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FORFII’ORD 

The first ph iye of the Rc5eirch Safetb Vehicle (RSV) program was 

Lnltl.lted It (‘ll~pc~n 111 J tn11ar\ 1c)T-l. I’htsc II began In Julv 1975. The third 

ph ise of the C .115p tn IISL proqrnm hd$ \tdrteJ on 26 Janudr) 1(177 and 15 the 

sublcct of thl5 repoi t. iiith t\\o except Ions, the Phase III effort 15 complete. 

Zlthouqh the tcstlnq for the colll\lon ~epairabilit\ studv (Task q) 15 done, 

the rc\lllt\ \\ill be prc5cntcd III a report in March, in5tCtllatlon of the anti- 

\1\1~1 1~1 lkc 5\\teni \Xlll be cffectcd in I’h~se III, l,ut 1t5 e~Cllu~tlon iv111 be 

11 it-t 0 t the I‘h l\c I\ report 

\5 111 the c 11 1 Lcr \\(>I h, (hr \ \1c1 (orpol it ion has been the m IJor s111~ 

cant 1 <IL to1 111L1 III\ l-ICC11 1c~JI011~11~1c to1 i,io\t of the ~ehlclc hod> and chas?l\ 

dc5ljn ‘15 \\cl 1 15 the hlqh dcq~cc of m 155 l)rodllct~on tcchnoloq\ th,tt has been 

~ncorpor ttcd 111 the mc’thods f01 t lbi-IL it inq dnd d5scmhl lnr: the Lomponent5. 

IhI 5 flI1,11 tci11111c 11 1ep1 t h I\ been p1 Cl’ 11eJ b\ the ~oml~incd cftort 5 of I)ro- 

cram st,iff mcmbcls ,it both Crtl5pdn and (‘hrL5Icr blast of the Informat ion 

inc lucled h,l5 p-c\ louslb appeared in corl e5ponJencc, Intel ndl mcmo5, progress 

report 5, and vnrlous other document 5 cltccl 111 the ~efcl enccs It 1s the intcn- 

t 1011 of the cdltor to comb~nc that informat 1011 Into I ~omprehcn~l~e siunmdr\ 

rcferenc ~nl: other document 5 th<lt more completcl\ recount the \\orh ,~cconipl I ~hcd 

during the third phn\e of the RS1 program \bhlch culmlnltcd LIP the ten fin,11 

I ehlcle5 built for tcstlng during I’ha5c I\ . 

The Phase I reports (Reference 1) document the orlglnal deflnltlon 

of the proqrnm 1 prellmlnar\ design review data package (Refcrcncc .?a) \raS 

published durlnq Phase II on 16 March 1’476. It describes proqrnm ph~lo~oph), 

131 ogram constrnlnt s, technical approach, and the design details of the vehlclc 

that had e\ol\ed to that date. Addltlonal information on the Phase IT ~~chl~lc 

is presented in the final reports on the Phase II program (References 2b, c 

and d) as well as in the papers presented dt the Sixth L-uperlmental Safety 

Conference, References 2e through -7 1 and test reports, Reference\ _31\, 1, m and n 
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Al 1 reports prepared during Phllse I I I are referenced. The detail ?d 

l’roqram I’lln 1s Reference 3 Ihe Stdtll% reports piepared at lnterv~ls durl 12 

I’hdse I I I arc Included as References 4 through 1’. Reports on lndl\ idual 

tests and ta\ks undertdken durlnq the third phase of the program ‘ire 115ted 

‘15 \epax ‘it e dolument 4 The report of the static crush te\ts (T,lsh 6 1) 15 

Reference 1S RefercnLes 19 and 20 arc the flnal reports In the development 

oi the ‘llr belt and the drl\er air h,lg (rdshs 4 -7 and 0 2) The test plan 

tot- Lnteqr,ltcd s)stcm% vallddtion (Tnik 6 7) 15 Reference 21 1 he report% on 

the I‘hdse III crd\h tests (I,lsh G ‘1 .ire Included In References 22 through 31 

Rc\c,lrch S,lfet\ \ehlcle handllnq (Iasks 6 5 and 0 6) 1% dlrcu\sed In 

Rcfelencc5 3; and 33, hhlle the compll 1nCe l,lth f ederai Yotor \ehlcle Slfet\ 

\tLlnclird5 (Td.sh 14) L\ assessed 111 Refelcncc 35 References 36 through 30 

document port 10115 of the 01 erdll program, end Reference 30 1s the flnnl de\lqn 

report \bhlch dlscus~cs, In detail, the development of the Jeslgn of the ovcr<lll 

~ehlcle AS hell ds the xarlous components utlllzed In the Calspan/Chr\\ler 1~51 

(1 tsk 1) r\\T.illable report? of Phase Ii test results ‘ire Included as 

References .32 and 31 through 13 

Volume II of this Fin,11 TechnlLal Report 15 organized b\ the L~IIOU~ 

t l\h\ \,hl~h, for cask reference, Llre numbered in accordance \klth the \rorh 

>tatenient of the contrdct Fnch t,lsh of the contract 1s brlefli sllmrn II izcc 

\%rth ;1 deicrlptlon of the lqorh dccompllshed durlnq the Ph‘l5e III program 

i 0 lume I compr i ses Jn t recut 11 e summ,ir\ Ihe t\%o volume report 1~ \ubmltt(d 

in p‘ii ti 11 fulfillment of the requirement< of Parlqraph 3 1 of the itdterrielIt 

of Iiorh of (ontract Lo DOT-ti$---015il under \%hlLh I’hd5e III of the II\1 LOII- 

tract h‘is been alcompl ished The Contract rechnlLnl ‘Idnager for the sponsc~l , 

I~Ol/\tHTS4, 15 rrsnh C Richardson The contents of thlr publlcatlon reflect 

the 1 le\\s of the Calypan and Chrisler RSL staffs and are not necessarlll those 

of the hat tonal tllghhai Traffic S&fet\ idmlnlstrat ion. 

Vl 

G. J FaGan 
RS1’ Program flanager 
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In addltlon to the I~$\ \tnffs at Chrvsler and C~~l\p~~n, a l,lrge 

n~lmber of other groups and personnel 111 both orgnnlzdtrons h,lvc gl~en un\tln 

t lni:l\ of the11 tlmc and effort to the dc\elopmcnt of the RSL. I he cd 1tor 

1x1 \hc\ to niAno\,ledge the complete support of both orgnnlzatlons. \\ c I I C’ 

slmll,lrl\ indebted to man\ YfTTS4 personnel \%lthtn the Offlcc of T’nssenge: 

for thctr wpport but T“~I tlcul‘rrl) wish to ldentif\ the 

Cl. Iii Lh~1rd son , \rho h,is been the ( ontract 1 ecTinl~~11 Cilonltok 

0 f Phase I I 

1 opment program of this mn~nltude could not h,ivc been ~CIIIC, cd 

slipport from a number of our supplier companies \\ho li,lve 

cnqrneering talent, f<iLr 11 trc5, end spcc I ‘I 1 component c, t 0 

4lderson Tiesenrih I ahoratories, Tnc - Ant hropomorphlc I~~IIUIII 1 c 5 

,\ll red Chcmlc,il Corporat ran - Re5tr,lint (omponent5 

Rltr Imabllc - “\ir B,iq and Air Iklt 1 ahricatron 

4111 tnda Bent Bolt - t load Ldt c 11 Component s 

,\tl\ood \ ncuLlln bkich1nc - Seat I rncAs 

Bend 1~ Corporation, Auto. ( ont ro 1 $1 stern5 OrouT> - hit i -\A111 I3r,lhc5 

Chl\ sler/Ernncc - s1lllc3 Colllponcnt '1 

( IBTT Corporatron - tleadlamT~~ and ITi qh Level Ta1 1 I <“UT>\ 

( owed Corpornt ion - t lcnd 1 lner5 

Cranz Lo. , J .bl - 1 nsolite kiterlal 

Create\ e Tndustrles of Detrol t - 1 nqineering krvrces lnd 
t abrlcatlon of l’ehlclc5 

Custom Trim Products - ~loldlnq 

Davidson Rubber Companv - Soft Bumper Systems 

Dynamic Scl ence, Tnc - Use of lest Tacilltles and Measurement\ 
of Parameters on the R$\ 

Vll ZN-h069-V-32-T] 



Essex Chemical Corporation - Klndshleld Adhesll es 

tssex Group, Inc. - IVlrlng Harnesses 

General Electric Company - Plastics 

Goodbear Tire and Rubber Cornpan) - Flatproof Tires 

C,reat Lakes Steel - high Strength Low Alloy Steel 

Harris H111 Heating Company - Air Bag Manifold Assemblies 

Hexcell ( orporat ion - Aluminum Hone\ Lomb Fnergk lbsorhing \I itcar la1 

Ir\ in Industries - Air Belts and Air Bags 

I I-l , Auto, tlectrlcal Products - Klring Harneyscs 

J R. Products, Inc. - Air Bag Covers 

Lahe Center Industries - Secondar} llood I atches 

Lone Star Vanufacturlng - Air (ondltlonlnq Condenser\ 

Marul Industrial Cornpan\, Ltd - Soft Emblems ,ind Ile idl~lmI~ Bezel5 

Vodern Fngineerlng Serl ice ( ompanl - Vehicle Part? and I nqlncerin\ 
Serl Ice5 

R Monahan/G.V. Fisher Body - Nvlon Air Rag Vaterlal 

!Iotor Insurance Repair Research Centre - Tmp‘*ct rests ,ind 
t nglneel ing Se-r\ Ice) 

Motor Wheel - Low Tire Pressure Warning S\ stem 

Pittsburgh Plate Glays Tndustrles - Front [)oor 01355 

Rockwell International - Passive Belt Drive VeLh,in1sm\ 

Saint-(,obaln Industries - Iilndshlelds 

Qginab 5teerlnq Gear Dl\ision - ,1lr Cushion 5111) Ring Asienhl ILL 

%ell er-(,lohe Corpornt ion - I abrlL,it ion of Instrument i’1nc1 inrl 

Ioolinq 

Clerra Fnglneering Coinpan\ - 1nthropomorphli l1ummlcs 

Standard Mirror Cornpan) - Con\eu allrrors 

Takata ko~)o, Cornpan}, ltd - Load I lrnltlnc Iiebhlng 

Thlokol/Wasatch Dlvlslon - Inflator? for Passlle Restraints 

i’olvo of America Corporation - SteerIns It’hecls for 1lr Bag <lr\, 
Headrest 5 

3F1 Cornpan\ - Adhesives and Reflectlee Decals 

Vlll 
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1.0 SCOPE 

Under the Phase III RSV Contract No. DOT-HS-7-01551, Calspan Corpora- 

tlon Advanced Technology Center has provided, either directly or through sub- 

contract, the necessary qualified personnel, facilities, suppliers, and servlccs 

to complete the design, development, and fabrication of the Calspan/Chrysler 

Research Safety Vehicle (RSV) as summarized in this document and reported more 

completely in the cited references. The development and fabrication 1s the 

responsiblllty of the Calspan Corporation Thus work constitutes Phase IIT 

of a four-phase DOT/NllTSA program for the research, development, f‘~brlcatlon, 

and testing of the RSV and its completron signifies the end of the Calspan 

effort under the contract on Phase III. Phase IV tests of the RSVs are helng 

conducted hv other organizatrons mainly in foreign countrlcs. 

ZN-6069-V-32-11 



2.0 BAChGROUND 

7hc RSV program wan initiated In Januarb 1971 with the al\ard of f l\c 

contracts for a 15-month, Phase I, RSL Program Definition and Perform<incc 

SpcciflcLlt ion 0evelopment. l’he major products of these five identical ~o11 

tracts here 5 lfetv performance speclflcat ions and prel lrnlnarb designs wh 1 LII 

conceptualli Jeflned vehicles optlmlzed for the mid-1980s time fr‘ime. I’h‘l ,e I 

h~\ completed 18 4prll 1975 
1* 

In Julv lo-5 t\%o of the Phase I contractors (Calspan (orpor,ltlon inil 

flinlcars, Inc.) \sere selected to proceed In Phase IT to develop kehlcle 

tIe\lgns bahed on their Phase I horh \cheduled for completion b\ 10 Uovcm )CI 

1~)~5, the dc\lgn development worh resulted in designs In accord klth the 

I’h~ise I performance speclflcatlons and conceptual designs rt1c dcs 1g115 \\Cl t 

debeloped to the extent that ~111)s) 5tcms here defined ,ind spcclfled, and 

neces<ark development testlnq had been performed to \erlf~ the deTlcn ipl)ro1’11 

These de\clopmcnt te\ts Included \r~hs\ stems inteqr<itlon te\ti l\ rec~l~Lred to 

en5urc the perform,incc of rel~tcd sub4i~tcm~ ic q , structurei ,lnd occllp~i1 t 

rc>tr<ilnts). \litcrl,il~ <Lnd rnQlntlt lcturlni: proLc\seT here 7150 Ident If ied, 111il 

In Phase I I I Cal sp‘in (‘orporat Ion, with Chrx sler and other suhcorl- 

tr‘lctors, rcflncd the Phase II design khere necess lrb, rc5ol\ cd de\llln I 5 11~5 

not completed 111 Phase I I due to time and/or scope 1 IrnI tntloni, ref 1 tlccl 

anal\r\es lnd slmulatlons of performance, and produced ten lehl~le\ for th2 

fourth dnd final phase of the RSL program - test jnd cv~luitlon. The c I? 15 

shown in Elqures 1 through 4, it 5 performance speclficntionb ‘11 e Lont<ilncJ 111 

the append1 Y 

SuperscrIpts denote references listed at the end of the report 

2 ,‘.-6069 \-??-I I 











The fourth and final phase, Test and Evaluation, is a separate 

NHTSA program being undertaken by different organizations, largely in foreign 

countries. Although Calspan has provided some support to help implement 

those tests, Phase IV will be separately reported later. 

2.1 Program ObJ ect ives 

The overall ObJectlve of the RS\, program is to develop technological 

data applicable to automotive safety requirements for the mid 1980s for the 

Natlonal Hlghwat Traffic Safety Administration (NHTSA) and to evaluate the 

capability of achievement of such requirements with respect to envlronmental 

policies, energy utilization, and consumer economic considerations for that 

t lme period . So that information appropriate for the formulation of meaningful 

automotive standards for that era could be obtained by NHTSA, a multi-phase 

research program was undertaken at Calspan in January 1974 to develop a light- 

weight advanced safety vehicle (the RSV) suitable for family transportation. 

Current regulations were not to be a constraint on the RSV design (i.e., 

alternative safety features were to be explored). 

It 1s to be recognized that factors other than strict safety con- 

siderations were also investigated. I\rhlle reduction of highway losses, par- 

ticularly human lnluries and fatalities, was the major concern in the study, 

the design had to be compatible with mass production techniques, fuel economy, 

and emission requirements for the 1980s. The RSV had to be constructed of 

readily available materials. It had to be easily recycled and require minimal 

energy in its manufacture. The purchase, or consumer, price had to be 

reasonable, as did operating costs. In addition, the RSV had to have good 

consumer acceptance. Most importantly, however, it had to provide d high 

level of safety for its passengers as well as for the occupants of other 

vehicles/pedestrians that might be involved in collisions with the RSV. 

Phase I studies furnished (1) definitions of vehicle characteristics 

suitable for automobiles operating in the mid 1980 and later time frame, 

(2) comprehensive sets of vehicle performance specifications, and (3) preliminary 

7 ZN-6069-V-32-11 



des1gl Loncept s 
1 

M~ior safet) emphasis in the Calspan effort wa4 placed on 

crdshworthlne\\ jolcupant protection) and pedestrian protection, economic end 

en~1ronment.11 constrdlnts Identified llmlts on vehicle \%elght ,ind poiqer 

Cdlspan defined Its coal as a 2700 lb. sedan hnvlnq 1 capaclt\ sultablc for 

normal farnIl\ use clnd a fuel econom\ apploachlnq 50 mp: RCCOL er\ (reL\ c 1 ins) 

of most L It 11 mineral contents, 11slnq ~011~ ent ion,11 5i1 11) rnetdl proCe55in(l, L% 15 

a de\lgn consideration. The prellmlndr) Phase I deslqn \\J\ derived from a~ 

ex.lstlnc (hl\ >ler/Frdnce ploductlon car and featured a tran\\ er\e front 

cng1nc/tront d1 ILL 5~ 5tem, fl~~tpxoof tlxe\, pedeTtr l,ln bumpcry, .ind ,> numhc r 

ot high 5tlencth lo\% 11 lo\ steel hod\ component\ 

.’ 
The object 11~ of the Phdse II R5C program kd~ to dc\elop an Ii51 

de>lgn 111 clcLord \ulth the performance rpcclf icdtlons and LonLeptua 1 deslqri, 

for mul~tcd under the Fh,lse I contract. kfflcient realizat Ion of program 

oblectlves \%d\ achlc\ed b\ using a bcl\e lehlcle modlflcdtlon approach - the 

bise vehicle selected ~5 the Chr,sler/f rance (Slmc,~) 1308 Introduced In 

t urope 111 model veer 1q76. Thus base \ehlcle pro\ lded dlmenslonal, \%elqht 

and handling charactellstlcs that appro\lmatc fha\c I RS\ speLlfllntlon\ 

ACMlt1on‘i11\, the Slmca 1308 manufacturing faLllltles furnlshed J rcdlistl- 

Ins1 s for est lmat ing the effects on co\t and produclhlllt\ of deslcn/procci? 

changes ,Ittenddnt to dchlevement of RSL \afet\, emissions, and efflclenL\ 

SOAl\ In\ lronmentnl (emissions) aim\ dnd fuel effic-enc\ pcrformdnie goals 

\\ere LonslTtent !rlth the 1985 time period, L e., ippro ichlnq 50 mpq in the 

[PA combined Jrlblng c\cle te5t I conomlc con5lderatlons (consumer costs) 

here bdsed on an assumed annual production run of <(IO, OOO/\ ear. I’rodr~t Ion 

toollnq, proCesse5, f-lcllltles and mdterlals necessdrm for such ~II output 

\bere in\ estlgated. Further, the design imp1 lcat Ions of resource conserl at ion 

through reL\cllng were addressed. Subs,stems were defined and developmental 

testy performed to demonstrate conformance hlth \peclflcatlons and cornpat- 

lb11 it\ of subsystems A moth-up was prepared to demonstrate yubs\stems 

Lntegratlon, interior arrangement, occupant restraints, plus driver dnd 

passenger entrance and egress dccommodatlons.’ 

Y I 
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? 7 - - Phase I I I ObJ ect Ives - 

In Phase I I I , the Phase II deqlgn of subsystems and components was 

refined ,nd adapted to cxempllf) masq production techniques. 
3 

The various 

elements \\ere lnteqr,Itcd Into J coordln‘lted vehicle design which was used 1n 

fnbri~atin!: ten \ehlc le\ for test In PhITe I\. 
i9,40 

This report summarize\ 

the \,orl, ITI I’hnsc TIT that cIIlmIn,Ited 111 the \ehlcles fabricated for testing 

111 Ph,l\C I\ Il\Inr: a combIn?t 1011 of m,Ithcmatlcal modellnc on the computer 

hlth st ItIL and d\nnmic testinS, design issue\ that rem,iIned ‘It the complct 1011 

ot l’h<ITe I 1 \\cre reToIl ed, ~nlld?tlon tc\t\ kc!Tc? coIld~lcted to demonst1 Ite 

perform,ince I e\ult Inc from thc\e desIcii IniproLements, and the rc>ults ~ncor- 

p01 ltcd 11~ the final de\Ign \dclItIon~il ~n\e~tI~~tIons defined emIss101i~ ,Ind 

fLlc’1 cLonom\ ) doclInIented the decree of II’+ coInplIance with current I cder,Il 

Flotor \ ehlc lc Stand<IId\, and studied the cffcct of the RSV design on collision 

repilr, prodltc 11~11 It\ , .Ind cost 

len 1 chicle\ were built to this fin 11 deslcn in Phase III. Test\ 

conducted on protot\l?e< in l’hn\e IT1 and test5 by others on the ten Phase IV 

vehicles indicate successful ac hlevement of the RS\’ goals The result5 of 

developmental teTtlnq durlnc l’hnse I I I drc completel! reported in references 

and are summar1zeecl in the approprl‘lte \ect Ion5 of this report to document that 

achievement. Information from tests 50 f kr completed in Phase IL 15 summarized 

111 Section 15. Specific significant results include demon5trnt 1011 of surl oval 

of RS\ occupant c, [ 1) in head-on collisions with both car\ trnvellnc ‘it 

30 mph (80 mph relative car-to-car speed), (2) khen struch on the side at 

10 mph, and (3) khen hit from the redr at 45 mph. In addltlon, 50th percentile 

dumm\ pedestrian? exhibited reduced lnlur) levels from prlmdrj lmp,Icts at 

speed< up to 25 mph. Handling and brahlng exceeded the design speclflcatlons 

(e g., the RS\’ stopped in a distance of 151 feet from 60 mph). I uel economy 

was shown to be In the range of the 1985 requirements and emlsslons were shown 

to meet the 1978 California standard Design of the vehicle IS consistent 

with mass production technlque5. Also, materials used in fabrication were 

chosen to mlnlmlze energv content, rare mineral requirements, and facilitate 

ZN-6069-V-32-11 
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3.0 PROGRAM MANAGEMk NT 

The concept for management of Phase III of the RSV program included 

the development of a comprehenylbe program plan (Task 3.1) for accompllshlng 

the required tashs lncludlne manpower, schedules, milestones, and fund expen- 

dltures, 3s ivell 35 the utilization of that plan in evaluating progress 

achlelred so that anv shortcomIngs could be rapidly identified and remedied. 

That plan identified the various design issues Still unresolved at the com- 

pletion of Phase II a$ \\cll as numerous developmental and val ldatlon tests 

necessdr\ to demonstrate sdtlstactor\ performance of the proposed RSV de5lgn. 

In addlt Ion, other tashs were defined that needed to be undertaken to lnsurc 

demonstl,ltlon of achle\rement of the K\L’ goals by the vehrcles to be built at 

the end of Phase III. The schedule of the tashs undertahen during t)ha\e IT1 

of the (al span RS\. program 15 shobn in rlgure 5. Incomplete tashs are lndl- 

cated b\ open svmbols or blochs (e g , this fln,il techniL report 1s shown 

as an open trlanqle durlnq the month of February 1980) Where the actlvltles 

have been completed , the grnphlcal representation has been filled in. As can 

be seen, the remaining unflnlshed Ph,lse IT1 tasks include lnytallatlon of the 

ant l-shld ABS brahe s\ stem in RS1 ho 6 (Task 6.6), the completion of the 

report on the colllslon repalrablllt\ stud, (‘lash 9)) and the contlnuatlon of 

Calspan’s support for the tc\t\ beinS accomplished bc other organlzatlons III 

the Phase I1 program (lash 15) Task 6.4, the durablllty/vlbratlon testing 

and T‘tsh 10, the malntendnLe/ser\ Ice study have been omitted from the schedule 

\lnce no vehicle has heen avall,ihle for their accomplishment All other 

I’hdsc III activities are complete. 

i 1 Program Plan 

The Program Plan w‘15 Inltlnlly submitted on 1 March 1977 and later, 

on 18 April, it was reviewed \Qlth iLtl1SA at a briefing in Washington, D.C. 

After that review, the Program Plan was revised and in May 1977, initial 

negotlatlons were completed for the conduct of the program. The work state- 

ment of the contract was modified to incorporate the changes to the Program 

Plan, but there WAS no subsequent formal revlsaon of that document. 

11 ZN-6069-V-T?-11 
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3 2 Program Revleks 

Two major program revlerrs here conducted. The first one was a 

re\‘lew to authorize fabrlcatlon of the RSVs to be built for evaluation b) 

others in Phase IV. That revlc\L was held in conJunction klth the Bidder’s 

Briefing on 15 December 10Y7 at the Chrvsler Fnglneerlng Center in Highland 

Park, Mlchlgan and 15 dlscussed in Reference 9 The second maJor review was 

the restraint s\ stem re\ le\+ accomplished on ,’ Fehruarj 1978 and dlscu\sed in 

Kefercnce 10 Ihc restraint5 review considered the results of the driver air 

brlq, and p‘lssenqcr ‘11r bag programs being conducted under different contracts 

a5 well db the de\clopmcnt of the air belt carried out under Phase ITI of thl? 

contract The ‘11r belt program development 15 more thoroughly reported in 

Refcrencc 19 and that of the driver air bag In Reference 20 

3.3 Proqress Reports and Status Briefings 

As indicated In the Schedule, Figure 5, 14 Ttatus reports (References 

3 through 17) have been submitted to document progress throughout the program. 

Four status briefings were conducted at NHTSA facllltles during the course of 

the contract and one briefing was held to revleiv the cost analysis. The status 

briefings occurred on 29 <June 1977, 25 October 1977, 17 blav 1978, and 7 December 

1978 At the last one, the RSV final design I*‘IS discussed. The cost briefing 

occurred on 11 hlav 1’)“). In addition, a Bidder’s Rrleflng was conducted in 

Detroit on 15 December 1977 to acquaint prospective fabricators with the RSV 

design (Reference 9). 

3.4 Reports 

Sixteen technical reports have been prepared and Tubmltted under the 

Phase III contract. Twelve of these reports document the results of static 

and dvnamlc tests (References 18 and 21 through 31). Four of them (References 

19, 33, 34 and 35) recount the result5 of various task lnvestlgatlons. A 

highly specialized report on the colllslon repairability study of the RSV, 

being prepared by the Motor Insur,ince Research Repalr Centre at Thatcham, 

17 ZN-6069-V-32-11 



Fngland, IS scheduled for completion In Varch and dlstrlbutlon in April lOLO 

Two comprehensive malor reports have been prepared the Final Deslcn Re])o~ t 

(Reference 40, submltted In January 1980) and this final Phase III report 

In addition to the formal reports ldentlfled above, References ?I) 

through 39 are typical examples of technical papers prepared for presentat LijII 

at technlcal meetings during Phase III of the program, 

i inall\ , design documentation, including mlcroflche records ot 

drawings and speLlflcatlons, was submitted to the sponsor on I, AllqLlrt 10-s r 

le\lse, bring up to date, and replace the lnformdtlon submitted durlnq 1’h,1, 

J 
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i\t the bcq ~nnlnq of I’hnse I I T 3 .ibout 50 issues that required resolu- 

tlon for the completion of the I:\\’ de\ iqn rtcrc identified. These lnc luded 

items uncovered in dc\clopmcnt tests or not ,lddressed in detail in Phcise II 

‘15 \ze 11 ‘15 neh 01 lrl~pro\ ed subs\ \tcllls 01 c omponcn t 5 , changes requested by the 

~~‘oIl~o’-) <lJld ICtlJlNIlCIlt~ t0 llll]I”O\e thC II\\ q:o<il\ Their solutions ‘ire 

iddressed cdtegoric,ll 11 under [ash\ 1 1 thlouqh -1 0 below. 

Ihc de%lqn feature\ of the ( ~l\pJrl/( hn ylcr RSV, \Qhlch were developed 

tluylnq I’h,~sc I TI, dIC ld~lltl tlCd 111 1 lq:ul C 0 I urther dl%cus~~on of those 

fc Itllres 15 pro\ ldcd 111 Reference 10, the f III il Design Report. 4s not cd ‘lbove, 

dC’TlQJ1 docunlcntdtlon \\a5 \~llmlttell 111 Ir1iyst lq78 The performance speclflca- 

tlon achleied \\lth the \chlcles dc\,eloped during Phase III forms the \ppcndl\ 

of this report 

Ihe re-dcslqn of the PhaSe IT front structure to accommodate the 

Chrvsler Omnl/tlorl :on 1’10 cc engine \\lth its emissions package included 

(1 ) revis Ions of t tic upper and lower lo,id pith\ to reduce the undcslrable 

tchlclc pitch, (2) modifi~dtlon~ of the firewall region to reduce pitch, 

steering column, and enqine intruS1on, .tnd (3) in Increase In length of ?-l/2 

inches. TheTe changes are dIscussed LII References 4 through 10, as well as 

in References 37, 39 and 30 Tn addltlon to further development of the soft 

front bumper, ahose Phase TT development 1s reported in Reference 21, a re,tr 

bumper kas developed to proclde 5 mph no-damage rear end protection. In con- 

lunctlon with its soft front bumper, RSV front-to-rear impacts were expected 

wlthout serious damage below 13 mph Most importantly, however, the front 

bumper was designed to reduce lnlurles to pedestrians to the maxlmum extent 

possible As Indicated in References 22, 39 and 40, as well as by results of 

subsequent tests during Phase IV, 41 the RSV bumper goals have been met. Those 

achievement 5 are documented 111 the Appends\. Other design activity mcludmg 

new engine mounts, tolslon bar4, door latches, hood latches, seats, roll bar, 

15 ZN-6069-V-32-11 
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and the attachments ,ind heldlng at the extremities of the A, B and C pillars 

\\~as undertahcn to Improve both the occupant environment and the produclblllty 

of the vehicle. A speclflc example of re-design for mass production feaslblllty 

IS provided by the revisions to the tunnel reinforcement in which the number 

of parts \\‘is reduced from se\ en to two. 40 The final Phase III structure is 

illustrated in Tlgure 7 

Changes in the vehicle structure during Phase III were planned so as 

to mlnlmlze re\%orh of the Phase IT tooling However, installation of a dlf- 

fercnt engine ln\olved appreciable revision to the front end structure as well 

a\ the outer sheet metal surrounding it. In addition, as discussed in other 

sections belo&, the Phase III development ,ind valldatlon test\ later Identlfled 

cl requlremcnt for J. rehorh of the rear bumper support, the front structure, 

the fuel filler, dnd the door hrnqes, as well as further development of 

restraint components to successtull~ absorb the hlghcr g levels demonstrated 

in the crash pulps in the Ph,~se IT1 barrier tests 

The Calspan/Chrysler RS\’ design followed a base vehicle approach 

That is, advanced state-of-the-art technology was Judiciously applied to an 

exlstlng production car (the Slmca 1308 base vehicle) in order to bring its 

performance up to stipulated RSV standards Thus , the Simca structure was 

modified to meet the RSL ’ s stringent high-speed crashworthiness and low-speed 

pedestrian protection/vehicle damageabllltv goals 

Structural changes, for the most part, were embodied in particular 

structural elements. In some instances, the basic element design was retalned 

but the material and/or gauge were altered. In other cases, the original part 

was reinforced or completely redesigned. Liberal use was made of high strength 

low alloy (HSLA) steel for weight efficiency and structural strength. Beside 

replacing the Slmca front and rear bumpers with soft urethane units to provide 

pedestrian and low-speed vehicle exterior protection, an aluminum hood was 

substituted for the original steel counterpart primarily to help mitigate the 

severity of inlury to struck pedestrians but also to reduce vehicle wetght. 

17 ZN-6069-V-32-11 
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loads developed by the front seat occupants of the RSV were \zell below the 

maximum acceptable values ldent ifled 11~ FMVSS 208. The automatic load llmltlng 

air belt and D rlnl: motor control used in the RSV IS shown schematically In 

Figure 8, the air bdq, l-lo,ure 9. 

At the Phase IT design re\ lck, SHTSA directed that the 1442 cc 

\lrnc,i 1708 cnglne be rep1 Iced b\ the 1710 cc engine used in Chrysler’s Omnr 

and llorlzon (Reference\ 7, 5, 9, 39 and 40). The engine change was made to 

pro\ rde the desired po\\er capabrllt\ to meet the acceleration goals for the 

RSL and compl\ hlth at least the 10’8 Callfornla emrssions standards. Ill 

addition, the Chr\sler engine \+a$ a~n~lahle \rlth an automatic transmrsslon 

and a compressor for an ‘11r condltlonln~ svstcm as well as ‘1 hydr,lulrc pump 

for poker steering and lwtli nian~l~ll atid lutorn,lt IC trnnsml ssions. IlnnllL, 

although It \~a5 appreciated th,lt the 70 nij~r: go,11 hould probably not be 

<ichlc\. cd, lOS5 fuel cconom\ req\llr cmcnt 5 ot 27. 5 mpg seemed within reach. 

As ldentrflcd in the references, .L\ ~~11 as In the speclflcatlon in the 

Appendix, the RS\’ emission and tuel econom) goals of 0.41 HC, 9.0 CO, and 

1 5 YOx at the combined I PI fuel WOTIOJJD of 27.5 mpg have been achieved. 

The drllel ine component\ on the engine end of the drove shafts are 

standard Chr\ \ler Omnr/lior~~on part 5, those on the outboard end come from the 

Srmca. These parts .ire dc\crrbcd in dctar 1 in Reference 40 

Figures 10 and 11 show the standard Chrysler engine and manual 

transmission utlllzed in the RSI . Details of the other components are shown 

rn the flnal design report. 40 In the development of the lnstallatlon of the 

engine and driveline, design crrterla were carefully reviewed to Insure that 

the required volume kas kept to a mlnlmum without compromlslng maintenance, 

service, repair, or low speed no-damage provisions. 

23 ZN-6069-V-32-11 
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4.4 Brakes 

The brahes rn the RSL ,irc essentrall\ those from the Simcn 1308, 

modlfled to provrde a dragonal split to retain maximum braking in case of 

failure. It 1s n vacuum-a\slstcd \\\tem \\rth disc brnhes at the front and 

self-adlusting drum brahes at the rca~ lo reclucc the posslbrl It) of lochlng 

the rear kheels \%lth the split %\stem llghtl\ loaded, tko proport ionlng valves 

control the h\draulrc pressure to the two rclr br,lhes. The pdrhlng brake 

operates on the rear br,lhe through 1 c able lrnhage. Compl rnnce rrrtb FML’SS 

105 has demonstrated b, tcst5 pcrformcd <it the Cbr\sler Pro\ rng Ground as 

reported in Reference S. I’crformancc data are included 111 the 5pecificdtion 

In the Appcndl\ . 

jn antl-shrd (or 111 Il)tlvel brahe s\stcm (AR\) I%JS developed bq 

Bendix for the R\\ During: dc\ clopmcrit , the sbstcm was lnltlnllv rn\talled 

on a Slmca 1308, results of tc\ts of that sjstcm drc ~11c1udeJ In Reference 13. 

Unfortunately, delai s In deve1oplnL: a 5 lt i sf ictor\ 4135 s\ stem dnd, subsequently, 

the una\allablllt) of a Phd\e I\ RSL on ~~hrch to install It have precluded 

completion of that effort. Ihe IRS 5~ stem 1\ currcntl\ planned to be Installed 

b\ Bendix on lehrcle No. 6 and chcched b\ Calspm, its cv~luatlon will be 

carried out 111 Phase IL’. l%e br.jhe c1~ stems dre completcl\ described in 

References 39 and -10. 

4.5 Steerrng/Siispensron 

During Phase I II, the basic modlflcC~tlon to the steering system 

Involved changes to achreve the desrred reduction in the turning circle from 

13.7 to 11.6 meters (45 to 38 feet) \\lthout experrenclng over-center condltlons 

in the llnhage or exceeding the lrmlted acceptable angles for operation of the 

constant velocity universal Joints. These requirements involved a redesign of 

the steerrng knuckle. In addition, a new fabricated lower control arm was 

designed to accommodate the Increased RSV loads and take advantage of standard 

U. S. high-product ion manufacturing practices. The front s\%avbar and torsion 
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bars and their anchors were also redeslcned. The tires here also changed 

during Phase III. Ihe 14-Lnch C;ood\car rllnfl It tires r\lth lntcrnal 5tahillzcr5 

that had been plched in the Phase II dc\lgn \vere supplanted 17~ net% l’i-~JIL~ 

Goodvear fldtproof tires ~,ip~ble of <11ppol tlnq the lchlcle on their spe~1;11\ 

de5lgned \ldeLballs. 1 hese ne\L tires \\cre de\ eloped to prol Ide d capah 11 1 

for runnlnq 10 mllcs at d maulmum 0-F 10 mph iftcl the lntern,il pressure h,ld 

been depleted. Since there 1~ $0 llttle Lh,lnge in lehlcle response, a 10~ 

pressure lndlcator \bas added to i\drn the dr l\cr of pre\surc sufC1Llentl\ 0 I\ 

that It could lead to tire destruct LOIS Ihe5e 1 ir lous ch Infie5 lrc Jocumcntcil 

in Reference\ 1 through 11, 59 ,Ind 10 I iqurc 12 5holts the l’i-inch fl it11 oof 

tire supporting the front of the RY\ deipltc 1emo\,ll of a iectlon to 5hok It5 

ionstruction 

I1 de5lqn, ( lR11 de~elopcd Ci neh plnstlc \inqlt-beim 

headlight, qhohn in f lqure 1’5 It does not compl\ hlth fbl\. $5 108 fhe per- 

formance ohiectl\e of this lamp 15 to pro\ ldc 5utflilent light toI the drL\cr 

to see the road ahead a\ \bell 15 he doe? i\~th Zmcrlc,ln hlqh heam tnd at the 

sdme time, lmpro\e his Vlslon along_ hot11 ildes ot the road \+ i thorlt \llb 1 cc t 1 nq 

on-coming drller to oblectlonahle glare Ihc bclm ilIt-otf 15 le55 \linrp than 

1s common practice In lulope, hut more d15t Lnct th 1~1 that ckhiblted I,\ LI r1 ctlt 

U S. lamp Figures 11 ind 15 5hoi\ the lle,im p itternc for the it,inil irtl ic 11ctl 

beam lore beam and the RY1 A C I Ii11 -de\ eloped h\dr,1ul 1c he idlamp I 1111 cornpen- 

sdtor 15 d\dllahle for d\nCimlc ‘Id justment5 \\IllCll Could cl 1Jn1natc iOlllC of the 

ObJections .issociCited \$lth the hou~ldln$ of the U]?J?CI cu-off of the 1)~ llll 

Lexan covers ha\ e been appl led over the head l,!mp< to 1’1 01 I dc 1 imoot h unbrohcn 

surface to pedestrians, to reduce 3etod\nClmlc draq 1nt1 to cl 1mlnate the 

posslblllt\ of collecting SIIOI\ In hinter In add1t 1011 to the normal parl,inq 

and turn signals, side marhlng Ilght\ and conlentlonal stop lnd tallllgh-5, 

rear high level talllIghts hlth Lomblned side malhers that provide all t lc 

normal taillight functions ha\e been added on the I) pillar lt a posltlon 

between the beltllne and the roofllne (as sho\vn 1n f lgures i and 1). The 

lights are discussed in References 5, -, 11, 39 and 30 
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During Phase I I I , the design of the funitional 51 stems such 35 

engine coollnq, hentlng/defrostlnq, electrical, lnstrumentatlon, and fuel 

slstems were completed as dlsLus\ed in References 5, 6, 7, 8, 10, 16, 39 

and 30. The radiator “pproprl‘lte for the (hrvsler 1716 cc engine 15 mounted 

in the RSV for l’hase III alone \\lth the proper thermostaticall\-Controlled 

fan and, if required, Cl condenser for the air condltlonlng s\\tem. I he heater/ 

defroster $\ stem has been carried over dll cctll from SlmLa 1308 ~5 h,~\c the 

Instruments and clcctrlLn1 5) Ttem in5ofnr ~5 possible. 

The fuel s\stem includc5 mod~flcatlons to the Slmc,i fuel tdnh to 

move it for\\ard, sliQhtl\ yeducc It\ \ olumc and change its mounting to a \trdp 

tvpe shstem ~1~1~11 1s less prone to dam,lqe In rear end impacts. In addlt ion, 

the filler pipe ha5 been changed to fol thcr remove It from the rear damage 

area and an e\aporat lve control $\ Ttem with chnrco,tl canister for vapor 

storage and roll01 cr \apol sel>‘ir‘ltor hdi e been added from the ChrLslcr Omnl/ 

Iiori zon The frame mounted trnllcr hutch de\ eloped for the b,lsellnc \lmc,l 15 

aiallable for uye with the RS\. Al 50, ,I stor,iqc kell luLi5 L CC e i II d to the re,ir 

luggage compartment nrca in the space pre\ louslv o~cupicd Ilk the spare tire 

and fuel tanh 

Slncc kclqlit Ii,15 been rcq,lrded as a veI\ crltlcal element in the 

development of the RSL , a l>roqrLlm for mono torlnc hclgllt change\ <lnd hccplnq 

trach of the final \ehlclc \%clqht \+‘I$ malntalned throI1qhout the I’ha\e TIT 

program. The success of th,it act11 it\ 1 \ substnnt lated bv the fact th,it the 

flnal cars built for evaluation 111 Phase I\, tests kere \rlthln fl\e pounds of 

the estimated belght A summer\ of the behlcle \+clght Lhanges as a result of 

modlflcatlons 111 Phase IT and l’hnse III 1~ shown in figure 16. The \’ i luc on 

the first line 15 for the I rench c ir th,lt doe? not meet II.\ I cqu i I emcnt 5 

More detalled lnformatlon on the final behlcle helqht 1s included In the 

FInal Design Report 
30 
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4.8 Sty 1 ing 

The final styling of the RSL \vas developed at Chrysler to accommodate 

the Phase III changes. 2lthough aesthetic appeal 1s important, the aerodynamic 

evaluation conducted b\, Chrlslcr at the YRC \+ind tunnel in Ottawa, Canada 

dlctated the malorlt\ of the exterior shape revisions. The success of the 

aerodynamic de\clopmcnt 1s indicated 1,~ the drag coefficient reduction from 

0.40 for the Simca to 0.42 for the RS\‘. The conformation of the interior trim 

parts has primarilv determined b\ occup‘lnt safety considerations, and includes 

such component\ as instrument panel, hnee blocker, door trim panels, energ) 

absorbing elements, p I 1 lar padding:, ,~id restraint systems. Both fuel economr 

dnd occupant safet\r were primax y design obJ ectives and a very attractlvc 

appearance that possesses a high degree of consumer appeal was achieved. 

figures 1 through 4 shoal the elterlor of the vehicle. The interior is shown 

in Figures 17 and 18. The st\lrng actlvlt\ during Phase III 1s discussed in 

References 5, 6, 7, 11, 7Y and JO 

4.9 ~JI dth 

2t the start of the Phase I IT, an lnvestlgation was undertaken to 

assess \*elcht ,ind cost penalties as\ocl lted with adding width to the vehicle 

to compen\atc for space tahen up bv the energ\ absorbing door panels. II115 

modifiration \sould restore the ca~~~ibll it\ for ‘lccommodat lng three full -size 

occupants in the rear sent. It ~~15 c\tlmated that the indicated four-inch 

increase in width would add 50 pollnds to the weight of the R$V, if appllcd to 

all vehicles built in Ph,~se III, the ‘zdditlonal cost including design, tooling 

and parts kould be $l,SOO,OOO. The investigation is reported in References 3 

and 4. ldldenlng the car is a straightforward engineering task that involvos 

the de\. elopment of no new technolog\, its realization would contribute 

neither research nor test data applicable to automotive safety requirements 

for the mid 1980s or their evaluation Consequently, it was deemed not cost- 

effective, and hence inappropriate at that time to increase the width of the 

RSL . 
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5.0 ANAL\rSES AYD ELALUAl ION SUPPORT 

- 
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Important advances relative to computer modeling were made during 

the Phase II stud). There the modeling Kay used prlmarlly as a design tool 

to provide d means of establlshlng design parameter?. Tn Phase I II both 

structural colllslon models and the Calspan Crash \‘lctlm Slmulatlon computer 

program (CL 5) \tele emploved to support the \truLtural ,ind restraint SJ stem 

de5lgn and de\clopment Since ‘1 computer simulation model 1s a mathematical 

representnt ion of ,lnalot: of J phi 51~ 11 5~ qteru 111 \rhlLh the equations descrlblni: 

the propel tie\ lnd beha\ lor of tht: $\ \tem ar-e programmed for Solution by com- 

put Cl ) It 15 clear that the calculdtcd result c,ln be no more n~~ul lte thin 

the simpl LfJ inq ,lssumpt ion5 ,~nd lumped p,lr<imctrlc \ nrlat ions used in def lnlnq 

the model. In fact, the comple\itk of the phjslcal system itself usually ]>re- 

eludes accurate mathemat lcal deflnlt 1011 Consequently, differences can be 

expected bet\\ecn the responses of actual 5) stems and those predicted by the 

m‘lttiematicdl models t lo\vcver , eien though predlcted respon\c\ mu5t be v~cwed 

t\ith caution, their utilization for compdratlve purposes to asse5s the results 

of changes of d 5lnqle pdrdmeter, particularl\ irittiin a matrix of experimental 

dat,i, can Lonsldelabll broaden the \Lope of an experimental lnvestlgatlon. 

In Phase TIT, both the structllral and restraint s\\tems design and 

de\ clopment here guldcd bc computer slmulatlonq ro extend the appl1~dhi 11 t\ 

of the previous korh, a sur\e\ \\as undertnAen at the start of Phase 1 II In m 

attempt to ldentlf\ and obtain a more qenerallzed colllslon model. 7 he results 

of that lnve\tlqatlon lndlcdted that no improvement on the prevlousl} emplo\ed 

Cal span Three-ljlmenslonal Crash \. ictlm Simulation computer program (CVS IT I) 

wa4 available. It retained a multi-dimensional capablllty allowlng appllcatlon 

to a broad range of d\namlc s\ stems and at the same time was easy to use In a 

predictive capaclt) 4s a result, It was useful both for the vehicle structure 

and the restraints to be emplo\ed \clthln that structure. The program wds used 

to support the planning and conduct of dynamic tests of the vehicles as well 

as the analvsls of the data obtalned in those tests. The results of the 

frontal barrier impact tests (e.q., Reference 29) demonstrated that vehicle 
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pitch and frontal compartment lntruslon had been mlnlmlzed, albeit at the 

expense of reduced crush distance and consequentlb higher passenger compart 

ment accelerations Slmulatlons of the behlcle test which reproduced the 

vehicle deceleration and crush to a reasonable degree kere quccessfull\ 

extended to lnbestlcate the effect of modlflLatlonS In the restraint T\stcm 

In an effort to find a mechanism to allcl Iate the results of the high ma\lrnllrn 

accelerat I on A comparison of the chlnre\ of the dumm\ re\ponTeq rc\rlltlnc 

from modlflcatlons of the q\stem LomponentT \\a\ reidll~, and relatl\el\ 

lneupenslvel\ , d\ ~1 l~hle from the comptltcr, e\en though the Ibsolute I 11ues 

of the res\llt\ mlyht be quest loned, the p~edlcted trends \\ere borne out 1)~ 

5uh5cquent tests. fuamples of rc5ults of utlll=.~n~ mathem,itlc 11 model 111~ in 

the analv515 and el,lluatlon of the R\\ Phase III progr,>m are ~nc111ded III the 

p‘lracraphs belong. 

5.1 Structural Model 
11 

The structural model bds mod, fled to approklmate the \ ch~clc res] onst 

shown in frontal barrier Te5t \o 1 0 . I Lomp,lrl5on of the computer 5im111,tt Ion 

to the teTt deceleration pulse, tthlch 15 In fact the average betlseen the 5111, 

Li 

tunnel and header, 1s shokn In Figure 1’1 (from Reference Iii Ihe c~cclleI t 

correlation shown ~~1~5 the result of chqnce5 in the it‘lttc LII~\~ force ‘dcfl(Ltlon 

characterlstlcs of the various front-end component5 I LIlther C\te11‘71011~ oi 

the component modlflcatlon5 \gere lnve\tlgClted In ,in dttcmpt to redrILe the l)e,th 

deceleration levels In addition, simul ItIons \kere mlde 2t 1 irio 5pceds to 

determlne If a speed reduction should reduce the pe<th g’s ,zs 1nd1c ItLcl 111 

Reference 17, speed reduction to iS mph did not materlall\ rcducc the md’tlrnlrm 

accelerations A slmulatlon of sheet met,il modlfled to represent 1 lo&l bl,rrm 

that had been lengthened and slots added to the upper load beam Indicated 

possible achle\ement of a less harsh deceleration en\ lronment tiohe\ cr, t lese 

changes would have required conslderable modlflcntlon of tooling as hell 35 

a scrapplng of parts that had alread) been made 
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The side impact model was used In conjunction klth CL’S III slmulatlon 

to assess the aggres\lveness of the Phase I\’ front end design. The one- 

dlmenslonal side impact model simulated the results of Test Yo. 6 reasonable 

well. l4 Based on average passenger compartment acceleration traces, a mdxlnum 

total dynamic crush of both vehicles was shokn to be 26.2 inches at 67 msec 

after impact. Of that amount, roughly 5. T inches occurs in the struch cdr, 

while 20.5 Inches tahes place in the front of the strlhlng vehicle. Ihe con- 

puter model and the test shohed verb slmllar results, although, of course, 

there were differences because of dispdrities bet\+een the average test and 

computer-generated acceleration \rd\ eforms 

5 .2 Occupant Models 

The CL’S III program was used to develop the re<tralnt s\%tem to 

satlsfactorlly accommodate the 72 g acceleration pulse demonstrated 111 Test 

No. 10. Computer simulation of the occupant response, hhcn exposed to the 

55 g maxlmum avallable sled acceleration, hds compared to that cdlculated 

from the actual Test No 10 pulse. Figure 20 shoirs tr?o sled pulse\ as \$ell 

as the Test No. 10 pulse for comparison The pulse of Run 2062 seems to be 

a reasonable ?lmulatlon of Test !ko. 10 e\Lept that the peah acceleration at 

35 msec 1s onlv 55 g’s instead of the ‘2 ~‘5 reglstered 111 the \ehiclc test 

However, 55 g’s has the maxlmum acceleration pulse that could be developed 

hlth the RSL sled buch with Its kelght reduced to a mlnlmum and cdrr\ lng or-11 

one occupant. Slmulatlon results of the occupant responses for the Test ic 1 0 

pulse compared to those of Run 2062 and 2067 are sho\yn In Flqures 21 and 21 

along with the actual dummk head and chest resultants evperlenced ln the sled 

Run 2062. It 1s recognized that the modeling of the ph\ slcal components 1‘ 

Inexact, further, since the head 1s a verv light mass at the end of a le\eI 

arm, small differences In force applied to lt could have a slgnlflcant efftct 

on the resultant head acceleration. Ho\vever, klth these llmltatlons In mind, 

the slmulatlons used In a comparative manner rather than as a predlctlve tool 

were useful in assessing response changes due to variations in the occupanl 

environment. In the belief that the model could predict a trend, two 
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conclusions were drawn. First, the Increased peak acceleration of the Test 

No. 10 pulse has relatively little effect on the head acceleration since t?e 

three slmulatlons do not vary widely. Second, the decreased speed associated 

with the pulse for Run 2067 has a small effect on the maximum values observed 

although the duration 1s less. 

The simulations were utilized in this manner to lnvestlgate varla- 

tlons in the characterlstlcs of different components such as modlflLatlons in 

the knee blocher force displacement characteristics. Those desired Lharac- 

terlstlcs were utilized in the revision of the hnee blocker design In order to 
I 

optlmlze it for the observed acceleration pulse. / 
* 

5.3 Performance Simulations Studies 

The task was added to the RSV Phase III contract in the spring of 

1978 to support NHTSA personnel operating basic models of the Calspan RS\ for 

their independent slmulatlons and parametric studies in antlclpatlon of crash 

test evaluations. 
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‘Ihe obJectJ\c of thJs ta\h \\a\ tJ\o-fold (1) the prJncJpa1 god1 

rtas to obt J:JJ funddnentnl data \kJtlJ ~~IJJLIJ to assess the performance of RSL’ 

deslqn rc\ l\Jons Jmplementcd durJJJq PhCJse III, (2) a secondary goal 1~3s to 

obt,JJJJ dctLJilecl e\perJmental d,Jt I to bc tJ\ed to validate the occupant and 

structurCJl simJJICJtJons performed duJ Jn’: the Phase III design resolution 

]“‘OCC\\ I\ltl~lJl the %"o])e oi tlllt ei-toIt, tc\tr \\ere performed on selected 

rcle\‘JJJt to the el’alJL,Jt JoJJ 1Jid I Jl id Jt Jon processes was avoided. In general, 

C-cl1 $1) 111 l'CTfO~-JllC'd the CJ .l*h\\OJ-thlJle\\ t C'st c, ,Lnd (‘hrysl er tested the funct land 1 

s \ s t c In\ ( CI Jsh a~o~~~i~lcc tc--t\ here condllctcd h\ both orgCinJzntions. AJI out - 

11nc ot thcqe tc\ts lh ~tlO\\n bClO\\ 

Subtn sh I‘erforminq Orq:,JJJJzat Jon 

6.1 Structural DesJqJJ 

6 ’ . - RcstrCJints LalJdltJon 

h 3 1 LlllLt 1OJldl $1 stems 

6.5 DrJ\renl~ilit\/ 
Zccelernt 10~1 

6.6 1iaJJdlinq and Rr ihJnr: 

Stat lc Vehicle Crush 

Accelerator Sled 

Proving GrOund 

Proving Ground 

Proving Ground 

6 - Inteqr‘Jted S\ <tcm\ (‘21 Sl'"Jl Barrier E (ar-to- 
Car Impacts 

For the conduct of tlJe\e tc\ts, tko static crush articles, four 

Integrated s\ stems cars, one chassis development car for functional systems 

tests, and a prototype \rhlcb embodies the Phase IV RSV front structure and 

sheet metal were fabricated b\ llodern FnqJJJeerlnq Services in Detroit Each 

subtash 1s discussed belo\<. 

ZN-6069-V-32-11 



6.1 Structural Design Valldatlon 

Static crush tests of the RSV front and side structure rlere con- 

ducted to demonstrate the performance capablllty of the design. These tests 

were performed on the Calspan crusher to obtain load/deflectron data of the 

various structural assemblies and components. The static crush report 18 

gives the detailed results of these tests. The first crush test article has 

used to obtarn data for the crush of the front and rear structure. The second 

cvas used for side tests Its right side was made completelk of mild steel, 

while Its left side incorporated HSLA components. An SAC barrier ha\ used in 

the test to crush the restrained vehicle. The total force levels generatec 

111 the right side were very similar to those on the left, both reached a 

maximum slightly over 40,000 pounds. The small difference in overall forLe 

levels that appeared could be attributed to the softer support system on tile 

left hand side or possibly an effect from previous tests In an\ case, the 

differences were very minor. 

Crush tests of various components were also performed to obtain 

force deflectron data for use in structural srmulatlons. The front bumper, 

the front rail, the upper load beam, and the floor pan \+ere investigated. 

The procedures for the static crush tests of the Phase III R5\. are lnc ludcl. 

as the appendlces to References 8 and 9. 

Following the unsatlsfactor\ performance of the front structure in 

the frrst Phase III frontal barrier test, static crush tests of a modlfled 

longitudinal were performed prior to another barrier test in an effort to 

assess the performance changes resulting from redesign. This lnformatlon 1s 

reported in Reference 11. It rapidly became apparent on lnltral loadrng cf 

the rail that the crush load in the forward zone was too high, hence, an 

additional relief slot eras put into the bottom flange. This caused the lrltlal 

collapse to occur at 10.2 klps (approximately the desired load). The undo rcut 

motor mounts behaved as intended, deforming to alloh forward rarl crush The 

rernforcement under the floor did not exceed the static llmlt, however, 
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crlppllng occurred In the sldewall of the “D” sectlon and collapse flnally 

occurred forhard of the reinforcement. To combat the bendlnq, an addltlonal 

reinforcement of the seam betlreen the floor board and dash panel was added at 

the level of the top of the rail offset to counteract the rotation of the “D” 

section and the bending stress in the rail. 

Flqures 25 and 24 sho\r the front end of the RSV before the frontal 

crush and after the test kas completed. Figure 25 shows the conflguratlon of 

the modlflcd rail 25 It \tC1$ lnltlClll\ placed ln the crusher as i\ell as In Its 

fIna bent Londlt Ion 

;\fter the front,11 hlrrler crash of the protot\l,e front structure, 

another \erles of st,ltlc cruTh tests wds performed to develop an appropriate 

support structure for the hnee blocher. It\ purpose was to provide the 

desired hlnematlc responses of the occupCants desnlte the 5e~ere acceleration 

euperlenced ln the barrier test 5. This effort 15 dlscussed In Reference 15. 

Figure 26 sho\rs the manner in \+hlch the dumm\ hnce5 were forced into the hnee 

blocher In the sled buch. The support structul c, shown In Figure 27, was 

developed to pro\lde a resistance to hnce motion consistent hlth the results 

of the modeling effort dlrcuTsed prevlouslv 111 %eLtlon 5.2. Results of sled 

tests utlllzlng this revised hnee blocher support are dlscusscd in the next 

section. 

6.2 Restraint \ al ldat ion Teqt ing __- 

As proposed in the Phase II I plan, 5 
following It7 development using 

a 35 g maximum deceleration pulse postulated in Phase II, a series of sled 

tests of the flnal design of the automatic air belt system was performed to 

evaluate the capabllltv of the design. The ObJective was to validate on the 

sled the design developed under Task 4.2. Twenty-five valldatlon sled tests 

were conducted on the driver and passenger air belt to determine system per- 

formance sensiti\ it\. Variables examined included occupant size, sled speed, 

lap belt use, seat posltlon and sled angle. Emphasis during both the develop- 

mental and \ralldatlon tests \\as directed toward demonstrating performance 
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hlth the 50th percentile male size dumm\ occupant in both the driver and 

p issenqel \eat ing posit ions. Figure 28 \hoh\ the dir- belt on the pa\\enger 

side (In Sectlon 4 2 Figure 8 schematlcallv shah\ the ln\tallatlon and the 

action of the D ring dri\lng motor to pro\ lde an automatic belt capabllit\ .) 

1s Indicated in the development report, 
1’) 

Tat isfactor\ performdnce kas 

dchieved on the sled using the 35 g pulse. 

The drller air bag ststcm development (under the Phase II contract) 

15 de\crlbed In dctall In Reference 20 Illc in~t~lldtion 1n the center of 

the steering r\heel 1~ shor>n In Figure 2’) (al50 shown schematlcdll\ 111 I lgure 0 

111 kction 1 2) rhc air bag ~\as developed ?nd \alldated u?lnl: the 5 ime i5 Q 

te\t plllse that \\as lnltlall\ used \rLth the ‘llr belt 2n addltlonal icrIes of 

15 sled runs \\d\ later undertahen ivith the same iled pulse to ImproLe the 

driver air bag and to Investigate further the bllnlLars--de\ eloped l>l\\cngcr 

81r bag sj 4tem. TheTe tests are reported In fieference 12 

The subsequent emergence of a ‘2 g Lrash pul $2 (I lq11rc\ 10 ,tnd 20) 

fog the barI ler te\t of Phase IL RSLs 
1 G ) 2 (-1 

LOIlfOUJldCd the i It l%f iLtor\ test 

results obtalncd hlth both s\ \tems a$ rsell 15 the rltll l:,itlon ot \tecrlng 

rolumn bendlnq for energy absorption In the dr 11cr II I 1) I? 51 stem 

To further develop the restr,tlnt sistcm 111 an attempt to accommodate 

that high dc~eleratlon, 3 series of sled rlin\ using I mdkimmum 21~1 lnblc sled 

g ippro\imat ion of the barrier Ie5t Yo 10 dccelerdtlon pulse ita\ Inltlated 

This pulse 1s shown in 1 igure 30 Ihe rc5ults of these 1nlest1qitlon4 ‘1x-e 

reported In References 16 and 17 Suffice it to $3~ here that result\ of 

1 estralnt s\ stem modif icdt ions developed during the\c sled tests In conlunL- 

tlon \\lth the mathemdtlLa1 modeling (Sectlon 3.2) lndlcated that the occupants 

had a good chance of sur\ Iking a 40 mph colllslon. Zlthouqh not demon\tratcd 

In Phase IL barrier tests, Jdpanese Phase I\ car-to-car co11 lsion? j%XtlOn 15) 

?ub\tdnt iated this conc~u~lon. 
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6.3 Functlonal Systems Tests 

A chassis development car was fabricated and utlllzed for testing 

the RSV functlonal systems at the Chrysler Proving Grounds to validate the 

design of RS\I non-safety performance. The systems Included engine, cooling, 

fuel, electrical, instruments, and control s. The tests are dlscussed In 

References 6, 7, 8 and l-1. The RSV engine cooling performance was evaluated 

in the Chelsea Chrysler Ilr’lnd Tunnel. 4s indicated in References 8 and 40, 

the manual transmlsslon RSV was well wlthln the desired cooling performance 

goals, even with the upper cooling slots closed. f-towever, It has proJected 

that the upper cooling slots would provide the increased performance needed 

to accommodate the heat load added b) an air condltloner and an automatic 

transmission. The test also indicated that the underhood and underbody tem- 

peratures were satisfactory and, with a double walled heat shield installed 

between the tall pipe and the fuel tank, the underbodv temperatures would be 

satlsfactorb even with one spark plug malfunctlonlng (aggravating temperature 

effects In the catalysts). 
40 

Durability/Libration Tests 

To be meaningful, these investigations must be conducted on the 

flnal design. Therefore, they were scheduled to be accoapllshed on Phase IV 

vehicles at the Chrysler facilities. Unfortunately, other higher prlorlt) 

tests and rescheduling of the Phase IV vehicles has precluded accomplishment 

of either the 25,000 mile durablllty or the vibration tests. At present, it 

1s not anticipated that these tests will be run. 

6.5 Drlveablllt)/Acceleration Tests 

Drlveablllt) characteristics of the final RSL were examined on 

Phase IV Vehicle No. 8 In three principal areas acceleration, range, and 

insensitivity to lateral force effects. Results of full scale tests of thesch 

characterlstlcs are reported in References 8, 9, 16, 17 and 40. The RSV met 
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all acceleration goals. A summary of these results is given in Table 2. Gas 

mileage indicated a range of over 250 miles, and, in driveability tests, 16 

the RSV exhibited good handling characteristics as well as commercially 

acceptable ride qualities. 

6.6 Hand 1 ing and Braking 

B\ the time of completion of the Phase II studies, a reasonably firm 

foundation of information on the handling and braking characteristics of the 

Slmca 1308 base car* had been established by simulation and full-scale test 

results. As reported in Reference 2c, performance generally satisfied ESV/RSV 

specifications, and it \sas expected that the proposed modifications to the 

design in Phase III would not adverselb affect RSV characteristics. This in- 

deed was the case. Full-scale testing of a chassis development vehicle (mule 

car) mid\vay through Phase III (as described in Reference 33) and of the final 

design late in the phase (results of which are reported in Reference 34) showed 

the RSV to satlsfb all requirements. Minimum performance 1 imits were com- 

fortably exceeded for several criteria. 

Of the many changes made to base car design to improve its safety 

qua1 ity, those h,lvlng suhstantr,11 Influences on handling and hrahing charnc- 

teristics are 

0 increase in engine displacement to 1716 cc (with consequent 

weight increase and change in weight distribution) 

0 application of flatproof tires (having different performance 

characterlstlcs and increasing the unsprung mass) 

* 
The production automobile on which the Calspan/Chrysler RSV is based is the 
Slmca 1308 sedan. It is referred to as such in this discussion of handling 
and brahing, but it should be understood that modifications in Phase II 
(e.g., the addition of ballast to provide an improved approximation to 
expected RSV weight) could have altered its basic performance characteristics. 
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Table 2 

RSV NO. 8 ACCELERATION TEST RESULTS 

W 0 T ACCELERATION 
THROUGH THE GEARS 

SPEED-RANGE (mph) TIME (secl 

O-30 62 
O-60 19.2 

30-65 163 
40 60 99 
50-70 13 5 

24 
11 
14 

DISTANCE TRAVERSED DISTANCE (ft) 

FIRST 

5 WC 
20 set 

98 
1121 

90 

W 0 T ACCELERATION IN 
DIRECT GEAR 

SPEED ENCOMPASSED TIME bed 

50-60 mph 
50 70 mph 

MAX GRADE IN 

78 
17.4 22 

TOP GEAR 8 55 mph 6 1% 5 5% 

ACTUAL “MINIMUM ACCEPTABLE” 
MEASURED VALUE LEVELS FOR RSV 
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physlcal c 

0 redesign of the steering system linkage (producing a small 

change in steering ratio) 

0 increase in the moment of inertia of the steering wheel 

assemblv (with the addition of driver restraint system 

components) 

0 increase in total vehicle curb weight (of approximately 

35@ pounds) 

0 incorporation of shoch absorbers with reduced damping 

characteristics (primaril) for ride improvement) 

0 incorporation of a split-diagonal brahing system 

The handling test vehicle 1s briefly described by the following 

:haracteristlcs and equipment complement. 

Curb - 2627 pounds (58%/42”, , front/rear weight distribution) 

Reference test condition - 2976 pounds (nominal two passenger 
load; 54.5%/45.5% distribution) 

imum test condition - 3652 pounds (1025 pounds payload; 
total distribution of 47.5%/52.5%) 

Max 

Tires Goodyear l’185/70R13, flatproof design; inflation pressure 

for reference test configuration - 35 psi (cold) 

Weights 

Steering Manua 1 , 15-inch steering wheel diameter, 

overall ration of 22 4 

Transmission four - speed manua 1, floor-mounted shifter; front drive 
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Engine 1716 cc, four cylinder, transverse front mounting 

Brakes * manual disc/drum, diagonal split 

RSV handling and braking performance 1s summarized in Tables 3 

through 5 and In figures 31 through 34. In all cases, actual performance 

values are compared with ESV/RSL speclflcatlons; khere practical (I.e., for 

those characterlstlcs for which equivalent data exist), comparisons klth the 

Slmca 1308 are also shown. These data have been drawn from References 39, 

40 and 43, as well as from References 26, 73 and 34 cited previously. Addl- 

tlonal lnformatlon on handling and braklng performance of the RS1! (obtalned 

In tests on one of the other eight driveable vehicles) 1s given in Reference ~13. 

These results would seem to require little detailed dlscusslon. 

Satlsfactlon of performance speclflcatlon 1s demonstrated for each criterion 

For the important safety-related 5topplng distance parameter, mlnlmum requlre- 

ments are surpassed b\ a substantial margln 4150 noteworthy 1s the perfor- 

mance of the vehicle when operated with an almost completel) deflated tire 

(on either axle) and the relative lnsensltlvlty of the response characterlstl:s 

to high loading. 

6.7 Integrated Systems Valldatlon Tests 

A series of full-scale integrated skstems valldatlon tests was con- 

ducted with the RSV during the Phase III program. The testing scheme (see 

Figure 35) 1s reported in Reference 21, the detailed test plans. Two distinct 

types of dynamic tests were performed (1) low-speed impacts to evaluate the 

vehicle damageablllty aspects of the RSV design, and (2) high-speed impacts to 

assess RSV crashworthiness performance (i.e., occupant protectlon capability). 

The thirteen tests were performed with five Phase III development cars 
* 

designated as DV-1 through DV-5. 

* 
Car DV-5 was equipped hlth a front structure deslgned for Phase IV. 
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Figure 32 POSITION CONTROL TRANSIENT YAW RATE RESPONSE 

63 ZN-6069-V-32-11 



1 2 3 
TIME sea 

Figure 33 FREE CONTROL TRANSIENT YAW RATE RESPONSE 
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Ftgure 34 TYPICAL FREE CONTROL RESPONSE (RETURNABILITY) AT 50 MPH 
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Ip-y-)---------* 
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0 MPH 

------- 
I 

TEST TO 12 

MOVING 1 
BARRIER 

a 
‘D DV4 
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I 
VEHICLE DESIGNATION 

n 
VEHICLE REPAIR 

Figure 35 RSV PHASE III INTEGRATED SYSTEMS VALIDATION TESTING SCHEME 
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The Phase III cars were utlllzed in a multiple impact test scheme 

In order to obtain a maximum amount of useful lnformatlon from each vehicle. 

As Indicated in Figure 35, the test execution sequence was planned to use 

unlmpalred portions of the cars in subsequent collisions. Table 6 lists the 

Phase 111 tests In numerlcal order and provides a descrlptlon, the test date, 

the impact Tpeed, ds \rell as pertinent remarh5. Several impact configurations 

here repeated as expla lned in the “Remarhs” port Ion of Tnble 6. It should 

also be noted that lo\,-speed teyts ” (Nos 1, 2, 251, 3 a7d 11)72’26 actual l;c 

consisted of ‘1 number of Impacts and/or test conflguratlons run over a range 

of Impact speed\ 

Complete results of the Phase ITI tests are documented in References 

22 through 30, the5e reports should be consulted for a detailed descrlptlon 

of test conditions and results. 

One of the objectl\es of this section of the report 1~ to provldc <L 

comp,lrlson of the o\er 111 ~rnsh\~orthlness performance of the RS1 achieved 

during Phase II I rel,ltl\c lulth that of the Phase I I hasellne Slmcn 1308 
* 

rabies 7 and 8 include the follohvlng high-speed crash test conflquratlons 

frontal flat barrlcr, 90 degree front-to-side, oblique front-to-side, and 

front-to-rear Lolinear Impacts Table 7 provides summaries of signlflcant 

vehicle data, Table S, the dummb -related responses Information pertaining 

to Phase II basellne hlmca tests 1s listed under column< labled “BASF”, while 

corresponding Phase III RSL lnformdtlon appears under the headlnq “RSL”‘. 

References are included In the tables to enable det illed re\ le\v of data 

Inspection of Table 7 sho\+s that the te4t condltlons used in cor- 

responding baseline and RSL colllslons differ sometthat with respect to impact 

speed, angularIt\ (11~ front-to-side oblique Impacts) and bullet Lehlcle 

employed. \\ihereas all base Lrehlcle car-to-car impacts lvere conducted exclu- 

slvel) with Slmca’s, the RS\ tests utlllzed a 1915 Pl\mouth Fur, and a rigid 

* 
A similar comparative assessment of lo&-speed damageablllti performance could 
not be made because such testing was not conducted \rlth the base vehicle. 
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Table 6 

RSV PHASE III INTEGRATED SYSTEMS VALIDATION TESTS 

- 

IMPACT 

TEST 
SPEED 

NO DATE TEST DESCRIPTION 
Imph/kph) REMARKS REFERENCES 

TEST CATEGORY 

1 l113/?8 Frontsl Flat Barrw 548fla713 Acceptable at 7 3 mph mmor dsmapsr at 8 mph 22 
llowspwd vshlcle d~m~paabdey 4 ~mpactsl 

-181 frontal barrrr 

2 3/31r78 Front to raw colmwr 6 24 o/to 12 9 Tatm9 termmated &a”a of “nacc*ptable dnms9n to or19mal 22 
Ilow<peed vsh~cl~ d#,wwb,l,ty 2 ,mpxtr) phase III rear pansl/croamambu waemblv 

2M 4/13/78 Front to rear colml~r 61 129/98208 Repeat of Test 2 wth modsfled mw p~nel/cro%member 22 
(low-speed vehicle dsnupeebllnty 5 smpacrrl assembly Marpmsl damnp to strlkmg car at 11 4 mph 

4 l/26/78 ModIf& FMVSS 215 pendulum wnpach 295014780 Tests conducted wth or~gmal Phlae Illdsslpn rear panel/ 22 
l/27/78 Ilowspesd vehtcl# &mspaJbdey 8 wnpacts crossmember asambly No damwe to front bumper 

at “a,,~“, IocM~ons slang front and rear head lamp shnt metal Appwenl darn498 to r-r prtor 
bumper surfrcesl to modlflcntlon 

11 416178 Low speed RSV “npxts mto stationary 
4/7/78 Plymouth Fury 

l 90“ front roslde (3 lmpactsl 4081/6413 No dama* to RSV front at 8 mph into Plymwth side and mar 26 
l Front to rear colm#w (2 timpacts) 528118413 Front to front danwga to RSV 81 10 8 mph 
. Front to front colms~r (3 m,pacnl 91 128/146206 

3 l/119176 Frontal flat lwrrw 46 1174 2 Unsult~bl~ collapse model and pnch by orhynal Phnsa Ill 23 
front struct”m Front se., occup.nts ratrmwd by two pomt 
torso a#, belts axcwded allowrble nuxwnum 

9 3/15/78 Frontal flat barrier 44 t/71 Repeat of Tat 3 wth modlfad front struct”r~ Front se.st 28 
occupants rmtrsenad by two pomt totx. at, belts R~tmint 
ryrtsm cornpormn, fallurs prevented a,, belt tnflatton Structure 
performance and patch adequate 

10 6128178 Frontsl Hat bwrler 43 3169 7 29 

5 1131178 Colmsar ma, m-zpsct by mowng brrner 39 6163 7 Fuel tank overflow v.“t tuba rupture and loss of fuel fdlw cap 24 
d”rlng mp8Ct led to fuel Ieak#9a wh,ch sxcadsd FMVSS 
301 75 llmtts 

Front torldr 

Weh~cle Compatlbdltv 

12 5115178 Colms.,r rear ~mp.ct by mown9 bsrrmr 40 4165 Reps~ of Tat 5 wth rerouted overflow vent tube bma&~way 30 
fuel filler Pew wpport wul modlhed rew pmellcroomembm 
assembly No fuml Isaka9m but ona mnr femur h@ 

6 412 1 nil 900 front to-lwle 39 1162 9 Excellent crahworthmms all occup~ts s”wwe 25 

8 4126178 60’ front to s~da unpact by Plymouth Fury 32 0151 5 Front door hmw weld fsllure produosd “nrceptabla lop 27 
of slds str”cture mt#9rW 

8M 513178 60° front to slds empxt by Plymouth Fury 317151 Repeat of Tat 8 wtth strenpthwmd door hm9a sttachmmt 27 

Excellent 19 I r#dm crush 8 mtrus~on (5 I control Dccuprnt 
I”)“ry levels well wow m*xlm”m 

. 
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moving barrier as Striking vehicles in 60 degree side and front-to-rear 

impacts, respectively. Bullet vehicle impact speeds in the Phase III tests 

reflect estimates (provided by computer simulation predictions) for kinetic 

energy dissipation equrvalent to 40 mph RSV-to-RSV collisions. 

It should be noted that failures or malfunctions in RSV restraint 

system components adversely affected occupant survivability in the frontal 

flat barrier impacts (Test Nos. 9 and 10). Although survival was not 

achieved in either test, data from both are included to provide a broader 

base of information. The earlier barrier Test No. 3 was not included because 

of its dissimilar front structure (whose modifications were discussed above 

in Section 4.11. In RSV W-4 (Test No. 9) the front structure had been modi- 

fied to simula/:e the final design, 

prototype bulli- 

while DV-5 (Test No. 10) was the first 

with the new front structure actually made on the final tooling. 

In addition, DV-5 carried an air bag restraint for the driver. These and the 

other tests, listed in Tables 7 and 8, are discussed in somewhat more detail 

below. 

Frontal Flat Barrier Tests 

The performance of the RSV front structure in Test Nos. 9 and 10 

was superior to that demonstrated in the earlier Simca Test A. The obJective 

of its design was first to increase the retarding force during compression of 

the soft bumper to about 20 g's (the first five to ten inches of crush), 

retain it at that level through Zone 2 (10 to 20 inches of cumulative total 

crush) to minimize the aggressiveness of the RSV, and then in the final 20 to 

36 inches of total crush (Zone 3) increase the deceleration to absorb the 

remainder of the energy of the crash. The modifications to the rail (dis- 

cussed in Paragraph 4.1 above) to overcome the pitch and intrusion problems 

observed in frontal barrier Test No. 3 were successful. However, as indicated 

in Figure 20, the structure built with the final RSV tooling (used in Test 

No. 10) turned out to be somewhat less stiff than desired in Zone 2 and 

stiffer in Zone 3. Consequently, the retarding force decreases after the 
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lnltlal bumper peak of around 16 g’s and then abruptly rises In the flnal 

zone to a peak of about 72 g’s. In view of this performance, as well as the 

fact that the parts for the flnal RSVs had already been fabricated on the 

new front end Phase III final tooling in order to minimize the delay in the 

program schedule, the decision has made to modify the restraint system to 

improve Its dvnamlc response. The aim was to accommodate the high decelera- 

tions rather than to further change the structure in an effort to Increase 

the resistance in “one 2 (and RS\’ aggressiveness) as well as the total crush 

distance even though satisfactory occupant protection for such a crash slgna- 

ture kould require virtually flawless restraint system performance. 

As indicated in Tables 7 and 8, adequate restraint system performance 

was not achieved in Test Nos. 9 or 10. The gas generator manifold failed in 

Test No. 9 so the air belts did not inflate, in Test No. 10, a seam In the 

passenger air belt failed during inflation, releasing the restraint on the 

occupant’s head in a manner that resulted in an excessive f1IC number Al though 

~11 FLfL’SS 208 Injury criteria were not satisfied, the measured RSV occupant 

levels lndlcated the potential of demonstrating of occupant survival. As 

noted later 111 Section 15, results of tests conducted in Phase IV showed 

satlsfactorL performance In a head-on colllslon with each car going 40 mph 

(80 mph closing speed). 

90 Degree Front-to-Side Tests 

Despite massive sidewall exterior crush and interior lntruslons sus- 

tanned b\ the base car in Test G, its occupants suffered relatively modest 

inJury exposure. With the exception of a measured 62 g resultant chest 

acceleration for the right front passenger, all other injury indicators re- 

mained wlthln acceptable limits. The extensive deformation, however, creates 

an extremel) hazardous enxlronment for actual human occupants in such a 

collision. The lath of adequate sidehall structural stiffness and load 

transfer capabllltv has manifested b\ an evtremly high (118 g’s) lateral 

pelvic acceleration recorded for the right front passenger dummy. (FMVSS 208 

does define limits to lateral pellrlc accelerations.) 
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In marked contrast, the struck RSV in Test No. 6 displayed excellent 

structural Integrity with substantlallv reduced exterlor/lnterlor sidewall 

penetration. Occupant Injury criteria were all well below allowable FMVSS 

208 llmlts. Peah pelvic accelerations for both occupants did not exceed 

52 g’s. 

Oblique Front-to-Side Tests 

Unacceptably large sidewall collapse agaln characterized base 

vehicle performance in the oblique (45 degree) side impact mode (Test H) 

In addltlon, struck door retention \\as severelb compromised b! an lnclplent 

door hinge failure at the 4 pillar location. 111 dummy occupant 5 In the 

target Slmca surllved the impact according to LMVSS 208 crlterla. 

The Phase III RSV in the 60 degree side impact, struck b\ the 

Plymouth Fur\ (Test r\Jo 8M), again pro\ lded excellent structural Integrity, 

including door retention. Al 1 occupant InJurv exposure levels were well 

wlthln acceptable limits. lllnge held failure in the lnltlal run of Test 

No. 8 pointed out the need for a higher than normal level of qualit\ control 

in the manufactllre of the RSV in order to insure retaining its high per- 

formance capability. 

Front-to-Rear Colinear Tests 

Both the Slmca and the RS1’ exhlblted slmllar behlcle and occupant 

responses in the rear impact collision mode (Tests 1. and 12, respectively). 

Indeed, such slmllarltv was expected in view of the mlnlmal crashworthlness- 

related modlflcatlons made to the base car rear structure. The somewhat 

greater rear structural collapse sustained h\ the RS\’ In ‘lest Yo. 12 (com- 

pared to corresponding Slmca damage in Test I) most llhell stemmed from the 

more severe test condltlon inherent In the RS\’ impact, 1 e., use of an 

essentlall) rlgld lmpactlng moving barrier ln5tead of a bullet vehicle with 

a compliant front structure 
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Fuel tank Integrity did not constitute a problem In either test. 

Modlflcatlons incorporated in the RSV rear end did, however, eliminate the 

fuel filler pipe rupture and associated fuel leahage observed in Test L. 

Modlflcatlons to reinforce the structure supporting the backs of 

the front se,its combined with the heav\ -dutv seat tracks to eliminate the 

seat collapse evident 111 the Slmca Nevertheless, one of the RSV rear seat 

dumm\ femur loads exceeded the llmlt Iht femur load III Test ?Jo. 12 was 

ascribed to contact bet\%een the right rear dumm!, left hnec dnd the reinforced 

support for the bath of the occupied right front se,lt. No directlv com- 

parable data are avallable for the Simca \ince only t\vo dummies, posltloned 

dlagonall\ 111 the rlqht front and left rear seating posltlons, were utlllzed 

111 Test L. 

l’relimlnar\ results of Phase IL tests of the Cnlspan/Chrysler RSV 

are included In Sectlon 15. Thev essentiall) verlfk the Phase III results. 
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7 . 0 l-MISSIONS/FUEL FL012’ TESTS 

Relatlvel\ earl) in Phase II I, a production Dodge Omnl with manual 

transmlsslon and California emission pachage has tested to simulate RSV 

emissions and fuel economy performance The Omni iuas ballasted to RS1’ \relght 

and tested at d ?OOO pound inertia \\elght and d 4 5 hp dlnamometer setting. 

The 3 5 rolls horsepokver 5ettlng \vas interpolated from test results of the 

101% draE II’+ mule car (0 4 2 (d) \blth 35 psi flatproof tlre4. Testing \$a\ 

conducted ~%lth the Omni in “as received” condltlon i%lth no attempt to optimlzc 

engine carburetor or lgnltlon settings. 1 I’4 teTt cycles \\erc run at odometer 

readings of both 300 and 1900 miles to test both repeatdblllt\ and possible 

engine bre,ih-in effect5 Results are surnm,lrlzed below 

Odometer 

400 

1 9 0 0 

ImissIons I uel I conom, - -____ 
HC co h0-X c1t> I lwy Comb - 

.253 2.46 1 .I’4 23 48 36 66 28 01 

._‘?5 1 80 1 463 -- -I3 46 58 i3 -77. Gl 

The vehicle emissions \ticrc \\lthln the 1978 Clllfornla standards and 

RS\ target of 31 HC, 9.0 CO and 1 5 UO\ I\hlle fuel economl dlcl not meet 

the RS1 goal of 30 mpq (Lomblncd c\cles), It did exceed the I ederdllk mandated 

1985 standard ot 2’. 5 mpg Since the Chr\sler L-car (Omnl1 h?d been certified 

for emission compllnncc at 50,000 miles, the dbo\e data \\ 15 considered 

sufficient to lndic itt the feaSihilit\ of 1~51 emissions certification. 
10 

Vore recent l\, lust before Phase I\ Car \a 8 \\a5 shipped to Japan, 

additional emlsslon and fllel econom\ teTt results \+ere ohtdlncd. Results dre 

shown belo\*. late that the dvnamometer 5ettlng 15 higher ,ind again the engine 

1s new and no attempt \\a5 made to tune It to optlmlze performance. 4n 1P\ 

composite fuel economi calculated from the .lverages of the clt\ and highway 

figures 1s 16.1 mpg. Other fuel consumption Lnformatlon obtalned at the same 

time 15 included 
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EMISSIONS ROLLS RFSULTS 

(Tk = 3000 lbs., DPA - 5.0 Hp) 

Hc* - co* - NOx* MPG 

1978 Callfornl‘l Standard 

1983 U.S. 

ccvs Yo 1 

CCLS No. 2 

CCVS No. 7 

HWFT Yo. 1 0.06 1.57 1.34 73.6 

- HlVl c x0 2 0.05 0.75 1.16 35.1 

t1wl-! Yo 3 0 05 0.40 1 75 32.8 

- * 
gms/mi 

k 

- 

0 31 9.00 1.50 

0 31 3.40 1.50 

--TNVALID-- 

0.33 4.32 1.05 21.7 

o.i5 5.05 1 04 22.2 

S4f Road Fconomb (m?g) 

Urban 

I-55 

Composite 

tPA Rolls Iconomi (mpq) 
(3000 TIVC, 5. 0 Hp) 

crv$ (A1g of 2 tests) 21.9 

t1hFF (Avg. of ? tests) 73.8 

Composite 26.1 

Idle Fuel Consumption 

Pts./Hour 2.6 

ia rpm 990 
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8.0 FblL SS COMPL I AYCE EVALUATION 

The compliance of the flnal design of the RSV with current FMVSS 

was assessed in Phase III on the basis of available lnformatlon generated 

during the program. 
35 

The results of that study indicate that the Calspan/ 

Chrysler RS! meets most of the requirements speclfled in 41 current FMVSS 

passenger car regulations. As shobn in the summarl table below, 39 of these 

standards was dlrectl\ applicable to the RS\. . Of this number, the R$1’ 

exhibited full or probable compliance \,lth ,78 safetv standard either b) actual 

measured performance or b) lmpllcatlon via appllcatlon 06 state-of-the-art 

dcslqn pr,lctlce 

EXTENT OF RSV COMPLIANCE WITH 41 PASSENGER CAR FMVSS 

FULL NOT 
DEMONSTRATED INFERRED PROBABLE PARTIAL NON APPLICABLE 

9 16 3 9* 2 2 

c =25 

2 =28 

*INCLUDES TWO STANDARDS FOR WHICH RSV COMPLIANCE COULD NOT BE 
FULLY ASCERTAINED 

Partial compliance itas demonstrated for an addltiondl nine vehicle 

standards Ike reguldtlons 111 th 1\ grollp \%cre lncompat able \\lth the RS\ 

front bumper s\ stem, \\hlLh provide\ superior pedestrian protcctlon, but has 

not speclflcalli designed to meet ljl\ \\ 1 chicle lo\%-speed damdgeablllt\ test 

requirement 5. T\\o other standards here $0 rated onl) because data generated 

III the program \vas insufflclent to m-lhc d full assessment of RS\’ compliance 

with all requirements in the speclflc. regulations. The two 1 ehlcle subs)sterls 

did, however, full\ comply with those requirements \\hlch here capable of 

evaluation. The remaining five standards recelvlng a partial compliance 

classlflcatlon \qere unrelated to vehicle structural rntegrlti or occupant 

protection conslderatlons. 
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The RS\' falled to complk completely with the requirements of two 

safet) st‘lndards, both of these addressed non-impact-related criteria and 

Lompl lance hlth one i\ould ha\ e reduced pedestrian protection and fuel 

economy 
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9.0 COLLISION REPAIRABILITY SlXDY 

One measure of the Increased cost of the RS1 1s the cost to repair 

colllslon damage. In an effort to assess the cost of such repair relative to 

that for a standard automobile, RSV No 5 has gent to the flotor Insurance 

Repair Research rentre In l%atcham, I ngland so that It might carr) out their 

standardi; series of impact teyts under the same condltlons that kere 

utlllzed 111 prex1ouS tests on a ba5c \lrnca. 4t 1 hatcham, the RSi ha< been 

impaLted $1~ tlmeq h\ ‘I Ford Cortlna dt speeds and posltlons slmllar to those 

used in the tllpine stud). The configurations consist of (1) full frontal, 

(2) right frontal, (3) IZ post on the left %lde, (3) full right side, (5) half 

offset, snd (6) full rcdr I he test4 ha\ e been completed and a separate 

report ~111 be prepnrcd Ihis Stud\ 15 one of the three incomplete Items 

shokn on the program <chedule, T lqurr 5. 

” I 

I 
“1 

78 ZN-6069-V-31-11 



10.0 MAINTAINABILITY/SERVICEABILITY EVALUATION 

This is another tash that required the use of one of the final RSVs 

built for testing in Phase IV in order to provide meaningful results. The 

unavdilabillty of such a vehicle has made the accomplishment of this planned 

evaluation impossible. As indicated in Section 3, the task has been eliminated 

from the schedule, Figure 5. 
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11.0 PRODUCIBILITY/COST STUDY 

As alluded to in previous sections, the materials selected and 

designs developed for the components of the Calspan/Chrysler RSV have been 

carefully chosen to facilitate mass production. Since the base Slmca 1308 

1s already a mass produced vehicle, a maJorltv of the RSV parts can be auto- 

matlcall) so characterized. Most rexlsed parts were designed to use a 

different material thickness In the same tooling or HSLA steel In order to 

retain that produclblllty. Where new designs had to be developed (as in the 

front suspension lotier control arm, the tunnel reinforcement, and the door 

beams), the designs were reviewed in Phase III to insure minimum number of 

parts and total manufacturing labor content both for ease of manufacture and 

price. 37,30 

On the basis of a complete set of RS\ drawings, an assumed produc- 

tlon of 300,000 cars per year, and normal amortlzatlon, Chqsler cost analysts 

developed a detailed estimate of the Increase in RSV suggested retail price 

to the consumer because of Its added safet) features over that for a Slmca 

1308 with mlnimum FPWSS compliance. 17,39,40 Since the Slmca is neither manu- 

factured nor sold in the U.S., and the French manufacturing facllltles, pro- 

cedures, and labor rates are not speclflc to the U.S., dn actual total consumer 

price for a federalized RS1 1s not avallable. However, cost dlfferentlals 

between the RSV and a car of the same size and general features meeting current 

U.S. standards (a federalized Slmca) were derived as summarized In Figure 3E. 

The total differential in suggested consumer retail price lncludlng research 

and development, facllltles, tooling, and other expenses associated with 

bringing such a car Into production 1s shown to be $1’95 In 1979 dollars. 

Although a major number of items are the tvpe Chrvsler present11 

fabricates, a dlsproportlonatel} large portlon of the cost estimate 15 associated 

with a llmlted number of components that are not now In production and would 

have to be purchdseLt Vendors ’ estimates were used in assembling the costs 

for the passive restraint svstems, anti-shld brakes, and flatproof tires which 

comprise the high technologv category of the RSV features, as shown in Figure 37. r 
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Figure 36 ADDITIONAL SUGGESTED RETAIL PRICE SUMMARY 

Ftgure 37 RSV CONSUMER ADDITIONAL SUGGESTED RETAIL PRICE 
FEATURE CATEGORIZATION 
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The vendor-supplied costs for these three elements represent 60 percent of 

the total Incremental cost. Note that the basic vehicle features which are 

closely related to parts currently being manufactured account for 29 percent 

of the total, with the optional or dlscretlonary features constituting the 

remalnlng 11 percent of the cost difference. 
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13.0 PHASE IV VEHICLE FABRICATION 

For testing during Phase IV, ten vehicles were fabricated by 

Creative Industries of Detroit. They consisted of two pedestrian test bucks 

and eight driveable cars manufactured in accordance with the Build Definition 

identified in Section 13.1 below. The fabrication of all test cars was com- 

pleted bs April 1979 and deliver) of the last RSV to NllTSA on 8 May 1979. 

Deliver) dntes are indicated on Figure 5, the RSV Phase III Schedule, and in 

Section 13. The car 1s shown in 1 igurcs 1 through 4, Figure 38 shows one of 

the pedestrian test buchs lust prior to completion 

13.1 Vehicle Build Definition 

Table 9 proxrides a definition of the maJor features and components 

utilized in each of the ten vehicles fabricated. 

13.2 Fabrication 

The Bidder's Conference was conducted on 15 December 1977. The con- 

tract for fabricating the ten vehicles and spares was negotiated with Creative 

on 17 March 1978 and work started later that month. 11 The unit, a test buck, 

was accepted on 9 November 1978 and shipped to Battelle; 1.5 the last car, 

No. 10, was completed at Creative and sent to Chrlsler in April, then to 

Calspan for final review and subsequently delivered to the Government on 

8 Mav 1979. 17 

The Bodies-in-White (BIW) were fabricated at Creative's Pine Woods 

Facility from the components in the completely-knocked-down (CKD) kits 

(purchased from Chrvsler/France) along with the new parts fabricated to RSV 

drawings at Creative. An assembly fixture purchased from Chrysler/France 

was modified for use in fabricating the RSV BIW. After assembly, each BIW 

was rust proofed and sealed at Chrysler and then transferred to Creative's 

Outer Drive plant where a small assemblv line had been set up and the 
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14.0 DELIVERABLE ITEMS 

The following items have been delivered in Phase III 

Quantity 

Program Plan 15 

Progress Report9 20 

Program f'lan Briefing Charts 2 

Status BrIefInE Chart5 5 

Final Briefing Charts 

Design Documentation 

Final Desl$n Report 

Flnal Phase III Report 

In-flouse Technical Reports 

Fabrlcatlon Go-Ahead Review 

Restraints fieblew 

Integrated Crash\vorthlness 
Vehicles (45, 3, 5, 7, 8 
and 9) 

DrivelIne Development 
l'ehxle (#6) 

Consumer Demonstration 
Vehicle (#lo) 

Pedestrian Crash Bucks 
(#l E 2) 

* 
Reproducible copy also supplied 

2 

1 

65* 

hs* 

16 

15 

15 

6 

Frequency Date Submitted 

3/l/77 

Various, Fig. 5 

4/18/77 

6/29/77, 10/25/77 
12/15/77, S/17/78 
12/7/78 

12/15/77, 2/2/78 

8/3/78 

l/29/80 

2/29/80 

Various 

12/15/77 

2/2/78 

2/14/79, z/34/79, 
2/14/79, 3/12/79 
3/28/79 

3/12/79 

Task 

3.3 

3.1 

3.3 

3.2 

4.0 

3.4 

3.4 

3.4 

3.2 

3 .? 

13 2 

13.2 

5/8/79 13.2 

11/g/78 13.2 
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15.0 PHASE IL TESTING 

Support for the Phase IV test program of NHTSA was lnltlated earlv 

in the spring of 1979. b1 parts depot r\as establlshed at Creatlbe In Detroit 

where all the tooling, extra die draws, and spare flnlshed parts and com- 

ponents here stored and could be drawn upon as required for the tests 111 

Furope and Japan. Calspan representatives asslsted the vehicle test preplra- 

tlons In France, tngland, and Japan. Table IO includes a Summar) of the results 

that habe 50 far been reported. The German, 
31 

French, 
32 

and Ttallan 
33 

results 

were presented at the Seventh FSL Conference. The other data are based on 

verbal reports l’hese datd substantiate the Phase III tests as hell as the 

achievement of the I~$\ goals Additional actlvltl included tiuo additional 

front bdrrler crdrh tests, 
31,32 

handling chcchout and te\ts of Phase IL Car 

No. 3,l”” further de\ elopment tests of the restrdlnt s-h-terns, 17 
and support 

of the NHTSA proqram to acquaint people with the RS\’ development 
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RSV SYSTEM PERFORMANCE SPECIFICATIONS 
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RSP S\rSTEM PERFORMANCE SPFCIFICATION (Cont'd) 

PERFORMNCE PROPOSED RSV 
CATEGOR) SPECIFICATIOh PERFORMAYCE 

1 0 \'ehlLle De4criDtlon 

1 1 General Conflguratlon 

\\ielght (Curb) 
Pa\ 1Odd 
Occup"nts 
Tlllnh \ olume 
Te\t Pd\lond 

1 3 Intellor IllrnenSionS 

tiead Room - F 
-R 

Leg Room - F 
- K 

Shoulder Room - F 
-R 

Ingine Descrlptlon 

1 7 Futcrlor Dlmenslons 

l\heelha5c 06 In. 
O/A length 80 In. 
O/A llei ght 55 In. 
O/A I\ldth 72 in. 
It'hccl 7 I ead 6 2 1 11 

Tl~lnlng Circle 12 ft .e\\ than 38 ft (1 1.58 m) 3, 43 

2 0 Safetb Performnnce 
Reoulrements 

2 1 l'ehlcle Handling 

2 1.1 Brahlng Performance 

Serxlcc Br,lhlng 
60 mph/straight, 
Pedal Force 

500-3000 lbs 2675 lbs (1213 kg) 

-5 Fdmllv of 5 
J-19 ft3 10 ft3 (0.538 m3) 

7 6 In. 
6 8 in 
0.0 In 
6 111. 
0 8 in 
2.5 111. 

-toocc 

xan<\ieIse Ixont 
ncine and Drl\e 

'JO ft 

37.5 ln. (0.95 m) 
X.1 in. (0.91 m) 
JO.85 In. (1.04 m) 
33.85 in. (0.86 m) 
18.7 111. (1 73 m) 
50.8 111 (1.29 m) 
1'16 CL (101.7 I?) 
Trans\clse Front 
Engine and Drl\re 

105.’ 111 (2.68 m) 
1'7.8 In. (J S-7 m) 

Yi.1 111. (I 35 m) 
0 - 111. (1 70 In) 
55.71/53.7? In. 

(l.J2/1.59 m) 

151 ft/150 lbs 
(46 m/68 hg) 
112 51 = g hg) 26.3 lbs 

.36 g = 52 lbs 
123 hg) 

- 

IEFERENCE 
- 

15, 30 
40 

9, 16 
39, 40 

9, 16 
39, 30 

8, 38 
40 

Table 4 
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RSV SYSTEM PERFORMANCF SPECIFICATION (Cont'd) 

PERFORMNCE PROPOSFD 
CATEGORY SPLCIFI(AT 

2 

Fmergencl BrakIng. 
Booster Failure 
l/2 System Fall. 
Proportion SL5tem 

350 ft 
400 ft 
250 ft 

Parhlng Brake 30°0 Grade 

\ehlcle Jachlng 7055 

1.2 Steeling 

kaw Response 
.dg, 25 mph 
.4g, 50 mph 
.4g, 70 mph 

Transient Response 
.4g, 25 mph 
.Jg, '0 mph 

Returnablllt\ 
.qg, 25 mph 
4g, 50 mph 

2.1 3 tlandllng 

Lateral Acccl 

Control at Breahwas 
Drl Pavement 

Directional 
Stabilit\ 

Steering Control 
No Poher Assist 

Pavement Irreg. 

‘ON 

Return In 3 set Return 11~ 4 sec. 

Torque 5 
power 

Devlatlon 

X 

ft 

RSV 
PtRFORMANCE 

192 ft (58.5 m) 
329 ft (100.3 m) 
157 ft (47.9 m) 

82 lb (37.2 kg) 

l-R 17055 

Gain = 30 
Gain = 38 

16, 33 
34, 40 

Elgure 31 

Satisfactorb 

Satlsfactorb Tlgures 73 
and 34 

Fxcecd Spec 
.5c)g Outer R 
at 5 psi (34 h pasta 

4, 16, 33 
34, 9 

11 Table 5 

Satisfactory 

Satisfactor) 

REFERENCE 
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RSV SYSTEM PERFORMANCE SPECIFICATION (Cont'd) 

PERFORMANCE 
CATEGORY 

1.1.4 Overturnlng Immunity 

Slalom Course 
Drastic Maneuvers 

2 1.5 Fnglne/Drlveline 

Pa~~lng Time 
30 - h.5 mph 
(48-1OG hph) 
50 - 70 mph 
(80-113 kph) 

Rdnge dt 55 mph 

(88 hph) 

Lateral Force 

2.1 6 Ride Performance 

2 2 Vlslblllty Systems 

2.2.1 Drlxer \lsiblllt\ 
Direct Field of 
Vl ew 

Driver Size 
Shade Bands 
Light Trans 

I-V 
v 

Obstructions 
Indirect 1'lslblllty 

BaLhllght 

2 2.2 Llghtlng 
Defrost/defog 

2 2 3 Vehicle 
Conspicuitv 

2 3 Driver Ln\lronment 

PROPOSED RSV 
SPECIFICATION PFRFORMANCE 

50 mph 50 mph (80 hph) 
50, 60 mph Satisfactory 

24 set 

22 set 

220-750 ml 

Eonstant Output 

Freauencles 

F 9-1. H z F = 1.08 llz 
R 1.2-1 4 Hz R = 1.27 II:: 

37FR7210 

--- 
SAE JlOO 

70"0 
5O"O 

36PRl 56 

Defog 

37FR22801 
Fbl\'SS 103 

Light Color/ 
rontrast Strlpc 

S-O-A Practice 2.3.1 Controls and 
DlsplaLs 

A-4 

16.3 set 

17.4 see 

257 to 390 ml 
(414-628 km) 

Satlsfactors 

Satisfactory 
Belob Spec 

Heated Bachlight 

Single Beam F 
High Level Rear 

Light Color/ 
Contrast Stripe 

SOA 

RCFERCYCE 

16, 33 
40, 43 

9, 17, 39 
40, 43 

Table 2 

10 

1, 8 
9, 40 

!6, 39, 3C 

5 

10 

8, 39, 40 

'N-6069-V-32-11 



RSV SYSTEM PERFORMANCF SPFCIFICATTON (Cont'd) 

PERFORFMJCE 
CATEGOR\I 

2.3.2 Warning Dellces 

2.3.3 FnLlronment 

7 3.4 Emergcnc) lquipment 

2.4 Crash Fncrg! bfanagcmcnt 
Systems 

2 4 1 Structural Systems 

2.4.1.1 Iront Structure 
\Jldc Barrier 
Impact 

2.4.1.2 Side Structure 
Car-to-Car 

2.4.1 3 Roof Structure 

2.4.1.4 Rear Structure 
Car-to-Car 

2.4.2 Extcrlor Protection 

PROPOSFD 
SPCCTFIC4TTON 

Rcqtrnlnt Status 

S-O-A 

Standard 

40 to 50 mph 

40 to 45 

30 mph rollover 

4 5 - 50 mph 

8 mph 

13 mph 

No fuel leakage 
all test con- 
dltlons 

RSV 
PERFORMANCE RFFERENCE 

Propert) Damage 
Front Barrlel 

Front-to-Rear 

2 4.3 Fuel System 

4-5 ZN-6069-V-32-11 

Restraints 
Flat Tire 

S-O-A 

STD 

43/4O mph (69/65 hph) 

39.1 mph (62.9 hphj 

Not Tested 

40.3 mph (65 hph) 

8 mph (12.9 hph) 

13 mph (20.9 kph) 

Satisfactory 

6, 39, 40 

3, 4, 40 

29, 30, 31 

25 

30 

22, 26 

22 



RSV SYSTEM PERFORMANCE SPECIFICATION (Cont'd) 

PERFORMANCE 
CATEGORY 

2.5 Occupant SJstems 

2.5 1 Seating 

1.5 2 Restraint 

2.5.3 klammablllt\ 

2 5 4 Interior Design 

-7.5.5 Fmergencl Fgress 

PROPOSED 
SPECIFICATION 

Primaq restraint 
rear colllrlon 

Front - Goal- 
Passive Ke- 
Strdlnt, Fbl\'SS 
ho. 208 inlurv 
criteria for all 
crash teyts 
Re,lr - 30-75 mph 
barrier. 

Interior FMVSS 
No 302 fuel, 
electrical, 
euhdust, con- 
tainment of fuel 
and exclu\lon of 
volatile 
matellals in 
contact \*lth 
lgnltion sources 
during crdsh. 

One half doors 
operdblc during 
35 mph front,11 
barrier and 
other crashe5 

RSV 
PERFORMAWE 

'rimary restraint 
For rear colli- 
iion 

2 - Air Bag 
;atlsfactory. 
[nflatahelt did 
lot demonstrate 
'08 compliance in 
55 hph (12 mph) 
larrler test, but 
lassed others 
t - Satlsfdctorj 

;atlsfactor) 

SatlTfactory 

REFERENCE 

39, 40 

7, 8, 9, 11 
15, 16, 17, 19 
20, 29, 31, 32 
39, 40 

37, 39, 40 

8, 35, 39, 40 

29, 30, 31 
32, 40 

A - 6 ZN-6069-V-32-11 
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RSV SLSTEbl PERFORblANCL SPECIFICATION (Cont'd) 

PERFORMANCE 
CAlEGORY 

3.0 Vehicle Systems 

3.1 Fngine, Fuel, Cooling, 
and Exhaust Sistems 

Fuel Economy 
Weight/Power 
Cruise 

Grade Start 
Emlsslons 

3.2 Tire and Wheel SIrstems 

3.3 Flectrlcal 

3.4 Intcrlor Comfort 

3.5 Maintenance 

4.0 Produclblllty 

PROPOSFD 
SPECIFICATION 

S-O-A 

20 - 30 mpg. 
30 - 40 lbs/bhp 
60 mph/52 grade/ 

500 lb load 
lZoO Grade/450 lb 
Compllnnce 141th 
most recent 
standard 

“Run 1 1 ‘it” - 
Tires 

Base vchlcle 
system 

Base vehicle 
system 

Base \chlcle 
character 

RSV 
PFRFORMANCE 

S-O-A 

27.6 mpg 
(8.5 L/100 km) 
38.5 lbs/bhp 
(17.5 kg/bhp) 
32% Grade/77 lb 
(34 hg) 
HC = 0.33 
CO = 4.69 
NOX = 1.04 

Run Flats 

S-O-A 12V 

S-O-A 

S-O-A 

5 

REFERENCE 

5, 39, 4c 

6, 8 
10, 17 

5, 7 
39, 40 

40 

40 

40 

2, 40 

A- 7 ZN-6069-V-32-11 


