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1.  Test. F:a"irix f o r  \li:'ioci ty,  O c c u p a n t  Sizr:, b e l t  Use and Impact  D i i - c c t i o n  



. ~ 

' I l l is  research program klas c ; ; r~. ied o u t  by t h e  s t a f f  mcnibo-s of t i i c  B-iosc'icn~::cs 

D i \ ~ i s i a n  o f  t11:x f-i$gh?iay Sc;fcty E~:sc~~.Yc\ I  Irisl;.itutc, l'iic Urriversity cf f4 ichiga11~ 

Tile pl-oljr;!l:l ka s  urdct- tile direc- t ion o f  Ct5s.  V .  1, tlobcrts and D, ti. G o b b ~ i ~ ~ s ,  Tile 

'ijj:;:fict slc!d ti?sC.ir:3 l,:li;s cl:rr$e::i c;gt  by A. id .  iier;l;c i-,iic assist,at:ce of 



Dur'irig tti-i!; pi-c.ijeck 2 t n t a l  o f  126 i i r ; j~act  s led tests  us.i i ig anthi.apomctric: 

d\:i;:ilij tc:sl stih;j~i;ts i iavc i jeen c a r r i p i i  oiit t>y i;ilc H:'cjilway S;;fr.\;;y Research Ins t i -  

t,uLe !JJ :; t~id))  !:\I!: p ~ " ~ t i ' s : i ; i ~ ~  pof  i int j2-1 l;f a right f r o i i t  pas jc t \ger  - in f?al . ing re- 

s ~ i + a ~ \ ; ~ ~ s ~ ; i i .  Tile t,\.;o jl;\.)ti; 0: 4 . '  Li1 . j  s ~:xp~:~j;; , i :~:i~sl  PYOCJTAT\~ C I ~ : S ~  ~ t ~ d  of: (I ) 

L' ivc Ca par;niei:cys S U C I I  i l s  c ~ ( I s ~ ~  \'e'ioc;l;y, ljsc k f j . b ! l  iii.id kdjtjSI3!)i; l a p  I;!$ i s ,  rjccu- 

'ij?<? r;js!r'i ; . i ,  r:,3"lici- , ; [  :,., .I-j.,, .;., .... ! . ,..- ::- ; h a & .  , ,- i s  I, ic  L C  ... L, 1 ~ . s t  i(1l.i \'j!:iik: el<ij~] ! i i i  i;!:; us rig i )c~r i~i- i j ! ;ncp 



# 

glasses, sl/;uci:cd o:c::~.li?nr;s, ir!?it occupat~ts riot: l oca  Led ~yj;i:nelriczl l y  wi ttl respc;:t 

I le sc?tisfdc?roiy C I ~   ti^ bL:sis ui '  I.he pcr fo l - i r ,d~ lce  o v 2 l u i i t i 0 1 1  c r i t e r i a  used for t i~ l :s  

s tudy.  

Fin21 : y ,  t'~i:~;iiii:::i!d3iticins i:Yt' oFfei6cd \ihicEl have! t i i i i  object i vc  of ci-latlgittg 

ttje , I  *an ~,i,il.... , .  c P,! S ; / I Y C S / ~ O ~  li i1el i )cj  t'i!:l:j ~.!pivard. A ccjmbirieci cxperinlcntal zr!d anal y l  ici.il 

StS"a'jl 'e ,, s~~, . , . . . ,  I LI I t_. l i i  &way i ' x i i i  t h ~ :  gc?oii~?Iry f i x e d  f o r  the i . :~ i 'p~i . i t ;  test /ti-ogram; (2) in;- 

prcl'ies 'kilt:: di::;'i(;n :,/' C:l!thi.(:p~)i~::!i..~{~: d(!!':i;i.li~~ ?,l.id esti; j , : . isi ' ,es the  ]eve: af t t l e i ~  

cc??'i.Yb/ at.1'01: i,!'i t;;.i h!ili:311 \'~5 j jOt lSt i  i.3 j l l l p z ~ t ;  ~ I ! c !  , ( 3 )  ~[;l?t.i;i!~~i~ t/.i(? s . L ~ ~ i y  !,f energy 



2,O INTHODUC'T ION 6 

An cx'ieils i vc ?x[;~!i'iilli'fi l.il'f a n d  analytical resclarcil progranl has t)een carried 

out  t o  ebialu:?.!,c a prcrtotyi;? airlilig I-cstrc7.int systeiil for t h e  pi -o tcc l io r~  of  ti12 

right frutlt. pss!;ewjiil- i n  a ~ t f ! t l d d ! . t l - ~ i ~ e  ri~c~tor v c i ~ i c l e .  The nr.cd f o r  dc\/clopiiier.~i: 

arid .iriip'i ci;i~11i:3 t j o n  o f  p ~ s s i v ?  rest:-a<r~i; conccpts fijr motor u c t ~  i c l  e occupants  is  

s ta te  OF t h e  ari; 07 pas;ive rc: .i:iAaint sys.l;cx~ develc!$;niciit is  d e s c r i b e d  briefly ?r: 

Part 2.' i  o f  ,tiiis r+e;~oi.!, i n  orriei- t ~ ,  . i ~ ~ i i l  n f'ra!ne::'oi-k -For t h f  d j s c u s s . i o t ~  ~f projil~t 

ohjcct ivcs wi!icii fc.;l ' iol,d..; a s  Part 2 . 2 .  
-, 

2.1  S'i.n-[E OF hi<'( K f : ~ - k ' j ~ \ j ~  i;() rr<Pt,i\,'/'j:ijG l{ESTR!,:b!'r S'fSTE//l:j 



t.icjr-\ ant1 ti.,;: scc3nd c c i ' i j s i o ! ~  o f  l i \ p  occup;:til, \.!it11 t h e  vl?k1-i(:'i~ . i n te r i o rs ;  (4) a 

hii dc!r1:~2i:s.ti..zt~31!;, an(], (7) t i i u  e f f e c t \  0;' rioise si.ori?ii be l 'nvi?r;~iigatcd. 

La.tcjr . i l l  1968, the? p r e s ~ n t  p r o j r c t  mr; i i r i l i :7 tcd ti; tht: Natiandl Highl,~ay 

a b e t a  i'icci at!riiysis oi-' i:!::~!: car; ieci o u t  on iiirbag r.cstra.in'i. syst.zi;?s t o  determint! 
... ' 

I *  . . ,  tll:?ir fcfi:<",l-)] 1 1  cy* 

' 1 .1 :~  ti!!>ic of hu;.i!;ii: ;!t]d i ti1i.y i s c f , i ! ~ r ~ ~ j ~  .l;o n iv.i.;ii: fi.;fl al':iun 1l3'ise \.!as covered 
- .. j ! , , 1 - ;  , ; ,  1 g ~ f , j  s cc'y.i.'--,-l ., ,,.! ,, I *' ! y  I I ; < I I , ~ I I I ~ ; . ~ C ~  tI.162 11~i:ie 



was d~ ' i l l011~ t t ' ~ i L ~ d  a n d  irfipl c;liented .i 1.1 hardit'nrc b o t h  by a lo:.,-dqsloyii-19, knec- 

lobier insi,rti;!ic.nt pant.1 cicvel opc:cl 21; t i l e  H igi?\ii?y Safcty Researcll Ins t i  tu tc  for use 

w i t h  an a,TI.\l)3ij dppl  c;:c!rj -fi.oig t / ; p  ( jp i?o r  + j r ~ ~ t j * , l ~ ~ * ~  1 ,  - 1 By S;jj-i119 ' i970 SUCCC:SS- 

fiil t e s t s  k:~;..c carr.icd a t i t  a t  ii.'jKj a t  49 in;;!; .i:,;?act v ~ l o c i t y  ancl i r . 1  right f ron t  

A canf':?;-cnce he1 2 a t  t h e  G ( > l ~ i i l ~ i ! l  I.iot,orl; P ~ ' o v . i i ~ g  Grot!i.ids i 11 Hay 1970, spa::-- 

S C ~ ~ " G I I  by ti:$ liorth P,tj i- in?;,ic Tv'csty O:*<ianSz;:i;ion, and t~osi:cci j o i t~ t ; l y  hy t h e  U.S, 



She f i t-st  port i o n  o f  t112 P I * O ~ C C ~  i nvo l  vcd  tile sel e c t i o t ~ ,  d e s i g n ,  f a b r i c a t i o n ,  

a n d  triiil tt-sting o f  a corr~plei:~ a i  rbag sys tcn: basc:ci oi l  protxtype harclwiire \vt. l icI~ 

 as aucl, i labfe at; " l . 1 1 ~  ti;nc? the pi.,oj~c!. ~ 2 s  jllj"Lic.,led i n  early ']gG9. Coapcr- 

d t i o l i  \?AS C S ~ S L ~  j ~ j j ~ d  ~ : j  tll F l ; t ~ r : ~  Y a l e  a11d Tov:ns, I r ~ c *  viilo nladc h v d i ' l a b l e  thc  niclst 

( :  p *  1 :  ! , . I  i ,  The p u c l  iniirLc;u\y t e s t  program aud 

recu? i:fn; ~ r o t o l y p s  coi?f'ig!~:-r.i.tioil arc ~!iscus:ed i n  [l&l...t 3 . 5  af " i ~ e  repoifit. 

based or! "ci.ic config:i,+aii:,ri !.;ii'icil \,itis sc~* i r . ~c t cd :  i; t e s t  matr<x a l o l ~ g  with 

ti.,c; ~ : z ~ i ; ; c i a . t ~ . d  pi.i..fori~~ar!ce e v z l u s t i o i l  (:r-itt:v,ia, tcsi: i n s t r u r n c i ~ t a t i o r i  and d6t.a 

i j an t i l  f ng pi":::edui.c.; \vt-irc choi; r211. Ov$r 120 itspact s l  cd tests i*;crTe cc~nducteb  i r: 

v(;.yyjrlg paln;:~;etei's d!:scjt.ii,.i;;cj ";c o c c i l i ! ~ n t  and  ';lie c isash  ejrvirorlii~ent w l ~ i l e  

kcc.p  ill; t.i1~ prot;olyj,c rcitri:.;!.ii ccl+ifirjurai;ion f i x e d .  Thc t;es t inr-; tr t i r ; icr; tai , ion 

8i;il cli~*{;s i~:?!;d'( in:! ;.~r.ocuciure:; iiu'c dc~cr.ib~?::i  it2 p~. ,r ts  3 .  3 arlci 3. 4 w1-;5 1 e the  

,n -, 3 %  

, :  , , I J f i : :  , r t 1 ,  6, IJsi r.,y Li1c: 

C 1 t-p\,L,!i~: ,.,.! i ~ : , ,  - . . .  :,-2c; . . w e ,  p.,..q,.,l , \ : , ,  .+ t:v.:5 t!?e , ,  p r p ~  ,.,,,, + , ! -  ,.,,,. ,: ,.I.. , ! , , . - , I >  .,,,,. , . ? ,  i o r r~ ' !  !4:;~:li~,~i.i.,;l..1~:ii.I r:i.asi! u i c  t in  

j I:!IJ"~ !> i-0 5 c): c: < zg 1 ; ~  ~ 2 5 ;  2, j c 3 ~ )  ,L '1 ii 'i (2 1 . j ~  i,~;,: [:v? ~ ~ ~ ~ ~ ; ~ +  j 122 jlt 2.1 ii I j j  2 j , 

"" jriis t . ' ~  ,,,j:.i: is  :jcsryr.jbcd i~;,,,~t 4, i3+ 

. ,  , " A  - 
[ j ~ ; ~  ! ;;r-c,~~i;;:;; ~ r \ ~ t j  j:,:;b;o,-, (~ :~ , jp , : f~ i~ : t>  cf' i,ii2 p~*c>j:ct ~ j p f , c r t ~ ~ ~ ~ i ~ t j ~ r i  ~ t f  

. ,  s . , 
\!i?)[~:j i;;: ~ ~ ! f > : ; ~ ) ~ " ~ ( . ~ ~  ~ ~ ; j ~ l ~ ; ( \  ly;:; lc/', .;!;;;~i,[:f, j:,i''[]?;<:rtj{~rt 'j:; /){>l][l\/cG '(,(I b~ 

i.: e r. I 
, . , , 

e L,ij i . ,~,: ; :  ~ ~ ' ; \ h ~ , - : < ~  y,\;<:; ( (,;I, T / i y , p  <;i-,k-p;:/ i~j ld~, t ~ , z  ~ J ~ ~ y , ~ ~ i < , < ~ ~ ~  ill L ) ~ \ ( J  \,! 

., s ;!;Id , , { c . ; ; .  - , A :  4 , > L ;  ! i , . 8 : < , > . '  .'. ' 
,d ., ' - l  i' i L'., L. , , I ;  i .5 I l l  1 , r \ i e ;  3 ,  7 -  



3 .0  TEST I'KlJGiiAbf 

D!ri.isig t h i s  p:.r:iject a to t i l l  o f  126 i;~lF;aci: s led  t e s t s  hxvc i;eeir carried o u t  

t o  sturi;/ "it ~)rott!:.ti~~i: potvii.ti-1,1 01' ;-igli'i frot l i :  passc2riLjer i r r f ' l a t i n g  restrair~t  

systt?i.iis. Ti le tb:o pdi3.E:s OF tl~i:; e x p e r i i l ! e ~ ~ t a l  t e s t  Frogyarn c o l ~ s i s t e r !  o f :  ( 1 )  t h e  

se lec  t io i l  and dc5.i !:;n of a C ( I ~ ! ~ J ' ~  r-cs L r d i n  t systrai conf5giirati011 based av(:i 1 - 
abl  i? i ~ ~ o t ~ i . y i > . s  auli.1, ( 2 )  t h e  - [ a b ~ ' i c c i t i ~ i ~  2 n d  dyt~s~i;.; c. tc:st:ing o f  the  c h o s c t ~  systIcii\l 

- .  i n  rjrdi-r t o  eval;:c:if:,2 \,i:.r*for r:ar:lt: rera:-i:ic t o  pa\.,ii\!\e.tevs sucll ;is ci-asir veioc. jQy, 

L1sb \:'it!! a,r~:i w.itl:i!ui: sea t  hc i  i,s , occui,,gn"i :size, c1.i !.";.i;ior? of  .itlipact, r ton-convcnt innai  

v c h i  cl  fi c:-ash resi:,nnsi:, 2nd ~:.c.~.:pr.rrt. ?gs ' l  t ; j ~ n . i  !?g. 

3. 1 TL1';:' 08,3EC'I'j\'E(; 

. . 
1 ",$;'t pYcgi6n;;i iiili c1.i h?:, t " ; ? ; ! ~  i.ti,ri*.icd uii i; v ; ~  1,as::d at? ;I Q i ~ r ? ~ ~ u g l i  eual i i ~ t - i o n  

of' Lile s i~ , i - i :  o f  t . 1 7 ~  ~'r.j; y-ej;:t:iri:; j;if"l;ii;f!?y ye:;l;r~..i!l\l. ~ ~ ~ . i : c . ; ; l c ;  [jp th;! etrli 

4- hr, 3 7 , i  -. v. s 8 , -  . \  L3 "1 ?; f (\ 1 1 :  * I..-",J. 
b t l l .  L ( .  e L . ! $ , . A , J i  J L , L ~ !  I ,,L,,,.* ) ! ,  L . , i L ) 2 - ; b  ,,;, t(; ; ; ~ ~ i ; i T ~ ~ j ~ ~ c i ; , ; ~ ; ] ; f  .--,.,-.,?,*, it!c[.,t o v c  ~ < b , " i i  n ~ ? ~ f ~ , * ~  t 1 . i ~  

. ., p~'o~,o'i;;:i:~:; a k t a * ;  !,:/?::> 5"; .tiit;.{, . ( y 2 ; - , .  ; , : ; \  t,lcI1: ~ ' 1  6: p~i;.! \ ~ ~ ~ - ~ i , * , ~ > ; ? ~ ,  ~9:lt;'; s{;j ;:: e f  a ! i  cj. jslq;12!~ 

\I f ;~ }Jy j~ , :~ ! ;~ ,$  ]?y ~ ~ , [ ; Q ; ~ ~  ,b . l { ;  tirii: .]t32:;::l> jf,;, i ! ~ > , - i  a% , I ti ii sr,t.~t- i ~ L . i , j ~ l l ~ l  c ! : : s i ~ ~ ~ ~ c ~ ~ : ~  k~udj t  h c ! ;  k,(;:;?rj 

cr[i <;/):! < ~ , ~ l ~ ~ ~ - ~ ~ ~ i [ ! ~ ~ : ,  { ) f  a )~:,L,(J i,:.~~{<~!;~j s . i p c ]  p;~:>~<j; : i ( , i~ z :> \ l t ~ / ~ ! ~ ~ ' ~ ~  \;c!:, d[>${cj~][~(] i ! f i d  

~ f ; i ] y - j ~ : ~ j , ~ ~ < ~ ~ j ,  .rhcf -rii*:!i p;,iq, 0; t! ,? j ;p~, t ,  , . , , a t - , y r - ;  1,; ,.tb %,\',\ \;;I:: < i < . . < . ; ~ i \ : : \ ~ ' !  '; % \ ~ p < , \  \iII:!r\ i,b\i ,:Q;*;- 

.+: j 19,ii .., l \ - .  ~ . k . ; t . ; : j  \;;;*; :,!-:),~j;:;+-;,.! \,g . i;!. ,;; . , t";~. :; /!:;d t,,?:,;ts z , ! ? ~ : ~  ~,f: ,cml- ~ i ~ ~ ~ . i . j f . ~ ~ ~ l ~ . ~ ; j ; ~ i ~ ; ~  ~ p p t ~ ~ ~ ~ , d ~ ; j  

f l y  i* tc]i:,2 ij\.!< !: c!.;' ti;;: ! > i ~ ~ b ~ i ; \ * ~ j ~ ~ i ~ l L ;  c: P~,:,,.!'! t-,,,; .;;.,).: i2<, is 

- I ] ! : .  ;,,;-\j\,ia ~l>.. i ; , ,~, i ;~~f:> . ~ o,:' i , ~ ;  , i:>:;,!,.;sj,:;!:;.,:.t:'! i ; \ , i , t ! i - t . : : f j  ~ ; ; ; , ; ; ~ , ~ ~ , . ~ p ~ ~  ~ d i ; ~ ~ c , ~ , , r ~ , j ~ ! g  j;,,.. 

i : i : l c : (  %I[;',! t l s . ; , ~ .  (-1 7:s4 % ' ] i j ; i { - c  f hr. !;,j,;,i,:,L ! . , i t b ; ?  i .. . rt;ii,j;j'/ .* t , 7 * r -  ; c j d  bjj' .k,i;i:! ; i ~ i l \ l . , L l \ ; < ! , ; t  \ ? i b 3 . .  
i i 

, . .  r $c;,L!,.!;l; :;\,,,, ;;(.:;; L:!;:'::; 7 ~71 j \ > , r j i ; ;  p.>,,,8;i j  <, L :;i,,,;,;: s, , 5 - ; 

' 3 .  ' j .   it^^ : i x , j :  f,': t* i iTLik,i> t ~ ~ < , / . , ~ ; ~ ~ ~ , t s ,  " ( )  .!,\; ':I,] I ; , - ; / ) ~ ,  

t;, 
/ i!.,,) r,:\$ ! : < ; t i .  ;I.. > : . * i  1 : , . , ,  , 

/ 1 . .< & .  

L .. ' i8., ' i  - ; ; I  t%; .> ; i ,< ;* ; , :  ,.;:);: \ ; \ { ; i - t  ;I,!: , ! ! I ,  ; , i t  : ! : ! :  L!!:,; 



3, e f f e c t s  o f  vsrious acc~rp;!r!t s i z e  coni!~i n a t i o n s  incl u d i n g  ii 6-year chi 1 d , 

a 5 t h  percent-ilc Pei?:alc, a 50th percentil? male ,  it 95th percentile n a l e  as  well 

as a ccinb.inaiion cons-istiny o f  95th perccntilc: a n d  &year  c l ~ i l d  c?~'itbl~*opoiilctric 

du:ilin-ies ; 

4 ,  e f f e c t s  c f  tjnti.1 t:eaci-on and 2 2 ,  Sa oh1 i q u e  r igh t - -F I -ont  imp i ; c t s  ; 

5. varii ikion o f  .the vehicle c n s  h r cspcnse ;  a n d ,  

6 .  effect:; cjf '  ti!c pas i t i o r i  of the occ5pr:iit .ir!cl ud i  rig chi1 c i - s i zc  a n t h r o p o -  

mc.tr.ic dt.!ix.n-ies w i  Sh i  il f ; l ~  vchf c'l r! i n  uL1;er tii~r: t/:> nr)!-i;!al s s a t e d  pos i l i o n .  

3,  2 P ~ R ~ Q f ~ - ~ $ , ~  EVfill~k'TJOi'! CRITE/;?'A 

The ,i;hi.rc.e cr.itcr-i a ~ h - i  ch t-ii;ve Lccn used .in s.tiidy i t ~ g  2 n d  i lval  iiat:ing the  resul ts  

of  the inp3r.i; sleci si;c:;t .il.lvolvt:d: ( '1  ) I j ~ y i  "is 'iiorls, of  t!c!ii;: r 1 i 9 t i o i i s  ( 2 )  u s e  o f  humrjn 

.: I I , , ,  ~ i r y ; ~ . r :  e i f i t : 1 1 ~ ~  (jz,i;i!; anti,  ( 3 )  d j  s.tj-jS:itio!: of 1 c l d d s  ovci- ti;g I293.y s i i r f s c e .  F'or 

tiic . f . i , , c ~ .  ,L [ j f  L i i p l p  ~r f t ; : r j a  p!hj r;;h f s  c~;.!czy.n(-:d \\; Li-1 ;;I 1 jfijl;i,,f 0); 0.f bod)' i n o t i c i i ~ ,  

'{,/;?; i 7<  s~)(!~(j r , ;~~\~?fps \;h j ~ 1 . ~  ~ ~ ~ ~ , ~ i ~ ~ + i , . ~ ~ - ~  < l ; ; ~ : ~ i ~ ~ p ~ j + -  1l;ct{.jl1,2 'r\-g*i1 (;;,b:~2!e~is -1 < \ ? t : i : ~ c i  \>i+~'t!? 

iir!- L 5 j . ; 3 ~  \;:'i't: 5.i;~id.j c;j ~ C I  (:lct,cl*,;if i-le if occki!;;l, :. 8.l):)i;p 3p.J t);(? L";:;~; 0,: jl,;i-.>--'. 

/?c:d c;crl{,acj.(~~i I:?cn;pfi.i:s c>-f tlii-;l :,l2i';ii.l:; ' t : ' ~ ~ ; . . ~ i ] . ~ ~ ~  U L I ~  \.cl;iic.::j 1;:: t l \ e  i.*p!,f,,)'c!jnt ~y~'[,:l;fi 

1 )  j ' j  j 1 j ; , - f  , i \ )  ( /\1- 

. t L ] j i ( ; l c ~  j * j . ! : . . - , < p . b  ~ . : ' . ~ - j . , ; ? l  kc tlj:; SC!?.~, ttlld \ * ~ ; ; ; - ~ , y ~ j ~ ~ [ ,  s!;s[c;q; tfi~);l;j! c[?]]i,,4c4.; 3 , / i j . 1~  tj?~? , I ; I . - I  ,.,, ,..~.tL, 

..; % . . . , 
j:; flf;;,, l ; ( ; l ; r - T : m : , 4 y ;  iy . , ; ; , ! \ , ; , , > l , j ! J : ; 9  - j \  [j[,;;;:, i"+).%()\,,.! (&, , :  jr,,(;-icy\.[--j()y, j , ] ) ~ [ ,  [A j,~[;:,ty-:!j[;~ q,:ii-;;l 

,!!, j;;, $,\;:,,;!I t!!;.;,yj f;,y c ?  (,))\,j< , : , * ; ) t , ) ; . + > : * .  , l , ? c . :  
, . , , ~ ,  . * .  L.,,a : I ; ( ;  .,;~! 7.:; ?,!;[> [ j  0~i.1 f ~ ; : ~ ! . . j ~ l >  ( j ~ \ ; < :~ : , j \ i ~  

. , 1: ! I , I L , , .  %- :'<, i:;) 1 ~,,Z;,~,I!.,,;I ~1:;. , 'j j.i ;.)/o!:,,,: c;. :, ;' :. c.;!~; i-; t;;; ! a  ! b t 2  .j ! 1 .. 1 2 ~  I . , \ -  _. .  0.; 

i ;L ;c : ,  i,;:;,~j.,!;:i! .j;-Ll .[,Ii,,% - c - $ : , :  J ; , , G :  fi!:~.! . [ I l ;  ;; s ! !  1 ;:; \!,is p~~:,<.;- i ; ,;~~~3 i;:.;~ f;,~,i; \.;'::: iq::c~1y*();:d jil 

1 I l !>[ . :%.~, . . . . - '  ((>;, <%:,<..]) ..- ! ? " ,  4 ' ( ~ , , , ;  .<,, y , .  . [,{i(! ~ ~ ~ ~ ! ~ i , ~ , ~ T ~ ~ ' , ~  ,*,I 1 . : ~  , , ' i  !.)' L 1::- . , - ,  !;(,,$ [ . i f l l j  "i i s  c : . , ! > ? , ~ < , l ,  cz\!(.>(. ! 

. . , .  1 ; ; : ,,- , ; i+ !w (< ; "1 :,. , , . t. i ; , ; 1 'i . *, ! >  .~ .: ; j  [ i! ,:,:,!> { ; ' , I  , ;:L>,!:~:.!~ ~;<;:j i ,  ?>:';;, :!:~; (:.. 1 3;;ict,. i  L; \,:,F:! {,> 
,' , 

( '! ::.: ; ; & !  :., ,;.t': ::. 

, . ., . <  . . ,~ . . , .  ' 
8 ,  . . ' 8  .. , ,;~': , '  ' , ;! ', ; ~ ,  ;; .,,, ;,; { , h , : , .  , 1.1 ,,:: ,b. i { : \  1 !,'! .: : ; ,, :\ ;, ., j . ? ~ ~ ~ ,  

. I . . . < '  , . 1 , ., ,. , ! ,, , . '  ,. , , ,  l ' , ' . ' ,  ' . .  t . , ,, /' . . ' , -  . ' ~ - i  . , ,  , 1.1 , , , ,  , , ' , ,  , !{,;; j ,  , :,, ;;.;; ,!, . , { , !  : , , ;  .,;.;:,;!j ( , ;  



tht? rlcck. Uli for . t~! . i ; i lk l j / ,  t i i e  const ; ruct io:~ o f  t e s t  dufi\riiics 112s not: ~ ~ O ~ I " C S S C ~  t o  

a s t a h  \ k / / i ? ~ ' t t  these i;:;ltjonl; can bc r c l a t cd  tc; a spcc-i f i c  lejicl of in jury .  Tl1er.e- 

f o r e ,  thi.: r?otat,ion i;i(idc i n  I..lic suijanaty f o r  csch -Lest consisted only of an  esti~iii-,  

t 5on  of  c;!v:l;hcr tiicst. i l ! o t i a n s  excccded ti:? r~c!~i!ial ~01~11't;aiy range o f  ~ o t i o n s  (16-a 

scrvcci j n  i:~f;i;ans (apj,i-:~>:i!::~t.I:"i\i J 7ii0 i:L:!!ut a ve r t i ca l  axis; f o r  lipad t w i s t  and  60" 
, . 

abou-t a !;li!';~~il?.ill i i ~ : i ~  1ci.tercll Cc! the: boriy i ' o ~  hyyei-cxtr?nsiori).  NO p o t ~ n " i , ' i a l  

in jury  l i lvc l  ?ids ::s>ti i i iated. 

18,79 .. pt-oposec! \la1 ues f o r  I.iiiii12~1 Sinpact "ilcrsnce . Tile orvs  ~ h i c t !  have been used 

e , ,  . I , .  . - . .  , 8 
' I  / . . ,  . , . &  

, , 
' , I .  . . .  . , '  . \  , *  . t  . i !  I 

Y j \ !  ;, ',' ,' ,( , \  " ? , ' : ' 8 i i ,  , 



t h i i ,  l oads  appl  ietl d u r i r i g  c o n t a c t  w5 ti1 t h c  a i r b a g .  I n  ri iost ~.i.tscs t t ~  c?i vkays 

dcp?oy i .~ i  y u ' o ~ ~ ~ . : ; !  and  Chi? Iliacls kicre tl.istribui;rd eiicr~ly o v e r  tile h e a d ,  f a c e ,  

ciie(:tc. crtd iii.id.-1,orsa. In those cases \;]:ere t i l e  /:tag dcploycci "io ! ~ i g i i  or t o o  

loiiv, i:ppr~[~r'ia? c. i 1 0 1 ; a t . i ~ ~ 5  v;~;;r(: i"-. ,,cir!c i r !  thc  tcr;2: si!n\:i;ary. Wh~.i.1 the air!);icj de- 

n.) LC:, . I T  i.:i~ereas lo:$ d i ' i~ l~y i i i~ r l t  ~ ! ~ i ! a . i l ; ; i  "icd t'o il rc!s^i,r~int f o r c e  i.:;ertcd on the t iead 

- I boi,h 0.f ti;cs a si?;?c,i 8 1 \ a ! l i  iJ:icciiiii;~ai~j cs ser; 1 oar: ti.i si.r.i bui.l'oil was cons idere(:! t o  



# 

A ccii!i?lct~ da ta  a c q i ~ i s . i l i o t i  arld record'ing systen.~ has bccii incoiupot-sted i n  

the s'i cd ilcsiyrl . i n c l u d i n c ~  i1.i gh s i -~ecd canluras and a 50,000 w a t t  1 i y h t i ! i g  system. 

Forces and ;ccclcrzt;iniss are t rat~sdi~cci!  and recorclcd sirilul 1ar;cously i)n i i l ~ g n c t i r :  

Lapc aricl a 1 i y h l ,  bi.zni csc  i l  lcgraph. A11 cont.ro1s are remoi;ufy operatctl [isirir~ 

safety-iritci-locket! e l  e c t r o r \ i c  s2:qi;cnce.r;. A pictut?c of the iii?pacL s led  ?abo:.atory 

i s  sl~o:kin it1 Fjgrirc I ,  

3 .  4 'TEST IiiSTi!t,i:s:k r;iT$,-I~inr.i , EATA ACi?liiSIfTCI,', A!;[) IJfl'TA f{ANDl. 

Sic:rr:i, Eilg r'r:c!ci'i t-~y Ccn:pi;n:, arid rep~esers i . :  (1 ) 952.i? pc.i.cent i 1 e I I I : ? ~  !? (i.ir?d~'l No. 

Ic.92-.GF:$) ; (2) 5Ql.ii pcri:cil.lj'I e r:::i't e (f.!c;i!t>l No. 292-850) ; (3) 5 t h  p2rcerrt.i 1 i: fenla1 e 

(!:ndel I,io. 502.-801;) ; (:4) s i;r-~/c'ar-,o9 d ciiSl d (lg!ode'l Zo, 492-'I 06) ; arid, (5) .1;1;!,ce- 

year- o l d  ch-i 1 ( i  (i<cc!i-'1  ti^. 492--,'i 03). 11.1 s~?tt . i i ; !~ i;p tiic t e s t s  , t h e  vat-'ioi:s j o i n t .  

c;t,i,,tl!: i !ji.cz \.,p.3p L t i  t . 1 G I 'ii~r? 5th pcrrcn.tile .I'em:?lc, 5 3 t h  

l,p;..,..p;.;-;~(, L. I , w  I I .. E ; ~ ' ! ~ ? ~  ?,,!Id q;ji;, l . , p y , , p y - t . : ~ ~ q  . , ; , , i  , ,: i;,;:'/c ,., : j ~ !~ : . ! r~ j c~  :bp ;~ ' i  i[:d p ( j i ) j  ].I?I'!'! j9jll"I: . 







a 

t . l d ~ t 1  COLJY o f  t t icst? rt:coi'ds v:as arjsur-ed -in tiia t each o .sc i l lographic  record 

wiis ph~t~gr. ; : ; i i~ i id  s horb t l j f  a f  t'cr Lh:: t e s t ,  A brief d e s c r i p t i o n  o-f the eqtriprncnt 

s;~e!:ifical;ioris ar1c.i caiihration pr~cei i i i re~ for cnc!? of  t h e  tr~~risciuccrs and rc- 

cordSirlg dcvl:cc:ls i:;ent';o:'it:ib i s  inc i i ide i !  as the Appendix t o  this r e p ~ r t  a n d  a b1oc:k 

diil<jra!a shckin2 i S R 1  i : : ; j~ i ic ; , i  S?cd D:.ta S>ys,terfi i s  n j v e n  as  Figi;re 2, 

t i . i < i i t  sj~i:ii n:iition pici;iim-iis v.iere i1.1 so ti2 k e n  for tach t e s t ,  ii Pi~oiosonics  

1Gr:iri: ca;i.jr1a p:;rs i c c c ? t c ~ !  dii.,c;ctly trj tjj:! s i d e  of j ; : ! p i ; c t  a r e a ,  anti a n o t h e r  cver- 

l1::ad arid t o  t h e  rz j r  ji.1 sj-dpr t o  vici,: t he  motions: o f  t i .~e hci:d 2 n d  upper. torso as  

they .it.itcrrlc-,tcx; ~ i t t ~  thri  a i  r ' h i~y ,  T)ie -fi-,;iiie r a t e  noi-mi:l 'ly iiseti was 1000 f p s .  

Th2r;:: n!ls-tic;~~ 1;i ct11res ~ - 1 : i . p  a l  so siipi:'i c.:r;:!it;.cI tjy s l  'ides ,[;a keii hpfc;rc ar,d af tc i *  

car:i? * ; , i 3 ~ i ; .  /<1!>~, 2 G:'ilp!i-.~:J.;~!*: s;.!~II~+;cc Ci j . ;T i ra  \I;;$ 1.15~.(! d u r i n g  t h e  tc?st prrrgr i~r !  

P 8 t o  / I i l i i v  ;:[I i nsi~;;:;.;hi-ti.:,:jx eval  u ~ ~ . i c l l i  c r f  tile t;es i: ;:; a h i  glt-,speed sequence of 

ejc;i).i, ,fj*i:;fips 6 !;>;s ji;L;ii / > ~ ' \ : : y o j d  :;jj::c+,. 

2 ,  5 i>r\j\*:i,[j:?;,;;~:;; y,! , 1. -/"F+:, 1 ~ / : \ ~ ( - . ~ ~ ,  s - , t ' , , t . , , r , : s  

." . i hi. , . -, fjr:: .i -: I i13is/-j0t1 0.f I/~C i.e!;titlci ~,~-~;i.'.:!l~l y:/li c. i i  has hc?c'j? ca;-y-j c_.d o: ; " inu~ j  ~ 2 ~ 1  

AJ. ,  L,;!,: ~ ; ~ ] ~ : i ; ; ~ ~ ~ ! ~ , ~  ~ : ~ ~ - ~ ~ : ; i 5  , .  f';!j1.*jc,t,Li!;;.i3 .[;,r-i;il . : . ~ ? ~ , ~ - ~ ~ : g  0.;: 2 c , [ ~ : - , ~ j : ~ ~ : ~ ~  k6.ig})t, f ro ) ) t ,  0 .I , , I  

. .. 

- J . ' ,  * . 
/ ;$~, !~~~~; . : )4  ' \ / ;  1 1 <? { ;!g rzs b:-6 <[?I. ~ ~ ' ~ j ' ~ ~ , i  !;,;!;pJ fi?; })r~ ~1 i,!,,i)z , k I : ~ ~ ~ ' ~ ' ~ ~ ' ' ~  , ,, . v c  I b : h j  ~ 1 )  \ ~ J S  1 -  

. , . . a ;: L ;  ! i,: ' ; I :  ; ,  . ,  j ' 9 ,  !:6$j>atfi;\t'i,3rj kjc]s 

. ,  , I (?:,:ti!j; j:jj(:ci k:-/ [.;;.;:(>;> I{;; 7 !. 5 ' [~,~;/l;p \::?:\ i ; i t i c ! t>  ;ji!ji.j 7 ;;$] p t -11~  l / ~ ~ ~ ; ; . ~ ,  ~ ~ , ~ ~ ~ J o , ~ . ~ ~ ~ < \  



I 

t h i  rcl geonjct~*;{ jin .i;l~ls fi gu140 i:; ari out1 i tit! o f  a scatiny configuration s u g g e s ~ e 4  

sized pasrcngw v c i l i c " ~ c s ~ ~ -  li shou ld  he no ted  t l i ~ i :  t i l e  Galsxie s e d t  can h: rlcivi:d 

further t o  t i l e  rear* t h a n  i s  tili- case  w i t h  t h e  F,bJA c i > i i i i ~ i ~ ~ i  t e  and t i l e  airbay i n s t a l  - 

I ' la@,inn ? ' i t s  well viitilit? the  spi~cr.! cif:s'iyn;itcd f o r  t!e -instrunii?ri'c. paitel. Po"ici?";ii 

'ioc;t.ioi-is .TO;" mouilt incj t h e  rcs2;i1c7i nt s~si..c;i; );arc;ik;?rc \sere sugges tccf by Ea'iot1, Y a l e  

and P u r ~ i ~ c ,  i n c .  

.." 
1t1r -ir;-it 'iil 'l tii5.l-c: (A-.flG'; r i n t l  A-QGG) \:~r't' ~dr i ' . j ( : i j  G L J ~  1 1 ~ i r l g  a p\*e-il~f"l.tcd 

b&g hr~cs~;r,e c f  c z s e  of j1isti.i11~{.tja1i atld  lo^ tui*n,-rjro:;nd t-js:e b?t\,:ccn! t e s t s .  

, )h  1. .~,,,d:,;~.i..,,.~ 4 / rf\- 311i)c i-- . J ~ C ~ I  !>~r~li.;s anil ~ f t c r  utlc 04 ti!csc Cc ! ; t s  ai- i t  shc\,in .in F i g u r e  4. 

' hot!: o f  .i..,nl; i . ~ ,  Sell2i-e y>c?i.;orj:~d of tiit clr~ltir;ly j n i.0 the s e ~ i :  : ; i ; i - ~ ~ c t ~ ! ~ ~ s  



T t ~ c  a i r b a g  wi i ich wds sup61 i c d  Fur. a1 1 reina.i!:ing tc:;.l.s s t a r t i n g  Wi ti) No. A-'1 65 

WJS ~ l e ~ i c ~ ~ ! i ! d  for a n  :'in;:;ici; o f  dpj~r~,;iiiiire;ely 40 ii;r>tl. The a i r  b o t t l e  hdtl a volrrn:? 

of  160 i~i"ar:d a , f i l  l c d  presslire 0.7 3500 p s i ,  'lilt f u f  1 a i r b a g  / lad a \~~?ir! i ie  o f  

... 
l l lv ~ i t t ~ ~ a i i ~ ! i  vias tri~gured \:)jr clc;r5i;:9 a s ~ i t c h  a t  t t ~ c  beg ' i i ln ing of the sled 

N 

ciceele;.~itSorl "; ss imi i la te  i ;ct lJ l ; t ioi? by a ret.isfir. ii?fla.ticiir of  t i l e  bzcj ~ c i ~  jr~i.tiz,t;ed 



ri  y ht fror~t  pasc,cti;:flr i !if1 <;i:i:i?g ~%c:stra;l\t: system ~ i ~ i c h  could be. uscd i n  t h e  eva.1- 

ua t io r :  jli-og\'<:i:i, i i ~ v o l v ~ d  i.tii: ~ I ! ~ ~ ; - ~ o I I S  ~ x p c i - i e ~ i c e d  Ly r!uirmries n o t  u s i n g  a l a p  b e l t  

hack of  ti!^ cil.iici:iict:, a s  \':PI 'i as t \ i ; t~s i l+ l  i ~ . i i i ~ ! i ! ! ~ t ' i ~ ~  f n nlsrry of th:: t e s t s  inc?  \ :d ing 

A-093, /\.-68:";,, A-.:i30, A,-188, ;:!!ci ;i,.-i83, ?q>ical exan.~ple .is g-iven i n  F i g u r e  10, 

slio\qing tiji;.i ccc~{p;.!;lt /j:foj3p 8ti;i d.[bo!- rc!,k I{$. A - - l n g ,  

, , 
11.i ol-?r?r lo aid,:;.: :i , th-is p : '~ ! j1  E;!;~ it!? erjorSgy aS:oi*t~ing lor:.cr S tlr; trumcnt panil l  

,-, 

sl;r;ic;tc:c t.:3s atidt:.b i.6 ti.12 k ? ~ d ; f  b/lc!; ;!s .~;t:ai,/ri .in F.ig\lr:: 9 1 befor? 7  st No. A.-2i.1i) 
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p ? l  . Tile d~:rr,:ily near ly  u.i?tur7ned t o  b ~ t ~ i c i > n  the  I;II~::CS arid t h e  1 D \ ~ / C Y  i n s " l m l r y , q n ~  
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No. 4-203 (Fiijarc 13) siio:.:~ i.he l . ; i i ~ e i ; ~ u t i ~ ~  c ~ f  the diiiliilly ~ v ' h i c ? ~  Occurs i n  t es t s  
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Ei:atilpl es n,F ,tile pei-i.:!;i~~r:nt: d c f o r 5 ~ i t ' i o n  c:cpcri cr;ccd by t11c 5 t y r o f o a m  b1 ocks 

are si.i(.:\:n i n  r i g i r e  1%. Tn l l i e  t c z t  lakx?llccj t f -200 the  b l o c k  i s  s t i l l  mount,ed 
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..-----.- ----- 
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12  G average 

-.--- ------..---------.-.. - ."- 

Dc,:lill e pca  k. 
34 ra [Iililii 



a n d  30 nip1.i tc:s'is i n  f ron ta l  i m p a c t  i i i i v o l v i n g  l a p  bcl t rcslrc;incd dumriiies have 

t r l s t  r~ui~ ibe i -s  r t i i incr iral ly l e s s  khan A"-200. These wr .e  co~:buc~t;eO d u r i n g  t h e  dcve l -  

or,l;ir!ni;al t e s t  proiji-afi; i :~fforc ills t a l  1 stion OF' tflct c?i~crgy-.s t l se rb ing  1 Doer i n s  t r i i i r~ent 

jj:ificl kit ! i< , ;~e been iric'l ut icd i n  t h e  eval  uat.inn t e s t  progr;i!i:. The 1;cs"i so~lducted 

bcl l: Tu&d5 !:,iten It-ii\ knee?:; i;li;e~-acJ,rd r.jit/: : l ie Ic!i:itr insti..i,ji;;pnt pariel struc.l,ure. 

7- 
I h i s  is  d i  scusscc! .i;~ sec;t.loil 3 . 7 . 2  o f  this 1-sj>ort. 

F 

2 .  whic!l \":ei.~: i .al/ .~;?,  -[/-in (iat:? s e t  -foi' r ac l l  test; i [ i ~ * / / l i l ~ s  a piio-tograpl~ o f  t h e  l .igi.iC-. 
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F - .: e- r c c l  scated ;:osit ion 

[I ., out -.of...j,o,~~A , I L I O I I  A o r  ;:diS l . i o n a l  ,feature such a 5  g l a ~ s e s  



duii~ny pos i t ion ,  i t l ~ p s c t  \ ~ c t l ~ c i t y ,  d i r*cc t ion  of' ir;;ixct, s l e d  I;.,-levcl , and  clcccler- 

a t i o n  i.ypc are g i v e n  i n  tlie nex t  sevci~:ll c ~ l c i i i n s .  Ihc i r iny~ : i  t i l d e  o f  t i i c  [leak 

values o f  l a p  b;\i l: loac!s ?:f l a p  h a l t s  arc used a n d  the s i x  i i ~ c e l e r i f . t i o ~ ~ s  are " i ~ e n  

i n d i c a t e d  ,in t i l e  ricxt c i g f ? t  coluinns, F, b l a n k  space for an ~ c c e l c r a t i c j n  - i i>dicat t :~  

a n ~ c t l f u t ~ c t i c n  .of t . 1 ~  d a t a  r.eccrd-iny s ; i s tcn -~ ,  oi' i ~ : > s t  o f t e n ,  a br5.eai; in t l i e  cables  

co!~ncctc.d -to t i le  accii1ilro;net:r. l ' h ?  t!iai.stic)il iil i ; :  ll'l i sccc;liis of  a i~c;ld a-p, 

ct1csL t i -p,  or  r h i l s l  s-- i  ai:cc'leroi:)e!:cr. yocldlni ;  ;:br)vi; i',O G ,  45 G ,  or 25 G ,  respcc.i;ivcly, 

.is lis.t..i:ci if t i l e  d i i y a t i o n  i s  ' l ~ i : ge r  "6-1iin 2 ms Foy i:hc ches t  c?ccclcrci i ;e t~r  chanric:ls or 

lan3cr ,thr;i-r 3 nis for ti12 I~cliid a c c e I ~ i j ~ ~ ; i ' i : t ~ r  chant?cl. T h i s  i s  clone t o  fzcilitate eva'l- 

clatiiir: u s f i ~ y  .tile pcrfo1*1'13r1~f.i eva,Ji!al:ir:;i ~:i-i'ir-ii*.ia :,ta l;ed i n  I'?,;-"i3.2: of' th i s  ye\\oiqC. 

E e c a v s c  ball . s l a ~  ofi;eil proiiriced i ? i c i~z r  Icar!ings civi diii:;iii;; i:h,-in t h z  decciei~at*io:i 

e~/c i t ; [ ,  piinl: \ t t l i i ; . . - :  u a;;c qi\!en fc:r hc;,J;, -[/le i:\(c,i,,agc\ ya'lile 0.f s led  dc(:clcii-?,tioil i s  

1 j s t 2 c i  i~g: ic3fb  ctd [;.-I , ii .rilj t d L , 1  ;.ip ~,I,..s c ~ , - , , ~ ~ ~ ~ ~ . y l  ., i,, , , # ,  r~n:. J ily u~i- L K G G ~ ~ ~  I,I<! t h e  ~ C ~ ( ; ~ I  - 
p,.-...'..inn ..A* '." 
, , cj !> s ( 1  1 1 p $ 3 p;,(jy?lu!;,,; ;$rJ[];-i?iL; 9,t; tb;.! 1) '1  $ L);~:,cc{ 9;i ( ; ( ~ i ~ t ; ~ ; & y ~ f ~ ~ > ~ g ~ ,  \ j j  i b  :,;a;;;$; p; 

, . I .  p;hyrc? ; \~~<~i l~*; ;{~.:  d .. ,,. ! i\ijpj%2g(: \;as ~ ~ ! , i ~ p ~ ; ? ; p : ~ a  / \  \~;~:?~;.~;-~o~! \;iriyk by r\:';;[;p\~ , ~ l ~ l ~ i ~ i c ~ ~ j ~ ~ ~  \;;-I- 

8 P .  
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. b I lluse nciraii!c tcrs i tii:ol v i  n g  thi: oi:cil?ai~t ~ ' i l ~ j  cli ilavt" bceii vari cd arid a r e  

di.tli:iiii c s )  , tilt cnr~str:!c.!,i or? o f  t he  ~ i i i - i  P L ~ S  (f~i;liii.i CT, w i  t.11 p r t i  ciil a r  reference 

t o  .ii.r.r: i~ecl:,  ; ~ r ~ d  t i le pas ;  t i o n  o f  t k  cl~~ii<:ily \t!i t h  r e s p e c t  t o  the interior o f  

: ?I.:c casclc (-1,; inadvcrtr:ris; 3ctuat ' icn  i ~ f  t h e  air l :ag sysLe111, par- 





Tile ~ ; o l i ~ ~ d ~ r y  c l ~ i ~ \ l e s  tliiuc bcon dr i j i i i l  for t l i ose  velacities a t  b h i c f !  restraint,  

syslciil safety i:~?rforii:;!rrce i s  ctst,7"1-113tc:d t o  bc i ~ i a r y i n ; l i  based  on t h e  pcr fnrn~at icc  

evaltii:,tior~ CI-llxclrii: o u t l i r ~ e d  i n  Fart 3 .2  o f  t:t-15s report .  I n  son:? cases ,  t t i c  vel- 

oc i t y  o f  40 rr;l;h ntiay be too  Igw bscausr; 3.f ti;(: 1irn-i tcd vr?:oci?y cap;tci"i:y i l v a i l a b l t !  

a t  t:!i.:. presi.n.t i"ri~e c l i l  t h e  t ISR1 ?:!??pact slcrl .  'Th? 'I.ir;!ii:ing c r j t c r i a  ai-c based bstt.: 

or1 t l ; ~  C - l e ~ e l s  i -~cor i?cd  fi'oii.! "i:~ brldy ii~c,:~:l~:~cjiiicWs ;>.t~ti tiic rilo-t-ions o b s e r v ~ d  iri 

The 50 th  pci-cen-tile i : i f i l ~  c!!-iii;:-'~~l i ~ i a s  p!*c~v.idcd w i t t i  n?sl-girnc?l pro,!:cction a t  40 

i n ~ h  f ro11L~i1 ?!id ob'l ;c;iti: k s t s  w!~!,?i.; a l a p  i~c:l"i;ias used. The 1 inii t . i ng  



lt!inuns. 7 ' 1 1 ~  cnbcl  tcd d~iii;:.ig rccc?ivr?:i i!:argin;?l protect ion a t  40 rr;p/i i 11 the fori.iL3rd 

co'l l isi8r1 sir;;!,!l irt.ien b u t  i n  al ' l  oti?i:r t e s t s  f a i l e d  r? i t .h2r  l;!~r-! G- or 1 : 1 s t i c r n - c r i t c r i ~ : 1  

or' bot l i .  T!:P tti'lu.i!s!~uld vi.loci:iy .is r-eprcseiitcii as a 1;oiili; a t  40 nlpi;. 

i;cner-c,l lg ti:c 6 yeain 01 d cllil d c!ura~,jr r.cc;l.i vcd .the grea l e s t  1 evcl o f  prot;cc.- 

t i o ! i  r;ffi?i~r-!d t o  any o f  t h e  ( !~ml i ; ies.  P o C h  i n  t h e  helI:.,etl &lid uni>cltcd c a s e s  t i i e  

th:-e:fiolr; .is c? n i -T r i i i ,~~ i ; l  of  40 mph i n  fi.c:!~tal 'inipiict cfuc t o  S i ; i ~ i t a t - i o ! i s  i n  the IISI?I 



TAfJ iL  VI , PEI\I; 130i3'1 ACCCI,Elilil.lt-"TEII READINGS 

Herid s - i  G - 1  eve1 I Hcsd l - r  G-levrl 



.Tlri the c d s e  o f  ti.1~ su~~i:riot.- ' ir~Fc~ior h 2 a d  ac;cel e r a t i o n ,  tilere i s  sonie i n -  

c r e i l s c  i n  &.-level wi t i ~  vclryci ty  b u t  1?9 c l e a r l y  cfef ir:t?d var3ic;t . ion eii tl.1 occupant 

s i ze .  Soii~c coii;par*-isons czn I)E! iii3dc bd.xt.en tl~c: iiveragc o f  thc  accc l  e l - d t i o n  

vslucs obtained for t!12 fob in  ciiin!,:iy si ; ics a t  20 ; i i ~ d  40 i:~pli arxl for t - I I F  !>end i;ntcr,ior-- 

post:ci . i$~* ;,nil r,uperioi--.ir\fcrior C ~ C C C ' E  ci80ineicrs. Xt is  i n t ~ i , e s t i  tlg t o  irotil t h a t  

the  r:vt.iqLgc! o;' i;i;c p e ~ k  G-'Ioi;d.ir~g~ iii: 2i"r i ~ p h  i s  23 I;'s whtrila~, Tor t h e  a n t e r i o r - ,  

pos.tor.*i~r mr ju r~ ts  iindc.:r s{riljli;r cor:di.t.<ons, -j-l: i s  34 G ' s .  At 40 n;ph t h e  iverc?ge 

of tile peak G-lo;d.ing:, i n  t i l e  supirici-jnfrrior direction t ~ s s  increared l o  36 G ' s  

." 
\lh.i 1 c the ; r l t c r ~ ~ o r - - p i ~ s J : f ? ~ ~ i ~ : ~  1 oai?.i'i*lil i~( . ts rc!iiai ~ ; : d  r~car ly  ccr.istarr.1; a t  33 GIs . I his 

_ -  p ~ ~ o h : ! ~ ) I ~ ~ v r c i t l c c l s  the  i11c.1-e~serf h y p ~ r . ~ : i ' I s i ~  \:iiich *is oi,sfd;*vc?d a t  the hi  $ht?ln 

vcl o c i  i;y I eve1 s .  

*r]jc I;-.ic'de'/q i:,lc~~l~y'lcili..:t:l fly l i ! ~  ]!.:::id 7p!'j;-l3ji1ht accelcr-o:n2l;e1~s do c o t  slicji,i 

2 ~ i . l ~  ~ j ~ ; ~ \ , . ? y  t p . ; - i i - , E f !  i;rtlilJs i > j t ; ! - : ~ ~ * ,  , i. , 2s ; ' f [ ~ i - ~ c t ' i o \ :  cf' i ~ ~ ' l o c j ~ y  01- as a f t i r l r t - j on  o f  

r'c,F-..-,, ;Li , , , ,  i<? ..; , -, L m L . u  -7f .  !:2,,;:..y;:i*3 ,b;)c! , j i ; ' ] [" ip:> c;-p ~ ( :~?$ : y$?  j)! 2 , ,. r , 8 1 n a t -  ..,L , L, , ; j l )  J L j l i ~ 5 ~  c!>:pr,;.i.i 2:.1:;i?d tly 

tf-](? :i~i;<;y{,,r~...i ;!fi;ri*irj;, ;i:;cj ti.,:: c?l;<..er.i ~ , ~ - - i : ~ j ~ ~ i . . ~ ~ ~ . i ~ ~ ~  i . ) , j L y i p r j  ;.;c,cpl pi%gr!;a-i.~jis 2s shotj,] (1 

.,. , 
jse i.:c;:;;ctorJ ti r ,pa\ .31y s,;;,!;,:l;)f ; % j  c f - - .  . ...L ; : I ? ;  i ! : ~  0il'ly c ~ ~ i ~ i ~ ~ ? : o i l  

\.'. .' "" j~ i ; ! j ~  !*~zd i11<:  o ! , ; ~ ~ ~ $ ~ ~ , E ? ~  (j:; j ~ 1 9  i i  I!<;! (:,!:I, 1 l: ~'(:II:;;.] :? ( , \~ j i1 j ; \ l~ /  ~ 1 . i ;  20 l ~ i ~ j h ,  ' j j ~ j s  j j j !>!l 

, '  
~ ~ ~ ~ ~ : t ~ ~  < ; ~ ~ ~ , I < ~ ; : \ ~ L ,  "i;~)  TI ~ ~ ~ i L ! ~ j <  k,c>d \! i ti., -,,j,c ~ ~ ~ \ ~ ~ , ~ p  / ~ ; d ! ~ ~ ~ ~ ~ ; ~ . ~ ~ i ~ ~ , . ~ ~ ~ i ~  ~ ~ \ . ; ~ ~ ~ ~ ~ t ~ ~  j .L/3k? 

:, if ( :::: (,: 17 2 3 2 9 j 
, , 8 * .[ cE;[,;c"i p; ;;,,+,; ,; :; ;I,,,*,,; <. - ,, , a [ , , < , ( . ) ' i  ,. , ,"-;.!..> : L,d,, ti):> ( : ' ;Pe; : ,  c)-?()?+..j!:)stiy ioy ; ~ ( : { . , ( ! ~ ~ ~ ~ , - .  

. , Q i ~ ~ ~ ~ [ , ( ~ , ~ ~ : j  : ~ / , c I \ * ;  ;; ~ ~ , ~ ~ ~ ~ ~ ~ j  0.;. + * l ; ~ ~ < ~ ; ~ ; $ ~ ~ r ~  ::= / f , \ ! t 3 ' i : ,  c ! ~ ,  . i ; , ! i>~;c :{ ,  \ ~ < ! ] o \ ~ ~ ~ . ~ ~ /  '1s . i l l ~ ; ~ ~ ~ ~ i ~ ~ ~ ! ~ L ,  



wher.c P A A  i s  tli:: biig pressure t5i1:es the contact .  atqr?3, ~\li?i)t 0\1t by the? occupant. 

anti 1' A I  ' is Ih: norr t idl  coi;ipor;ctit o f  t1.i~ rr:ei.r;br;l:*~c force per u n i t  - 1  cng th  o f  bag 

niai:c:rial tii;icr; b.h:: 1 eng-ih o f  the pe),."irne'iet. of' t i 12  coi-itact. region.  For  the sn:al 1 er 

mass tcr;ds t o  c c j ~ r d l i z e  tile G- loa t l i r q s  b ~ i t \ s ~ c : n  'the lzrgc  and r;!rraIl dam;~ll:es. 

ches t  .si;i;lerf or- . i i l fe i . ior  sn!:! 1.112 1 ef t-i.igl.lt pezk G - 1  eve1 s :  ('I ) i;i:crc i s  a beci-ez!;c 

i r f  level  \ v i i I i l  s-i;lc o f  ti-I::: duri;r,:y as 'I;/;? 9 5 t h  ;~ercetl . t i le  male secned t o  receive 



S'P<E:LE 'JI.1. LAP PELT LOADS 

&Ivnin.!y S i zii - . . .- ----.--.. 

20 iiipil 30 mph / 40 mph 















"r;ii? du;iiiiiies ~~~~~~~actcd \ v i t i :  .I;f:c la:,icr insirurncnt panel whether they \;rere b e l h d  

rr.s\,i'ii:arsk j?']t;c,eti!c!r,"tof 1)oti-i t t ; c  djt'b;rij and t i l e  ki~ei! ~ * e s t r a i ! - i t .  F i g u r e  19  silovir; 

s'lnk,s Giic 5f~t l-1 [!.rzl*ccr: i. j 1 c ?;;I a il.i;)i.~-! st?ucrt! test: a t  40 ixph. In the! fomt?r 



on a c t i i l d  posit.ianr:d close t u  ti.)? bi ly .  Tllc secorid part  ui' t i l e  se i - i cs  covers  

cv t - o f - p o i i  t.iotl o c z u ; ~ ~ n i . s  i n  a var.i:ty o f  c ~ i l f i ~ u r a t i o ~ l s  i n c l  i l d ing  a c i i i  1 d on 

liie "lap of' o n  s d u l t ,  sioi!cii.d ~ r i i i i  i:: a d u l t s  sprawled ir! a s lecp in r j  position, 

arid adu l t s  ? c a n i n g  fokti,;:ii*d as  hiss l,i.eil proposcd at, a pcjssible coi~f ig : . i i -a t ion 

- ,  d~ir ' i r rg v e h i  c.1 e bral:.ing. I i~ reu  Lc:,"i -ii!~vo'l\~'ir:ig occup;ints ~:cariny g l  cssi?s were 

r!i so  c.~iztia.-,.:cd.. 

S i r ,  tests w2re c a w i c d  o u t  t o  r;t~:.?j? t i i c  c f ' f c c t  o f  ii?aclvcrtcni: ac tu i i i . i on  or1 

chi I d  ci~:il:i::S~s - t i ~ r e e  p;i tli tilt 6--ye;r- o l d  and ti.))-ec \ / j  t h  'i,t~e 3-year- 01 d ch'rlcl 

dt! ! rn?' ic~.  Tht' I:l'r':;.t i : p s t  (i"i--r?03) ~ i ~ d  the  3 j l ~ i i ) '  o l d  c h j l d  Lllii i;l l~~. Fiist~grzphs 

t111:cn tist!? biifor-c ;ind a f  l,cr "i~ i s  tcs-t. ;Ire, incl ~!cfcd a s  F i g u r t l  25. t-1S<:il G - 1  eve1 c, 

o f  i :pproxjm t:!iy 100 C ' s  .ill iilosl"; accr-:'iilroii!cti,.r chsnncdls \,!ere ot)sei.\l~il b o t h  d u r i n g  

. j i l i  t,i;tl con t,zc.l. wi ti: ti'ie i):</ ;rild '1 n tt.1- a s  tile iiii,t;:,~y u;s ca tdp i l - I  t i+d  oi!i:?!% t h e  L a c k  

1 f '  , , I  j , , [)r.,iol* I;(:, 11ext t o s ' ~  

~ i ; . ; [ ) , - ; ,  yCi.j i ! : : ( i  . , .,i .j.c,r;iIc, "., l i : ~ ,  j l , ~ \ ~ ~ : ~ : , , : ? ~ ~  i:!~~; d ~ i y t : 1 : ~ ~ ~ c : ~ ; ~  of  i j f f g s ~ r  frc3i;l 2 jl1. ~ ( j  3 i t ) .  

j1.1 ( . ' ! rr j~)~ !:c; 1 fi;!,:!'i' i,tjp (!>:.i :. !;(:I [;c? I:,;; f h c  (:rii-t:y,j rig .b]jc . / I l i15 'i,[~i?(]j 119 I;() 

r' .J- : lo\*;:\.* .l/?l: { i ' i . i t . i a l  \ r c l a ( : i i y  (:t: ,.;lp kc;(: ;;s fj-+ bpgil;!; i ; ~  CIC!,J~~~.;* 'l'\l.i;, I(!J:, ~ ~ . ; ~ j g l ~ ~ . ~  

. ; 1 ;  , . .  ! ' in a i d - i l ; o i l  t o  .i;i-iis ci-laiige, the  

:,-!GI (;;. ,) .3:-[!;(-.!$:;:];: o f  .;' ; [ii [ ; (IS!:\\ b;fi!, c;,$i!j<jc,-j .?Q p;-[,ci[~::c2 I[)',,$::,- (jcpj Qy;,,t,.:li.; j b  [)i"(i;;i., 

t~ (::-,;> ij:,:;  LIT; 1;; '!.~ d~,~;,!;, (111 t!! . (,;;(?:> 1, o f  !:,.! c ~ ~ ~ i . i ; ! ; ~ . ~ ; ! ~ ;  ,;i;,p(? ~ ; ; ~ . j  f5,~;;~1~/ 

, I  1 Q.i.:;L':;!-,rl,? [,!;,-; ... , \,- ,  .!.f 1.; " b .  , , 1 r  " !::;,:,!;?;<'s*,, ;.,:-;:: tfl .I,>:,*!')> [,;.\; c ~ l ) < j . l ( - )  [>, C ;,I":,.<,;<:;< < ( ) ; ~  f '(-l)-~t!s . ' 

~ \ ~ ) : - ; / . j . . ( :  ;,c, 4 :  . . , , .  , , . \.- L.ii,? ~ , \ ; , < . ~ ! ~ ~ t - t ~ ~ ~  5 I < ! I  .i,!i<; <.,;!:? ., j i i i ~ j ~ , \ ~ ~ ; ! x  ~ ~ ; ~ ~ ~ ~ ~ ~ ,  1 0 ; ;  arb? j ~ . i ~ ~ . ~ ; ~ ~ < ] ~ ~ ( ~  c!f. 



I 

back wilc?~-e iii $1 G-loadii~!ji; occurrcil, T h i s  proh i  ell) c o u l d  be ~ ;vo - i c i~c l  w i t h  a p p r o j j r f -  

a t c  eilerrjy-.;~i!sorb'it~g padd'i riy acl t l td i o  strii:tiik*i:l mc:i:ibers a f  "ce s c a t  ,frame or hy 

and one t,~i;;:n afi:ct,v:c.crds c3r~ 'i LC'I i l i f ~ ~ /  25 F i  r;!~re 2 6 .  

In 'Tc.s.i; /lo. A-209 ?;lie 3-~~clilk'-~32 :! GI?! 1 d (lii~i~ii~;; W ~ S  ~ Q S  i t i o n e d  kii i l l  h i s  head 

i f .  Th? r.esu'i t.i I:;; pt ldk G-.lo;di ngs  i ippl  ied t o  tj~itl'i j i t ~ d  i i t ~ d  

I!: 'is t ~ l . l o \ ~ ~ , d  t h a t t l i j s  i s  filoi.!. sc\jcr? tiia.11 t j l p  C:~ \SP ~ 1 . i  j ) ~ ~ j ~ . ~ ~ t j o ~ ~ - p ~ ~ I : ~ ~ p d  

u n i t .  Cli1'i.i ii produ::.:-ior: iir:it 'it is!r)iilcl n o t  t;? ~ c I s c , ~ ' ! ~ ~ c  t.0 place  "ii-le c l ~ i l d  so  near 



contilcl; thc d'i f t 'useiT. Ti le  appzrcnt jrrob'icm i s  ~1itf.r force in te rdc t ior rs  be-tween 

t t i e  t ~ o  dui l : in ies. F'hatograpi~s o f  th::sr tests  arc presented i n  Figures 31 and 32 .  
... 
11ie dummies w?rc i n  an i n l ' t i a l l y  s1oiizi:ed position durit.lg T e s t  A-295 i n -  

v u l v ' l r ~ g  a 50 ih  p:ircer.itic1c ; ~ ! z l c  a n d  A-3CiO . i r~volv ' t r !g  ,tile 5th pcrcci l t i le  fcnic7le. 

D ~ p l ~ > ; i i i ~ t ; - f ;  0.f t he  i . 2 ~ ~  ~ 3 s  ~ ~ c e l l e r i t  i n  2-295 and  tkic? &-levels  expcr-ienced by the 

r.cSpc::ts tiiiilr "L:;,? s.i;!~,ii ar test j n \ l o i v i  r ~ g  arl erect d!~linl.!iy. tiead G-loatis viere 1o):i:l- 

for tl!iii i ; ! i " L . ~ f - ' ~ ~ i i ~ j . i . . i ~ ! i ~  i,;.:.~:; a i ~ d  cl1es.i: ! ; - l ~ ) c ? d ~  were hjgi-~er. Tile 60 C; s p i k e  ? n  ,the 



v r t ~ i c l c .  Tiie 50~11 arid 9!1,t/1 y2rcent:'ile rnale endcd tli) illost1y i n  t he  drivers' p o s j -  

t i o n .  Ph~tc . )g r .~ / ) i - i s  showi~ic j  t h e  two typr:s of f i n 3 1  posjtjons a r e .  j n c l  urjcci as 

F i  cl:.:r-e 136. 

Tho G - 1  and-inys cxpei..ic;iccrl b,y t he  dunmics i n  these three i ;ests were within 

cuknkct!t cs'tinlatcs 0i7 ~ o ~ : ! ~ L ? ! I c P  'in a l l  ~ . a s c s .  The s p i k e s  observed i n  t h e  chest 

t 7 t i  t(ir.io'r--p~1:ic?r irlr acci!'l ci-oi!:e.lclr.s I I ; ~  tl dl!:-ation o f  approxiiliatc.1 y 1 ns. 
". iwo tes ts  \:are c a r r i c t i  oiit. us5ng i t d i r l t  dui:unjcs \;iiich were I c a n i n g  fori.$!ar.d 

, ,. 1. ,. 
t:l'%i-~ .Ll~c.ii. i~eiici:, i-icar t i-:e t i 1 7 1  l?ser. In Tes-i, i i o .  A-298 the 50th percentile n:a'le 

cl~riit~iy \:'as I t ~ a f l i  I - q  -?or~!a;-c! i;ii ti) i 1;s forc;,;*i;~s res"iiny c;n i;cp of the d?'-ffuser arici 

i t s  liostf 9 ~ ~ 1 1 5  119 ~ ; ~ ~ 3 i n s I ;  t,i!~i:l. Only .i!lc) arms \/e;-c posi  " i ~ t i ~ c i  c!iffr?rently -in 

T e s t  1.;b, As-303 ~!.i.i,il ti)& !;i:ii pai.,cent,.il [i fc i i~n l  e di.iiil~y. I n  this  c a s e  thr! duii~rfi~l 

leaned fori'isrd ui? t t i~ :.pat i.j.i.ih e l  h i ) ? ! ~  restiilg O R  ~ p \ y i ; i l  knees a n d  i;he chin o n  

,t!le z.i r!?;'ig. p/ic>j,07rriyi-rs  C I . ~ - \ ~  , , I  .? , $ , -  , I i. .j n.ii:ia'l ~:csSticliss are  .il?!:l~.!cl.d as Figi~rc 37. 

*l i 1r1 the tr:,< 1, \ ; j  I!.,]I ~ I I Z  I c r!:i;.',;:i\! :, ~.!Ic !):jg t ~ p i ; : ~ r ~  to Oppl (IJ! ,kl?\*i)ljgh ,i,!j!-) y . i ~ i g  

. , "" 

f~r,!;c:,l ily tjlc; i:~,, 'j #,:c . i f , I I 1 .  I kr! rig!.i-t forc?.rri s"ci-irck 1;~1i/ - 

j .  , \ :  1 ,  1 :;i;s:: 0 -fc!nal c dll:ii:::;, .{;he bzcj t\cp'l oypd d3~.ii>;./ayci 

s-/,!-(; j ; j ~ ; i , , ~ ~ ~ ~ ~  I,/;<? ' i t . : < ? : ; ,  rj(lkjt; ' I<:,; l ) i ' ~ ~ k z i j  Z I I C ~ V ?  tile ~R( :P  ciurjn;~ t l i ~  s~I , ! I !~-  

-t < s [!;~c t,(j [,kc$ y; t)*2-i:7/.it!3p'i p,! c ~ i > + ?  1 ~ ; ~ j ~ l ; 7 0  I.[, j :; l-ir:.;i ~ ~ l ~ i c ~ l ; . ; r ,  \,;!:,, ;,!y:r- tl:; ,: , i , ,  , 5 5  , , , ,G .c~ .  \j/it.lj 

, * s[!;\,k ;y;;p;,: [,)- \.:.-x - -,- . . ,  ., 

I ! j i ! ) , : > ,  f o r ~ c ; ~  i ~ ~ i . i ; l g  

f~i:'!. 'T I ; ;  ']c:!;~;J;,i> j+i;(!2 \ , - ~ ~ ; ~ j ; , ~ ~ < , ; / ~ ~  c',;,L;,>,;,,-; - ! '<(>: j+,..z$b {:; :,/;o~,,;i2 f \ + i  iy.ig;!\ai\  :;:: 
, ~. " F ,  , I til\\-i < ' 1 "  ' . J ,  fi7; ;;'if-:[!? : ' : I .  I i./\t> I ,_ ; 1 :; (; ! , f ; ' , : $ , !  s ,  1 (~:;.:- !,:',. b,..:5(?37 j r )  r j{; l ; j+:2 l,ci;!(jz, " I \ ' !  

. a , " ti!,[:! ( i ! ) L [ , , ?  1:- , 7 . . ; ~ ; , ! > ;  :".I. , ; I ,  (J;,; .,< ;;[ill ;:, ;, 2 .ili(l .['t::][;y,!;![,:.! . ] c y [ : l  \,;; t i ]  i;::~ 1-i :,:!I!{) 

~i):).,,~;; k l ;  i' ., ! ' < % ? . \ ! [  _i . i ir*.t , { )  [); , , !  ; , ; , L ! 3 > . : ; - : 3 ; . T ; ! ;  :? ; ; I $ "  

> "  , , . >  . 1 

I ;,! , a i  l j t :  c,':,; ;(\!';$ (' ';::?,.t , . . \ ,  , , , "  ... .,(, 11,; , ; : I , ,  i / : ; ~ ( ; :  , ~ j ~ ' ~ ' , ~ , ~ ~ ~ ~ ~ '  

, . . I ,  c 

. . ,  , .  ;:.-' , % .  t ' / - > : : : ? , )  ;;,- , . ~ . i ! ! ' : i .  : : t ; r +  <;,:.;]:,:- ; . ; j ~ i )  I ? < ~ c : ,  i j i%c:i:;;>!.; f 

t i , ;  i,". # , ,  ( ! : , ; , ,> !  &. I . , . ,  \ , :I!. , , $ i  < ~ , ' i , , . ,  :. : ,  : 1 , , ! , ! , ! ~  ?:it':, 0; 1 ,  , : I , ;  : : , ; i t ,<,  c,; ; :L. ;L i , > i ! h c j  
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" 

t i i e  frt!ncs. Ytiere i s  110 cvl'dcrlce ?ri!r!? i.tjt?se tests tt.rai; t h e  wearing 0.t' eyeglasses 

~ ~ o u ' l c i  bc il prub1c.m .ir l  the s a f e  F~ii:cLiotiing o-f the a i rbag  restraint. ssystei~i. Phoi.o-- 

graphs td1:i;ri t~ofori! c?ltcI a f t e r  Test NO,  A-299 arc  shown i n  Figure 40. 

3. 7 .  4 Ilk!!! ;;I,;) !k~cI< S t r ~ ~ c i : ! y c s  - . . - . . -- - .-- - -  *. 

T\AI thej>.=i.; o f  tlcc.k structu'r\c?s \;L?~Y \ I S C ~ ~  i n  t h e  drii!lmic?r; cliiring tl'iis t e s t  pro- 

yr,am. Oi-ic k:as "Lie st?rid;ird . ~. :r~si!i;~qc;n~n";of b a l l  ~~i( i  SQCI:I:I; j ~ i i i t ~  f ~ ~ i i l d  ir, the 

adi i l  t S i ~ v r a  dL!ih.:;;:ics ii!?<i t h ?  otl-icri- \',.is it riibbci- ~ir .ck i 'a l l r - icatcd by G~: . l~ t i ; - a l  Eto"iors 

C o r p o r a t i o n .  ?'he G;!4 ;12ck c::nsjs";i.d o f  2, rut;l;c:-r cyl jndci- p i i  t h  ?;NO sS;ee1 end. p 1 a . i ~ ~  

for ri;o;in.L.-incj t o  .t/ic h c d  ant !  'tcrsu 07 the cll,u-iimy. Tl:e cnci pl;i,t;es arc; held -in pos.i- 

t ' i r jn by t:,:~ ci!tr'l os c?xt;.c.ncliny tliro\s,gh i hc ;*ubbcir cyl inder. 'llie cal;'l cs  provide 'icn-- 

s'i~jiI sk.i-.c!.~g?;i: !;lll;tn t'ut;bpr till ii;li:r , is  cornprcss:ld clurfncj i!i:6;d mo t ' i o i :~  ~ .e la , t iv t i  
, . 

.i;}]c . L . Q : ' : ; ~ ,  Er:j.!95~:1 ~ i ! : . ' \ : j ~  of' *i./>,: t \ , ,3 ;i$c;kc; aye  :;klo\;cn Figui+c: l ? . l *  

, ' . i I ,  z 

(*,,;-t.: 1 1 i ;  :, ,; ; ,, , .; , ; '  1,) ; . , .  
, I  I ;,. i , ,b.-,<] i.:\ \ , , J  i ! : , j~. : , ; ; . * ,>,~;-~. , :  :,I!> i ( ~ : - : ; , ; * ,  j t ,  \;;,:, ( i $ , ; ; ' i ( L ! ' ] ;  ;i; 

. , $  I I s t 3 .  ' - .  I , ,  . : .  , .  :: , i .:;-;,;.>I , , :  i (1:  i . , ,  ( . :  , , [ ,  , , :  , , ,  ! (,:',-t!.,: * I  ~ ' i  I .  . 
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If  l t i e  ~ I I ~ S C  07 t h e  r1:otions ex( - i~u . i cnced by t h e  head stid ctlesi, of tlto du!iiii;ies 

d i f f e r  i n  Ci~ne,  i t  'is poss ib le  tii?Z: I;ypc\-cxtcnsiori o f  t i le  ncck coilld occur.  A s  
0 

t h i s  problcii\ ha s  bscn oi iserved iii suii~c: of t i l e  tcs ts  c a r r - i c d  o u t  i n  t h i s  prog,-ai;l, 

f o r  d~115mics k/i?ic/j ; / j ~ : i i s  motioi;s s i i n i l  av. t o  t hose  observed i n  I~u i i l a i ~s  end  w l ~ i c l l  

i s  capi;b!c o f  b ~ i n n  Y rizt:d t o  cstimal.c cases  of poter t t ja l  t.rai.!ma. Ti i ' is i s  r i o t  

be1 ,icvcc[ to bi! 113s !;il.j'I 13 v1-i tC: ~. i t , j !~~"  CT tilt curr~::\di. I I ~ , ( :  ~ . t i ' . ~ ~ " i ? i i ~ ~ ~ .  

As .it\djczt.,c;! 5 i i  'l"ai.ii c 1 tcsts were ci:l-rict! o~l.l: i i l \ /ol  v i i ~ g  hut11 be1 %ed 

I ? t i i  s Fic d~cji.i!iiaiir~!i or' t h e  sa.i'e-i.!t p3tenti;:l offei4cci by tile 



Tl?c !)!:I{ pcrcerit, i l  i: fc!inal c d~.r;::r:~j~ d i d  ncit ;iiove as  i 'ar. forwarrl r?s tile ch j1 il, 

coi:!;:srilb'lc t o  t h e  e;:cursicii? o f  t i i c  i:iiee:; befo;-,c cc~rltcic-t. wi th  the  iolt:er instl*umr?r!i; 

I I . e ! , \ \ , . . i , . i  1, i;;,,,,, 1 i-, ; {i; ( )  1 , I,;, \ , , j .:.;-li- i., ,; ' !. ,. b i , ;  ~ , , .. (,:: >; ( : ~ [ ~ \ . ~ , s ,  {;: [ '),:\?? i , '1 i-;i:: i;:<>ii:i) !i > 



biic~ i s  cssc i~t ia ' i  'ly f:lf 1 a~oi ) \ -c ix i i? :a tc ly  40 111s a f t e r  t t i c ,  beginning o f  t h e  c o l l  i s  i u i l  

s . in lu la t ion  c;nd l ~ e i ~ c e ,  oiily a s i ! i :? l i  q u a r ~ t i t y  .of g a s  i s  supplied t o  t h e  bag from . ' 

.tii;! i.cscrvnl'i% ;f ier i-11iii t i i i i z ,  'li11.1s , !.I-!c ciiairgc i n  i:cii;per;ii.trr.c o f  t.hc gas i n  

 ti^^ hiiy i s  i;rimzr>i'ly a l j n c a r  firnc'i.ivr1 3.i' t h e  rn;;s:; f l o w  \*ai;c: out: o f  tlic hc;g 

"i.;t.g~:q/? i-iir! v c r ! t  2nd of' tiit-. r i3 . t~  o f  i,.io~i; Libfie 2:. the rr~c)vi~l!j boul-~:l;iry of the 

. , 
uu J. a1 

11.i J~fi;! ~ e i ^ ' i t ! ~  :;I cd i . p ~ t s  C . 2 1 ' ~ .  ie:,i ~ : l ~ t  dl!rjl~!~ k.jl.i s Fr(Jg'j,--jn the  avcr;i,gp 

ii,;pa c t  dcif: 'i er.;i:, \\:;i-e r i 5 a r ' i ? /  tilc c;..i.,, . 71,,i: ill iflust cases ,  H~:~ reve r ,  the dura t i nn  

" "  

o f  "ibiit fili!ci pl.1 sn :$;?is it.tc;.!.iar;r.d for.  it:. 1-;-i yI,er ve.1 o c i t i c s .  //?'is 112.s; .the e f f e c t  

of  ' I i;i:! '~$s'r!~,g ' i i i ~  'l<:~-!(ji:ii ~f t i r i l e  :ii!ril? j \.!ii.i i.h t.1- c):ccpat-lt i s  -ill con ta i ;h , j t i l  

.I ,, " 9 a 

Liik bt..i<!. tl?ii> ) / i ~ . i d " i ~ ' : j  i :os' ; ,~s\fo vi;iu!-s o f  o;]-iairst: n.!as.s rate 3113 p j o y s I :  on 

b0~ii.id3i.y O F  till! !.>:,<j 0!.'~1* i\ ~ u ! ! Y ~ Y '  ~;er] ; )d ,  f~ 2 i ~ p ~ l i ?  t .  0-r hcii;pcl+bturp 

* . ,  c i ~ ~ r ~ $ ~  ~ C I I ] ~  i;::, i j < j ; ~ ~ ' ~ l f ~ ~  J r L-. ?,!I(-: y!,;; o~,!:; [ - { ~ ~ , ; ; ~ ; i ~ y ~ ~ , ~ , * ~  ~ ~ 1 ;  . j ~ ; ~ ~ - ; ~ ~ ~ ; ~  a fl- jgl i2j..  lt?ijel 

tllc; I , \;;:: 1 L..;" r ; j , : ~  ,.J - ~ l , ~ ; ~ ~ ; t ~ ~ , ~  ' .p 11.; i c ,  ' 1  i 1 ' j i ) 1 . \ ' ~ ; > ~  , M .,.,c: 1~~~~ ij:*ces:~~rc I ;)I!"] 2 0  t t ~ p  

L ) ~ ( T  ~ ; ; ~ : i : / ) ) ~ , ; ~ l ; ~ ~  ?[j!,c? j - / l ~ ~ z ,  , - ~ ~ : l , ~ ' l ~ j ~ ~ g  j;., c ; t j , f . [ ? . ?  1 .-.-- .I )ci!i c ~ ~ / I ~ ! . I ~ c  o f  pro\~i(i.i!~cj g v ~ d t ~ i -  

, . f, e,. ...I 

1.'i?>fl'a"lt 'Tii!';:(' ~i.;;!.] ) l i g f l c i '  G*-l('dC;.i]?;l::. ~ " [ I , ~ . ( , L  i s  ;.,;g[lf;!.,$,i(';c] ~ , ( j \ i ] t ~ \ ~ ~ ~ l ~ ~  ])JI 

J. 1 .  

~ 1 1 ~  f < ) , : , i  : ,k ,~t  ! . ! I ( ?  \il[;:;~, c;/' <-;;::, .ii; I\.!;; b:;~: ~ ~ ~ : ~ p ; ~ ~ , p ; ~  

,... , - 
I\ ( ; ~ i , : i - , < : {~ * i c  C!i . I [ : ( ; [  i : / :dtc!  ~ < , i ~ \ ~ ~ * ' ~ ~ > ~ ~ . [ ~ ? ~  j:<> i / j ( 2  : ; { j f ~ ~ z ~ ~ i ( ~ \ ~ ;  0.: f;,!lp ~ l ; l q b  ~ ; l ~ ~ ~  

> . , #  . . t  t 4 - t'i11i~ r) f  .I 12 1 L,.I~: ! ~ ~ ( - 1 ) )  :,:!(:',. ::I ti!(: !,!,3:; .\,!;;; t;:,;:;~ 1 (; r ~ : l ~ ~ ~ a ~ ~  < 11 JL,i.l: \ ~ ] ~ i l ~ ~ \ \ " f j ) j c ;  j r, 

3 # '1 " ' (+;),c;<;-~:.!.: l ~ ~ ~ , ~ i - ~ ~ ~ , ' l  ;{!; : s  .;,;:.> ;;\'(;<: (;,I. <, ,. (:;.;(: ,,,.; i [,I;: \ t " . ' c ' , b -  - 
I 1 x., .> (,, L t  I 11.t.  lit:^/:\:^^ 

I t [ls 't,!!~, e , j < , ~ ' , ' ; ~ :  I:.; i ; ' , ' , ; ~ \ i ~ ; ;  i ; i *~ ! ! , ; ! ;  I,!,;: l j : ; ( ;  I ) ; ,  !,, ,; , ,  1 ,  ',,,.,,,.# , . , k t  c .  .' 1 <:)'t:(,f; ,- \ '( j t :~l k( !  t;)\':t,:''(: (! 

. , 
~ ~ : , ~ ~ + / ! : ~ f : , ~ j [ i ) i , ' ~ \ '  i , ;  ;:#:, :,,;;..I ( j , < j  ] ; ? t ~ \ ; c ~  &,;-,<.' !,;,I;; :,,:>;;: ~ , : >  L ~ f - ~ - ; 2 ~ - j ~ ~ i ~  ~ , : > < , ~ , ; . J . ~ ~ ~ ; , ~  

J '  , ! ~ l ' l ~ f -  f ~ s ;  ' , !8:,; ,  1 1 ; s  L ~ : : < ! l ! i ~ ~ , ~  < x , " .  ; L y s , i  ~ , l . ~ [ ~  l.Jl,: :;< !!* :. <;; j i'*Tl;i.. i; k,l!c~p..*l,-:.% .i$!. . . I Y O ' j l  

5 ,  . , . 
. I  , I  , - , '  . , . I .  > 

, ' > ( : : . ~  ; 1 ( ,  , \ ;.:L,> ( , ,  , 1 1 . .  ,,., 4; , * \ , t - < : . l ' : .  i ' . , i .  , , 8 . .  .; ; : . . , { ;  x i ,  
I ! # l  i. . . I . )  

, , 1 , :  ' . ,. , I 0  , , ; , '  , ; , . . 
( (  : ; , \  i ' . , i  ! ,  , : ' ; '  , b i ., 1 , , , ,  < , , : ' ! , " i . 8 ,  3 



Scvc)>c!l fiictors r c l s t i r , g  t o  t l ~ c  airb;ig systc i !? ,  t h e  occupant,  and the 

particti lain crar;h evcni .  i"isc.!lf i i i i  1 sci-ve t o  def.irii> a 1 i n i i  t i n q  v c l o c i t y  beyor~d 

\4 j ic i i  res trsjri2; yro tcc  tion ccinniit be c x l ~ e c i e d .  Ttie quari t i1, ' ics men t i o i l r d  i n  

t he  y:-cccd-iisg d i  rscuss-i or; \vh-ic4 inf l  ecncc: the G - 1  oads  appl  i e d  t a  the o c c u p a i ~ t  

i-irid, t h u s ,  '1 ii:ii t.in9 V C I O C  it:: ii\'i? 'irif'l~ctcd bzg  : I I ~ P c ,  t o t a l  r;totqed gas iro1 unit, 

d - i f : ' \ ; ~ : ? i y  c l ~ s i ~ ~ t ~ ,  pl;yt;ir;al p~ -c . i~c r~ t i c s  o f  t i i c !  i n f l a t i n n  gas, vcilt s i ze  l o  deter-  

min i : \  exit ir'loii, arid t o t a l  sl;oi*cd CJAS prcssui5e. T h i s  rcstra'int force CCII*I be 

a p p l  i c ( ;  only f o r  n 1 iiriited tiiiie due  t o  t h e  Fini.i;c i n f l a t i o t l  gas supply ,  Thc 

stipij ' ly wil l  hs used u p  tilo:-'a r~i!iclly for t i i o  lat-.c;:!t- occupants 3 r d  f o r  t he  h ig l i c \ -  

speeds. Thc: l -itr?i.ti::;:l vel o c - i t i  es for this a i  rhsg sys t  i!ii~ dc?ternri~~cd it? tile curmci~t 

' ~ ,@ \;/)!--,,.:, ,; .;; , . ., ., 2 !~ -;, L I.,. " r,- , I , , /  . I  , , 
, , , , . .  1 ., ,.I,;) \ ~> i,, , , : , ,  1, j ; , ; ' ,  [I,:> t.. , 3 " , i ( ! : ; j ,  . f \  ~ ~ j ) ' ;  ;ji,*$,!;(\:; ;)' 
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1 '  . I !, ,.I ' i '  . h 
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, 0tt1c:r t i l a t i  tiie oblicluc n?ciunt.i~ig of tile body b i ~ c k ,  this scric?s o f  t e s t s  was 

i r i  tlic Icli::l of 4ri ip~ct  p ro t t l c ' : . i o !~  b,hic.lj was offcrt3d t o  t i l e  occupants  were noted 

pdr . t i r : i ! l a r ly  w? tft r e r i p x t  t o  t w i r i t i n g  of thc head  hi 1 e the torsos  of  the du;iimi~:s 

t e i~dcc i  -i:o s l  i d c  aroitrid t i ~ c  crid t;f tile ; ~ , ' i i - b a y  tov4au.d .ti;: dircct,iuti o f  the i m p a c t ,  

\.;rii.h ~ c ) s ~ E ; c ~ ,  t o  il ~ ; i ~ ? ~ i ~ i " a l  in::ueasc i t ?  G - l o a d i i i g s  exp:,\r5cnccd by the ciummics ca,ur;cd 

by cont;;c,t  v!it.h the pancl reprcscr:t il:g t h e  d o o r  sidi-! structures,  ar:d \ . i j th  respec,l: i ; ~  

a h i  i lhcr dzgree o f  rcs t r a i n t  o.l'f::rrd by t h z  st:;)p'l e1ni?i;"i1 16,p bc'l t. 

cro;i\e.iey pitcks are 1 i s t t t d  i n  "Sable X ,  A g51:i21.,1l .increai;o i n  thr: riiagni t;!dc o f  theso 

d u c k d  'tilt l?igi~?r ::pecds \dil?;e c . i ? r~ t c t  c.~c!:!!i-\\eli vi51;11 tihe i~~?,c:r-ior t.)f t h c  vch i c l c  
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1nl::c~ -inslru:aci\t pane l .  Figure 45 sl~uws T e s f l ~ o ,  A-257  where t h e  5 t h  percentile 

fc ina l  e il~:iirri:; r::otic:d l-c!;i,~r.d t h e  door  st;ructuu.es it1 a 39 niph i!npact s l  iii-i n g  alilios t 

o f f  t;/lc s:.;.:.~ cur ' .  . , r~ . io i~  i . i i l , i lc I - iy~l r~  46 S C I O ~ . / S  ?-(;st 110. 111-224 where the  ' lap-belted 

dun~iiiy exp2r5 cnces coriil idcrzh'l~} 1 ~ ; s  cxci~rsirtn o f  thc h i p ,  i he  sca t  p;as i t 1  i t s  

for~ardiilost i t d J ~ ~ i : i ; : < : i : o i ; o ~ - i t i o ~ ~  F o r  these tests, Coinpi:rcit.iut. peal; l a p  b e l t  loacis 

are g i v e n  ill T a b l e  X I ,  

Tf ie ( : c i ! - i ~ l ~ i s i o n  v: i i . i c i~  c2n bc cir;.,\;i~ froni t h i s  po;.t<o~; o f  the "cst  pYC!9tniiin i s  

t1irl.t cor~si:iiet~aSlc pr0tcct110~1 .is ~~:)s:;j!ile fl:ir I: right fri;ntpassenger w i t h  an a'ii.-- 

front w l ) f  icjiic i i i i r ! a ~ t ,  iilnrgi 121 l y  ;~ccep"iabf c rcs trii.int p ~ i . f o i m ; i i ; ~  has been ~bscr\lt!i'l 

a t  30 1pp11 i o t ,  t ! : ~  501;i; pc:rccn"il lc! !rial e alld 0 y c ~ ; .  o l d  ch-i 1 d duri^linies w-i thout ;  t he  

UCie ~f ~ , I J ~ ~ > ' I ~ ~ , ! ~ ; S ~ I ~ ~ ? . I  If;!) I ~ ! I ~ s .  
i 

5 , / , 8  \!ai+j:'t.i,,;j(l [ ) ~ ~ ~ ~ ; ~ l p j 7 ; ; ~ ~ - ~ g ; l  ! > l ~ ' l s p  : i / ; ? , : - j : >  ..-.-* --- .. --...- . -.--.-...- ..... - .~ ...-.. ...... .. - -""- -.- *...... - 

<. % t ;, \. j .; <,; ;, cj ' I ,  I - i l  ' 

,- 4,.. . .. !;;., ;-, ~ ; L ~ ~ ~ , ~ !  1 ;,t-::.G , L ,, jL ! : -  ~ , !,,-:,:; - .  i i  i c i  .;[!. 5 -.,r , ,. ki :::)I>,! i ! 1 1 r -  c , l , s . C ~ ,  ' ZIia.',.! I , c X I : ~  * 



Be1 t ivoad, i h s  . 
Obl .ique I i ~ l p a c t  



TI-li.1 IISRI ii:i;>:\ct sled dcccIcr(ition 1x11 ses are cicscribcii in T a b l e  X I  i alor ig 

w i  t i1  th i i  rt!s/il t.i rig peak b n i l ~ ~  a c c c l  croi:!ete\* rcadvirlgs. I n  corr~par'l'tlg t l i c  resill t s  

frorn " i 1 ~  1 ~ : i  (ji:i:~?1 ~ i * ~ . i ; i ~ > ~ - i  Icvel s 07' l'rst f igs. I\.-'] 74 !\-.I 78 t.ti t1-i t f i e  t*i.sul t s  

o f  ?'zc,l Eici. rT\-,"i 1% i t  i s  st?cn t h a t  t i l e  chest  act:ele~-nn:r!tcrs a1 1 protiur:t!d lokvier 

re;di r-irls ; i s  ~ t i c > ~ ' l  d tie c x , ! - w t c d .  t'jo c l  tizrly discc:rnible t r e n d  i s  ohsurvcr i  i n  

tki! lie2cj (7cc~"'t~;-( irr l?torr r~adir icj~.  it: T e s t  No. f l -284 i n v o l v i n g  a rainp furlc;-l'.lon 

i.ri'l.h i t s  pckiiic l a t e  .in the dccclck~;\t ioi!  e i i e u t :  b o t h  ticad a n d  c h e s t  G-lcvcl s 

I ' :C~EI 11-i { ~ ~ I c I -  t:hi;:l for 'i'esi: No, A-29% :.;':ii.rt: ti12 tlrcci ers i ; ion p t i l  s e  appuo>:ii;~a'iccI 

0.. 

a tr;;j!czo5ti, ihis si.io\.!s liic: d c s i r d b i  l'ii.;; o f  i n v o ?  ving 'the occujtarll: wic i l  tne 

a-irb;:.(r i:s ~ r t r ' l ; ~  .i!i .t,h.:3 ei'i:i-~t. 7,s p ~ s s ' i b ' l ~  .Lo mke u s r  of  ;s rllucil o f  t h e  

in f i a l ' i o !7  r ~ s i  as ~ossihle, 

i! co i i ia i i~ i  so i i  bct:+zcr: Liie !{SR? in ; !ac t  s l  eil clccc+l ercltion pi!l s e  aild r e p r e -  

scil(,:?.i:j\;.[: fu'] 1 si,;i] I.a~.ri:i. ;!!ilj ;,0?~: p ~ 1 1  s c s  i s  ~ : ; a c i p  ill F j ~ r l y ~ e  ! : I ,  

. ,  L i ( j . 1  51-,e>.;;, ;7-? flint \!r:i.3i--ici- /-\ j; ' i  4:: i,(,r;se:,~or; ;.:a i f  1 ~ 1 3 1  K C  y , p i ~ r ~ ~ , ~ ~ . i i ~ j ; i ~  . j l l j L 2  - '  ,'. 

c:(l] -1 ~L3c , ( :  [ (7]  '1 [?b!rj[i 1 :.f;i7 I j ~ f  12;i'I SQS ~ [ : : j j ' Q $ ( : ~ ~ l ~ ~ . i ~ ~ ~ ~ j  (:fl(j 1 r)e ~ ] ~ ~ ~ " l  v{?i;:I).b, '[flc? /?o] 

!,> :I ) y- :; +2yl ; I i .; 5) k, (-; :; !.. !.: , , a (" c s  .,,I( i- .-)a.t ,, % , j cj  ; , I  &.. j f -  , - %  y, I-, <,-. .!. :;!.!.wt 1112.i.1i'i C~L~:,;II h ~ ~ t  .inc,'i~l;i~~:; t h e  

f2[{!,,(;'i,f; 0.f c ~ i - ~ ? i ! ? < ?  {rl*,c~1~~i5,- ,.,o v.:t![>]lt..e " 1 ; j ~  < , , : ) : ic t  s l [?< i  [ ? L ~ ~ ~ [ ~  ~ ) j , ,< ! \ / j (~p~ .  e;\i-jy . i;?\f9']l1(?.- 
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Tl ie cai-ic1ur;ion l;:!licll can bil reacl~ed fro111 t h i s  sttidy i s  t11ii-t ttlc oc:cupsnt 

comlsart!:!~ni, dccel o . i~ t io r i  r t - o r i  1 c? :~ili ctt i s  dctel-iili n c d  as  a f u n c t i c n  o f  t h e  

vchiclr. cr!!;11 ciiaractci+4;i,; c s  i s  211 i ~ i i p o i , t a n t  var-' lab1 c i t ?  i n f l  ucr ic i i lg a i r b a g  

i..'es"iriii l i t  s y s ' i c ~ ~ ~  r:c\-i%r!i:ar~cu. I t  i s  z d v i  sil.b'l e t o  i l~\jo. ivc t h e  occr.ipant w i t h  

~'i:::t,y;i.j;;!: ~y~'g : i :1  a y  par.'iy ;!s P Q S S ~ ~ ~ C  2 n d  l;ec:.i t ! !~  d~ce1e ra t . i ve  6-1 e v e ?  

as low as possible, 



At. t.hc sailre tirne i l j  the t ~ ~ f  I ) ~ O ~ I * ~ ~ I I I  \'/as b e i n g  conduc.ted, an  a n a l y t i  ca,l 

21 study  as being r!!zr,ii! i~sin!;  t h c  i IS i? I  l ' i i (o-Il in~cnsl 'on~ Crasl? t'ict.in~ Sii-nul at,or , 

T h c  c ~ b j c c i i v u s  o f  ti1.i~ pnlqr:?l?' l  effort \:!;rp t o  sin~~.rl~?.te pyo to type  a i r b a g  inc- 

s t ra in t  t;ystr:;ns us. i / ig  ri:aihci:istiir;il 1iiod2'is of t i i e  ci-;:s!i v i r , t i m  a n d  t o  va?i(ii;i;t, 

the \-e~:l? t s  0:' tile (;(;i;;;;iitdi.i crns W i  'ill -i [i:psc t s ?  eci t e s t s  i i i vo?  v i  i1g b o t h  1 ap.- 

he1 tl?d i?,rid !!l",!>i:? l ed  rli!~i;?ic?s. Ti;i s pa l - t  o f  t i l e  rt~purt conlains r ; e c t i o n s  

ciescri bill:; ti.)? ilr:ci~;;.i:.jir:?s p:i!.i ch iia7;c bctlr i iisci t;rj ni;: t.iier!-;(?l;j cal  'ty dcscr.ibc 

a i  r!)ar_l r-csl;rai i1.b sjPs lk i :~ jier'fcl-,i:iar,;cc , t } ; ~  pi -cps\*a t i  o f  c i i i : ~ p ~ ! t e r  da"i a d s  

to dcsi:r.ibc "ti;!: ~ 1 ~ r - i  f ' i c a t i o n  t e s t s  y;h.ich pi(.;:y c a r r i e i j  " i i t o n  t he  irq:;lcl s f c d ,  

ar~tl coi?i;~?!.~isoi?s i)ct!.!r::r~ . t l . i~  at-ii?l y:;-i s ; j ~ ( - 1  'i.1ic.l c:xpi.rinjel; i s ,  

f4.i jr''i.fTXC'':I ~ l i - ~ U l - f l ' i ] C j ~ {  (''1- kJj':c&$ rlLS'ri{/,ifl] S'y'STEi! FEEF(jl!i{:I,,NCC 4 , l  I ,  i t r ,,, j l L  . 

Tii t? liS!?1 T'v;;.- Di:;;r_:ris-io!iz'l rir;i!i:.?i,:r~tj csl Cr.as/l Vjc;t<;:-, S i l r ; l l ] a t ( j l n  hi is becn rised 

. , 'L~J  ]:\';lci{?.i ~ ! i < ?  ~ ~ ~ ! ~ f J ) ' ' [ ~ : ~ ~ ! [ : ( ?  rjf 81) s l ) , b ; ] g  ~ y ? ~ ~ ~ ~ ~ c : i i > < ;  systi-,,;; *:Lj,rl c(~i,l;;~,r,i!,<)fi y!i.tll i i ) j - -  

I . - !  i ) a l t  :71:!<; i ,~sf,s, i I I .  . \ y  i ,  ~ i '  tile 

, . %  cj c 11 12 ;i (-1 J ,L y; c; ~j i-, c) 1 f-  i .  ,-. 1 ,' !I<.:: pi.;',f i I 'CJ :~~;?<: ; )~;  0";. .:'pi'i:d a n  2 ,ii*!:;cbri, a ; \d  'iilp ( lpce] c ~ ~ ~ ~ . j o r i  
3 .  [.i..']e\;?l dq:,:;l'1i.!.,ni; jn;?p:c.t ~ c ! ; : ~ i  i n  oy.dii .  10 Fli'g\.'i;!e . ,  n::ieilj i : g f ~ ~ l  c ~ \ * r c ' ]  3 i;isr) 

i,eJ,i,;t!r*>y\ ( , , , , , " % 7  ! , < ,  )>;,S.i? . p~;-l:~)~;fl?:;?; * P - 

cf\:'ii. ;:i: t , ~ ;  [ ~ : ( * [ : \ : : ' + ~ ? l  [!:? [)(;c:'[\;ft: :ji!(d t!),? -i l l { , ~ ) ~ i ~ ; ~  (1 f ;! \,'<j/)jc1 ;!;nk? ~ i ! ; , \ A i ~ ~ ; ~ ~ ~ , ~ ~ ~  

, . ;::: fp;x,,*~-s '.. ,.. -; ;", ::. ;&;,(;.[,!;I;?:;. iy;~;<<,;, c! ;  \ j . , - t ' . !  % . /  ;:!." L . , { . , ( - : ; i - ' f i t c ;  ;it.[,;;?l\;;:(/ 9 .b/!c; \;;,k-.;<,!,z [)()(jj/ 

( 7 . 1  c->,',:.\;ij C; < \ ;  [;,- ril;.!;, i; ? < )  ' ' -+ ' .  ' ' , . . a  6 

\ , a , .  ,.,. ~ , , k 8  :> ~ . , : ~ ~ ; : ~ I I , ~ ) ~ ~ ~  f !  ;>t :>t.l)%.;;\c;!q )-(,i.:5i :;:,t-,:jc,.)l,$ . ,[l[:c)*.[()\% 

8 .  :,h2 l , ; : . ~ ' ) i !  i ~ - , * l * : * : :  1 f i L :  :i;:j t,/;<! t , i , ,  ;;(,!.10:) 1.:; <!,i ,. 1 . , I C :  p y , p , c  ... t ?  , , ; , ' ' !,\/st?!*;\, . 1 .. ~ ; : i~ ) i1 j  .L[!L!<: 

I ' (  . " r . ; ;  { ' ! , ~ ; , i ' ~ *  c? f' (.<;;I ,,(:: !, ! (.; \,,;) 'i  i , ; ; , ; ;  ( c ~ ,  3 (.;>\,!,;I ::>: \?':,!;;!?,n;;; i t. 1 f i ; : l k ; f ;  j~~~~ i3,f I:];:: ~ j ~ ; j ~ ~ ~ . .  

, , !-;..:;>; .iL,i! ;,;, 1 1 r , , +  ; \ , - , ) ; . \ . :  \,!,?+ .i - , * \  , ! I , , >  <.  . 
8. r ,,, , f ,., , , ,  ~1 i , , t t .  c:;;;; : . , ; ? , i ;  ::,..:::s ! :>:; i :  1 t:i,;clit:> ;!;f"[j 1 I:[: V L , l  > ' ,  1 8 L!!::; 



; 

. coniponerrts of' t h e  v c t ~ i c l  e i n  tci4ioi.. Tile force-penctrat;iori re1 at- ioi i r ;  a1 'I ow arly 

c o n t a c t  surface t o  absortz energy bcc;duse pci-i?inni!nt dis; . ) ls r ,emcnt  c~f  c o n t a c t  s u ~ - -  . 
facts can occur r.rilcn A force is  a j ~ p l i e d .  Tilesc fcatul-es are a11 npccssary for 

n!odcl i n g  f o ~ c c  intor ; ic t ion b c * t ~ i ~ i . i ~  a n  a i r b a g  aild at? O C C I I Y S S I ~ .  

Ai l  i n i t i a l  l o c a t i o : ~  n~clst bc s p c c i f ' i e d  for-  ccch f l a t  s~rrfacr scg~l;~:t used 

t o  m d e l  t i l e  i~ l tc r io r  o f  ti12 v ~ l ! j ~ 1 i ?  and it:; res t ra in t  systcrrl, Because of ttiis 

i t  i s  riot; possii-iltl t o  riiodcl deployrnei~t  o f  .;he b 2 ~  \ ~ i t h  tile ailsrlysl's 3 5  .it. is  

presently virj "i";:et~. It1 t,!le t e s t s  scorid~ic t c d  tiuri i lc j  the eicp2ritiierital pi.oqt-;iin i t  

~vcis O ~ I S C ~ ~ V C ~  . ;hat i s o t i a n  rjT :lie kiead a n d  f i i  p of the ci~11,1:11ics \tias ajiprcj,;i:ni?tcty 

'I i n c h  c?r i r !ss  d u r i n g  'i.t?e f i r s t  40 iris of tile sged decc l t !~a t ic ;n .  This was a l s o  

"i.ilc appimor , i r I~i ; . ic  'ci~ii. rt:qui ~ * c d  fot- fi!l 1 d e p l  ~y~ i~ i f ! ! i . i ;  of I/IC a l  rklag. 'The\,c;ifurc, 

'it has been ;~t;s~ariiod Lila?; ti:? p\*eci-ic';ioils o f  t i l c  mndc'l , i!:;-ir!g a \!eliicl f: interior 
_ I  

in w;-~. ici~ g ~ ~ * i i ~ ! ! . i ' ~  of i i . i . 1~  bcig i s  br;.,t?d oi l  . i ts  sciiiployed posi 'C.lci~,  \;lsu'ld t:cit v a r y  

tn~l-e ti;;:n a i ' c~i  pt:t-cent :t'i;ii~ prud.ic;'i;i~:ns of ;; i;~cdt:l us .i ng a n  airbag v:il.icll depl ays .  

pgs,:;j!jF!c . L f ; : - : t  .kilj:; rlyjd?) f o \ -  d,;!!~ ' / ~ ~ ; ~ l ~ ; i ~ ; !  cf: t ! j c t  ~I~-~~~>,CI ~ ~ j \ * - f ~ ~ o y  !qp~l(-j  [?p 

, . 
'~ i l~ ; '?q1l l? te  f?). st.ut]y'il'ly C ? : ; e f i  k i i 1 c i ' ~  fi;?p.\o!,'[:::-i!ii: vc'i"j s'ia\;, i ~ i ~ ~ ( : ~ ,  ve'i;.!cit.y i s  , 

C i - i y j i ,  or ac[ i i - , ' - - '  ,. t.~[.ii>ri 1:; * .  ~ [ j i i \ d ~ ~ ) * ~ ~ ! ~ ~ ~ ~  

. . , . I\co ' c j ' / ~ i : ~  o f  d a t a  II;;.::,~ hi: ohi;\,rncci frc!i;l ti!,.: ~>;pe;.jil.i:!.i~~. t o  prr:vjd(:  (] :put ;  

(l;:.[.~-i .tilt: ; i i l~ :1J ' t '~c~) ' !  i~p: ;c\ '~~! t , ' i r ) ! I  c ' f  t\)? :ii)"\j::[;  ~ < ~ ~ r i > i ~ i ~ r ? ~ t T , ~ ~ ~ .  or1;! t , i~pse i s  

; j , ;  j ;  ; - 0 , ;  j ;  . - 1  j , f ,  l'}le 

.; si j 1- .: IL.. . '1 , /);j:,ji.j("!il 6.: j,!-,: ;:.y \,f;iY (.2~i:.,?,:,:<!,?[i b , I  ('j;,,.): j-lA(!!;! ;)jell.\ q,<j(:d ] l o (  ; ( - , I - ,  /;l.jc.. 

t , ~ i \ . > ; y  of '  tji;) .ill>;',;(;{; ! , j ~ ~ . ! ~ j ~ ; i ~ \ ~ , ; ; ~  \ ~ j ~ , ~ ~ ' l ~ :  f ! ~ s r  ~ , ; ; ~ - \ ; ~ , i ~ ~ ~ ~ , . ~ , L , . ~ < i ; ~ ,  ; ~ ~ ~ + ~ > ~ - ~ , j ~ ~ ) ~ ~ ; ;  f<; l t  .:tic! 

~ i ~ ~ t ~ ! $  i"!.!~! i.:?\ 5 0  ( {;(;,c.;,b,. c:;,,!,!.! :,<, ;,,,; . ; ;.j I f i  :!:,..;(: ;- j K J  ,,;j k!-i ?,I,? ci ,; ; . ; I , ~ ~ ! ~ )  i,:t21i,t! 

1 

o;!::!; : ; ~ ~ j  bj\,,\c, I)/ ;.;.,(,;I; j !;<. ~ ; , q 1 y ,  ,:,!;;-;,.I 1 \ R ; - y c . t {  .c , ~ i "  (r . I (  I1 t,(?&'> [.. " l ' l i j ~  \,;:!> 

$ 7  I-,(',( .J:,;,c>!',b! (';,f. ; ! ; I  :'):;)<,, ' i , : , : ; :  *,./.I \ : t i  1 j L : :  > /  ;: -.<,~],,;;.:I:;~(;; a s .  .~.! ~ , ~ r ~ ! [ ~ , , t ! ! ; ~ ; , ; i ; ;  [!x<~(:[?'{ 

. . . . ()f , . , ,  , " ; ; i , b , , : ;  ; : , j , < , , ; , - ; ' l  , , ;  : j ,  , ) , )  j : ;  ; ;  ; j ! ,  r,,,!"i;7~. ;, . i , . ' ,  i . ( , ;  -;,,,;, 1 , ; , - , { . - , I < ;  (!-[p:;$ 

- 8 p, ' , .  I , . !  , , .  : . > '  I , %  , . , . ." , *  . , ,:> . , > r  
j : ,  : , f  ; ; ;  , ,  i ,  I ? .  8 '  , . t ,  , b . ,  , . A  , 8 / ,  !, : ,  :, ' .3 , z $  , , i .  ,,, \ : ,  I , , ' ,  i t , ! !  ;,:\; t I.'.. 

4 ;, , , , , , ' . ; ,  . , ,  ! ! , '  ; I ! , ; , 1: ; " , ' I ,  ; , I \ ;  , ~,. ' ' : 1.  . , I ,  . ,  , t , i , , -  , : $ , i  ' .  . , ! i L ;  ;, \ I \ ,  



L ? C C C ~ P ~ - O I I ~ C ^ ~ C : I ~  c i a  t a .  1 Iio ;.not.ions a F tire tlt~aci a n d  C ~ C S  t Lucre riicastrred u s i n g  photo.. 

n?c.tr.ii: tec;i lf i  i i lucs froii l Lhc n;ovies ;!:id a!:~r!l l 'cd fo rces  cs  t i i r i a t c d  u s i n g  'the G-lcvel s 

i t i . l ' ;~ l - i i t~t- ior i  its (iti.ti; the iif-;liI ?'wo-~l?~ir;;r.~-~sional Crzc,!) V i c t - i n !  Sin1;iln-lor pias then 

and ui:hel t ed  occupan-2s.  D;i.l;a viss c?icci!ilmecl friji11 o l ; ~  "cd, o f  eaci-1 type itrlti pt-,epz\-ild 

as 'l; i ~ p u t  for i : l~c pi!r~il y r i ~ i ~ t i ~ e m a t i  c ~ l  sii;iul a t i o n .  Ai"ierT ~.r ,e \ .c i  s f  ng t he  a n a l y t i c a l  

ii:odi>? aild c C ~ m ~ i ~ i Y  ir!g ji~ccl i ctec! wi ti) i t ~ p c r i n l ~ n t a l  ' 1  de.i;?riil.in~d resill t s ,  i t via.; 



C 

1t-1 orcter t;o dctoi%~;line "Ljc pi;sitiun of thc durn i i~ ,  reiat'ive t o  t i l e  'interior 

of  t i l e  \ ~ ( ! i i i ~ l ~ ,  a tu.at:jr!y i:'as i:i;idc of the f i r s t  franic? o f  t l i e  l~ ig l l  speed ~ i i o t i o n  

p- ic tu i*c of ti;:! li!s:;, l'he l o c a t < o r ~ r j  of tie;id t f i r g c t ,  neck j o i n t ,  sliculdcr j o i n t ,  

li-.poii~.l;, arid 1;;2~e po,ii~i; i;'?rt? lhcn voted i l r i  t h ~  i r a c i n y ,  'Tiiese p o i  r i " i  c;ier,c ti~ct-i 

[, ., i3 :-, l lt-.t. i2d r- c. ,!nd tht; ! ~ . k2s ! ;~ : , *~~g  l ir l i :s i~seci .to d::iermii;c "LE: ea;lglilar o r i e n h t i o i l  0.F 

the variclus bady s~?gi:~c:li t s  2 s  ~l'i~':i\~::'i 'iii Figure 48, 

'r/j<:: S !  pr,; cje~.~?l cyc: t i n  11 I;,-prj! .se !;!I! i ci.1 ~ ~ 1 2  ! ~ ~ p : ! s l i r ~ d  f o r '  each 0.; t h e  two t e s  tf; 

*is silo?:{; ( ! i  F i ~ u r c  !ig, .:):,~C;C C \ : Y ~ P S  :';c~,c : , ~ ~ 3 < !  ; l ~  ii:~!~!t :Izt3 f g r  r,:et.c.isjgg 

.- 
t i l e  t i ia th~~i ;c . : . t i~al  model , i!:c v e l o c i t y  2.i; t i l e  b e g i n n i n g  o f  Lhr:: i i : lpact \./as 30.0 mph 

, .for 'iclr; t I:ic,, A#-779 r:)::! 29.8 rilpi; ;'r:i3 'Te.;.t Ks. 1?1.,292. PI rftboi!i~d cf approxl:i:;atcl~/ 

3 rn:,-)h oi.ctiri-;+i! i n  e; ic i~  cj:,c. 

Iti ori;:!~ t o  st~!:.iy tilt ciyi;iiii.!.i~, 4i?t.~i~actiic;i;  of t h e  tl~iiiiiiy OCC.U\I ; ; , \ I~  ~ i t , h  ,t i le 

* .. 
\ ~ ~ : l ~ ~ ~ . \ ~ ~ { . - i ! ~ ! ,  : \v~~;~i. .!~:;> i;~),.! ~ ! ~ ~ ~ l ~ : , : l r ~ ~  i f  \ji.:; r,(?c~?>qa\.)/ 1.0 d~ i , [~ r i f i j t 1?  i ,? . ;~  f ( l ~ ~ p - ~ j ~ f ( l j * ~ j ~ l ~ i . , i ~ i ~ ,  

? I 
j ~ ~ ~ , ~ ! y ~ ~ \ ~ [ ~ ~ : : ~ : ; ; ;  j ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ~ ~ l ?  {,jLj~?:;r;> ar ;<;  kkl<j ; ~ j ~ ~ ~ j ; ~ ~ .  l ' ! , r ~ e  ~ ~ ; i ~ , ~ , \ ~ j ( ~ \ i ~ ~  \ ; j y : - ; !  i j ~ ; ; j ' ] ; ~ L ' ] [ ~  

1 , ~  ' [ i ; ~  l,j+ck;i(:ct f( jy ;;L(~,;;j~]!~/'~~,l)j;?y] -ri)c2 fj\ '~;(; of  'kl)?:,($ f t ) ' \ / ~ l \ l p [ {  ./'i]p u j p  [)f 

~ > < l ~ ~ ) ' ~ i ; ~ ~ ! f i < 7 : ~ : 1  dL,i,2 f j  c!:ii ~ ~ ~ / ( ) ' [ ) ] - / ( : ~ . \  [,?:,$:; ( : ( j ; ' , r{ [)<t,~~~ o[lI',:;j(ip f:sKl \;//)(:!mc! t.0ysCl 

, . . .  . 
:I.] (i: ! : s  \'!? ;+.[! < j ) 'O; j j )  :(,! ,[ \ !.i:[l )*;)I; 1 (! 1 ;)! -j !; f 1  ;% {;.i 3. .i !);<:I %; , 'r:] :; t/;is r[!j [:L:.i,t:(i 1.1 1.hfi t. 

I 

- ~ i l ?  .:,~r:,(;; \,It!;;/,?, \;;pi c: R C I . ~ ,  y r - ~ . ~ ; ; ~ ~ ; ; . /  \ j J # ,  . \ ~ j . i { \ i  )l~;,ci:; ~ ~ . ~ > ! ; . ~ i ! ~ ~  j ! ; ~ ~ ~ ~ : ~ ~ j ! ~ ' l ~ ;  "b},i; ~ ~ ( ; . ~ ~ ~ r \ j ~ j l ~ ~ : . [ , . j ~ ~ j  

L?.F 6, - ) t ~ , ~ ~ ~  ,, ,... c:,.;f.o;..i,i;;-i,,i 01:  (;l.s..~ r l , - , l . 7 ~ ~ , ~ i : - ~ f ,  :,t,,j<.: fu\,, /;;,<!<:.-!\;2g ~ j ~ ) i , p ~ - ~ ~ ~ i , j c ~ ~ ~ .  .l'\lp st!c;~\>ij t t j < i i . .  

l).i(jqL! v\::~,;o'!~>/::A L,!![; (!,I.\ ;;;~,:;'~~,,?-~;#.;;; ( ' : , u c y . ; : > ~ l ! . l y ,  . * <;f  ; ) , j \ , ! , \ , : . !  \)[!;.;u).l;,;;:;?C;J f { )y  15 
I 

, 1 ;  , k i d  , , , , , " , ' (  ' I ,  8 " 1 1 1  I : ! < l : : .  ,,,-, 3 I st,> r'( .- 

I s ., .* , * J~.,C..~;:> ,,: I :,!;;)) (,I.,;.' L ! , , ,  !-, ; ; ; ; I - &  +, : ,  I~<;;~.,!.,/: . ; ; - !b l iL!j l , , c ;c!  !f:ti;~~,,l~,q~+;;;j~,~;,!, .- I l c ) , - c ~ ) ~  

f!;,.; , % I  j ; - , '  i;; :;,-; ' ' 
I I " ,  . , 

; ; , , \ , \  i ; . ; ' :  , :;(,!,,; . : \  :.:; .,; ,, , ! , : ( j ; . ; - . : , l , ,  .,,,! , , ; y , ; ,  j(Ji.1 / ;  ic;Lj; ( I t ;  c;)!;; ~ [ : ! . ( , ~ ~ ~ l , : ; ~ ~ ( ~ { ~ ) *  

,.,;; :- . , 
, , , , , t  ( , ; < :  i 7 , . , I  . (!; ; : :. 

. ,- , 
, .  . , .,; i ' 3  ' I ; : ,  ; :;, :,:, 1 c x  ;!\ :; .; is;,; ,.:;,!I,:,!.:'. ! , ! i l , ,  ti)::, 

I , . >  , .  ,...', . , I ,  , , , '  ; ,  ! ,  , ! , ,>; : h i :  i \ ,  ;:'),,! 8 .  : 1 . :J  ' . .  $ ;; ;; ;;: , ,  , s , , \ , , : ' j ' j ,  s k y  
.I . 

. , , I '  

, , , ,  , . , , '  , ~ , ,  , , ;  : { .  , ( , ; , ! ' ) I ;  ' ;  i 1 ! , S \  [ '  : $ # ' ;  ! ,  & !  ! ;:\, p;:'i: : 7 ?.,  , !  i , '  i : ,;. . , , ,., , 



bet,vicen lic?;?.d 2nd ch~:st: f ~ r ~ ~ - - t l e . F ~ r i : i d . t . i o n  re1 a t i o n s  and, secor~cl, i t  y i  ~1 ds an 

crilpj ri c? l  force-dcfor i ! i ; t t i~f l  ~ h i : i " d ~ . t e ) ' i  s t i  c prov l ' r i i  ng c? good f.i 'i t o  t h e  cxpzrti - 
rricnf;t~l 6.: l .2, 

'Tl.tc f.l r s t  s t e p  'i i I  fari!li~l a'.:ing t i 12  f o r ce . - dc fo r i i ! c? t - I u~~  c l ia rac te r i  s t  i cs  was 

t:o I.~,?~:;I.;,-C t i l ~  i)ul ;S. l- i i )~~ ~f t i l t :  di~i~\ , i \ ) /  3% ii ~ ~ I I I C ~ : ! O I I  of  t i t i~e u s i n g  .the h i g h  speed 

i;lot,ion p?: c-Lri;-;-!s. T i 1 . i ~  ?+iisi; p;'oved t o  be d.if.f.i cul t ii; t i i a t :  s~ir:c t a q c  t.s were 

13.; d d e r ~  vr'r;::;! ?,I-tr: c;i ~5::~; c i ive l  opcti .l:i-!ci di!r:::;lji. llpon v i  cs i i i l y  t i 1 2  n:ov.ics 'L\!io ob- 

* 2 . f  . . 
Sf?i"\ta i<(![';< \t!:!j-c Ela[j:: \ , ' [ ) j  C,] SCl'-\.i[:6 ;!55iii'ijij:..ifii.iS 'it; ~ i i > ~ y z ~ n g  t } ; e  c\:;:!;~;~ insk'icx 

( 1 )  thc i ~ ? i : ~ f  ri!o~cii ersi2ri-r,itil l y i ii  s !:or-i zoni.z ' i  pl  ~tr ic  for. t i l e  c\iiip,at; oii o f  the 

crcrsi! c ~ ; i - i . ;  i;iirl: ( 2 )  i;.:j:, f'oo.i. d j d  IW!; j - - ; ~ ~ e  i;tliis f.i::incj ?-.he ariklr! j o - i t i t  as a 

- - 
p o i n t  ai;i:ai:iled t o  t h n  :;ocly buck. i!ie ~ : : ~ : : ~ . : ; ~ ; r c ~ ; i i i : ~ ~ t ~  i i13d~ f r ~ ~  ,f-1.1~1 w r e  

IIOI--i 7.(.)t1t2*l ;;IO.?,< 011 o f  ' ~ ieac i ,  ;ir!giil a!+ p i  i;i.ii of '  head, loca t , ion  u f  k ~ i ? : ~ ,  arid ang le  

0.;' I . I ~ ) , \ P ~ .  I I,.- 5 1:~;; I'!q(ii;; t.i;i s da,i-r! i 1: .i :; i:,:~:;s.i ij! t -  i . o  1 c(;;lt'tc spi>u.ox<ina.tr? y b o t h  t i l e  

, " I )  

~ ~ J : L z ~ ~  p * 3 - ,  n , - + < m r ,  +-i \n I (  P > k < ( - ! , ! <  t,.? { , ~ ! ~ ~ ~ [ ,  1; .,,, j(> i ! i o  81.1; !lC,Li: J(> i l 1 1 S  0 ;  ti;,:: ~ ~ ~ ; ~ l \ ! - i ~ i ~ ~ ~  ~ $ 1  C;..I ~ b , I l t ~ " L . , ,  ,J., , .<,.8 ,,.. 

* * L I J O . , ~ . ~ ? ?  ;::,i & y ty , /> j , , i i i ,  :1 ' l i ; ) ~  t3 t6cpi-[::;crrt .!-!I;# ]~c;:.i;ion o f  ti);; .[;(;;.so, ;[IF 

] ( ~ i ~ ~ ~ ~ < ~ i j ?  07 c:};:::;i. ~ ~ ~ : ~ ? ~ ~ ~ ~ * ~ : ; ; ~ ~ [ ~ : l ~  p;-lc[.; c;;,~,! !JQ ;is f \ l ~ - ~ ~ ; ~ ; i ~ ~ ~ ~  0.f .t>fi;<>,, 

'[Ii<.! ' / ; !{ ,~~t  ' i [ ) r ?  .[,\)(.I !~;\liz!!:: ix;r(!;;t C ~ , C ; : ' + : > ' !  ,., . , ,  i i l i r a  c:; t'i;;;c;t?(! 'i,!?i 5 te(;/jrlj c i \ j ?  i s 

y,iip3Rb:,-, i s ,  1 i 7L;r,c !)(l f c , ; ~  ./':A{, :$;), \ ~ , - ~ , ~ ? ~ +  I ; . , : I ~  jc)il  0.f &;'Ic! c ! I ~ s . ~ ,  ri to 

f : j i ~ !  yiji:!; L ; J ~ ,  ~ , i ~ p ~ ~  (-jj k-p(;.t;'];; :)Y:;;;~ ;! (\i :,'i[i~j 'I ;YL f , \ \ i  5 ,  

- 1 l.;o :;!,(-J;,;;:I ; i i  . r , l ~ f ~ m ~ ~  , , : b ! I L ,  -,:..% I I!?,; t!,p i T c 3 \ - c  5 , f ~ ! ; ~ ~ r r \ ~ * , , ~ ~ : ~ ~ j ~ b , ;  , ; , I , ,  ,.,,, ~ I ~ ~ ~ i ~ ~ ~ ~ i , ! . ~ \ ~ j ~ ~ L . i i ~  ;,,J;S 

. t  I , ! ' . . ,  <,>(;I i!v.;jl,,c. i < ~ i ~ ~ ~ ~ ~ ~ .  : ! ; ! ,> . I  ;'::(; j ( )  'I-!!;: ~ ; ~ ~ l > ~ ~  tLr,c; I , / , I . ! ~ . [ ,  j ,\- l~> ~!i~!,. , ,~:\~: (15 3 1,. ~ ~ ! ? i ~ ~ ~ ~ ~ i ~ ~ . [ , ; ; ! : ~  

7 .  1 ,  ;~,.i,{ .ibp ;l ;; \ j , ; 3 : j b  " / j / , j  :: ,,;:,; F ! < , ~ ~ J : , , ; ; ! ,  I ,;:.;I:;;\ \$; :,,; l ~ p ~ ~ , ~ , ;  ;;\;!,\::! i!l(: rc;s\;\+,;;!:?L, 1 j~ ; :d  tjylcf 



t o  be \ * i . i s t r a i n ~ d  by t i l e  airbag 2nd ha'lf by t i l e  locder restraint. ( e i the r  a l a p  b e l t  

or an cncrgy-~bsor-bir-i[j I c:!i!r 'ins"iu.u:i:?l?t 1;n;lcl) . 11) ~ d d i  t i o n ,  t i l e  iniiss of the 

arn;s bas  acldcd t,u 'iili? !.itzpcr* l i i~ l f  of  t h e  t o r so  l ead ing  t o  a t o t a l  o f  

52 1t .m.  f u r  the e f f ~ i i 7 t - i ~ ~  iii;lSS of  torsc~ rest i*aincd by the airbag. 

Gaseci on t.1l.i~ clr:ta t i l i i t l p 5 ~  i t  b i a s  pi?ssibIe t o  p l a t  t h e  exper-iiiiental force 

iir'id rxt i ~ : . i  jsFrlts gl-?i)!.i'ical lg as  is  shol:in i n  Figures 51 dncl 52 for 

i ,  3 i ~ ; .  Fr!r the ccxnputc.i3 s-ir;i!.jl?,l; io;:s t h e  fiir~ce-ilel'or.n~ation ciirves 

\!?re ri!i~ri':,u;'i;::d !:)I ti;? analyticii: for-;;;$ s i ~ o ~ ; i ?  !,jt so'i jci ;tnd do.t;t;cd i i i.ies -i tl tile 

t ~ o  f i g u : " ~ s .  11, a l i  u n s c s  i i ~ c  i n . i t ' i a l  lo2: i ' iny v:;~s rc j l i -esentrc l  by a pitrabo'la ~ n d  

ur~?o;.icdi'r~~~ by ;i 1ir1csr forn! iditi? :;teei~ sli;g:c to on:adel .tI!:: encrg~~-- i- .hsou-bing a i r h s i j .  

'I'h:? fni-I;! for the head j - i a i~c / . ra t i o i~  .in Test No. 173 11;:s a parsl~ol i c  ' i i i i t j a ' l  1i ;adil lg 

ctji-vc ai.;d, i n  a ~ i d i i ; j t l ; ~ ,  - js .f'ai-(;c..] i n . i i h c d  t.9 2 li;;l~;!;;~!;il \ ja] i ie  of 453 

ei:,alytj  ca l  cxprc?ssionl; f o r  tl~t:: .fo!i)- c ~ t . ~ \ ! ~ s  ;:.E: 

.r ,. I .., A .- 7 i; 
t L . 2 ~  I ! $ & *  1 ! : ; ~ ~ c { . - f ? - ;  & , g  

:: 1 C 5 + G c  - ; ) , 3 C d "  

T c c ; ~  i.;c,. /\-'/;7!; [:~!:<:~t.--/\.jri;;:<j 

1: .: 3,?5, (16 .. ' i$,()3$" 

Scs k ?.!., , ? ,  ' 1"1-292 ij::;d-./i.;).,;::,i! 

i' :. !;G,!>J .. '/*5?7$;? 

- .  1 i.5 -:, iti;, "\.-%:,2 rijc,s:, /, i,,i>c,(; 

L" ,? $ 9 , -, .- *) " 
,.,>;, ' ?;> , j 1 " bt. \  

,,,; / ;k:).(! y j ,  :'y, .,;,. ~ l . i ; , j  . , r , - . a \ ,  I I !  , $  !:/\I (, ! I OF"  
* , '  .,,,! !, . . L 2  , il: \.;. cji:; :> > 5  ; < * L ~  c i ? l ' ' \ , , , - .  

- , .  7 .  . . . .  
1 !{: ! ,;;;:I j " . i , j l ) ' /  :. , .  i;'; ;;;';>i!>;-ii,') i i i : ;  ::I;.:' l i  ; c , .  1 i; j ; ; : i ; ] ; i - [  ';{:ii (?'! [:iii,";;::t b,:'.[\ i ' ( ' t i  

, > . . ,! \;,,,, j ; , r ; :  .;!.;:, ; ! ,  , ?( .;; ?, :Ll <,\;r';;:<(:<, .::--,. 1" . I ; ; '  :;, I:!.:; '..:(," ; : s ' { l  < . L,. \ 3 "  , !  &I ,L& ~ $ ~ . ~ ; , . ; c " l  C '  I !I2 

. , / i ,:, (,.:, ;,,% , , , , : ,  . i i  3 , , , , L  t: :,, ,.,; , ,  -t,-lL> ;I::.:;,: .!,> ! - i  . , , , :  t~~ !::;, ' j ! ) ~ ,  ~ ! - : ~ ; ! j - i  ;:I- ,+,,:.~<(.;;i< t,io:; 
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rr~asir~icrii\ a s  d c t z r i n i  r ~ r d  . f r o i ~ ~  titi. h i  !jh su:lccl 1ii3t 5011 o i  c t u t - cs  a n d  rct:;!rcii rigs o f  

i:rni~siSirccr d . i t a ,  T i~us ,  t.he locat..ic?r~ o f  t l i ~ 2 ~  s ~ ~ r f z c i ' s  i s  based oil il. " f l ' n a l  

geo;??ei~J"! coriccu.?. I"i'1l's ' i e c h t i i q ~ h  insinrcs t h a t  t h e  c o n t a c t  f o r ce s  c!?veloped 

l)c?t\iil~fi t h e  i-,:tdy arjd i,i-1: air! ,aq ( \ . : i~ ich 4 1 ;  t h r !  arliilysis 2r.e applied pcl-pet idi-  

~1.11 a:* t.o ti)[: I i1.10 rej)i*z~~11~i;.i1is4 t i ic  c o r ~ t a c t  suy-i'acc) a p p l  i ed i 11 the  correct 

, i i : ~  L I or\ d;:?'i I I ~  :bat t i::,. nzrio:! :.:l;cn ti). n:hxl;inuii? fgt%cas are p l ~ ~ c ! u c t . i d .  (1: 

-C . . 
I I;(? ;;:.?:,s iii.!d geor::7ti7-i c: \:':-iiPi';'I;? c:; af '  t h e  i:r: ti:ri;pc:i:?trk citi;.i~::iy [!.ssti .in 

-- 
't i-iczc t?:o t e s t s  ~rclrc :r;li2sured ci:~~erir!eint311y. I he ceiiie;-s o f  g r a v i t y  of  t h e  

v i i i . . i u~ r ;  bod;/ parts  wci-fi I'ovtid by rzr:spenilii~g t 1 . i ~  p-it:ces h!; wires a r ~ d  ri t ise~vii;g 

t./~r- 10c.3 t501i o f  in t ,~ : '~~? i : : t i ; ; i< j  I i tit 's o f  i:ct.ions i.il~i'i e .ii:i! t.i g h t  in3rn:rit.s o,F 

j tlt,rt: .. , a  rbr:ri!.lij.;?ci f o r  ex,:rc.isiriij t!!p " [ ~ / ~ ~ - [ ] j i : ; ~ : > ~ . i ~ j ~ ~ a J  Cy?:;!\ V j c t i ~ ; ?  S~I I I \ I~ : ) I ,OI*  

! :  I : .  I 7 I -  j 0 ;: f 1 j ?  I Tile vie< c~il.(,s !i;ere 
. . n:.:as!,!l*(:d r!ii 3 ? t r 2 ~ . 1 3 . 1 ~ ; i ,  S C ~ ' I ~  iii:d ;J ~ ~ ! i ' l * p ~ t . i f i l ;  i;k;!,! i ; i~ i :<?~?.t ,~ o f  .iy---.'-.' lil ~i a v!as 

- .  ; p i  p , , i t  , ' , ! , ' { j i c  (ja1;a 

. ( ~ i ) ~ !  ,I p>;~)c:\*i[-..;) t,cc;iirl< [\[IF:; i ; y>f !  d ( -  z,f:!7ii),zi:] j ) ~  d?.l,$,i 1 [ C ~ Q , + , C Q  7.i 

4,%,:1 ( ~ j ; ~ ; l ~ \ ~ ; \ - ~ ~ ~ y ; ~ j i j  5 ; .  ; ~ ~ ~ ~ , y ~ j ~ ; ~ - ~  !qjti\ l f ~ ! , P r ~ ~ m ~ ; - ! ~ ~ ]  :%?>wj'\t- 
-. , - .  .. - ." ...- ,. '.,.....-" .. .. ..--. -.-.* 

c r . , . t . - > , q 7 - e  ,%, ,;!,, : ,:\- c! b,,?).~~: j :,py, !;;\\!(., ) j ~ ~ : n  c;; f i<: , !c ! :),.! L ~ S  i ?;;! .i 17p~;t. (j;;;t;; cjp:>c13j ~ C I : ;  

i,) !;r ( a \ ! - i ( ) i ; p ,  :,6.>cl.ja\,l; t j i '  i \ : j  :; ~ - ~ p ~ , ; ~ y ~  (:t)p:;.~:y(i k j  .t, i-p~j;-!;5 ; : t ~ c j  y*;!;\l:; 0 7 
, . 

~ j : , ~ \ ~ ( ~ ~ i ) ~ ' i ,  ~ ' , : J ~ , \ ~ ; ~ ; ~ , ~ ~  l:p:,A : i ! . ,c j  (:!\! 5.l. [ ' , w ] p \ , / c : ) ! - , >  ;;!I;[ fo.<r!;:; ~ ; ! ~ \ j ? ~ : ~ ! i ~ {  +cr(-;;;\ ~ j ~ ~ > ~ ~ ~ j  

C ' , " ' !  L , , ,  ~, ,?I<: 1 ' ;!:*<, ! ::(, ; \::.;:<! -3  , ; .;L;i),;,;7 !,(,.!',? . ., . ' 

1 <!;.,i-L L p  [,,: ,i:jcl 5') < , [ , : , , J  ,; c , ~  ~ , ; , ~ , . < ; ~ , , j  t , :  $,'I:! (,<"(.i!..:;,,ili ii;]~ i t  j ~ ~ ; ~  ;. 1. ::!IF: p:)iiit 

, . .  , , I,.[ I . . , : ! )  . , v , < ,  ,-2, ~ ,... A '  < > f  ~ , ~ ~ ~ t ~ s t ; L , ~ ~ l j ,  ic~?,,;;;y;j 1,) , ;  ,. i . , , , ,  . , #  > ,  "., , I  <,; \ , r ~ , ?  !>; -i!.,!,r{ i i r ~ : ;  ,L!!!, t.c:cA(l (11  F I ,  t!!? 

. ., I . , . . .  ,,, 1 , :.,: $ , , .  ,, , , & , ,  [ , 1 ,  ; - , ,  1 .  , I 

,, , {;,!,\.' : ; , , j  : . ~ L : ( . J ; , ~ : > ~ , - ~ , ~  !,>,;-< , , , I  (; L : ' , '  !:y 1 ~ , $ ( ! ~ , - 2 - [  [;i\:; 

. . .~ . , a  . -  2 

, : ; ; - ,  C,' ,;., " . , , ~  , I >j/ . ,  , 
, . . . <  

, .,  , , , , ,  % .  1 , , > L  :,; , i:,;, .., , > , I  ,,; , ..P';y. (\!!\+;:,;\,,:%;; ;,::;'.I l, , , '~:: '!; 

, . , ,  . . ,, . h  I!) { .. 1 .  X , . '  
. \ .  ., ( , \ , -  ; , : ,  ::,; , - % > -  ! , ,  .: ' 2 \  : , .  ~1 < !',.;:;. k: , , ;  L,(,,r,,t;:,-t. . . '  ;., ' i . , '  $.* . . 

- , ,. . . I / *  " : ,, , I  , 1 , , . ~, , . , ,  , 
, . t s  ' 1 ' .  , , . , , ,  1 , ,  ! , f , , , : , \  

. - .  I 

. , ,  , , ! " ,~ , .  , , 

. / .  . . , , 
1 ,  . 

L , ' : > 
, , , , , \  ;; % '  ) '  , 4 . :  : ,  , b3 (. ' h ' j ,  









@ -/'p5? ,YJu. /i,-1;2g ..--- - . .  
Analytical Forrri (A -1  7'3) 

4-29? -....---..-. Arialytical Farm (A-292)  



800 .- --.- --+.------+...-C---C--- -L-..--r .--.. 

a -(psi No. A-1 7 0  

700.. 
- r t ? ~ i  NO. j),.222 

-.--,..-.-- /;rl;-ilytical [o;.nl !,A,-1;/1'? 
....*. --.-.*.-.. ,?ii:iiy~ic;~l i-oi.in (,<-%92) 

GOO i. 













. . i ~ ~ ; ~ i ~ ~ . ~ ~ , i i i ~ ~ , ~ ~ ~ ; ~ ~ ~ ; , ~ ~ ~ :  

. . 
t'i)r~cr,! J i > ; ) ' \  i ~ d  Lo C h e s t  b ~ l  i\itf,i,ag. 1 cst  i,!o, /I-'\ 79 \as . Sil;~ii'! (1"; ion  





1.: * ~ g .  . G O ,  ll?c!d j{ps\ ! l~iz~i t ,  G-l-~!\ lc ' l :  'fc3.i. l~:(j, /',-2L?2 V S .  S j r ~ ~ ! u I ~ i t i r ~ z  









4.2.4 Sarilt~lr3 cF t h e  Use o f  the A i  rbaq i i lodel e 
__.^_I._____ "_-^ ,--- .--*- ---- .- -- -_---.l 

A c:o!:;~nrir;ot~ ?)as been n~ade betwc?cr? t t ie  results 0.1: t x o  irilrjact s led  t e s t s  

and ttii? p i ~ t l i  e t i o n s  o f  purely r na t t i c i na t i ca l  d ~ s c r i p t i o t ~ s  o f  occilr);!nt rilotions 

.in .t.tic-~ crash cvefi i ,  'This r a t h e r  complox e x e r c i s e  i n  detcrnij n a t i o ~ ~  o f  s p e c i f i c  

i n p u t  d r i t c  for list pi-i ti1 ti.:? in;~ti~~e~:intical  modeling t o o l s  car) serve as  a s t a r t i ng  

p o i n t  f o r  ~ ;a ra in? t c r  s tud ies  o f  a i r b a g  r e s t r a i n t  syste~ns d e s i c ~ n o d  t o  def.inc 

pcrforicat~cc trcnds v:ilcn syste i i l  geoi;,.trjf and force- ,dt . i 'orn3tioi1 c h a r a c t e r i s t i c s  

are varier!. 

An cr,aril;,lc has  a1 ready b2ci l  g i v e n  it1 the  r e p o r t  o f  "L-i'is typc o f  s p p l i c ~ t i o r )  

o f  t h c  ~i:;ii:ll?n~;ttical nioticls. l'n Sec t - i nn  3 ,? .8  a stu:iy \:as made o f  Ute e f f e c t s  of' 

- v a ~ ~ ' i a t - i o n  o f  ttle dec~ ie ra t - ion  pirlse shar~c .  I n  orclcr to compzrc; tiie e f f e c t s  an 

t l ~ c  occilnar:t o f  pli'l sr? ~~.iliij '?~s 3va-i 1 ai ,?  e on  the FiSRI i ~ p a c t ;  s ?  ccl v ~ i  t j i  t h o s e  occ111"- 

t,- ., .I./, ,.,.., ,-, r..:.I a,.,. ;; ? - 1  . The ci;::cil ~\* r {%. io ; - i  pi11 scs  a r c  s i i o ~ i n  i n  F ' i  g u i ~  47 a:;il siiiqpl e I;cil":\l 



The modcl has bee13 used in  t h i s  case t o  e c t i t ~ i a t e  it peri'oi-inance trcnd. 

To v a l  i c l a t c  th.is tr-e!rd,  i t  i':oc.ilcf be ~~~~~~~~~y t o  conduct f u r t h c r -  t e s t s  o r  t o  

d e v e l o p  a r;:~t.hei;?~: t i  c a l  reprcscn-i;;itir>!~ o f  i ; h ~  a i  rhag s y s t e m  c a p a b l e  o f  p r c d i i t i n g  

the geoinetry and  forcc-dcfurrriai..io~~ cllarc?c.Li?ris ti cs ( v e t - i  f i c a t i o n  o f  r: l t l icI~ waul ci 

rcqui re ~ x t c r ~ s i v c  tcsting) . 

cilse, the piniigr.a:!t .ii.,p!it d a t a  cat1 be varied c?):rc;y froin "ilc basel i n c  i r rp t i " i ia ta  

2 t o  cst"!n:j l;p y e s ~ ~ i  t-i i?y i;er.f:fiy.;r!;l~cp tyy!d:. T!;r: 1 ct;al c f  je8s.i ti y j  iy 0 1 occupar'tt 

.- 
b? det.ci-riii i .~r?d.  i h.i .n .i ~~.fori;~,:zt.i or1 \ b ! ! ~ i  ch call be obka i  r-tpd cfejl' ci:'Iy a n d  i n c x -  

., t~el3s.i vciy,  call t h ~ i j  iii: i;siicl ti:; 6 g!i.id:?l i n c  ill e s t s l ~ l  . i s i ~ i n g  I-osearc.:h and 



!kfdrty observat inns 2r1d conc.1 11s ion:; 12!cri? in(id2 dut-i  1-19 the coiJllse o f  t h e  t c s l '  119 

progra:i?, Tiicse are sl~ii;iiiarized s s  a l i s t  iil Part  5.1, T h i s  -is fpllop.red by tt-lt? 

concl ucii ttg part o f  tiit. re~or ' i  v:ilich offers recoi::ilior~clni;ioi:s for i ncreasirlg the 

thr-esi~ul ti i ~ i : ' i o ~ i  t:) at;uvcb wh i ch  pu'otitcli 'o!~ l u  the  occi lp3nt i s  curi-cfi"iy cst i l 'n !a tcd 

. . t e s t  i j royrz i i i  S s cot'~vi:n.ic-intQ r1x;)ressed .in :.crr!~s o f  tbrcsi~ol d ve? c:e i ty curves 

(See i:.irj:jre 18) hzy~l-ic-i \'!iii cli pe1*.i'i;r$i;1anc i s  r:>:pec"ii?d tv be ~nargi nc;l . I t  was 

'. l'oiitlci Z,!ia't rcst tqair '~t  pe\-fo,.~ti;ai?ce \,/as rriar~y!r~,iIly acc.cptab'le f o r  6-~31cl;v. througli 

91;1,11 pczl-c;c:!it.i 1 e nial e rii!ri;i!iy s-i zcs ir - i  7u60!:t: j i:i;:ilc t up t o  40 mph. l'lirci;i?ol d 



6 .  In  t i l e  t e s t s  rcprcscnt.irig 22.5' right front o h l i q ~ i e  i n ~ l ~ a c t ,  some a d -  

v;rntc?c!e \<:as g3.ir;ild vihtli? r? . l n ~  b e l t  \:as iiseil a t  tlie hirjhcr speeds and w i t h  the 

l ::rcjzr dui;.ii~l' cs  , (Sec I'ai.ts 3.7.5 3 r d  3 , 7 . 7 ) .  

7. ?'he cleci.1 ? r a t i o n  prn f i'l c c;:.;~criericc)o' b y  the  o c c r ~ p n r ~ t  coiri;;ar.'in:?~lt i s  

i l l i~OY"f . i l~"L ill ~;!'cci.i c t i  tlg tiit. 1 evei o f  pcrfor.c:nnce o f f e r e d  by tile ~?i  rb;jg s y s  tern, 

I t  \i:ac.; oDserv::lci t h a t  t h r i  p t x k  vch i c l e  ciccelcration lea~els  s i ! o ~ r l d  he I : ~ p t  as  

lo;,! a s  ~1-;icI:i ca l  k1.i thoiil. c c ~ n ~ r g i ; ! i  s i i i g  t i l e  0~cuo;r i - i  ccn;::a~-ti,~ent. i n  h i  gii I eve1 

CI?LS!:PS arid ti!c o c c u i ~ a t ~ l ;  slioul il 'i 11 LC:)-,set  wit).^ the  a'i rbcig syst.ei11 as ear'ly i n  

t h ~ ,  ~ ~ ' l i i s i o i ~  e v e n t  as possible .in ord~2r "L omakc t5c  grsatesi :  use o f  the  it?- 

f'l;??f:jii gas 2nd ti?? ava i  1 ?S?c space .(See Pc;rt 3 ' 7 %  8)' 

8 ?rr t h c i  c;;se u f  f 1;arlvc?i..i;E1:itc:i.. a c t u a t i o i ~  o f  a cor-rcctly cieployi ricj a i r b a g  

vil" tir a til~-c?c. i t - ~ c i ~  ci i f  ful;cliq c i iz i~ jc tc i - , ,  i.!ii. G yciar cilci c i i i ld  d:ln:i~y wil 1 be pushed 

S .t,i.'d, ('; 1 b?? L: !: i'! ~ , I I  2 ?, t? 3 bit C !: \*!i f 2: 7 Gk/ t: 1 I .>, ,i 2 1 fs )- i 12j I i  ry CJ 1.1 t, h C ' i S 

ob' t i i ~  cri tt?iq i :I \i.c;ci:l i n  tt:tl:s i ' c p ~ r t ,  ,In;: h i  jib (i.-lond.i rigs rcsti'l !: %txoni contact;  

i!!.iei.!j ~ ~ ; ~ i ~  2s [ j f '  $,/;F so;:,;., ~ ~ , ~ ~ { : ~ ~ J ~ ; :  \:j.ii (;:I 1 ack <,I/ t - f j  (:jc;>k j:,;\ddj ~ 5 %  (:;(::Q ?art; . 

3 , 7 < : ? ) "  

:'k, i (; t.io:~ ;!r{vj !:;!b'ic. .f:,~r c:.; i 1 ti') r.id2 ofi i;\,ie 1 ;~,jjs of  ,3(i;.il l s ,  The 

(i;;llc;:!i*" [): l i j< ! \ )  (, , j ~ ~ : ( j j i ! ? $  t c j  i ; i \ c :  ~ l p c , ~ ~  j; pr,?,jjc;[r:d f l ~ ~ ! l l  ft~!-cc? int,p\72c;-t,ir,i~s 

i , i , j : ! 1 ( , ' ( S p c  p;,yi: 3 , 7 ,  3 )  

I [ ? ,  1 {-:;i., t~!~;, i. i l - , ? ,  c:f ~ ~ ~ [ ; - , ~ ~ ~ f . . ; ~ - ~ ~ * ; ~  . . { jcl/-; o ~ ~ ~ \ , > , ~ ~ ! ~ ~ ,  , c J ~ ~ ! s ~  < < , r , : ! , ~ c ,  , ) i : \ c  b 2 l.ll-j(jj \ * I !  \*I ,i C $1 OYCII(.' 

. . .i1-1 ~i::,:,! \ : ~ i  -: ::!ji.:il+ !,I;-,>:. ~ ; ~ ~ ~ ~ : ~ ~ j l ; f u ;  is!-,(; 1 ~ l , , ; , b \ *  ,\:,I ;-\/ri;f.i?j; p?; ; l i?1  ( j j ({  l,: ,f ;  px!>;a)-i. 

( : r > ( . l ~ ! L ( ; ~ : ~ > , - ;  < > ) > :  ! . . *L8 .,. . \ >,: ; ! , ) I  I , , ,  1:\.::: i \ < J ; ! ;  .;I,:: I , , 3 : : L t - . * : ,  . , i : l ; , . i  ?I;:;;,(.!:, -;I,li$, \ ! y i /  i72 (j(:(: ::(I ,I.;,[:! 



12.  In tliosc t e s t s  wC\eiAc an  iiriirl t di.!iiiii~~/ was  p l  aceii c lose  to t h e  # a i  rbag 

diffuser, t i . 1 ~  G-levels i-ccord~cl S'ilixii t h e  che:;t acce1eroi:;ctcrs \ ~ I L ? ~ E  ~ a r g i n a l .  

(See P d r t  3 . 7 . 3 ) ,  

13, lir t ~ s t s  b;iicre duiilr~lies kiorc glasses, no problei~is i n  systcrr~ proteci:i\!~? 

nt-:rf:ormnncc \,:?re o t x e r v c d .  (See \)art  3 .7 .3 ) .  

14. S ' t . 1 ~  G - l o a d i n g s  fe'l t hy t h e  di:m:liy hc;!ds .ii? I;he anterior-poslerior 

d i  r.?:^ct.ion a;)r7i.i,ra bhu 'largcr foln c,ii~al'l ilui:;;iliei; t;l;an .For $:he adti1 t male s i z e s , ,  

c s l ~ e c i a l  l y  fit loi-iclq i;iri;j~ic.t veloc'i t . ies .  '32:: t o  t h c  s111d1 l sr  !!lass o f  i:Ilc! 

G year 01 d ci-;.ild nficl 5.Lt.i perccritil i5 .Fcnlale dui;:;:;i~s, i t  i s  poss.ib1 e i,lia t thc 

v e r l t s  o f  {.I;? 2.i i*b;ig are t ~ c e  t isd as effectively as e i ? ~ ~ y y - a b i ; o \ , b l ' ~ i g  dev- ices 

s t  lower spoi~;is wilei-e tile ci>e;*g,y of t h e  i!n!pacting du~iii) ' i s  sn~a l ' l .  (Scc  Part 3 . 7 . 2 ) .  

15, Ttic G-'I c)iiCli I.;:~S fi ' l  i. .i 1 1  .l.!l? d~~n-i~ly ci?cl;-l:s i n  lF~c anterior-pos terior 

d . i i . ' e~ t , i ( ~ \ i  .ii-tr:reasi! as  i r l , poc t  vefoc.ii;y i t ~ c i . c i : s e ~ .  T t 1 . i ~  si-igiilcl be o : p c c t e d  

L,~.L;, . - . -  il u , l l  .. .. , i : lcj  1 ;  ; y c i a j  i,!~;:gs. ( 5 p e  Pi:yt  3. 7. 2) . 

15,  TI)!! (4 -1 0[:(!.ii;C15 'i. 11 t!ie d~;;r:c:\,f c:i?r:> f s  ;/'! tile a l i te t - . iO~. -pC:5 '~ i l i " iOY 

dj?-tict.inn 2u.i a;?i~r.~;si:;..:j.!:i?l "clle sd:;l? ,for t:lle v ~ ~ * ~ o \ J s  s i  z cs  c i ~ i i ; : ~ i l i ~ s  . TI12 

7 

~ u I ; ? ]  .i crq dili:iiliics i.Ldve a ::;,I;: ; 1 cr sl;'ci;t: arc?; 0.f o(;!;Lac.L k ~ i  .i;iel 1,ile hag rc:s:i'l I,?: ilg i;-i 

a '1r~~;; : : i~ c l ? ! i )  i::d rok-cc. 1 ;  . t i  r . 1 i I ,  Oil tl:c: h a s i  o f  

1' -. t . ! ! ~ y , c !  ffir.i.5 t,cbll<i ~ ~ j ! ! ~ ~ l  j . ! t t  t,!\? ('i*,'/L~ijt:i j ~ ~ ~ ! ~  (S?:: l'iirt, rj, 7 ,  2) . 
5,% l< f ; { ;~ ; ; . : : : ; ' ~ ;~ ] ; r~L ,~ I f i ; , ;~  

-+ " :. f 1 !.ill ,'.;:(';;;; : : r ~ i ~ ~ l , ;  L.i;!ri; :,,;ji; c!, i ; ; . ; . ,  i?; : ' i y y j  j i+i: c,c;nci ud.i;ig p a j . t  fi iii;! rp;->yjt,t. 

, . 
}l:;*l;i .[ 11:: (jiJ.i;:<;-;;j \!p f-] ;?%l?(l<!;q t/~:.# 4(,j;i-k.5!.,;! 1 \,p] o(;$ !, p \ , ~ ~ ; J , ; ~ p ~ j  ill 1Y.i y ; . p  '1 t {  

./ ' 
[ , ! y t ;  ;; '~"*<i * 1r.i p+,.L:t;i. ![,, ;;(;~(;-;l;-,l .]$1., ?-i; ;.:, $ ( ; [ \ ; ; - ) ; I , , , ,  8 ,  , ( !  ' t;>:: r !*j : ;>, . : j ; t [ - . /  c;r lL; L ~ ; . ! { : ' j ; , , i , ~ i t ; i : ' l  

, , \ *8 . c ! v  ; ;-(. i~ , ,  I ) ; - ; > (  ;,: ;;, 1;;;; , i 1 , : :  l ; ,;;,/p , , , ,  .,,! , ; < $ I  ( 1 ) y.,,),i(,;,; .c!lc> \ ;; j j3,i! , , ,  ;dc j ~ ;  tji :,/;c? 

" .  . *  8 ;;.! :,;; ,:.:,:> ,,!,C) : ? , { ,  <\ , , f . f .  . r !  , ,, ' , . ! , /  ; y , , ( > l  . ,  : i / .  !, ( , ,  , ,,;;.{?;;,$, , > : , , t , j  ;(,\* f , , ; ; , + j , , ; , , . ;  -(,,,', (. i.,,.,:\!:;. 1 ;  ;; 

i . , \  . i ~ .  : " I t ' 1 '  1 

\ : , .  i , ; : - ) : , ' : 'b . .  , , . - . I , .  ;, 1 , t ; ;  1 , ,,, , ,  : t , : , ,  (!I, : '  ! :  . , \  . ,; t ' : > :  ,!, , 1 I ,  ; j i;:$ :$ * ' ( . I  I Cl T 

. . , . ,  8 8 i !  , , , 1 . " ' , , , ;  1~ L ,  L ,  , , ,  1 ,  , , ; ; ; , :  i,:'; , , , !  : , ; I  c ,  i ! , , ,  I , !  ;,,;!\) . , , ' t  , > 

. r . . , .  ' , . "  , ? . ,  
, . I .  ' , ' ' , " . ;  ; , '  : ' , /  I / . '  8 , .  , .  , ,  , , ' t t ! :  # ' : \ <  



Thcrc art; sevcr'nl aspt?clr; o.f a i  rl.l;ig systcrn coi ls  t r u c t i o n  \ . i?~-i  ch cbul d I c?d to 

possl 'blc ii::?t-ovciii>;it~ in t.hc l eve l  oT pcrforniance o f f e r e d  by t i l e  p a r t i c u l a r  

s j / s t e i ~ ~  used i n  t h e  current t c s t  proyr;;iri. Firs t ,  if t h e  Ea ton ,  Y d l e ,  and  l'owne 

bag t:r?t-c denlr r j /cd ir-I a iiloi*~ doi,in\.iiird d i roc  t ^ i on  i n t o  t t lu l a p  o f  t h e  occupant, 

nilr*c c--f.Feel:ive orc!t.i!ci:ioi~ coufcf br: of fct t -wi t o  t h o  5 t h  pz rcen t i l c  fcrtiale pasr;crigcr, 

P c r s s i t ) l ~ t i ~ a r i s  .to ~ { C C O R ~ ) ?  -is!) tl17:s arc  t h e  3cid.i t ion o f  ban, ~ra.tei-'iiil .to f i !  7 u p  

this ~ ~ $ 5 3 1 7  ~f ? ! i~  VC!; ' I 'C~C ititerisr or t.hc jnc1ur;ioi: of a g i ~ i d c  f 11 the  upper 

ins"cr~~!i!.i:-t; r;c?r.;c? a~.rJ i:i.ic wincisiiicl (i ,f t h j s  l a s t  cask be accorriul i shed  :.~i thor:t 

et~c la i? (~ i? r i  ng t i - le  oul-o- i ' -pc5. i  t i o a  o c c i ~ i > ~ i I l ) .  

The sticorid i;l?a!-is .For incri-!i:sinrj tilt. ttil..esl~old ve loc i t y  hy n~~~ciifyi t ig t h e  

' syst.fiiil <ies.i $;i?~tl .i-'c!i.' . i l l i s  p ~ " ~ 7 , j ~ ~ t  i z  t o  i !~ : r i ?a~~!  .'il.i~? v01 UIIIC of i t?fl  a t i o i ~  gas 

ir,lh.icIt i s  p i - o ~ i i l ~ d ,  l'Ii.is \+~'QIJI d 1 ci.qt/it?ii t h e  ti111~ jlcriod dui- ing w l i i c i l  e i f e c t i  ve 

res?;ra i ill: -i s o - f f e r rd .  

.I./,(? j--j.;r..! a .?-,-..,.r , , ! y L i , ~ ~ ,  i,,;iljcli cr~i;l<j j ~ ~ y ~ ; ~ y , . ~  :,/lc . ~ ~ ; ~ - ~ ~ ~ ~ ? i j  \!~j(~cit-~ ~ ~ \ ~ ~ j ~ i ~ ~ ~ , r ] ; ~  

I 1 , i 0 1  i I I ,  ; g  i : ,  M : ? t l i ! ~ i  21 sllg:rl d be 

ii/ j~!i?l; t . ~  i/iI;!l'(7\!~ tji? put~i:';.;;,? ' ~ ( I F  pgcl;(?tii-?Y tilt. [;c(;u[];;il.i; l i lg~'? ti)i.la\"(i t l i e  ccl:tci' 

0 t i  I i t :  . l'tl i s  ~ioi.11 :i tc:l-;d t u  Eri:?p ti)(: o . c c i ~ p n ~ ~ t  away l'roril tioor s i tie 

8 8  , 
5 t,ru~.;,;!;..t?s 2133 ;I? :;o ctjl:l (1 'c?iicr .;.i) p!'i:ili dc iiioi4? s)iii:ri:ptri c rt?t)()u~:t{ To)* i h c  011 [ -o f  

, . 
[)(!>,"I ,i- 1p:: :!(:f;L!!?,::!lt, 

..,., 
1 I,? p - ! ; k ~  ci-, L;! : I )  ( j ;p-  ,,-,!? c ~ ! i , ; , ~ ~ ~ . l t r . 4  L1i, ,~ i U I I  \::I< ~ ? j  \%;:is tiic):;t ; i p p i ~ ~ i : r ~ t ,  ihjrj 1 ; g  t!ij s 

, .  7 . . ,  , t p ~ , l .  1 ) ;  L):.:,;,):? j i:i:o] \;z,j fit c k  5 k!c l ~ ; ; . t . - ~ ~  -. !;;I r % ~  , (;!I 1 ; i\./y 1;;: l - ~ ~ ~ p p ~ ; ~ :  to ! ~ j ~ p ~ l ~ . -  

~ ~ j . ~ : ~ ~ : ; j < j : - ~ .  '/!,,,,) s[.c;.,:, ],,;I:;; 1):: ! , , : i ; , l i ]  [,:; < \ p , , ~ ~ + ; ; j ~ ; : ~  f / \ : :  C;I;-JC~{.~~ o f  [ l i e  ( j t ~ : i , : ! l \ t  



Tllis nrle seqnlcnt o f  ciuin:~y c o n s t r i i c t i o ~ ~  i s  but; p a r t  o f  the  larger prob1c:in 

i n  the  uso of' 3fi"iropoii:~ti-ic dui:>:iiies as d c v j c e s  for t e s t i n g  r :ompl ia r~cc  t o  b o t h  

Federal tit26 indr is t ry  s t a i r c i ~ ~ r d s ,  I n  o r d e r  for szfety standards tu bc wri tt:cn 

2r;d iiscld with co i i f idcnce,  grea"iiY ;.uilcl'erstand.i~q o f  t he  111tinial:o rrieasure a f  

per{-'oriiiance 1 cvel .= ------".-- f l~ l i ! ; i ~ l  t01  e \ n d ~ ~ c  t o  imnisct - rnirs t be ga i ncd ,  





.* 
lype: 'Ten:ilerni;ilre czni;:ensat.ed, unhanded s t ra i  11 gage 
[{ai;s( j :  k'joa {; 

t i 1  . 11300 HZ 
i t :  0. 7 f i 0 .  7 ) o f  c:)>i tt cal  r i l  YCOiTi tei~rj). 

_, 3. L.cb~l;/ kiodel 33111 Pelt  I-oi~~i  Cc79 

r. .  . 
i,ir*, 1 \ v ' , ~ ~ ! : ~ , , ~ ~ ~ ~ , ~ ~  \ 9 , ~ , > ; . ~ ~ ~ l ! ~ ; ~ :  



Tape speeds: 1 7/8 t o  120 i p s  
FWq.  rP5[)i?il;E: 21 .C d h  9 - 1:)COU 1-12 recording spt:ed used - 30 i p s : )  
tlc;rnunic if stort:-ic:ri: 1.2:; 

-,. 
3. CL:C b"iociil ~JI?-2300 l'.i,i, I a p e  Kccorder 

7 ' ; ! ? ~  sl'"!.!" 1 7 / $  t;o j p s  
F : "6.5 di) 0 - 1OOGO ilz ( a t  recording specd used - 30 i p s )  
l-iiirr?!cin,ic tIiS'i.cji'"cOn: l.!j$ 

Tizc ~cnr; - i i jv i . i :??s  01'' iltiese p.icziialcci+r.ic dccel c:roiiiet;ei.s, ~t!hich are used 
511 CY?<)/! . t c ~ " i .  dl.~r.,i,;jj p.5; , ~ i ' p  cII ; : IcI :~~ \'l.ji:il i<j ~ 1 %  j.':qd?l 89i~I: S!l(jck 

. . 
2 ,  1 i ; , /'iii i; systc;.;: (;criiparcs , cr, pe;ii:.-resd.i i l o  \/()'I t $ ! i l ~ t c \ * s  , 
1,IiP ~ ~ , f , ~ ) ~ ~ . / ;  0.; j:,ie1e tf?z.[: ~ c : ~ , ~ ; " ~  ~ * i ~ ~ ~ ~ i , : : ~ , ~ ~  ;,l:<j c.1) ~ ( ~ j ~ - ~ ~ ~ , ~ ~ ~ i ~ ! ~ ' ~  2 oild, ccj1 1 ( j ~ ~ t : ~ ~  
! - I I , . , , *I , : , , A  j 5; , a,.. ,. ; , > A  - \  ... , P ' : ~ I ! ~ - I !  L ! , , .  L ~ ~ - . - C I  L.I ( 1  . . ... I % I .  ,,%.u.-, . , . L o ,  ,., ,, , , ,  ., ti?: i p ; : ~ ;  c,:?: ?.C;(I- 

?,i f>? 2 .,\,., 
. . 

c j  kpc;,I ,,, !ti:: V C J ~ F ;  $ 5 ~ ! ~ ~ ~ i b ~ ~ ~ ~  ~ ~ j ~ > ~ ~ ~ ~ , ~  6 ik,)j- t,, Lic<aijl  3 ~ ~ ~ , : i i i < ~ ; ~ ~ ~ c ~  8 . c ~ ~  1 <['-- 

oni>t~?), ,  / ,!y ' ;cy ';;:! c ; i ' j ;~ j i~c , , t jL ) l~~ o f  t i ~ ~  tc.s.1; acc:?;:;rc,;i;f:tpr*s. 



Sig i ta l  Coiid i 'c icni i ig/ i7ccot 'dint i  Syc, t:eriis (El c c t r o r ~ i c s )  ' 
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;it a il'ivc:n C-.level (10 G's) o f  tile K.lst1c.r I),ii', accelcro~rietct\- iised, i s  
al:'i11 ied a t  p::i nt :  A,  ar id  i.he injlrji; at:t.cni!atc)r i s  ;~,d,jiisteri l - r ~  acliievc 
O i i  t:,,u"clol tacj:: froi;; l.ii;: Ilc!;:e~/~::el 1 i~lsdel ,Fh. 120 aii~pl i f i c r  wii'i ch vi'i 17 

* ' 1  5 dt-,.i,,,c "I. i,!le asscr:i'a'ied o s c  i ; lc~v:.apii g ~ ? l \ ~ a n ~ : i i e t e r  "in " i ~ c  desired def lcct ioi l  
(,!!I 2 50 G I s ) .  

Tiill: .i;trpc ~-ecnrd/!;+ i s  c3'l i 1.::-abed , b;, ad,jicsting i t s  i i ,~p!i t  att,tzr\uator, so 
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a1 so cit~ise 13 'I J3; :  ( 3 "  -. 7 53 i; = 40i:,) clc\!!'atioi~ i n  f requency o f  t h e  F.14. 
cal.rit-!r c f  ;,i-iz rzcg!*6.r, 
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