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FOREWORD 

Y 

1 

Y 

Y 

The first phase of the Research SafetL Lehlcle (RSV) program was 

lnltlated at Calspan in Januark 1974, Phase II began in Jul) 1975. The third 

phase of the Calspan RS1 progr,lm was started on 26 Januarv 1977 and 1s cur- 

rentl\ scheduled for completion on 31 Ma) 1980. It 1s the subject of this 

report. \s in the earlier work, Chr\ 5ler Corporat Ion has been the maJor sub- 

contractor The\ habe been responsible for most of the vehicle bodb and 

chdssls design ‘1s \+ell as the high degree of mass productlon technolog) that 

has been Incorporated in the methods for fabricating the components. Thl c 

flnal technical report ha5 been prepared by the combined efforts of program 

st,lff members at both Calspan and Chrysler. The information included has 

preblouql\ appeared in correspondence, internal memos, progress reports, and 

various other documents cited in the references. It is the intention of the 

editor to combine that lnformatlon into a comprehensive summary referencing 

other documents that more completelb recount the work accomplished during the 

third phase of the RSV program hhlch culminated In the ten flnal vehicles 

built for testing during Phase IL. 

The final report on the RSV Phase III program 1s presented 111 tLQo 

volume5 Ibls Executlle Summar\ comprises the first volume. It 1s drawn 

l,lrgcl\ from Reference 17 ivlth modlflcatlons and addltlons. Volume II pre- 

sents the tcchnlcal d~scusslon of the results of the worh undertahen during 

the third ph‘ise of the program. The Contract Technical Manager for the 

sponsor, DOT/NIjTSA, is Franh L. Rlchdrdson. The contents of this publlcatlon 

reflect the ~le\rs of the Calq~n and Chrvsler RSC staffs and are not 

necessarily those of the Natlonal Hlghway Traffic Safety Admlnlstratlon. 

:: 

RTV Program Manager 
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1.0 INTRODUCTION 

The overall objectlie of the National Highway Traffic Safety 

Administration’s Research Safety Vehicle (RSV) program is to develop tech- 

nological data applicable to automotive safety requirements for the mid 

1980s and, in 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 YHTSA in obtaining informatron 

appropriate for formulating meaningful automotive standards for that era, .I 

multi-phase research program was undertahen to develop a light weight, 

advanced safet} vehicle (RSV) suitable for family transportation. Current 

regulations were not to be constraint on RS\’ design, alternative safety 

features were to be explored. The design was to be compatible with mass 

production techniques, fuel economy md emissions requirements for the 

eighties. The RSV was to be constructed of readily available materials, to 

be easily rec>clable and also require minlmial energy in manufacture; it W‘L\ 

to have reasonable initial and operating costs, as well as good consumer 

acceptance. Most importantlb, lt must provide a high level of safety for 

its 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 is shown in Figures 1 through 4. All test vehicles 

now have been built and delllered. 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-T 







than would be Invested by an automotive company to develop a new production 

vehicle Selectlvlt) was necessary In choosing the areas where research and 

development could be most beneficial. Final development actlvltles were 

directed primarily toward crash safety systems with mlnlmum concern for 

refinement of basic automotive systems common to current cars. For instance, 

expense of developing advanced emlsslon systems for 1085 was not Incurred, 

Instead, current s) stems were accepted. Slmilarlj, the orlglnal width of the 

Slrnca base Ldr from which it has developed was malntalned in the RSV for 

reasons of cost effectiveness despite the interior space occupied by the 

energ\ ab?orblng door trim panels. In fact, the choice of developing the 

IS\-’ from a current mass produced vehicle, while probiding a reliable basis 

for product Ion aspects, imposed design and performance llmltatlons on the 

fln31 dcsl~n. Tlmlng was, of course, important. To be effectlle as an ald 

to defining 1985 safety requirements, the RSV program had to be completed 

sufflclentlb early to permit reasonable lead time for rule making if the pro- 

ductlon cars here to be expected to Include slmllar features Consequent y , 

in man\ Instances, khere an entirely nek concept or dlrectlon has involved, 

development could only be carried to a feasibility demonstration level, while 

the RSL’ points the way, addltlonal research, development and testing will be 

required before new standards could be implemented in those areas 

Previous publlcatlons habe dlscussed the mans 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 7 through 9). More recent actlvltles in Phase III have been 

coLered In reports and papers (References 10 through 27). That documentation 

will be referenced below in the brief review of the earlier work that 1s 

Included to provide contlnulty and an appropriate frame of reference for the 

subsequent descrlptlon of the final Calspan/Chrysler RSV. 

4 ZN-6069-V-32-I 



2.0 PROGRAM DEVELOPMENT 

L 

In the first phase of the program, initiated in January 1974, an 

analysis of the environment in which the vehicle is to operate in the mid - 

1980s was developed through investigations of trends of automotive usage, - 

accident data, population growth, and the prediction of economic and resouxe 

status. From that postulated environment was developed a deflnitlon of 

vehicle characteristics suitable for 1985, including vehrcle 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. 1* 

On the basis of the automotive usage trend analysis and the con- 

tinulng scarcity of fuel, as well as the other considerations, the initial 

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 mrneral content as well as to 

minimize the energy required for the vehicle fabrication also was a design 

ObJective. 

The Phase 1 study included analysis of the distribution of trdfflc 

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 mahe up another 19 percent. Reduction of fatalities and 

serious injuries in these categories would appreciably reduce the cost of 

transportation. In addition, a preponderous portion of pedestrian inlurles 

arises from vehicle frontal impacts. Significant reductions in the pedestrldn 

fatalities might be achieved by a new approach to the design of the front of 

the car. Such accident statistics in 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. 
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TRUCKS 

Flgure 5 PROJECTED VEHICLE MIX 

ALL MV FATALITIES 

56,600 

I 

I 

MV OCCUP. EXTERIOR 
44,700 11,900 

I I 

I 1 I l 

OTHER TRUCKS 

.I 

PASS CARS PEDESTRIAN OTHER 
4,100 5,500 35,100 10,700 1,200 

I A 

I 

I 1 
VEHICLE TO VEHICLE SINGLE VEHICLE 

19,666 15,440 

Flgure 6 DISTRIBUTION OF U.S. TRAFFIC FATALITIES 
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Figure 7 INJURY PRODUCING ELEMENTS - ALL PEDESTRIAN INJURIES IN FRONT 
IMPACTS WITH FULL SIZE AMERICAN AUTOMOBILES 

IMPACT OBJECT CONFIGURATION IMPACT SPEED (MPH) COMMENTS 

GOAL MINIMUM 

FIXED FLAT BARRIER O” TO 45’ 50 40 INJURY CRITERIA 
FRONT SEAT OCCUPANTS 

FIXED POLE BARRIER CENTER IMPACT 50 40 INJURY CRITERIA 
FRONT SEAT OCCUPANTS 

FRONT FIXED FLAT BARRIER O0 36 30 INJURY CRITERIA 
ALL POSITIONS, EGRESS DOORS 

FIXED FLAT BARRIER O0 25 

RSV 50% OFFSET 50* 

RSV CENTER IMPACT 50. 

20 

40’ 

40* 

MAXIMUM BARRIER FORCE 60,000 Ibs 

INJURY CRITERIA 

INJURY CRITERIA 
FRONT SEAT OCCUPANTS 

SIDE RSV 0’ TO 45’ 45 40 INJURY CRITERIA 
OCCUPANTS STRUCK SIDE 

REAR RSV O0 50 45 INJURY CRITERIA 
ALL OCCUPANTS 

*SPEED FOR EACH CAR 

Figure 8 RSV CRASH PERFORMANCE SPECIFICATIONS 
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Manv other goals were establlshed for a variety of other RSV capabllltles 

The RSV speclflcatlon developed in Phase I 1s Included as the appendlr of 

Volume II I*ilth parameter\ measured on the flnal RSV for comparison. Cost/ 

benefit studies were not performed at that time on speclflc features because 

actrlal on-the-road experience kas deemed to be required to accuratel! assess 

their value. 

Since It \~a> felt that the mass production capabllltk of the vehicle 

~~~15 of paImount Importance to the credlblllt) of the data, the ?pprodLh tahen 

ut 11lzed Cl (hr\ \ler Slmca 1307/1308 as the base ~ehlcle bhlLh L~JS subcequent I 

modltlcd to nchleve the design goals. Although brlnglng klth It Lertdln 

desrqn 1 imltnt ions, the base ieh~cle provides dlmenslonal, \selght ,ind hand1 1112 

LharaLteri\tlLs that approximate the Ph.i\,e 1 R’%’ specifications In dddlt I )I , 

the Slmc~ 1308 manufacturing facllltles furnish a re<lllstlc basis for e\tl- 

mating the effects on co\t and produclblllt\ of design or process change\ 

dttendent to the achievement of RSL safetv, emissions, and etf~~lencl goals 

1 nvironmental (emlsslons) constraint\ were observed along r%lth fuel cfficlenci 

performance. 

Phase II actlvltles \rere dlrected toward some refinement of the R%\ 

spe~ificatlons, thoroughl) testlnq the Slmca 1708 to determlne the hose car 

performance, preliminary design of the crash safetl element5 and bulldlnq and 

testing of prototkpes to establish the capabllltles of the deylgn to meet 
7 

crashruort hlne\s goal 5. i 1 lgure c) illustrates the methodoloq\ ,idopted to 

bring the vJrlous vehicle elements Into harmon\. i’artlcularlv to be noted 15 

the prominent part played by computer slmulatlon \$hlch mahcs possible e\plorlng 

design tradeoffs and compromises Careful attention has been paid throughl>ut 

the program to important conslderatlons such as produclbllltv, costs, and 

other “real life” factors to assure credlbllltb of the results and their 

app11Cabll~ty to the 1985 time frame. Economics of the design were ,~drl~ e~\ed 

Consumer costs (retail prices) were establlshed based on an assumed artnu<l’ 

production of 300,000 units. Research and development costs, materials, 

facilities, and productlon tooling costs were also assessed. 

8 7,N-6069-V- i;l- I 



I RSV CRASH SAFETY I 

Y r-l PEDESTRIAN/ 
VEHICLE 

SIMULATION 

f 
l 

I SYSTEM INTEGRATION 
TESTING I 

Figure 9 RSV CRASH SAFETY ACTIVITY 
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Phase III Included not onlv the refinement and testing of the are<js 

addressed in Phase II, but also consldered addltlonal claracterlstlLs not 

prex lousl\ covered, such as durabllltk, handling, acceleration, Ilmlted 

emlsslons control development, colllslon repalrabllltv, and compliance with 

E ederal blotor L’ehlcle Safetv Standards. 
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3. 0 RS\ FIY41 I)FST(,Y --~- ----- 

Before dlscur~lnq I’hjsc IT1 teyt result5 to Ident If) the performance 

achieved \\lth the (‘llspan/Chr\sler R\\, It 15 appropriate to first review the 

feature5 of this dcslqn. 
26 

2 s\nopsl\ of man\ of the fe‘ltures of the RSV 15 

shobn in I 1 qurc 10 

i 1 \t\ llnq 

Intel 101 lp],e 11 ‘111CC ~150 15 51milblr to ttlc Simc i e\ccpt for Item5 

needed to pro\ idc ~x~up~lnt protect 1011 111 the dttcml)t to rc t 1 lzc the high speed 

1 Ill]~<lC t I:0 11 Y (I 1Qlll E5 11 , l-7 <311J 13) flo\t not I c c‘ll?l e .Imonq tticsc ch,lnq:e5 ,irc 

the thlchcl door tl 111~ pads \\ I th cnclo~cd aluminum hone\ L omt~ cncrgl ab5orher\ 

for occupant piot~ctlon durlnq Side ImlJict5 {i ~qure 14). I hc internal r>ldth 

of the RS\ ~5, in fact, th,lt of the Slm~ 1 base c 1r mlnu5 the space taken up 

l,\ the nddltlonal energ\ ahsorblnl: plddlnrZ on the sldcs 2 decision was made 

fol f’iuse III to proceed rulth the desll:n ind fLihrlc.it 1011 of the RSL’ on that 

tusls r,lther th,ln to spend the add~tlon~l monc\ xcqu~red to provide the 

Internal loom needed to comfol t ihl\ sc‘lt three people side-by-side. Fnergy 

ahsorblnq foam nttcnu‘ite< head cant iit force5 in 5lde lmpLlct5. Aluminum 

hone\ comb matcrlal reduce5 force< fl om hnee Impact 5 durl nq frontal crashe\ 

(F1qure 1 i) “See-through” head ~estralnt~ are provldcd for front seat 

pa5senqers both fol improved dri\~el \rlslbllltv and for a feeling of added 

inter101 roomine59 Jutoni?tlc restraint s~stem5, dexribed later, are also 

major f,lctor< in the lntcrlor appearance 

11 ZN-6069-V-32-I 
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'i 2.1 I rant 

i! 1lJ~l~~U~ “three-zone” IpptOl~ii hd5 conici\ed cF1 1111-e 17) to meet 

the reyullenwnts ot pcdestrlan lniurx mlt tqdtlon, llmlted loi\ speed Lehlc te 

Jamdgeabillt\, and reduced “agq1e5~11. rti” hlth small La15 lnd ln side impict5 

khlle st 111 pcrmlt lni? oLcupdnt 5uri 1\3bi11t\ in hlqh speed trontal Lrashes 

?he flr\t zone, COJTtblJlll~g the needs of lIedCstr1 111 5atet\ d11<1 I cd~lceci lob 

speed \chlcle damaqc, develop\ the loweit level of Impact force PI oper 

material selection jurethdnc todmj i:i\ei forces prop01 tlondi to contact irea, 

50 a small oblect llhe a pcdestllCin recclbes 3 Ioh foxLe, hut a large one I the 

a car experlencei 4 qredter fol ce Ihe 5econJ -one, hai lnr: lntermedlatc fort e 
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m ALUMINUM 
0 MILD STEEL 

m HIGH STRENGTH STEEL 

m URETHANE 
MODIFIED SIMCA PARTS 

Figure 16. RSV Materials Utdizatlon 

I 

HIGH SPEEO / 
IMPACT 

COMPAWBILI TY c-- 
PIEt#STRJAN I i 3 I 
C PROPERTY 

Figure 17. Front Structural Concept 
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Table 1 

EVALUATION OF BASE VEHICLE STRUCTURAL MODIFICATIONS INCORPORATED IN Tt-E RSV 

DEMONSTRATED PERFORMANCE 

DESIRED PERFORMANCE OBJECTIVE DESIGN MODIFICATIONS TO EASE VEHICLE WITH MODIFIED STRUCTURE 

FRONT IMPACT PROTECTION 

. Prowde pedestr,*n Impact prot*ctu.n and 
.mun*neously ln,*lrnlze the .rtsnt of 
exterw darn- ,o the RSV front end 
.nd other mnvm,~~~I rsh#cles 8” low 
spe.d f,xedob,ec,/vah,cle collusions 

Convencm~l front bumper replaced by soft 
urethne pbstx energy absorbing bumper 
Matrut propatw end shape ,nlut~ on 
the b.SlS of pedes,r,an co”,ect pressuresI 
post tmpact Kmem11‘s and veh,cle 
damageabrlaty cons~dera,mns Alummum 
hood substituted for steel hood ,o help 
m,,,ga,e seve,,,y of struck pedestrmn 
lnjurles 

No dama9e ,o ex,w,o, she., maal or bumper 
*WI1 I” fl., be,,,., m,prc,s up 10 6 1 mph 
(Tes, 11 Only wlually .ppnr.n, damega I” a 
serves of front to*enr nnpxts wnh another 
RSV lTa~ ZM) was one nvnor crack m bumper 
fesccle a, 11 4 mph Low-peed 90 degree rode 
mwecfs mto a Plymouth Fury e, speeds up ,o 
6 1 mph ITa, ,,A) produced no demage lo 
the RSV and only manor struck car door sk,n 
wrmklmg lmex den, approx 3/16 Inch deep1 
Front end des,gn demons,r,,ed po,en,,el for 
reduc~np pdestrmn ,n,ury (both adults and 
chIldrenI e, mpac, speeds up to 20 mph) 

. Transm,, ‘rental ,mp.c, loads m,o 
vehncle front ran,, and sheet metal 

Orngmal rad,a,or support replaced by flet 
yoke panel whach also se,“- es e mo”nt,ng 
surface for ,hs front bumper end headlamp 
assembl@es 

Yoke panel s,,uc,u,el ,n,qr,,y ma,n,a,ned end 
denred force transfer mmdestad m a werway 
of lmlnct cod Ig”r*r,o”s 

. Effectwe Kmn~c mr9y msn.gsman, 
Develop rebtwely low frontal aash force 
levels 10 reduce vahlcle eggresswty I” 
frontal ,mpncts w,,h hghter cers as well es 
,n stde and raer nmpects fin psneral Con 
curr.n,ly d.vs,op h,gh crush forces to 
protac, RSV oc~upanb I” lngh speed 
frontal m,~~c,s w,,h ecfually weqhted or 
heawn vehncles 

Dmca longatud~nel front rents were 
bngthaned and redeswywd usmg HSLA steel 
10 obum the des,red force hvels/collapse 
ch.r*narlstlcs S,ra,eglwlly located ll0,S C”, 
unto the Or,, 12 Inches of the r.11 prowde 
the low crush forcsr requnred for mfer 
vehtcular mllwon compa,#bllaty hggh force 
bvels developed an at, por,,on of the ra,l 
Sdde engane mounts d.wgned fo y,eld cons,s 
ten, wth front ranI callapse 

RSV exh,b,,ed excellent front to-l,de co,,, 
Patlb II,,’ on e 90 degree ude nmpact w,,h anoth I 
RSV I, 39 mph ITn, 61 strlkmg and struck cets 
sustmnd mx exte,,or nush of 14 4 end 7 3 
lncha respectwe+ RSV collapxd I” en order,” 
~““er md effectwely utilized .I, ava,bble 
frontal crush space (Ierr passable add,t,onal 
flrewell crush1 I” Mcond and ,h,rd Rar 
barrlrr lmpY,s 

. Mtn,m,ze pttch of plump., compartment Upper fender beam added to balance nmpact 
forces ~m,wted to fhe A pallar HSLA cowl 
panel enembly added between aft end of 
fender beam and sdl 10 subthze wrn m 
wr,ual bendmg 

Maxmum 4 degree p#,ch meesured we hcgh 
speed f,lm analys,s of fle, bawler Tests 9 end 10 

l Llmn, t~nwell ~n,rusmn mm the pessenpn 
comprtm.“, 

Roanforced A plla reens nmpen form 
transmitted by upper fender barn nd dwcts 

Structural lnregrlty of passenger compe,tmen, 

these facr mto the haawly remforcad sdl 
mmtamed and relatwelv manor f0rmell 

HSLA steef substnutsd for mald steel I” front 
lntr”YO” (46 Inches mor I su*,*0ned I” two 43 + 

flowpan ar.e ,om, between f,rev,all and fbo, 
mph flat barrm ~rnpms Floor wn buckl+w 

P.” toeboard strengthened rrnth HSLA strap 
confwxl wmsrdy lo the toeboard and tunnel 
are. ef, of the front sea, ,nse, 

Tunnel erea remforcemen, ~nstalbd forward of 
the fwewall to h.lp r-a, engm./sta.rmg 
ruk pe”etr.t,on Addl,v.w,al rnnforceamsn, 
lnC=XPOrated bluren the aft portmn of the 
front raal and th s,tI ,o help rests, she., 
failure of the floorpen and ratI from the salI 
tippad 1111 ax,ens,on Itire blocker1 addad t,, 
flcllltate dlrsn load lransfa from tare/wheel 
systsm to Slll 

. Prevent wmdshasM zone antrusmn Sacondery hood latches located on the fender 
UQ shlelds mstellal to help ewes, rerward 
motmn of the hood 

Wmdshleld cracked but r.ma,nd mtac, durmg 
the most severe mpact test exposure ,t..rr,a 
Tats 9 and 10) Cr.&m9 ,,ammed from 
firnq wheel r~m/mstrumant panel fop conte~ 
wtth “net glass surface ~mor ,ntrus,on ,n 
Cowl erea under w,ndsh,.ld 

. Factbrats post cresh occupen, qres, See enhanced .pae,ure pen+1 and 6 ptflar 
~“t.gr~t” under SIDE IMPACT PROTECTION 
he.drng 

One 0, “tore doors eather m.nuelly op.,able 
Or =SllV Opened wtth conventm”., hand too,, 
(0 g Crowb.rl followmg h,ghrpsed frontel 
barrln paperwf~cular and oblque Iron, ,oade 
and mowrq barrw rear ,mpen tests 
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Table 1 

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

DESiRED PERFORMANCE OBJECTIVE 

SIDE IMPACT PROTEC.TlON 

l Impact load tranrfald~rtr~but~on 

. Door retsntmn 

. Occurant rurv~vab~lny 

REAR iMPACT PROTECTION 

. Llrnl, rur -ng‘r comprtm.nt wltr”‘lO” 
and provde ~mpovttd fuel tank protectmn 

DESIGN MODIFICATIONS TO BASE VEHICLE 

HSLA ‘,,e.I El ptllar s&sUntully larger I” 
CTOSS ,ect,on than b.sa veh,cla muntatpart to 
facdetate (~ltly sedewall loadmg 

Full herJht HSLA doot baams and arrocutad 
.,d YIODM, st,“ct”re added to direct impact 
forces to the aperture parwllB p~llsr HSLA 
rollbar ,n,talW bstvean uppn ends oi B 
pdlac, to help mmomeze excess~v. roof crush 
and transfa lwdmg 10 the rtda oppo‘tte 
,mpact Trnmrre HSLA rsmforcement add& 
10 floor pan 8” seat r,*m area to po”Kle a 
umtlar lower czrcis, the car Load path 

Door ,nHnrd motoon restramed by addsd door 
,n,srlockr dual pm type lntsrlocks mstalled 
on door latch faces L *laped brackst lnrtalled 
on bottom faces engsws a slot m the 1111 
Brsa vehicle door hlnees strengthened 

rd;,q,ned bu-“psr featurm; soft .“rsdtan; plaswc 
tmnqv absorbmg msertr Base vehicle rear 

Fuel feller tube r~outod to pwmt tube 
rupture sndlor pullout from the tusl tank 
durmg r-r ‘truc,ure collapse Quarter panel 
fdln tub, ,t,achment radesmned brslkmav 
plw,c rat.,nmg collw added-to ~nswe tuba 
s.p,r.t,on durmg quarter panel bucklmg 

DEMONSTRATED PERFORMANCE 
WITH MOOIFIEO STRUCTURE 

Inte~nty of sodswall structure mwnt8mwl m 39 
mph parpmdwxlar l d 32 mph oblqua slds 
tmpactr by an RSV ITnt 61 and a Plymouth 
Fury ITat 8Ml mpect~vely Max exterior 
deformat~ar followmq the above tea,‘ was 
kmttd to 7 3 and 9 2 Inches (front door regmnl 
raspu,w.ly wth wrrespondmg mter,pr ~ntr” 
‘lo”‘ of only 4 6 and 6 3 Inches 

Paomgr mmpartmsnt ~ccelerdt~on tome hutormr 
obtamd from both impact and non ,mpact sude 
floor pan mountad sensor, exhublt l srly onret and 
compwmbls magmtuda I” Test 6 Deformed 
RSV udwall expensnemd fwly uniform crush 
e g 7 3 l d 6 2 mches of mu ~xtonor drforma 
,,on near the centa, 01 the front and rear doors 
respectlv*lv 

,o front door durong 32 mph obhqua sde ompsct 
by c Plymouth Fury (1-t 8f.4) Slmllar 
satasfac,ory performance dsmonstratad m 39 mph 
fmrpmdwlar ‘Ids ampsct ITmt 61 

All appltcabls FMVSS 208 occupant mlury crtter*a 
utwimd far struck RSV s I” Tests 6 and 8M 

Rear end of struck RSV rurta~ned only m,nor 
permsnan, ,a, (l/8 mchl ,n lows, hftgats panel 
when struck by the front end af anothrr RSV at 
speads up to 11 4 mph (Test ZHI Rault~ng 
ddormatmn barely notvzeabls wthout corn 
puson of prs and post test measursmsnt, 

A 40 mph colmmr rear ompsct of the RSV by a 
r,g,d SAE contoured wrfxa movmg barroe, 
/Tat 121 raulttrd on an acceptable 5 mchsl of 
pmssen~w compartment mtrusmn and no damage 
to the fwl tank Moderate compartmsnt 
acwl8r~t1on .nv,ronm.nt (24 g I MI I raulted 
o” pa”erally favorable dummy rapanrar 

With th* .xt.ptw” of one femur loadmg 
occupmt ,n,urv exporur. levels for all thm 
dummy occupants WN# well blow acceptable 
FMVSS 208 valua 
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levels, llmlts the aggressivit). The highest crush foxes ale developeil J’~ 

the third zone, to ])loteLt KS\ occupants In high speed Impacts SULh 1 5i lc?l"L 

Joe< not provide the highest crush effl~len~\ 111 front dl lJnpdLt5, in iiLl, 'i 

leads to 5umewhat higher peah accelerdtlons 011 the \chlilc, %ln~e onI\ idi% 

,rush forces are exl’erlenced during the lnltlal poItlons of structlil d.1 cii fnl 

mCltlon 111 hisher speed Impact?. ilobe\ er, It has fc It that thl\ tix 1r+l)d~l, b ii 

i)clt\%elghetf I>\ the Improvements effected t)L prov~dlng pedt‘itrlan 1’10te~t I~)I dnd 

llllllttd I':<1 cssl\'lt\. 

‘lalor llo~lt structural clement5 cxcltlsl\e to thi I’\\ 11iiIiiLic 111’ 

upl)er f erlclcr lledJn\ , front longltudln,*ls desl gned to LOI l~p\c III i ))I c xi I I tlt~i 

m,lnner, strengthened co\1,1 sides, and the central tulncl llld + 1001 0 111 I c Ill 

forcement ~\hIch llmlt englne lntru5lon Into the passenger i~~JN]llltWelit III h~~~il 

speed frontal Impacts (Figure 18). The \lde structure also \c I ie\ to 1)r ~1 ~tl(~ 

a load path for some of the frontal cr,ish foxes as hell <I\ to llmlt <IC~C‘ 

impact int ruslon. Vodlflcatlons to duipent front impact 121' tlitlon lrc. 

swnmarIzed In Table 1 
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5tructural modlflcatlons to the RSV sides (Flqure 18) include 

stronger door hinges, interlochs Into pillars and sills, as \bell as large door 

beams to cL1rrk loads across doors ‘Ih~s IEIA beam, extendlnE from gld55 to 

5111 and from latches to hinge%, 15 bonded to the door outer \hln for In- 

creased efflc lent) ,lnd reduced \Lclght The front door glass was shortened 

at It5 for\,ald end to clear the be‘im ,~nd rear door klndow glass opening 

il15td~i~e has reduced for the sC~mc IcC150n Relnforccmcnt i ker e ~ililcd to t h- 

;\, B .lnd C pillars. Utllizatlon of J ilnqle <tamped “311~1 ture 1~3.11~1” for the 

11ca 5111 rounding both front and ~eai door\ reduce? the numlv~ ot i\eld iointi 

dnd lmpro\ es side btrength In ple\cnt the 51cle ot the c II flom ~oll~.ps~rii: 

lnkdrd d11r ~ni: Lmp,ic t , .I roof rcinforcc~ncnt (rollb11 \,hic.h Ci15o I)JO\ ides 

lmpro\ ed roof crll\h strength) \\,is ,~ddctl icro55 the top betkeen the H ]>I 11 11 i 

dnd a trin\lelse rcLnforcement 1~15 \1m11 11 1, ridded to the floor under the 

f-r ont \e,it i 

Ihcse elements lndic,ited 111 iable 1 ser\rc to limit intrusion dlilln~ 

bide lrnp~ct . bllnor deformation of the do01 bc‘lm occurs after lnlt 111 cant act 

I)\ ,I 5trlhing car Through the door lntcrlochs, the beam5 then enqlqe the 

rlgld base formed bk the transxersc mcmhers Clntl stl engthened door opcnlng , 

I 1lU s ) the beams tct more efflcientli a\ tension members rather than ii \~r~ple 

beqdlnq elements and combine rrlth the rest of the structure to pro\ lde e~c cp- 

t tonal ilde Impact performance e\ en khen hl t b\ much 1~31 cei- C‘II 5 

The real structure of the Ylmcn required minimCil modlflcntlon 

(Figure 18 and Table 1). The fuel-t,lnh f1 1 ler nech ~\a?$ rerouted to oht,jln 

better protection Ln crashes. Location ot the Slmca fuel tanh bet\,een the 

rear kheels, hell forward of the real end, \\ns retalned although Its capacltk 

was \llghtl\ reduced to provide added luggage volume Rear lonqltudlnCil c and 

rear cros\members were reinforced prlmarllv for lok speed damage reductltn 
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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. 

3.3 Bode Components 

Although most hod) hardware components were retained Intact from 

the Slmca 1308, d number \Qere qomekhat modlflcd to better suit speclflc 

requirements of the RSV. These parts include the instrument cluSter, seats 

(reinforced and reel lner mechanism removed), window mechanl sms, most glass, 

door and hatLh latchc5, and 1 arlous other small components. Some spec id1 

elements here used, the most slqnlflcant belnq the soft foam filled b[lmpers, 

ne\% front and rc‘ir llghtlng, spe~lnl wlnd~hleld, and the hood latch system5 

lhe 5oft , urethane-plast 1L fo,lm-fll led bumpers are unique, ds 4~own 

in Figure 1’). 8 The\ protect the I~$\ from damage in barrier impacts up to 

13 hph (8 mph) , S hph (5 mph) rear colllslon\, and 21 hph (13 mph) front-to- 
rear crasheq hethcen RS\ $ ll ,15 More importantly, \+lth thlr bumper, a c tpa- 

bllltv for the reduction of pedestrian lnlurles ha5 been demonstrated at 

speeds up to 37 hph (20 mph) fol both adults and ct~lldren.O 

Prellmlnar) computer studies were used to estnbllsh the bumper shape 

and its force-deflection propertles. Both factors were found to be s]gnlflLdnt 

in limiting inlurles. Force properties prlmarll\ llmlt bone fractures and, 

combined 151th overall shape, can affect pedestrian hinernatlcs after contact 

and reduce contact forces with other car element< and with the ground. The 

aluminum hood, In addition to saving weight, enhance4 the bumper propert les bv 

being “softer” than a steel hood. (There is some disadvantage, however, 111 

that the hood can be more readllh damaged in non-impact situations.) Tar- 

tunatelv, the rounded bumper shape ha5 proven to be compatible with aerodynamic 

needs, although it does not fully comply \%lth present II.\. bumper standards 

and was not designed to do so. In fact, current U.S. standards pertain to 

protecting the vehicle on \~hlch the bumper 1s installed rather than pedestrl<lns. 

The fixed headlamp covers, installed prlmarll) to improve aerodynamics, also 

aid the pedestrian b\ provldlng surface continuity. 
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RSV headlamps (Figure 20) have only one beam and use a plastic lens 

to attain precise arming for improved lighting with reduced glare while 

effecting a weight savrngs (Figures 21 and 22). While not fully developed, 

this shstem could have safety advantages bv provrdlng better lighting, and 

ellminatlng improper beam usage. A suspension activated hydraulrc headlamp 

aiming slstem 1s available to automatrcnlly compensate for vehicle loading 

and dynamic effects. High-level rear lamps are located on the rear roof 

pi1 lars (Figure 23). They combine running, side-marker, stop, and turn 

functions in a hIghI\ vlsrble locatron 

lhe RSV wlndshleld 1s clmllar to current 1l.S. three-layer units but 

1s somewhat thinner and has a fourth plastic Inner layer. Th> s layer, to a 

large extent, elrmlnates laceratlve InJurIes to unrestralncd occupants 

- 

- 

A speclnl hood latch s\ \tem with the secondarv catches remotely 

located along the hood sides 1s used (Frgure 23) 4 conventional, interlor- 

actuated primark latch 1s located at the front of the hood. Set ondary 

catches provide Improved crush efflclenc) for the lrghtwelght alumrnum hood 

bq lncreaslng the number of buchlcs formed In It during frontal impacts. 1 he 

secondary latches prevent the hood from enterlnq the wrndshreld lower zone 

and stablllze the fenders laterall\ In angled or offset collusions. 

3.4 Restraints 

development of the RS\’ occupant restraints began early in Phase 11 

using the Calspan developed crash vlctrm slmulatlon computer program (CL’S I I I)’ 

with input decelerations provided b\ complete car crush slmulatlons from 

Chrysler. Prellmlnary results of these studies lndlcated that an advanced 

belt s) stem lg could provide a survivable Impact speed about 8 hph (5 mph) 

greater than an air bag system. The parametric studies were conflrmed by 

tests on a H\IGF impact sled. While the sled results were not exactly equlva- 

lent to the computer predlctlons, based on FMVSS 208 tolerance levels front 

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

the indiLated greater impact speed potential. 

Subsequently, for use in Phase II I, WiTSA awarded dddltlonal con 

tracts for development of air bag type restraints for both the drl\er and 

front passenger The passenger s\stem \+as not developed sufflclentlv to be 

Included in the vehicle, but the driver dir bag slstem4 was selected for the 

flnal R$is to demonstrate an alallable alternate automatic system 

Ihe driver’s restraint (F10ire 25) incorporates a steering kheel 

mounted air bag \,lth a sodium azltle Inflator, porous n! ion bag, dual radld or 

\oke mounted lmp,~ct sensors (l(J’? G\l t\pe’l and a dash mounted dlagnost 1c lx)\ 

\\~th integral bdch-up crdsh bensor I or the front pacsencer, the restraln 

s\stem [Figure 26) is a motorlzcd, automatic lnfl‘ltable torso belt \\lth thl> 

inflator mounted bet\veen the scats (d single inflator could serve t\\o be1 t , 

for both front occupants), force 1 lmlted hebblng, ,Ind an inertia retractor 

Roth systems offer optional dctiic lap belts mdde of force IimltlnS webbin: 

to supplement the previously described “hnec blocker” instrument panel dnd to 

mlnlmlze chances of electlon during Impact In the interest of slmpllclt\, 

the belt s\stem uses the same sensors d\ the air bag. When deplored, the 

Inflatable element eliminates belt \lnLh (required for comfort), distributes 

forces over the torso and, since It extend\ under the chin, reduce5 pas\engel 

head mot ions I orce limiting webbing llmlts the occupant acceleratlon5 to 

accepted tolerance \~lues. Khen the lgnltlon 15 turned off, a motor drll es J 

flexible cable pulling the movable D ring for\%ard to the upper right corner 

of the wlndshleld, allowing read\ entr\ and egress b\ the front se,tt passenger 

The dir bag system has advantages in that It 1s completel\ passl\e, 

unobtruslb c, and provides effective dlstrlbutlon of impact forces on occupant5 

A strong point for the Improved belt 15 that It 1s anchored farther back in 

the vehicle structure and thus may not be as susceptible to degradation of 

performance should serious lntruslons occur Also, since as a normal belt it 

provides satlsfactorv restraint up to 30 mph, belt sbstem lnflatlon could be 
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DIAGNOSTIC 

THIOKOL 
INFLATOR 7 k? f 

AIR BAG 

DUAL RADIATOR 
MOUNTED CRASH 
SENSORS SLIP RINGS 

INTEGRATED 

Figure 25 DRIVER RSV AIR BAG SYSTEM 

MOVEABLE O-RING VEHlQE SENSlTlVE 

F~~JVMO msmotu 

WENGV ABSORBING 
SHOlNDLR BELT WEBBING 

INflATABELT INFIATOR 

Figure 26 RSV INFLATABLE SHOULDER BELT - PHASE III 
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deferred to a higher Impact speed than the air bag. This could result In 

repair cost savings since restoration of the system after crashe? would be 

needed in fewer instances. In addition, a belt supplies yome lateral support 

for accidents other than frontal impacts. On the other hand, the automatic 

Inilatahle belt has two major shortcomings It 1s nearlv as expensllc a$ the 

Lilr h,q Jnd It 1s far more likely to result In owner/occupant oblectlon\ to 

It 5 d lscomfort , lnconvenlence, and appearance 

lorce llmltlng webbing 1s used in the active belt5 fol the three 

rear 4eat po\ltlons Three-point reTtralnts IIlth lnertla retractors are pro- 

vlded for the outboard posltlony and a lap belt for the center. \thI le the513 

de\ 1ce5 pro\ lde a loirer level of Impact performance than the front seat 

re\tralnt 5, the\ kere considered satlsfactor\ and consistent rklth malnt Llnltl 1 

reasonable vehicle cost5 in view of marhedl) laker use of the rear scat\ 

Sheet metal panel? on the backs of the front seats serve to absorb Iear 

passenger knee contact forces and prevent consequent lnlurles to front 

passengers 

3 5 Aerodynamics 

*\n aerodhnamlcs stud) was undertaken during Phase III 26 in\ol\ lnq a 

Lomplete, tull-scdle car test performed at the Xatlonal Rcscarch ( enter \\LI~cI 

tunnel 111 Otta\+d, Canada. Nan\ aerodinamlc feature\ ljere lnve.stlgClted on 2 

Phase III prototvpe and the measured effects on drag are tabulated In 

Figure 27. Some tradeoffs were made to achieve thl5 level of performance 

For example , the initial rear vlslon goal \zas slmllar to the current proposed 

standard for indirect vlslblllt) . An analysis of that coal lndlcated a nr>cd 

for ver\ 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 wlndshleld. The size and location of these mirrors 

would Increase drag as well as present a potential hazard to pedestrians. It 

was decided that these elements outweighed the advantages of Improved lnc!lreLt 

vision. The flxed headlamp covers described earlier in the bumper sectlcrn 
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CONFIGURATION DESCRIPTION 

BASE CAR 

(1) 

(2) 

(31 

(4) 

(5) 

w/45 MM REAR SPOILER 

w/HEADLAMP COVERS 

w/FLUSH WHEELCOVER 

w/CONVEX WHEEL FAIRING 

w/FAIRE0 DRIP MOLDING 81 REAR 
QUARTER WINDOW 

w/REAR WHEEL ARCH SKIRT 

w/FRONT VERTICAL AIR DAM 

w/CENTER GRILL INLETS ONLY AND 
TWO AERODYNAMIC MIRRORS 

6 6 

7 7 

L- L- 8 8 

9 9 

(6) 

(7) 

(8) 

Figure 27 RSV WIND TUNNEL TEST RESULTS 

CD ACD% 

.474 0 

.438 78 

.421 11.4 

.415 12 6 

.413 13.1 

.412 

411 

.408 

.405 

133 

135 

14.1 

15.4 

- 
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were slmllarly found to provide malor aerodjnamlc Improvements as well as a 

potential advantage to pedestrians. Therefore, the) are used In the RSV 

despite the11 non-concurrances with current U.S. regulations 

3.h Chassis 

The RSV coals include a 7.84 lltres/lOO hm (30 mpg) combined clt\/ 

hl~hwa~ 1 PA ctcle fuel eLonom\r’ and emirTions of 0.41 HC, 3.3 CO, nnd 2.0 \O\ 

epm. 7he hl~h co5t of developing .ln entlrelv neh t\pe of emlsslon\ \\~tem\ 

would hare diluted the prlmar\ oblecti\e of safetv Instead, d current J)IO 

ductIon englnc \\cls selected to rep1aLe the Slmca unit Init?lldtlon ot I 

1 - latch Omnl/llorlzon engine In the RS\ ~equlred redeql2n of the enrjlnc 

aLLc55or\ drlLe5 ,ind relocation of othcl engine compartment component 5 d5 \vf I 1 

35 Increase III the front overhang. Ihe \erL good aerodbnamlcs of the fi5\ 

result 111 d fuel economy rating exceedlny the 8.55 lltres/lOO hm (27 5 rnpC1 

comklned clt\/hlchwav aberage required of all U.S. cars b\ 1985 tm15slon5 

levels meet 19-9 Callfornla requlrement5 The remainder of the Jl\L clrl\ ellnt 

1s also Omnl/fiorlzon ivith both manual and automatic transmLs\lons a~ i~l~ble 

The other chassis Items have been changed from thclr SIIIIC f 01 0mn1 ’ 

Horizon counterpart5 only ai required to meet the speclflc install It Ion or 

weLght requirements of the RS1. The Slmca brakes have been lltcred to pro\lde 

a diagonal Tplit (f igure 28) to give improved brdhlng \\hen the \I Ttem 15 1311 - 

tiall\ failed Further development of an adaptive (four wheel, electronlc<ill\ 

modulated) bl dhlng system is current 1) underwai for install,it Ion on the RSi 
1 I 

A break-a\vay loher steering column member (Figure 2”) is used to 

reduce steering wheel rearward motion during high speed frontal impacts by 

separating the steering rack and plnlon gcdr from the upper column after 

about one Inch of crush tahes place aft ot the front kheels. 

The tire svstem utilizes a flatproof tire (f igure 30). When the 

pressure 1s removed, the thicker sldewalls support the car iuelght and car 

handling response 1s not severely affected. A 101~ tire pressure bdrnlng shstem 
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1s Included to pro\ lde an 1n\trument pz~nc~l lndlc~t Ion when any of the four 

tires has less than 135 hllopnsr.nl\ (l- I)\]) The cdr Cdn be driven up to 

65 km (40 miles) at speeds up to (35 L ph ( IO mph I to 1 5ervlL.e station wlthout 

damaglng the tire, provldlnq added \ltct \ h\ cl ImJnatlng the hazards of road- 

side tire chnn~~nq. rhcre 14 a1 50 d 5111 11 1 aelyht 5‘1~ Inq\ (albelt at added 

cost) afforded b\ repl,lclng fl\c torch tnd the lath hlth tour flatproof tires 

eben though the) I$CL~:II more lnJl\ ~dunIl\ thin the st,indard ones. A sub- 

stantial increase 111 lugqnqe \oliimc L\ 11\0 3<hle\cd. 

\lnce ftlel ~conom\ 15 ~10~~1~ 1\40cl Itecl ~.lth ~~chicle \celqht, par- 

tl~Lll.lr .lttCJltlOIl \\a5 ]M iii t0 c il IJlSfZ\ 111 ~~c1tjllt ~csultlng from deslqn modlfl 

cations during the dc~clopmcnt of the ( il\pln ‘C III \ \lcr I<\\ 36 Fhe wcceb> ot 

that actlvlti 1> attest&i h\ the t ii t tlwt the me,rsi~red cc111-, \\elght of 11313 hg 

(2675 111s I 1s 0111) i hr: (’ lh< ) <lhO\ c that ~hC)l%ll 011 the 5eptemher 1978 weight 

report, several months prior to ioniplctron of the flr5t I’hlic IV R’il’ (rlqure 31) 

The curb i\elght rcpre\cnt 5 ,111 JIICIC tse 01 101 hi: (555 ll>i ) over the base 

French Slmca, but since It 15 c~tlm,ltcd that shout 60 hq (132 lbs.) hould have 

to be added prlmarllx for el,llys~ony, Iwmpcr\, ,~rltl doox Lrush resistance to 

meet current II. S. recul,lt ions, the \velcht itt? il~ut~l~le to the RSV features 1s 

about 101 hg (227 113s ) 

i.8 Costs 

Oh lOUSl\ ) all of the added 1~41 safer\ feature% cannot be obtained 

without some penaltles. 4s noted, the curl) \\elqht of the Cal5p7nIChrysler 

RSV is estimated to be 101 hq (22’5 11,s ) qrcltcr than a “federalized” Slmca. 

That added \telght results In increased operatlnq Lo\ts due to reduced fuel 

econom\ . In addltlon, the added compl c\ 1 ti of the \ ehlc le subc;ystems and 

structure might result in additional mllntenancc costs. Increased part and 

labor content in the more complex KS\ ~111 probnbli result In higher manu- 

facturing costs and consequentlk 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 

(1050 794) 

PHASE III 

KG 

(2317 00) 

LBS 

1029 411 2264 69 

64784 142 85 

73 22 161 45 

(20 8431 (45 96) 

(48 803) (107 61) 

(3 5741 (7 88) 

3 598 7 94 

39 610 87 34 

9 614 21 20 

-4 739 -10 45 

1210 755 2669 62 

Figure 31 RSV CRASHWORTHlNESS WEIGHT STATUS 
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however, the heneflts of reduced damageability and Improved safety might more 

than offset those Increases 

- 

L 

A detailed consumer price analysis has been carried out by Chrysler 

personnel, ,rssumlnq an annual 131 oduct eon of 300,000 units with a normal 
26 amortizntlon. Since the Slmca 15 neither manufactured nor sold in the U 5. , 

and the French mnnufacturlnl: fncllltr es, procedures, and labor rates are not 

specific to the U.S , an actual total consumer cost for a federalized RSV 1s 

not available. Hohe\ er , cost dlffcrcntlals between the RSV and a car of the 

same size and genera1 features meeting current iJ.S. standards (federalized 

Slmca) acre der i\cd <ls s~nnninrized 111 1 igure 37. Ihe total dlfferentl‘rl in 

retail prlc e, lncludlnq re\e,trch ,rnd development, facllitles, tool Lng, ,ind 

other expcnsc’ ,~\socl,tted \,lth brrn!:lnq such .r car Into product Ion, is shown 

to be $1795 In 1979 dollar5. Al though ,I maJor number of the 1 tcms appearing: 

111 the estimate Ire the t\pc (hr\ \ler prc\cntl\ fabricates, <I dlspropor- 

tlonatell l,lrge portion of the e5t lmnted cost 13 ,~sso~~nted \,rtli ‘i 1 imltcd 

number of components that .rre not no\\ 111 product Ion and cYould have to he 

purchased Chr~ sler had on11 ~cndor’~1 c\t Imates to use In ‘tssembllng the 

costs for the passi\c re\triint s\\temr, anti-shld brake\, and flatproof tires 

which comprise the Hugh technolog\ cnteqorl of the IiS\’ features as shokn In 

Figure ii. The \rendor-s~~l’l’lie~l co\ts for these three elements are dependent 

on the supplier ‘5 e5tlm,rte of the m,irI\ct that doe5 not .idmit detnlled 4rial\srs, 

the) domln,ltc the cost ditfcr entlnl, represent in< 60 percent of the total 

Increment a 1 cost Concurrent l\ , the b,tsrc vehicle features which are closely 

related to parts currentl\ beln~ manllfnctur cd, account for onl\ 29 percent of 

the total, kith the opt tonal or discretlonnr~ features const ltutlng the 

remaining 11 percent of the cost difference 

Although he believe this to be the best estimate that can currently 

be obtained, since It 15 based on the most reliable information available, it 

1s true that the closer an item 1s to being 111 productIon at the desired rdte, 

the more nearlk the actual cost can be assessed. Chrysler has expressed a 

view that rbhlle these costs are reallstrc, they mav be somewhat optlmlstlc; 
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PART GROUP ADDITIONAL 
CONSUMER COST 

BODY IN-WHITE $ 203 
FRONT SHEET METAL 23 
GLASS 28 
PAINT, SEALERS & DEADENERS 0 
BUMPERS 107 
GRILLE & LIGHTS 31 
EXTERIOR ORNAMENTATION 54 
INSTRUMENT PANEL -o- 
STEERING WHEEL 0 
INTERIOR TRIM 138 
FRONT RESTRAINTS & KNEE BLOCKER 642 
REAR RESTRAINTS 34 
CHASSIS 81 ELECTRICAL 22 
FLATPROOF TIRES & SENSOR SYS 102 
ADAPTIVE BRAKE SYSTEM 325 
HEADLAMP LEVELING SYSTEM 45 
MISCELLANEOUS 41 

TOTAL $1795 

Figure 32 CONSUMER COST SUMMARY 

CONSUMER COST 

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 81 REAR BUMPERS 
INTERIOR TRIM 81 PADDING 
3 POINT REAR BELTS 
MISCELLANEOUS OTHER ITEMS 

$ 642 
102 
325 

$1069 (60%) 

$ 28 
30 
14 
45 
21 
24 
30 
16 

$ 208 (11%) 

$ 210 
77 

138 
34 
59 

$ 518 (29%) 

TOTAL $1795 (100%) 

Figure 33 RSV CONSUMER COST FEATURE CATEGORIZATION 
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they should fall wlthln a normal 10 to 20 percent band. However, since 60 

percent of the cost represent 5 three major elements not yet scheduled for 

product Ion, careful monitoring of varlntlonq In these coStS ~111 be necessary 

because of the leverage of these items on the total cost dlfferentlal. 
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4.0 TESTING 

A number of tests here conducted during Phases II and III to asses% 

the performance capabilities of components and systems being designed and 

built for the RSV Phase III tests are summarized here, more detail 1s :~ven 

In Volume II and ln the references. Static crush tests 10 were llsed to PI edict 

structural performance In dvnamzc impacts, sled tests 4,19 
with a postulat cd 

acceleration pu 1 se, to indicate dumm) occupant performance in car LrasheL \ 

number of barrier Jnd car-to-car crash tests ll-18,Zl were run to evalultc 

occupant survlvabll It\ and handling tests 22,23 
provided lnformatlon on \ ehli I( 

drlveabl 1 It\ and reqponse. In addltlon, aerodrnamlc5, fuel econom\ , C’IIII <i IOU,, 

flatproof tire performance, braking and acceleration here investigated ex)cl I 

mentall). 26 

?he different integrated svstems valldatlon tests conducted In 

Phase III are summarized In Table 2 bv category. The structure of the RiL 

was designed with the goal of hdvlng the front seat occupants compl\ hlth 

FMVSS 208 InJury criteria for barrier impact crashes In the 65-80 kph (JO- 

50 mph) range 10 ,“\s indicated in the table and test reports, 18,21 the two 

frontal barrier crashes at 69 and 71 kph (43 and 43 mph) did not provide 

valid tests of the restraint systems because of malfunctions In anclllar\ 

components However, In a subsequent barrier test of one of the Pha?se I\. 

RSVs in Phoenix, Arlzorld, the driver protected bl an air bag mounted III a 

modlfled steering \Qheel passed FbiVSS 208 requirements at 66 hph (41 mph) 

except for one femur that was 50 lbs high. The rear crash of a mo\ In? bClll 1cr 

into an RSC at 65 hph (30 mph) 
20 demonstrated satlsfactor\ occupant pertor- 

mance. When struch from the side at 62.9 (39.1 mph) in another test,” the 

dummies on the struch side, as well as those in the strlklng RS\, lndlcatcd 

survival. In another test, a 4200 lb. Plymouth at 51 hph (72 mph) strlhlng 

the RSV on the ?lde at 60 degrees provided similar results. 10 Results of 

further experiments with the RSVs tested in Phase IL are included ln 

Section 15 of Volume II to provide more evidence of the performance achlcletl 

“1 

Y I 
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The steering and handling InformatIon taken from References 22 and 23 

are indicated In Table 3. In summary, the RSV handling characterlstlcs $ati+ 

factorlly meet the speclflcatlons in all respects. Table 4 indicates that 

after an initial preburnlsh test, the braking performance exceeded the spell- 

fication. 
26 

The RSV prototype stopped from 96.5 kph in 46 meters [GO mph In 

151 feet) with a maximum pedal force of 68 hg (150 lbs.). In subsequent fade 
“1 

and recovery tests, the pedal force to obtain a deceleration of i meters 

(10 feet) per second per second (0.31 g’s) varied from 12 to 13 hg (36 to Cl 

lbs.), while that required to achieve $ 6 meters (15 feet) per second per 

second (0 465 g’s) marled from 20 to 24 kg (15 to 52 lbs ) Acceleration tect 

data shown In Table 5 similarly exceeded the minimum acceptable levels defined 

In the speclflcatlon developed in Phase I of the RSV program. 
1 

That specif I- 

cation 1s included as the Appendix to \olume II of this report along klth 

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

In general, In all areas where RSV performance has quantlfled, test 

data show mlnlmum goals were met or exceeded. RSV height, for instance, 15 

below the 1360 kg llmlt even with a full) optloned car, braklng performance 

levels were easel\ exceeded, handling goals were met, acceleration performance 

15 acceptable A fe\j are,ls, hokeler, did not jleld results antlclpated 

Frontal impact performance met mlnlmum goals, but better capabll It leq \vel e 

elpectcd. Structural response ivas generallv good, but decel erat Ions reclult ccl 

to dchleve the three-zone concept 
26 

were higher than antlclpated 
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Table 5 

RSV NO. 8 ACCELERATION TEST RESULTS 

W.0.T ACCELERATION 
THROUGH THE GEARS 

SPEED-RANGE (mph) TIME (set) 

O-30 62 
O-60 19.2 

30-65 16.3 
40 60 9.9 
50 70 13.5 

DISTANCE TRAVERSED 

FIRST 

5 set 
20 set 

DISTANCE (ft) 

98 
1121 

W.O.T. ACCELERATION IN 
DIRECT GEAR 

SPEED-ENCOMPASSED 

50-60 mph 
50-70 mph 

MAX. GRADE IN 

TOP GEAR @ 55 mph 

TIME (set) 

7.8 
17.4 

6.1% 

ACTUAL “MINIMUM ACCEPTABLE” 
MEASURED VALUE LEVELS FOR RSV 

24 
11 
14 

90 

22 

5.5% 
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5.0 RESULTS AND CONCLUSIONS 

Primdrllv, a design has been developed for the manufacture of a \afe 

family automobile for the middle 19805, that can be utlllzed to invest lgdte 

the appllcablllty of safety requirements and their compatlblllt) with en\ iron- 

mental considerations. The design of the vehicle and the deliver) of two 

pedestrian test articles and eight drlveable RSVs to attest Its performance 

are tangible results. In addition, certain conclusions can be drawn from t?e 

relatlbe success achieved In the Londuct of the program. During the de\ cloi~ 

ment of the KS\’ from the Slmca, major lmprol ements here achle\ed 111 the 

capablllt\ of the vehicle to provide occupant protection. tlo\ccber, the 

detailed quantification of the life-sallng benefits realized 1% not e‘l\\ tc 

assess. 

One conclusion that can be drawn from the present program 15 th,I 1 

slgnlflcantl} higher level of traffic safetv 1s potentlall\ att<ilnable 111 he 

near future, albeit at an increase in purchase coyt to the Lonsumer llohe, cr, 

that lnltlal expenditure should tend to be offset bi the lob operating co\t 

and reduced expense related to accidents. 4150, a vehicle like the I~$\’ cor~lti 

be manufactured in facllltles slmllar to those In current u<e 1 urther, 

materials required to build the RW are generalli avallahle, and some mank - 

facturlng cost savings might be realized by design for particular recic1111< 

capabilities. 6 At the same time, ho\re\ er, some manufactur crs ml~ht ha~c lo 

change to nek products because of material substltutlons ‘lttendant to rich 

developments such as the urethane bumper system. 

As prevlouslj mentloned, although the mlnlmum go,11 of- 05 hph (30 mph), 

driver survival of a barrier crash has been lndlcnted, the desired 80 hph 

(50 mph) impact speed was not successfullv attained. While structural rcspon<e 

was generally good, the necessit} of 5taLing belob the relatively lorti le~cl? 

of accelerations needed to ensure non-aggressive performance In crush zone\ 

one and two resulted In higher than anticipated accelerations of the occupant 

compartment when zone three 1s crushed In order that the total Crdsh ene gb he 

absorbed before the boundarles of the occupant compartment are serlou\l\ 

*I 
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violated. It 1s clear that the degree of drfflculty of designing a structure 

to be fabricated bv current mass productron techniques that simultaneously 

satlsfles the varrous restrlctlons of the three crush zones within the space 

available in the I~$\’ 1s greater than antlclpated. Although 80 kph (50 mph) 

tests of experImenta vehrcles have successfully demonstrated compliance with 

FMVSS 208, such performance ln a fullv integrated, near production car like 

the Calspan/Chrysler RSV that also provides improved pedestrian safety as well 

as lrmlted aggresslvltv 1s proving to be harder to achieve than thought pre- 

VlOUSl) . Srnce the 80 hph (SO mph) vehicle speed implies almost three times 

the energy of the current (to 1984) 48 hph (SO mph) regulation, it 1s ques- 

tionable tIlLit such an Increase In productron vehicle capability could be 

available even by the end of the 1980s. It 1s not clear that even wlthout 

hitches in the development there would be sufflclent time to accomplish all 

the tasks that are associated with brlnglng out and proving a new productron 

vehicle 

Development of air bag restrnrnts on the RSV rndrcated a need for 

posltlonlng the steerrng wheel verk close to the driver In an almost vertrcal 

plane (horrzontal column). Such a wheel positron 1s sufflclentlv removed 

from those generally indicated to be satisfactory or preferred zn tests of 

driver comfort, fatrguc and vehicle handling that It is feared it would not 

be acceptable, partlcularl\ for large drivers. Iience, further research would 

seem to be required to resolve that delemma. 

It has been our aim to provide In the RSV a ratronal basis for the 

formulation and assessment of motor vehicle regulations for the 1980s. Of 

course, onl) history can tell, but adoption of the features incorporated in 

the overall design of this car will, we feel, also provide an rndlcatlon of 

the success of our program. 
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