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Onc fiect to the cffcctivcncss of rutorDoiivs occuplnt
Elrr. int svttctrs i5 th.i pot.ntirj Io reducc thc ntrmbcr of
frr: l i t ics \ehich ara occutring. Accidcntg involving ovcr rcven
huldrcd f!t! l l), injurrd occuprnt! in 1967 !o l97J cars werc

crrnincd cerc-by<rrc and occuprnl$y-occupanl to rssign thc
t:!rl i ty rcductior! ! 'otcntbl of tour caDdj&tc rcsrraint
svgcrns.

. Air Cushion Alonc

. Air Cushion Plus Lap Belt

Tbc primary rcsults of this ficld accidcnt stud;'are as follows:

lf r l l  the fruli l ici h:d bccn wcaring a lap bclt, l?% could
bf iG becn gv!d.

lr . l l  th! falauticr had bccn wrrri jrg a Lrp and :houldu brlt,
3l i couid havc bcen savcd.

Il dl rhc srrs had bcen equippcd wirh eir cuJhioni, l8to of
th! hlalit ir5 could haec bcen 5rvcd.

U ri l thc cars had bccn cquipped, wilh rir cushions. rnd all
t i lG frt3li( ic5 had bccn wering a lap bcJt,:97o could havc
bccn srvcd-

INTRODUCTION

Thc choicc of occuaant rrlrninl systems for c:rs hrs bccn tha
subjccr of much d.belc in rrccnt yars. Althougb th? ulrimlrc
droicr will inrolw many frcrors, frrdity rcduction rccms to
surfecc whcncver discussronr on rcrtrrjnt systcm dtrrnrtivcs
:risc. Thc o.rioul h,Ehwzy frrrlity figurcs kcep coming up ri
rhc one visiblr $triltic upon *hich gorls ere scr rnd pcr.

-formrncc ! judgcd. For thii rr:Dn. thc Gencral Motors Srfcry
Rcscrrch and Dcvrlopmcnt bbor.rory inirirr.d rn indcpth,
caic iy€sc ficld accident f:nl study. Utilirjng rcchnial
srFni3c flom GM's Fi$cr Body Diyision, rnd thc Srfery
Rc*erch rnd Dcrelopment l:bontory, 706 ft!|lirica in I96?
tlrmugh 1972 prssrngcr ctr: ycrc studicd. The spcciftc znd
sn&ur dcuib rurrounding c:ch fruliry wcre carcfully srudi.d.
Using thi: informetion, an .srir rc a.a3 m.de of thc lbiliry of
thc four endidrtc rrslIrint s-vircm cornbinrdo$ to mitlFre

eh fruihy.

Itroe.inE thG rbitity of r rerl'|int rysr3m to pr?wnt frrditicr
ir vcry imporunt. Thc arrsnr of thir prrticular rrudy atrcru to
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lhrt. Howcvcr, lhc ovcmll cffcctivcncs3 of r restnint systcm
must inciudc othcr frccrs: How oftcn wil l i t bc uscd?. How
ioon sc:n it bc put into rl] clr:?,l{trat is i lJ iniury rcducuon
porcntid?, Crn it crurc injurics?. Therc rnd othcr isiuct must
bc rcmcmbcrcd in ordcr to kccp thc impLcarions of tUts /arol
crSc itu0y ln PcllPcclrvc,

RESTRAINT SYSTEM EFFECTIVENESS

E:ch passcngcr cer falal coll ision is l discrccr and uniquc chain
of cvents whjch cln or!y parriauy bc dcscribcd b1' such
mcasurcments  as  unpact  spccd,  c rush ,  eccc lc ra t ion ,  c tc .  Tha
mcrrts of air cushion and belt systcms havc bccn prrmarily
comorrcd by thc ulc of tbcse mcasuremcntJ rs thay pcrforrn
undr r  b rurcC.  con l roL led .  rcs t  cond i t ions l  cond i t ions  wh ich
lrc not neccsarily rcprcsenl't ivc of ali rcal.worid rccrdcnts.
Thc uniquencs of ths study is th,al !ctul in-thc.field f:taljt irs
wcrc  : tudrcd  in  dcp th  to  dc tc rmrne what  causcd c :ch  fa tah ty .
Aftcr dct?!minjng the serics of cvcnt! and complicatrcn5 wiich
lcd to rn occupant's dceth, cach tcstrl int sy3tem conJidercd
war rrted for jrs l ikclihood of fauiity prBvcntion for cach
ponicubr frtal case. Thc rcsrraint syslcrru choscn lor cralu.
ation dunng thii r ludy wcrc:

r )  Lp  bc i t  a lone
b) L:p and shouidet bclt
c) Arr cujhion l ione
d) Arr cushion wirh lap bclt

Thir study was lirnjt cd ro thesc four sysrcms since they arc
cith!r in productron roday, or arc bcing considcred for produc-
tion, and they rppear to b. thc most l ikcly candidatcs for
occup!nt rcsrraint in the tuturc.

DATA FILES USED

A jury of four cnginlcri, whose b:ckgroundr includcd cxpcri.
cncc in thc dcsign, dcvelopmcn!, rnd rrstint of both tctjvc and
Pt$iw fcstr2int rySlams, wcr? cholcn to conducl lhis $ud!,.
Thcac individualr, worhng togethcr, lnrlyzcd rccidcnt cisci
involving the ?06 firdly-injurcd occuprnrs.

Accidcn( informrtion rvzihblc to CM wrJ:c:rched for prr.
tarlcr ctr frrel carcr, Thc eres rucd hrd sutficicnt inforrnr.
tion to pctmit:ml!,rir of rhc cnsh:nd rctulunt injurict.
Typicel inform:tion includcd CoUiiion Pctformrncc .nd
lnjury Rcports (CPIR), Multi.DisciPlinrry Accidcnt lnv$li8r-
tion rrporu (MDAI), 35 mm slidci, PhotograPhic prints,:nd
thc likc.

i

CPIR'r rre fil led ouiby Moton lnsunnce CorPoralion Adjult.
crr e/hij. thcy erc inw$igtting chimj invoivjnt rn injury.

Ptoducing rccidcnt in , cuttcnt model vchiclc lncluded in r
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:rrnPobre rcsults-
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Ac€idrnt Dru SuweY' no sucn a

tii.p"t. rftt ttptctcnt:tivancas of this rrud1"

FATAL CASE PROFILE

' I}c rcnrtu of rhir !tudy wil! h'rw norc rncrnitg if thc tyPe of

ilfi:i}il .,' o*ing faulitirt rr! undcrstood' Figurc I

;:;;. ftb"tton of Iatrls bv colli:ion confilxrration'

ThB nudy'3 ProPortion of ftontrb in frrrt 'ccidcntl rn:y

:;';'b- io*l nttt frclorr lccount for this dijrcrcncc:

illiloi,"i.ptt, tJFB or rhj3 srudv rllowcd thc dctermint-

tiln'of . ,-ri vrlid arc8ory fot crch car' Othcr srudicr hrvc

ilru,lo;iti:,;;;;tcuttrion bv the vehiclc's arcr "tt11sl;

iro'-o"li- a*ttd colliiion conltcuntion by occuprnt

-n""'#.t 
-*nce' 

r $dc inPrct lo thc fronl I /3 of thc
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roLr,ovtr

l lal

I  !  Fi9'rr? I

crr wout d b vr Pri'n'� '1 v. f 1 ::.?.T:';, ut"t*', ;:':::':
would havc thc larctd-ttalcct:1*;";;;; 

i l off., t.t.,rJ
rsstfrint rystrm 11 

bt 
:fl.",t]]: ' l louto ct.srify this as | lidr

(s ide)  rcr r re int .  w! ,  thct r lo l t '  w

irn".'o, 
-.lt,r,""O 

somc atudics mry hrvc classifi?d il x r

flon tal.

A sc con d f , ctor o. g,.iT- d:ll::l.il ":#:,lT Jiil' I:
two crrctories th31 involvc Iton

;.;;.',''il.'. *.':s"':'- ::',,1'.1::'J':"n:;::,i':i.,il:
wcrc dclutcd as invgtnli 1-1oJ-tr.l;;";,;", onty lhcrr
cu. wh?r?a3 3ldrswtPcs ! '! lr ocI

;-. i" ;;;,;;g tht ftttt and cngna' This difrcrcntratron

;;;-; l; ' t t* ihcsc difftrcnc* c1n sitnif icantlv 3tr'cr

,.*ig i-. i fot thc air cushion lnd Prslcngrt conParlmrnl

incurion.

A th.ild frctor lras th:t tlur rtudy conuin: cxclusivcly 196?

l"i,..;' i;'; *I'' " :ll:L,T*:d T':l':;11*il',f li
thorc in thc rotd crr PoPulatro
;i;; ;;;;":''n'i d*l *iu' fronul collisions -d *:ll1

;.";;;l;; thc proportlon of ftonuls in I na'{crcu rrrd

ll.. ii*-""dt focuscd on ncwlr c1t3 to :liow for motc r('

curatc cxtrrpolrtion into the fururc'

Whcthcr ot not rn rccidcnt bEcomcs I frtal 'csidsnt b grerdy

ffiil;;;;;;"bitctr thc vcucle srriker'rnd b): th'":'::l:
"rtu;;;;;t;tt'c 

irike' A brcrkdown of objrcts contrcrco

iv- tr,l'.,i or*ujt inrolvcd in tNs frtd c"c rtudy is rhowll

i,icui. i. r, i3 intetcstint to notc th:t 5l% involvc objccts th:t

;:;;t ;;';;;;'d"ovl Ti'ir i: rlro irnplied bv thc lesult th't

iiji "i,n. fetol acodcnu inrolvcd only onr tDotot vch'clc'
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This distribution ir influcnc.cd by the numbcr of occuPrnts

usirg cach saating porition rr shown in FiSurc 4 '

Dittt ibution ol Frlrl i l ici by Occup:nt S'!t in9 Potirion
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fbt thr ruiornoblc ;trik:r, dong with thc irnprct spccd'
+rcrmiDcs th? scltrity of thc clrthi end whatcvet thc occu'

d|r tuild durini, th? cralh tcqucncc itlflucncrr tlrc frtc of
lbt occuFnt. Fisurc 3 showr the objcctr cthjch lr'crc involrtd-
rirh the occupentr'htrl injutict by ticir frequancy of

ccuttcDCt.

Fi9sr. a

Thcrc wcre ?4 frtruti.s rcturlly usin8 b€lt rctrtaints in t}!e

706 escr: thrcs wcre hp rnd shouldcr bchcd, rnd 70 wctc lrp

bcltcd only. Thi: rcprcsents toJE of thr study' FiSutc 5

rhows rhc ditttibution of rctr,rel bclrcd fltdjtie! by colLision

configurltion.

l0 l5

rlrcl Nt
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tEttld Fdrt3 by Collirion Cmf igurrrim

Figu' !  5

A dijtribution of rau:l bchcd frblities by t?sting Position is

'hown ia FiEurc 6'

f)Btrihriion ol B'lr'd Fariliries bY Occuplnt s.rting Potition

t'-ti.! ton''i

rlerivcd lrom lhir inttsdgttion aid !'€t' uscd in thh sludy'

$ t:l: :il', I \"."i'i:lH:li#:,TJr:fl $:.:1
::":Tti' Jffi'',:'.'l'ii ?i;';"'" rt providcs pcr'
"*;J. 

;;J;oiircr uctt d''i!'t sunentlv *'li l-':''u',ff0"1"0".i"-o' 
h":'.u: :.d-::.',1.P;:lill*lilll lllliJl;

l io lrtcmpt wrs rnedc 1o cstun'r '

rnorc rdnnccd futurc bclt systemr'

To mahteirr conthuity thtoughout thc :tudy' thc bclt syltcm

;:' ffi;; ;; *'j-"- :-.,'. j',ff.1; ff J,: ":il'lJ::
asurncd to bc worn propcrty.rT 

iln." impropcr urlgc- wr3', fl P,, # i?':"'.ff ii*:l5;**::: :iliiil:l': ffi :;i'"'ililHffi ''nau"o "1'"''
prcacnt bcrr +scms a,i oi;r1;j.::JT:il,::'ff:::'tfi

lil;iT$ "ll'T'.T [i .J*tl##,* ;:n*
rcttrriJ| ilnt2st ru Glr thc cllc I
'0..-t 

"Or"tttt drtrugcd by thc lccid't.ll'

fJ Til#'ffi T:,i,Hi:'i'.T:llii . i#f* ::
l*nn' t * l1',' :rus,T'ni #:::iil' J::""':i
iJu-o,lni *., t*"tcd not to conrributr to injury'

l}c'ehidcrin*-i:'-otin""i::H:'l#:\:"'ffitl;
absorbin8, (EA) 3tr?riit con

;il;:",i" ;s: "_ yfllf,* |ii1",j:lJ:, ;:,:# .i
Generrl Motorr EA 3tc?rrn8' (

tcturl rukc or modcl Yc5'

rnren r fatrlly iniurcd occupant wltJf.frt;"ff:,i.tl

bclt tyiBm, tltr syttem rat nrc

trE 3ing)c.scidcnt'

xHJT:i.iJ[S:','i*t.r-#frt]s-liiii
hivc aofi bonc ittuctut$' tl 

.*|-5 
--v- 

in mitigrting iriuau u

srnell clrildrcn *oP I 
nol t:ii 

-':I;;; ; ;;id cnrs incr?$cd.
rhorc lrorn by rdultr' At-3::il;J. 

Thc cx..ption ro
t}le cluld's irvc trtc !al-3lr:rPrv 

Ji-"rl'."rionr co'ld bc prc'

H,5il'i..""::'"il,li,tl"li:Jl'::J'i,.i-,,,,n**"'.no,
cral$trd in this sruoY'
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NFLT RESTRAINTS - DEFINITIONS

ln-o essumP'rtotls
ro cf'blirh thc hld c'sc. Fordc'fi IJ$t ::,lHitff:l:
nudy of crch hul rcEidcnt' b-ut lo.la 

'tllr.'i"i""-,f; ,it""

:y$;i*Tt?:'Jr-n::.""":l"H#;,,,'*1.
rnd |rsumptrons of rc5rre'int.ry3lcm 

i",iur,.ii'.r"ry*. c*.
t''y ro Prtmit ' ttlTl8].:-::ifrg-.".!.Ur. infornution
:idcnb)c :ffort ltcnt into $!|'mr'rioi.n".. 

ft. fo!owing ir
on cach tcauaijlt rysrem rnd lls Pl

]"turu-o-J 'n; dcf:'nition3 lnd rssumptions which wcrc

flrcth,t Ot :ol CrSIS
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fururncd Air cljihiqr FrtrlitY Brducrion R:ringr'in Ft"rttl lmptctt

f iYiil'?J l*'o*l$ffii""'
-drB ths |iJ cudr,ion s.wrcm for thir rtudy grovcd to be
-Ii". Xo tcrt tcrt eir cushion syttem wri dcvcloPcd at the

Irf tf* ouCy. :nd thcrr sar no ficld cxpcricncc on thc

-rJi-" tc|r rir custrion' At I rc!ul(' thc following

5tio. UO to bi b$cd on r considcrcd judprcnt of the

il"J Jo"-*. of r fiont' rnd rcll lcrt eir crshjon

l|t-

: front gt rir euhion qns rssumcd to be compo:ad of

-.t Mo,ort poposed componcntl which includcd: a third

Iilon, lt.pto.O stceting coiumni I Dclco Elccttorucs

O i*-g iytt." *ith t l0 mPh cqu'vaicnt brmet lrnplct

.]t t.t s.Jor,.nd tn l8 mPh cqui'alcnt barriet imPact high

J r"*, r ltccnnB whccl eu cuslt'ion with I mctll.'nd

:r knce tlstnint for thc drivcr,:nd a scprratc eu cus'uon

],nfir""i t.., P1r3cn8?t!' Thr third gcncration stcp lord

;;; ; rcvuion oi thc Prcirnt cncrpr'absorbing ball

ffi;; in GM t.!ri.l.t. lncludcd in thc dcaiSn is tn EA

der and an imPtovrd columr mounting' A comPanlon

.- p"p..d by Oldsnobile cxplainr drtdl! and signilcance

.Li. ,.tinionr. fi,. i'ntgrntry rcrl seat systcrn was assumed

, !tiJ, p.rfo*nct companblc to I front ical rir sushjon'

l: toul eir cu:hion systcm tl,ar rs5umcd to mccl FMVSS 208

l" l"* wluch itcludcd t}c requiremcnrs :f 
tttl i!

i." cri."it in | 30 mPh frontd brrricr' anSlcd uP 10 JU

ii,t lo i* sidt novrng benrer tcst!' Frontd irnplcts rt

J.l 'tUt ,i.r.O.O 3O' ft;m hc!don wcrc ratcd ar foUows:

i# i" eo' imp:crs with sulficicnt lonEitulijnal-ac.cclc:ztio:

i dcploy rhc rit er$hton wrl' uclted wilh !h Ply tcouccs

;;t'lvii;, b) lmprctr th':t cxcccded 6gc wcrc gcneraly

Jl.,.d no, io hevc produced deployncnt' Thcse asurnp,'

c wcre blrcd on P!.tcnt sensor dcstgn rnd lr! SuPPoncc

ry llyge slcd lcn! rnd full sc:je c!13h test!'

.! fronrrt itDPrcts of: 30 mph brni?t cqui\alcni tcvtrity 01

.r-- tt--f ili **dcrcd to bc Yinurly ccnrin unlcs thcrc

;;;,* .tt*nt uncca' As thc crsr tcvclity ex*cdcd

;;;;Jb""t; cquiralcnt, thr ntingt wcrc tcduccd

ul' i 6{' rnph brnisr i'f|Pacl scYtliry wr3 rerehed' ln clscs

o( I 60 noh lquiralcnt brmcr rpeed' survi\al w13 coniidctcd

i" l. "rt ilUy 
'atp"-ttc 

duc lo thc trck of survivrJ sp:cc rs

iom ia Fi;urc 7-

rr $outd bc nrcascd th:t thcrc ir r diffcrtncc bctwecn licld

tentirl rnd brnierdummy lcst Pcrtornanc' ar discused in
'd"F", ProtGction R*crrch !ice&'' D' E' Mattin' Mrn'

4!t, A$omotiw S.fcrY Enginccring'

t6 . t . l  la r i "  I ru iv t l " r  rn t 'Gr  5F 'd

FrOU" ?

There is considcrlblc air ctshion t'it itform!tion lvrilablc on

th, o.rfor.rn.. of tfucc SOth Pcrccntll durvny occuPants'

-a i.ti-p"tf o.t- "cc knowlcdgc on other sizri rnd combinr'

i""t 
-"i '"ii"ot",s. 

But, folthc s'kc of simPlicity' thc dr

;;;;;;;.;rted 10 Providr cqual protcction for rll sizcs

and combinalions of normaUy'scatcd occuPants'

Thc air crshjon syrtcm \r"'s rssumcd to oftct multiPlc imPact

"t",*f"" i"t thoug lirnilad, thc tcst dru thrt doEs exist

il;;;;.i ri,. pro$*a air cuhion svstem offcrs potcnial

for multiPls inPact Prolcction'

Hich lcliability i: esscntial ijl tny dr cushion ''vstcm' Thctr'

ioi.. i, *.t assumcd rh.rt this l ' it cuihion ryitcm lud n0

;;;;;."t dcfccts and rctnaincd inuct un'lc$ it would

;;;; lc arnuqed by thc itnPect' In orhct words' thc eir

cushion r.,,zs lssumed ro deploy, whcncv't the scnsot lnr'snols

*.rL.ft.a. Whcn th. sensor thrcshold urer not rcrch'd' th'

"*"p."i;t l"i"o' wrl rssumcd to tcmain unaltcted unJc:s hc

wes also conridercd ro bc hp bcltcd'

Hvlc tlcd lnd full rcrlc cnth tctts indic'tcd thrt whcn thc ait

.rit"fri"i it rlcploycd, it could prcvcnt Gjcction thtouli lhr

-inJsruaa. Tiri, t "t'ot war includcd in eit curhion essump'

;;;;-;;;t"t"" Prc',tntion' Th! rit sushion rat Srncrdlv

.su^"d ,tor to pr.vcnt Gjectiont through ridc windows'doors'

iooft. ,t.., sincc the Pt*lnt dcsiSn ir primerily r fiontll

imprct Ptotcction deYicc'

ACCIDENT CONSIDEBATIONS

fu dilcr.ssed carbcr, ?|ch prsscngcr crt fatality ir I dittinct tnd

"-ti"r.ltt., of evrntt' For initrnce' in rny gi"Gn rccidcnt'

#?:;;";;;;"i. would hrvc ditT'rent lilclihoods for survird

ttoit"L'-"l. "f $rcir unique Phyticd chrractcnstrcs' Add

this to dl thc oth?I tan'oles In 2 Pr$rns?r crr fetrlit)'rnd it



::rly iho*: yhy '' nrny frctorr rr posiblc Perc includcd in
.,r tcsrrrid system cf(cctivcnr:s study. Thc following iJ ,
dng of romc of thr :ccidcnt conridcrttions tlul wcrc
'plicd:

l. InlE ior conprrhcnt intrusion - was thcre sufficicnl
turvryrJ tp:cr rt cJch ca3c occuprnl'r J.ltjng posi(ion?

2. Crrsh rcvcnty - wry 3?vcrr rccidcnts (bcyond 60 mph
frontrl barricr cquirrJcnt) wcrc ntcd.es haying lirtlc
chr ncc Jor survira.l.

3. Atc of occuprrt - for oldcr occup:nts (65 ycars rnd
oldcr) dr iurv,lrrl potcntid wrs iowcred,

{. Hcrlth of occuprst - including thc cffcas of rncdic:,
tion, alcohol, or drugi.

5. Occupanr hcigh! :nd wcight, ud hj: Iikclihood of stril.
in8 objrct5 in thc inrcrior.

5. Effccts of othcr occupants in vch,iclc on thc occuDlnt
bcirg rraluatcd.

7. Intcrior loosc objlcts which !truck thc occupant.

5, Aftcr-mrrkct lddons - Thcse wcrc alsumcd not to
intclfcrc wi(h rcltri.ifit systrm hrrdwarc or bag deploy.
rncnt- lf thcl' c.nrributcd to thr !njuD', tlrcir cffccr was
conrjdcrcd in cydlutlnt rcstr!int syttcm pcrformancc.

l. Non<oilision rclercd causcs of faratiry - haarl atr:cks,
drownings,lu!, ctc.

iTING METHOD

:!' lpplyi' l!, thc rcshint sysrem assumptions and eccjdcnt
nfutarrtion!, thc cvalurtion tlam arrjved at a frta!ty.
uclion cffcctivcne:s llting for €oci rrstrain! tystcm whcn
dicd ro corlr fatrlity, regrrdless of tc €d position, Bccrusr
&c mrny frctors yhjch inJlucncc occup.nt injury, sirnply
t! thc occuprnt rs surviving or not rurvivirg wrs not ruf-
cnl. R thcr, c:ch fruliry wrr givcn r probability of rurvjral
: hc bcell using crch rcrtre,int syrtcm in turn. Thc rengc of
brbilil.ics vas defined *:

)l - Escntidly oo chencc for :uryital:

l0*, 201,30% - Swvivzl posibh, bur unlikrly;
l0!5, 5O%, 60.', - Snrviral dcnnitrly posiblc;

76.80tn,90', - Surviul vcry likcly;

:(I!f - Surviyd escnti:lly ccr0in.
rtrell proccas ir rhown rchemrticdly in Figurc g. Casc
cr I rar rn:lyzld rnd Lhc cffcctivcncs c5tiJn cs wcrc

tabuhted for rrch rcttr.int syttcrn in turn. For cxernple. bo
bclt qar rrt.d 07o, hp tnd shoujdcr bclt, ?0%: r.ir cus.\ron.
90%: end eir cushion with hp bclt, gO%.

, BATIIVG TIETHOD
LAP LAP/SH. NN NR/LA?

90% 90%

o %  2 0 %

POITNI,AI EFFTCI,VENESS =,sUhI %
706

l. r;r,. a

This ii about ths runc rs rayjng &et if thf idcntica] ac.jdent
s,jth rn idrntical occupanl wcre to h.:ppcn l0 timcs, therc
would rtLl have brrn no rlrvji".ls with a bp belt only, rnaybc
7 surr.iYrls with : lap and rhouldcr bclt,9 rurvivals wjth an air
culhjon, lnd 9 survjvals with rJ| eir cu$jon plus lap bclt. This
proccss was !?pErtrd for Cesc Numbcr l, rnd ro on, until thc
enalysir wls complett on all ?05 occupurrs, Thc porcntirl
cffcctjvencas of crch rcsrraint ryitcn eas thcn crlculared by
surnmjng thr rffrctivrncsi pcrccnugcs for all occuprn$ rnd
dividing by ti? rold.numb!r of occuprnu.

EXAMPLE CASES

A lirt of rll 706 farrJ crscr includcd in thir rtudy is providcd in
thc appcndx. lncludcd ia thb,l$t u. r fcw of thc meny
p.nmrtc$ which werc recordcd lor cech cz:e. What this list.
ing docr nol :how is the intcr.rction of licte prr:mcrcrr urd
horr rhcy jointly effcacd the tn:Jyris of crch czsc. A bric.f
dircussion of romc examplc uscr on givc r bctrr ider of how
lhe prnmctcrs wcle considcred, urd how the urlyrit !a3
nrdc.

Thc futt c c is . fronul collision inrolving | 1972 Chcwotct
lrnpeJ: (Figurc 9), The rchiclc w:r driwn otr thc dfht iidc of
lht rord rnd collided with thc lefr rcrr of r cu prrkcd on thc
rhodder.

The catinutcd rFcd rt imp.ct wer ?0 rnph, or cguj\alcnt to r
35 rnph brnier jrnpect. The drivcr czt tbc only occupent, r
49-ycrrold, 5 fi. l l. inch dl, f 65 lb. raalc, He rar in good
hcdti rnd hed no unusrd phyried or rD.ntd ch:rectBrirtict
lhet should h.rvc rdrcruily effcacd his chrnces for survjyd.

cAsr No.
I
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FRSrt g

I& frtd injury wrs r rupturcd aorg re:ulting from z chest
irnp.cr with th! rttcrin! sysrem, showa rn Figure 10, Ihc E/A
colurna cornprersion rar 3 J inchcs,

FiFr|t | 0

Thc drivtr hrd dsfcrtcd thr bcli buzzcr tt,'rcrn tnd rar not
Jchcd rt thc timc of thc collision. lf hc hrd becn lrp bclted,
h pould bva Jordcd the column morc exid)y. T}is probably
rould h:r incrcr:cd colunn colLapc end reducrd hiJ chcjl.
lootling. lt *es cstinDtcd th:t hir chencc for sunrirrl wit} thc
hp bclt rrr brncr thrn 5G50, :o r 6O% ch:ncc for rur.i.'al
r:r fivGr- With both fhe tep and r shouldcr bclt, thc !'rvolvc.
aent vith thc colunn *ould h:vc bccn gcatly rcduccd. A
90* ch:rcc for surriral u.r! $signcd. A 90% surviral *,as rlso
rttiFcd to t}t. dr cushion only and to the eir cushion witi hp

{r for thc t nr rqrson * thc hp rnd shoulder belf, Thi
lighe! 3cnriry of thir carc did nor :uppon r lO0% chencr of
urvinl for tlc len tfuce conditionr.

Thc rccond..cremplc is r l9?2 Oldsrnobfl;Dcltr 88 shonr in
Figurc lt which uar nruck ir th? ridc by r pickup rruck
uavcling rt 35 mph,lmprcr q|.s ccntctcd on thc rerr p$lcngct
@mPartncnt,

. , '

-,. . . r i ai. l jr-r : i:;-:1- .,

Fbur I I

Thci. wcr: four occuprntt h thir cu, Thc light rlrr pcscnger,
r 53'ycaoid Icm:le djcd from chEst injuries. Hcr falil irjury
rcsulted frorn chrsl inpect with th. srub B.pillar a.rd/or sidc
intcnor shown rn Figure I ?.

' Fitu.r't:

It is d3nificent to notc ibrt I rnrll child wtr ritting on Lhe hp
of thc fatelly injurcd women. Fufiicrmore, the child rcccivcd
no rcrioul injuricr, cvcn though thc c}rild probrbly nruck t}|c
trme rrn of the cer rt car contrcr?d by thc frtdity. Thir
inpli$ thrt tht fzulity rer prrticulrrly slaccptiblc to chcrr
iniuty. f hp bclt would not hry! ptcvEnrcd oucducld thr

,1

;'*#
l :



.ornrn'r itrpcct rith thc aidc intcriot 30 it n'r3 ntcd lt bcinB

f cflcctiE. Th! bp and shouldcr bcll wit !rtcd rt 2074 sincc

rould or{y dilhrty rcducc ths 3evcrity of imprcl with thc

dc inrcrim, :nd surviul would nil bc ur ikcly. Thc rit

||tluon rrtitr$ wcrc 0% sincc thc scnso$ lrc not dciilncd to

!l ir thiJ lyF of inP.ct, d thc rddition of a bclt would

or hr vc hdPcd.

'hr 
thi.rd ast ir oht.t 2 t9?2 Chevrolct sution wlgon thown

r Frgurc 13, which x,cnt olT thc road in : curvc, rnd rollcd

*r n : f idd. Thc 5l.ycrrold rnelc driwr rnd only occupant

I thi vchick w2! pltt i y crcctcd through thc lcfl ftont

mdow opcrung rnd w's crushcd b)' tht vchiclc.

Fitur. l3

L indlntrion h tl* door rrr nudc by thc occuprnt. lfhc
d bccn crirg, a bp bclt, tlir driwr'r ch:nccs of rurviral
ouid hrw bcrn improvrd. A 40* cfiecljvenct3 ntint wtr
-Tqcd fq thc lep bcli beousc tcst uPericnc! h:r grown

:ril Pl rirl sjcgtioD rrith r bp brlt 3till can occur in rolloven.
lc bp bc[ md fiouldcr bclt rat uEiSncd r 606 ntinS
rQtuJc it rrs fclt thrt thc rdded to$o t?3tdnt would hrva
:rluccd cjcabn potcntid, bu tot ncclsrrily h:ve Prcwntrd
: Thc a.ir cnrhion donc uat ttlcd ls 0i cfTcctivc bcczu:c
ar3nt scnFr do not filc on thh typc of rollovcr. Thc rir
chion with bp bclt czr ntcd thc rernc rs thc lap belt only.'
ic ratings rtn alfcctcd by thc f:ct thrt tvcn if .jcction wcrr

ly prcveorcd, thsr is ront chrnec th:t hc could hlvc
. fruly injured insidc tia cer.

'.tr 706 c*tr unddrsnt thir ron of rnd!,ri!, but in much
nre dcrr0.lhc wholc rptclrutn of prsscnScr ca! frtelitica wlr
rricpcd and rtudicd. Thi: study conlinrd romcthing thrt crc
Erl bccn s||3piciour of for rolrr tim!. Foriy.3i:. pcrccnt of
\ .  tnz  r . r - l : . i - .  L -J  - -  - r - - - -  t ^ -  . . . - i .  - t

'rirdnt rystrnE conridcrcd. Thc$ rccidcntt uc cithcr vtry
rsv.rc, or involw unu:uJ citcumJttncca ruch a3 h?!n attrckt,
drowning, lucr, ctc. Thcy look likc Orc oncl thown i.tt thr
ncxt two figurcs,

Eumplc Cuc No. {, r 1972 Chcwolct, shown in Figure 14,
t:n undcr thc rerr of a rlow-moving truck rt I closing vclocily
of 65+ mph.

Fifu?a 14

Thc fatalJy injurcd drivcr suffercd rnassive herd and chcst
injurics drcctly from thc lruck bcd, rnd was givcn Oto chince
for:urvival.wilh eny of thc rcstnint systcmr considctcd.

Figurr I 5 slrows r 1968 Omato trrvcling at 60 mPh, which
rkiddcd sidcwayr into : ttce. The right prsscngcr ruffcred r
c'ushcd chclt duc to inirution of thc trcc. Hc wrt wc|rin!, r
hp rnd :houldcr bclt.

Fiutr 15

Hg rt:o rras ntcd 0S etuncc of surYinl fot thc tcinint ryt'
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RESULTS AND CONCLUSIONS

* *""tir| frulity tcduction fof slch rc$rdnt syitem' r/ "

rat r rdcd. sat $ louo\*: 
pot"nti Fnr.Ity
Rcduction

Rcstrdnt Svicm

L:P Bclt
Lap:nd Shouldcr Bclt

Air Custlon OnlY

Ar Curhjon Piu3 l.3P Bclt

(% of l',rvcs Saved'

Roundcd off

to Ncatcst Pctccnt

3 r%
I d-ft
'raoL

Potcntid Frul]tY Protcction bY

ColIiJion ConfiBurltion'

' tJP LrP and Air

;it Shouldcr Cusruon

OJv Bclt- .�O'iY.--:

Fronul: t:f t',2 
i:[

Sidcs*rPer .1: i.r; 3%
sidcs !:: 

',;:_ 
e%

RoDovcts 15.? 1Y- V,
Rcu to.:: *^T. 

87"
olhcr 4% oro

Ai!
Custuon

4QVo
t 8 %
l 4 %
4010
) 4 %

t7c

If r pcnon *'::' h' rll*b,."l I ̂ T: fJ'"1i,1,H'l:li'J" :::i;
ton b l?% tln:.I'i:: Tii-'o'iil';' is cquippcd with rn 3ir

:rl'"*",'i J# I -j:' :ii{ljl*ln ; ; l";i ll ;:"" I
couiPPcd with riJ culhioos:n^o nl '

riat for buliry rcductron E 'IYZ'

As thc 3c rcsul t s **' : :-1:: :. ::nL',t lL;,::: *:'i J;:' ;:
lhc tcsrrernt rystcrrs consloctlq!

reparrrcd utto tlucc ca:cgon?5:

e Eiection Control - kctping thc occuPlnt insidr thc

vthiclc '

. Constrlint - rctlucing thc occuPlnt's excursion within

' lhs vGhiclc's ittcrio!'

e Frsotrl lmpra hotcc$on - rcducilB ths lccelerrtion

thc occuProt rrPcriencet during irnprcl but not n4el.

lov ttllattg ";t"Ptnt cacu.ion'

ThG bP bdt bcncfiu Firnarily from iIc cfTcst of cjcc0on

-'.,J -o co*t'dnt' "*-*;-J;IT"TH:: ;:::
prirnerily fron ihc cff.ct 

:l:1':t 
-fJ;p'bcltr 

o, rir curh.
cffccu produce tbout cqurr::il'; 

il; cuslrion plrs bp
iors. Ttrc hp lnd rho-uldtr. -uc-rodu.. n..rly doublc urc ucnc'
bclrs combitc thcsc tlf*1:: *";"; 'iirr,loi- 

.ton.. Tt.t.
iu o[ cithcr st bl,T]:#.fictivur*rbrcrkdo"m'
concluioru arc n:PPonco DY u

'Roundcd off to nc:!e!t Pctccnt'

rhc rap bcrt aronc docs l:Il:'[tT"nl:::,iil;,:l;
lccclctlt ions lhc occuPrnt exPcn('^i 'o 

lr'u" tt"i "rf u cffectivc as t'h' othcr sysrcmr'

Ai.r Cushion with r leP bclt 40%

A,jr Cushron only 
38an

ilplil si,o"loer sat 1'rn
I:P Bclt onty

I n si d cswr pc s, cj.: t' o n c11tj.or,. : fr l'ilI ;.11i |i!lJ*'lt"':;
Dtotection atc dl itnPonrnt' to

Lffcrcd a! tlucc did bcst'

l:Pend:houldcrbclt -,. 1:F,
Ait Cushjon r,iti hP bclr 

l O%
At Cu$ion only g%
bP bclt only

ln sid a impecu, c'nstrrint.w:t tno:: 
il:iltiliffi fl ,t:*:

ion offcred littlc constnint' wnc' "a*"'' 
rar'"t,.O in thc bcrt

ridcrrbly mort' Combining t

combitlatron'

Air Cushion with r leP belt 14*

ilp-.ii'i""ro*u'ri \12
bP bclt ot Y 3 T6
Air Crshion only

nre bp rnd'n:"ld' 11,.L1J:'#l"Si"t'.1ff:li:i1
bclt only in 3id! itnPrcts btcr

in thc wry ofhtcrd conntrt!'

tn roltowr:, cicction Plcvention wrr ttc most rigdlicrntl
"*.r.*, 

-"'otttt utin3' r hp bclt Pcrformcd b'lrct t'rrlt

0rc rir curtrion done'

bP rnrl shoulda bclt ,. 
onl&

A! cuhion gith hP bclt 
167c

bP belt only . 9%
Ait Cushion onry

?
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I

h r3:r iarprns, constnint r8|in proved lo bc the most im.
Frunr frnor. By kccprng ih. i".up.nr tn his dcsipnatcdt.rtrnE po6iLion, hc.rd rcatninls cDuc io' rhc .o,pr"', r y 

- 
olli;,#''#'j:T":',i.j':lt

51rDptc siuc, rh. hp end shouldcr bclt wer irred U"", ,f"" ii.lep bclt rlonc.

G-arrdi::tiom rbout thc ,ctronj for rcstnrnt pcrfornuncc inr rcth.r" carcgory would not bc propcr ;"".u;;;;
rEny uDrchtcd ryprs of f!rrL(ie, in tlui otcgory. lt wil lrulfic]r to rry lhil rir cuslrjon rcslratnrr wcrc d.iFhtly morccllcct,vc in rcducing fitalitic: in thi: crrcgory.

R?rtraint Syrtcm Combinrtionr

I - ta? rnt
A -.t l Ctrtxtota

13. rrr r t,|outDtt at 
A[ - att cutxtor,i | lAf ttrt

Air Cushion wirh bp bclt
Air Cusfuon only
I:p :nd $ouldcr bcl t
Irp bcl( only

,',/o

9Vo
5V.
47o

ffi,r.0,
ffiza.a, 30.52y'

FiEurG. 
.l6 

rh!wr th. pcrcentrgc of dr cushjon drployrncnts rt: tulstion of collsron confi!uratjon.

pcrc!nt of Air Curhion Dcploymentt
bY Fatal Colti i ion Configur.rion

tlY! brbr-i, a t ,..nr.9. ot Col;r;o^ (r.r;gs.li!i

G'tfir;h C't$,,.rio.

al-A ., ,r.l

Firun 16

.,,yTn 
? - efTcaivcncs numbcn rssumed thrt cach

.It 
rjTd occup.n,. in : designrrcd *rtinS posirionLJt 

TI]1,-T::rn rni,rrbtt. Fisuri rz,i,o*r,i,. n.ilri.-..! tot a lztiety of trrulint syStcm mjxca.

,/Fl-i-fl i3ii,
ffi'zBr "/ F+mlTIl- zs.1 z y'

ffitrr,

. f i9ur. It

The diffcrcncas in Lhc savc rrt4 rcllcct both the jud8cd effrc.
ly 

*r..",f *1, psitjon occup:ncy_ n,. f.. rfu _iq;ia;,U;j:3!{. A chcck ir placcd nrxt ro r-t,. numU.r]-G;r *1,.roundcd. off rnd shown abovc. T}csc .lr.i io ;;;.;.:;curcnt belr or bag usagc.

SUMMARY

Frulily rcductron it impoflrnt. hojccting thir lrudy ro th!
:1- :"l,O,howcyer. i: : cornplcx proccss inllucnccd by f:c.
::lt-rr.f 

.r currenr bclt usage, thc cffccr of bclr ;;;.;;.t,r€s, air cushion introduct ionr?d ucti on, rh. pos5 jbiliry,n;i -;,,:lt 
::.:f . jftill:#H

causc injurjcs, cost of thc rorjous ,yrr!m5, rnd dolhr bcnefitsof. injury end frtalty rcductjon. A subscqucnt p.pr t., r.frithis fatrl cere srudy 13 r rt:lting poinr ro frcro, ftcsc rni
:l:i :r":t 

inro rn ovcnl, nario;widc b.".fii ;;;;;;;;;;r.artous rcstraint tytlarn conccpts.
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Rciraint St !tem Acruall)' Uscd

Non. - Xo t?strriti urld
lrp - !:P bclt only

US - LP and shouldcr bclt

Air Cushion DePloymcnt

tli - High Lcvel DcPloYmcnt
l5 - Low Level DcPloyment
Nonc - No Deploymcnt

Frtrt OccuDtnt Ssr n! Po3lrion

DR - Drircr
CF - Ccnt* Ftont
RF - &ight Ftont
LR - Irfl Rerr
CR - C?ntcr Rarr
RX - Right Reu

Fhhrt BodY
.DiYision

Fidrcr BodY
Dvision

Safcty Rc:carch
rnd DcvcloPmcnt
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lmn Euc};acll UninnttY.

fa !955. |lr. Witntt t..Pcn'itd in'trum'nration' datu aulysit'-

."i'tiiii, aiiii. r.vrk. Hc oE umcd thc Ntition ol Stoll

Euinca lorinna Tetting in j,968 when th' dcFnn.cnt vlat

Ziisiiia i lrc solav Resarch ond Dacbpmcnt
Lzbratory.

Nr. Witson it s ,renrbc" ol lhc Soci'ly ol-Automotivc Eni'

wt rlltd tzs nnd os Clsinsn of th' Pastcnt'r compan-'
mcnt EnlIet Abro.ption Subcommit'ce' fr"cntty' nc tt' ; i i ' i r i i i -o i  

sAE's sa letv  Tca!  ln tnumcnlat ion
iiiiiiitii oirn-i i ^ri"ai' of ttu Auromotiv' scfclv

C.ommiuce ard thc Hwnon Facrcn Enineenng ContntJt2z',

ML lltilsn !lE.t aulhord numerout popcd about gJery ano

im'tr,cl tattin8"

: ,1:



(16) Roof Sidc ReXr
(10) Sunvirorr & Fitting: rnd/or, Top Moldlng (Hcadcr)
(25) Roof or Convcrriblc Top
(24) Co:t Hooks

Svstcm Contid*cd

LB - bp Bclt
IJS - bp:nd Shouldcr Bclr
ACIL - Lu Ctshion :.nd [.ep Bcll
AIC - Nt Cushion OnJy

AREAS OF CONTACT INVOLVING FATAL
I N J U R I E S  T O  H E A D  A N D  T O R S O

CODES FOR AREAS OF
OCCUPANT CONTACT

Front of Prscngcr Computrncnt

(05) Irutrurncn( PrDcl
(O9J Stclrrng A:,scmbly
( I 2) Windrll cl d
(02) Glovc Cornparrncnt fuc:
(03) lbrdvrarc I re'IE (Ashrrry, Instrr.nnents, Krobs. Etc,)
(01) Air Condirio rg or Vcnr.rLLion Ou0crs
(06) Mi.nors
(07) P:rking Erakc
i08) tudio
(10) Sunvison &. Fjnirgs,.nd/or Top Mold.ing (Headcd
(ll) Tlursnussion &lcaor Lever

Roof

Floor

( l l )
(40)
(28)
\ z t )

Tna:rnision Sclcaor Lcvcr
Floor
Foot Conl!ols
Con:ole

Rcar

5idcs

(33) Backiighr (Rcar Window)
(39) Brcklight Hcadcr

Extcrior to Pa!!cntcr Companmcnt

(35) Hood
(36) Object: Exrcrio! 10 Cr.r
(37) Outridc Surfrcc of thc Car

(38) Othcr:
(Mry indicate more th:n onc itcm)

(00) Unlnown.

@0) Surfrcc ofSidc Inrcrjorr
(19) Hrrdrarc
(13) A:rnrcsu
(22) Window Glrsr
Ol). Window Frun*
(r4) A-P[h
(t 5) B+ilbt
(16) e*i[rr
(t7) D-Pillu

.(J8) Coun6y LjShrr .;

lntcrior

(29) Brck of Seeu '. +:'.-
€3) Rrttnint S!'rtc6 Hud*zlr
(34) R6rninr Synalrl Wcbbir8
CJO) Hc:O Rlsrrz,inB ....'
12) Othcr Occlpurts ,

131) lnterior laosa Obiccl

a

I

t .  , - , ,
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' - ' : i
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