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FOREWORD

The first phase of the Research Safetv Vehicle (RSV) program was
initiated at Calspan in January 1974, Phase Il began in July 1975. The third
phase of the Calspan RS\ program was started on 26 Januarv 1977 and 1s cur-
rently scheduled for completion on 31 May 1980. It 1s the subject of this
report. \s 1in the earlier work, Chriysler Corporation has been the major sub-
contractor Thev have been responsible for most of the vehicle bodv and
chassis des1gn as well as the high degree of mass production technology that
has been 1incorporated i1n the methods for fabricating the components. This
final technical report has been prepared by the combined efforts of program
staff members at both Calspan and Chrysler. The information i1ncluded has
previously appeared 1in correspondence, i1nternal memos, progress reports, and
various other documents cited in the references. It 1s the intention of the
editor to combine that information into a comprehensive summary referencing
other documents that more completelv recount the work accomplished during the
third phase of the RSV program which culminated in the ten final vehicles

built for testing during Phase T\.

The final report on the RSV Phase III program 1s presented 1n two
volumes  This Executive Summar: comprises the first volume. It 1s drawn
largely from Reference 27 with modifications and additions. Volume 11 pre-
sents the technical discussion of the results of the work undertaken during
the third phase of the program. The Contract Technical Manager for the
sponsor, DOT/NHTSA, 1s Frank G. Richardson. The contents of this publication
reflect the views of the Calspan and Chrvsler RSV staffs and are not

necessarily those of the National Highway Traffic Safety Administration.

0 s,

h. J. FaégggV >

RSV Program Manager
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1.0 INTRODUCTION

The overall objective of the National Highway Traffic Safety
Administration's Research Safety Vehicle (RSV) program 1s to develop tech-
nological data applicable to automotive safety requirements for the mid
1980s and, 1n addition, to evaluate the compatibility of these safety goals
with environmental policies, energy utilization and consumer economic con-
siderations for that time period. To assist NHTSA 1in obtaining information
appropriate for formulating meaningful automotive standards for that era, a
multi-phase research program was undertaken to develop a light weight,
advanced safety vehicle (RSV) suitable for family transportation. Current
regulations were not to be constraint on RSV design, alternative safety
features were to be explored. The design was to be compatible with mass
production techniques, fuel economvy and emissions requirements for the
eighties. The RSV was to be constructed of readily available materials, to
be easily recvclable and also require minimial energ)y 1in manufacture; 1t was
to have reasonable 1nitial and operating costs, as well as good consumer
acceptance. Most importantly, 1t must provide a high level of safety for

1ts passengers, occupants of other vehicles, and pedestrians

The car designed to meet these goals, fabricated for testing during
the final fourth phase and representing the end product of a six-year Calspan/
Chrysler research program 1s shown 1n Figures 1 through 4. All test vehicles
now have been built and delivered. Testing of these vehicles by others in
Phase IV has largely been accomplished. This reports deals with Phase III
activities, but results of those Phase IV tests are summarized in Section 15
of Volume II and have been mentioned elsewhere in the text where needed to

complete the discussion.

While a broad spectrum of data went into the evolution of the RSV,
there obviously had to be some constraints. The most important of these
concerned program size and timing. Since actual production and sale of the

automobiles was not contemplated, funds and scope were significantly less

1 ZN-6069-V-32-1



Figure 1. Calspan/Chrysler RSV

Figura 2. Calspan/Chrysier RSV
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Figure 3. Calspan/Chrysler RSV
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than would be i1nvested by an automotive company to develop a new production
vehicle Selectivity was necessary in choosing the areas where research and
development could be most beneficial. Final development activities were
directed primarily toward crash safet) systems with minimum concern for
refinement of basic automotive systems common to current cars. For instance,
expense of developing advanced emission systems for 1985 was not incurred,
instead, current s)ystems were accepted. Similarly, the original width of the
Simca base car from which 1t was developed was maintained in the RSV for
reasons of cost effectiveness despite the i1nterior space occupied by the
energy absorbing door trim panels. In fact, the choice of developing the

RSV from a current mass produced vehicle, while providing a reliable basis
for production aspects, imposed design and performance limitations on the
final design. Timing was, of course, 1mportant. [o be effective as an aid
to defining 1985 safety requirements, the RSV program had to be completed
sufficiently early to permit reasonable lead time for rule making 1f the pro-
duction cars were to be expected to include similar features Consequent vy,
1n manv 1nstances, where an entirely new concept or direction was involved,
development could only be carried to a feasibility demonstration level, while
the RSV points the wav, additional research, development and testing will be

required before new standards could be implemented in those areas

Previous publications have discussed the manv aspects of the program
(References 1 and 2). A Phase II status report, as well as reviews of
technical aspects of the design were presented at the Sixth ESV Conference
(References 3 through 9). More recent activities 1n Phase III have been
corered 1n reports and papers (References 10 through 27). That documentation
w1ll be referenced below 1n the brief review of the earlier work that 1s
included to provide continuity and an appropriate frame of reference for the

subsequent description of the final Calspan/Chrysler RSV.

4 ZN-6069-V-32-1



2.0 PROGRAM DEVELOPMENT

In the first phase of the program, initiated in January 1974, an
analysis of the environment in which the vehicle 1s to operate in the mad -
1980s was developed through investigations of trends of automotive usage, -
accident data, population growth, and the prediction of economic and resource
status. From that postulated environment was developed a definition of
vehicle characteristics suitable for 1985, including vehicle performance
specifications and preliminary design concepts. A review of accident
statistics indicated priorities to be placed on crashworthiness (occupant
protection) and pedestrian protection. Economic and environmental constraints

*
imposed limits on vehicle weight and power.

On the basis of the automotive usage trend analysis and the con-
tinuing scarcity of fuel, as well as the other considerations, the i1nitial
vehicle was defined as a 2700 pound sedan (Figure 5) having a capacity suitable
for normal family use and fuel economy approaching 30 miles per gallon.
Recycling of materials to conserve vital mineral content as well as to
minimize the energy required for the vehicle fabrication also was a design

objective.

The Phase T study 1ncluded analysis of the distribution of traffi
fatalities in 1972. Some of the results are shown in Figures 6 and 7. The
occupants of passenger cars represent 62 percent of the total. Pedestrians
struck by vehicles make up another 19 percent. Reduction of fatalities and
serious injuries 1n these categories would appreciably reduce the cost of
transportation. In addition, a preponderous portion of pedestrian injuries
arises from vehicle frontal impacts. Significant reductions in the pedestrian
fatalities might be achieved by a new approach to the design of the front of
the car. Such accident statistics 1in combination with a wide variety of

background factors led to the RSV crashworthiness goals summarized in Figure 8.

*
Superscripts denote references listed at the end of the report.

5 ZN-6069-V-32-1
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Figure 7
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IMPACTS WITH FULL SIZE AMERICAN AUTOMOBILES

IMPACT OBJECT CONFIGURATION | IMPACT SPEED (MPH) COMMENTS
GOAL MINIMUM
FIXED FLAT BARRIER 0° 7o 45° 50 40 INJURY CRITERIA
FRONT SEAT OCCUPANTS
FIXED POLE BARRIER CENTER IMPACT 50 40 INJURY CRITERIA
FRONT SEAT OCCUPANTS
FRONT | FIXED FLAT BARRIER 0° » 30 INJURY CRITERIA
ALL POSITIONS, EGRESS DOORS
FIXED FLAT BARRIER o° 25 20 MAXIMUM BARRIER FORCE 60,000 Ibs
RSV 50% OFFSET 50* 40°* INJURY CRITERIA
RSV CENTER IMPACT| 50* 40* INJURY CRITERIA
FRONT SEAT OCCUPANTS
SIDE RSV 0° 70 45° 45 40 INJURY CRITERIA
OCCUPANTS STRUCK SIDE
REAR | RSV o° 50 45 INJURY CRITERIA
ALL OCCUPANTS

*SPEED FOR EACH CAR

Figure 8

RSV CRASH PERFORMANCE SPECIFICATIONS
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Manv other goals were established for a variety of other RSV capabilities
The RSV specification developed in Phase I 1s included as the appendix of
Volume IT with parameters measured on the final RSV for comparison. C(ost/
benefit studies were not performed at that time on specific features because
actual on-the-road experience was deemed to be required to accuratel: assess

their value.

Since 1t was felt that the mass production capability of the vehicle
was of parmount importance to the credibilaty of the data, the approach taken
utilized a (hryvsler Simca 1307/1308 as the base vehicle which was subsequentl
moditied to achieve the design goals. Although bringing with 1t certain
desiegn limitations, the basc vehicle provides dimensional, weight and handl ng
chardacteristics that approximate the Phase 1 RSV specifications In addity o,
the Simca 1308 manufacturing facilities furnish a realistic basis for esti-
mating the effects on cost and producibility of design or process changes
attendent to the achievement of RSV safetv, emissions, and efttficiency goals
Invironmental (emissions) constraints were observed along with fuel efficiency

performance.

Phase 11 activities were directed toward some retinement of the RS\
specifications, thoroughly testing the Simca 1308 to determine the hase car
performance, preliminary design ot the crash safety clements and building and
testing of prototvpes to establish the capabilities of the design to mect
crashworthiness goal%.2 Tigure 9 1llustrates the methodology adopted to
bring the various vehicle elements into harmony. Particularly to be noted 15
the prominent part played by computer simulation which makes possible exploring
design tradeoffs and compromises  Careful attention has been paid throughout
the program to important considerations such as producibilitv, costs, and
other "real life" fictors to assure credibility of the results and their
applicability to the 1985 time frame. Lconomics of the design were addie-sed
Consumer costs (retail prices) were established based on an assumed annud!
production of 300,000 units. Research and development costs, materials,

facilities, and production tooling costs were also assessed.

8 IN-6069-V-32-1
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RSV CRASH SAFETY
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CHARACTERISTICS
Y Y Y
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Y

SYSTEM INTEGRATION
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Figure 9 RSV CRASH SAFETY ACTIVITY
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Phase III included not onlv the refinement and testing of the areas
addressed 1n Phase 11, but also considered additional ciaracteristics not
previously covered, such as durabilityv, handling, acceleration, limited
emissions control development, collision repairability, and complidance with

F ederal Motor Vehicle Safetv Standards.

10 IN-6069-V-32-1



3.0 RS\ FINAI DFSTGN

Before discussing Phise TT1 test results to i1dentify the performance

achieved with the (a
4 [N Oy S A ) LAR SR S S LSRR A A& 4

features of this< design. A synopsis of many of the features of the RSV 1s

shown 1n bigure 10

Althoueh the RSV resembles the Simca 1308 from which 1t was derived,
the shape torward ot the windshield 1< all new and the wheel base almost three
inches loneer In wddition, the RSV has 1 new rcar bumper and hatch 11d Wind
tunnel testing led to the rounded front shape that i1s also beneficial for
pedestriin impict protection  Other acrodvnamic effects led to reduced size
of the cooling air inlets, lower front end 111 dawm, addition of front wheel
flares, reir hatch 1id spoiler, and smooth wheel covers, as well as removal

of the rear secement of the diip rauil (fireures 1 thirough 1)

Interi1o1 ipperrance itlso 1s <imilar to the Simer except for 1tems
nceded to provide occupant protection 1n the attempt to reilize the high speed
mpdaet goils (Fiaures 11, 12 and 13) Most noticeable amone thesce chanees are
the thicker door tiim pads with enclosed aluminum honeveomb energy absorbers
for occupant protection during side mmpicts (Frpure 14).  the internal width
of the RS\ 1, 1n fact, that ot the Simci base cir minus the space taken up
by the additional energy absorbing padding on the sides \ decision was made
for Phase III to proceed with the desien ind fabrication of the RSV on that
basis rather than to spend the additional money required to provide the
internal 1o0om needed to comfortibly scat three people side-by-side. FInergy
absorbineg foam attenuates head contict forces 1n ~stde i1mpacts. Aluminum
honeycomb material reduces forces from knee impacts during frontal crashes
(Fioure 15) "See-through' head 1estraints are provided for front seat
passengers both for improved driver visibilitv and for a feeling of added
1Nnteriol roominess Automitic restraint systems, described later, are also

major factors in the interior appearance

11 ZN-6069-V-32-1






Figure 11. RSV Driver Air Bag and Instrument Panal

Figure 12, RBSY Passenger Alr Belt and Knee Blockar
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Figure 14, Enargy Absorbing Door Trim
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MODIFIED
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Figure 15, Instrument Panei Construct:on
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3.2 Structure

lThough not outwardly visible, the Sime based structuare of the RS
has been altered extensivels the tapict speed voals of 40 to 50 mph
necessitited major alterations thioughout tew completely original Simea
sheet met 1] stampings remain in the RSV <tructure, they are shown as unshaded
parts 1n ligure 16 Also seen 1n this illustrition 1s the abundant usc of
high streneth low 1llov {(HSI A\ stecls for wersht etticiency ind structural
strength Punited usc ot such mitcrials 1 ocvurring 1n present production
dUtOmObllC\,h but not to the extent shovn in the WSV beciuse ot 1 cldine d1ff1-
culties Wherever possible, the bodyv 1- assembled using production type spot
webding for low cost with mimimil mounts of are or MIG welding “lcchanical
tastenets are of production tyve throuchout. In sprte of 1t< lioht weight,
dluminum applicitions ire restricted to hood and hitch li1d inner and outer
panels which can readily bhe removed when the cay 1s scrapped to preserve Rey
recvelabrlity It wis tound that even mintmal contamination erther b alu-
minun o1 alloy makes the 1esulting scrap of very low value so care has been
taken to nord miterial intermingling in oy components (hiome pliting has
been eliminited for similar reasons The virtaious stiuctural modifications to

the base Simca incorporated 1nm the RSV to increase tront, <ide and r1ear imjact

protection ire summarized in [ible 1 and discussed further below.
3 2.1 Iront

A unique “three-zone' approich was conceived (firoure 17) to mect
the requirements of pedestrian injury mitidgdtion, limited low speed vehicie
damageabilityv, and reduced "aggressivity' with small cars ind 1n side wmpicts
while <till permiting occupant survivability in high speed trontal crashes
The first zone, combining the needs of pedestriin satety and reduced low
speed vehicle damage, develops the lowe-t level of impact force Proper
material selection (urethdne toam) vcives forces proportiondal to contact irea,
<o a small object like a pedestiian receives a low force, hut a large one like

a car eyperiences a yreater foice Ihe second -one, having intermediate force

16 IN-6069-V-32-1
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Table 1

EVALUATION OF BASE VEHICLE STRUCTURAL MODIFICATIONS INCORPORATED IN TFHE RSV

DESIRED PERFORMANCE OBJECTIVE

DESIGN MODIFICATIONS TO BASE VEHICLE

DEMONSTRATED PERFORMANCE
WITH MODIFIED STRUCTURE

FRONT IMPACT PROTECTION

® Provide pedestrian impact protection and
mmuitaneously minimize the extent of
extersor damage to the RSV front and
and other conventionat vehicles 1n low
spead fixed-object/vehicle collisions

& Transmn frontal impact loads into
vehicle front rails and shaet metal

e Effective Kinetic enargy management
Devsiop relatively low frontal crash force
levals to reduce vehicle aggressivity in
frontal impacts with lighter cars as well as
in side and rear impacts in general Con
currently develop tigh crush forces to
protect RSV occupants in ugh speed
frontal impacts with squally weghted or
heavier vehicles

e Minimize pitch of passenger compartment

e Limit firewall (ntrusion into the passenger
compartment

® Prevent windshield zone intrusion

e Facilitate post crash occupant egress

Conventional front bumper replaced by soft
urethane plastic energy absorbing bumper
Material properties and shape selected on
the basis of pedestrian contact pressures/
post impact Kinematics and vehicle
damageability considerations  Alurminum
hood substituted for steel hood to help
mitigate severity of struck pedestrian
mjuries

Original radiator support replaced by flat
yoke panel which also serves as a mounting
surface for the front bumper and headlamp
assemblies

Simca longitudinal front rails were
lengthened and redesigned using HSLA steel
to obtain the desired force leveis/collapse
characteristics  Strategically iocated slots cut
into the first 12 inches ot the rail provide
the bow crush forces required for nter
vehicular collision compatibility high force
levels developed in aft portion of the rai
Side engine mounts designed to yield consis
tent with front rail collapse

Upper fender beam added to balance impact
forces imparted to the A pillar HSLA cowl
panel assembly added between aft end of
fender beam and sill 10 stabihize beam in
vertical bending

Reinfarced A pelar reacts impact forces
transrmitted by upper fender bsam and directs
these forces into the heavily reinforced sitl
HSLA steet substituted for mild steel in front
tioorpan area joint between firewall and floor
pan toeboard strengthened with HSLA strap
Tunnel area remnforcement nstalled forward of
the firewall to help resist engine/steering

rack psnetration Additional reinforcement
wncorporated between the aft portion of the
frant rail and the siH 10 halp resist sheasr
fatlure of the floorpan and rail from the silt
Capped sill extension (tire blocker} added to
facilitate direct load transfer from tire/wheel
system to sl

Secondary hood latches located on the fender
side shields installed to help arrest rearward
motion of the hood

See enhanced aperature pansl and B pillar
integrity under SIDE IMPACT PROTECTION
heading

No damage to exterior sheet metal or bumper
shell in tist barrier impacts up to B 1 mph
(Test 1) Only visually apparent damage in a
series of front to-rear impacts with another
RSV (Test 2M) was ons minor crack in bumper
fascia at 11 4 mph  Low-speed 90 degree side
impacts inte a Plymouth Fury at speeds up to
6 1 mph (Test 11A) produced no damage to
the RSV and only minor struck car door skin
wrinkling (max dent approx 3/16 inch deep}
Front end design demonstrated potential for
reducing pedestrian injury (both adults and
chiidran) at mpact speeds up to 20 mph)

Yoke panel structural integrity maintained and
desired force transter manifested in a variety
of impact configurations

RSV extibited excellent tront to-side com

patib ity 1n a 90 degree side impact with anoth r
RSV at 39 mph (Test 6) striking and struck cars
sustained max exterior crush of 144 and 7 3
inches respectively RSV collapsed n an orderty
manner and effectively utilized all avaiiable
frontal crush space {less possible additional
tirewall crush) in second and third flar

barrier impacts

Maximum 4 degree pitch measured via high
speed film analysis of flat barrier Tests 9 and 10

Structural ntegrity of passengesr compartmant
maintained and relatively minor firewall
intrusion (4-6 inches max } sustained in two 43 +
mph flat barrier impacts  Floor pan buckiing
confined primarily to the toeboard and tunne!
area att of the front seat rniser

Windshield cracked but remained intact duning
the most severe impact test exposure (barrier
Tests @ and 10} Cracking stemmed trom
steering wheel rim/instrument panel top contact
with nner glass surface Minor intrusion 1n
cowl area under windshisld

One or more doors either manually operable
or sasily opened with conventional hand tools
(e g crowbar) following high-speed frontal
barrier perpandicular and oblque front toside
and moving barrier rear ympact tests
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Table 1

EVALUATION OF BASE VEHICLE STRUCTURAL MODIFICATIONS
INCORPORATED IN THE RSV (Cont.)

DESIRED PERFORMANCE OBJECTIVE

DESIGN MODIFICATIONS TO BASE VEHICLE

DEMONSTRATED PERFORMANCE
WITH MODIFIED STRUCTURE

SIDE IMPACT PROTECTION

Enhanced apertura panel/B-piliar
mtegrity and controlled sidewsil collapse

impact toad transfer/distribution

Door retention

Occupant survivability

Single stamped continuous aparture pane!
utihzed to reduce the number of required weld
yjoints B piliar attachment to sill and roof

ratl improved Band C pitlars reinforced with
HSLA steel B pillar substantially larger in
cross section than base vehicle counteipart 1o
facihitate early sidewall loading

Full height HSLA dootr beams and associated
end support structure added to direct impact
forces to the aperture panel/B pillar HSLA
rolbar nstalled between upper snds of B
piliars to help minimize excessive roof crush
and transter losding to the side opposite
impact  Transverse HSLA reinforcement added
ta floor pan in seat riser area to provide a
simdar lower across the car load path

Door inward motion restrained by added door
interiocks  dusl pin type interiocks installed
on door latch faces L shaped bracket installed
on bottom faces engages a slot in the sili

Bass vehicie door hinges strengthened

See ide modifications above Also aluminum
hoaneycomb inserts added to space between
exterior door skin and interior trim panel to
help cushion occupant torso against intruding
sidewall structure

integrity of il structure wwd tn 39
mph perpendicular and 32 mph oblique nds
impacts by an RSV (Test 6} and a Plymouth
Fury {Test BM) respectively Max exterior
deformation tollowing the above tasts was
limited to 7 3 and 9 2 inches (front door region]
respactively with corresponding interior intru
siong of anly 45 and 6 3 inches

Passenger compartment acceleration time histories
obtained from both impact and non impact side
floor pan mounted sensors axhibit sarly onset and
comparable magnitudes 1n Test 6 Deformed
RSV sidews!! expenisnced fairly uriform crush
eg 73 and 62 inches of max axtenar detorma
tion near the center of the front and rear doors
respectivaly

Adsquate door retention maintamned under

sevatre concentrated loading condition imparted
to front door during 32 mph oblique side impact
by a Plymouth Fury {Test 8M) Similar
satisfactory performance demonstrated mn 39 mph
perpendicular side impact (Test 6)

All applicable FMVSS 208 occupant injury criteria
satisfied for struck RSV s 1n Tests 6 and 8M

REAR IMPACY PROTECTION

Reduce axtent of rear end extersor damage
resulting from jow-spesd 1mpacts by another
vehicle or fixed-object coihsions

Limit rear passengsr compartment intrusion
and provide improved fuel tank protection

Provide additional rear impact protection
for fuel tank

Occupant survivabihity

Onginal fiberglass rear bumper raplaced by
redesigned bumper featuring soft urethane plastic
energy absorbing inserts  Base vehicle rear

er ber red d ta beanding
stiffness capacity and help promote impact load
wransfer into strengthened rear rails/luggage weil
floor in arder to prevent local bumper/rear
fiftgate panel collapse

Rear iongitudinat rad reinforced 1o accept loads
dwected into t by strengthened resr crossmember
Fuel tank moved ahead Spare tire replaced

by luggage well

Fuel filler tube rerouted to pravent tube
rupture and/or puliout from the tuel tank
during rear structure coliapse Quarter panel
tiller tube sttachment redesigned breakaway
plastic retaining collar added to msure tube
separation during quarter pane! buckling

See resr modifications above

Rear end of struck RSV sustained only minor
pormanent set (1/8 (nch] «n lowes hiftgate panel
when struck by the front end of another RSV at
speeds up to 11 4 mph (Test 2M}  Resulting
deformation barely nouceable without com
person of pre and post test measuremaents

A 40 mph colinear rear impact of the RSV by a
ngid SAE contourad surface mowving barner
{Test 12} resulted in an acceptable 5 inches of
passenger compartment tntrusion and no damage
to the fuel tank Moderate compartment
acceleration environment {24 g max ) resulted
n generally favorable dummy respanses

Fuel filler pipe integrity maintained i Test 12
Breakaway pips support demonstrated satis
factory performance

With the sxception of one femur loading
occupsnt injury exposure tevels for all three
dummy occupants were well beiow scceptable
FMVSS 208 values
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levels, lamits the aggressivity. The highest crush forces are developed .n
the third zone, to piotect RS\ occupants 1n high speed impacts Such 3 soaeme
Joe~ not provide the highest crush etficiency 1n frontal impacts, 1n tut, 't
teads to somewhat higher peak accelerations on thc vchicle, since only low
.rush forces are exaperienced during the initial portions of structural dcfor
mation 1n higher speed impacts. However, 1t was fclt that this drawback was
outweilghed by the improvements effected bv providing pedestrian protectior and

Limited 1vcressivity,

\ versy careful tuning of the design wis requlirea to sati fictor |
attiin the desired combination of all these capabilitics fradeorts vore
necess 11y botween vehicle aggressiveness ind crashworthine - and betseen
intrusion and structural collapse Reduction of body prtoeniae «n 1 pact o
to be cftected consistent with cnergy ahsorbing cruch. Hoscver, as 1 i
case 1n any tuned syvstem, variations 1n any single clenert scor t) hinve
disproportiondate ettect since thev de-tune the whole sysram vorscomentl
1n order to insure the proper operation of the indp 1dual elouents <0t t +]
expected superior peiformance of the balinced syvsten can be recalt ed, 2rc o
ctfort (and cost) will have to be expended on 1nspection ind jquality cont.io:

during vehicle fabrication than 1s normally utilized for cars minutact oo

curient staindirds

“ajor tront structural clements cxclusive to the PSVoanclude tae
upper fender beams, front longitudinals desiuned to collapsc 1 @ presorabad
manner, strengthened cowl sides, and the central tuwme' ind floos pin cin
forcements which limit engine intrusion 1nto the passenger compirtment in heh
specd frontal impacts (Figure 18). The side structure also scries to provide
a load path for some of the frontal crash forces as well as to limit siue
impact intrusion. Modifications to augment front impact protection arc

summarized in Table 1
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3.2.2 Side

Structural modifications to the RSV sides (Ficure 18) include
stronger door hinges, interlochs into pillars and sills, as well as large door
beams to carry loads across doors This HSIA beam, extending from glass to
<111 and from latches to hinges, 15 bonded to the door outer skin for in-
creased efficiency and reduced weight The front door glass was shortened
at 1ts forwaird end to clear the beam and rear door window glass opening
distance was reduced for the same 1cason Reinforcements were idded to th-
A, B and C prllars. Utilization of a single stamped "aperturc pancl” for the
11ca surrounding both front and rear doors reduces the number ot weld joints
and 1mproves side -trength fo prevent the side ot the ¢ir from collapsing
inward during wmpact, a roof reinforcement (rollbir which also provides
improved roof crush strength) was added icross the top between the B pilliars
and a trinsiterse rcinforcement wis similirly added to the floor under the

tront <ecdts

lhese elements indicated 1n lable 1 serve to laimit intrusion during
side 1impact. Minor deformation of the door beam occurs after i1nitiil contact
by a striking car Through the door 1nterlockhs, the beams then enuige the
rigid base formed bv the transierse members and stiengthened door opening.
Thus, the beams ict more efficiently as tension members rather than is sinple
bending elements and combine with the rest of the structure to provide excep-

tional side impact performance cicn when hit by much larger cars

32,53 Rear

The rear structure of the Simca required minimal modification
(Figure 18 and Table 1)}. The fuel-tank firller neck was i1erouted to obtain
better protection in crashes. Location ot the Simca fuel tank between the
rear wheels, well forward of the rear end, was retained although 1ts capacity
was slightly reduced to provide added luggage volume Rear longitudinals and

rear crossmembers were reinforced pramarilv for low speed damage reducticn

[§%)
1o
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and the rear end of the hatch lid and rear fenders were altered to permit

attachment of the soft bumper and spoiler.

5.3 Bodv Components

Although most body hardware components were retained intact from
the Simca 1308, a number were somewhat modified to better suit specific
requirement~ of the RSV. These parts include the instrument cluster, seats
(reinforced and recliner mechanism removed), window mechanisms, most g¢lass,
door and hatch latches, and various other small components. Some special
elements were used, the most significant being the soft foam filled bumpers,

new front and rear lighting, special windshield, and the hood latch systems

lhe soft, urethane-plastic foam-filled bumpers are unique, as shown
in Figure 10.8 They protect the RS\ from damage 1in barrier impacts up to
13 kph (8 mph), 8 kph (5 mph) rear collisions, and 21 kph (13 mph) front-to-

rear crashes between RS\s 11,15

More importantly, with this bumper, a ¢ipa-
bilitv for the reduction ot pedestrian injuries has been demonstrated at

speeds up to 32 kph (20 mph) for both adults and thldren.q

Preliminary computer studies were used to establish the bumper shape
and 1ts force-deflection properties. Both factors were found to be significant
in limiting 1njuries. Force properties primarily limit bone fractures and,
combined with overall shape, can affect pedestrian kinematics after contact
and reduce contact forces with other car elements and with the ground. The
aluminum hood, in addition to saving werght, enhances the bumper properties bv
being "softer'" than a steel hood. (There 1s some disadvantage, however, 1in
that the hood can be more readilv damaged 1n non-impact situations.) For-
tunatelv, the rounded bumper shape has proven to be compatible with aerodynamic
needs, although 1t does not fully comply with present U.S5. bumper standards
and was not designed to do so. In fact, current U.S. standards pertain to
protecting the vehicle on which the bumper 1s installed rather than pedestrians.
The fixed headlamp covers, installed primarily to improve aerodynamics, also

aid the pedestrian by providing surface continuity.

23 IN-6069-V-32-1
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RSV headlamps (Figure 20) have only one beam and use a plastic lens
to attain precise aiming for improved lighting with reduced glare while
effecting a weight savings (Figures 21 and 22). While not fully developed,
this svstem could have safety advantages by providing better lighting, and
eliminating improper beam usage. A suspension activated hydraulic headlamp
aiming system 1s available to automatically compensate for vehicle loading
and dynamic effects. High-level rear lamps are located on the rear roof
pillars (Figure 23)}. They combine running, side-marker, stop, and turn

functions in a highly visible location

The RSV windshield 1s similar to current U.S. three-layer units but
15 somewhat thinner and has a fourth plastic inner layer. This laver, to a

large extent, eliminates lacerative 1injuriles to unrestraincd occupants

A special hood latch syvstem with the secondarv catches remotely
located along the hood sides 1s used (Figure 24) A conventional, interior-
actuated primary latch 1s located at the front of the hood. Secondary
catches provide improved crush efficiency for the lightweight aluminum hood
by 1increasing the number of buchles formed in 1t during frontal impacts. The
secondary latches prevent the hood from entering the windshield lower zone

and stabilize the fenders laterally 1in angled or offset collisions.
3.4 Restraints

Development of the RSV occupant restraints began ecarly in Phasec I}
using the Calspan developed crash victim simulation computer program (CVS III)S
with 1nput decelerations provided bv complete car crush simulations from
Chrysler. Preliminary results of these studies indicated that an advanced
belt S)stem19 could provide a survivable impact speed about 8 kph (5 mph)
greater than an air bag system. The parametric studies were confirmed by
tests on a HYGF impact sled. While the sled results were not exactly equiva-
lent to the computer predictions, based on FMVSS 208 tolerance levels front

seat occupants could be assured survivability with the projected RSV structural
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response. The Phase II cars incorporated such a belt to take advantage of

the indicated greater impact speed potential.

Subsequently, for use in Phase 11I, NHTSA awarded additional con
tracts for development of air bag type restraints for both the driver and
front passenger The passenger sistem was not developed sufficientlvy to be
included 1in the vehicle, but the driver air bag S\Stem4 was selected for the

final RS\s to demonstrate an avallable alternate automatic system

lhe driver's restraint (Figcure 25) incorporates a steering wheel
mounted air bag with a sodium azide inflator, porous mvlon bag, dual radia or
voke mounted 1mpact sensors (1973 GM tipe) and a dash mounted diagnostic box
with 1integral back-up crash sensor for the front passenger, the restrain
svstem (Figure 26) 1s a motorized, automatic inflatable torso belt with the
inflator mounted between the seats (a single i1nflator could serve two bhelt,
for both front occupants), force limited webbing, and an 1nertia retractor
Both systems offer optional active lap belts made of force limiting webbin:
to supplement the previously described "knec blocker'" instrument panel and to
minimize chances of ejection during impact In the interest of simplicity,
the belt svstem uses the same sensors a5 the air bag. When deploved, the
inflatable element eliminates belt slack {required for comfort), distributes
forces over the torso and, since 1t eatends under the chin, reduces passenge:
head motions lTorce limiting webbing limits the occupant accelerations to
accepted tolerance values. When the 1gnition 1s turned off, a motor dries a
flexible cable pulling the movable D ring forward to the upper right corner

of the windshield, allowing readv entrv and egress bv the front sedat passenger

The air bag system has advantages in that 1t 1s completely passive,
unobtrusive, and provides effective distribution of impact forces on occupants
A strong point for the improved belt 15 that 1t 1s anchored farther back 1n
the vehicle structure and thus may not be as susceptible to degradation of
performance should serious intrusions occur Also, since as a normal belt 1t

provides satisfactorv restraint up to 30 mph, belt system 1inflation could be
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Figure 25 DRIVER RSV AIR BAG SYSTEM
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Figure 26 RSV INFLATABLE SHOULDER BELT — PHASE II1
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deferred to a higher impact speed than the air bag. This could result 1in
repair cost savings since restoration of the system after crashes would be
nceded 1n fewer instances. In addition, a belt supplies some lateral support
for accidents other than frontal impacts. On the other hand, the automatic
intlatable belt has two major shortcomings 1t 1s nearlv as expensiive as the
a1r bag and 1t 1s far more likely to result in owner/occupant obiections to

its discomfort, 1nconvenience, and appearance

force limiting webbing 1s used i1n the active belts fo1 the three

rear seat positions  Three-point restraints with inertia retrictors are pro-
vided for the outboard positions and a lap belt for the center. While these
devices provide a lower level of impact performance than the front seat
restraints, they were considered satisfactory and consistent with maintiinin:
reasonable vehicle costs in view of markedly lower use of the rear seats
Sheet metal panels on the backs of the front seats serve to absorb i1ear
passenger knee contact forces and prevent consequent 1njurics to front

passengers

35 Aerodynamics

An aerodvnamics study was undertaken during Phase 11126 imolving a
complete, tull-scale car test performed at the \ational Resecarch (enter wind
tunnel 1n Ottawa, Canada. Many aerodynamic features were investigated on 7
Phase I11 prototvpe and the measured cffects on drag are tabulated 1in
Figure 27. Some tradeoffs were made to achieve this level of performance
For example, the 1nitial rear vision goal was similar to the current proposcd
standard for indirect visibility. An analysis of that goal indicated a need
for verv large outside rear view mirrors on both sides of the car. The right
side mirror had the further disadvantage of having to be placed atop the right
fender forward of the windshield. The size and location of thesec mirrors
would 1increase drag as well as present a potential hazard to pedestrians. It
was decided that these elements outweighed the advantages of improved indirect

vision. The fixed headlamp covers described earlier in the bumper section
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CONFIGURATION DESCRIPTION Cp ACp%
1 BASE CAR 474 0
2 (1) w/45 MM REAR SPOILER 438 78
3 (2) w/HEADLAMP COVERS 421 11.4
4 (3)  w/FLUSH WHEELCOVER 415 126
5 (4) w/CONVEX WHEEL FAIRING 413 131
6 {5) w/FAIRED DRIP MOLDING & REAR

QUARTER WINDOW 412 133
7 (6) w/REAR WHEEL ARCH SKIRT a1 135
(7)  w/FRONT VERTICAL AIR DAM 408 14.1

9 (8) W/CENTER GRILL INLETS ONLY AND
TWO AERODYNAMIC MIRRORS 405 15.4

Figure 27 RSV WIND TUNNEL TEST RESULTS
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were similarly found to provide major aerodynamic improvements as well as a
potential advantage to pedestrians. Therefore, they are used in the RSV

despite their non-concurrances with current U.S. regulations

3.6 Chassis

The RSV goals 1include a 7.84 litres/100 km (30 mpg) combined citv/
hiehway 1 PA cvcle fuel economy and emissions of 0.41 HC, 3.4 CO, and 2.0 \NO~
gpm. The high cost of developing an entirelv new type of emissions systems
would have diluted the primary objective of safetv Instead, a current pro-
duction engine was selected to replace the Simca unit Installation of 1
1 7 liter Omni/Horizon engine in the RSV 1equired redesign of the engine
accessory drives and relocation of other engine compartment components as we il

as increase in the front overhang. lhe very good aerodynamics of the RS\

-

result 1n a4 tuel economy rating exceeding the 8.55 litres/100 km (27 5 mpe)
combined citv/highwav average required of all U.S. cars by 1985 tmissions
levels meet 1979 California requirements The remainder of the RSV driveline

1s also Omni/Horizon with both manual and automatic transmissions ai i1lable

The other chassis 1tems have been changed from their Simc: or Omnit’
Horizon counterparts only as required to meet the specific 1nstallition or
welght requirements of the RS\. The Simca brakes have been iltered to provide
a diagonal split (Iigure 28) to give improved braking when the <yvstem 1s pir-
t1ally failed Further development of an adaptive (four wheel, electronically

modulated) braking system 1s currently underway for installation on the RS\

A break-away lower steering column member (Figure 29) 1s used to
reduce steering wheel rearward motion during high speed frontal impacts b
separating the steering rack and pinion gear from the upper column after

about one inch of crush takes place aft ot the front wheels.

The tire svstem utilizes a flatproof tire {tigure 30). When the
pressure 1s removed, the thicker sidewalls support the car weight and car

handling response 1s not severely affected. A low tire pressure wdrning s:stem
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Figure 30. Flatproot Tirs
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1s included to provide an instrument pancl indication when any of the four
tires has less than 115 kilopascals {17 p-1) The car can be driven up to

65 km (40 miles}) at speeds up to 65 Iph (10 mphy to 1 service station without
damaging the tire, providing added <itety by eliminating the hazards of road-
side tire changing. There 1s also 4 smill weight savings {albeit at added
cost) afforded bv replacing five tires wnd the jack with tour flatproof tires
even though they weieh more individually thin the standard ones. A sub-

stanti1al increase in luggage rolume ts 1lso achieved.

[#3]
~1

Werght

Since fuel cceonomy i1s closely associited with vehicle weicht, par-
ticular attention was paid to (hinges 1n weivht r1esulting from desion modifa
cations during the development of the Cilspmthiyslter RS 26 T'he success ot
that activity 1s attested by the tact that the medsured curb weight of 1213 kg
(2675 1hs ) 1s only 3 ke (7 lbs )} above that shown on the September 1978 weight
report, several months prior to completion of the first Phise IV RSV (Tigure 31)
The curb weight represents an 1ncrcise ot 161 ke (355 1bs ) over the base
French Simca, but since 1t 1s estimated that about 60 k¢ (132 1bs.) would have
to be added primazily for ewissions, bumpers, and door crush resistance to

meet current U.S. reculations, the weicht ttributable to the RSV features 1s

about 101 kg (223 1bs )

Ny
.
oo

Costs

Obviously, all of the added RSV safety feitures cannot bhe obtained
without some penalties. As noted, the curb weight of the Calspan/Chrysler
RSV 1s estimated to be 101 kg (223 1bs ) ¢rciter than a "federalized" Simca.
That added weight results in increased operating costs due to reduced fuel
economv. In addition, the added complexity of the vehicle subsystems and
structure might result in additional maintenance costs. Increased part and
labor content in the more complex RSV will probably result in higher manu-

facturing costs and consequently increased consumer cost  On the other hand,
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BASE CAR (SIMCA C 6)
ADJUSTED BASE CAR
FLIGHT STRUCTURE

SIDE STRUCTURE
SIDE EXCLUSIVELY
FRONT/SIDE
SIDE ROLLOVER

REAR STRUCTURE

OCCUPANT PROTECTION
ENVIRONMENTAL PROTECTION
STEERING & SUSPENSION
PRODUCIBILITY & SHIPPING

TOTAL CAR

Figure 31 RSV CRASHWORTHINESS WEIGHT STATUS

KG
(1050 794)
1029 411
64 784

73 22
{20 843)
(48 803)
(3574)

3598
39610
9614

—4 739

1210 755
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however, the benefits of reduced damageability and improved safety might more

than otfset those 1ncreases

A detailed consumer price analysis has been carried out by Chrysler
personnel, assuming an annual production of 300,000 units with a normal

26
amortization. Since the Simca 1- neither manufactured nor sold in the U S.,

specific to the U.S , an actual total consumer cost for a federalized RSV 1s
not available. However, cost differentials between the RSV and a car of the
same size and general features mceting current U.S. standards (federalized
Simca) were derived as summarized 1n ligure 32. The total differential 1n
retail price, including research and development, facilities, tooling, and
other expenses associlated with bringine such a car i1nto production, 1s shown
to be $1795 1n 1979 dollars. Although a major number of the 1tems appearing
1n the estimate ire the type (hrysler presently fabricates, a dispropor-
tionately large portion of the estimated cost 1s associated with a limited
numbe1 of components that are not now 1n production and would have to he
purchased Chrysler had only vendor's estimates to use 1n assembling the
costs for the passive restriint systems, anti-skid brakes, and flatproof tires
which comprise the high technologv categorsy of the RSV features as shown 1n
Figure 33. The vendor-supplied costs for these three clements are dependent
on the supplier's estimate of the market that does not admit detailed analysis,
thev dominate the cost ditfeiential, representing 60 percent of the total
incremental cost Concurrently, the basic vehicle features which are closely
related to parts currently beine manufactured, account for only 29 percent of
the total, with the optional or discietionary features constituting the

remaining 11 percent of the cost difference

Although we believe this to be the best estimate that can currently
be obtained, since 1t 1s based on the most reliable information available, 1t
1s true that the closer an 1tem 1s to being 1n production at the desired rate,
the more nearly the actual cost can be assessed. Chrysler has expressed a

view that while these costs are realistic, they mav be somewhat optimistic;
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PART GROUP

BODY IN-WHITE

FRONT SHEET METAL

GLASS

PAINT, SEALERS & DEADENERS
BUMPERS

GRILLE & LIGHTS

EXTERIOR ORNAMENTATION
INSTRUMENT PANEL

STEERING WHEEL

INTERIOR TRIM

FRONT RESTRAINTS & KNEE BLOCKER
REAR RESTRAINTS

CHASSIS & ELECTRICAL
FLATPROOQOF TIRES & SENSOR SYS
ADAPTIVE BRAKE SYSTEM
HEADLAMP LEVELING SYSTEM
MISCELLANEOUS

TOTAL

ADDITIONAL
CONSUMER COST

$ 203
23

Figure 32 CONSUMER COST SUMMARY

HIGH TECHNOLOGY FEATURES

FRONT PASSENGER RESTRAINTS, INCL KNEE BLOCKER
FLATPROOF TIRES & LOW PRESSURE WARNING
ADAPTIVE BRAKING SYSTEM

DISCRETIONARY FEATURES

4 PLY WINDSHIELD

REAR SPOILER

HALOGEN HEAD LAMPS & COVERS
HEADLAMP ADJUSTING SYSTEM
HIGH LEVEL REAR LAMPS

RUB STRIP MOLDING

SOFT WHEEL COVERS

ALUMINUM HOOD & HATCH LID

BASIC FEATURES

BODY STRUCTURE & HARDWARE
SOFT FRONT & REAR BUMPERS
INTERIOR TRIM & PADDING

3 POINT REAR BELTS
MISCELLANEOQUS OTHER ITEMS

38

TOTAL

CONSUMER COST

$ 642
102
325

$1069

$ 28
30
14

$1795

(60%)

(11%)

(29%)
{100%)

Figure 33 RSV CONSUMER COST FEATURE CATEGORIZATION
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they should fall within a normal 10 to 20 percent band. However, since 60
percent of the cost represents three major elements not yet scheduled for
production, careful monitoring of variations in these costs will be necessary

because of the leverage of these 1tems on the total cost differential.
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4.0 TESTING

A number of tests were conducted during Phases II and [I! to assess
the performance capabilities of components and systems being designed and
built for the RSV Phase IIT tests are summarized here, more detail 1s :11ven
in Volume Il and 1in the references. Static crush testslo were used to piredict
structural performance in dvnamic impacts, sled tests4’19 with a postulated
acceleration pulse, to indicate dummy occupant performance in car crashe- \

11-18,21
number of barrier and car-to-car crash tests ’ were run to evaluitce

22,253
occupant survivability and handling tests™ ™’ provided information on vehic le
driveability and response. In addition, aerodynamics, fuel economv, emissions,
flatproof tire performance, braking and acceleration were 1nvestigated exer

8
men'call\."6

The different integrated svstems validation tests conducted 1in
Phase ITI are summarized 1n Table 2 bv category. The structure of the KS\
was designed with the goal of having the front seat occupants comply with
FMVSS 208 injury criteria for barrier impact crashes in the 65-80 kph (40-
50 mph) range 10 As 1ndicated 1in the table and test reports,18’2l the two
frontal barrier crashes at 69 and 71 kph (43 and 44 mph) did not provide
valid tests of the restraint systems because of malfunctions in ancillary
components  However, in a subsequent barrier test of one of the Phase I\
RSVs in Phoenix, Arizond, the driver protected by an air bag mounted i1n a
modified steering wheel passed FMVSS 208 requirements at 66 kph (41 mph)
except for one femur that was 50 1lbs high. The rear crash of a moving barrier
into an RSV at 65 kph (40 mph)20 demonstrated satisfactory occupant pertor-
mance. When struck from the side at 62.9 (39.1 mph) in another test,ll the
dummies on the struckh side, as well as those in the striking RS\, indicated
survival. In another test, a 4200 1b. Plymouth at 51 kph (32 mph) striking
the RSV on the side at 60 degrees provided similar results,lo Results of
further experiments with the RSVs tested in Phase IV are included 1in

Section 15 of Volume II to provide more evidence of the performance achicved
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The steering and handling information taken from References 22 and 23

are 1ndicated in Table 3. In summary, the RSV handling characteristics sattis-

factorily meet the specifications in

na

—~ N

able 4 indicates that

Pt
p—

1 respects.
after an 1nitial preburnish test, the braking performance exceeded the speti-
flcatlon.26 The RSV prototype stopped from 96.5 kph 1n 46 meters (60 mph 1n
151 feet) with a maximum pedal force of 68 kg (150 lbs.). In subsequent fcde

btain a deceleration o
(10 feet) per second per second (0.31 g's) varied from 12 to 14 kg (26 to 1
1bs.), while that required to achieve 1 6 meters (15 feet) per second per

second (0 465 g's) varied from 20 to 24 kg (45 to 52 1lbs ) Acceleration tect

larly exceeded the minimum ac

3
o
k]

e levels defined
in the specification developed in Phase 1 of the RSV program. That specifi-
cation 1s 1ncluded as the Appendix to ‘olume II of this report along with

values of the various parameters obtaind by measurement of the final RS\

In general, 1in all areas where RSV performance was quantified, test
data show minimum goals were met or exceeded. RSV weight, for instance, 1s
below the 1360 kg limit even with a fully optioned car, braking performance
levels were easily exceeded, handling goals were met, acceleration performance
1s acceptable A few arcas, however, did not yield results anticipated
Frontal impact performance met minimum goals, but better capabilities were
exvpected. Structural response was generally good, but decelerations required

26
to achieve the threc-zone concept were higher than anticipated
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Table 5

RSV NO. 8 ACCELERATION TEST RESULTS

ACTUAL “MINIMUM ACCEPTABLE"
MEASURED VALUE LEVELS FOR RSV
W.0.T ACCELERATION
THROUGH THE GEARS
SPEED-RANGE (mph) TIME (sec)
0-30 62
0-60 19.2
30-65 16.3 24
40 60 9.9 11
50 70 135 14
DISTANCE TRAVERSED DISTANCE ({ft)
FIRST
5 sec 98 90
20 sec 1121
W.0.T. ACCELERATION IN
DIRECT GEAR
SPEED-ENCOMPASSED TIME (sec)
50-60 mph 7.8
50-70 mph 17.4 22
MAX. GRADE IN
TOP GEAR @ 55 mph 6.1% 5.5%
45 ZN-6069-V-32-1



wk

5.0 RESULTS AND CONCLUSIONS
b

Primarily, a design has been developed for the manufacture of a safe
family automobile for the middle 1980s, that can be utilized to investigate
the applicability of safety requirements and their compatibilit) with emviron- »
mental considerations. The design of the vehicle and the delivery of two
pedestrian test articles and eight driveable RSVs to attest 1ts performance !
are tangible results. In addition, certain conclusions can be drawn from tae
relative success achieved in the conduct of the program. During the develop- ut
ment of the RSV from the Simca, major improtrements were achieved in the
capability of the vehicle to provide occupant protection. However, the .

detailed quantification of the life-saving benefits realized 15 not casy te

assess.,
ul

One conclusion that can be drawn from the present program 1s tha i
significantly higher level of traffic safetv 1s potentially attainable in  he .
near future, albeit at an increase 1in purchase cost to the consumer  Howe.cr,
that initial expenditure should tend to be offset by the low operating cost «l
and reduced expense related to accidents. Also, a vehicle like the RSV could
be manufactured i1n facilities similar to those 1in current usc turther, ¥
materials required to build the RSV are generall: available, and some mant -
facturing cost savings might be realized by design for particular recvcling 1
capabllltles.6 At the same time, howeiver, some manufacturecrs might have 10

change to new products because of material substitutions attendant to new

developments such as the urethane bumper system.

As previously mentioned, although the minimum goal of 65 kph (40 mph),
driver survival of a barrier crash has been indicated, the desired 80 kph {
(50 mph) 1impact speed was not successfullv attained. While structural rcsponse
was generally good, the necessity of staving below the relatively low levels
of accelerations needed to ensure non-aggressive performance in crush zones
one and two resulted in higher than anticipated accelerations of the occupant
compartment when zone three 1s crushed in order that the total crash ene gv be

absorbed before the boundaries of the occupant compartment are seriously
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violated. It 1s clear that the degree of difficulty of designing a structure
to be fabricated bv current mass production techniques that simultaneously
satisfies the various restrictions of the three crush zones within the space
availlable in the RSV 1s greater than anticipated. Although 80 kph (50 mph)
tests of experimental vehicles have successfully demonstrated compliance with
FMVSS 208, such performance in a fullv integrated, near production car like
the Calspan/Chrysler RSV that also provides improved pedestrian safety as well
as limited aggressivitv 1s proving to be harder to achieve than thought pre-
viously. Since the 80 kph (50 mph} vehicle speed implies almost three times
the energy of the current (to 1984) 48 kph (30 mph) regulation, 1t 1s ques-
tionable that such an increase 1in production vehicle capability could be
available even by the end of the 1980s. It 1s not clear that even without
hitches in the development there would be sufficient time to accomplish all
the tasks that are associated with bringing out and proving a new production

vehicle

Development of air bag restraints on the RSV indicated a need for
positioning the steering wheel very close to the driver i1n an almost vertical
plane (horizontal column). Such a wheel position 1s sufficientlv removed
from those generally indicated to be satisfactory or preferred 1n tests of
driver comfort, fatigue and vehicle handling that 1t 1s feared 1t would not
be acceptable, particularly for large drivers. llence, further research would

seem to be required to resolve that delemma.

It has been our aim to provide in the RSV a rational basis for the
formulation and assessment of motor vehicle regulations for the 1980s. Of
course, only history can tell, but adoption of the features incorporated 1in
the overall design of this car will, we feel, also provide an indication of

the success of our program.
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