenonis closelyrelatedto the
design of the overall restraining system.Also, and althoughthe useofa lockerhasnot excessively
downgraded
performances
of the vehicleusedfor thesetests,this problem should, in our opinion, be taken into consideration
before making a decisionto install a locker on a given
vehicle.
Femur force
On the vehicleused.the valuesobtainedwith the threepoint, seriesproductionbelt were low, and this criterion
cannot, therefore,be a discriminatingfactor in this type
of collision.

Forces in strap and h€ad and thorax deceleratlon
Measurementof the force in the shoulderstrap at the
shoulderis a diffrcult operation.The resultsshowedrelatively high dispersion$,anfl, consideredisolatedly,the
flrguresgiven should be consideredwith reserve.
However,for the overall tests,it is undeniablethat the
use of a locker is accompaniedby an increasein forces
in the shoulderstrap; this can be estimatedas between5
and,l1%o.
It seemspossibleto explain this increaseas follows:
the use of a locker increasesthe overall stiffnessof the
safetybelt, but doesnot noticeablyincreasethat part of
dummy energydissipateddue to coupling with the vehicle. Mainly, the shareof this couplingis limited by the
existenceof occupant-beltslack.Tightening of the strap
on the retractor spool influencesthis slack, but is not a
preponderantelement.The wearingof the belt, the stiffnessof the seatcushionand deformationof the occupant
forms the major part. This observationhasbeenjustified

30"configuration
Test program-7 collisions al 65 kph (30'left)
The (oblique) configuration is generally considered as
more representative of actual accidents than an orthogonal collision. A study intended to quantize the effrciency
of lockers in terms of actual safety must therefore involve
certain tests in this conflrguration. The 30' left impact
using a complete R. 18 vehicle was retained. (In this con'
figuration, the vehicle collided with the barrier from the
left-hand side, the wall being inclined by 30'with respect
to the longitudinal axis of the vehicle, see Figure 4.)
Moreover, and in order to obtain extreme severity conditions, the collision speedwas 65 kph. Under theseconditions of severity, results are generally dispersed,and it
was therefore necessaryto conduct several collisions, i.e.,
three with a series production, three-point belt, and four
with lockers.
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Figure3. Chestand pelvisdeceleration

Hesu/ts
Iniurycriteria
The mean values obtained are combined in Table 3.
For the driver, and with the exception of the shoulder
strap force, the use of a locker causesa general decrease
in injury criteria. This decreaseis obvious for HIC and
femur forces, the mean values dropping by almost half.
In our opinion, the differences in HIC are once again

due to a modification of the kinematic. This point is
developedbelow.
Conversely,a single,more effrcientrestraint seemsto
explainthe decrease
in femurforces.Due to the orderof
magnitudeof thc values,the decreaseobtainedcan be
consideredas particularly interesting.In fact, and if it is
admittedthat the meanhuman tolerancecorrespondsto
a valueof 1,000daN, this signifiesthat it was possible
to avoiddangerousimpacts.

Table3. Averageresultsof 7 crashtests with productioncars (65 km/h - 30'G).
ConventionalRetractor
Passenger
97,5
123
I 580
13,3
6,6

Driver
Film spool (mm)
(s)
HIC
(ms)
t for y Head > 80 s
chest
7R
(o-3ms)
(ms)

7^ Pelvis
(s-3ms)
Femurloadleft
(daN)
Femurloadright
(daN)

(ms)

Weblocker
Driver
24

Passenger
25

s07
2,4

4,6

58

42

47

44

69

58

60

52

432

510

160

223

1.038

213

495

199

580

785

725

785

F shoulderbelt
(daN)

113

EXPERIMENTAL
SAFETYVEHICLES
For the passenger,the results are globally positive.
However,the gains obtainedare much lesspronounced
than for the driver, and cannotbe consideredas actually
representative
in termsof real safety.This is all the more
clear if kinematicsare taken into account.

Using a locker, while increasing thorax rotation, also
accentuates lateral movement of the head. The consequencesof this are to move the impact point of the head
completely on the steering wheel rim, thus reducing collision severity.

Passenger
Kinematic anelysls
'With

respectto the 0' collision,this type of impact is
to the transversemovement
dissymmetric.Simultaneously
of the vehicleto the right, thereis a transversemovement
of the dummiesto the left. SeeFig. 4.
This transversemovementcallsfor separateanalysisof
driver and passengerrestraint.

Driver
Driver movementto the left, without locker,
-favorizes a correct position of the shoulderstrap on
the shoulder
-iecreases thorax rotation
-moves the head impact towards the outside of the
steeringwheel,the impactlocationitselfbeingshared
betweenthe rim and the hub.

Without a locker,moyementto the left of the passenger
causesslippageof the belt on the shoulder;the strap,
which catchesin the articulation of the arm, produces
important rotation of the thorax. The dummy hasa tendency to e$capefrom the belt.
The use of a locker accentuatesthorax rotation, thus
increasingthe risk of escape.If this escapepossibility,
which was highlightedusing an H2 dummy, is obtained
with an actual occupant,it can be consideredthat the
useofa locker undertheseconditionsis useless.
and even
dangerous.

WITH AN OPTILOCKERSASSOCIATED
THREE-POINT
BELT
MIZED
Parameters
Modified
Allowing for previouslyacquiredinformation, optimization concerned:
-the position of the three belt attachment points
-the percentageelongationof the strap (6, 12, lTVo)
-the seatcushionstiffnessand geometry.
The only objectivesoughtwasto improve effrciencyof
the lockers.To achievethis, efforts havebeenmade to:
-limit rotation of the thorax
-accentuate shoulderrestraining
-avoid the risk of "submarining."

Test Program

PASSENGER

fr

Itirl
lil

-4=

o'

Figure4. 30"angledbarriertest at 65 km/h.

Over an initial stage,twenty sledtestswereperformed
to $tudy the effectof eachof theseparameters.In order
to judge the effect of the modifrcationson locker efftciency, each confltgurationwas testedonce without the
locker, and oncewith. Only the principal conclusionsare
mentionedhere, so as not to complicatethis paper.
The position of the attachmentpoint is, by far, the
most discriminatingparameter.However,it seemspreferableto use a strap of 6Voelongation,with a relatively
stiff seatcushion.
The position of each of the 3 anchoragepoints has a
notable effect, but it was only by raising the shoulder
strap point that it was possibleto fully monitor rotation
of the thorax.
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I

Subeequentto this study, the following optimum configuration was retained:

Table4. Resultsof sledtestswith modiliedcars(50 km/h
- 0).

--shoulder strap point raisedby 100mm
---out$idelap belt point advancedby 100 mm
-inside lap belt point back by 100 mm and lowered
by 50 mm
-67o elongationstrap
-seat cushionreinforced.

Conventional
RBtractor

Spoolfilm
(mm)
Headdisplacement
(mm)

t',lnTf

ms)(ms)
t',[t'i
ms;(ms)

After sled testing,this configurationwae subjectedto
two 50 km,/h orthogonalbarrier collisions,using a completeR. l8 automobile,one with conventionalretractors
and the other with lockers.

F shoulderbelt
(daN)

80

Weblocker
A
0

595

500

47

52

36

37

N.A.

720

Results
Resultsobtainedduring the catapultand wall testsare
given in Tables4 and 5 respectively.
The basicconclusionthat can be drawn is that optimization of the various items involving restraining as a
function of locker presencehas, as expected,increased
the efficiencyof the locker as far as the occupantmov+
ment is concefned.
With the sled, it was possibleto obtain a head travel
of 500 mm. This representsa gain:
---of 155mm, with respectto the referencetests(bas+
line car + conventionalretractor)
<f 130mm with respectto testsusingthe lockeronly
(baselinecar f locker)
<f 95 mm with respectto the modifiedcar test (mod'
iflredcar * conventionalretractor).

Here, it is worth noting that the use of a locker with
a standardthree-pointbelt gavea reductionof only 15
to 30 mm on average,dependingon the type of locker.
side
For the barrier test,a headtravel on the passenger
of 520 mm was obtained.This representsa gain:
the order of 100 mm with respectto collisions
using the standardthree-pointbelt. It shouldbe re'
memberedthat, under theseconditions,the useof a
locker did not provide any noticeablegain;
-of 55 mm, with respectto the collision in the optimized configurationwith a conventionalretractor'
<f

and for barrier impacts,
In the optimizedconfltguration,
an important decreasein driver HIC was noted with

Teble5. Resultsof creshtest with modifiedcars (50 km/h * ff).

Filmspool(mm)
Headdisolacement

ConventionalRetractor
Passenqer
Driver
130
95

Weblocker
A
Driver
0

Passenqer
0

520

575

Hrc
relativevalues
standard belt
tfor?head> 809
(ms)
Head impact spe6d
(ms)

75
2,S

0

't4

54
1,5

0

11,7

t"?X1 . 'rr (ms)

4S

42

40

35

t'tiy'1

48

34

41

37

770

760

710

720

770

760

860

830

125
155

160
150

170

150
180

. rr, (ms)

F shoulderbelt
(daN)
F pelvis belt
{daN)

Femurloadleft
Femurloadriqht

1e0

',ii

',8
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respect to the value obtained using the series production
vehicle. This decreasecan be explained by the different
head impact locations. In both cases, impact occurred
against the top of the steering wheel. The difference between these two tests may result from the difference between the two impact speeds.However, it should be noted
that the values obtained are both below what is considered
to be the tolerable threshold. The difference obtained
therefore does not necessarily signify that injuries can be
avoided.
As far as the other criteria are concerned, the results
do not seem to question the conclusions obtained subsequent to tests performed with a standard three-point
belt.

that the newly developedbelt geometryis not compatible with the variouscriteria which a restraining
devicemust meet.In particular,this appliesto comfort. The shoulderstrap is too high at neck level.It
shouldalsobenotedthat the newoutsideattachment
point of the lap belt is no longerlocatedin the zone
mandatedby the standards.
As far as the fundamentalobject of this study is con,
cerned,i.e., examinationof progressin actualsafetyprovided by the useof such devices,the stateof progressof
our work indicatescontradictory results which are difficult to estimate.However,if the various corporal segments involved in head-on collisions are treated
separately,severaltrends becomeclear.

CONCLUSION
This study has shown that several retractor located belt
locking devices which operate correctly are at present
available on the market. Use of these considerably reduces
strap movement at the outlet from the retractor, without
noticeably increasing the risk of overall rupture of the
safety belt.
The effects on restraining, which are imputable to the
use of lockers of this type, are complex and diffrcult to
estimate. However, some major points can be highlighted.
The use of a locker does not increase coupling sensitivity, and, in particular, this applies to a high mean
deceleration collision. Suppression of spool out increases
the overall stiffness ofthe restraining device. Solicitations
on the occupants due to the forces developed on the belt
are therefore conserved or even increased.
By "stiffening" the restraining device, a locker can
increase retention. However, and allowing for the operation of a standard three-point belt, this gain in stiffness
does rrot necessarily result in a reduction of the travel of
the dummy inside the passengercompartment. To obtain
positive results, optimization of the restraining device may
be necessary. While potentially obtainable, the limits of
an optimization of this type should be noted.

Lowermembers
In our study, the use of a locker can, in somecases,
avoid dangeroussolicitationsof the femur, and cannotbe
consideredas unfavorable.The gain involvedis difficult
to estimate.Moreover, it must be consideredthat the
severity of injuries on the femur segmenti$ potentially
lessimportant than to other segments.

Abdomen
"Submarining,"

implying loading of the soft parts of
the abdomen, on the one hand, and the spinal column,
on the other, due to the lap belt can be the origin of
severe injuries. Therefore, this phenomenon cannot be
neglected. The use of a locker seemsto increase this risk.
However, prior to installing a locker on a given vehicle,
it would be at least desirable that this tloes not lead to
unacceptable "submarining."

Thorax
a. The geometric position of the attachments has been
optimized for a given model size and a given seat
adjustment. In other cases, this may be ineffrcient
or eYen dangerous.
b. The developed optimization was tested for orthogonal collisions only, and it is not certain that this
will be efficient in other collision configurations. For
example, and according to our study, suppression
of model rotation in the event of a 65 km per hour
30'L collision would render the impact of the driver's head against the steering column more severe.
c. For this optimization, only the effrciency criterion
was taken into account. Now. it should be noted

Injuries to the thorax result either from the safety belt
itself, or interaction with the steering column. As far as
injuries caused by the belt alone are concerned, it would
seem preferable to consider the shoulderstrap force at the
shoulder,insteadof the thorax 3 ms decelerationcriterion.
Since injuries are a function of the occupant's age, and
knowing that the lower age groups are over-represented
in accidents, it is legitimate to have effrcient restraint,
limiting travel and implying a tolerably high shoulder
force for young occupants. However, the use of a locker
notably increases this force, and it is impossible not to
fear supplementary injuries to the thorax.
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Our study doesnot provide a responseas far asinjuries
associatedwith interactionwith the steeringcolumn are
concerned.
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A LightwelghtTwo-Passenger
AutomobileCombinlnglmproved Crash.
worthines$,Good Performance,and ExcellentFuel Economy
MICHAELR. SEAL
Director,VehicleResearchInstitute
WesternWashington
University

a manageable
crashpulse.To this end the front and rear
chassispanelswere made from 6061 T-3 .75 mm thick.
The nosesectionof the structure aheadof the toeboard
was flrlledwith aluminum honeycombmaterial. (Fig. 2.)
On the advice of Mr. Sol Davis of Dynamic Scienceit
was decidedto use aluminum honeycombmaterial with
a crush strength of 100 psi (7 kg per cm') over an area
of 400sq.in. (2581cm?)for a 40,000Ib(18,182kg) force
through the available29.5 in. (75 mm) crush stroke of
the front end of the car.

MICHAELFITZPATRICK
Fitzpatrick
Engineering
ABSTRACT
The Viking Six IntegratedResearchVehicle was designedunder contract to the National Highway Traffrc
Safety Administration of the Department of Transportation to demonstratethat it is possibleto obtain superior
fuel economy and perfonnancewithout compromising
pa$senger
safety.The Viking Six has achievedoccupant
survival in a 41.2 mph barrier crash, fuel economyof
40.4mph city and 66.6mph highway,and hasmet 1982
exhaustemissionstandards.It can acceleratefrom 0-60
in lessthan 9 secondsand showsoutstandingstability on
cornersand in crosswinds.

INTRODUCTION
The Viking One through Five seriesof experimental
vehicleshave demonstratedability to achieveextremely
high fuel economyand the ability to meet stringent exhaust emissionstandards.The Viking Six vehiclebreaks
new groundbecausea high degreeofcrashworthinessand
occupantsafetyhasbeenachievedwithout compromising
exhaustemissionsor fuel economy.

SAFETYFEATURES
Crashworthy
Structure
Viking Six was designedto seeif it would be possible
to build an ultralight (1320lb, 600tg) fuel effrcientvehicle
capableof providing safetyat least as good as that provided by full sizedcars. lts performancein a crash test
at Dynamic Sciencein Arizona on May 29, 1980showed
an ability to provide survivabilityfor the occupantsin a
41.2mph (66 kph) crash.In orderto providegoodcrashworthinessin such a vehiclemany unusualdesignsteps
were taken. To make sure that the occupantswould not
be crushed in the crash event the central monocoque
chassissection was made extremely stiff as shown in
Figure I with 1.5mm to 2 mm 7075T-6 sheetand hat
sectionrivetedtogether.This structurewasobviouslystiff
enoughasit only suffereda 4 mm permanentdeformation
after the crashevent.The front and rear chassissections
weredesignedto crushat much lower loadingsto provide

PassiveRestraintAirbelts
Although the original designof the car had called for
a passivebelt designthe only pyrotechnicinflator available at this time mandatedan activebelt systemfor the
crashtest. (Fig. a.) Late in 1980Mr. M. Fitzpatrickof
Fitzpatrick Engineeringdesignedand statictestedan "inbelt gasgenerator"which VehicleResearchInstitute personnelhave installedin a functional passiverestraintair
belt system on the seconditeration of the Viking Six
design.(Fig. 3.)
Once the problem of the in-belt inflator was solvedit
becamepossibleto completethe passiverestraint design
originally intended.Unfortunately if we were to use the
force limiting systemdevelopedfor the flrrstcrashtest we
would have to devisesomesystemfor automaticdecoupling when the hatch is raised for occupant entry or
egress.A simple peg-in-holesystemindependentof the
main hatch latching systemsolvedthe problem and the
belt end wasrivetedup to the hatch with aluminumrivets
that shearoff at about 200 lb force. (Fig. 5.) A notch is
cut into the forward faceof the pegsothat relativemotion
during the crashsequence
will shearthe rivetsbeforethe
2200Ib force limiters startedto strokeensuringthat there
would be no excessiveg loading at the beginningof the
stroke.

GasGenerator
Figure 6 showsthe gas generatorchosen.It is manu*
factured by Thiokol and weighsonly 6 oz fully loaded
for eachoccupantasopposedto 7.6 lb for the former gas
generatorusedin the crashtest.Although the in-belt gas
generatorhas only 12 gms of propellantper occupantvs
57 gms per occupantin the old system,the gaswould be
much hotter at 16fi) degreesFahrenheit (871 degrees
Celsius)as comparedwith 600 degreesFahrenheit(315
degreesCelsius)of the previoussystemwhich would help
to bridge the gap. Also assistingin this regard was the
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Figure3. Beltson dummies.

Figure4. VikingSix MK ll seatbelts.

new airbelt design which was configured to have the
airbelt volume in only the area requiredfor proper performance.As airbelt inflation is usedprimarily to prevent
forward rotation of the head almost all of the available
volume within the airbelt was devotedto supportingthe
head.
As a resultof a numberof statictestsand mathematical
analyses
Fitzpatrickconcludedthat a 550cu. in. volume
airbeltloadedwith 12 gmsof propellantactivated20 ms
into the crash event should provide performanceequivalent to the crashtest performedon the first Viking Six
vehicle.

RESTRAINT
SYSTEMDESIGN
At the conclusionof the four sled tests Fitzpatrick
Engineeringsettled on a total restraint system design
which wasjudged to havethe most potentialfor meeting
the Federal Motor Vehicle Safety Standards(FMVSS)
208 injury criteria in a frontal barrier crash of 40 mph.
The 40 mph impact velocity was chosenbasedupon sled
test results as well as predictedbehavior of the vehicle
structurein the crash.

GasGenerator
The gas generator chosen for use as the inflation source
for the airbelt systems was a generator originally manufactured for installation in a steering wheel hub and used
with a driver airbag system. The gas generator was supplied by Thiokol and loaded with I 15 grams of DLZ I 13
ga$ generanr (50 gms of pellets 0.120 in. (3 mm) thick

FITZPATHICK
ENGINEERING
REPORT
As Mr. M. FitzpaFick had the primary responsibility
for restraint sy$tem design the following excerpt from his
fltnal report to the NHTSA is presented here.
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Figure5. Belt decouplerdrawing.

Figure6. In-beltgasgensrator.
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and 65 gms of pellets0.060 in. (1.5 mm) thick). The
igniter chargewas 3 gms of UIZ-172 with 12 gms of
FeSOoas a neutralizer.The cooling screenwas 0.7 in.
(18mm),21strandGold with a 2-12meshand3-40mesh
filter screen.
The gasgeneratoris bolted to a gasdistribution manifold with two three-quarterinch (19 mm) LD. exhaust
parts which distributesone-halfof the total flow to each
of the two airbelt systemsasshownin Figure 6. This type
of gasgenerationdistributionsystemwasbasedupon that
usedin the CalspanRSV as modified by Fitzpatrick Engineering.

Airbelt
The airbelt design was based upon a design by Fitzpatrick Engineering and Calspan for the Calspan RSV. Certain changes to this basic design were neces$aryprior to
using it in the Viking Six. To be consistent with desired
anchor point locations in the Viking Six, the inflatable
portion of the belt was shortened. Also, due to the fact
that no force limiting belt webbing was readily available,
standard nylon webbing wa$ used with the idea that a
mechanical force limiter could be implemented later if
desired. (Fig. 7.) The retractor used with the airbelt system was a VW Rabbit retractor. A Honda pivot loop
became necessaryin the final design iteration.

these g loads, a crushable, aluminum honeycomb block
of 24 psi ( I .7 kg per cm?)crush strength (part # 38-5052.m07-1.0) and 45 sq. in. (290 cm') area was placed under
the driver and passenger$eatsfor the test. Unfortunately,
due to lack of headroom, it was not possibleto place the
honeycomb under the seat; space only exists under the
seat leading edge.
During sled testing we noticed that the best overall
trajectory control and underseat honeycomb crush for the
occupant$ was maintained if we allowed certain rivets
that connectedthe seatbody to the floor bracket to shear,
thereby allowing the seatsto rotate forward and stay with
the occupants. (Fig. 8.) This rivet shearing concept was
retained for the crash test.

KneeRestraint
Sincethe airbelt wasa two-pointdesign(torsobelt only
as shownin Figure 4), someform of lower body restraint
was necessary.
Originally,W.W.U. had installeda VW
Rabbit kneebolsterin the Viking Six; however,it was
determinedduring sled testing that it was simply too
*'hard" for integrationinto the Viking Six structure;so
it wasdiscardedin favor of a newkneerestraintdesigned
specificallyfor the Viking Six. (Fig. 10.)

ForceLimiter

Seats
Due to the nature of the seat designwhich has very
little paddingandthe ratherhigh rearwardanglein which
the occupantsrecline in order for the vehicleto have as
little air resistance
aspossible,we becameconcernedearly
in the programthat the occupantsmight receiveexcessive
g loads up through the spine. In an effort to attenuate

Due to the fact that the crash pulse of the Viking Six
could only be estimated since no crash history for this
vehicleexists.and due to our desireto maximize the stroke
efliciency of the airbelt system, Fitzpatrick Engineering
designed a mechanical force limiter for use with airbelt
sy$tems.(Fig. 7.)
For the Viking Six crash test an energy absorber system
composedol'a tape width of 0.75 in. (19 mm) a tape
thickness of 0.071 in. (1.8 mm), and a roller diameter of
0.250 in. (6 mm) wa$ used for both the driver and passengersystems.The rollers and tapes were lubricated with
greasebefore the test.

AnchorPointLocations
With an airbelt design it is very important to locate
the belt anchors so that the belt passesacross the chest

MILD STEELSTRIP
355mm LONG

Figure7. Forcelimiter.

FigureL Seatshearingrivets.
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in a mannerwhereproperheadsupportwill bemaintained
as the head rotatesforward during the crash.Additionally, the anchorsmust be locatedso the belt force transmission anglesare as effrcient as possible.In order to
accomplishthis it wasneces$ary
to movethe lower anchor
3 in. (76 mm) rearward to the bulkhead immediately
behind the seatsand to move the upper anchor upward
and inboard a total of 8/n in. (222 mm\ on the roll bar
from the originalW.W.U. positions.

TEST RESULTS
The Viking Six crashtest was conductedby Dynamic
$cienceon May 29, 1980.The actual crashvelocity was
41.2 mph (66 kph) with a reboundvelocityestimatedat
3 mph (5 kph). Sensingtime for airbelt actuation was
selectedand verifltedat I I ms.
As is evident from Table l, all the measuredinjury
parametersare well belowthe FMVSS 208 injury criteria
limits. We believetheseresults are especiallypertinent
sincethey show that it r'spossibleto designa very small
car and still protect the vehicleoccupantswithin established injury guidelineseven at velocitiesgreater than
requiredby presentstandards.Admittedly only one impact mode was tested here; however, we believein a
program where more developmentand testingwere possible, theseresults could be extendedto other accident
modesas well.
The seatsperformedpretty much as expectedin that

Pre-TestConfiguration
Figures9 through 12 show the pertinentrestraint system dimensionsin schematicform. In addition,the anchor
point locationsmentionedaboveare shown.
For this te$t, 50th percentilePart 572 dummieswere
usedin both the driver and passenger
positions.Sincewe
wantedto be surethat the test velocity was at least40.0
mph (64 kph), we chosea test "window" for velocity of
4l + I mph. Any velocityoutsidethis rangewould result
in an abortedtest. The vehiclefront end energyabsorber
selectedfor this test was 75 psi (3a kg) crush strength
aluminum honeycombwhich was expectedto exhibit a
static crush of approximately22.5 in. (572 mm).

I
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Figure9. VikingSix kn6erestraints.

Figure11. VikingSixbeltset up,sideview.
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Figure10. VikingSix belt set up,frontview.

Figure12. VikingSixbelt set up 3/4 view.
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Table 1. lnJurymeasuresreceivedfor the driverand pass€ngff.
HtC
Pk.Res,Chest
G's(-3 ms)
Pk.Vert.Chest
G's (-3 ms)
Pk. FemurLoads
Left
'Floll

"208" Srd.

Driver
*552

Passeneer

M

51

1000
60

24

24

NA

1031
1130

1080
81S

2250
2250

286

bar hit dummyon side of head controllingHIC

the rivets previouslydiscussedshearedaccordingto plan.
However, not quite as much honeycombwas crushed
under the seatpansas desired.The reasonfor this is that
someother rivets holding the plate to which the under
seathoneycombhad beenbonded,shearedallowing the
honeycombto slidepartially out from underthe seatpans'
Perhapsif this had not happened,the chest vertical g
componentwould have beena little lessthan the 24 g's
actuallymeasured.
There wasvery little kneerestraintcrushfor eitherthe
driver or the passenger(0-/t in., 13 mm) as the upward
tilt to the seatpan effectivelypreventedthe lower body
from translatingvery far and absorbed,through bending
and crushing the honeycomb,most of the lower body
energy.Sledtest #2 on the driver side was the sled test
in which the seatand the kneerestraint were confltgured
most nearly like this test and exhibitednearly identical
results in that, here too, the knee penetrationwas only
about /, in. (13 mm).
Perhapsif the vehicle was designedto have slightly
more headroom, the occupantscould be seatedmore
nearly erect and absorbmore of the lower body energy
through the kneerestraintrather than the seatpan' This
shouldhelp lower the chestvertical g's which are a little
higher than we think is necessary.
The crash pulse g's were fairly high in the beginning
of the crash.Howeverin spiteof the fact that theseg's
peakedat approximately56 g's and were quite high for
a relativelylong time resultingin a very short crashpulse
duration of only 72 ms, the force limiter operationeffec'
tively limited body g's to rather low values.
One might wonder, given the severeroll bar bending
that occurred,whether the roll bar may have addedto
the forcelimiting therebyresultingin chestg levelsthat
were artificially low. We wonderedabout this, too, but
closeinspectionof the films and data show that roll bar
bendingdid not beginuntil approximately85 ms and was
over at 90 ms, very late in the eventand much later than
This is corroboratedby
peak chestg's were experienced.
the g "spike" on the dummy'sheadat 90 ms whencon'
tacted by the roll bar at maximum roll bar rotation and
by the suddendrop off in chestlongitudinalg's for both
at approximately85 ms.
the driver and passenger

Film and data analysisshow that peak chest g's and
force limiter strokewereover whenthe roll bar collapsed.
The dummy and vehicle had both $toppedmoving for'
ward when this event happened.Here again,one might
wonderwhy the roll bar collapsedwhenthe beltswhich
were loadingthe roll bar had reachedtheir peak loads
sometimebeforeand were now much lower as evidenced
by the drop off in chestg's. The answer'we feel,lies in
two relatedfacts. First, the rivet failure at the roll bar
basethat led to its collapse,probably started earlier in
the impact eventwithout any apparentmovementof the
roll bar. However.as the rivetscontinuedto tear out of
the sheetaluminum,a point wasreached-ratherlate in
the event-where the roll bar strengthwasnow lessthan
the force applied even though the force was now much
theremayhavebeenanother
reduced.(Fig. la.) Secondly,
contributing factor to roll bar collapse.The buckling of
the structure immediatelyaft of the roll bar may have
dumped its load into the roll bar basestructure. If so,
this would also tend to explainthe late failure of the roll
bar, significantly after the peak belt loads were experienced.
The driver side force limiter stroked approximately3
in. (76 mm), 2 in. (51 mm) normal strokeplus I in. (25
mm) weld tearing at the point where the force limiter
tape attachedto the retractor. The passengerside force
limiter stroked6 in. (152 mm) in normal fashion.

A
(d
J

,-{
o

+ t l
,cl
o

ol.I Ear
Yielding

l

ho
tr
0
fu
P I
l q t

s

.{
o
0

o
fq

Figure13. Rollbar deformation.
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The reason for the difference in total stroke for the two
systems is not entirely clear; however, it may be that the
honeycomb on the passenger side being a little less securely fastened (due to riveting space restrictions) due to
fewer rivets, allowed the honeycomb to slip out from
under the seat earlier in the crash event. If so, this would
mean that less energy would be absorbed necessitating
more stroke by the upper torso force limiter.
The crush of the vehicle front end was qualitatively
much different than anticipated; although quantitatively
the crash pulse g levels were not a great deal different
than expectedwith the exception that the peak levels were
somewhat higher. The reason we say the crush was different than anticipated is that rather than crushing accordian fashion the remaining half over-rode the correctly
crushed section and was incompletely crushed. As it
turned out however, the rest of the vehicle structure absorbed more energy than anticipated, which apparently
helped offset the odd crush behavior of the aluminum
honeycomb itself.
There was significant pitching of the vehicle late in the
crash event; however, we believe the center-of-gravity of
the vehicle was artificially high due to instrumentation
mounting locations being generally much higher than
normal vehicle C.G. In addition, we do not believe that
pitching is necessarily detrimental to the occupants as it
adds more overground stroke in which to bring the occupants to rest and does not appreciably affect vertical
g-levels "seen" by the occupants as it occurs over a relatively long time period late in the impact event.
Static crush of the vehicle was estimated at 18-19 in.
(460480 mm) while dynamic crush measured from the
frlms was approximately 25-26 in. (650 mm). This is quite
a difference indicating that the vehicle may have had a
fairly high rebound velocity. The actual rebound velocity
is a little diffrcult to establish however. This is because
the vehicle accelerometers underwent such gross movements and rotations due to severebuckling in areas where
the accelerometers were mounted. For example, of the
three compartment-mounted accelerometer traces only
one showed a return to zero in vehicle velocity when
integrated. The other two showed a residual vehicle velocity of il8 mph (10-13 kpm) in the original direction
of travel which is clearly impossible. Film analysis shows
the vehicle rebound velocity to be approximately 3 mph
(5 kph) for a total vehicle "delta V" of 44 mph (70 kph).

SIDE IMPACT
Analysis of force and acceleration suffered by the impacted car during a side crash make it apparent that it
is not feasible to provide a side crush zone wide enough
to absorb the energy released when the striking vehicle
impacts at 40 mph (60 kph) (30 inches (76 mm) would
be required on each side ofthe car). Ifa measure ofsafety
is to be provided then the side of the vehicle must be

made stiff enough to force the striking car to provide
nearly all of the ride down distancethrough crush in its
nose.
The Viking Six usedsideboxes6 in. (152 mm) by 13
in. (330 mm) in crosssectionmade from 7075 T-6 aluminum sheet ll5 mm thick reinforcedat critical points
with 2 mm thick 7075T-6 hat section.A transversepanel
of 7O75T-6 1.5 mm thick behindthe seatsanchorsthe
rear end of the box while the upper dashpanelstructure
providesa front transversestiffeneras well as providing
a reaction point for the knee bar. A tranversemember
underthe front edgeof the seatsfurther stiffensthe middle
of the structure.Additional stiffeningis providedby aluminum honeycombbondedto the faceskinswith expoxy
adhesive.The inner surfaceof the side tanks had a 500
mm thick layer of rigid polyurethanefoam coveredwith
13 mm of ensolitefoam. The entire cab is skinnedwith
dark brown vinyl upholsterymaterial.
The windshieldis mountedwell forward of the driver
to give maximum ride down spacefor the occupants'
headsduring a crash when they are riding forward in
their belts,which arestrokingthe forcelimiterspreviously
described.Other benefitsof the forward mountedwindshield are that the angle of vision subtendedby the A
pillars is very small and the degreeof sunshieldingmakes
separatesun visorsunnecessary.

WEIGHTSAVING
Extensiveuse of aluminum played an important part
in weight reduction.Not only wereall major castingsfor
engine, transmission,steering, suspension,and brakes
made from aluminum alloy, but also the chassislower
body monocoquetubs were madefrom aluminum sheet.
All of the parts cast in the Vehicle ResearchInstitute
(VRI) werecastfrom 356A-T6alloy with strontiummodification to improve grain structure.The parts were heat
treated to T-6 or T-61 to improve strengthand machinability. (Fig. la.)
The centermonocoquewas madefrom 7075T-6 alloy
0.080 in. (2 mm) for the critical toeboardwhich serves
:
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as the reaction member for the aluminum honeycomb
deformable section in the nose of the car. Localized longitudinal and transversestiffening was provided by corner
reinforcementangle sectionsand 0.060 in. (1.5 mm) 7075
T-6 alloy hat sections. The forward and rear bays were
made from 0.050 in. (1.2 mm) 6061 T-4 sheet to form a
structure strong enough and stiff enough to carry normal
usageloads but able to deform at a survivable rate during
a crash. The overall weight of the hull was kept to 225
lb (102 kg). Previous experiencewith Viking Four aluminum aerodynamic skin and Viking Five's glass reinforced polyester matrix body led us to believe that there
is not a lot to choose between the two materials for one
off prototypes in terms of weight, and the glass reinforced
polyester skin is far easier to build. As a matter of record
it doesseemthat bringing a body up to show quality with
liberal quantities of filler material has more effect on body
skin weight than the initial material chosen. As a consequencewe attempted to make aircraft quality body skins
from flrberglass.The body skins for both cars were initially
very light (220 lb, 90.7 kg) and the panels used on the
crash test car had very little filler. The second fuel economy, emission, and performance car suffered from a misunderstandingwith the campusjanitor service.They took
it upon themselvesto destroy some of the body plugs and
mold before the final body parts were fabricated. As a
consequence the show car on display in Japan weighs
about 50 lb (22.6 kg) more than planned.

The wishbones for the unequal lengh nonparallel system
were made irom 0.040 in. (l mm) thick 4130 chromemoly steel tubing 0.750 in. (19 mm) in diameter. The
suspension sy$tem makes use of coil springs wrapped
around the shock absorbers, forged steel spindles and
uprights at the front, mount forged aluminum 6061 T-6
steering arms. (Figs. 15 and 16.) Aluminum discs with
copper-iron metal spray surfaceswere cast and machined
for front and rear. The front units have given no trouble,
but the more heavily loaded rear units have actually
melted the aluminum from the middle of the iron-aluminum-iron sandwich. As a consequencethe experimental
discs have been replaced with cast iron units. The front
wheel diameter was kept as small as possible for several
rea$ons.The elimination of bumps in the upper body to
allow for the wheel travel of larger wheels improves aerodynamics. Smaller intrustion into the car center at full
lock make it possible to flrt a good aluminum deformable
structure. Smaller skirts could be put over the front wheels
at full lock which saves frontal area.

BODYDESIGN
Styling

Suspension components were specially fabricated to
save unsprung mass for improved ride and roadholding.

The styling of Viking Six was based on the premise
that a smooth aerodynamic form could provide an attractive appearance. The rounded elastomeric urethane
five mph bumper provides a curved surface unlikely to
injure a pedestrian struck in a low speed impact, (Fig.
17.) In fact the 40 degree sloping windshield would be
likely to deflect a person clear over the vehicle with a
minimum second impact injury. The headlights were set

Figure15. Front suspension.

Figure 16. Rear suspension.

SUSPENSIONAND BRAKE MATERIALS
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Figure 17. VikingSix MK l.
well back from the front so that they will be out of the
5 mph bumper strike zone and because the front of the
car is low enough that the most forward part of the body
high enough to meet the Federal headlight height regulations is almost at the leading edge of the windshield.

tH'1l.lllJ::l;
prosram
irwas
decided
thatgood
aerodynamic form would be required to give the expected
fuel economy. Initial wind tunnel tests on one-eighth scale
model indicated that a drag coefftcient'(Cd)of .26 would
be possible on the already low frontal area of 15.1 sq.
(1.4 sq. meter). Subsequentcoast down tests and rolling
drag measurements done at the California Subaru Engineering Center indicate that the actual Cd is closer to
.21. Removal of the headlight cover panel increases the
Cd to .25 and increaseswind noise from a very low level
to more normal levels. Fuel economy could be expected
to be noticeably poorer on a highway driving cycle. The
panel used is a flat wrap panel of hard abrasive-resistant
polycarbonate. During the first year of use the panel has
been remarkably free from scratches, but a demister-defroster system will be necessaryfor some conditions. During a snowstorm in the mountain passesof Oregon the
headlight range was seriously compromised by snow
build-up. The flexible light cover does provide an excellent
cushion for a struck pedestrian, however.

and bottom continuesinto the compound curved side
windows. The windscreenis made from safetyplate so
that a windshieldwiper will not scratchit, but all other
windowsweremadefrom scratchresistanthard surfaced
polycarbonateto save weight. The hatch for occupant
accesshingesat the forward edgeand is counterbalanced
with gasstruts to make it virtually effortlessto lift. The
flush fitting exteriordoor handlesarepressedat the upper
edgeto make the lower surfacepop out for easylifting
of the hatch.
Inflatable air belts are attachedto the top of the B
pillar on the hatch edgeso that the engageflentpin releaseswhen the hatch is unlatchedand the belts rise out
of the way when the hatch risesto allow entry or exit.
The steeringcolumn tilts upward to provide ea$yaccess
for the driver who must step over a relatively high sill.
(Fig. 18.)

Aerodynamics
The rear view mirror sits on a long airfoil-shapedstrut
to minimize aerodynamicinterferencedrag. The mirror
itself is enclosedin a streamlinedpod and is adjustable
from inside the car.
An unusualfeature of the car is that all four wheels
are enclosedto reduceaerodynamicdrag. Although one
might supposethat the enclosedfront wheelswould require either a narrow front track or an increasedturning
circle such is not the case.The car has a 30-ft (9 m)
turning circle.The underbodyis slopedupwardstowards
the rear to reduceaerodynamiclift and the windshieldis
given pronouncedcurvaturein plan form to direct air to
the sidesof the vehicle,not over its roof whereit would
contributeto a high velocitylow pressureareaon the top
surfaceof the vehicle.Cooling air is taken in through a
NACA Duct in the center of the underpanwhere it is
ducted through the radiator and into the enginecompartment. The exit duct for enginecompartmentair is
through a clear polycarbonateduct behind the drivers
head (the one place the driver cannot seeanyway) and
out through an aircraft style exit vent in the roof in a

Ventilation
A NACA Duct in the center of the hood feeds a duct
which contains the heater-defroster core and axial flow
fan. Although the need for such a duct inlet shape is not
really necessaryon such a low speed vehicle it does add
an aerodynamic styling appeal.

OtherDesignFeatures
A single wiper centrally mounted wiped sufficient area
to give good forward vision. It parks in the center of the
screen in a manner that minimizes aerodynamic drag.
The A pillars are extremely thin (lZ inches, 38 mm) to
maximize forward vision. The line of the windscreen top

Figuret8. Tilt SteeringWheel.
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natural low pressurezone. (Fig. 19.) when the car is
operatingat normal speedsnatural air flow is suflicient
to cool the engine.At idl€, convectioncurrelltscool the
engine.There are someconditionswhen the thermostat
controlledelectricfan is requiredhowever.When crawling up a steepgrade in heavy trafftc, the fan comeson
to cool the engine.
Aerodynamicstability was a matter of someconcern
as the centerof gravity of the vehicleis well to the back
and the lateral center of pressureof well streamlined
vehiclestends to be well forward, As a result the nose
sectionof the car is quitelow and haswell-roundedcontours. The rear sectionsare quite slab sidedand the rear
wheelskirts drop to within severalinchesof the ground.
The net result of moving the center of lateral effort aft
and fitting the rear endwith tires of muchlargerfootprint
than thoseof the front givesvery satisfactorycrosswind
performance.All turn signalsand repeaterlamps are fitted flush with the body to fur-therreduceaerodynamic
drag. The rear lampsare mountedjust aheadof the rear
clear polycarbonatecover to maximize rearward vision
in parking maneuvers.In fact the driver can actually see
the rear bumper when backinguP.

ACCESSIBILITY
COMPONENT
It was considereddesirableto provide easyaccessto
all mechanical,electrical,and plumbing componentsof
the vehicle.The rear body panel tilts back on hingesat
the extremerear of the body providing good accessto
hinge
the engine,By simply removingthe easilyaccessible
pins the entire rear aerodynamicskin comesoff the car'
As there are no electricalconnectionsto this panel, re'
cap
moval is very easy.A number of easilyaccessible
screwsthat holddownthetransaxlecovercanbe removed
and the entirepowertrainis exposedand can be worked
on from aboverather than below. The battery is easily
in the extremeright rearsectionofthe chassis.
accessible
When the hatch is lifted and the instrument backing
panel lifted off (no fasteners),all of the instrumentsand
associatedwiring is exposedfor easyservicing.In addi'

tion, the three clutch and brake ma$ter cylinders are
exposed.When the coverto the tuuuel betweenthe seats
is uncoveredthe switchesand attendantwiring are exposed.The seatbelt retractor$and shift linkagealsolurk
in this tunnel. Removalof the front wheelsdoespresent
a problemhowever.The car must be jacked up so the
wheelnuts are exposedand the wheelwill only comeout
of its well when pointed straight ahead.

Seats
Finding seatsthat will fit into this low built car that
can be adjustedto fit a 95th percentilemale and a 5th
percentile female without incurring a weight penalty
proved to be a problem. Finally it becamenecessaryto
designand constructspecialseats.The seatchassiswas
made from 2024 T-6 aluminum skinnedbalsacore ma'
terial riveted togetherwith doublersat high stre$sareas'
The seatswere then upholsteredin conventionalmaterials, The adjustment mechanism is unique. It was de'
termined that the best driving position for a tall person
wasa steeprecliningposition,while bestvision and comfort for a short driver was achievedby providing a more
upright driving position with the seatcloserto the dash'
board.The 105degreeanglebetweenthe seatback and
seatbottom is maintainedat all times.Standardseatrails
were mountedoutboardof the seatsto give the lowest
possible$eatingposition,while the seatangleadjustment
wasprovidedby meansof an adjustablealuminumwedge
controlledby a simple knob on the floor.

LuggageSpace
Although Viking Six does not have a great deal of
luggage space it was sufficient to carry luggage for two
weeks for two people to California and back from the
VRI Research Laboratory in Washington State. The rear
hatch pivots around its rear attachment hinges to provide
accessto the luggage space. The insulation fitted around
the exhaust system to provide early catalyst light ofI serves
to keep the luggage compartment at the satisfactory temperature in 25 degreesCelsius.

IMPROVEMENT
ENGINEEFFICIENCY

Figure19. VikingSixMK ll.

At the beginning of the research project a search was
made for a lightweight engine of good effrciency and
smoothnessable to meet exhaust emission standards. En'
gines of less than four cylinders were rejected because it
was not thought that adequatesmoothnessand refinement
would be available from such powerplants. The Subaru
1600 cc aluminum engine was chosen becauseof its light
weight (185 lb, 84 kg), boxer layout, and its proven ability
to meet exhaust emission standards. Unfortunately the
engine has somewhat too much displacement for best fuel
economy. It was decided to use Eaton valve disablers on
the intake and exhaust valves on the front cylinders of
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eachbank so that the driver can switch off two cylinders
in situationsnot needinghigh power output. Although
the front two cylinders are motoring there is very little
power lossbecausepumpinglossesare almosteliminated
as the valvesare closed.The energyrequiredto compress
the air in the cylinder is almostentirely recoveredon the
expansionstroke. The remainingtwo cylindersare able
to functionat much higherBrakeMeanEffectivePressure
(BMEP) which provided improved thermal efficiency.
(Fig. 20.)
Becauseof low vehicledrag a low numericalfltnaldrive
ratio can be usedwith large diameterwheelsand tires.
At a givenvehiclespeedin top gearthe enginewill operate
at reduced rpm and increasedthrottle opening which
reducespumping losses.

FUELECONOMY
One of the prime objectives of this integrated research
safety vehicle was to improve vehicle fuel efficiency without compromising safety goals. Improvement$ in engine
efficiency, aerodynamic drag, and weight reduction all
played a part in the demonstrated high mileage of the
vehicle. On an EPA city terlt 40.4 mpg (5.84 liter per 100
km) was achievedand a highway figure of 66.6 mpg (3.55
liters per 100 km) was achieved. Gravimetric data showed
that even better results could be obtained with further
engine optimization.

PERFORMANCE
AND HANDLING
Although acceleration,braking,and handlingweie not
the highest priorities for the Viking Six program, VRI
personnelhavea long standingpersonalinterestin these
aspectsof vehicle design.The basic suspensionsystem
utilizes coil-overshock absorberunits locatedby a long
and short arm nonparallelwishbonesystemat eachend.

Figure20. Valve disablers.
The roll center at the front is 50 mm above ground level,
while the rear roll center is 100 mm above ground level.
The virtual swing arm length both front and rear is 190
mm. Camber gain at 3 degree roll maintains the outer
wheel perpendicular to the road surface. The tire footprint
at each end ofthe vehicle is high for the load carried and
in direct proportion to it.
Nine-inch disc brakes are used at each wheel with
aluminum brake calipers. Two master cylinders are used
with a balance beam mounted integral with the pedal so
that a simple screw adjustment can adjust the percentage
braking each end of the vehicle receives. At this writing
the unit is not servo controlled by weight in the trunk.
At this time only acceleration and coast down tests
have been run on the car. It has achieved a 8.95 s time
from 0-60 mph (0-96 kph) and a time of 16.8 s for the
standing start quarter mile. This writer has driven the
car down the freeways from Bellingham, Washington to
Santa Ana, California and back up the coast of California,
Oregon, and Washington and can report that the car is

Table2. Steadystatefuel economy1,625poundinertia-3.2hp.
Speed
(MPH)
50
(4 Cvl)

Gear
Used

FuelUsed
(oms)

5rh

Time
Min; Sec 7
2:56.98

100gms

MPG
68.4

3.45

50
(2 Cvl)

5rh

3:39.76

100gms

84.9

2.78

55
(4 Cvl)

5th

2:46"09

1 0 0g m s

70.6

3.35

55
(2 Cvl)

5th

2:45.91

100gms

70.6

3.35

45
(4 Cvl)
45
(2 Cvl)

5rh

3:07.43

100gms

65.1

3.63

5th

3;45.39

100gms

78.7

3.07

(MPG):
FuelConsumption

Speed(MPH)x Time(Min)x 46.37
FuelUsed(gms)
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TEble3. Exhaustemissiondata.
Test Date
32582
32782

Test Type
CVS-H

32982

CVS_ CH
HFET

32982

CVS _ CH

HC
.09
.25

EmissionData
CO

.25

.05

comfortable and surefooted on all types ofroads. In fact
the car compares favorably in roadworthiness to a Chevrolet Corvette and Lotus Europa.

EXHAUSTEMISSIONS
Viking Six was testedfor exhaustemissionsat the Subaru TechnicalCenterin SantaAna. After somepreliminary work to dial in the best compromisefor fuel
economyand exhaustemissionsthe followingresultswere
posted.

.89

1.13
6.62
2.51

NO,
.86
.89

1.23
1.42

FuelEconomy
CO,
CB
202.4
43.4
237.5
36.9
40.4
208.2
129.0
66.6

occupants in a very small lightweight vehicle in a crash
situation. The work done with in belt inflator shows that
effective passive restraint air belt $ystems are viable and
show promise of combining the best features of air bags
and belts albeit at a high cost. Further work with the
front crush zone suggeststhat with suitable redesign the
aluminum honeycomb may not be necessary.(Fig. 21.)

SUMMARY
Viking Six met the 1982 exhaust emission requirements
without a feedback loop carburetor or fuel injection. This
is a graphic example of what a reduction in weight and
aerodynamicdrag can do to reduceemissionsand improve
fuel economy while limiting hardware costs.
Fuel economy could be improved still further by using
a smaller displacementengine optimized for a car of this
weight. We plan to try a 1300cc engine of the same type
in the near future.
A very signiflrcant conclusion based on the results of
this program indicatesthat it is indeed possibleto protect

Figure21. Dynamicscience crash test.

Section4=
PanelDiscussion
on
ESV/RSVDevelopment

-t-'a

D

r*(rJf)t*

Mr. John Furness,Chairman,United Kingdom

Panel MemberStatements

;:
il

M. FINKELSTEIN
MICHAEL
UnitedStates

The purpose of the initial experimental safety vehicle
program was to test, on an experimentalbasis,new ideas
of automotive safety incorporated in a vehicle which has
been designed, fabricated, and tested as a tota! system.
The basic objectives of the program were to determine
the technical feasibility of making significant safery performance improvements in motor vehicles, to stimulate
public awareness of the long-term social and economic
advantages to be gained from the savings of lives and
injuries resulting from advanced auto safety design, to
encourage the industry to increase their efforts in auto
safety design, and finally, to establish the technical base
for the development of improved motor vehicle safety
standards.How well have we, this confederationof concerned nations, done in the past 12 years?Have we accomplished our initial objectives,or is there work yet to
be done?
I believe this international cooperative prrogram has
been perhaps not in the way originally envisioned successful. Automobiles produced today are safer, more fuel
effrcient, less polluting, and more economical to maintain
than those manufactured only a few years ago. Automotive technology has made impressive advances. Questions of how much of this was related to ESV/RSV is a
subject that no two individuals would agree on.
The technology of the ESV/RSV includes among other
items the relocation of fuel tanks over the rear axle, the
integration of restraint systemswith structure crash perforfiance, the application of advanced electronics including the miniprocessor, diagnostic displays and
information displays, application of lightweight material
in improved structures, improved restraint systems,the

use of computer simulations of advanced design concepts,
the construction of advanced safety testing facilities, and
finally the creation of a new awarenessof safety performance as a design requirement.
How many of these advances were the product of the
ESV/RSV or how much was proved by this project is
interesting to consider since we are not able to fully determine sourcesof technology changes.
Over the years, we have come to know each other better
and now work together in cooperative research efforts.
We share technical progress through personal contacts
and through international forums such as this Conference
where we gather to exchange research results and discuss
mutual safety problems. Our research and knowledge in
automotive safety, like our ESV/RSV performance specihcations, have matured and grown. I believe our progress
has exceededour most optimistic expectationsof 12 years
ago. Indeed, as one participant once stated, "The real
result of the ESV program may well be not the questions
answered,but the questionsasked but yet unanswered."
To try to ltnd answers to the questions yet unanswered
we in the United States are in the process of analyzing
all available accident data to determine the principal
causes of death and injuries in traffic accidents. The results of this analysis in the crashworthiness area have
already been presentedduring the SAE Conference oflast
February. The same detailed analysis is now in progress
for the accident avoidance area. and the results of this
work will be presented at the SAE Conference in February,/March 1983. The "easy" solutions to improved
safety performance are already known and have been or
are being implemented. Future improvement will require
hard cost/benehtanalysis,detailedeconomicimpact analysis, and conclusive research results.
The United States has no near-term plans for the construction of additional completeexperimentalvehicle systems. Our plans now are, basedon the analysismentioned
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above,to turn our attentionto the subsystems
which our
analysishas indicatedare a major contributor to death
and injury. In parallel with this subsystemresearchwe
will continue our supporting researchin accidentdata
analysis,biomechanics,and human factors. The possibilities for an immediateanddramatrcreductionin traffic
fatalitiesdo not exist in the vehiclesafetydesignareabut
in a changein socialbehaviorpatternssuchas increased
belt usageand a reductionin the numberofdrunk drivers.
Theseareasare receivingmajor attentionas our highest
priority programs.
However, we know that improvementsin the safety
designof vehiclesstill require our seriousattention:improvementsin the front and sidestructure;improvements
in braking and handling,lighting and visibility; improvementsin the interior compartment,steeringcolumn,and
glazing; improvementsin restraint systems;further advancesin material substitutioflto reduceweight and improve safety and fuel economy;more incorporation of
advancedelectronicsfor improveddriver displays,warnings, and improved engine/transmissionperformance.
Improved safetydesignsin all of theseareasand many
otherscan result in a significantcontributionto a reduc-

tion in deaths and injuries. I personally believe that our
knowledge and engineering expertise have advanced to
the point where we can accomplish these improvements
without weight or fuel economy penalties. Our engineers
must be allowed to practice their trade and apply their
knowledge.
For the automotive engineer to introduce this new
available technology requires serious management support. As new designs are developed in response to con,
$umer demands, many tradeoffs are required. The impact
of the introduction of advanced automotive technology
is considerable. The manufacturing process must change,
new suppliers are required, new test and reliability procedures must be developed to mention only a few; however, in this the space age and in this the safety,
environment, and fuel economy age we must accept the
challenge. The technology is available; our task is to transfer this technology into production cars,
As we enter this age of the world car, as we flrne tune
our research programs, and as we work together in this
common effort, I believe that the international ESV program was the initiative from which we started and the
base from which we can now advance.

Panel Discussionon ESV/RSVDevelopmentPanelmemberstatement
for EEVG
PROF.DR.BERTILALDMAN
Sweden
The EuropeanExperimentalVehiclesCommitteehas
followed closely and with great interest the ESV,zRSV
progrlrmmein all its phasesof development.Over the
yearsit hasbeenpossibleto notehow the basicphilosophy
behindthis programmehasgraduallypenetratedinto the
generaldiscussions
amonglegislators,car manufacturers,
in Europe.Of particular interestin this
and researchers
context is of coursethe principle that safety should be
built into cars from the beginningand not addedafterwards.
Traditionally in Europe a nurnber of regulationsand
directiveshave been applied, which have mainly been
design or constructionstandardsoften related to componenttesting.During the last decade,however,attempts
havebeenmadeto arrive at performancestandardswith
a more global conceptof the vehicle,its occupants,and
other road usersWhen EEVC in 1974presentedits report "The Future
for Car $afety in Europe" at the fifth ESV Conference
in London the basicapproachwas that eventuallya few
full scalecar testsshould be usedto demonstratethat a

desired level of safety for the occupants had been
achieved. The approval would be based upon a set of
requirements related to human tolerance levels and the
kinematic response of appropriate anthropomorphic test
dummies.
However, a working group, set up by EEVC, presented
a report at the sixth ESV Conference which revealed gaps
in the knowledge of biomechanics and lack of biofidelity
in current test dummies. EEVC then aided the Commission of the European Economic Community in setting up
a coherent Biomechanics Programme to tackle theseproblems. It has monitored very closely the realization of this
programme and in particular that part of it which has
dealt with the closing of the gaps in our knowledge about
human tolerance levels.
For the development of a suitable side impact dummy
intended for legislative testing and fbr research puproses
EEVC formed an ad hoc group with the responsibility to
draft desirable requirements and lay down provisional
performance specifications for such a dummy. Liaison
was established with NHTSA and the group monitored
the development work carried out rvithin the framework
of the EEC Biomechanics Programme. The work resulted
in a number of new dummies whose components interface
with contiguous parts of the Hybrid II dummy. This
enabled comparative testing of one American and three
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European complete side impact dummiee to be cerri€d
out. It is expected
thrrtthisongoingprojectwill eventually
lead to the formulation of an acceptableperformance
specificationfor a side impact dummy to be used for
legislativepurpo$es.
Two other EEVC working groups, reporting at this
haveaddressed
theproblemoftestingto check
conference,
occupantprotection in side impacts and the protection
of pede$trianswhen impactedby the front structuresof
cars.Theseproblemswill continueto be monitoredby
the committeethrough its working groups.It is hoped
that morelight will be shedon the problemof optimizing
the frontal car structuresto reducetheir aggressivityin
pedestriancollisionsand to increasetheir compatibility
with other cars in side impacts.The resultsar€ not expectedto be availableuntil late 1983and late 1984respectively.
Over the last few yearsmany countriesin Europe have
seena considerableincreasein the numberand usageof
bicycles.Many of theseare lighter and capableof higher
speedsthan earliermodelswere.This createsmore conflicts with other road usercategories.The most frequent
seriousaccidentsfor two-wheelers
beingthosewherean
impact with a car takesplace.At the initiative of The
Netherlandsthe EEVC main committeerecentlydecided
to set up a new working group to tackle the safety of
bicyclesand in particularthis problem.The group will
mainly be concernedwith bicyclesand the light type of
mopedswhich resemblebicyclesin their main corrstruction. Heaviermopedsandmotorcycles
will not be studied
by this group.
The task of the group wilt be to study available data
on accidentsand injuries to riders of light two-wheelers
in Europe.Particularinterestshouldbe givento the sex
and agedistribution of the victims sincebicyclesare be-

coming more popular to adults than they usedto be. The
group shall make recommendations
includingpriorities
for action for bicyclesand the vehiclesstriking them in
order to reducethe severityof suchaccidentsand injuries.
The groupitselfwill givepriority to the possibleinfluence
on the safetyof bicyclistsfrom certain alreadyproposed
measures,so that changesto the car can be considered
with respectto the beneflrtof all non-occupantroad users
as well as to the occupantsof the vehicle.It is expected
that the results from thesestudieswill be availablein
1984.
During the period of time over which the ESV/RSV
programmehas developedinto its presentstate, it has
been of great interest to watch how the concernof researchers,
car manufacturers,
and legislatorsin Europe
gradually has changed.It has turned from components
for safety,suchas the safetybelt or the air bag,to larger
systemsincluding seatsand other structuresin the car.
In this context also Iuggageand fellow occupant$are of
interestas interaction may occur in sometypes of accidents.Finally the entirevehiclehasbeentakeninto considerationnot only in a few speciflred
situationsbut in all
its aspectsof safetyin a variety of accidentsituationsfor
both occupantsand other road users.The interest also
embraces
the normaldriving conditionswhereproblems
related to fuel conservationand reduction of noise and
pollutionare beingdiscussed.
The EEVC seesthis as a logical line of development
for Europeand the lead timesnecessary
for the car rnanufacturersto make their productsconform with the new
ideashaveto be addedto thoseneededfor the researchers
and the testinginstituteswho haveto learnto handlethe
more complextest situations.In this latter contextthe
ESV,/RSV programme has been beneficial to all concernedin this field.

PanelStatementESV/RSVDevelopment
P. VON MANTEUFFEL
FederalRepublicof Germany

This morning members of the German delegation reported on our recent research car project. Other reports
by our delegation will cover work in the areas of side
collisions, field performance of an automatic restraint
system, modifications of an integrated research vehicle
for improved crashworthiness,a statisticalanalysisof the
influence of vehicle size on safety, injury risks at higher
test speeds as well as questions of terminology and definitions of passivesafety and compatibility.

Besides the work to enhance safety within the individual companies themselvesGerman car manufacturers and
some vendors have combined their research efforts and"Research
Association
some ten years ageformed the
on Automobile Technology (FAT)."
Of the 24 reports on research projects hitherto published, I I deal with various aspects of automotive and
traffrc safety. One of our speakers here in Kyoto will
report on the status of a particular project dealing with
dummy,/cadaver comparison in head-on collisions.
For our following panel discussion I would like to raise
a few topics ofgeneral interest, and I shall put them forth
partly in the form of a hypothesis.
l. Hypothesis No. I is the following: The decadeof spcctacular presentations of complete ESVs,zRSVsis over.
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Insight into the technologicalmeansto improve particularly passivesafetyhas been tremendous.In this
respectI agreecompletelywith Mike Finkelstein.Actual safety progresson production cars, howeverworking underthe constraintofcost/benefitaspectsis harder to achieve.Is this so?
2. My secondhypothesisofferedfor discussionis as follows:The daysof safetydeviceswith high benefit/cost
ratios on productioncars (suchas the safetybelt) are
over. Air bagsand antilock brake systemsare much
more expen$iveand statisticallylesseffective.Would
you agree,then, that safety progresson production
cars can be expectedto gently level off, that technical
improvementswill, in future, rather have to rely on
the effectsof many detail advancements?
3. Harmonization/TradeBarriers:
One of the most important aspectsin international
automobiledesign,manufacture,and trade is the harmonization of regulations.We welcomepafricularly
the positiveattitude which NHTSA is taking toward
this common goal. At the sametime industry cannot
be content with the actual progressachievedin this
flreldas of today.
In spite of theseefforts, the tendencyto invent new
automobileregulationsand approvalmethodsthus obstructing trade is, in many countries,increasing.How
can we createa forum for a broad harmonizationprogram?
4. Another subjectI would like to offer for discussionis
the minimum,/maximum philosophy of standards
which to me seemsendangered.Generally,in a given
testingdiscipline,eithera certainminimum valuemust
be reachedor exceeded,or a certain maximum value
may not be exceeded.
A heavy strike againstthe basicsof this philosophy
was, in my opinion, the 35 mph crash test program
in the U.S. Similar elementsof violation of the minimum,/maximumphilosophycan today be found elsewhere,also in Germany.
I believeit is important to acceptthe fact that a max-

imum standard is simply an upper limit. Engineers
createdifferent technicalsolutionswhich give certain
performancereadingsbelow the limit value thus introducing the elementof competition.From there on
market forcesshould take over. I frankly believethat
unlessthis is recognized,the maximum,/minimumphilosophy of settingstandardsis endangered.
5. Fifth, I shouldlike to touch upon the questionof how
to continuetheseESV conferences.
As much as we seetheseconferencesas a forum to
exchangeviewsbetweengovernmentand industry of
variousnations,and becauseour delegationhasalways
contributedvery activelyto this exchange,we dare to
appealto this assemblyto discussits own future plans.
If it is true that the yearsof designof completeESVs
are over, and this was my first hypothesis,should we
not contemplateto reorganizethis exchangeof views
by embeddingthe reports on safety work into other
(suchas,for example,next
existingregularconferences
week's FISITA) where safety is regularly on the
agenda?
Again I say this not without bowing before DOT/
NHTSA and our Japanesehosts for stagingthis and
the precedingconferences.
Our effortsfor saferroad vehiclesmust not be regarded
asthe oneand only meansto improveroad safety.Driver
behavior,improvedroads,and organizationof traffrc are
other important factors.A concertedsafetyeffort requires
careful as$essment
of all factors,including the driver, in
a totalistic approach.
Most important of all we must increasethe general
public awarenessof road safety aspects.In Germany,
unfortunately, some people presentlyseemto be more
concernedabout 11,000treeswhen an airport runway or
a road is to be built than about 11,000road fatalities.
Finally, let me close with a requestto our Japanese
panel member, Goto-san,to please,if appropriate,describethe key elementsof the highly successfulJapanese
road safetyprogram.
Thank you for your patience.
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I. D. NEILSON
UnitedKingdom

In the United Kingdom the distribution of fatalitiesin
road accidentsis differentfrom that for many other countries. Under 40Va are killed in cars, whilst pedestrians
accountfor 33Vo,and pedal and motor cyclists257a.
About l4%oof fatalitiesarein accidentsinvolvinga Heavy
134

Goods Vehicle. The relatively high numbers of motorcyclist casualtiesand of accidents involving Heavy Goods
Vehicles are the reasons why safety developments for
these vehicles have been studied for some years. There
have been both a UK demonstration safety motorcycle
and an articulated vehicle. It is good to be able to report
that there have been many positive results from these
developments. Sintered pads for disc brakes for motorcycles are now in large scale production. Antilock brakes
are almost developed for motorcycles and are being in-
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creasinglyadoptedfor both the semi-trailersand the tractor units of articulatedvehicles.Two-wheelerridersare
becomingincreasinglyconsciousof the needto uselights
or wear conspicuousgarments.Heavy Goods Vehicles
will be requiredto have sideguardsand underrun protection at the rear, and a standardfor spray suppression
is beingdiscussed
urgentlyin the British StandardsInstitution which it is intendedwill becomemandatoryif
a satisfactoryconclusionis reached.
There has been little obvious progresstowards improving the safetyof cars but researchand development
for carsas well as for other vehiclesis continuingin the
UnitedKingdom.An impetusis beinggivenby thebelated
introductionof the compulsorywearingof seatbeltsand
children.
of restrictionson the positioningof unrestrained
We are glad that the long developmentof child safety

seatsand related items has been recognized by one of the
NHTSA Awards at this Conference.
Looking to the future, one outcome of all the work on
vehicle safety Research and Development $eemslikely to
be the adoption of antilock braking for motorcycles as
well as for articulated vehicles.Car designwill incorporate
protection for pedestriansas well as for occupantsin side
impacts. Protection of the occupants of small cars in
frontal impacts can be improved but the will to do so is
required. The present question for vehicle safety legislation is whether progres$can be made by updating current
minimum standardsor whether CrashworthinessRatings
ofcars can be introduced to the extent that car purchasers
consider the quality of the safety offered in the new cars
available to them. If so, they would encourageimproved
safety through the pressures of the market place.

PanelDlscussionon ESV/RSVDevelopment
ENZO
Italy

has put industries, in particular the automobile industry, in serious diffrculties.
These difficulties concern numbers of interacting problems such as consumption reduction (henceenergywaste),
weight reduction (hence cost), low pollution and acceptable safety.
The solution lies in innovation. Innovation in structure
and engine design, materials and electronics applied to
motorcar, production technology.
Today the automobile industry is making extensiveresearch and investing large amounts of money in those
fields. The recent Italian accomplishments,Fiat VSS and
Alfa Romeo Svar, are mentioned in the Italian Government status report.
Industry's efforts call for cooperation by governments
in the field of economics and in the field of regulations.
These must be such as not to cause disadvantagesin
certain areas (e.9., weight, consumption, cost) with the
purposeofgiving advantagesin others (e.g.,pollution and
safety)^Regulationsmust not be antithetical in their aims,
but it is necessarythat they have a realistic and thoughtout ba$is.

The ESV program has developedthrough distinct
phasesthat have assumeddifferentcharacteristics
oyer
the years.
-The first phasebeganwith the definition of an experimentalsafetyvehiclethat would meetextremely
severe
requirements.
On theonehandit led to models
not suitablefor productionandmoreoverexcessively
heavy;on the other hand to Fiat ESVs having a
limited weight but a cost increasedby 40 per cent.
-The secondphasedefineda researchsafetyvehicle
with lesssevererequirement$
aiming at its producibility. Even if lessheavymodelswere developed,
in the light of the 1973energycrisis weight and
consumptionresultedto be prohibitive.
-The third phasehasbegunin the recentpastin which
the energycrisis,combinedwith the economiccrisis,

PanelDiscussionon ESV/RSVDevelopment
DOMINQUE
CESAHI,
France
During the last decade,the numberof traffrc accident
victims decreasedwhile the vehicle miles traveledinA greatpart of this improvementis certainlydue
creased.
to consequences
of ESV/RSVprogramwhichallowedthe

rapid introduction of safetyresearchresultsinto productlon cars.
However,traffic accidentsstill remain a seriousproblem for the industrializedcountries;and it is, therefore,
necessaryto continueour researcheffortsto reducetheir
very seriousconsequences.
Future programsshould mainly addressspecificim135
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without necessarilydeveloping
provementsin subsystems
completeprototypesof full scalecars.The field of work
is extremelybroad, and I would now like to discussthe
topics which we feel are most important'
The French Governmentrecentlydecidedto set up an
accident investigationprogram which would deal with
severeand fatal trafftc accidents.This program will be
principally concernedwith vehiclecrashesin the field of
active safety.
During the pastfewyears,car designhasbeenimproved
to reducefuel consumption.[n this connection,there are
in France at this moment two projectsfor the designof
cars which uselessthan 3 liters of gasolineto travel 100
kilometers.Thesecars will haveinterior spacesimilar to
presentcars, but they will be much lighter' Due to the
importanceof the loadingof thesecarscomparedto their
to accomplishthe gain in fuel
curb weight,it is necessary
their safetyperformance'
decreasing
without
consumption
In the sameway, the manufactureof future cars will
more and more involve new materials.Thesenew materials have a behaviorduring impact which is not fully
understood.This behaviormu$t be determinedto establish protectionlevelsfor occupantsand other road users.
France has participatedin the establishmentof an in'
tegratedtestprocedurefor frontal impact and contributed
to the definition of a test procedurefor side impact pro-

posedby the EuropeanExperimentalVehiclesCommittee.The resultsof this work will be presentedduring this
Conference.We think that an integratedtest procedure
is a good way to improve the safety of cars; however,
there are problemswith its applicationswhich must be
resolved.
In the samefield, it would be interestingto make an
evaluationofthe gainin safetyasa resultofthe integrated
test procedurein frontal impact.The problemsin dealing
with integrated test$ concern the behavior of dummy
improvements,and improvementsin our knowledgeof
injury mechanismsand human tolerance in order to
chooserealistic protectioncriteria.
Another specifrcimprovementone can think of is restraint systemsdesign.The protection offered by safety
beltscould be increasedby improving their performances
during accidentsand by increasingtheir acceptabilityto
users.
In the field of side impact protection, injury mechanismsare presentlyknown and specifrcsolutionsare proposedby the car industry, but evaluationmethodsare
still uncertain.
Finally we think that internationalcooperationis nece$saryto proceedmorequickly and more effrciently.This
is especiallytrue in the field of biomechanicalresearch
and dummy improvement.

PanelStatement:A Future Plan for the ESV/RSVProgram
KENICHI
GOTO,
Japan
I have the pleasure of speaking to you about my private
views on the future plans for the ESV and RSV program.
In the flrrst place, it is necessary to review the progress
of the program to date. The development of Experimental
Safety Vehicles began in 1970 with the announcement of
the ESV program. Although there might be some debatable points, I think that the speciflrcationswere epochmaking in the safety design of vehicles. In order to sati$fy
these specifications, auto manufacturers in the participating countries, after major design efforts, finished the
evaluation tests of ESV's in 1974. It should be pointed
out, however, that the manufacturers could not develop
safety ;hicles capable of fully meeting all the safety requirements. The major question pertained to body weight.
Vehicle weight had to be increased to reinforce structure
strength. An alternative solution was conceived to the
effect that impact energy could be absorbedby the vehicle
body without reinforcing the structure strength. The design characteristics of the past which put emphasis on
improving operational durability on bad roads were ad:

vanced taking into consideration the absorption of impact
energy. This was a great achievement of the ESV program.
Based on the results of ESV program, the RSV program
was initiated to develop a production car applicable to
the mid-1980's. The results of this program have been
pre$entedduring the Eighth and curreflt Ninth ESV Conferences. I have some doubts about the $uccessof the
RSV program. I suppose that the types of vehicle produced after Phase ? were developed by putting emphasis
on the specifications for crashworthiness. Such a vehicle
should not be evaluated as a model of production cars
for the mid-1980's.In my opinion, the RSV program was
not successful,whereas the ESV program was successful.
The IVS program was introduced as a follow-on program to ESV and RSV. The current status of this program
is unknown. My comments on the IVS program are that
it should not aim at developing a safety vehicle but at
developing a vehicle of the future. Automobiles should
be designed on a well balanced basis covering all requirements, not just safety. The IVS program calls for more
specification items than for the RSV. I assume that the
large manufacturers are obliged to develop and complete
an IVS. Furthermore, they have to expedite the devel-
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opment of their own production models capable of
competing in the current innovative age. In these
circumstances,manufacturersmay be reluctant to develop
an IVS. Then, what should we do? I would like to suggest
that fundamental studies on problems relating to safety
be encouraged.Although it is attractive work to complete
an IVS as early as possible,I fear that the RSV program
experiencemay be repeated.
I have two concerns regarding the IVS program. The
first concern is that the program $upports rulemaking and
the other concern is that the program still placesemphasis
on vehicle performance during collision. As to the first
concern, I understand that rulemaking is an easy way to
enforce the application of safety requirements. The manufacturers are not in a position to easily adopt safety
devicessince these devicesare difTicult to market. However, the personserrgagingin safetyproblem have as their
final object the reduction of injuries in vehicle accidents
and not in rulemaking. My secondconcern addressesthe
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possibility of the occurrencc of an accident where crashworthinessis required.With thesepoints in mind, I would
like to stressthat accident prevention should be emphasizedrather than crashworthiness.I agreewith the current
NHTSA program addressing the prevention of accidents
involving drunk drivers. As is often pointed out, the safety
problem consistsof the automobile, the human, arrd the
environment. In considerationof what is most important
in these factors, I would like to say that emphasis should
also be placed on the other problems relating to the automobile.
The best way to reduce injuries in vehicle accidents is
to investigate the causes of accidents and then to flrnd a
way to remove the causes,
In conclusion, I propose that if we are to continue the
International Technical Conference on ESVs hereafter,
the flrrst thing we should do is to clarify the role of these
conferences and change the name to the International
Technical Conference on Automotive Safety. Thank you.
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