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I .  0 INTRODUCTION 

T h i s  report cieclls w i t t i  the r!cvi?iopnftnt o f  a n  i:t?j~~ry cr..ituriii 1nocic-11, form-* 

liltt.!ci il; cczptatcr 1 at;gvagc, a n d  a t3t?s";t-(?inC systci,~ effectivcilcss i n d c ~ x  far  eva1.- 

i ln"cng tire ciei-;~-cte t o  t ih ich  ,the vehic'ltl e n v i r o r i ~ e n t  cc?n p v c v e n t  scrious occupant 

ir l j~rries.  'fhc n w d  fc.r crl'teibic; o f  th-is typc i s  b a s t 4  at) tile f a c t  ohat, i f  thl. 

dcgrec o f  p r o t e z l i o i l  o f f e r ed  t o  a vehicle occupnnt by a rcstr.'aii?t system or a 

veirici e i:~lcr.:lor ( a  f t lnci : . j~t~ 0.F the d i  sti ' ib~jt;  i o ! ~  aild n1agii-i tude of t he  forces 

i;t-aii;rn"iti:cci l o  the occupzri .~) c:o:.rld be cxprcssed - i n  y u a n t i . t a t i v e  ternis, t t rcn:  

(1 )  rn;,?-e n:cc?nii;c;F~rl coniiur-isons co:rld DE: inad3 Lei:!::!cn variolls rcstra-it1.t config - 

vrat . iuns;  an;!, (I?) dreas  o f  riiiieded bioi,iechan!cal rcscarch and s t a  t i s t i  cinl acci -. 

dent ii;i1est4pjai,icr;s cs;u'ld be more ,.c.cidi'iy .idi. . i i t ified on the  basis. 05: t h e  sel-isi.,. 

t i u i t y  o f  t h e  r~s i r ?  .ts i.!fx?n app1y. i  ric i.1.i. i n j ~ i l ~ , ~  C Y  eY.Fe~t . ivi l l rc~~~ c r i  t e k ' i ~ .  
"-, , -? 1 lte n;i I J ! ~  ( ; r s ' i  t c r  tn9it.i 11s 2 btif?rl p;-ogr;hl;ii;\(i ' for' L I S ~  w i t h  the ~ ~ S R I  IWO-- 

a f l ~ i  ] h ~ ? ~ ~ - E j i ~ ~ ~ ~ i ~ ~ ? ~ ~  / ( ~ j ~ ~ > ~ : ~ ~ i ? ~ t j ~ ~ ! . l  Cr:\s}l i l j ( : (  j l ~  S j ~ ~ ~ \ , ~ l ~ ~ t , ~ ~ ~ ~  l )~ l , t  ~ I I S O  ~ 6 . 1 2  1 ) ~  



. 
reasons - I j~ i~ ia i i  c l  i t i i c a l  st:~ilic:ls lack p r e c i s e  infor ' i i lc i t ion dcscri b i n g  ' t h o  a c c i  t fcnt  

such as v e l o c i t y  of tile iii~ptietirig vettl'cie; human volurrtecr t e s t s  have  neccssar;/ 

1 iri1.i tcl tions or\ i.tw 1 eve1 of iii;par:t; arid 'f aborat-ory a l~ i i r i a l  t e s t s  1 auk techniques 

f o r  zeal i rig ofjseiqvcd injuries "ia inan. 

I n  order t a   ate the overall protect ive capac i t y  o f  a restraint systc~i!, ail  

a r r n l y t i c a l  ~.f.ffeci;iveilc.-ss i ndcx ($1)  has bc?cn dcvelopcci, Use 'of ti.11:~ i ndcx i nvol l i es  

app7 i c a t i o n  of tI12 {r~ja!'y criter-ia tiioclill t o  variocs occ~! ; )a r~ t  s i z e s ,  iinpact vela- 

c.i t i c s ,  impact d.ir+ilct.io:ls, e tc .  'i'l~us, tl:e c f fec t iv t .ncss i n d e x  (M)  of a  p a r t i c u l a r  

I-es.trajn"isyster~! 'is bcisec! on miil t i p ' i e  ajlp'i ,ic,at!o;~s of the in jury  cri tei*.ia model, 

7 Rp?! i c a l i n i ~ e  o f  t h i s  S' YILIC?X are  rccde t o  gi:nc:\;!l ~estr~i i i i - i :  system p c ~ f o r m ~ i n c e  eva r - 
... 2 '  

.I 

u a t i o n ,  t o  use i n  coi~n~::c-l;ian w i  t!i e s t i m n t i  rig cconipl i ance t o  ~ n ~ t o r  veh'icl e safe";! 

standards, t o  esthmation of thc pro-tcci-ive payof-i-' offered by ,i; he ' i r r t r ' o d u c ' t i o ~ ~  o f  



2.0 TtiE II\IJIJRY CRJTEI- { IA MODEL 

'i'bic injt.!t*y cr.j terjr3, n~ocicl pi.esc;nteci i n  t h i s  part of the rc;~orI: 'includes a 

s e v c r i  t y  rslir-tg for v i l r i ous  .i:y;~cs o f  i njvr-ies !)xed o n  a v a i l a b l e  t~iiinan impact  

,i;olo:.at~co clata iincl a probal)i l  l'ty ir;:iex re f ' i ec t ing  the l'i 1x1 ihood o f  a particii'lar 

T type of' col ' l  :i.c,ior, si"i!ic:t:,'ion. I he \:asis for a]::" USE] Q? t h ~  c r i t e r i a  are explain2d. 

2 , I  BPtS%S I O R  ?'HE II'IJ\IRY C R X r E R l A  1.1013E1. 

A ~;?jOr pu'ob? pi;? i n  devc.7 8i1.ing ii:;?r~vC!c! o c c u p a r l t - - p r o k c t i  ng restraint systc:i is. 

has hecn tlic 1 a c k  of a r;!c?"iiil:tl Tor r a t ' i n g  ii~ any coi~sis tent  a n d  q u a n t i t a t i v e  niariiler 

tes"L:.csul.ts 9zncrai .ed !r! t l ~ c  inilriy ~ir,p~r.iinen?al research s tudies  which have been 

L ~ l  r I p 1 s T h o ~ i ~ ~ i : c i s  of ir1:pac-t s led t e s t s ,  fu l l - . sca le  

\ t c i ~ * i  c l  r: bi;,ri-ier' col  l i $,ions , ai;d irnpaci; c " i . ~ ~ d , i  0s  u s i n g  1 at.~?-i:Jiory ~ i r l  itiliii s have  pro- 

ducecl" b ~ d y  a c c , ; ? l c ~ ~ z t i r ! ~ s  $ :;cat be1 t fo;ces, ;i,c!t-ioi.~ p y o f i l  p s ,  p h y s j o l a y ~ i c a l  d a t a  ,, 

c t c .  b;uci; 0.; t i 1 . j ~  (l;t:i - i t ;  !!:jr\jcd <!! 'ippsC?;,,t rcij3j-ts ai1.j f j l i i ~  l'ikhya1-<es. I t  i s  " ,? 

riirc B ~ I U ~ I  crl!?:pzt"a!,l 61 dii, t~ ~ Y ' C  glt.i,i;fi'ed i n  g1::ciyra ji!~.lc;~l l y  sej-~ar;atcd l a t ~ o r a " i . o r i c  

S~:~-l!u.i s i i i y l y ,  ;ii S Q  rsre k:iit.;i i : i : . n ; ) ; , .  di'l.ia are gat.hered i 0 tvro d i f f e~e i lE ;  

rcscz ~ ? ~ - ~ ~ ; j ~ ~ c t ~  p,;< ti:: ;; t!ii~ s-:iij~ Iab:1;*2";!.y cven l i ~ o u y i l  t h e  eilct ol~j:.cl.ives W,GJI 

1:) ("; ;c 2 ;> :; ! c; -. , I ~  f ; , j :I s ( i r r i i t  ..v.: 1 ; ~ i - F  I G \*.. I I!IGI~. - r  ,*.- L: 

.fi:il i!;.pl.!'i c?:~! i s  h, f j  ;;c 3 i i / 2 + 5 ~ \ * i i  07 ~>.-;\. .f~j-r~l<nce r p s t r a  j , le systellis p;~lic}l 

p . . l i  ,,,u b. ,  ,,: ~ j j i j ; t ~ , ; ~ , y , ; ; , ' ~ ' j j ~  ti;;;!: :-,! . ].Ii:? [i-: i;j;,; ;:Lp ; : ;~ , , , ;~ :~ -~~ ~f p?)*-roi%;;!;:fi~p for a rcsi;r.,-jjnt 

5; k.:by:;ic i.s,x( <..,; t..?,i, ~ 1 4 %  j ; . ~ ;  i .v! , . ; y , . j : - v /  c1i. ; * . J . < i \ ,  
(_ I I( . , ,, .L.L c,;~L)''P<~ t,i] ~ I I C ;  C ~ C C ~ , I ] ~ ? I I ~ .  V / ; I C I ~  

4. L,;,?, I > ,  J ~,!,~:;,p;;! , i : :  c;:? lYcj ; ; ; - j c , ! ; l  10 ;;ccc,;;;*,;.; I;,) 1. \,,;!c -, I;,-!.?; ' 1  f"(:r \ ~ / ~ l f ~ l ~  'li:. ~/2!i c i e ~ j 2 r 1 ~ d ,  ' ~ ! ] ( J s ~  ' , 



a c o l l  ' isior~ ct.~v.irnnii:ilnt. T h i s  i:lodel , \.;lien cctilpl e t e l y  refined,  w i l l  be a p p l  i c a b l e  

t o  any type of crasl-i, s ca t ,  restraint systcin, o~ vchic le .  Uecdlisc -it i s  indci-~:!n- 

de~!t  of t!:?se exl-cru.iai c?znicn"i tiarid dcpefident. on ly  upon  the hiiman s u b j e c t ,  i t  .is 

a?  so c~~i;:fjlc. o f  b e i  r]!:; vsed -in such d iverse  s tud ies  as pedestrian i ~ n p a c t ,  aircr-;ift 
. . .. ,,7 -, 7 ,. 4. ' *  
t , t , l ~ c , ~  L,$ 1 2 1  1 t ~ t  3 ~ i . j  ~~~~;~~~~ 

The -i iljur'i ~s bih-it;i-~ arc col-is idl!tt2d a re  u7cl a tcd  t o  nic!asilrab? c physical qirani;.i- 

1. ' -.. 
1. 'i 25 , 1 h?ri:-\-foyc, t [ ~ e  r:lod:;l cdi-1 serve as i; gu i :it: t,be ?;;~YJ. acq~isftjon rcqul:yc.-- 

iilznts f o r  2i.i ;!~;.?~-~ri!en.;,~~ -ii;~p?c.t ,et;.search pyogrant. jifipl.ies thc;sc q ~ a ~ ~ f -  

.k -i .. $-.. c salcI~ a s  Ijody acccl c ^ ~ a i i o n s  \ , : t i i c . !~  arc  rc:l at;:hl e t o  -ilijury si.~c;uI d receive ti.~ts 

1 r i ~ ~ l i e i ; L  pu~hori t y  i n  p ~ , c p ; i r ~ . t j o r  of a d a b  n,cqu is.i.i;{on systrim for  any detcu'rnina.- 

t"ias~ 0.i' res t ra4nt  cfFe~:t i  vuncc;s, Other p l y ;  i ca l  qu;;tit.il-ies re1 a ta i l1  [ a  t o  the s.t.ruc- 

i,~ ii%.> ti] i ~ ; 3 r i . ' ~ i l " ~ l i l l ~ ' e  o f  i: s~?lt i ;  or V C ! I ; C ~ C  ~ ~ i y i i - o n i n c u t  shou ld  be c o n s i d ~ r ~ d  s c p a r a l e l f  

iln'i t\,ey YC'! LZ.c! ~ ~ i i ' i ~ r ~ t , i ! !  i,o ocr  1lp2nl  i irji~v~i prn<ii;r:-i;S r i r r .  

f i s  2 S L J P ~ ' ~  i.ii\?:\t t o  Li;e t)'\~il ui: iiir;iiir~ CT. ;.:.el. i I~ . : I [ !P~ \hi ch i s  I:?: rig j l r o p ~ s ~ < l ,  

. t i l e  p i ~ o l ~ i i l ~ i  1 i t.,! c.; O C . ( ~ \ . ! ~ * \ ~ C i ~ : C ~  f01" U ~ F  C V C ~ ! :  f i; c2115-i deu.e:li. &n;ci?g t \ i ~  \!ai>i 2b.l cs 

\h;hici.: tiiid>,.i; bc! -inc'lindcd a r p  tiic! Yji,:) o f  ~,i;~..i(;lc;r!.i,, sca.i-..-ing, loc,r:tion af {:tic occ.\i-.. 
" - 1  I 

I i i  ? I  I 0.f ' r ( 1 ~  Lrt ; . i r i ' t  iiyl:! C:.?S. [l??s ??%st v a i q i a h ? c  "is l i C C c S -  

,. j i ,  1 .  - .' a j , k ( ; ( ~  /lsy ::i.ic. fz( : . [ ,  l-,~;,i) ( . ~ L C ! , G ~  i;;a,;y \:~ry vc+, , ,-,r <;'if fcri:.?nt u.csi,r;iirits p:,r...i;i cu 1 sr ly 

p:l![:;) < ~ ~ . ; ~ . \ \ ! i ~ !  :;!.J:;t.c:!:;s :,ijcil ,!:, l ? p  / . L ? ]  ; - . ~ , ~ ~ ~ ) : ; ? ~ j ~ ! ~ ~  / l ~ i . ~ - ~ ~ t  tli-.iS ~ ~ i i i i j i n a t f ~ l i s  hi.? cilni\,ar..ac! 



I t  i s  t h e  o b j c c t f v e  o f  th i s  report t o  combitla cli:ir:cnCs o f  a tiuiilerical injury 

r a y i n g  sca l e  w i t h  ht~:,:a!r fulcrance d a t a  atid t l i ~ i s  t o  propose an injury c r i t e r i a  i i~odel 

r.~h.ich c ~ n  bc tci'iiverssl l y  appl ied -i.o protjl crl~s in irupzlcf; p ro t ec t i on .  This i s  su!:ple- 

m2ntcd ivi t.h dat i i  rat, in:- "the prols;.,bil i t y  t h a t  .the p a r t i c i ~ l  ar impact; s i t u a t i o n  b c i  rlg 

s t~ ld ied  wi'i i OCCUI*. 

2.2 ST-. ,\ 1 tbjEN'T QF T}+E JI!{,jURY CI' \ lTEf;if ,  143CEL 

The tl~rtte parts c f  t h e  i~lji!i-y c r j t e r i a  rrirndel a r e  shokin ii-i Tab1 es 1, 11, and 

IIZK. Tolerai~ce d;it.a used ,En tlic cr~i.Lci+ia a r c  suxniarizeri in  T a b l e  1, Tab le  TI 

1is"is arsyu'isr n~o"l.iori ranges ant1 f1cxibil-ii.y for .the \ ! ~ i ' . i ~ i i ~  boc!y segnicnts bascii 

on rang; of i;lotl'o:.i d;!ta yathcrcd i"liu;il h~lrn2;-1s. Ti le tl~re:! e l  eii ients of evei-it pi.oL)-- 

a b i l l ' t y  a rc  1'is"cci i n  S d b l e  11'1. 

"The to! c r a r ~ c c  h t z ,  s~!i;imarj;::riI i n  I'abl c. I tor!:; j s t s  o f  tline pliys i ca l  cjuant-ilies 

i t  t c  t i o f  I A 1 .ii;i,i.L;ilg i . i l d ~ i ~ i  tilde a n d  1 i i.erstu;*e refr-iTcnce 

, . ,  r f - 4 , -  y \~~:ijerl :l&t,!limc 2.f each .jlljiiry i s  evi!l L J : ~  i ; ~ d  i i 5  

c-"lc.,ikn J.I. .  l,rrcl.i: . ~:.~:i:rl'l;y vai.."ics f'i.'l;i,; n : i ; : ~ i ~  su!!jc;a.;.i: dSscc:iri!fori; t o  criticz,'l l ~ i f ' e - ~ r t i l ~ : i i ~ j ~ ~ ^ i t ~ g ~  

l r ;  et..ilev to !#,.-:!- , l, 1.e ai?r.i c~ti-i',pi:.rc tlie :,ca;cr. l i:y o f  rli:ch ii,iji:i-..y, i;he i il;iiij',t: s c a l e  prop::zcd 

\!&R )<jy-j:S 123s hczfi Gi(j[y)t,pcje ] r \  (4;:<s sc3-J [: 

, s t."iji?cryQ 'ig;;[iy.y .L ' j * " /7 /2G 

/ J ~ ~ < ~ ; ~ ~ ~ ~ ; , ~ J  ~ j ~ - , i ~ ~ ~ n ~ /  :: fj...io/?fi 

;, \ , $, "i !'. ; y 5 f; '; '3 I.'(: . + 

I ri -1 rl = x)- 'i is ,i 2 0 
c ,  S[;I+?~-{! fib] i; ;-.I)/ r. 1 $1,"  ", ! 0; ,7 ) , ' r  L< \,l 

[ ~ ~ * j ~ ~ i ~ , i ~ ~  j j ; <d~ \~ :  - ; , ) { ~ . . 7 ~ / ~ ) ~ ;  
'" , , .' 

. . I,,$ 7 .j : , , j  k;i,,;f ;:: 1 1  ,!.? ~ ;:;,:;$[! . . ,  

. . I- ., .. "[!\i$ '][),J!,j\ ',kf s(;[4?,(,' i s , ' & ! :  <:')'J:>!i,!i 11: i , s ~ ~ l ~ ; ( ~  i ,  }jr :$ ' i i l f ' f  ';(: i(:ij!, [ i (&i , ) ' ;  [,I "i[)\/ ii ];:,3::(!) 

. . ,  . . , c ) j  , ; t t ~ i ] ; I ~ - / , ;  j , L : \ i l \ ' , , , j : ' ; : i  t j , ! i y a  ~ 2 . ; : ; ;  ~ ~ ~ , : ~ - : v -  be s , ,. 1 ) ? J  \ I ) \  1 PC;, L 
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TACL.E X I .  SUE.";4ilitY OF ANGU! AR bIO'TIO!4 LIISITS USED IN XNJII!',Y CRITERIA NODEL 

Jovi IIC 

1, h i p  

2 .  1ol.ier sp ine  

3 ,  Lappar spin? 

4, neck 
5. shoulder 

6 .  F : ~ O \ V  

7, kr.:ce 

Flexion 

120 

20 

2 0 

60 
l8ii 

? 35 

7 35 

.:.., M9TI.: A9 1 q uar-iti t i e s  ~ncasiri~ed .from an c ~ e c t  stand. i i lg  p o s i  t.ii:t~ iv-i t h  ~ ~ I I I S  inr'ti2l l y  
a h t c i e s .  

ro '1 '1 I r? tc ra l  f'ic;.i.ion 4 lr r" 
.!! 

yak; ya'td 2.i orl 10 E l  7 

2 ,  !I-I  12 ~ I ~ c / I  t ~ ~ / 1 ! ~ \ ' ~ ~ i , ~ \ ! s j ~ , i  O 3 0 

p i t c h  .? I l:>,.i on 120 149 
roj 1 1atcra.i f 1  c;:,icn 0 17 
s f ; :  i*; l c ~ ;  b.prenti ,4 2 ;., 4 7 
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The ti,ine tolerance q u a n t i t i e s  which h c l v ~  been c i ~ a s c ~ ?  combit~e available d a t a  

i n t o  a cri t c i 4 i o n  v:hich i s  univt.rsc?lly a p p l  ic?t;l c t o  various types o.f i i i ~ p a c t  s i  tu.-  

a..tions. Thc 1 i s t  shoulci bc u ~ d a t ~ d  and cxp3nii;id a s  IIC:.: t.nfel-ancc values bccornc 

a v a i  1 a b ?  e at;d cjrriirrti t;i es a1 ready on lEtc I i l; t bczomu m o m  c,l car1 y de-f i  ned .  

Mos t  o f  t h q c i a r ~ t i ' t : i  2s iil the 'I i s t  have  r~ ice ived soriii? acccptdncc hy experts 

i n  t h e  f:iclcI a12d iriialividually are t .! id~ly trscd. Suveri t y  i n d e x  i s  ol:e o f  the 

L' 
I orc!tlios t, z1;:3ng these to1 erancc v ~ l  \.ies 21 t h o i i ~ j h  sose quzsS.io:~s have  hcen raised 

ccr;cei*niri:j t i i z  data  Sa;t:.' In  ~rr i r :? t o  reilc:ct t i i e  fact. 't}i?t tc?e!.a!?ce of 

tl.1~3 head t o  i 4 c s i s  t irrq-iact i s  rlif.Fcrsrr"ifoiq v r l ~ i o i l s  types  of l o a d i n g s  a n d  m o t i o n s ,  

val  iles fo r  rotational p j  t ch  accel e ra t ion  a n d  'I a ter(:l g-1 cvc?l have bi.!en chosen. 

-*Dot ,h  o f  these qucin t i  t i  ei; can he rcgnrded as  p k ~ !  ii;:-i I - I ~ P J ~  Oii;niayaV>;s s t a t e d  Li l ; i t  

t h e  va'i uc f o r  h m d  p i tch  accelc!iqa!:io:> c;t:oulct kn "considercr! only as  a usefulg hy- 

l I pot t ies- is  \~:': i ict~ i-eytli rpes further cval irat  . i o i~ .  1.i: kcv:i s e  g-,Sol eiaiiricc t o  a bl  o ~ v  

i,ri *Lli2 s i Jc f , h j ,  du:: tr; t i ; ~  d j  f f j c g ' i  kg jy; ~ b t a j ! l i n o  pcli.h!e J 

:ia.ta .:'r~lfi ~ , ~ : c c ! ' \ ~ ~ ' ( > ! I ~ c ~ , ~ ' E '  ps<;k~ ~JC.~~:,C:I IL.~~ / 3 ~  the  /le;!d o r  s~1bjec.i::. T/jf2 val \~c!  

S ' i j ~ s  tl~c.? l !?ar l  1; j i ) ich can bc supyo~\ tcc!  by tF i i l  (.lii:;i, \:;is oi) l . i i in~ri  .fro~i t e s t s  01') Clu111;ifi 

C < : C ! G V ~ \ ~ S ,  c:rin:]!j~t?d p i  j!':;!ri 1;; t o  s'l.!!;i~~ ;,I;? ~;~-:,dv<:{; ' ig~ (3,; j r i j~ !y ,y  tj;; .i.j>~! ~ t ~ f : l % i \ l g  

- 1  
l J l  ?Jq p;}\c3<+l r'jr; p o s t a  Ptctci?;:st? L ~ ; J  \IS{; r ~ f  c ; ~ f ~ ! , : ! \ ! p y s  [ I ~ J  1, c.1 d t i  o ~ I ~ ~ ~ ~  I?:; [ ~ t ,  i ~ t t ! l  i? 

$'[,,y.(2(! [,"f {*!>j<; ,-'-,,.. 
r . .  . 

, , ; - l ,L,nj  tz:io a::;!! i el l  i:, f i ) ~  r:i?c?:;li, an:: 1 l:,i~;y: (15 i;o the l.hij\'il:lj c C O I I - ~ E I - I ~ S  

car., irp i;i;*<;!p, C;:t./l lhc. i . : p ] \ j i c :  s1;i.f i : ~ ; o ; ~ ' i ~ j ~ y  [ r i , ' ( i  lo,:ds t~;;%~;ii i ,oy;  estjg;2hr:cj c-jn i;tjp 

\ler,i 5 [ irL:,! ;:!: tv;gl iini.yz.i% r.iii+,,2 y : ! ; ( j  \*r;-~i-pspr:.i-- . ; i  . T f i c s  kr~;;~: ' load 

. 4 t,c,'jc).&:,,c<: (3; Is;,;) 1;) I.:,;:, i,:?p\) 25; !,,;z:,f::i Ll!] t ; ; :  (>;!;,-,!; (Jr ( ;y i? ! \ , c ) ,  sr7P(:[!::p!):., ;,11,+1 
. . 1 '  

. ' P a  

; ; ,  , 1 ' (?t.! ' ~ , ! ~ ~ ~ ~ ; ; " l  .;,; 1 -: j r: ;;?;!;\-.I c::, .;> !;*-; f ~ ~ , ~ ~ ~ ~  dcj<i t ! ;~ ;  PC!; t{.i !, ! j i i ~ ;  ~ ~ j ~ ~ p ; ~  f' 

I;;.<!;,,;,:,<,: ! .,) ;,,t2p ? < * ] ? - > { ~  ,.,. , , , : i ~ ~ ~ ~ ~ l ( j  i a * !,.,;p 1.1;: ~ 8 ,"!-,jd(>?t:}.*;i;:;.:1 ?c+, /p ls  j ' ~ - ! \ ~  c/.lt.,>t; f\!l/,::,!:i, 
ii , 

' .  . ,- , , . 'is I , ! [ , ;  ; ~ ~ L ~ , ~ ; ~ j ~ > i *  ;;c:!,t ~ , i \ i ~ ~ . ~  (, ;  ! < , ~ ~ ~ ~ , ~ ~ ~  , r , !  ,,:Iq;; c:  i . ; s ( * t . ,  ,,,,-,,!,.>* .',! ,, ' / I . , . . ,  , t i ,  c ,  b ; i  . ?  1 1 1 ~ '  f { b i *  (!!)! ': 't ': i;iv- 

4 .  ,'- . < .  . i~f.,;,; ! , ! b , v  1 ;\) , :  ,. ,. (.,,: ;,,iy-t.f , * , .  j :,,, ,,- :,. ... ,%. ! , . < ,-:!I & # ;  I , , , : ;  i!, ,,; : !:; ~ , ~ ~ ~ r ~ - . . ;  Lf(,.;!;;: i t  , F , I , ; : ~  s;']t:(l , 

, ?  . , : 4 , . , ;  , ~ , !  .~ %" . .  , ' .  , $ ., u ,  I ! ; ,  : " ' "  , , ;;\:' " I " '  ' i I . . " ' .  * , ; . , ,  , ' ( . (  , ? ; I  . . :  ; . ' .  . ',:::!; ,':, ;. 1 , .  , - > , , ., ,, y"; i ic ( : !  :": ; ' a , .  

; ;, :,& :; ;;( < ! { ; , , , : , , , v  . . ,  
, , , < , ; ! , t , , J  > - ;  !; , ,; , , ~  

> . I , _ #  1 . I ,  



F1-ontal or r?cari.idrd iivpact. Very 1 i t t l e  d a t a  a)-c s v ~ i  lable  frctin lttrnian t e s t i n g  

i n  sidr in~pacl;. I n  addi  t ic ln  , 1 i t t t ' l i ?  t16s bccn accoinpl f stled in cfcterirlining the 

to ierr~r icc!  t o  impact  f o ~ c c s  of  i 11d.ivi d u a l  body organs. I n  order t:o do t h i s  i t  

w i ' l l  he nzcessarji t o  lileasu:*c t h e  i n t e r n a l  pressurps a ~ r d  rilotions recluircti t o  dis-  

place organs sirch as  l i v ~ r ,  spli:icr\, asld liciart t o  such a degree t h a t  t i s sue  failii13e 

and thus injiiry :i51'1 UCCUY'. 

AS a!) cxi:mplc of LIlc incornplcte stabrns of  the cii'ta prese;lted i n  Table I ,  

cansidci. a blow l o  the head, Linear a c c c l c r a t - i o n s  can be  apjs1.iec.l t o  t h c  Itend in 

the thr,e? spai;ial diu.c.c,t.ions, l:ecatisc t h e  l ineat.* c!ii: i~nsions of t h e  brain are 

ciiffcrii.iit ji'i Lhcs:! .three di rc :c t . ions ,  i.i; ,..\ ' l i ke ly  ,that t h e  brain I.earf r ~ g  or sl1ec.r 

p a t t e r r x  v!i 11 l ~ t .  d i f f e r e n t  crherl i : l ~  i npac t  1 oc;;,ti otl i s  vari cd,  

I t  . is eve ! )  i f k a l y  .tiitit tio?e~;!r;i:c 50 ci vcl - t i ca l  ~ c c c l e r a t i o n  of  t i i u  h ~ a d  i s  



a h o r i z o t l t d ?  l i n e  rcinnillg fcrr:-,a.f,t. tl~rougli i.he body. A g a i n ,  i t  i s  likely t k i s t  

tc;'lerdnce vit ' fucs for ,tiic: di f f 'c ,+c; .~t .  -t.y\:cs of nio t ions h'.i 11 vary beccluse of the. 

:jcoi:ici;rl'c:  rid s truct11ra1 p r o p e r t i c i s  o f  t h c  / ; cad .  

f.1o.t; only i s  t i i ~  spcci , f - i  c a t i o n  (;f s i x  cl-i f f c r e n t  tolerance 1 irni t s  a problcrfi 

b u t  alscl thi. co:i~t-irieii dc t i o r r  of OiICr oy mc~'r*e o f  t ! iese I ' i n ~ c i r *  and  a n g ~ r l a r .  motions 

i s  cqua'i'iy trnubit;-saii;e, I t  i s  l i k e l y  tha t  the i;iiler.ance l e v e l s  for the  case  

w I I c ~ * ~ ?  arl sngu l ar. aurl a 1 ii-icar cicr,c'l $:ration 3r.c app l  i ed simul~La.r~co:~sly \:i 11 be 

73:de~ iP;ail ?GI" !;he Ci ' i sC ijhcrtl the ii.iil.i v i 'd t ia i  l rigs a\-e c p p l  i'ed i nrirzp~ridcn t l y  , 

For e;i~ji:i::ci'i !.?ci niateri cli? s nnci st t+ i !c tu; .os t h c  yioss i b i  e a p p l  i ed 1 oad i  n y s  are conl- 

bl'r~erl t o  fr?lsi.:~ a n:a.i;hc:ii;r:i t i  ca.1 1y Fou.,c:~l a t e d  f3. i  l irre cri,tel-i cn. Ucpei-~ci,i rig on 

cia to6'la'i 2nd s tini:c~f;urc!l ~ . i ~ r ; l  i nc:ar3-i t - i p s  , the  funct i  ana l  re1 z t i on  bcQ;,eei-i the loaiis 

C C I I  be  cxcecdi  ng ly  ctl!i.i;~7ex. 

b)nc \)\*i:b'l:!!:i  hi cil I-!(.;:; cc;i.ilp'i j c ~ i - p d  cl,c,i-ei-.;i!i i.i,li:i on of a heii.d njury c r i  ter ia  

r .  L ... . J .  j i , f , i :  1 ~,c\,; 6.: i j  j ~ ] ~ l ~ ; v  c ~ ! - ~ f ; i b l  l ~ c i  ~ : , < p , > , ~ > l  ;;I?,) k,:., . Ti12 ~ > ; ~ , ~ i ~ { l j j < ! ~ i ~ , ~  i-12vc! c,,f'/pri 'i [j!,~') i'c-;cj 

, , 1 j - , . % , . 'j');;: i ) ~ c c i s ~  102-4  L i ~ ~ n g  ' on t.he head i s  

us~l.'l'!y no! l,r~c?:'iri, hericrl: $hi:! co!: r:rsil.i;i gife;. ti!? iiieci-iati istil cs~rsr'ng ccncuss i  on, 

TI.l~?:;~ ~ f . f : ' ~ t ~  p!:!st. [;c :;c~J;,~*E./:Pc,\ h e f ~ : ; ' ~ :  a fu'jly ~ ~ c : . i p ; ; a ~ ~ ' i c  7;f l ; j~j \*~/  ~;j,-j.l:!yja 



Tahlc 11 i s  d* iv i i fec i  i n t o  two  piirts, ofic pi-csei~tirig a s e v e n - . j o i n t  inodcl o f  

the boriy c a p a b l e  of two -d imc r~s i o i ; a I  n ~ s t i o n s  (Ficj~ri-c 3) arid t h e  afllcr a t w o - j o i l ~ t  

rnodt.1 caj labl  e o f  i:iotions i n  thrce-dirn~i~sioniil  space (i-j?ure 4). I'hcse models 

l~avc bci.rn used in the devzl opnient o f  t h e  Two- a n d  Thi-ee-D' lme~~s i o i ~ a i  Mr\tkcr;iati cl.il 

Crash Vi~.[:i:;i Sj;:;nlsi;y:; a";:.h: {{jghgay Safi;ty Resear*t:i-i ~ ~ ~ ~ ~ ~ i ; ~ ; ~ ~ ! ~ , l ~ ,  For i;hrz 

. . ,  seare;.r-.jo-ir~.~ iri3deI , . i . i ( i ~ - d . i m i + i + i ~ , i ~ ~ a l  f l  ex io t t  ai id h y j > r ~ ) ~ o x t e n ~ ' i o n  ri;nges are giver1 

.for t i l e  t ~ i  p, 1 ~wcr  :,pl'ne, u;jpc;- s p i n e ,  IIFICI:, s l l i ' ~ 1  t i ~ i ' ,  I-!~!>Q\v i?.nc! ~ I I ~ C .  T!IC !$a'l U E ~ S  

given for 'i:f12 l&it.:er ~ p : i  rl:?, upper sp-irie, :pet: r.epr*e:;e:.;tthc 2lexibil ';ty oof l;he 

l unlbar, thcrac i c ,  a n d  cervical vei*i;chrac rcspcxtive'iy, 

For. the "c;,;o.*joitii. rnoclel aciciitior;a'i rotz",ron:;l mt'iczn \-aiirjcs itr'e give:) to ~ i ? l o \ b  

tili-.eo-d5mcr!t; - ior~al  ~!~o\!ciil!:;itq. Spec< f i c a t i o n s  6 . p ~  T J . ~ \ I Z ~ I  f o r  bo th  il s t i  .Ff and a 1'1 ex- 

i b l e  "toi-.in, A st:i'. 7 f "*'.fi.. c c i r  t\o nieails i.itai; 110 i110t.i0ii Cdli ccciir il? any t i i r ~cc t ' i on  ;it [:lie 

[jpjlc;. a;:d If l l ;> : i~  spfiif! ,jo.in'i:.s, ;.if; i s  i:!;i,!s ; J r j f ' i r i ~ ?  t o  i . 1 ~  o:;e r i g i c !  Ii!,j(;:; irncl?rrrl.ir't(J 

- , 1 , ,  113 i t j o r i  ujiere js jia f ' j  ~ x j j l i ' /  j.[:y i n  ,chc lor\!cy extl*:zii:i- 











the dirc;ctior~ o f  impact,  his p o s i t i o n  i n  til;: vehiclc, ar?d t h e  use of  r e s t r a i r l t  

s y ~ t ~ i i i ~ s ,  TIiesc quani . i - t i cs  have t>rcii G C ! I ' E ? ~ I I ' ~  1y coillpi led and doci!r!iented i n  111siiy 

a c c i d e n t  invcstigstinri s"c;udii!s. T h e  ~nilst r e c e r ~ t s t a t i s t i c a l  d a t a  wh-icti a r c  

nva-i l a b l e  t o  t h S  s p;.*oji:ct l ~ a v c  hcci i  g a t  hercci by HSRl 2nd used t o  compute ttlt! 

p~rccntiz9cs g i v c r i  i n  ihe t a b l e .  A more d e t a i i c c i  d,iscu.r;s,ian o f  t l i is d a t a  i s  i n -  

cl i ided in p h r t  4.0 of t h i s  report. 

E i g h t  di;rect:ions or rt:gioris o f  i f i j pac t  a r c  - i ~ ~ i : l u d e d  i 13 t he  1 'ist (3.F acc ide r i t  

type probabi l l' !;i 2s .  Tli? v c i i i  cl cs i n u 0 1  vrsd rccci ved e x t c n s  i ve darilage i n  these 

arcas. I t  shou'ld be ~?c!ted t h a i  I.i!r: SZFI o f  p:vb2b i  iif.ies; d o r s  r ~ n t  add  up t o  10C;;. 

In  add i t i o r l i i l  accident  cases ,  t hc  vehicle was .totally cics-troyed n~aki ng i d e n t i f i c ; a t i o n  

of thc regio~mof p ~ * ? ] m i i ~ ~  jii11;acL in;yjosslible. 'This cat.cgory ~ I S O  i r ~ c l u d e f j  r o l l ~ ~ e i i * s  

and 1 ~ u 1  i:iple irnpact col l f s . ior~s. 

T h i s  d a t a  has not; bee17 v ~ c i  cjhl!:d t o  rc.i'l ec"iti.-ir-l ilel oci ty  of  ilirpact because 

riQ ~ ~ ~ ~ { ~ ! J ~ ~ \ . [ P  ~ ~ C ! I , ~ I { ( ; L ~ E )  ~/<?j." ~ ~ ! ~ ~ j ? f i ~ ] ~  .!fi?n ~ ~ ~ j ~ ? ~ t j ~ ! ~ ~  j ~ ~ / ~ ? ~ ~ ~  i~<: ]~c j t :y  after 3 

3 . .  k .$ cgl'! i s  i on ,  k S U ~  LC)!) I C  c!-al;h rc(;t:ilC1(.:~. cet ' i ; i i i  nI;y i ;0~1d bc hi)lp-i 'ul . 
'rhe pr'oi:dlr-i 1.i ty  of reztrai i?t; lice \L:SS i)c?!;cd ctn a sn;al'ler sainpl e (523 cases )  

of r'njt~i-y pl-nc!~.icl'ng ;iccidi!i~i,s, For' 1 sp he1 i s ,  on ly  o c c ~ ~ j j i e d  s e a t i ~ g  p o s i  t i oils 



3.0 DISCUSSI0I.I OF DATA [!P,l;E FOR INJGRY CRITERIA 

The 1 i t c t l a t u r e  on i rijtiries rclat,cd t o  restraint  systcill per fo r rna i l ce  

i s  o f  1 ~ 0  types. Urie dezils vii  th indf! ; idual  casc  s t u d i e s  a.f irrj~rry and 

g'i vcs ii-pact l o 1  erancc estiniati:; .For- rcs trai nccl occupa!its. liarcly arc i n j u \ - i e s  

w h i c h  occur kinder. t e s t  ccndi t ians  rscrpor~:od "i huui;ian vo.iiintet>rs. Tile other c l a s s  

of puf~l j c a t i o n s  d': sciisses t h e  c f - r e c t i  i?er:;lits of ,-cstra.int systeins i n  reducing 

in ju ry  arid soinet.iirics prose~~is  the  rcstiits of a group o f  casc  studies b i l ~ i c i t  

arc  no-t i t~ii . ividlaalIy reported, A t o t a l  of  74 papcl-s (references 12.-85) i n  

t l i e  f i r s t  category arid 43 i n  tiif- sccct.id (r.e.fe~er~ccs 86-128) have been rev iewed ,  

Thc e>:i:er.ini.ntal and  cl i n i  ca l  cases  r*sportccl i i ~ d i  v i  dua l  l y  i r; the 

ii tcrattrrc call be brokc:~ i u t o  t l ~ r ~ e o  nisjoi* catcgorie:;: ( 1 )  huiilan c l i i ' i ical  

studies ; ( 2 )  hi!~i;an vol  unlet:in tes ts ;  ar id ,  (3 )  an:'rnal : ;~ l i ! jec t~ ,  Each o f  

J. ~ , i c > p  !. ~ ~ j ~ ~ < ~ { j ~ ~ ~ ~  c z f !  k , ~  r[ j f . . i , l - i [ !y ii i v  iC:(;d r i  f ro f ] t2 ' ]  1 i t terf i l  , aild 

coi1r 'sions, l ' i iesi? cases can  b z  sur:,lrri;>rizcd as f o l l o \ i s :  . 



I n  ardc>r t o  eva lua t e  and conpare the d a t a  ga the red  i n  the  vat%ious 

s tud ies  on irl,ji.irics rc:ld,teci to restr~iint  SYS~EIII pcrFo)-n?aficc, the i n i l i u i d u a l  

hunlsn vol uritecr tests  1 i s  tect i t b 0 ~ 2  t~ave  been i.cvicr.~ed and assefiibled i n t o  

the mastcu collcction o f  d a t a  i r~cluded a s  Appendix A o f  t h f s  report, As 

much d a t a  a s  i;ms ava i l ab le  i n  t t i c  o r i g i n a l  pub1 'l'sl-~cd reports a r e  .included 

-it: ihcse t2bi i .s. Thc descriplior: c-f the  ty;,:: o f  t e s t  .is s~!~i~nrilrized i n  t h e  

f i r s t  f'cw col urfins and .i ncl ucles test. 'I ocat-io1.1, typ? of rcs trai rit system, 

age 2nd \ ; i ? i g l~ t  o f  s t i b j < ! ~ t ,  a x !  .i;ii{? teest :,ux:bcr. Tfls i : ~ p : i " L l  ed dccel e r a t i c n  

t?>:per^ienced by t f : ~  G C C L : P ~ Y ~ ~  is  riilsi:ri'l;i;d in the n2x.l; s e t  o f  col uiiitls find fi icl  ~ J C Q ~  

.Ltlc anglr!  \ii.iich t h c r  s c a t  c u s h i o n  mi~i:cs with a hor'izar.itc;l surface,  the impact;  

vcloi:i.ky, the pcak y-1 eve1 c f  t h e  2 p p l  i e d  dcccl era.i;.ion, the onscl: 

of t i l e  dccclem-i.,.i;'ion, and ti12 distance rcquired by tile slcd t o  stop. Any 

injvi-y or- cIi:~~oiili '~r ' l-  vth-ich ~ s s  exper-ic?ncr?C b y  t h c  sub jcc t ,  a n d  thc 1 i-teraturc 

T ; ~ I ! ! ~ c Q  f!fi . (.:,I \ <!I) ""PI' 8 L i t h i s  j!l:~Cri;lll.i;.j:3ii t2j;:li.i, 2 . y ~  1 j ~ t &  j~ t f le  l a s t  t ~ o  

CO? Ilii:ns . 
I f  a l l  tPlesc qt.rani.:'"l,ics v;e;:1-e t:cr:ur;ltely record.citi anci eva'iwa,!:cd for eacll 

of the tt.s 1;s i -i stecl, Lijci'a vioii'i r! he a I;n~*c! m-i t.ijr;,u!~i of i ili'nri;~a-tion a\!a i 1 a b l e  

for t l ; . t . i l i~d l j  t.,: bodjl to? crz:!r.i: 'f F::,~F:] r, : l ~ r ? ~ - L . i ~ i j ' j  31.7 y fol- be9 t 1 oads a s  \ ~ ' c S  1 as 

hcod n!.id c!??s t 9 -  1 eve? s . iicns;!2\icr, t1;::t.t. d i . , ~  ~!,.ing ljl i;~!; sjrscc?s *in t!.rc..lse 

( . . I  . . 
I,~;.J f c> : t ? d :  c;i.l$ rjy tile s!:;~? '1 a[:;.-);:;!".. 0 o," i i?j-r;; i,fail pjh icil 1 . 1 7 , -  ,,<A,> g2 ~ ~ C ? Y C C ;  j 11 



E:vcn t d i t i l  thesc problci~~s, 1-l~iinnn volantecr d a t a  rein;zin the most reliable 

source o f  i n f o r i n a t i v t ' i  for  tiir? t l t *?\ i~ lopi l icnt  o f  injury c r i t e r i a  r~iodels. The . 

purpose o f  the prescr.i'c cor:i:,i 1 n t-i on has  bccri  t a  bring t c ~ g c t h c r  from a1 7 

pub1 i s l ~ e i j  sourccs the  ~"esul  t s  o f  a1 1 indivtidua1 t e s t s  carried o u t ,  These t a b ?  cs 

sholrfci be t rpda ted  :is new d a t ?  hcrotne a v a i l i i b l e  9"n crdcr t o  p r o v i d e  a conti:nuing 

source o f  i i l f o v n ~ a t l i o n  for s t r i i ! z n t s  of -inj:iiay ~;:echanic;l:: and  writers o f  perforii~a;ice 

( a c c i d e n t  \iici;ii;i~) 2nd at?'irna? t ~ s t .  subjcc. ts y;as n o t  i ! ! a l j ~ .  The e! !:rnl: ncl t ien 

o f  tihis r z t i~c r  large body OF d ~ t a  f r ~ l i i  t h e  cur.1-en"iooil:j~i'lations was done 

for two reasauls . First ,  f o r  th~: fiunlan c'l i n.ical[ s t u d i e s ,  the physical 

i"ran.~o.i;crs which dcscribc each acciiicr:-i; are 1 arcjely u i ~ k n o v r n .  T h i s  1 irnits 

the val lii: of' t h e  excel 9 cr?t :ad 6cta-ilril r'i~cii.ical studies which have been 



g~~ii!.t;ri c a l  sciil i 1q-j laws r ; o v c ~ n i  s~g i r~ j u ry  as i t re1 ates t o  n!nn or arl imal , 

T i  ssuc p~o[)ct*%-i cs (Itat-d arid s o f t  t i s s u c s )  are s-inrilar i n  t h e  two C ~ S C S .  I t  

rcma,ins t o  ca l  l e c t  aj:lpropria.tc a t ~ ~ i ; h r * o p o I o g i c d  d a t a  a n d  dcvel op  the a i ~ a l y  t i c a l  

sca? i rig tcch:~ir;i.!c.s b e f o r e  ilrlirrta'l subject  da t a  cc7.n beconie useful i n  t i l e  dcvel op- 

r!!ent o f  in jury  c r i t e r i a  niadeis. 

Tlircc socjrccs o f  inforiiiatiori on vihich injui-.y mociels can be based have bcen 

d.isci.issed ii-t t h c  p r e v i o i i s  p a r a g r z p h s ,  I n  c l in ' ica l  s t r ~ i f i c s  o f  acc iden t  vict ims,  

a n  ir~adcqua-te s u p p l j f  u f  physical  d;il;a d c f - i n f n g  t i l e  crash cnvi ~'on i l~ent  i s  avai1i;bl e .  

F\lso, a b u n d s n t  znimal s u b j e c t  i i npac t  tes-t d z t a  wi'll rernain general ly u n u s e d  u n t i  1 

scal i ~ l g  l(iv~5 Z Y C  dcve'iopccl a ~ d  ver- i f  i e d ,  'Tli'is Icaves only htirilati vo'l untecr  d a t a  

as t h e  base on 1cih.ic1-I i::?jiiry cr-iteria n;odels car1 b~ -i'oril~i~'lated and t h ' i s  i n f o r m a t i o n  

'is liiiritcd LJ/ -ihc f a c t  t h a t  impact I e se l s  n~ust be kept below est-imatecl in jury  

I P \ ~ c ~ s ,  

1r1oiit.1 viR.ich has been prescni:r?:i i n  t h j s  rcpok-t, coi !s i  dfirahle research nius t be 

ca!.,'i*? ed ou i;, Rec:.-i \ l i n g  Ii.igi; pr-i  o r i  .by si:o~il d bc: ( 1  ) mcsre c o i ~ ~ p l  c t e  ciocrrrntlr!tati or: 

i n  oi-rL.2il t o  cietirje t ! i ~  p11yr;-ical c~u;!ntil;~:'i.s of t h i :  crash such as veloc.ii:y, i ~ i p a c t  

d.i r c c t i  crr , s ~ ~ c l  c~iit;bc.'r:s. b.it\,/ce~.i ilotiy pz.l-ts arid i tc:~;ls j n l l j e  vei-ti c l  c i n  l-erior, 

E . J ~ C ,  ; (2) de'i:cai ii?mct"l'k of '  a c ra s !~  i .~cor .dcr  1:o i::?nsi.tre .inq:;.,ct g-Ie\dell; arlci d i  rec.. 

, .- 
i~ i l<j  ~ i " ~ ~ ~ ~ ~ ~ - i  I: ,  ( t j  \ , j ~ ~ ~ ~ * ~ ~ ,  . g l J : ~ )  ~ ~ ~ , ~ ~ ~ ~ ! , ~ [ ,  ~f i , ~ ~ ( , ~ ; ~ l i ~ ~ ~ j ~  f ~ : .  ~ : i ~ ~ < , ~ ~ j ~ , , j ~ ~ j  1 j ~ ~ ~ ! ~ j ~  i!nd ~ r l ~ ~ ~ / ? ~ ~ a  . 



4.0 [I:i'i:i'il' PROLZF,?jI L I TY DATA CASE 

Tiic s t ; a t i s t i ca l  d z t a  Lnsc tisetl t o  determine thc  probabi l i ty  o f  a give11 

co1' l is ior . i  event i s  o u l l i r ~ e d  an3 discussccl i n  t h i s  part o f  t h e  r e p o r t .  All  

dat i l  Ins becn re t r i i ! v i ?d  f i ' ~ i j ~  t l i~  HSRI P,ccident D a t : ~  i;anicU? Beecatise tile 

t.ia,i:a fi'l cs  a r e  coul"in~ial ' iy i i p d a b d ,  th is  i s  t l i e  m o s t  cu;-rc:lt jnfori~:czt*ion 

t ~ v a i  "I a b l e .  

The pl-ilba.bi1 i i.y o f  pa r t i c t r l 3 : -  accident types i s  o i i l l  i ned  .in l a b ?  e tV. 

Two d a t a  s e t s  are used. The .Fl'r.st s e t covc r s  a f ive-year  p e r i o d  franl 1965 

t o  1970 arid i s  bascci rsil A n n  Arllior, F4ichi c j ~ ! ~ ,  a 111cd-i l i i i ~ - * s i zed  c i ty  w i t h  a 

/ ? o p u l a t ~ i e t i  o f  a p p r ~ x - i c ~ i ~ t e l y  1110,000. Tlic second d a t a  s e t  covers a trtfo-year 

pciAl"od .fi.o!ir 1965 ti? 1370 and  i s  based on I~lashtcnz~~lr Caiir~'i)t, Micl~igati, a 

yrti!iiari1y rural area v-iti? a n  cittctr~siirc netw;;ri: 0.f pavcd coi.rr,i.y roads arid h.igi.i- 

spi.bt:c' ... . . ..) e; :pyes  ~:!2ys , Datcl ,for i;l?:: Cj t y  9.r f i , ; l : I  ),y\b3y i i; j r,cl udpd ?;j .!,/I -i;klc co;,~y,ty 

& t a ,  . 

!? j nl:-, , l , d ~ . ~  - .. -. dii;i1i7;lji" zories i i ~ c d  .in c~ i :~p . i i i r~g  t h i s  da. la  ore st~clwn in Figure 5,  

I:acl.i of th!i 5.i $1 t zoircs i s  dcf-iili.d hy a r',5" arc .  O f  the to.tal 1C),f;36 reccrdad 
- " -  acc.ideiii:r; -ir-i  Anti AY~ICJI-, >!;!I n f  ,i;ll-*fi !+. ;,L ;ir3e i r:c?udctl 1:i-i (3 i~ i r ) l ;h  ca togo;y  c : n t i t l e d  

" t0t3l  , I s  .ill i . f ' l i ~ . k ~  I l l  i i~ l ! : . ic le da;r!;igc: b!.!c~ :;I) ~;:\tci'c t l i a t  iilur~t;.ificatior:, o f  a prii.i!sry 

+ ,  " .,,, . 'iiiii'actl us~.ci;!!'l ;*: i :5 iri:r:,!;siuic, I ; I I :  ( , ; ~ ; C t . , . r . ~ ~ i - j  i i l~ i ; ,  jrii:./!ii!:s y,ol]ovci3s arzrl i i i \ ~ l t i p l e  

. ;1!1,.1,~~, , ?- ;. :,.. .I , c ~ ~ l  1 j .;j0!13 Ti);! - ~ ~ ~ ; ~ , - ~ \ ~ ~ : ~ , ~ j  j $ ~ ~ : t . c  <>-f ' ' t ,~t,;~j '1 p ; j "  vp : ) $~ ; ' ]  t ; ~  j 11 t / \ .p ~ ; ~ ~ ; ~ ~ i ~ ~ , y  . 

, . I .  1 1  I !  d ! 9 .  7ii.i s :,c'f 1 c,,:; !-t;  ti.',^) 7 ;;('']'p~sf:(; ' / ' ! . ' ( ? i i~  an(! iicl':!,!s[?;{ , icci i lc i) i :  

z ;~ \ !{$y j  l:j/  i:!, ~ ( ; ~ j l . . ,  ( ; ~ j l , ~  i ( j c ;  't;;;) cj !I,,; 1 - i t ! ;  , , , r  i .i ,-, L; (%,'- I [  :-C)?.:~,S d l l d  ~ : X / I ~ * ~ : : ; S ~ ; J C I ) ~ ; ~  

/jl.~)h,:!k)j 1 j 7 ; ;  .[ !) : i j ,  2 ; ;?l-L i; 1.;; <:,? \!\!;;,'i.i Ljfi;.! j 5 [ 1 ~ < 1 1 < ~  ;J<,C:!,! i 2 <);!I,- :. I 

!.;r"l<l(! . ; ' ( \ ; , ] , ;  ;, ,.,, ;> :; i x  5 1 i i : ; ! l , , ? * , :  , I I J ' ,  , : ( ; ; ~ , : l ! . ; ,  ;>(,? j t - ; , . > i j y ,  ( ; r \ ;~ :y :y . ;  y,f.; ?,!'(,! b;;j \; C) f j.?;tl 

i (!:!tz+ ! !\:: :; ,;; !! *<{,?! f i . l f > : ;  , , , ; I ) ; < : - ,  \ ; ( I , * ?  ! : r  d<.! i , ,  ;?\-<.,\>,,J-p .I,:.!).[{. I\.! \,;,:>\,{; A , ] \ )  ; I) \ i ! , ~ d  

5 ; i  3 , ' i  j i, ,, , , 8 J " ,- y,!? J , ~ , ~  ? ( !  i,<; r;,:: ~ , !  1 ;\: ! I :, . , ; ,, j !, ( j  ; >  ,,;;;';>\* ;~,.-<.:- : , .  ! { ( - , ) *  \.::<-;! 

I '  \;(;/;!< ] c , $ 5  i ;  , , , : / $ , , , -  j l i  ;.,;.;ii: , * J  , i ;  .; ; % ; , ) , ,  ;-:\-, ; i j.:; t . , : ; ; ; !  , * "  ;. 1 !!:; 
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.Y'I\OL-E V.  PEOOilC II. XTY OF' PAR'T 1 CUI.,AR OCCU?Ardl' L.OC:ilTTON 

---.."-.--"- *- .... -..-..-".."....- 
Locat . ion  'in Vchniclti 

-...,- ..-. <.*.------.-.----.--- 

ceri tcr i'rst;t 

cei?t:;:r rea:- 
.*-.-.,-----..--..,...---.-"- --. . 

y .; ," .L. ,.%,,, % ,A 
i yit L. z c:1 I 

.-.* -.....---. ---.- --"~..- ---.--..-.--.*.-- 

ii.i,t, 'ill fi."011-i; 

-." ." ---. -.-.-. ."- .---. -*--..---*...----* 

.-.-..-, "-. --------.-. -.---- -. .--.".--.----.-.-.. -----. 

t l i l i l  Arbor*, l4l'cil.* - X I ~as l -~ t enew ~ o i i n t y ,  i!irl~.** - !q 
-.- ------- --.. --.-.----- - -.--- ---.-.-.------"-".-,-.-.--.----" ~ . - 



. 
F:c!;t:.ain!. systpin use i s  suo~;i:-iarAizcci .in T a b l e  ' / I .  The d c t a i  1 ed d a t a  sanple 

i s  s rn~l le r  i n  t h i s  r:ilsc and i s  cori~posi?d o f  527 l a p  belt, and 505 upper torso 

restrs.int,  c.\nalyscs. Cui-rcrtt i!idicatiurls a r e  t h a t  l e s s  .than 202 of occupants 

a rc  us ' ing l z p  bcl tri ~r ic!  l e s s  Bi;a13 5.:: a re  u s i n g  upper torso r c s t i A a i n t s ,  A l s o  

noted in t h i r ;  stuciji Lras th t  i r n p l . ~ p c r  use o f  a c t i v e  rest,ra.int systeins can l c a d  

t o  very irrcfficicrit: T?Ys;€~;~ ~ ~ ~ O ~ F ~ J T I C G  a i ~ d  can everi be dangerous. A slaclc re-  

stra i n k  syrten; c a n  l'ncrcas:: be'! 1. 1 odds13Ci 2i)d body g-level s significantly a n d  

thus rusrll t ir-r a n  i r l c r c a s e d  in jury i f l c ' i d e i l c ~ .  Table V I  sl-iows t h a t  692 of  1:he 

cscci!p:tnts \ , /ere we?,ring s ~ u g  l a p  b e l t s ,  kiitnt-eas, . in  a liiuch more 1 inlitecl sample, 

. only 33.3% bierc wed)-i:iy tliz.ir U P ~ C Y '  torso sys teioi; c o r r r c t l y .  



TA3i.E V 1 ,  RES'TKAii4T SYS'f'E1.i USE SUMI4ARY 

i;lu:rik~er o f  iicci dct1-L case:; 

O c c u p a t ~ t  pcs'i 2;ic.in.a ccjui ppcd  w i . l h  1 ap  be1 t 

Occ!.i l~a.t~t p o s i  tions n o t  e q ~ ~ i p p e d  ~ . i  ;;It l a p  bcl  t 

Pdot known whett-lei. cqiiippcici w i t h  I n p  be1 t 

t z p  b e l t  uscd by occupant 

I )~~~ j .~ i i f i t~  1;il;1,i*i i ~ g  1 ap be1 t SRLILJCJ ' IY?~  
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* a  T'AE1.E VI I , SUI.::ili!i'\Y OF TI<O-DIl~li:NSIOIiAI. Cf?F\Sil SIPIULATION 1NI)UI' DATA 

occuparli; - S i l t h  pc t - cen l ; i l e  i~ i i - i l e  

res trai r;i: - s l d c k  l i t p  b e l t  and single d iago t ia l  torso harness 

pss i  t;i 011 - ~ I ' C I I ~ ,  0 ~ ~ 1 i p d i l  L 

t yp t "  o f  c r a s h  - i"rc?ntal impact 

ini ' i ia ' l  ~ c l i l ~ j Q  - ?fi  niph 

accc ' i c ra t iun  l eve l  - 25 g p ~ ; k  

/ I !  1 T t i ~  tn~x;. ~ O U P  i;tbles t v I. 1- X l  ) stio\?l .the ~ u t i ~ i i i ;  generated b y  -ii.ic injury c:-is. 

ter-ia i i lodei s e c t i o ? )  o f  t h ?  ?'i,io-Diii-;cils.ioni~'i Crzsh 1'5ct.in1 Sjniu lator . .  'The f i r s t  tvro 

o,f these .i.zblcs tzhu?r? tc  t h e  ,ilii:);!'t d;ita o n  which t h e  in ju ry  cr-iCcria model i s  

hsscd. 

Tahl c X surnli?a\?i zec i n  seven ccl uirlns tI.~c,se y u i l n t i  t i  es wh.i c h  e x c c ~ d  tole;-ai'ici! 

"- levels,  r i . ! ~  cji:i!nt.i.i;~l i s  i c k ? n  tif.ic?d i n  the .first c o ? i ~ r ~ n ,  5 t s  pea!: valilt: g iven in 

t I 1  , .  i,he! s e c ~ ! i ? c ~ ~  ~i! : . ;  ti!.:k: i : ~ ~ ~ , ~ ; ~ ~ : ~ ~ < : ~ / ~ ~ - . ~  ... 0;' :;/I? ppaic j j ,  j - / . , ~ :  t t j j  r-ci j;i.ic: t j r j ~  d; iy; i je ;  

~ h 5  1 c .I:/iL: cjuai.it: i l-,y rci,;.ijns abo\:c .i.i-!z t o ]  ey'::llce I c \ ~ c ]  j n ,i;hc f(!bi.'th i;kle p o i  nt.5 j 11 

'Li;n. wf.~cn t h e  c>uant{ t;; s.-i st7s nbrjvc? tt:c toier;lncti 1 clje' i a n d  t i ~ c n  fa ' ]  1s  beloii i 11 
t- ." .,: * t .11~ .I i i [:!I ~ i ~ t ? ?  E \ R C I  t l ) 2  ~ i ~ i j  $1.; t.'i rl$ ~ c j d c  f~ j r  i-lj 1 . l ~ ~  j ~ ) i  1 1 7 : ~  \jec/2 j d ~ ?  t i  - 

F i  t ~ l  k:.i i;t~ (-: pzri:ic!i'; ar t o 1  eri.il*::: 1 iv1-31 iii .[,I12 scvc:ntli c r ~ l  uiilil, 

In .t,!l is e;;;t::p]c ficcii~;:::.!. s l  i cjcr; fai.e/syd, ~ 9 2  r::cts .i;!+ie % ' I  a ck  y y s  (,ra'i;:ts, 
, i:ijcj [.!\?!I ;',;>50ij1!d:j lfij:,;; L G ~ . ( ,  \ ) : a : - ; < #  ~L~t,~iA!~~,<~ of I\)(-: - l ~ ~ i + $ j c  z,ill;>\?iii ~ 1 f  ,il-i 
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sy:;t.e:i~. A s  s rcsu? % oi: t i i c  Isrye 1127 i:  fore^. a p p l  i cd ,  t o  t h e  c t ~ c s t ,  tI:e anterior- 

postcrfor 9- loadi r ig  o f  the ~ippcr  torso exceeds tolerance l e v e l s  a t  nearly t he  

sa,ine t i ~ c .  An add i  t isrnal  l s r ~ e  chcst ariterior-.yost:er.ior g- load i s  a p p l  ic?d t o  

tile e i~ t i s t  l a t e  i n  tile sirrlul z t i o i i  when tjrt LipPOr torso rebounds - in to  the  s e a t  

back st:\-uctl!res. 

Excess i v 2  supc i - joy-  i nf i?r.inr chest 9 - 1  oad ings  zrc obscr\rcd threc tifiles dul* i  ng 

.1hc s-iil;ii?at;ian. Tkc f i r s t  o f  these rcsu'l t s  bc?c(i!~sc 00; an upward p~.!sh cacscd by 

con t ac t  hi.tvieen thiz b)iittor:l;s c f  the o::cu?:;;l",antl t h e  seat c u s h i o n .  The second i s  

a dswn!;vai.ci p u l l  an t h2  tarso 2nd  results at; t h a t  po in t  i n  time \.:hen t h e  l a p  b e l t  

force i s  s o:axil;;uni. The t h i r d  1:;eak (jccirrs as the b!.l-i.l~cks 0.F t he  occvparrt inter- 
_. , 

~ i ~ t  w i  ti.! s m t  Lack structures di!r7.i!lg tke i-ebl~und phase o f  t i l e  s ' i;nu'lation. 

I.!F'/JF~. spine f'l ex ioi.1 i s  tiie .f.Ir!al ~ ' j t l 3 i l  L i ty  ~ x c c c : c ! ~ ! ~ ~  s p x i  f i e 6  vnf untczry rn3t i o n  

I-.I ~, t~ , jes ,  c This r?ccurs a:; a res~r' i , t ,  of t,i-~t. i:.ini~ cht~s.i; ?cads  causeci hy the  upper tlor+so 

bc'j a!:, I,/:'? 11~;:f.l 2cij ~ j i i i s t ,  p ' ieci l  fr!~\./;:i*b ~ v ! ? ; ~  i,he 
8 i .. 

.. i a!;] e >IT (.lciiic>i.ls trai;cs .2;hr-i ciiiiij?li"i,tl '~:~ o-F the pro!;ab-i l i t  tt,!~i: this evcilt 



occupa i i t  - 50th percentile l l i a le  

rcstra'in t -. *i nver-tcd y-yc; k ~ .  harness 

p o ~  i 1: i 01‘1 - riglit f ron t  o c c ~ ~ ~ l s t i t  

tyy:e of  cr;:.s!! - r j  9!2t f)yJilt ~ k ? ?  j q!.,2 ipJj2ct 

i r;i t <  ill vcl oci  l.y - O rllph 

feri.iard accclara?:-iort - 3 . 4  g peak 

s i d e  accc le i az t50 i i  - 7 5  g peak. 

Tiibli.1 XV slirc;narizci; tliosc qua i l t i  t l c s  vihici)  excecd  t o l e ~ a i ~ c e  level s *in seven 

~ ~ T l i l i l l l ~  as 't/i\s cionc in tile *i"~io-Dinic;1s.inna7 Ci-(i,:.!l Vict-iin Sjr:iu'iat.nr. As t h j s  corn- 

pv'cer- excci . ,c isz l 'nvulvi .~ r7 r ,r i ld r.ig11t f i - ,ont ccl l is . ic ;n,  the passenget- .is observed 

t o  s l i d e  Fnn ia i *c I  a i ~ d  t o  the riyiit ' i n  h i s  sehi.. tie ccjii tac  t s  door s i d e  pailel  s and 

t,/;c ~~;~!?~::! \;.it,/] j - l j ~  pjg:;t; s / ; g ' , ; l dz ;*  2 n d  i;;<;,c ;y,d js v/z1l rcs t?2 j r ie( !  b ~ t  tb; 

rc;tri; int sysi.cr;i a ilrf i;iicke'i. seat: coii:i,j t j c . , t  ioyl. . 

S e v p ~ l  r rc 1 ;/-. .. r i ,  ;; l g r '  ,.,s 2PE O ~ : ! S C Y V C ~  t\~i.f.?ed VC~'~UTI '~ , ( ;~ 'Y YSTlCJf: ~ . r  i r i3 t io i l  1 j i i l i t .~ ,  pa',*-. 

1 1  t4aI  l y  du;? .to ~ 1 . 1 ~  S C ' I ? C , ~ ~ O I ~  o f  .ti)(: ~t'[.[.i) .I;c~s;\ c;:~t.<on f o r  .LJlcr -i r?ju~,,y criteria 

i ! I  The ncn:i ,\.'?I\:! ;ir:ij?c ib:.;~iies a ]?c&k of 7'1.2 degreci; t o  t i l ~ !  rig/-ti; 

;as i ' ] , ~  .. 1 . ~ c c \ i p ~ n i  ;..c;tc!l$s r;ic?xirr;$;!? fo;.,,!ii)*d ;;.rc;tj(j[l, l - i k cp / j s k  hpzt j  r(li l  ,to 

. " ' -  

r jk~i1i, :;icj:; ;-(,;;+rh::s ip-,<> , ~ ~ > , : , , ~ t ~ ~ i ,  I ~ - ~ ~ ~ ~ -  ,?lf. (1- I I!; C.$C, [ j i i i  i ' f ' k ~ ( , ! ! i ~ 1 ~ * ~ ~  $,I\[? ' left, ~ O ? ~ C ~ ~ I ' ) C J  2 

Iju'!i: 41  .[; ( r , . .  > \  ,,? . .  
. , : !  , n :  f ? ,  1 I I .  As t j : ~  j p g s  :!,:.ii.i<j i:olrb:ard 

; 1: ; ; >  f g ,  3 ) +  ( )  i WGj pi',-cb; ;!q:?*! :,) i,cco;;;es 

. , ]i;r,ii: t!!{: '!:,:!,!:, ) . ' i . . [ : ~ \ i ~ . ] . ' j  il:.,:!d\7<,! ii i:i<: .[~lIc ~ ~ [ ? ! ! , ) ] ~ { ; ~ ( ) l 1 6  I};(! f ; ? ( ' k  t l~,~,?,  11 

'" . .. . . ? .t- rc)i z ! ] ! ] / ( 5  .:.:, i,t..'~,i)i*{.!,,,: ~ ; ~ ~ ~ ; ; : \ ~ > ' ~  til,;:;~ \.,/.;f']f>t;'[,t> .!Il,:; c ; ' ; ,  i , ~ ~ , ; ~ ~ ~ ~ ~ ~  l,zi;tjc~?-~ l\c;(:cj t1.i-i~ 

; ! ; . . j t : : , > ; l [ .  \ , , ; . L ! !  , . . .  - , : * I  i , ~ j ~ , , , ~ ; . < ,  .,. , b L * f  , , , , ; , . : , c  , ..~:\).;-, 1 a . .  \ r  :; < 5: ,:.;!, I! i ; < ~ , o . ~ ! . ~ ! * ~ :  i- i ~ ; i - i  ( i l l  dls!k;,' 

1 ,  r t , l r . : ' )  4 . , <:; ,: j ,.!, ,,%,:;, !;.;. ; ,,. !.;,,i,<l,j,i 1 v. . ;  t ,..,.:,,, ,..\. 7 , .  ~ a ~ . i ~ , ~ i  , %  I , $ ,  r [ j l - , ; ,  i, , ; l~ , - ! ! l - -~ ,  ;;s 

, , , , 
L: t,, , ~ 

., . . , ::+, I:..: 11 i ;:, ,, f , , , ! y i I  , > 5 , ~ c ~ ~ ~  , L .  , i t *, 1 :'.I , , ,, . J \  , .#, ' : ,  1;i:.  ~ ~ ~ 8 , , * , ~ ? ~ , j ; 1 , ! ~  v,, i\#,,'!; , , j \ ' t :   PI.'<: < !  

, . , , . !  I i(! : ! y  ;,:;; ! ' , ,  + a 
. I  5 

, ~ 1 ,,,L ! ,';!',;.,,, { ' ,  ,,,,,\ y< !.,,, , , , ! i l ( ~ : ,  . 
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l 'ahle X V I  shor?ls the  p robabf l  i t y  o f  acc,urrenc:e o f  "ibis cvent.  The acc ident .  

arid o ~ c ~ p i ? i . 1 2 ;  p i s s i t i c : ~  p r o b a b i l  i t i c s  are based on biashteni;w County, Mich . igan ,  d a t a .  

Since  no d a t a  is a v i i i l a b l i ?  on ilsagc o f  inverted y-yoke Ilarnesses, L h c i r  probal~!l -ity 

of us!? is ainbitSrdri7y ~ s s u ~ ~ ~ c d  t o  be q u ~ i  t o  s e a t  b e l t s ,  

5.3 Af'Plil:ATXOI.i NO. 3 - 1;tIPACT SLED TFST EVAi.llfl'iJON 

T h i s  ci:se I-eyreser?ts a Frontal i ! f i p r~c t  involv-ing a 5 Q t h  perc;e~.ll;ilc i~:;:le Sierra 

cl!,;li:rny rc?ct.r(iiricd on ly  by a l a p  b e l t ,  A t r ac ing  of- part o f  t h c  osc- i l logi~,aphic  (!rit.a 

rccortded i n  t i i . 15  test  i s  shown -En f:jgi:i.e 8 and 2 pha tog raph  c.f o c c u p a ~ t  rnotions a t  

rr;?.>tinivm f~t \* i iar , ,d excursiot~ i r i  Figure 9. 'The I'rnpc.,c"i.vl uc'i2;y !?ids 43 F t / s c c  w i t h  a 

.traj~ezoiilal cfccelc!-i~ti;ri p u l s e  \;ri t h  an 98 g pezk  and a t o t a l  cliirat.ion o f  0.110 s e c ,  

In o!*cf~r t o  E ~ v E L ~ u : ~ " ~ ;  C I ~ S  dat ,a ,  I-cfnr'cnce i s  i i l a d ~  t o  T a i j i e s  I a n d  12 ~ h i c h  

su;i.;r:ar.ii:c t i- ie ' l o l ~ i - ~ r i c ~  2 n d  ;?,ng:rlar rr:~tior! d a t a  used .in t,tle in jury  cr51:cria 11;odeI. 

Ti]:+ \!aIcie n f  t1i~ si?vci*.i::y i t :dcx -is 655 based  on i t~ tegra t i c~f i  of the  head a n t e ~ i o r -  

por; i-e!*.ic?r. 9.- p!j'l :;r:, Xt .b;sii? if Lc iiotci!i, /ia!*:evei.., tf1ii.t t1l.i~ pu'l  se ~ O E S  f .126 '~  peaks  

- .  O V ~ Y  103 5 '  s z.ild C X C ; C C ~ S  30 C J ' S  for II.!c!~~? t h a n  3 i:is. Eased on tile sc\:erity iii?e.:, 

the  v;ii t . 1 ~  .is bt.1 ilii a i:.nl r:r.ziioe 1 citc'i of' 10CiO. Iri,ile\l i\cccl (?r,oi i i~ t e r  d a t a  exceed 

l;n? cri :nci l  1 ::\r,:'ls. use(.! i r; t.hc ir~jury cr i  f:rqsa njocji>l incl uiiifig chest s i ~ j ~ ~ r i o r -  inf!.rio:. 

t , a il-'ioc.dili~l ( 3 2  fj 5 ) ,  i:hl:st i l ! l te r ' i~ i ) ' - j :~ ;~~t - :~ ' l~ l '  g.-'i;,;li!.il~g ((50 g peak and Q V Q ~ ?  45 g ' s  

,. . , 
' I  t i )  , L  I ?  I ( 1  . . I /he li:p .;ij.tal p!:>l: 1o;id j::. 

,,,,...,. . <  
2 1). 1 1  : \ !  , 1 '  5 J i f (  , Based 

. , 
0:; i,i+,? [\l;g.\,r;);y.;j;:;jL 1 5  rJ]J!;pj-\;>;/ ,t;b- , c i L  1,lir I I C ' ~ ~  j ~ j  bi:fi'i. beck ( ! \ ~ ~ ~ ~ ? T ~ L ~ x ~ ~ P I I * >  i01.i) 

- L 

)%f; ; ;; ; j >,/ ( )  1 ,-, 4. - 
& &. , i);,! q;c;;.,s;j <a, I;> , \ a 8 - + <  , . , , , , , I , :  +,.,-l 1 1,~,1!,' (5 !.::?'$ (3 i1?','/L!<> C??<(,.(lti.i!~<j i\iC? 2t7:)tlI'iV i i i D t i ~ i t 7  1 it,l.its 

. * , . c~< ' , ' ~ , ! ;  ti,:. > i ; L ; \ j \ ; b ~  <; ; -1 :,:;; r::i;-!i,:), ;I;\,! i ~ ~ ~ ' ' . * , ' - ! . i ~ , ' 1 ' ~ ~  !. <.: : : ,. ' - 9 '  I < .  ,,i " 1 .LO I , I i f '  ~ : . ~ i i i , . i i i t ,  ' 







11-1 o;*dt!r t o  ra te  t l i c  ovc: . i t l l  prol;cct. ive c a p s c i t y  u f  a resti-dint system, i t, 

.is rrcccssary tr~ t ipply t t ~ c  injii\-y criteria ncdcl ~ i l ~ i ~ t i  has bccr~ proposcd i n  tl~is 

~'ilpori: to vt!rioiis occiipailt s i ~ c s ,  ir::pact v ~ : l o u i t i  c s ,  i t r ipact di rec t  i ons ,  e t c .  
. . 
I l~.:s,  f,hc ~ f - f ~ c t  ~ v : : ~ I ~ s s  i s  bascd o i i  \ nu1  t i  p l  e app1 . i c a t i o i i s  o f  the 'i t~ ju t ' y  c r i t e r i a  

nndei ; S n d i v i t i i ! ~ l  sciryjlcs ctf \~:iljclj have bcen g i v e n  i n  Ii8rt V of ih'is report. 

P,n a,tziilyt,ir:al c .ffcct- iv~ncss irldcx (I<) i s  pri-;scr;t~ld ii'j "L l l is  part o f  the report 

which a1 "iu~is tile user i;o esti;i:;le t ! ! ~  perfoiA!~!arrce potc i? ta i  3.1 offet.ficl by a res t ra in t ;  

sys teiii bi ised o;.) t i l e  t o t a l  i t y  ijf o c c u p a n t  s' izcs , .impact d i  1-ectionl; , probab i ' l  i t j e s  

_. , o f  usage e t c .  , wi - i j c : !~  ~n i - ight  be cnconn'te:-ed in  i i c tua l  use.  I n  conclus-ion, app? i -  

cat 'ions o f  t h i s  .ilidc:< a rc  l i i a d ~  t o  gencr;il rc:si.r-dint sys tcm pzrforriiatice evaluai;'on, 

'LO use i i 1  c;oi'inf:c.tiun tii.lh cst,irirj [:.in3 compl icir-~ce tr~ i i i ~ t ~ i ~  v e i ~ i c l  c :;af"t?ty s. l ,anciayds,  

t o  est'i!;;cii:-irjri (:,f ti.;? pi5oL::c";ve ~ ; : 7 ~ / o P f  i ; f f ; : . . ; . ;d by the  j ; l t r o d u c t i o i >  of safet .y-rp]atcd 
, . 

rficjtrjj- \ 'c!;'~cl i? 11i; rC:,:ri i%c ar, 8 fu;;!:.;; in;) 0.f .I:ilc? p;-n!)sb i 1 .j a3' o f  irsc? o f  sllc}] hayd\rialy, 

dncl tcr tii;d;i l;j,lig o f  t i l e  i g j i r r y  t:y'i :iei.-,ia ~ , o ( j ~ . l  . 
Tiit? ar;a'lyi.jca? cif.f~:li-i~e[li;'s? j f l t i ~ ~  ( g f )  i s  lly~)~!.ii:::.,.izpci be ;i , funci . jon of '  

* 7 ,L!!;.i-:i? sets  o f  piy,;~.: [:a p;:ran.~,;i-t:-~ p;/j~ii:li c l p f j  ;! \~?:;.!;YTJ~ i l t  ~ ? i ~ ~ ~ i ~ ~ o ; ~ ! ~ ; ~ ~ ~ ~  (.tlie 

ctc l ; ! ! [ . '~3 i i~ ,  l- i lc \ ~ p / i i c :  c jni!l)ai;oc ;;$ ~ i ; yz ;  ic;ll p).aopwu'l;fl:s o f  the ii.cstra.int s ~ i s l c n l ,  

sni! { / I C  b'e]i:r,ity a:; b:c'/'l $ 5  c . ! . i l c r ~ ; ; ~ r ~ ~ )  o f  f , / jp  j i1[j jcic%), f.il:-: prob;,[,j'!.iiy tl,,:.t. cln 

. .# 

~.!c(:~li"~i: ;.:I 1 7  bf.: us . ; y ! l j  ti;:; ypi]j:.'i f: '1 (:( 61, i ~ ! ; ,  fo!- y;;yi ell .ii;c:, y2s" tya- i  111 :;jti,i;e;fi i s  
. $ , ,  

r))si.'j\l~;j?~.i> [:;id ~ . r l ~ :  p \ ~ ~ ; j ~ L ~ ! j ~ ] ~ ~ . ~ ! ;  :,.!;,>: t,h<: \.pzt!*;ijilt, sy,~i~~~ii~ \ . / i l l  j r i  yj:;! 1);i I,!!(; 

GCC;i.lij:.:i\ 

- 3 

i 5  :j;i\: 1):: f ' t ;?, ,$ , , -  1;  :;it:,.; 3:; 

; . .. f , ;'I " , . \  I .  1 %  l' ) 
( 1  ii 

:;,/i;.r.c 

0 :. ( ; y , : : l ! ~ , ~ j ; ! , ,  \ ,  ; r , f \ i  ,-:!\,.,i ; $ > I . ;  - ,  \ :  , \ , ,  , 

f t  - t l ; * * { ' , , j L - , : ' !  I '  ( !>" ,~~) i :~ ; , , . . !  ;,; ? \  ,;,,.,:;.;,. ; > . , > ( i , , ; ; : ! t ,  , f 



. - D .: t i e f i n i t i r t n  o f  dccclc:rat5on t i i ! ~ c  i ~ i s t o r y ,  i ~ n p a c t  v e l o c i t y ,  ilfld 

d i r e c t i o n  o f  i c i pac t  

P = proi!abi'l i t y  t ; i~~t  ari a t : c u p ~ r i l  k r i  1 1  occupy t,hc? scatil-ig 1oc ; i t i on  f o r  
(T 

r \ r t r ic f~ " i~c restraint systei-r; i s  prov-idcd 

P ,  pr~bdbilily l i i a l  thc  O C ~ C L I ~ ~ S I ~ ~  wil! t l ~ e  the systrw 

As the intent O F  the index (ti;) i s  t o  pro\r.ide ;I n!easurc of' effectiveness for 

i t ~ d i v  idii31 rils t;r.a.itit. c~ i~c t "p i ; s ,  t h e  quan t i t y  !i m;,y be sci,i,ra"icc.j froin ti-ic Func t f  on31 

~"f : l a i io i~s i i i i )  ?i.iii redefined 2 s  a scaliug fur icf  Eun t o  be used wi th  basci.ir~t. d a t a  

l o  s e t  tnc v a l u e  o f  I 4  t.c un i t y .  In ,L.h;s C ~ S Z  14>1 \c;oiild i nd , i ca te  a restraitit cle- 

v-i'r:i! nlore e f f cc t l ' ve  t j ?a t i  t l i c  b;ir-;~i ii;e wile re;^^ \sotrid i ~ ~ c i i c a t i ?  a 1 ess  ef fec t ive  

cicvice. lei kc:t/-ise, t h e  t v o  probsb-i l i t i e s  arc r~~ii!;Sers iiruicpencient of t h e  restra.int 

s;;s.~.QI~I and t h e  qua~;?,i t ier;  det;cri b i n s  t h e  va j - i sus  t,ypes o f  co'll is-ion e v e n t s ,  As 

such i;i-it2g c;:.ii a l s o  be scpar;ited from t h e  f i i i ;c t . ional  rc ' l i i t ionsi .~~p,  Hence, Eq. 1 

pay l;e rey!i.i .f-l cil 

M - R P Pu f, (0, D) 0 ( 2  1 
;;:?. 1. G f  tjjc! -f L;llL t$,35 t8 \ - : - t ,  ,.,,I L , , l  d c : . ~ ~  -,.-,.- :i%,. I I , ~ : ;  t:;? Q T , C [ ~ P ~ ~ ) ~  si j~u' / t l  i ~ i ~ p l  jl t : i c  

eiii:irt? s i ze  rariijc of ~: i :~ ! i i~ar iLs  f9jn wh i ch  ti;? ri.>:;xi.;>ji~t sq'stc:.n i s  e x p p c t e d  t o  . 
oi'f'er protc:c;tl:c;~. E e i j r e ~ c n % r i t i \ ~ c  o~i:~!j.i;in.i;s arc. tliosc ;iicr!cl~"d by ati'ciii-opor;:litric 

t ~ s  t ~ ! ~ ' i i ? i i i j ~ : ~  arjd inclili!e a s j x  yc;\r-  id ci? i lci ,  ;( ~ I , } I  pcrccnt;il e adl!l t fcr;;ai c, 

I 0 . ' 1 I !  p ,  3 I Tt s/:ou'lr! fjc noted a t  

t!15!; p05i"!.t t i i a t  pl?i+a;~:n"iass clesrrii,.in(j -the <:iicl!i>~;i?i;(O) h::vn bc .2~1  sepa;i;"i:~d fror;~ 
* .  3 

~>i+[i!~jl.)~ i l L ~ +  i!~{~,i, t i ~ ]  ucr;~;;?;];: ::jj'] 1;:; u5i!;i: ,tii:< j():;it,jo,.l \q/;pj-p tilt? r(lsi)-;:,ji\t 

:,t{:,i=;,] js  p y ! ~ j ~ ! , ? [ / ~  r . ,  ,,;;<!I;?;: 1-l i p ,i 1" ., 5 , !!I): .; i : [ : ) y  ti]st 2 5 J!{?ar ~ : ( j  c l ~ ~ ~ - l ( ~  1 



a l  = prebai) if  i t y  of use by G-year-,old c h i l d  

2 p ~ ~ ~ b a b i l  F t y  of '  ~ i s c  by 5 th  percentile f c i l ia le  

c4  = p r ~ ! ) & k ~ i l  i t y  o f  use by 9 5 t h  percentile nlalc, 

acconp'l.islicr; b o t h  their objr;\ct ' ivcs n11c.I also i t icrcases  6 s  the  var ie ty  o f  occupant. 

s i z c s  offcrcd  pth3 tcc"L io / l  i l . icr 'cases. IT s u f f  4 c i  e n t d d a t a  l ~ a v e  n o t  been g d t h c r e d  1'0 

d e f i i i e  ,the:;? p i . ~ ; b ? b i l ' l . i - i e s ,  t i l e  quantities coulc! be s e t  t o  0 or I t o  cover t h e  

Yaiigc! o f  cccl;;-ia!~ts For  I.:!;-ic!: t h e  r.esi;rn-int systeirr i s  intended t c  be e f f e c t i v e ,  ti 

nlsre g e n e r ~ !  I'orrii 0.; t h e  erjuat:,ioi~ d ~ s c i - i b i n g  the range o f  occupant  s i z e s  which nay 

use  ii parti s~!?i.ir. ~ ~ : s " l r ~ ? j n ? :  SYS~EI:II  i s  



' j ~  
I:iie inini~~um v:iacity ( i n  most cases vj, = 0 t i l ~ h )  for r ihich pr:,- 

t e e t i o n  i s  cr.ffcred t o  t h e  occupant ur?der the injury cri teria 

d .  = t h c  prol,~l i i ' i i ty o f  an i i i lpac t  frotn a p a r t i c u l a r  d ' i rec t ion  
S 

by t.he difi"crci.icc -it1 maxiinurn and in.inf%urn thhr*eshold v e l o c i t i e s  

m .r- t h e  n u ~ b e r  of  types OF cof l  isions to be included in the i ndex ,  

The mrx-ir;;iim and minii.~:u:n thl-es ho'i ci v c i  ocities 2r.e chciscn e i t he r  as a rcquiremer:t 

t o  bt? 1:;cl-L l ~ j ~  a rest)-a i t ~ t  systeiii ui;il~tr cval  u a t i o n  or as the rcsul .t of i;cs t i n g  a.~-i':i 

i;r~alys.is. 'l"li~~ ~~11.1!.cripti~g schenie .in 'I'aijfe X V I I  i s  suggested for i i s e  i n  t h e  index. 

1 ,  S~$SCi?Il"'l'I.ljG 1N I.';[STf:A:I',II. SYSTEM EFFCC'TIVENESS l f l E E X  

S,,". , L.8 ! i t 

i * l "g i?C frai'!t obi j yue  

1ef.t f\y)!1:: o t l  jquc 

r i g i l l ;  side 

1t:f.i; s ic la  

ri g t t t  re;: i- 01.1 iqirc 



i n  tfrc spi?cd range covercd Ljy t h e  d i  F f e r e n c e  i n  maxit;~utn at~i l  i i l i ~ ~  in5:urn threshold vcl-  

o c l  t i e s .  The most up-@c?- d a t e  i nfoi -na t ion  knov!n t o  t i i c  ai~tl~ors is  t h a t  c o n t a i i ~ e ~ ~  

129  
j i  t i  t t i t  I !  i a r ~ r i  gi l t ! , iered at; t i l e  iicsearctr 'friar~gle In s t i t u t e .  131 

This irif~)b~i?i:a"iion could k ~ c .  iiiocl'f f ed for us? WE t h  .the p rcse~ i t  e f f cc t , ' i veness  'i ndcx. 

A prelim-in?ry study i;ss?d or, IISR1: / l i t  i.ab f i l e s  i s  g j v ~ i i  it? T a b l e  XVIII shoviing 



. 
If t l ~ c  su!.c,cri p t i r ~ y  scii:l~i,>s pr l jpor icd i 11 Evs'lt.!stiot~ ( 3 )  and  i n  Tshle X\JII are 

appl  i e d ,  Lquat inn ( 6 )  c2n be rc)/r-i Ctcn 

Thc f i r s t  s ~ i i l p l c  !~yp~~t l . i e t - i~c t?  iipplic;.!ilir?ti o f  -tile c-ffcctiveness index coinpar2s 

a l a p  bi1"li.-shoul(icr i-iariless con~I:'inction w i t 1 1  a11 a i r b a g  f o r  a right fror?t passeiigcr. 

Or.din~r.ily, art i n ;pac t  s l e d  or f u l l - s c a l e  crash tes t  mal r . i x  for such a systeni in , -  

cli~iles Ti-o::tit'l , right la'tcral , and rczra-ci;d tes ts  and ir.ivo1 ves vzr-ious sl'zes of 

.. . a d u l t  di~iiii!lf 2s.  I he 5th  p z r ~ o ~  t i  -! 2 fcnial e ,  50th peli'cci1t-i l e  mile,  atici 95th  pcu'celi- 

t i l e  n!alc w i l l  he assurixd f o r  t h ' i c ;  case .  The ~ i r t ~ a g   ill be assun;cci "Lo: ( I )  h o ~ e  

a ? O O ?  p;-oi~si)i?-'it;l o f  t : se ;  ( 2 )  Iz." c i ' k c t i v e  fi'oiil 0 t o - ; ,  nid~i~i~!lir: of 40 nlp/j ir; a 

' ; ~~ i* i t i l . i  ~ o l l i s i ~ t i ;  a n d ,  ( 3 )  hc cffrci . i i :e . i \ i  20 nlph r.igirt s,ic!c. ii?l!>at:t a;3d i i ( !  mpii 

rc;r ir:y:;.:ct \iiii?n suppleilieritcd t : y  zppropr? I a - tti i t r ! i ~ S  c f  c :, i dtl dortr a;-;[! :*eat back d:::;.i 

fcai;ures, Th.li tjt.1.t co i~ ib i i la  t i z:) ; - / i  '1 1 : ( ' I  ) i-,;:t:c a 5$ p:'ubnSf '1 -i ty  ~ ; f  \rfagc.;  ( 2 )  [lc 

ef fec t - i vc  f roll1 0 tn 1:-0 nip!? i n  a fi-!jt.l;.a't col'l i s i  on ; a r i d ,  ( 3 )  he ef fec"L  ivc ill 20 ~; :pl '~  

right s-i clc inipact 2nd i n  a 40 ni i ! !~ r cn r  col  1 . i ~ ' i ~ i - ~  viFlcn sili?pleii;cn.ted by appr ' op r i i r i ; ~  

v c i i i  c'ic 5.i dp cioos* ;;nl s ~ a t  kzck cj2i. i : ;~ fi?a.iir:*cs. -1 I jc proti!b'i 'l i l.y of ocr;ui:zr~cy of 

. . r{si"~L: ' f i ' ~ ~ ! l $  ~ L S > ~ ; ~ I ~ ~ ; ; ? *  !>t!:;j!,'i(ji.; \,;: i j  I,[J z:;:,{.,~pyi ~ ~ ) c ~ ~ ~  ( s p p  ] a t ) ' [ ?  ~ j i i i  

. "  i / ie  j ' ~ ~ , ~ ~ ? ~ ~  3 0 2  c f -  <ic(:.i ; ' p ~ ~ ~ ~ ;  [ \ r t : ~ i r j * j  j <,:I,!! >,i>pccj rc\,:<;2; ki.1 11 c ~ ~ ~ ~ ~ - i j j ~ ~ , ~  

't!1(]:,: f o ~ .  t i l e  pi!:"pu".::; i'f t,i;i:; c x ~ ; - ~ i ; ~ j ~ ,  [;CI~. ' , ,  .b,\,p ~ ? : c j  t,hc? \ ! ! y l , k  ~;~:~~\~jll~~~-~;~, 

, , i:r2 (,~,z.s\;,!,i<,<! pri*!~t,<lci: ; ; ] ' I  tJ)i'pc p i ; ~ \ j ~ ; ~ , l ~ ~  ~ , ~ ~ ~ ~ ~ i  ' [ C I J ~ ; ~ ; ~  ? c  il1,2 ; ; ~ ~ . : i ~ ; ; i \ f ; . ~ < ? ; ~  I , ! ~ ; L ~  





. . 
- .  a c c i  (it:-nts \ h e n  s u b s c r i p t e d  t o  v c l o c i  t y  or pleohat.'i I i t y ,  Because the: t c s  t 

m a t r i x  i ; ~ i l l  Ire carricd o t ~ t  i n  the saale [nanncr edch tiri!~ l . t~c pu 'o l~ah i  i i t y  of use 

o f  t h e  o c c u ; ~ a n t p o s r ' t ' i o n s ,  "ihc prubabil i ty o f  use of th: restrc?i!~t., s;jsttii;is, the 

prababl ' l  .i ty  of a 5Ot i l  pcrcenti lc  rsa113 d~miny arid the prilbzbili t i e s  o f  the  a c c i d e n t  

t y p e  2nd veloc'i'ty ra:?gc bc'i 11 a1 1 bc u ~ i i t y .  The ter;l, veloci  t i c s  as shtteri i n  t h e  

slanr?ai . ;d arc; 

vy: = $0 iipii, v - %O nph, vrO u. 1 = 30 nph 

I n  order t o  coriiply \ v i t ! i  the stanclr-ird, tile inju'i>y cr i te r ia  ( in t h i s  case  t h e  orlc 

s p e c i f i e d  i n  :*i'dSS 208) !nust be met for 

bi - 280 

w i t h  t h e  s t ipuli i t ion t h a t  no t e s t  v e l o c i t y  be k~e'lo\~i tt.ir.se l i s t e d  -in the  s tandarnd .  

The t1.1t:i.cl exainple o f  p o t e r i t i a l  use for Llic -index (1) i s  concertled w i t h  i t s  

'I;j"C' ''"4- 
\.dL , , .I,. ~ e r ! r : l n a t i o ! ~  o f  ;.esediTch priority aild potential p i ~ y o f f ,  I t  should 

lie noted i n  C!.jri:ltion (6) t h a t  thc tf-Fci~:ll ' \fencs v a r i e s  cii rcc t'ly w i t h  120th t i l e  

~ r a t ~ 3 f j j  1 i i y  [ r a  l t ' . a i n i  tsy:tc!:i rise and ti.rct pr'ohab i 'I i i:y tria.i; a par t i  i:il ;;r s e a t  ;in<; 

l o c a t - i o i ~  'is occv i j i ed ,  tlr;ip!-idsiz.liig tlii~t p \ ' 0 t ~ i ~ t ; i i l : 2  tht? dr.iver arid r i  y l i t  f ront  
. . 

seilt.p?ssser;gzr.'c: v i i  tii ef  fec 'c !  \ ~ e  pass.i\li-i i-.astrsi !.rL sys"i.cnls l f :cu*/ (A 7 cc;d I:o (7 g i * e c l t c ~  

p ~ ~ , d i . ~ ~ ~ ~ ~ O j ' i  of ::liii~jQ!S t:!ldrl p]"~t(?cf; i  29 a ']  '1 ~?.!)::1- p ~ t [ ? f i t j  2 1  ~ ~ ~ [ j p ~ , ~ ' ) < ; ~  (;i~!?~I)i r:ed, 

l.;i kc~i i :e,  pro.i:,cc li t l g  t h e  61-i ve i l  i n  -f-rt:i?t;;l cl:? 1 it:i o!ls ~ ~ ; n ; i l d  be a Lio1-c ef fect.i\!e 

n!e;:s~.li*t? i n  -i rljiiry rrldiici< clrl t.!ian pr31,~~:S i ng /\Sill . i ' r~ r~~  a1 1 1 2 F t  rrL , d r  0111 iquc  

c o l l  i sicr;s, 

TIi;; f < ~ \ ! t * , k . \ l  pgzj;?!:'j p (; f t,Ijp j p y l  , . j c:d,l,,j tin o f  i , , j i c :  ,i !l(\c:,y i)c,is t o  \ j ( j  ~ / j  t h  j ks 

\,is;;? t)!,~d~'[; j j ' [$; tij(> i t ) ~ , ~ L ! ~ ~  <,)'i t ~ ' ' . i [ i ,  i;:i>d:)'] a I,!.; fi)",(l[br ?;,(J &f-~~iili\~[! ;:lt> \ ~ ( : ~ ( ! ~ ~ ~ ~ J !  

( ~ 1 )  fi,jr \I:;? j ; )  t ) lz  ~~~~i~~~ I L  r i i *is [?p(;.:$,;;!l $4 ( i ; j ; ~ ] , y  2,) jr;;jtj:-;), ~ ; ! ~ ~ ~ ~ ; ( : y ' ~ : !  i i j ~c je ' /  $;l.jr!: 

! I  
8 6 ;;s !I.,(! i~,1~s2,j { I ;  :I;<:> )-c[i;ji'T , ,,rl(a!) t , / ] ' [  c;  '1 5, (!,;!r); ) ' ~ ~ , > ~ ! - {  p d ' i ~  .i [ j 5. 1 '/ i:(:J] 

1 1, ., .I. -. I 

:~ , , + , :  ~ : p ~ : ; ; ~  i;!;,i>;., ()( :;!jf2y-L))-!:.!.! ] p , l [ . ? L >  ;;I 1 ,  l>(: ! : y ~ > { ! ~ ~ , i < ;  ; {;y(,: <,fLp,; :.i.;i;i,i p . [ : )~y : ! *  



For  . i r~s tanee ,  kncc loadings viili shoiil I I ~ I  a s  an iii!poi.~tai~t limitin9 f a c t o r  i n  m o s t  

passive restraint. systcii~s \.ii.i.i~h a r c  bt:i rig proposc t i  aY'thc p rc se i~ t  tiii;c, L i k e w i s e ,  

i ~ e a t l  latcrsl gs-lcradi t ~ g  911'1 1 vcry 1 i k ~ l y  hi! a, 1 irn.it irig factor i n  ev ; l l ~ ia t , i ng  

door  c.rash~mr.ti l inet,s s trilctt.!res. 1 ~ I L ~ S ,  d u r ' i ~ g  ai . jp l icaI ; ion o f  .the -inc.ic.x ( M )  , t h e  

~ c c d  for ref-i [I-ing si:)c!cr'f ' i~ to'lcu~dncc d a t a  and for detcrrni n i n g  new i t l fo i . i r ta . t ian  

should he isoiated. 

I n  th i s  part o f  t i l e  rc.lp9t.t a rc?sti-dint systei11 effectiveness i i l d e x  (M) has 

been ' , t i , ,  "4.- o d ~ c e d  i"'c\' L J S ~  k i ' i f l i  liic j,lj/..rr*j c r j t p r - i a  , I ts   US^ has been d~;iioi?- 

s-i;i:atc:.i i i ~  fijur exa.m~les t o  yrovjtic i ; h ~  rrcst.a.raci~cir a r ~ d  cdevel~i~i?~' of s t ~ i 3 d a t . d ~  

w i t h  a c o i ~ s i s t c t : t  "cool for coivpilri ng  t i : e  pro.tc:~tivfii 1 ~ v e 1  of: r.esl;ra.ir~C systxerns. 
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