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On a l l  new au toxobi les  manufactured f o r  s a l e  i n  the  United 

S t a t e s  s i n c e  January 1 ,  1369, head r e s t r a i n t  p ro t ec t i on  f o r  occupants 

a t  each outboard f r o n t  s ea t i ng  pos i t i on  has been required by la\:,. 

FlilVSS 202 d i r e c t s  t h ~ t  during a  ha l f - s i ne  acce l e r a t i on  pu lse  of  8 

t o  9 . 6  G airiplitude a17d 20 t o  95 mscx du r s l i on ,  the  rearvcard r o t a t i o n  

of the  head r e l a t i v e  t o  t i l e  t o r so  s h a l l  be 1  i : l? i  ted t o  45 degrees by 

the  a c t i o n  of the  hc3d r e s t r a i n t .  

Current  head- res  t r a i  n t  sys terns t o  meet t h i  s requi 13cc:en t a r e  

- . -  - gene ra l l y . o f  t;./o t;/??s: f i xed  extensions ,  of  t he  seat-b:,ck, o r  a s epa r a t e  - 

head cusiiion, ad ju s t ab l e  f o r  he igh t ,  at tacticd t o  tile s e a t  back. Such 

tys tems,  ho::rver, c?n r e s t r i c t  resr:rard v i s i b i l i t y  f o r  so::-. d r i v e r s ,  
i 
and, i f  no t  ~ . d j u s t ~ d  proper ly  ( r e f c r r i  n g  t o  the heig!~t-aacl j i~stabl :  t ype ) ,  

\ \r i l l  not  provide e f f e c t i v e  p ro t ec t i on .  For these  re?$sons,  the  c611cept 
i 

of  a deploying head - r e s t r a in t  i s  a t t r a c t i v e ;  such a  syst'eni would remain 
l 

out  of s i g h t  in  t h 2  szat-back u n t i l  required then deploy r a p i d l i  t o  the 

proper pos i t i on  i n  the event o f  rear-end in.?;ct. I) 

Utidar :i:iT5,1 Cotit.rzct FH-11-7612 ( 1  J u l y  1970 - 39 June 1971) ,  the  

tiic;!;:;,i3y S;;fety ?esesr.cil I n s t i  t i i t e  a t  the  l!~;i ve rs i  'i;, of ;.liciligan developed 

and t e s t e d  t : ~ o  autor::atical l y  cleployins he,id r e s t r a i n t  sys t ens  -- one 

an itiflatir:~-5i.,rj sys";~!!, t h e  o the r  a  r i g i d  s l i d i r i p  panel system -- and 
1 I 

I 

concludad t!i?'; d??lc;yab2e head i . ? s t r a i n t s  a r e  tec?lnic;?l  l y  f e a s i  b l c  and t h a t  II 

they cat) provide a c,el;ei-a1 1eb.c.l of perfst.i::z~~ce b e t t e r  than ;onventional 
I 

f i x e d  head r e s t r a i n t s .  f 



Of the t l ~ o  types t e s t ed ,  the  i n f l a t i ng  system exhibited several  

advantages over tile r ig id  sys tern: 

1. more cc:::pact packaging, 

2. lolier i i icr t ia  during dcploy:,.,?nt, 

3 ,  greeter potent ia l  f o r  contact-surface shaping, 

4.  a b i l i t y  to  expand fore  and a f t  while deploying v e r t i c a l l y .  

These sc "~z ;~ t szy~ :s  : /?re so,r~e:.:iiat o f f s e t ,  hol:iever, by two re la ted  

s t ruc tura l  p r ~ h l ~ i , ! ~ :  p r o ~ i s i o r l  f o r  adcquate forc and a f t  s t i  f f ne s s ,  and 

fo r  obl iquc-ii!:;)act protect ion.  Regarding the f i r s t  problem, the  f ina l  

;?port on t h i s  e a r l i e r  study indicated t h a t  " .  . .bag type i n f l a t a b l e  
- .  

head r e s t r a i n t s  \:ere found to require a r i g id  ro ta t ing  f l a p  ... 
to provide n x e s s a r y  s t i f f n e s s . "  As can be seen in  Figurt? 1 ,  such 

I 
rs',.:::ir,; :fa; ci. c~r;;;;ai.aSlc: ~i;: i . i t -~; l ;  ,;;?clianical support c o a i a  pose 

a ser-i'ous t i ~ r e t ? t  of in ju ry  t o  a vehicle occupant v:ho was out  of pbsi t ion 
1 

(i. e . ,  c lose  t o ,  o r  on top o f ,  tile support)  a t  ti12 i n s t an t  of deployment. 
* ,  I 

The oblique-ir!:?ct s i t ua t i on  - -  iriiich i s ,  again,  a  " s t i f f ne s s "  o( support 

probleni - -   as recognized b a t  not irivest.ig;ted in depth in  t h i s  f a r l i e r  
I' 

study. 

T i l e  f i n a l  rzpor t  '011 Coiltract Fii-11-75] 2 ,  reco*~ir,iend~d sever21 areas  

f o r  f u r t he r  study, including: 

a )  devel c;r:~.nt of t ~ t a l  l y  i n f l a t i ng  systeiis i.ii th self -contained 

fore-and-aft  s  t i  f - f r ~ s s ,  2 n d  1 

b )  deve lo~ i : ?n t  of oj;tin:u:n he2d res t r l i in t  shapes f o r  obl i q > ~ e  as well 

as dirt\c'i r2ar er?d i;;:pscts. I 
i- 
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Cont rac t  HS-931-2-281 has been a  program t o  extend and f u r t h e r  

develop t h e  concept cf  the  i n f l a t i n g  head r e s t r a i n t  system, v l i t h  spec i a l  

emphasis on the  t1;io l+chnica l  probleins described above. In a  s e r i e s  

of r e i a  ted t a sk s ,  HSRI undertook: 

1. D ~ f i n i  t i on  of t he  d iasns iona l  c o n s t r a i n t s  and performance 

r e q u i r m c n t s  of head - r e s t r z in t  s t r u c t u r e s  and i n f l a t o r  dev ices .  

2. Eva1 c a t i c n  of  proposed h e a d - r e s t o i  n t / i  n f l a t o r  concepts and 

s e l e c t i o n  o f  "czndidate  syster!:sN f o r  s tudy .  

3 ,  Design and cons t ruc t ion  of an i n t eg ra l  s e a t / h e a d - r e s t r a i n t /  

i n f l a t o r  systc-i;:, f o r  use i n  an impact-sled t e s t  program a t  
- .  . . 

l.ISP,I and i n  a  s e r i e s  of r e a l -veh i c l e  b a r r i e r  and cz r - t o - ca r  

craskl t e s t s  a t D y n a n ~ i  c Science i n  Pliocnix, Arizona. 

/l L ) r , a 4 f i  - tn?nrr ,  a C  r h - * . , - s ~ - * : , *  - r ,  bi ,,,,,I,, ,. ,,,,.,a, .: pi-ctot.;; c t e s t - i~ i i j  G I ~  l i i e  "candida te  

sy s t cxs  ," t i - ~ l n  f i n a l  pe r for~ iance  l c s t i  t.ig o f  the system judged 

b e s t  a t  t ho  conclusion of such de:leloprn?nt t e s t s .  

Fo1lo:~ring s ec t i ons  of t h e  r e p o r t  descr ibe  in d e t a i l  t h e  way each 

of  thcse  t asks  were c a r r i e d  o u t .  



T h i s  study has denionstrated the  technical  f e a s i  b i  1  i t y  of a deployable 

i n f l a t i n g  head r e s t r a i n t  t h a t  requ i res  no external  support  f o r  fo re -  

and-af t  s t i f f i l e s s .  Of thl-ee "candidate  systeins" s tud ied ,  t h e  HSRI/ 

UniP\oyal prctotype described i n  Sect ion 4.3 bes t  met t h c  io l lowing 

c r i t e r i a :  

minimization of  /:cad d i sp l ace r en t  and acce le ra t ion  (both 

1 i  near and angi!?sir) 

nlinir,i-ization o f  r e l a t i v e  h?ad/torso riotion 

compact s to rage  in  a  r e a l i s t i c -  s e a t  s t r u c t u r e  .-- - - . 

rapid  i n f l a t i o n ,  b u t  with n~inimun hazard t o  occupants i n  

atypicti l  2s kcell as norlll?l j- lnsit icn,  k t h  durizg 2 crash  cnd 

duricg inadver tant  a c tun t i  on. 

s imp l i c i t y  of construct ion 

The system was subjected t o  16 inpac t - s led  t e s t s  and t o  4 veh ic le  

crash t e s t s ,  i n  s i a u l a t i o n s  e q u i v ~ l c n t  t o  car- to-car  r c a r  end impacts 

of 40, 60 anti 80 rcph. The perforc~ance of the  head r e s t r a i n t  i n  one 

such s l ed  t e s t ,  A-62G, i nd i ca t e s  ho\,m/ e f f e c t i v e l y  i t  reduces t h e  head/ 

neck hyperextension  hiplash lash") t h a t  cha r ac t e r i z e s  rear-ii;ipact 

kinematics: 

95th pe r cen t i l e  r:?le du:i:rny, l ap  bel ted 

* 40 n?ph/32 G d i r e c t  r c a r  in;pact 

dep1oyi::ent t ine 32 i;;sec 

maxiiiil;;~~ headlneil: extension 10 1/4" 

peak h.23.d A-P acce l e r a t i on  71 G 



ramping and rebound moderate 

st,ol;:age v o l ~ ~ , e  20" x 4" x 1". 

Head-res t ra i  n t  e f f ec t i venes s  must be evaluated in combination 

with tile s e a t  str irctirre tcl which i t  mounts, s i nce  dynariiic performance 

depends upon t h e  degree t o  which t he  1 o ad /de i l e c t i  on c h a r a c t e r i s t i c s  

o f  t h e  two a r e  n;atcheii. E l a s t i c  deformation o r  energy s t o r age  i n  

' t h e  s c a t ,  o r  r e l a t i v e  r a t i o n  beil\,ieen seat-back and head- res t ra i  n t ,  

kri 11 ari:pl i f y  ti:? pra i s l~~i i s  of ex tens ion ,  rarrlpi ng and rebou~id.  For 

t h i s  r e w n ,  a very s t rong  and r i g i d  s e a t  was designed 2nd b u i l t  i n  

p a r a l l e l  \t!itl~ h s d - r e s t r a i n t  de\lclo;~neti t .  The approach taken in t h i s  
. - . . - .  

s tudy of rei;r-impact kine~:.:aiics was t h a t  t h e  occupant " r i d e  clvt/nl' 

t h e  c rash  pu l s e ;  no attezlpt  was 1i;ade t o  absorb k i n e t i c  energy by 

Ql,o::ict- ? 1 2 s i i t  t ! t f~ i . r : . : t i ~~ i  o f  s i l i i t /head-r i ls i ra int  c r i p o w n t s .  Th is  

l a t t e r  c:pproach might be viorth s tudy,  b u t  cau t ion  i s  rccoiimended; 

Energy t 'bsorpt ion r u s t  invol!:? both t he  s e a t  and t h e  head / 
I -. . 

r e s t r a i n t ;  othervrise, undesirable  d i f f e r e n t i a l  motion between head 

and t o r s o  can r e s u l t ,  a s  t e s t  1-140 made c lear .  The head - r e s t r a in t  
:f 

mounting pla t forn:  defcrned 39" ( p l a s t i c a l l y )  while t h e  s e a t  remained 

rigicl .  Kar;.ipi ng  v:as n: 'cd~rate and rebound severe ,  and ex tens ion  \/as 

c l o se  t o  30'.  A iiiore accep tab le  apprcaci, t o  energy ab;oi3ption r n i g h t  

involve c rushab le  i 'om behi  rid t h e  ses t -back and p o s s i h l j ~  vii t h i n  t h e  

head- . res t ra in t  ricunti t i ?  s t r u c t u r e  

g e o x t r y  dur i  r;g dcfor:?a;.i on. I 

Altc r r?3 t ive ly ,  t h e  sezt-back could incorpor-ate a " p l a t t i c  hinge" 

a t  t h e  po in t  \,:here i t  j o i n s  t h e  sea t -pan .  This  ~ o u l d  ;iSsorL occu?ant 

k n e t  I ,  L t  ; I  s I r o b  I u u p  ~!i!pi ng a n d  

rear-j~~ssenger-cc?;?ai ' tr;:et~t i n t r u s i o n .  

6 



Fival l y ,  sea t - to - f  loor  rnolinting i s  irilportant i n  t he  "c rash  energy 

rnanagencnt" s c h e ~ e  a l s o ,  a s  seen i n  t h e  veh i c l e  c rash  t e s t s  i n  Phoenix. 

Despite a r i g i d  s e a t  s t r u c t u r e  and head - r e s t r a in t  mount, rebound was 

a d e f i n i t e  problcni, prii;!arily due t o  e l a s t i c  deformation of t h e  veh i c l e  

f l o o r  b e l ~ d  a113 behind the  t e s t  s e a t .  

P ro tec t ion  a53i tlst oblique r e c r  impact \.:as a design c b j e c t i v e  i n  

t h i s  st::dp, arid ? o t h  the  Goodri:!~ i?..r,:l Goc\dyr;lr prototypes  -incorporated 

s ide- i~nr i s l s  oi* ?i .ojcctior;s f o r  t i ~ i s  purpose j n  t h e i r  o r i g i n a l  des igns .  

Both u n i t s ,  h;:iever, f a i l e d  undci3 dyi~amic tc.st, due not t o  head loading 

b u t t o  oliaterial f a i l u r e  caused by t h e  s t r e s s  of rapid i n f l a t i o n .  lc'ei t h e r  

- .  
- - could be evaluitecl i n  a n  obliquc ir;:pact s i t u a t i o n .  

The HSFcI/LJniRoyc-l was t e s t ed  i v i c e  i n ' 3 0 °  ob l ique  40 aph impact 

sin;ulatjons . - gncs (11 tlii b;s';~. ,:ioil;-ig~,,.a:i~r1 ( I - I ~  s i b ?  cj:i~itj;s) 5 1 1  a 

c a r ,  once in t h e  biod 1 c o ~ ~ f i g u r c t - i o n  ( ~ i t l )  s i de  pane l s )  on t h e  i n p ~ c t  

s l e d ,  Perfor,~:ance was good i n  b o i l ?  c a se s  (5"  mclxinlum ex t ens ion ,  49 G 

peak head A - P  a c c e l e r a t i o n ) ,  b u t  Fur ther  t e s t s  a r e  recornxndcd before  

col:clusi ons about ob1iqs;e crash  ~ e r f o r m a n c e  can be made v!i t h  r e a l  

confidence.  Gag si'iapi ng ;:as a t t ~ i ; ' ? t c d  i n  f a b r i c a t i n g  tlle Eod 1 u n i t ,  

b u t  this concept c c : ~ l d  b e  ~ x p l ~ \ * ~ c i  f i ~ r t h e r . .  A ~ s G ,  t t :c  s i d s  load s t r ~ p s  

mig t~ t  be I ; ' L C ~  i f i e l  t o  share  I;.:ore of t h e  lo.? gel?erated by ob l ique  ifilpact. 

Other r e f  i t;?i:~ents in ciesign could rcd ;~ :~ .  t h e  pher,ci,:zncn o f  " b a g  

s l a p '  ~ r ' i c c u ~ t  ? r e d  i n  ~ e \ ~ e r a l  d c p l o y i  n j  t e s t s ,  C~?ntcict bet;.:cen t h e  

head  atid b a g ,  afte2r ii;;?act b u t  :icii;re .- co::lplcte bag dcployrlcr.it, gives t h e  

back of t h e  hezd a " s l ap"  t h a t  shc:,is u p  a s  a sharp sp ike  on t h e  head 

a c c e l e r o ! x t c r  t r a c e .  TKO possibl t .  s o l u t i o n s  i r e :  
1 



nod i f i c a t i on  of the i n f l a t o r  t o  " sof ten"  Gr " f l a t t e n "  t hz  

i n i t i a l  por t ion  of the  pressure-t ime p r o f i l e ;  

modi f ica t ion  of the a i r -bag -- bui 1 t - i n  lei:k?.ge, or "b lo~ i -  

ou t"  patches -- t o  reduce the  s t i f f n s s s  c a u s ~ d  by i n i t i a l  high 

p r e s su re ,  

Both types  of nlodifi 'catio~i were attc:rl'?ted --- ~ l s e  of  a "choke p l a t e "  

on the  i n f l a t o r  t o  reduce flo::, 2nd dz-I; t c r z t e  "co;:ti.ol l ed  leakal;?" 

a s s e h l y  of the  air-b2g -- and both h~ . l p?d  reducc bag  s l ap .  Fur ther  

study of the  probleni, and e sn lo r a t i on  o f  otl:er poss ib le  so lu t i ons  ~ o u l d  

be he lpfu l .  

Another para:17eter t h a t  caused sor:;2 i 11: 1 i a1 CGI-!ce:,n \!as angular  

head acce l e r a t i on ,  \/hi ch, i n  t e s t  A-626, fo r  ex?.:;;~ie, reachxi  4 1  G ' 3  
I 

rad/secL a t  ttie ti!::+. of r;iaximil~!i head c : : . l c ~ ; s  I on (57  rnsec. a f t e r  i~-:,jiact 1. 

Closer ana ly s i s  revealed,  hoi'icver, t h a t  a  s i m i l a r  h i g i :  angular  I-iead 

acce l e r a t i on  e l  so occurred e s r l y  in  th: crar,h pulse (5529 rad / sec2  a t  

33 vsec f o r  ,A-626) due to  the onset  c f  ci~ir.:ii;' head dece l e r a t i on .  Thus, 

the  hszc! r e s t r a i  lit did not gen?ratc  t i i c  h i  y t i  angul ale ~ c c e l e r a t i o t i ,  but 

"retur-tied" the  inpu t  i t  received as  tile lic?ad r;~o\<cd iriio the  b a g .  Values 

o f  peak anrjulcr head accelcrc.:i.ion a r e  17ctteci i n  Tt:Slc.  2 f o r  a nir!::!~er 

of othci. t e s t s ;  soire discussion of t h ~ s ~  r.esul'is i s  !tc~rrc;nttld. 

F i r s t  , these angular a cce l e r a t i ons  i.izi.2 co:-puted d i r e c t l y  from 

Visicord2r t r a ce s  of the  tv:o hcad S- I  ~ccr - le rc i : : e te r s ,  not froiii 

pho'lc-ntric f i l m  arialysis as i s  n:ore t j tp . ical ,  (The  l a t t e r  technique u s u a l l y  

eniploys snioothing of  any p e a l s  i n  angular a c c e l e r a t i o n . )  In recen t  work 



by T.  D .  Clarke,  e t .  a l ,  (1971) with human vo lun teers ,  and by Clemens 

and Burow (1972) with cadaver p r epa ra t i ons ,  t h e  sasle accelerometer-  

t r a c e  a n a l y s i s  nethod was used; s i m i l a r  values  f o r  peak head angular  

a cce l e r a t i on  cc rc  obtained.  

Second, the HSRI neck ( s ee  Sect ion 6 .1 )  used f o r  these  t e s t s  

i s  rnucli l e s s  s t i f f  than a conventional rubber d:l;;iny neck, and o f f e r s  

l e s s  rcs i s l i ;nce  t o  ii;3tion a t  t h e  s t a r t  of ti12 c m s h  pulse  at;d a t  
r 

the t i x e  of snxl;i;:lin head cxtensio:l. This  wore human l i k e  c h a r a c t e r i s t i c  of 

t he  neck coupled v~i  th the  severe  "square,  wave" na ture  of  t h e  c r a sh  pulse  used 

$1 the  s l e d  t e s t  prograi;l ( s ee  Figure51 f o r  e x a ~ p l e )  iliould e x p l a i n ,  
- . - .. . . . . . -. . 

a t  l e a s t  i n  p a r i ,  the r a t h e r  high angular  head z c c c l e r a t i o n s  noted.  
- 

Since th.is was pri~riari  l y  a f e a s i b i l i t y  stu(!y, "product  development" 

I prpb:~-: .s  -- pacI :agI~-~g,  pro iec t io )?   fro:^^ the elen:itlts, c rash  sensor  

i n t e g r a t i o n  a n d  the  1 i kc -- were recognized b u t  not explored in any 
I 

de t a i  1. E f f o r t  \;!as concent ia ted on dcsigni  ng a co i~pac t  func t iona l :  
-, , i 

prototype s y s t e n ,  i n t eg r a t ed  i n t o  a s e a t  s t r u c t u r e  f o r  r epea t ab l e  J 
1 

t e s t  purpcses.  
1: 

I t  should be  noted t h a t  the  f a i l u r e  of t he  o the r  two pro to tybes  

was due e s s e l ~ t i ; l  l y  t o  '~:ritcr.ic?l s  problen:~;  i n v e s t i g a t i o n  of improved 

bladder s :a tc r ia l  s and f a b r i c a t i o n  1::etilods nigii t  be v;orth consic!eration.  

tilore C C I ; ~ ? ~  e t c  dyna;:ii c t e s t i n g  of th.;l tv:o syste1:;s -- which d i d  i  ncorporate  

soin? soutid ci3sgin approaci:cs t o  the  i icsd-restr; ; i  nt probiei:i -- could then 
t 

be conducted, 



The goal i n  t h i s  phase of tile program v:as t o  def ine  t h e  dimensional 

cons t r a in t s  and peri'oriliance rc_.c~!!ircments o f  head r e s t r a i n t  s t r u c t u r e s  

and i n f l a t o r  device:. (De f in i t i on  of a  s e a t  s t r u c t u r e  i n t o  which t he  

head r e s t r a - i n t  and i n f l a t o r  co~ilcil be in tegra ted  was t he  subject  of a 

separa te  t a s k ,  descu i~ . -~ .3  i n  5:ction 5 ,  ) 

3, 1 HE$,[) RE:'Tps.C,;'.;T C.i[.: ;i:Tr!)' ;:,>::j p:?,FOR;.l,ql.;CE 

Based on a  cc?rci'ul t'e!i'itii ~f ti:e work cbr r ied  ou t  ~il idcr Contract  

Fl1-11-7672 -- coi;lpu'ct.r sii-iii~lai'iorls or' occu;:i,r;t motion a n d  head r e s t r a i n t  

- .  - effective1:ess (i!si~:; t h e  H Z R I  i\:.o dir;:ensio!i;i crash vic t im computer model ) ,  

plus extcrisivc sleci t e s t s  c f  i n i - l a t i ng  head '  r e s t r a i n t s  -- requi remetits 

f o r  hi?ad.-rilstrzi n'i c:?:,:.;2try c?: , l ; i  [!:i'.i-'ori:~tl~e i.:cre def i  ncd.  (Appendix A ) .  

This speci ficiii,.ic:i shec t  ~ , , ' l s  discusscii ~ i i i  t'l~ the  B. F .  Goodr-icti 

Research Center (Grcci;:vi l l ? ,  nl l io),  Gootlyci~r Aerospace Cor ;~ .  (Akron ,  

Ohio), and UniRoyal , Jtic. ( b l i s ; ; a~~~s l ; a ,  in dial:^) ; a1 1  t h r ee  o r g a n i z a t i o ~ i s  

had previously  expressed intei.::st i  t i  ~iorkiri? ~i/ i  tli HSRI to  i n v e s t i g a t e  

t he  concept o f  th? dc?loysbl?  h x d  r c s t r a i n l .  (The prototype t e s t  u n i t s  

proposed 2 n d  b u i l t  by i.acli f ir111 ;it-? descr i  b:d it1 Section 4 of t h i s  r e p o r t . )  

3.2 I ~ ~ F L ~ , ~ C ~  DE\)ICE ~ ~ \ : , ~ ~ ~ ; ' , , ? . , : { [ ; [  

I n  conji:r,ction \!<ti: t h ?  decis ion t o  l i i ~ i i t  the  s c o ~ c  o f  t h i s  prograin 

t o  i n f l a t i n s  head-rcs t ra i  n t ,  n syecif icat ioi :  stl?ct d e f i r ~ i t ~ g  i n f l a t o r  

geo:;:etry a n d  perf~i-il:::i~e (,:lpiji't:tiix A) was Jrai.:n u p .  Tv:o i n f l a t o r  systercs 

were considered for possi b l s  usc ,  



The f i r s t  was th? "Safe-T-Flate" un i t  from Olin Corp. (Marion, 

I1 1 i noi s )  , developed fo r  use wi ti1 a s t e e r i  ng-wheel a i  r-bag sys  tern. The 

r e c h a r g ~ a b l e  13 cubic-inch cy l inder  ( s ee  Figure 2 )  operates  on the 

augsented a i r  p r i nc ip l e :  

* p r i o r  t o  t e s t i n g ,  the b o t t l e  i s  charged t.o a b o u t  20CO psi  

upon z c t u z t i c n ,  an e l e c t r i c  s q s i b  iglmIites the  pyro tec  h n  i c  portion 

of the  i n f l a t o r .  

pyrotcc1;nic pressuye builds u p  un t i l  a rupture  d i sc  f a i l s ,  allowinii 

t h e  hot gas t o  en t e r  the  chzeber containing the  compressed a i r .  
- . -  . . -  . - .  - - - 

t h e  cor:pressed a i r  hcats u p  and pt4essure r i s e s  u n t i l  a second 

rupture  d i sc  f a i l s ,  allo;./itig the  a i r / ga s  mixtare t o  e n t e r  the  . 

Also considcrnd v:as a gas generator  systen developed b y  Rocket 

I '  Research C o y .  (%cl;;:!ni, ,,:si~-i~?;t-,on). Thi.  u n i t  i s  ba s i ca l l y  a sit;al'i 
? > 

rrodificd so l id - fue l  rocket motor !ii?ose exhstrst gas ,  cooled by the: 

evaporztion of Frmn, could b,n dtrc~ed i n to  the  r e s t r a i n t  bag t o  cchieve 

For sei/eral :*?aso!;s, h'S?i chose to  use the Olin system f o r  use t h r ~ u g h -  

* we1 1 es tcb l  i s i - i~d  procc:ii!i.es f o r  s l? i~ i -~ ;n t ,  rechiliye and r e tu rn ,  

u n c ? r t ~ i n  c c s t  a n d  a v 3 i l c t i i l i t y  c f  thc  R R C  sys ter :~ ,  I 

I 
* l i t t l e  inf:!r- : ;~ t ion s ,va i l ; ib le  on a u t z m t i v e  s,p?l i c a t i on  f o f  t he  

I 

RRC sys tci::, 





questionable acceptability of possible toxic gas generation 

w i t h  the kRC system. 



4, EVALLltlTIO:! GF ?Ei?i-'OSED I'E',3-RESTMIIIT/IlliLATOR C0:iCEPTS A l l D  SELECTI0:I 

O F  C A i 4 D I D f ~ T E  HEAD RESTkAIiIT SYSTEFlS 

This task involved prel iini t:ai-y eval vation of three head-restraint  

concepts pro?osed in  response to  the spec i f i ca t ions  described e a r l i e r ,  

and indicated that. a l l  three o f  the pro to ty i~e  un i t s  deserved more 

ttlorcu,;h de\ielcp;i:int t es t ing  2.1: tiSRI. 

Each of t h e  systc-;ls uncier:%;c.nt modii ic~l i ions in the course of 

develop!r;ent, and these a r e  described in  Section 4,4. I n  t h i s  

sec t ion ,  hoxever , only t h e  or i  y i  n a l  prototypes a r e  described, t o  
- .  - - 

ind ica te  t h e  s t a r t i n g  points f o r  subsequent de\ielop:~ent viork. 

The "design goal" ir, each case ,  t o  repcat ,  a self-support in? -- 

ti; '. 3. -. i n f  ] a t { ? ; 2  h"(j yrs t r z j  c t  t h z t  sa t j ; f  jcd r c ;~~ i i i r i ; .~ . ? i i t~  spe; O U ~  

Godr ich  ??vised a  "ciirved-tube" s t ruc tu re  s i n ~ i l a r  in  construction 

t o  a segz:cr;t o f  f i r e  hose; S . e , ,  a tube of rubber bladder mater ial  

enclosed within a  tubular  sheath of coarse-\!oven abras ion- res i s tan t  

f ab r i c  ( t h e  deflated bladdcr and tile f a b r i c  s h e ~ f h  li?ving the saiiie 

nom-i nal d ians te r  and ler:?t!:). 

To achieve s ixpin? ,  the f z b r j c  tube i i~corporatcd ad jus tab le  cables 

to  control the curve and si::;~e o f  the s h e a t h  as t h e  riibber bladder 

within z x p a n t i x i  upsn in f l a t i on .  Figure 3 i l l u s t r a t e s  the  f i n a l  shape 

taken by the curved tube :,:i t h  the bladder i n f l a t ed  t o  10 - 15 p s i .  



Curvccl %be (Both ends 
clampzd to  boseplafo 



Note a lso  the  s t rs . i?ht  tubular segrnent t h a t  forms the  head contact 

surface.  Although Goodrich f i r s t  suggested tha t  a conventional small 

air-cushion could be used as the  head-contact surface ,  i t  proved t o  

be very d i f f i c ~ ~ l t  t o  position and r e s t r a i n  an  e l l i p t i c a l  o r  cyl indr ica l  

bag betpreen tk12 ve r t i ca l  " legs" of the  curved tube. 

This basic prototype was not 12signed f o r  use with an i n f l a t o r .  

The ends of both the  curved a n d  the s t r a i g h t  segncnts were cl?.mped shut;  

t i r e  valves in  each s e ~ n r l t  allo\tied prc inf la t ion  t o  any desired level 

f o r  sled t e s t i n g .  \!hi l e  the ends of tlie curved segment were bolted t o  

a mounting p la te  on the top of the  seat-back, the clamped ends of the 
.. . -  . -  . 

s t r a i g h t  se2n:ont \,:ere unrestrained. Sections of rope (rep1 aced l a t e r  by 

seat-be1 t webbing) were used, hoxever, t d  hold the s t r a i g h t  tube in 

place behinc the curved segrent.  

As may be seen in Figure 3, the un i t  wiis designed t o  provide 

resistznce t o  d i rec t - reaward and oblique-rearward loading in two 

ways. Under d i r e c t  loading, the  curved seginent "eiorks agains t"  the  

s t r a i g h t  segixnt t o  r e s i s t  rearward riotion; note a lso  t h a t  the forvrard 

projection of the curved-tube' s ve r t i ca l  legs helps "pocket" the shoulders 

t o  prevent excursion --- over- the head-restraint .  I n  the case of oblique 

loading, the ~m"orw:.(c?rd projections ~ o u l d  help t o  catch the head and 

prevent excessive side1;,ays twisting of t h 2  head and neck. 

The r e s u l t s  of t e s t s  on t h i s  systeiii -- and on niodificd versions 

of i t  -- a rc  described in Section 6 .  



4.2 THE GOODYEAR f i iR l4 i rT  ?ROTOTY?E 

In t h e  l a t e  s t age s  of  Contract  FH-11-7612, Goodyear Aerospace 

suggested t he  pos s ib i e  app l i c a t i on  of t h e i r  unusual drop-vceave 

s t r u c t u r e  c:,l led " A i r ~ ~ , t ' !  t o  t he  i n f l a t i  n s  head r e s t r a i n t  i n v e s t i g a t i o n .  

Time l i m i t a t i o n s  made i t  iinpossible t o  develop t he  Airmat s t r u c t u r e  

t o  any degree under t h a t  e a r l i e r  c o n t r a c t ,  b u t  t h e  concept  was examined 

c lo se ly  i n  t h .  course of t h i s  progrim. 

Figure  4 s i i ~ ~ ! ~  such a drcp-iiea\le ma t e r i a l  in  u n f i n i s l ~ e d  forin, The 

ba s i s  f o r  i t s  unusual ~ : x h a n i c a l  p r o p e r t i e s  $ s  t h e  th ree-d i~nens iona l  manner 

- .  . - i n  which i t  i s  woven. The t i g h t l y  w v e n  upper and lc;.rer s u r f a c e s  form 

f a b r i c  f a c e s ,  v:hi l e  the circp-iioven t1:reads , t i e  the  tvio s u r f a c e s  t oge the r .  

Ibihen t h e  fs.Sric faces  z re  then sealed or ccated t,o provide an a i r - t i g h t  

syste;~;, t h e  r t ) sy l t i ng  i!.i-Fiat:?ble ~ t ~ i ~ c t ~ l . ~  i s  ~.>:!ch s t i f f r y  i : !  bendir ,?  

than a  simple b29 -1  i ke i n f l a t a b l e ,  d u e  t o  t he  th ree-d in~ens iona l  nature  

of the  drop-i!t.hve. A head r e s t r a i n t  o f  such mate r ia l  e m l d  provide i t s  

o?/n fo re -and-af t  s t i f f n . s s ,  making ex t e rna l  c :eci i~nical  support  unnecessary. 

Ai rna t  was most e a s i l y  f a b r i c a t e d  and r e a d i l y  a v a i l s b l e  i n  f l a t  

p lanar  f g r n ,  2 n d  so  t h e  bas ic  Goadyear prototype was cons t ruc ted  f rc~l i  

t h r w  such panels  ( s e e  F j sure  5 ) .  A v e r t i c a l  r e a r  panel 18  inches  wide, 

11 inchzs  high,  and 4 i : ~ c t i i ? s  t h i ck  was j o i n d  v i t h  t1::o perpendicu la r  s i d e  

p a ~ z l s  5 1 / ?  illshes biirie, 11 inches  liigli and 4 i t ~ c h e s  t h i c k  t o  icn!i a  LJ- 

shaped s t r u i t l i r e  \tiit11 the  "open si t ie" fori:ard. (A1 1 t h r e e  s e c t i o n s  were 

cor;r;ccted i n t - ? r t x l  l y  t o  f3r::i sn i n t eg r a l  p r e s su re - t i gh t  s t r a c t u r e .  ) 







As del ivered f o r  i n i t i a l  t e s t s ,  the  r e a r  Airmat panel included 

a t i re -va lve  i n l e t  for pre- inf la ted  t e s t s ;  i n  addi t ion ,  t he  panel 

incorporated a  flanged f ab r i c  i n l e t  tube -- sealed in te rna l  l y ,  t o  

be opened when ready f o r  dynamic in.fliition t e s t s  -- by vihich an 

i n f l a t o r  could be in te r faced  to  the un i t .  A membrane of coated f a b r i c  

w a s  bonded acyoss the  s ide  panels and the  r e a r  panel t o  c r e a t e  a  

recessed head-contact clisilion l!i'Li~ i t s  cl;m p re - in f l a t i on  i n l e t  valve.  

The A i rx t  s t ruc - lux  \ /as n ~ o ~ ~ n t e c i  t o  a  baszplate  i n  such a  way 

t h a t  t he  infla-:.or f i a n ~ e  a n d  i n l e t  v a l v e  on t h e  bottom sur face  of the 

rear  panel passed thro~lgii the bazcplate;  1 0-inch-wide f a b r i c  panels bonded 
. . -. . .  . 

t o  t h e  f r o n t  ;!.r;d back f s ce s  of iitc r e a r  A-irmat pan21 t i e d  tlie s t r u c t u r e  t o  

the bascpla tc ,  

Section 6. 



4.3 THE H S R I / U X  I R O Y A L  PROTOTYPE 

The deployable head- res t ra i  n t  s t ud i ed  i n  most d e t a i l  under Contract  

FH-11-7612 bras a  neoprene-coated nylon bag suppl ied by Uni Royal, Inc . ,  

i n f l a t e d  by an Oljn "Safe-T-Flate" i n f l a t o r .  The same b a s i c  system was 

developed f u r t h e r  under t h i s  program, i n  an e f f o r t  t o  do away with t h e  

externiil n;echanical support  Found  t o  be necessary i n  t h a t  e a r l i e r  

i n v e s t i g a t i o n .  

HSRI cons t ruc ted  the  bas ic  prototype (F igure  6 ) using a  coated 

f a b r i c  bag o f  e l l i p t i c a l  c ro s s - s ec t i on  (10 inches  high,  8 inches  deep) ,  

- .  . - 18 inches wide. Iden t ica l  hole p a t t e r n s  i n  t h e  bottom of t he  bag and 

in a  rectanglr lar  nietal basep la te  provided afi i n l e t  po r t  f o r  t h e  Olin 

i n f l a t o r  t h a t  niounted beneath t hc  ba sep l a t e  and discharged upward 

through the ba sep l a t e  and i n t o  t h e  bag. 

To provi de r e s i s t a n c e  t o  rearward load ing ,  a f i  berg lass-reinforced 

vinyl hood 18  inches wide was f a s t ened  t o  t he  f r o n t  and r e a r  of t h e  

ba sep l a t e ;  t he  length of the hood was a d j u s t a b l e ,  so t h a t  when t h e  bag 

wi th in  v:as i n f l a t e d ,  tile hood was pul led t a u t ,  Reaward loads  app l ied  

t o  the  hood/b?g c e r e  t ransni  t t e d ,  i n  p a r t ,  t o  the  ba sep l a t e  and s e a t  

structure by t h e  hood. 

Addi t ional  " lcad  shar ing" nas provided by a  l oad - s t r ap  ( s e a t -  

b e l t  k:eSbing 2 inches wide, about 10 f e e t  long)  sewn a c r o s s  the  top 

r e a r  of the  hood, then a t t ached  a t  i t s  ends t o  the  cd9es of  t he  s e a t  

p;n. TI12 b e l t  s ~ g : ~ : ~ ~ t s  running p a r a l l e l  t o  the  s i d e s  of t h e  s e a t  a l s o  

help t o  keep the  occupant in the  s e a t  d u r i n g  an obl ique impac t  s i t u a t i o n .  

Tes t s  run on the  tiS?I/Uni!?oyal prototype a r e  descr ibed  i n j  Sect ion 

6 ,  

21 
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4.4 H E A D  RESTRAI r jT  P:OD IF ICATIOIIS 

In t h e  course  of the  developn;~.nt t e s t  proyrani, changes were made 

t o  a1 1 t h r e e  ba s i c  hesd- res t ra i  n t  prototypes  t o  improve performance. 

This  s e c t i o n  of t h e  r e p o r t  de sc r i  bcs t h e  "I?gd I , "  "Mod 2" and "t:lod 3" 

conf igura t io t i s  of ezch prototype,  cor respo t~d ing  t o  t h e  no ta t ion  used 

in the n a r r a t i v e  t , e s t  surmaries of Sect ion 6 . 3  and i n  T n b l e  1 .  

A s i r ~ g l e  5-foot  s eg ren t  of  -sheath-.encl osed blzd:!er- -.-- var ious  

t ypes  of rubber \,:ere t r i e d  a s  bladdcr  r,!3terial - -  replaced t h e  

two s epa ra t e  ~ y : ~ : e n t s  i n  t h e  ba s i c  prototype. 

A t  one end of t h  basep l a t c ,  both cnds of the  tube l shea th  

were clainped i n  p l x e ;  a t  t h e  o ther  cad, a pass-ti- rough clanip 

held  t h e  tube/sl;ctath i n  posit- ion but alIc:.!ed a i r  t o  pass  frorn t h e  

f r o n t  (curved)  t o  t he  r e a r  ( s t r a i g h t )  sec t i s t i .  

A l a rge  (1 "  I D )  i n l e t  po r t  replaced t h e  t i r e - v a l v e  i n l e t  on 

t hc  cur,,ed ( i o i ~ ; : ~ r d )  s ec t i on  of th .2  t u i ) ? / s h ~ a t h ;  2 3- foo t  length 

of 1" I D  tubir:g ccnn?cted t h ?  head-restrcil:nt i n l e t  t o  the  o u t l e t  

of t h ?  Olin i rifl;tor (v/hicli was n:cuni!.:c! low on t h e  s i d e  of t he  t e s t  

s e a t  s t r u c t ~ i r e ) .  An i n l e t - p w t  ad?,pter va lve  was used f o r  

p r e - i n f l a t i o n  t 2 s t s .  

* A s h ~ r t  se5,::"i:t c f  sea t - .S? l t  !,;ei.Sir;g i;eld the  r e a r  ( s t t - a i g h t )  

s e c t i o n  of tubc/sheath  i n  p lace  behind the  f r o n t  (curved)  s ec t i on  
! 

t o  for::) a head-cniitiict su~*f;:ce.  
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B )  Mod 2 Configurat ion (F igure  8 ) 

The 1" ID i n l e t  por t  was moved so  t h a t  inflowing gas en te red  

not  t h r c u ~ h  the sidewall  (perpendicu la r  t o  the c e n t e r l i n e )  o f  

t h e  tube / shea th ,  b u t  through one of the  clamped-dcm ends of 

t h e  tube / shea th  (coaxial  w i t h  t h e  tube c e n t e r l i n e ) .  A segment 

of inner  tube was used a s  a  bladder .  

This  u n i t  und~rwcn t  cnly  cne t e s t  -- a  v e h i c l e / b z r r i e r  c rash  

t e s t  a t  Dynai:;ic Scicr~cz -- bitiich pr0v.d un:,uccessful due t o  

bladder  f a i l u r e  and i n f l a t o r  m i s f i r e .  

C )  Ilod 3 ConFig~rrat ion (F igure  9 ) 
- .  . - 

The l a rge  1" ID i n l e t  po r t  on t h e  f43d 1 and Mod 2 u n i t s  

was e1imit:atcd. 

I '  , \ 3 L i , *  +u!., / )-c:-2.3.!., , 71;: . , ~ r ; : e y  3:  b..,. 3 ' "2, 5 I <  <A LII ~ ~ $ i i , ~ i i t  ';/as 

clamped t o  t h e  basep la te ,  a t~d  a  p a t t e r n  of i n l e t  ho les  was 

c u t  thrcugh th2 s.idei:iall of tile t i ~ b e j s k ~ ~ t h  i n  t h c  clarnp a rea .  

* The 01 i n  i n f l a t o r  \ / a s  agr:!'n nounted bt?lo:i t h e  ba sep l a t e ,  t o  

d ischarge upward through t h 2  ba sep l a t e ,  thrcu9h t he  s idewal l  

hole p a t t e r n ,  and d i r e c t l y  i n t o  the  head r e s t r a i n t .  
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4.4.2 - Goodyear P r o t o t w e  I- 

A )  Mod 1 Configurat ion (F igure  10) 

The head-cushion nembrane eras renioved, and t h e  two s epa ra t e  

hold-doxn panels on t h e  r e a r  Airinat scgnent  were replaced with  

a sing1 e hol rl-.dc:.in panel of f  i  berg1 ass - re in forced  vinyl  -- 
bonded t o  tile t ack  f a c e  0.f t h e  A i r n ~ a t ,  passing over i t s  t op  

and di;iln i t s  f r o n t  f a ce  -- t o  provide b e t t e r  mounting t o  the  

basepl a t e .  

A s e p a r a t e  hcad -cush io~~  bag of coated f a b r i c  (10 inches  wide, 

1 2  inches high,  3 inches  t h i c k )  was a t t ached  t o  t h e  f r o n t  hold- 
.. . - . - -  - 

down panel t o  provide a mere cornpl i a n t  head-contact  su r f ace .  

* Two three-inch-wide s t r 5 . p ~  of t h e  szme re in forced  vinyl  were 

a d d ~ c  t o  t h e  f r o n t  f a c e s  of t h e  s i d e  panels and t i e d  i n t o  t he  

s e a t  t o  inc rease  r e s i s t a n c e  t o  rearward loading.  

For t e s t  A-620 oniy,  the  uni t  was adapted f o r  use with t he  Olin 

j n f l a t o r ;  t h i s  involved c lo s ing  t h e  p r e - i n f l a t i o n  i n l e t  valves  

and cpening tha f ab r i c - f l ange  i n l e t  a t  t he  base of t h e  r e a r  

A i r m a t  pane? (see t h e  end of Sec t ion  4 .2 ) .  
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4 .4 .3  WS?I/LniRoyal Protctyoe 

A )  Mod 1 Configuration (Figure 11) 

Side-panels (hpproxirrately 5 inch3s l o n g ,  10 inches h i g h  and 

4 inciics t h i c k )  of the same coated-nylon f a b r i c  w r e  bcrldcd t o  

each erld of a siriple e l l i p t i c a l  bag t o  form an in t eg ra l  - inf la table  

s t , ruc ture .  The panels were added t o  provid? obliq~ie-i?i;c;ct pro- 

t e c t i o n .  

T h e  configgrat ton o f  t he  vinyl h o A ,  the  losd s t r z p s  ?i:d t h n  

jnf1zi;or i n l e t  ic:2rc i den t i ca l  t o  t h ?  "bas ic"  p!Aot~typ?, The 

l o a d  straps were adjusted t o  hold the  s i d e - y n c l s  in  p o s i t i o n  
- .  . . 

when i n f l a t e d  (extending forv:ard a n i  s'l i p h t l y  clc:in\;:ard). 
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5. SEAT/HEAD RESTRAINT DESIGN 

Head-restrzi  n t  design reqlrires t h a t  c e r t a i n  assumptions be made 

about t h z  g e o ~ 2 t r i c a l  r e l a t i onsh ip  between occupant head/neck, s ea t -  

back, 2nd  h e a d - r e j t r a i n t .  A n d  i n  a  t e s t  program t o  eva lua te  head 

r e s t r a ?  n t s ,  t h i s  gccmctrical  r e l a t i onsh ip  must be incorporated i n t o  

a  s t rcng  t e s t  p l a t f o r m  t h a t  can prcvide r epea t ab l e ,  re1 i a b l e  information 

about clynmic s y s t c , ~  pe~-fori;i(?nce, For Q l ~ i  s  reason,  H S R I  undertook the  

desicjn asri cons:\*::ction of a sc;i.t s t r u c t u r e  i n  p a r a l l e l  wi th  i'cs s tudy 

of head- res t ra i r l t  concepts.  

Tile s e a t  s t r uc i i ! r e s  used in  t h i s  prograrn ( f o r  s l ed  t e s t s  and f o r  
- .. . . 

vehic le  crash t e s i - s )  irere based on s e a t  designs  developed a t  t i S R I  during 

an . a r l  i e r  DOT-sp::nsored proyrzni on in tegra ted  r e s t r s i  nt sys te:us. One- P 
providcd a  s ea t  s t r u c t u r e  much s t ronger  and mare r i g i d  than a conient ional  

autonobi le  s e a t .  T h i n  shee t  metal ,  then a  pal;el of 0.75 inch p l g ~ ~ b d  
2 .  

was at tached t o  tile s e a t  pan and s e a t  back, t o  provide a  mounting {urface 

f o r  s e a t  cushioris. The cushions were composites o f  qgar ter- inch p7p/ood ,  
/ 

o n e - i ~ c h  Enscl i t e  A t l  enercy-ibiorbing foao (made by Unikoyal ) ,  and 1.5 1 

inch poi!,lfo.iii Si;o~-i:P r~1bb.x f o r  c~:? l fo i^ t ;  t h a  cushions v:erc upholst.ered 

w i t h  nailgahycle v i ny l  . 
The methcd u:,ad t o  n~ount t he  h e a d - r e s t r a i r ~ t  t o  t h e  s e a t  var ied 

on eacli of t h e  t h r e e  seats' O n  the two s e a t s  used for s led  t e s t i n g  

and ilt.hicle crash t ~ s t j n y  ( s e ~  Figures 12-15),  a re;r:ovable nletal' p l a t e  was 
f bolted t o  t he  to;, o f  t h e  seat-back; the head - r e s t r a in t  systeni a;tached t o  
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Figure 15. V ~ h i c l e  Crash T e s t  Sea t  Struct11l.e (Rear. ) 



the top, the  i n f l a t o r  t o  the bottom of the p la te .  (For t e s t s  on the 

Goodrich I b d  1 and I4od 2 un i t s ,  the  i n f l a t o r  mounted on the  s ide  of 

the sea t ;  see Figure 7 . )  On the  f i n a l  or  f inished sea t  (Figures 16 -17 ) ,  

the head r e s t r a i n t  i;icunting platform was a  pernianent in tegra l  par t  of 

the sea t  back s t ruc ture .  







6. DE\lELOPI:ENT A N D  TESTIPIG OF HEAD RESTRAIliT PROTOTYPES 

The purpose of the devel opment , tes t ing and demonstration program 

sras t o  evaluate and compare the perfornance and character is t ics  of the 

three prototype units  descr'bcd in Section 4. The majority of t h i s  

work v!as carried o u t  a t  the HSRI Impact Sled Faci l i ty  (Figure 18) ,  

although irnportznt real-vehicle crash t e s t i  tlg was done a lso ,  a t  Dynamic 
r 

Science i 1-1 Phoctii x , Arizona . 
The nomi 1121 square-v,ave sled pulses used to  simulate impact vrere 

30 i?pl1/20 G and 40 mpii/40 G, slthougl~ 20 niph/20 G ,  and 4 0  mph/30 G 

pulses viere also used in thc! f inal  perfornlance sled t e s t  se r ies ,  

Typical acceleration/tirnc p r o f i l e s  f o r  these pulses are shown i n  Figure 

1b. P z o  siii;:n i s  the deceicratian pulse fron a 60-olj~h car-to-car 
! 

crash t e s t  (261-9) conducted a t  Dynaniic Science as part  of t h i s  p ogram. r 
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6.1 SLED TEST ECUIP;.:EiIT A N D  IT,ISTF,U;4EPITAT IO;l 

Three s i z e s  of anthropos;etric dunmies \:ere used in t he  s led  t e s t  

program: S i e r r a  No. 292-695 95th pe r cen t i l e  male, weight 217 Ibs . ,  

standing hzight 73.3 inckies, e r ec t  s i t t i n g  h2ight 37.75 inches;  

Sierra  t!o. 292-850 50th percen t i l e  male, weight 166 l b s ,  , standing 

height. G2.5 i ricI;~s, s i t t i n g  heigirt 35.75 i tlclies; a n d  S ie r ra  No. 

592-C05 5 t h  pz rcen t i l e  fernale, weightPl06 Ib s . ,  standing height 59.8 

inches,  s i  tti:;,3 hc,ligilt 30.75 icchcis. A dus;:i~y neck ( see  Figure 2 0 )  

developecl by H C R I  (i.lzlvin, 1972) and  dc'scrihed i n  d e t a i l  a t  the  16th 

. . -  . .  . Stapp Conference was used f o r  a l l  s l ed  t e s t s  except F,-623 through - - 

A-025 c?nd A-639 .  In these t e s t s  (:.:ith ths 5th pe rcen t i l e  female dunimy) 

2 standard S ie r ra  rubber neck \!as used. I 
I I n  a1 1 s l e d  t e s t s  ::i t h  tilt? r;:ale --- d~i:c::;i~s, two  biaxial  acce1eroi;;eter 

t 

i 
packs r e r e  nlounted in  the  head t o  sense A-P and S-I acce le ra t ion  -- 
one pack foi-iard of the hsad C G ,  tile otiizr t o  the r e a r  (see ~igu;e  21 ), 

I 
TIIP fcxa lc  du ; , ry  head P!as f-i tteci r!i t h  a s i ng l e  t r i a x i a l  accclero::;.ter 

pack  locate-4 to  t h e  r e a r  o f  the  CG ( s ze  F i g u r e  2'1 ). Setra  Ivlode,.' 111 

acce1ero::eters yipre used f o r  a l l  s l ed  t e s t s .  

Tb,e specif  i c a t i c r s  2nd  calf brat ion proccdcres f o r  the  Satra 

accelerc:::eters, the s led accelerometer arid the  s ignal  condi t icning/  

rccordi ng  equip::ent a r e  giv~tn i n  Appendix R .  
Y I 

The photogri;phic co,ierage o f  each t e s t  consis ted of high speed 16 nim 
r 

I 

ri?ovies ( s i de  vie:.,), a  G\ .~iph-~t~ck sequence czz\era ( s i de  vie:,!) f o r  
f 

in:ixdiate photograrhic evaluat ion,  and before and a f t e r - t e s t  . s t i  11 
- 

phntncrsphs o f  i h c  t c s t  s e t  u p .  i l l ?  h i g t l  s p e d  ~ i ~ o v i e s  viere . ~ d e  with 

4 3 
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Photosonics cameras and in  sorne c a s e s  a  Hi-Cam camera with nominal 

frame r a t e s  of 1000 fps. 

In those  t t . s t s  which required dynamic deployment, de tona t ion  o f  t h e  

i n f l a t o r  kcas accoxplished by a s e t  o f  e l e c t r i c a l  con t ac t s  t h a t  were 

a,ctuated a s  t he  s led  passed by them. The placement of t he  con t ac t s  was 

ad ju s t ab l e  so  t h a t  t h e  timing of t h e  de tona t ion  could be s e l e c t e d  a t  

any po in t  tii11-ing the  s lcd  pulse .  Tile bag pressure  readout i n  t h e s e  

t es t s  pias accon~pl ished u s i n g  a  s t ra in -gaged  diaphragm type pressure  

t ransducer  c!esaigned by Eaton and b u i l t  in-house a t  HSRI. In a l l  

t e s t s  t h e  dur . ,~y !t!as held i n  p lace  by a  lap r e s t r a i n t  b e l t  o r  rope.  

. . -  - - - .  

6..2 ' 'SLED-TEST DATA HA:IDL I f i G  MID AIIALYSI S 

The d a t a  froru t he  d u i i b ~ ~ ~  accelero:r ,e ters  vlas recorded d i r e c t l y  on 

t a p e  (licr:eyi:ell :!;dnl 74% l ~ p e  c )  slid a  ii i t e r e d  
i vers ion ( Burr-Brown f i  1 t e r s ,  SAE 521 1 channel c l a s s  180) pias recorded 

on a tloneyvell 1,:odel 1612 Vis icorder  l i g h t  beaili osc i l lograph .  The 1 
1 

Vis icorder  t r a c e s  i.rere ~ l s e d  f o r  determinat ion of peak a c c e l e r a t i o n ;  l i n e a r  

head and c h e s t  accel e r a l i o n s  a e r e  il:e;:sured di  r c c t l y ,  w h i  1e angula r  .,:lead 

acce l e r a t i on  ;.:as coriputed f o r  c e r t a i n  t s s t s  from the  d i f f e r c n c e  betiwen 

t h e  two S-I heiid acceler6;neter  t r a c e s .  (Angular a c c e l e r a t i o n  \!as 

proport ional  t o  t h i s  d i f f e r cnce ,  s i  t:ce t he  two S- I  a cce l e ron2 t e r s  

were p a r a l l e l  and were a  kno!ain f ixed  d i s t a n c e  a p a r t . )  



Maximum e x t e n s i o n  angl c eras de te rmined  p h o t o ~ e t r i  c a l  l y ,  u s i  ny 

two t a r g e t s  on t h e  dummy -- one on t h e  s i d e  o f  t h e  head, t h e  o t h e r  on 

an ang l e  p l a t e  b o l t e d  . t o  t h e  upper t o r s o  a t  t h e  base o f  t h e  neck. (1n 

some t e s t s ,  t h e  t o r s o  t a r g e t  was a f f i x e d  t o  t h e  dummy shou lde r .  ) 

C a l c u l a t i o n  of  n:aximum ex t ens ion  a n g l e  was c a r r i e d  o u t  i n  t h e  fo l l owing  

way. 

1  Before impact ,  head and t o r s o  t a r g e t  a n g l e s  wsre measured 

r e l a t i v e  t o  t h e  h o r i z o n t a l .  I f  t h e  head t a r g e t  a n g l e  was l e s s  t h a n  

t h e  t o r s o  t a r g e t  a n ~ j l e ,  t h e  d i f f e r e n c e  b e t w e n  t h e  t b~o  ( " o f f s e t " )  was 

noted f o r  use  i n  steep 3 beloltr. If t h e  head a n g l e  was g r e a t e r  t h a n  t h e  

t o r s o  a n g l e ,  t h e  d i f f e r e n c e  i n  ang l e .  \;as d i s r e g a r d e d  and s t e p  2 y i e l d e d  - -  . 

t h e  n1axin:um e x t e n s i o n  angle .  

2, 4 t  i -hn  p o i n t  of r;?axii;;tinl rearvlard head r o t a t i o n ,  t h e  d i f f e r e n c e  

b e t w e n  head t a r ~ e t  ang l e  and t o r s o  t a r g e t  ang l e  v:as measured. 

3. If  a p p l i c a b l e ,  t h e  head / to r so  " o f f s e t "  com?uted i n  s t e p  1 

was s u b t r a c t e d  Prom t h e  s t e p  2 c a l c u l a t i o n  t o  y i e l d  maximum o f f s e t  

ang l e .  (bli t hou1  t h i s  adjust!s.rrt, any i n i  t i a l  rear.\,:ard o f f s e t  of t h e  

head r e l a t i v e  t o  t h e  t o r s o  \!auld be a t t r i b u t e d  i n c o r r e c t l y  t o  the 

d e f l e c t i o n  c i  t h ?  head r e s t r z - i n t . )  

For t e s t s  A-626 t i~r~ugll  A - 6 2 9 ,  an at te i i lpt  \:as made t o  make 

duir::y p o s t u r e  n3re l i f e l i k e ;  by i n s e r t i n g  a wedge b e t ~ i e e n  , the  t o p  

o f  t h e  t o r s o  a n 3  t h ?  base  of ct12 neck t o  t i l t  t h e  head forward 15"  f r o n  

i t s  tlcril~al p o s i t i o n .  (This "s louch"  would be due t o  co;..:Sined c u r v a t u r e  

o f  the lumbar and c e r v i c a l  s p i n e  i n  a human; s i n c e  the diim~ny lut~ibar  



spine could not be " ad ju s t ed , '  however, a l l  the o f f s e t  was introduced 

a t  the  base of the dummy neck.) 

This change increased head o f f s e t  -- dis tance between head a n d  

bag surface -- and thereby increased the  force  cxerted on the  head 

r e s t r a i n t ;  t he  f u r t he r  the  head from t h e  bag before impact, the g r ea t e r  

i t s  k ine t ic  energy when i t  contacts  the  bag.  Tests  A-626, -628 and -629 

were "vrorst case" t e s t s  for the I ~ a d  r e s t r a i n t  in  t h i s  regard. 

6 , 3  SLED TEST RESULTS 

The r e s u l t s  of the  sled crash simulations are  presented i n  t h i s  

- - -  - -  repor t  i n  three forms: a  descr ip t ive  summavy of each t e s t ,  a numerical 

suniilary t a b l e  of per t inen t  da ta ,  and, in  the  case of pa r t i cu l a r l y  

ie./)rtant . i l r t s ,  Graphch& sequence photogrants and ecccleroe~eter  t races .  ' ; 
I 

The sum1;ary of the  numerical data for each t e s t  i s  found in Table  
i 

1 The dz sc r i p t i ve  sun:;~iaries of each t e s t  follov, belcw. Detailed 1 

i ana lys i s  of pa r t i cu l a r l y  per t inent  t e s t s  r e s u l t s  i s  found i n  Sectian 7 
I 

of the  r e p o r t ,  
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TABLE 2 

TYPICAL ANSULAR H E A D  ACCELEPATIONS 

ACCELE%ATIOl AT FOI:!,IAKD ACCELERATI Oi4 AT 
TEST MAXII4I'I.1 H E A D 2 E X T E ! I S I O I  

- (rad/sec O msec) 



TEST 2-126 Out-of-posit ion occupant t e s t ,  50th pe r cen t i l e  male dui-cmy 

A simple UniRoya1 bag (no hood or s t r a p s )  \!as mounted and folded i n  

place on t h e  head - r e s t r a in t  platform, and the  dti~my was seated and lap-  

be l ted  wi th  h i s  head back, r e s t i ng  on t he  folded bag. The i n f l a t o r  

was charged t o  2000 p s i .  !hg deployintint threw the  dunmy forward and 

s l i g h t l y  upward, imparting a  99.5 G r e s u l t a n t  head accelerat . ion f o r  

10 nsec (HIC 907.1). 

SLED TEST 2-12; -- 30 rnph,  22  G peak P U ~ S ? ,  r e a r  i ~ p a c t ,  50th p e r c e n t i l e  

male dunny, lap--be1 t r z s t r a i  n t  

. Ttie b a s i c  liSRI/Unii<oj'al prototype ( s ee  ,S~ic t ion  4 .3  and Figure 6 )  - - - . - .. - .  - - 

t:ss p r e i n f l a t c d  t o  5 .5  p s i .  Head/neck exten:!.i or! \:,as alnos"Leg1 i g i  b le  

(21 ) ; rampi ng 2nd rebound were only s:i nor t o  nnderate .  Cooipari son 
I 

of '  t h i s  t e s t  with Z-129 -indicates 1 1 i ~ ~ h  t t -~e l o a d - s t r a ~ s  ~ o r ~ t r i b u t e  

t o  t h e  fo re -and-af t  s t i f f n e s s  of the  HSRIIUnSiioyal system. I 
f 
I 

t ,  

SLED TEST 2-1 29 
i 

- .- 
30 m p h ,  22  G peak pu l s e ,  r e a r  impact, 50th p e r c e n t i l e  

I 

. 

male dumny, lap-Sel t r e s t r a i n t .  
$ 

The sane tISRI/UniRoyal head r e s t r a i n t  :.,as s e t  u p  as i n  2-128, with 

only one chiinge: the  nylcn load s t r a p s  were disconnected from the s e a t -  

pan at id  tzped o u t  of  the  Piay, t o  eva lua te  ho\r  much o f  t h e  head-load they 

ca r r i ed  i n  t e s t  2-128. 'tlead/neck extension increased t o  about 20"; 

both rai,:pi n g  i ind rebound;:;?t.e n:oderate to  severe .  The i n f l a t e d  bag 
, 

acted l i k e  a spririy,  r o t ~ t i n g  backv:nrd under load ,  then re tu rn ing  a l l  

i t s  s t o r ed  energy t o  the  head during rebound. 1 
t 



SLED TEST 2-139 - 40 mph, 46 G peak pu lse ,  r e a r  impact, 50th pe r cen t i l e  

male dummy, rope lap r e s t r a i n t  

The bas ic  HSRI/UniRoyal system -- with load s t r ap s  a t tached t o  

the  _upp2r s i de s  of the s c a t  frame ( see  Figure 5 ) -- was p r e in f l a t ed  

t o  7.0 p s i .  Due t o  inadequate i n s t a l l a t i o n  of cables t h a t  hold t he  dunany 

i n  t l ~ c  s e a t  diirir:g s led  acce le ra t ion ,  the  du;!iiny \./as badly ou t  of pos i t ion  

a t  impact. The r e s u l t s  of the t e s t  a f e  i nva l i d ;  t e s t  

2-140 i s  a rcpkat  of 2-'139. 

SLED TEST 2-140 - 40 n!$h, 45 G peak pu lse ,  r e a r  impact, 50th pe r cen t i l e  
- . - . . . . -. . 

male duix~iy, l ap -be l t  r ' e s t ra in t  

Repeat of 1-139, but with p r e in f l a t i on  pressure  o f  5.0 ins tead  of 

I 7 f 0  p s j .  [ l iz te  t h a t  i!,e l a3r l - s t r~y :  were ans in  ilt.tached t o  the  unnt3r -- 

s ea t  frailr.) On i npac t ,  the  dummy underwent n ~ d e r a t e  ramping, mo//ing 

backxard and u$::srd i n t o  the  bag. Rebound Has severe ,  as t h e  i n i l a t c d  
.. , i 

bag acted l i  kc a sp r i ng ,  absorbir~g ensrgy as i t  ro ta ted  then re turning 

i t  during dui:;~;;y rebound. 
8 

! 
Although Tcble 1 sl~o~t:s n:aximum \:ead/neck extension of 43 1/2" ,  a 

major p a r t  of  t h i s  rotat . ion \:;as trhced t o  p 1 a s t . i ~  deformation o f  t h e  

head-res t ra i  n t  n:sunti ng p l  atform, r!!~ich ro t a t ed  downward about 39" during 

in~?ac t ,  The platform v;as repaired and stretigt.hencd, f o r  i:se in l a t e r  t e s t s .  

attach in^ tile lead s t r ap s  h i g ! ~  0 1 )  the  s e a t  increesed tile ~ t i f f n c s s  
I 

of the  ~ io -~ ; ; l c  bag/hood sL!ste:n, b u t  i t   as obvious t h a t  the  s t r a p s  could be 

niore e f f e c t i v e  i f  t h e i r  attechn:ent po in t s  were lcwer down ancf f u r t h e r  fonvard 

on the  s e a t  fra,:,e, Test  2-141 dc:~ioristrated the  r e s u l t s  of 5 rch a 
1 ( I change i rr ti i;taci~i?ietlt po in t s .  

54 



SLED TEST 2-14] 40 n ~ p h ,  44  G peak pu lse ,  r e a r  impact, 50th pe r cen t i l e  

male dunny, l s p  b e l t  r e s t r a i n t  

The basic  HSRI/Ui~ii!oyal systein -- with load s t r a p s  bolted t o  the  

s ides  of t h e  sc:?t-pan (cee  Figilre 6 ) -- was p re in f l a t ed  t o  7 .0  ps i  f o r  

comparison 7iith t e s t  1-140. The chanse i n  b e l t  a t t a ch ren t  point  was 

a d e f i n i t e  ia;pi-ovcrn~nt, a s  dumy ramping v!as very minor and rebound 
- 

only mi17or t o  i,;scict:,;::e. 11:e i n ~ r e i ? ~ s e d  bag pressure  a l s o  contributeci t o  

systen s t i  f:i:.ss. i!axir;:rm head ez:'ie:ision \$!as 25.5" O 57 msec. 

SLED TEST 2-1'2 
.--- --- 30 in;~h, 2 2 . 4  G p e a k  pu l se ,  r e a r  impact, 50th pe r cen t i l e  

- - rmle duzlny, l ~ p - b e 1  t r e s t r a i n t  - - 

I n  t h i s  f i r s t  t e s t  o f  the  basic  Goadrich protoi~1;)e ( s e e  t h e  d s c r i p t i o n  

10 psi  and t h e  s t ra is i - i t  t u b ?  ser t i011  t o  8 p s i .  Dotti had natural - rubber  
i 

bladders.  ! 
L 

The pos i t ion  o f  the dunly 's  h-ad with respec t  t o  the'head r e s t r a i n t  
/ 

was l e s s  thn o?tirnal, i n  t h i s  2 : ~ l  i n  se\,.ral o ther  t e s t s .  The neck 
/ .  

bias not st i f f  enoi~gh t o  prevent t h e  head fi.~iil t ipp ing  backv!ard i n  what \(/as 

judgzci z n  sbnorr-:sl posture;  th.:! h.ead was aga ins t  the  head r e s t r a i n t  even 

before i ;:::!act. 

Rarrpj n;! \:as mir,or a n d  reSoilr::l i:lod2rate, b u t  the  52" extension angle 

\:as c o n s i d e ~ - c ~  ~:ccess iv(? .  The i;.:ici rc .s t ra int  \:as mounted too  loi1, 
I 

ar:d in f lc . t ion  pr2ssiri.s \,:ls r:ct i;i:;il E ! ~ C U ~ ! I  t o  r e s i s t  rt.arv:ard l o ~ d i n g  

e f f e c t i v e l y .  Bot 11 i>lqoblt .~s \</t3re cob-rected f a r  t e s t  2-143. 
f 
I 



SLED TEST 2-143 30 mph, 2 1 . 6  G peak p u l s e ,  r e a r  impac t ,  50 th  p e r c e n t i l e  

niale dilrcrny, l a p - b e l t  r e s t r a i n t  

For t h i s  r e - run  o f  2-142, t h e  b a s i c  Goodrich p r o t o t y p e  was r a i s e d  

1 3/8 i n c h e s  t o  i ~ p r c v e  h e z d / h e a d - r e s t r a i n t  c o n t a c t  geonietry, and bo th  

t ube  s e c t i o n s  ( n s t u r a l  rubber  b l a d d e r s )  were i n f l a t e d  t o  1 5  p s i  t o  

i n c r e a s e  s t i f f n e s s .  

Dui~~i~y  p c s i  t i o n  \:as a g a i n  s: i g h t l y  unusui l l ,  \ti th head t i p p e d  back and 

i n  c o n t a c t  : : i t / )  t h e  h%ad- rc s t r a i r~ ' t  a t  iv'pac:. I4ever.'theless, t h e  max i~um 

extens-ion a i l g l s  \;as oi.ily 30 1 /2"  ( c o ~ i p a r e d  $1 52" i n  2-142) ;  ramping 

pias we11 c o n t r o l l e d ,  and rebound minor t o  moderate .  
. .  . . - 

S!.I:D TEST 2-11'6 ..- -- .-- 30 t i i~h ,  21.2  G p ~ a k  pill.r,ny r e a r  'Impact, 50th p e r c e n t i l e  

male du:?ny,  l a p - b e l t  r e s t r a i n t  

The b a s i c  I-SRI/Unii?vycl systein -- v ~ i t h  load  s t r a p s  b o l t e d  lo\:, on t h e  

seat . -pan (F ic jwe  6 ) - -  \.!as deployctl  usir tg  kiie Ol in  i n f l a t o r ,  charged t o  

2000 psi (coi.pressed a i r ) .  The i n f l a t o r  fii-eci 5 nlsec 2 f t e r  inipact,  and 

t h e  bag vr3s f c l l l y  inf!;i!.frl 23 illsec z f t e r  in;:act. T h e   dun;:?^;^ head/neck 

untien;'eni no r : : e ~ s u r i : b l ~  e x t e n s i o n ;  upon r l w i n g  backtiard i n t o  t h e  head 

r e s t r a i n t ,  the  h e a d  went i sn l ed i a t c ly  i n t o  nioderiite f l ex io i i .  Ramping and 

rc.boai:d \:ere \#pry  \,:ell controlled. Bag  s l a p  gcilnrated a  4G G head A-P  



SLFD TEST 2-147 - 40 rnph, 42  G peak pulse ,  r e a r  impzct, 50th pe r cen t i l e  

male dummy, l ap -be l t  r e s t r a i n t  

The s a x  iiS?I/UniRoyal bas ic  prctotype li:i:s t e s t e d  i n  t h i s  40 mph 

t e s t  a s  pias r u n  i n  t c s t  2-1;1-5 (30  r ~ p h ) ,  Head-res t ra int  gec:iietry and i n f l a t o r  

pressure  kiere tile saint? a s  2-146; t h e  i n f l a t o r  f i r e d  6 msec a f t e r  impact, 

and the  ba9 kids f u l l y  i~!f l ; l ted  25 iilsec a f t e r  iiipact. As in  2-146, t he r e  

was no c;e;lsui+c.Sle hendjtixk extens'iotf, the  hzad i tmedia te ly  going into 

f l ex ion ;  t h i s  ,;;s hxa i i s e  tile bag ~ 2 s  s l i g h t l y  f u r t h e r  fon,!ard than 

usual ,  and bccause t he  bag  was s t i l l  i n  t he  f i n a l  s t ages  of i n f l a t i o n  

. . -  . . v:ilen c o n t ~ c t ~ i i  by ins hc,;.d ( b a g  " s l a p " ) .  ,Tl:e shoulders were well pocketed, 

k:iiich n~inii i~izcd rziiyincj; rebound \.iilS rninar. Lag  slap spike:  95 G @ 22 r;~sec. 

rnalc dul:;nly, lap. . l~cl  t r e s t r a i n t  I 
Tile f i r s t  s l ed  t e s t  o f  t h e  Goodycar Airr;:at s t r u c t u r e  ( ba s i c  (on- 

> .  I 

f i g u r a t i o n ,  2 s  described i n  Sect ion 4 . 2  a n d  i n  Figure 5 )  was a p ;+e inf la ted  . 

t e s t . ,  Air;ilc?lt pressure  \,:as 15  p s i ,  i.~cad-cusi~ioil pressure  8 ps i .  , The 

routltin: platfor;,:  was r s i scd  1 318 inches t o  improve head lnead- res t ra in t  

contact  y ~ i , : ? t r j  . tiead loadi ng , ilc,::e:ler, caused f a i  1 ure of t h e  f r o n t  hold- 

dc;rn clar:..? on  the  Airinat structure; t h i s  a1 lu:.:tid the  head--r-cstraint  t o  

r o t a t e  r~a1':;rc;rd, xnich i t1  t u r ~ l  peri:iitted t he  du:~liny neck t o  con tac t  t h e  

f r o n t  c d .  o f  t h z  heed-i‘estrai n t  i:;:!irr,ti ng pltiCf'ori:l. ,ill-hough head/neck 

e x t e r i s i ~ n  ~ 3 s  l imi ted t.; about 28" the r e s u l t s  of t h i s  t e s t  weril in- 

corlc l u s i  vr , 



SLED TEST A-614 30 mph (nominal), 20 G peak pulse (nominal), r e a r  

impact, 50th percen t i  i e  male dunmiy, l ap-be l t  

. r e s t r a i n t  

This p r e in f l a t ed  t e s t  of the  Mod 1 Goodyear Airmat system (see  

Section 4 .4 .2  ancl Figure 10 ) was made t o  evaluate  the  performance of a 

s t r c t ~ g e r  mounting s t r uc tu r e ,  Instrumentation f a i l u r e ,  however, caused 

the  loss  of both the  sled d ~ c e i e r a t i o n  a n d  s l ed  ve loc i t y  pu l ses ,  m a k i n g  

accurate ana lys i s  d i f f i c u l t .  Films shoi.:ed head- res t ra in t  performance t o  

be q i ~ i  t c  a c c c ~ " l b l e ,  hol;iever, 1 imi t ing llead/neck extension t o  10 1/4O 

a t  59 r;:sec. The head-res t rc int  s to red  (thon re turned)  sonle energy 

as i t  deflected ul-~der l o c d ,  b u t  did n o t  cause a rebound pro5lern. - Rebound 

was fiii nor, v1.i t.11 sorr,? very m i  1 cl f l e x i  GI\ as the  d u ~ : n y  moved a:.ray from the  

s ea t  I:;ack anii h~!a.!l r e s t r a i c t .  Ran:?ing u s  very \.:ell control  1 cci;  t he  

forv:arci-projecting side-pariels of t h e  head r e s t r a i n t  quickly caught the 

duicniy si-ioulders as  he began to  rove ~~pviard.  



SLED TEST A - 6 1  5 ------- 30 nph,23.2 G peak pulse, rear  impact, 50th percenti le  

male duz::jy, lap-belt  r e s t r a i n t  

This was  a rclpeiit o f  A-614 with the preinflated Plod 1 Goodyear head 

res t r2 in t  ( t h r e e  f r c n t  tie-dr::,:n panels and a separate head-cushion bag). 

The Airmt structi~rt:  vias pressilrized t o  15 p s i ,  the tiead-cushion t o  2 psi .  

The changes m?.de to  the notinting s t ruc tu re  (see  t e s t  2-148 and Figure 10) 

strc~r:;th~!.:?d .ti;> ii;>it cc~~sidt ;) , i ,bly;  siaxil:!?i:;~ head/teck extension i:as only 

8 1/2". F),?r::pir,3 ;:ss i fcry s l ' i ~ h t ,  as  ti:: side-pat~els pocketed t h e  

s h o u l  dcrs; rebound \,/as i1:odt.r; t e ,  

. . . - --....- SLED 1'CST --.--- :\-6:6 - 40 n.:pl~, 44. G peak pu lse ,  rear  ir ,pact,  50th percenti le  

male d~i.l!;iy, 1;p-belt rostrair i t  

Tk:i 1 - l ~ d  1 Sosd;ear sys'iel.;~ :,:as evalua!cd in a "v!orst csse" 40:riph/40 G 

t e s t  i t )  'ti;? p r e i n f l ~ t o d  c o ~ : d i t i o ~ j  ( i 5  ps.i ;I t ! ~ e  /'iirir;:?'i, 3 psi in t h e  head- 

cushio1.1 b a g ) .  i*Iaxiit~i!iil extension o f  25" occl~i-red 49 r sec  a f t e r  inpact.  

The e l l t i  i-e Ai17rr,c:.t s t ruc ture  did ro ta te  s l  ightl:, reari$iard, then returned i t s  

stored er12rgy t o  the head d u r i n g  r?bo~lnci. Raisping w a s  ii!inor t o  n'aderate, 

rcbsu r;:l i;:od?ra t c  . 



SLED TEST -- A-617 30 mph, 22.4 G peak pu lse ,  r e a r  impact, 50th 

percen t i l e  male durrfiy; lap-be1 t r e s t r a i n t  

The I40d 1 Goodrich un i t  with a natural  rubber bladder ( see  Section 

4.4.1 and Figure 7 ) was tes ted  in t he  p re in f la ted  mode a t  15 ps i ,  

with t h e  mgunting p l  atforai ra ised 1 3/8 inches fo r  b e t t e r  head-contact, 

The t,-ine b z s ?  e:as not recorded, b u t  acce le ra t ion  data and f i lm  

analysis  \!as s t j l l  ~ isc; ful .  1:axir;lurn extension e!as linl'ited t o  1 7  3/4", 

ar:d r,?,.::i r,9 :,!as i?ii?;;:* as th: shsal:le~.s w1.e tiel 1-pocketed by the  curved- 

t u b ?  sect ion of' t h e  head-rt7s'craint. Rebound bias n~nderate;  the head 

r c s t r a i  rit deflectetl  e l a s t i c a l l y  under ' load,  s to r ing  energy as  i t  ro ta ted 

- . -  - -  reari.:ared,- t h m  retur.nir;g ths  energy t o  the head as  the  load decreased. - 

This \ !as even r113)-e of a problen i n  t e s t  A-618, 

I 
I 
SLED TEST A-SIC  -------- 40 r,iph, r i f t  5 pe3k pulse,  r e a r  impact, SSth percell- 

I 
t i l e  rilale d~inny, lap-be1 t r e s t r a i n t .  

i 

This iras anol!~sr  preinf la ted i ~ s t  (15 p s i )  of the  Cod 1 ~ o b d r i c h  
I 

un i t ,  s e t  u p  and i;lcunted as  i t  i.:3s f o r  t e s t  A-61.7. Gladder i;;aterial 

was na t s ra l  rubber. P1axir;:l~n he.d/ricck cxtcnsion of 43 1/2" ocdirred 

a t  50 nsec, and \ ; l i~i le  ramjirig \:as r e l a t i v e l y  nifnor, rebound \!as moderate 

t o  sc\!crc. As in t e s t  A-617, t h e  head- res t ra in t  ciid not provirle 

su f f i c i en t  rear:!ai.d s t i  f f n? s s  t o  be e f f ec t i ve .  I t  acted a s  soniething 

of an " a i r  s p r i r i ~ , "  s tor ing energy a s  i t  def lected under load,  then 

thro:.:ing t l ,e  head foris::rd as i t  returned to  i t s  o r ig i  rial pos"iion. 



SLED TEST A-619 - 40 ~ p h ,  40 G peak pu lse ,  r e a r  impact, 50th pe r cen t i l e  

male dummy, l ap -be l t  r e s t r a i n t  

The PIod 1 Goodrich sys ten  was s e t  u p  f o r  a deploying t e s t  with t he  

Olin i n f l a t o r  (ci-,crged t o  1850 p s i ) ,  The bladder (na tura l  rubber)  

f a i l e d  a t  and n p a r  t h e  i n l e t  po r t  v:hen t h e  i n f l a t o r  f i r e d ;  the  nature  

of the  f a i l v r c  --- a "sha t te r ing"  of the rubber .-- suggests  t h a t  the  

rapid gas inf'lo,;: created c x t r e ~ e l y  high local  s t r e s s e s  i n  the bladder.  

SLED TEST A-620 - 30 i n p h ,  21 G peak pulse ,  r e a r  impact, 50th pe r cen t i l e  

nlale d~iir:ny, lap-be1 t r e s t  ra-i lit 

This kras- tlie only c i~p~!oying t.est run with the  Goodyear Airmat 1,ead- 

r e s t r a i n t .  Section 4.4.2 descr ibes  t he  l4od 1  u n i t ,  which, f o r  t h i s  t e s t  

incoi-:sorated c':::n~c?s t o  p ~ i r ; i  t use o f  t t i c  system w i t h  t h e  0l.i n i n f l a t o r .  

The head - r e s tmin t  de?loged and bcgan t o  t akc  shape follo;>ring i n f l a t o r  

f i r ing ,  but as  i n t e rna l  pressure increased,  one o r  more of t h e  drcp- 

weave f i b e r s  rup tured ,  t r i gge r ing  t he  f a i l  urc of the  o ther  drop-\.:'ea\le 

threads ?,s th?y t r i e d  t o  pick u p  t h e  load.  This progress ive  f a i l u r e  then 

a l l c l i ; ~d  the  f r o n t  f a b r i c  pzriel of t h e  Airniat t o  bulge and s t r e t c h  t o  t he  

point \:iiere i t  t o r e ,  cslrsing nlassive f a i l u r e  of tile h a d - r e s t r a i n t .  

S L E D  TEST A-621 - 30 r,:ph, 20.5 G peak pu lse ,  r e a r  impact, 50th pe r cen t i l e  

male durr,:ny, l ap-be l t  r e s t r a i n t  

The );ad 3 Goodr-ich prctotype (kiith t he  i n f l a t o r  i n l e t  changes tie- 

scribed i n  Section 4.4.1 and Fi5ilj.e 9 ) \':as e\laluated i n  a  dynaniic dcployn~ent 

t e s t  u s i n g  t h e  Olin i n f l a t o r  c h ~ r g e d  t o  1750 p s i .  A spec i a l  t u b u l a r  

b l ~ d d e r  vias used i n  t h i s  u t i i t ,  nnde by UrliRoyal from the hixe neoprene- 

c o ~ t e d  nylon fi iaterial  thcy used t o  11-xi;e the  e l l i p t i c a l  b a y s  used in  the  

HSRIIUni Royal h e a d - r e s t r ~ i  n t  . 
I n f l a t o r  discharge again caused b l ~ d d e r  f a i l u r e  around the  i n l e t  

r r * . . , ;  1,-  ,+ ' , . - ,  + F,r, f ; ,q t ,  i rll-c!;cllj:i!/p, -. 



SLED TEST A-622 40 i;:ph, 33 G peak pulse ,  30" oblique r e a r  impact, - 
50th pe r cen t i l e  niale duxmy, lap-be1 t r e s t r a i n t  

The Rod 1 HSRI/UniRoyal prototype -- same a s  the  basic  u n i t  except 

f o r  the  add i t ion  of s ide  panels f o r  oblique-impact p ro tec t ion  -- was 

tes ted dyn;ii~ical l y  kii ti-I i.11~ 01 i n  i n f l a t o r  (charged t o  1900 p s i ) .  

The dui:::ny was tipped s l i g h t l y  t o  one s i de  before impact, bu t  not 

to such a d.g\rcc 2s t u  corpromise t h ?  t e s t .  The i n f l a t o r  f i r e d  5 msec 

a f t e r  i~.;; ,x~ci;,  and t h c  bhg :,:::s f u l l y  dcployeci 15 r;;sec a f t e r  i m p c t ;  t h e  

load s t r a p s  did keep the  s ide  panels in  good posi t ion t o  a r r e s t  s ide-  

ways r~ io t ic t~ .  

A t  impact, the  d u m j l  did r o t d t e  about a  ve r t i c a l  a x i s  a s  h e  trat-is- 

l a ted  back:iai-d i n t o  the  s e a t ,  so  t h s t  the  s i de  as  vlell a s  the  back of 

/ ] i s  i l22d a,;! ficcl: ~ o r ~ i ; ~ t , = d  t h 2  : i ~ ( ; d  i-2:ti-a j ;lt, f {eck 8::. tl~';.:-?:)~r, 

was not se r ious .  There pas no nc:ad contact  w.it1-t s ide  panels or load 

s t r ap s ;  t h e  dui.::ny stayed in  t he  cen te r  of  the  seat ,  al though he did 

t i p  t o  one s i de  during rebound. The l e f t  leg F la i l ed  ou tmrd  during 

rebound, and the  l e f t  hip did con tzc t  the l e f t  load stiAap; t h e  r i g h t  

sbi,wlcier a l s o  contzcted t he  rig!?t lciacl s t r a p  l a t e  i n  t he  rebound 

phase. Rss;ping was very i.:cl.l control  l ed ,  and reboiitld was only mcderate. 

i,lsxi::iurn extension b!as est:'i;;?t,?d s t  5". 



Sled t e s t  ii-623 th ro i~gh  A-630 :rere conducted a s  f i n a l  perfornlance 

t e s t s  of t h e  bas ic  HS!?I/liniRoyal system (wi th  load s t r a p s  f a s t ened  t o  

t he  s i de s  of the  s e a t  pan).  For t h i s  t e s t  s e r i e s ,  t h r e e  a t y p i c a l  

square-wave s led  pulses  s e r e  used,  a t  t h e  suggest ion of DOT and a s  

descr ibed i n  DOT r e p o r t  ES-810-197. 

Ferfornance of a 4000 15,  c a r  wi th  a modified " f ixed  fo r ce"  r e a r  

end ( o n e  t h a t  co l l ap se s  c o n t r o l l a b l y  when sitbjectcd t o  120,000 1b. of 

f o r c e )  s t r i k i n g  a f ixed f l a t  b a r r i e r  was simulated by s l e d  pu lses  of 

20 i ~ p h / 2 0  G ar!d 40 c q h  133 G .  

Perfor~r,?nce o f  a f u l l = - s i x  c u r r e n t  productioil ca r  s t r i k i n g  a f i xed  

f l a t  b a r r i e r  ( r ~ r , r  i ~ p a c t )  xas  simulated by a s l e d  pu lse  of 30 nph/20 G .  

SLED TEST A-523 ------- -. 40 m p h  30 G peak pulse ,  r e a r  in;pact, 5 th  p e r c e n t i l e  

fen!alc durmy, lap.-be1 t r e s t r a i n t  

The basic  i?SRI/llniRoyal systm:  was s e t  u p  ( l c a d  s t r a p s  bo l ted  t o  t h e  

3-F ?", ?CrZ.';'',:"'\' '!.,'\ ; " - l ' + . n "  "-.- 1 I .  .- . '  .. - I* ,' , , , , , , I  , ,  , r d  t 2 p d I r , T i i e  

s tandard S i e r r a  rubber neck v:as u s d  with t he  ferilale ciurmy, not t he  HSRI- 

de\leloped neck clesci-.iSed t : a r l i c r  ( s e e  F-i~iure 20) .  Also,  only  one t r i -  

ax i a l  a c c c 1 e r ~ : ; ~ t e r  j : x k  lisi~s used i n  t h e  duc:ny t ~ c ; d  i n s t e ad  of t h e  usuzl 

four  accelsrc;:?ters (i.i:c packs, A\' ancl $1 acce le i -c~ ie te r s  i n  each pack).  

B;\g " s l a ~ "  yer . ie~atcd a peal; I x a d  a c c e l c r a t i . ~ n  spike o f  C8 G @ 22 msec. 

There ~ z s  nci extension a s  t i l t .  1122d writ ir:t-a . I . . l , L d i a t e i y  i n t o  f l  t.xf on upon 

contact  wi th  t h e  s t i l l  deplclying Sag. The inf1cit.r f i r e d  15 nisec a f t e r  

ir:ipact; t h e  b a g  \;as f u l l y  de:~lo;,~ed 24 r!;sec a f t e r  ii;:?act. Kairiping xas  very 

vie1 1 c~t1t1-01 l e d  ( i ;~ ; i  t-sbound v;as r:linor. 



SLED TFST !!-524 - 30 nipll, 22 G peak pulse ,  r ea r  i s~pac t ,  5th pe r cen t i l e  

female du~ilr;i,y, lap-be1 t r e s t r a i n t  

T h i s  was the  seccnd f i na l  performance t e s t  o f  t h e  b a s i c  H S R I / U n i -  

Royal s y j t ~ i l l .  D::,:ny c o ~ i f i ~ ~ l r a t i o n  a n d  f nflr:tor p r e s s u r e  vere  t h e  same as  

A-623, A1 t l ici~gh t icad-restraint  set-up \:as nominally the  sanle a1  so, 

i t  v:zs o t , s e rvod  i n  t e s t  f i l m s  t h a t  tile i t i f 1a i :ed  bag !!as s l i g h t l y  f u r t h e r  

iori.:ard i t - ;  t h i s  t ~ s t t t i l n  in  1;-623. This clsgravc?tcd the b a g  s l ap  

phei~c::;?i;sn, ~:hicli ~en. ; i .a iz i l  a  102 G head A-F. acce le rz t ion  s;)'i kc 28 

rnsec a f t e r  iiiyact, 

The in f lk io r  fired 15 nsec a f t e r  impact; t h e  b a y  was f u l l y  deployed 
. . . . 

29 c s e c  after impac t .  As in  A-623, t i ~ e r e  w s  116 n~easurablc hcad/neck 

extension; the d~~i;.;ny r;:3ved baci:i:ard i n t o  t i l t :  sea t ,  and as t h e  tiead a n d  

I J 4 .  1 .  LI-A Pi. ! 
, L L ~ \  L V t I  L L L ' C L  L i l t ;  ~ ' ~ 9 ,  L . I I C ;  I i ~ i i ;  u n ' i  i fit; 13, ; '~ i 'a i ;e  ? ? r ~  iiiii. i i ~ i ? i ) ~ l ~ l d  ai.16 

ra!npiny ~ c r c  rl.iinor. T h ?  H1C ~ z l u c  ca lcu l s tcd  f o r  t h i s  t e s t  was 560.3. 



SLED TEST A - 6 2 5  20 m p h ,  21.5 G peak pulse,  rear  impact, 5th per- -- - 
cen t i l e  female dutmy, lap b e l t  r e s t r a i n t .  

The th i rd  f ina l  perforniance t e s t  of the HSR!/UniRoyal system was 

run w i  th the sane d~i:i;i:j/ configuration and i n f l a t o r  pressure as i n  

A-623. T i i e  i n f l a t o r  f? ;  red 1 4  fiiScC a f t e r  in;?ilct,; the  bag was f u l l y  

deployed 30 i~:sec a f t e r  itxpact. 

Th2l.e \; i t is no r::?ai:ii.atile hei!d/n:ck exteiisicn as the dui~!rny t rans-  

l z t c d  h?c!:s,:arcl i n t o  th? head-restrai n t  and seat.-back, only very minor 

f lexion.  E(:ini~i'ncj \ i d s  ?lig5131~, !jut.  reboiiiid :.:as judged n-3derate, as 

the d ~ ~ i l l i ~ j ~  b ~ i l t  f~~ i ' / a t* i !  a b ~ u t  $5' t i t  the  waist  v!ith both legs pointing 

. s t r a i g t ~ t  o!i.tl,'iard (pc?rc?llel to t h e  s led t r ack ) .  

The f r o n t  pznel of  i;hz vin:'l hcod pull.?d loose froni i t s  a t tach-  

ir,ent t;sr as ti;,. o'u:.::;-~j! I : , L ? v c ~ !  i n l o  thr: head-rzstraint ;  the l~ood did n o t  

t e a r ,  bu-t  pulled o u t  f ;+ i t ;n under i t s  clafiipir~g bar due t o  incor rec t  in-  

s t a l l a t i o n .  This ~1lo::cd t h e  loaci s t r ap  t o  s l i p  olol;ini.iard on tile back of 

th:! inflateci hag. TI:? female di~il;?:y head contacts  the bay 1o:v on the 

f ron t  f a c e ,  hw:cver, so t h e  load s t r a p  s t i l l  worked well in  r e s i s t i ng  

rearviard ri,.'ii on. 



SLED TEST A-625 --.-- 40 m p h ,  32 G peak p u l s e ,  9 5 t h  p e r c e n t i l e  male 

dumn~y, l a p  be1 t r e s t r a i n t  

For  t h e  f o u r t h ,  f i n a l  performance t e s t  o f  t h e  HSRI/UniRoyal sy s t em,  

s e v e r a l  changes were made t o  t h e  i n f l a t o r ,  t h e  bag, and the durnvy 

nec I:. 

A choke p l a t e  was i n s t a l l e d  o n  the i n f l a t o r  c ap  t o  r educe  t h e  

o: l t le t  f l , ~ , :  cir-23. and t l i e r ~ S y  slo:! dn:.;n the  bag i i l f l a t i o n  ( s e e  F igu re  2 ) .  

F,lso, t i la bag i t s ~ i f  v!as i  tlsi(i1 l e d  \:'i thoi i t  us ' ing any s e a l a n t  nlater ial ,  

a t  t he  bag/ri;g:ri?tii-,g p l a i , e / i n f l a t o r  i i r t e r f ~ c c ;  t h e  goa l  i n  al1o:iing the  

systeiil t o  be s l i g l ~ t l y  " l eaky"  was, a g a i n ,  t o  r educe  a i r  bag p r e s s u r e  

and t h e r e b y  redzct l ,  i f  p o s s i b l e ,  ti-IP biig " s l a p "  encoun te r ed  i n '  - . 

t e s t s  A-623, 624 and 625. 

Iii ?.!i:.;,::;; t o  ' I ; : > , - ? I ; ~  the s2ztcd p9stur.ct 0.' th: d~:! , ;7; /?  a 

metal \:edge was i n s t a l l e d  a t  t h e  base  of  t h e  n e c k ,  t i l t i n g  t h e  head and 

neck f o n m r d  abcrut 15"  . TIie r e s ~ / l t i r ; g  " s l o u c h "  was a  much more r e a l i s t i c  

appraxiinai;io~; o i- human se2teci p o s t u r e ,  a1 tho i igh  i " i i d  i n c r e a s e  head/ 

h e a d - r e s t m i n t  o f f s e t  d i s t a n c e .  

The i n f l z t o r  f i r e d  13 r.:jec a f t e r  iriipact, a!id t h e  b a g  was f u l l y  

deployed 32 n:sec a f t e r  iivp;l,ct. The r i i o d i f i c a t i o t ~ s  described e a r l i e r  d i d  

a1 lo:.i 33" n\3xi,;:a:a i:ead/~~c!ck ex t (cns icn  ( a t  59 li:sec), and d i d  reduce  

t h e  bag s l a p  s e v e r i t y .  / ! ~ \ I ; ? v c ~ ,  t i le  d:iii,;y d i d  ~c?.i:~;) up;h:ar.d i ~ ? o d c r a t e l y  a s  

his i i ? ~ d  c c n t z c t c d  tile L,c'.s hi:/: 017 i t s  f r o n t  surf ; l .ce .  kebourld v,as 

r . :~dc l -a te ;  ti;? ciu;',.'y b e n t  i;~ri.:a).d a t  t h e  \ m i s t  as h i s  knees c?ii:s upward, 

c a u s i n g  head/knee c o n t a c t .  



SLED TEST A-627 30 riiph, 24 G p2ak pulse ,  95th p e r c e n t i l e  male 

dummy, l a p  b e l t  r e s t r a i n t  

This  was a  ba se l i ne  t e s t  t o  determine dunmy kinematics dur ing a  

rear impact w i t h  no hezid r e s t r a i n t ,  The f i n a l  design s e a t  :.,as used 

for t h e  f i r s t  tirne, with a one-inch-thick s l a b  of polystyrene foam 

i n s t a l  1 cd be i i i  nd th t .  scat-back c u s i ~ i  on t o  r?f 3 ne head lhead- res t ra i  nt 

geon;etry. The HSFiIlUniRayal held r e s t r a i  11t 5:as mo~rn-led bu t  no t  

deployed dur ing t h c t  t e s t .  The "neck \m!eck;e" descr ib2d f o r  t e s t  A-626 

was a l s o  usccl in  t h i s  t e s t .  

Ramp'i ng \(/as rmc'erate t o  severe ,  and he3d/neck ex tens ion  reac!;sd 
.. - . .  . 

92" a t  81 nlsec as t h 2  back of the  duiimy Ihc;i;l cot~tactcc!  t he  sur.Facr- r3.f 

t h e  he2cl.-restraint  i;:o3nti ng pl i - l t fot*~~.  RPl)o!.lnd bras r;;oderate t o  severe .  

SLED TEST A-628 ---- 30 nlph,  23 G peak pu lse ,  95th pei-centj le niale 

duirln;y, l a p  be1 t r e s t r a i n t  

This  t e s t  was run under t h e  sane condi t ions  a s  A-627, except  

t h a t  t h c  i-ISiiI/Unit:oyal head r e s t r a i n t  bras i I~p loy@d.  'Tile i n f l a t o r  

f i r e d  a t  11 nsec a f t e r  i r p a c t ,  and t h e  b a g  n a s  f u l l y  i n f l a t e d  a t  29 

rnsec. 

Although tile t z l l  95th male d i i~ i~~ ly  r:ncs load the  bag high on i t s  

f r o n t  s u r f a c e ,  th;,  bag " f i t t e d "  i,:elI Seilii~ti hesd and neck and did 

pocket ti15 shoulders .  TIE s i d e  load-s t raps  a1 so helped keep rc?rnping 

rodcra te .  1.laxjn;~l;n t;?ad/r::eck es tcnsicr i  of 32 1/2"  occilt-red a t  67 

nisec a f t e r  isipact. R ~ ~ I O L I I : ~  \.ifis 11.iaderate. 

Tl ie  increased ilzad/i;c?d-iesti-ai r;t o f f s e t  caused b y  the  i n s t a l  lat iol!  

o f  the  w d g e  a t  thc  hase of t t i f  n i l ck ,  cont r ibu ted  t o  tile higher tli~n 

expected  ex t sns ion  a n d  t o  tile sabsequent t.;o:ler(;te ~.e!,ound. 

6 7 



SLED TEST A-029 --.--- 20 mph, 22.5 G peak pu l se ,  r e a r  impact,  95th per-  

c e n t i  ? e  male du~my,  lap-be1 t r e s t r a i n t  

The bas ic  tiSRI/Uni;l~ya1 system was s e t  up  a s  i t  was f o r  t e s t  A-627,  

incor j to r i t i  np the s a w  r;:oiii ' ications t o  bag, i n f l a t o r  and du~n:y neck 

a s  descr ibed i n  the  suc:xary of t h a t  t e s t .  The f ina l -des ign  s e a t  w i t h  

a one- inch- th ick pclysiyrene foam panel behind the  seat-back cushion 

\!as used f o r  th is  t t s t  ar:a f o r  A-630. 

The i n f l a t o r  i i  r ~ r i  11 irsec a f t e r  i c p a c t ;  t h e  bag was f u l l y  deployed 

27 msec a f t e r  ir;:pact, A l t h c ~ ~ g i i  t h e  bag  " f i t "  ~ ~ 1 1  i n  t h e  "hollov1" of 

the rt~.ci: ju;t above th. shculclers, the  t a l l  95th p e r c e n t i l e  rnale 
. . . . 

dur;;l;~y d i d  l o ~ ~ d  t h e  b,ig n-ic;i:er cil i t s  f ror i t  su r face  th;r-i e i t h e r  t h e  

50th o r  5 t h  perccnt. l ; le  d u ~ n y .  P\a!:?ping v!as very well c o n t r o l l e d ;  

hiax;,, i,!; c:,prls-;;,j ( 4: " \  , - -, - . .  i sec  ::, I,ll,?act. 

Rc-boucd \-;as w.i rlcr t o  ~ 3 c i e r a t e ;  t h e  dui,';i\j~ b e n t  fo rba rd  a t  t h e  

w a i s t  2nd tl"ls head ilr(k?r.':ent t;:od?rate flexion, chin  almost s t r i k i n g  

c I I ~ s ~ .  The  knees C Z J . 2  ~i?:.iard, b u t  t k r ?  \!as 30 c o n t a c t  b,tith the head 

u n t i l  very l a t e  i n  t h e  r?bour~d a s  t h 2  cliir,i;;i\/ bent  fc?r forviard. 

t(axii;:an It.:';, s i d e  b e l t  losd of 890 I b ,  occurred about 511 msec a f t e r  

i c lpzc  t .  



SLED TEST A-630 30 m p h ,  23.5 C peak pulse,  r e a r  impact, 5 t h  percen- 

t i l e  female dummy, lap-be1 t r e s t r a i n t  

This \,./as a r e r u n  of A-624, t o  eva lua te  changes made t o  the bag 

and i n f l a t o r  (see A-626) t o  reduce bag "s lap"  encountered i n  A-624, 625 

and 626. The standard S ie r ra  rubber neck \:as used, a s  well a s  t h e  f i n a l -  

design s c a t  w i t h  the ex t ra  polystyrene seat-back panel. 

I n f l a t o r  ac tva t ion  occurred 1 G  msec a f t e r  impact; t he  bag eias f u l l y  

deql  oycd 29 I ! ' S ~ C  ~ f t e r  i ~ j 2 ~ t .  Durr.~y ki nc-.atics +!ere v i r t u a l l y  i d e a l .  

There was n o  not.iceable ram9iny and no measurable extension as  the  

dummy i;ranslated i l l t o  the  seat-back and head r e s t r a i n t  with only very 

rninor f l ex ion  of the head. l~l~xii-r~um s ide  b e l t  load of lC4O 1 b s ; - ~ r a s  

indicated a t  37 r,isec a f t e r  ii~ipclct. Rebound :'/as ve ry  minor a s  tile duiir;ny 

TI. . s l i d  :ov:,:i.rci : n t h e  seal-piin cus i i ion  i n  alr,ost p e r i e c t  i rdnsla i . ion.  I I I ~  

d~rriiily d i i i  h c n d  foi.:.~ard very s l i g h t l y  a t  the wais t ,  l a t e  i n  t he  pulse  

a s  she reached t h e  lirriit o f  t r ave l  allowed by t he  l ap-be l t .  



6.4 V E H I C L E  C R A S Y  TEST EQ'J 1PI"tIEPIT A l l D  IiiSTRUi*!iNTATION 

To eva lua te  head- res t ra in t  perforn~ance in a crash environnient niore 

r e a l i s t i c  than could be simulated on the  impact s l e d ,  HSRI co l labora ted  

w i t h  Dynarcic Science (Phoenix, Arizona) on a s e r i e s  of f i v e  rea l -veh ic le  

crash t e s t s  b2.in.j run as  pa r t  o f  t h e i r  s tudy o f  vehicle  crashworthiness.  

Figure 2 2  descr ibes  the  nature  of each t e s t .  

In each t e s t ,  a seat / i lead-rcs t ra i  nt systcill and a n  uni-estr8.i ncd A1 derson 

Y I P  50th pc rcen t i l z  r x 1  ciur..;i:! i;!?re i n s t a l l c ?  i n  tlie rigi.i.t-frot\t sca t ing  

pos i t ion  o f  the  ii.i;p?ct \!c:!i~icle, Tile dur;;!ny h3ci an inver ted General I b t o r s  

rubber neck, and was instr~ir;:ented v:i t h  one t c i ax i a l  acceleroneter  i n  t he  

- heat! ( a t  tha CS) 2nd a second i n  t hh  thoril):, . l ' e i ~ i c l ~  instruir;ents (F-igure 23) - 

included acceleroi.l:zters on the  f l o o r  of titc c s r  ( t r i i i x i a l )  and on the  bottoin 

of t/llc s(at-;):il ( b i a ~ i i , l  : A7 and SI). Hiq11.-sz:i~d fill:] cc\!eraqe i.:ds provided 
I 

by on-hoard, t r ack-s id?  h~rd- . ) l t . l  d ,  ovcrtle?d ~ n d  under-\!el~icle m o v i e  cain2ras. 

A i ~ u r n ~ ~ r - i ; : ~ : i ~ ~ t ~  contact  syiitch tr icjcercd tl:? iie2d.-restraint  i n f l a t o r  a t  impact. 
I 

I n  t e s t s  261-4, - 5  and - G ,  t he  iil:?act veh ic le  was brought u p  'id speed 
I 

(on i t s  oxn viheels) by an engine-driven cab le  systeni. In t e s t  2G1.-2, 

hol;iever, t h z  car  \.;as n:a:rnted 30" off  c en t e r  on  a s e t  cf dol ly  v:l~ecls. For 

t/i? f i na l  t c s ; ,  261-9, t h e  s t a t i ona ry  i17pact \ !chic le  vias s t ruck  frcol behind 

by a sp2cic:l l y - d c s i  gncd s t r i k e r  \ / c h i c l e  \1i th a tilodifi ed fi-ont-.end s t r u c t u r e .  

Tllc in:;-lact vehicle  i 11 each t e s t  i ncorpoi-;tied a rlodi f i  ed rear.-end 

~tr i ic ' i i i rz  ( s e e  Figure 24), s t i f f e r  t h a n  th;t fcund i n  c o ~ ~ v e n t i o n a l  c a r s .  
1 I 

l,!i thout cIesc).1"3ing the  ;.;cldicications i n  d e t a j l ,  i t  can be s a i d  t h a t  t he  

con'il-ollcd-collapse str!!zt:i; e gemra ted  occu;:);nt-cci?:part~;;?nt a cc - l e r a t i ons  
I '  

S O T  l ~ l t l s i ~ a t  lqG,, s l -eater  in  n?agnitude t h ~ n  would occur i n  an eqirivalent. speed crash 

o f  a cc~ ivcn t i o !~a l  ca r  snt, so~;ie! i i~, i t  ici:cr. t h a n  \(:oilid be 92nerat;c- in a n  

cquivalcnt  s l c d  t e s t ,  

7 0 
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6.5 VEHICLE CRASH TEST RESULTS 

The r e s u l t s  of each veh ic le  c rash  t e s t  a r e  described in t h e  

na r r a t i ve  su!:.n;aries t h a t  f o l l  ov/, and i n  t h e  niliaerical sunmar1y of Table 

In a d d i t i s n ,  t h e m o r e  s i g n i f i c a n t  of t h e  t e s t s  a r e  describzd in d e t a i l  

i n  ~ e c t i o t l  7 . 3 , 2 ,  @iscuss ion  of  Tes t  Resu l t s ,  

Pt!i'iEiiIX TEST 261-4 (28 J u l y  1 9 7 2 )  ---- ------.------- 

40,4 npl-I, d i r e c t  re2r  impact, 58 G peak occup?nt cotvpartment 

pillse, 53th percen t i  l c  ~ r ~ a l e  durnzy, n3 r e s t r a i n t  b e l t s ,  bas ic  HSP\I/ 

Uni  Royal head r e s t r a i n t ,  

- .  . - Althotlgh i t  \ / a s  possible  t o  de t e rn~ ine  via  f i l m  ana ly s i s  t h a t  

bag dep10y;i:cni took 18 n:sec, crash d e b r i s  obscured t h e  cal!iera f i e l d  

t o  such a  riec:iece that c.??suren:ent of tiead/;:::cl: extension !.;<,s impossi bl c .  

A t  ii;:pact, t h e  f l o o r  of the  c a r  defor i :zr i  i n  such a  way t h a t  the 

r e a r  l egs  of t he  t e s t .  s c a t  ri:;gved do:>i~\;:ard, t i l t i n g  the  s e a t  tackvrard 

an es t imated 19, As t h i s  occurred,  tliz dil;i!xy loaded t he  seat-back 

arid hcad - r e s t r a in t ,  d isappear ing from cai;:era vieu,:, a s  debr i s  f i  1 led 

t he  ca r .  The head - r e s t r a in t  deploy3d f u l l y  a n d  apparent ly  functioned 

well t o  l i m i t  ex tens ion ;  i t  i s  probzble ,  ilc:,i?ver, t h a t  the  backvrard 

t i  1  t of t h e  s e a t  a1 l o ~ e d  t h e  dui;~y t o  rx:p  u j ~ i i i l - d  noi-e thzn he 

norr::(il l y  viould. 

After i? :?act ,  the d ~ i n l ~ y  ren~aincd i n  t h e  s c a t ,  b u t  t i l t e d  t o  h i s  

l e f t  a t  t h e  :,!aist, thai s l i d  for\:ard s u f f i c i e n t l y  t o  con tac t  tRe dash- 

b o ~ : _ r d  i.!i th h i s  knees and poss ib ly  kii th h i s  tiead. He t hen  rioved back 

i n to  t he  setit and can:? t o  r e s t  t \ i i s t c d  t o  t he  l e f t  and betit s l i g h t l y  

~7t: ti:? \ ~ ; a i s t .  I 
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Figure 25, Dtir;imy 261 -4: Pre-Impact. 
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F i g u r e  2 7 .  Duiliry 261 -4: Pre-1l;:pdct. 





Pl i3EKIY.  TEST 261-5 ( 5  Sep t e l~be r  1972) - 
I 

39.7 n ~ p h ,  d i r e c t  rea r  impact, 42 G peak occupant compartment I 
I 

pu l se ,  50th pe r cen t i l e  male dummy, no  head r e s t r a i n t .  

T h e  Goodrich 14cd 2 prototype was t o  be e v a l m t e d  i n  t h i s  t e s t ,  

hvtiever, t he  f i r s t  t e s t - r un  was abor ted before  impact. I r ~ ~ x e d i a t e l y  

a f t e r  t he  a b o r t ,  the  i n f l a t o r  f i r e d  acc iden t a l l y  and t o r e  t h e  head- 

r e s t r z i n t  bladi 'cr  <a sq-,:c3nt of airto t i r e  ir lner-tub?).  Since ne i t he r  

a  pr2ii ; i lateS or deplcying t e s t  could be rGn: a  "base l ine"  t e s t  v:as 

then conductc-d, Scat  and clufiiny renained i n  t he  c a r ,  and t h e  head 

r e s t r a i n t  \.:as l e f t  in i t s  sto!!ed pos i t i on .  
.. . 

Tile dui-,:~y und~ri':?r,t severe v!I-iiplasll, a s  tlead/neck extension 

reached 1 C G 0  a t  a b x i t  98 irlsec a f t e r  -impact. As in  a l l  t h e  veh ic le  
I vr%ash t c s t s ,  t k  sc;!t i!scl.,i t i  lteri ~ ~ e a r v ! ~ r - d  (?,?proxiri!ately 13" i n  

t h i s  c a se )  uricier t h e  s t r e s s  of dutn:i;?/ loading a n d  veh ic le  f l o o r  de- 

fori!;ation. I n  t h i s  t e s t ,  the s e z t  did not retirrn t o  i t s  o r i g ina l  

o r i e n t a t i o n ;  i t  ::zs s t i l l  t i l t 2 d  bacl::.rlrd 5" a f t e r  the  i : s j ac t .  i b i s  

p a r t i z l  l y - e l a s t i c  s e a t  defort-,:ation con t r ibu ted  t o  the  severe  rebound 

probl c;n ( s ee  Selol,~;). 
I *  

F o l  1o:r-i ng t b e  \,:il'i pl ash sequence, t h ~  d:ii.:~y rebo~rnded uy:,:ard and 

s l ' l zh t l y  foi-;:ard cut  O F  t.ix s e a t ,  tiis nlotion agsravated by t h e  severe  

v e r t i c a l  o s c i l l a t i a n s  of  t h e  v rh i c l e  as i t  n 3 ~ 2 d  n::Ay fro71 t h e  b a r r i e r .  

He ~ind?~.~!cnt  i:;i no:. f l ex ion  j u s t  i ie fcr?  con tac t i  r,g t i l e  r o c f  v!i tli the  t o ?  
I 

p a r t  of the  forehead, 

Droppirig b a c k  dov::~ i n to  t h e  s c a t ,  he s a t  al~::,ost ii2rigRt; fcr a 

~ls::>cnt, t ippcd s l  i ~ h ' i l : , ~  fo~-:!jrd;  t h 2 n  b q > n  t o  fa1 l b?ci:\.rar and t o  



F i g u r e  29, V e h i c l e  261-5: P r e - I m l ~ a c t ,  

F i g u r e  30, V e h i c l e  261 -5: Post-Iiripact, 





The t o r so  t h 2 n  twis ted to  t he  l e f t ,  and, p ivot ing in t h e  s e a t  on h i s  

l e f t  h ip ,  t he  dummy f e l l  i n t o  a  hor izcntal  pos i t i on ,  h i s  head approx- 

imately where the  d r i v e r ' s  seat-pan would be. He ro l l ed  onto h i s  f a c e ,  

and csv,e tc~ res t  i n  t h i s  pos i t ion .  

PHDEIIIX TEST 261-5 ( 1 7  October 1972)  ----- 
39.6 I S ? ~ ,  d i r c c t  r72r impac t ,  33 G peak occu?ant compartment 

r 

pulse,  5 0 t h  ~ C ~ ; . ? I I L L ' ~  it? i,!c:le ciun:niy, tiSRI/UiiiF?oyal head r e s t r a i n t .  

This test \'!as a fa i - l i r re  f o r  k:o reasons.  Tile i n f l a t o r  f a i l e d  t o  f i r e  

due t o  incnrreci; squib i n s t a l  l a t i o n ,  and the  s c a t  t o r e  loose  from the  

- .  . -  f l c ~ r  clur.in:j i i cpac t  due t o  inadequate mouriting. No useful d a t a  was 

obtai  rled. 

I 
I 



P t ? O E I I I X  TEST 251-8 (18 rdove;;iber 1972) 

39.3 mph, 30" oblique r e a r  impact, 19 G peak occupant compart- 

ment pu l se ,  50th percen t i  l c  o:ale dumny, HSRI/UniRoyal head r e s t r a i n t .  

This t e s t  :.!.as run to  evaluate  the  perforicance of t h e  bas ic  HSRI/ 

UniKoyal system i n  oblique in~pac t ;  sc t -up was the  same a s  f o r  t e s t  261-4. 

The i n f l a t o r  f i r e d  10 msec z f t e r  impact, and t he  bag was f u l l y  deployed 

24 r s ec  a f t e r  i i lpsct .  As ,:iie dun:aly ir,o~cci i c t o  the  bag, t h e r e  was 

no neasurzble  ex tens ion ,  b : ! ~  there  \&:as s l i g h t  f l ex ion .  I n ~ ~ c d i a t e l y ,  

hovever, t he  kcad turned t o  tile l e f t  and r o l l e d  backvjard s l i g h t l y ,  wi th  

the  l e f t  s i d e  of tile he(;ci i n  contac t  v:ith t he  bay. 
.. - - 

As t h e  t o r s o  turned t o  the  l e f t ,  the  l e f t  an;: and shoulder  went 

under thn l e f t  lozd s t r a p ,  (:llc:iing t h e  s i d e  of t i12 f a ce  t o  con t ac t  

t h 2  u;;pcr ;i;,*t hi' t h 2  s t rap ,  At t k ?  S ~ L - I ~  .-ire ti;. !:tiees car;;? u p ,  and 

t he  l e f t  t h i ~ h  s:;iing i n t o  con tac t  with t,he l e f t  load s t r a p  (lo:.!er p a r t ) .  

I n  a rarr:pir;g nx t ion  t h a t  \:as sgsraviit.ed by the  v e r t i c a l  osc . i l l a t ions  

of the  c a r  a s  i t  l e f t  the bar l - ier ,  t h e  cluir:ny rose  about 6 inches  off  

the  s e a t ,  knees raving upward; t he  pos i t i on  of the  l e f t  shoulder  -- 
uncizr the  load s t r a p  --  prc\i"~tiid excess ive upi.:ard excurs ion.  

As i n  t e s t  261-4, defor::jation c f  t h e  veh ic le  f l o o r  caused t h e  

r ea r  of t i l e  s e z t  t o  drop di;:.:ri\~:c7rd a t  i~i ipact ,  r e s u l t i n g  i n  a  re;rv,ard 

s e a t  rotatior1 c.? abcut  1 0 "  tixt a l s o  zgi;rc?vated r a ~ ; ? i n g ' a n d  rebound. 

The du::;:~y s l i d  Sack dss,,ln irlio the  s e a t ,  bending fon,:ard and 

leaning t o  t he  left a t  the  r.:aist. He c a w  t o  r e s t  s i t t i n g  on t he  

l e f t - . f r on t  cort;:r of the  sc - t -?an ,  t i l t 4  bxk:brard and t o  the  l e f t ,  

w i t h  l e f t  sk2:rl:ir ? . r~d l e f t  s i d e  of liz;ic! a y i n s t  scat-back arid head- 

r e s t r a i n t  res?cc!.ively. 
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F i g u r c  35, Vehic le  261-8: Pos t - I i i~pac t ,  









Pt!CEIIIX TEST 261 -9 (1 1 Decenber 1972) -- - 

60.9 ~ p h ,  ca r - to -car  d i r e c t  r e a r  impact 40 G peak occupant 

coriipartment pu l se ,  50th pe r cen t i l e  niale duminy, bas ic  HSRIIUniRoyal 

head r e s t r a i n t .  

Vehicle se t -up and head-res t ra i  nt i n s td l  l a t i o n  was t he  same a s  f o r  

t e s t  261-4. The t e s t  veh ic le  \:as not crashed i n t o  the  b a r r i e r ,  but 

kcas s t r a c k  frcr: beh fnd  (kr!!iic a t  r e s t )  by a tjcgey vehic le  i.!ith a 

s ~ c c i c l l y  d ~ ; i ~ r , : d  en?ryy sbsorbing front end. 

The i n f l a t o r  f i r e d  approximately 8 mscc a f t e r  impact; the  bag was 

f u l l y  deployed 23 msec a f t e r  inpact .  The s e a t  ro ta ted  about 10" r e a w a r d ,  

but r(:m;>ing :;'as ver)' v ~ e i l  c o n t r o l l ~ d  a s  t h e  load s t r a p s  and bag pocketed 

the  st iouldcrs.  T h e r e  v:as sone i n i t i a l  mindtt f l ex ion  a s  t h~ .  head f i r s t  

contactcrj ti13 b;:;, b v t  c v t n p c j ~ n  ~, : 'J~D:c  c?nfi2L,cnt 2: t h e  b $ 2 d  2n.j s k s u l d e y s  
t'i 

10ilcli:cl the  bay .  14aximgin e x t e n s i c n  (appi-oxir,iately 12") occurred a t  about 

70 n'isec a f t e r  ivpac t .  Debris niade i t  d i f f i c u l t  t o  determine t he  exact  

t i r e  anc! ~ i agn i t ude  o f  extension. 

Test  f i lr , is  sho1:red tile cicployed bag t o  be t i l t e d  s l i g h t l y  forward 

o f  i t s  o p t i m ' i  pos i t i on ,  and t h i s  may have contr-ibuted t o  t he  severe 

rebound t h 3 t  ,;ccuired. A second f c c t o r ,  hexever, vas a l s o  important.  

The t e s t  s e a t  tl~for,i:xl e l z s t i c a l  l y  ( 1  G o  reariic?rd r o t a t i c n )  dur ing i npac t ,  

s to r ing  then "fezding bzck"  i n t o  ti;? cl:ir..:ny so;.:e of the  d l~ i !~~~iy ' s  k ine t i c  

encrgy. TI.)? na t t ire of tiii r seat /h: ! :d-res t ra i~~t  con t r ibu t ion  t o  rebound 

i s  discussed i n  Sectioii 7 .3 .2 .  







The dummy did rebound severely, bending forward s l i g h t l y  a t  the 

waist,  s l id ing  forviard to  the f ron t  edge of the sea t ,  s t r ik ing  and 

cracking the windshield w i t h  his forehead. His chest appeared t o  

s t r i k e  t h e  dish. Xoving bzckward in to  the s e a t ,  the dtiiiiti~y assunled a 

nearly upright  pos i t icn ,  then tippzd t o  the l e f t ,  s t r ik ing  the  s teer ing  

erheel rim \: i th the l e f t  s ide o f  his head. 



F i g u r e  4 1  . Du!nir:y 261-9: Pre -  In~pac t .  



Figure 42, Dun:r~:y %61-9: Post-lnipact.  



7. D I S C U S S I 9 : l  OF TEST RESULTS 

This  s ec t i on  d i scusses  and analyzes i n  d e t a i l  those  p a r t s  of the 

devel o p w n t  and t e s t i n g  program t h a t  were of specia l  s i gn i f i c ance  

i n  the e v a l u a t i o ~ ~  o f  deployable head r e s t r a i n t  concepts and i n  t h e  

s e l ec t i on  of t he  be s t  o f  t h e  sys t~ i : l s  s tud ie3 .  

'To i 1  i L ! s L L ~ ~ ~ . c J  t ! ; ~  i njury hr7zzrd posed by rear-end ifipac t r l i  ttlout 

hcad-- res  t l -a i l i t ,  to  qi~.:;ltify t h t .  p;uc?iileters involved, dzt,a frcrn sled t e s t  

A - 6 2 7  atid f r o i n  vehicle c r a sh - t e s t  251-5 i s  ~ i s e f u l .  /is the sequence photo- 

graphs o f  Figlrre 43 silo';!, k~c.:d/r:c.cl: exkcnsion i n  t e s t  A-627 (30 rllp11/24 G )  

vras severe (92"  a t  81 i;iscc), accoi!ipat~icd by a peak head angular  

acce1era;lion of 9570 r;:(.;/sec2. I t  s h o u l d  5 2  noted, too ,  t h a t  extension 

,,,? l ; , . . : J . , . '  ' !, 2. !. .! 
) , ( (a  i . , , ,  -%.. L C ,  I x CLS,:  b;;' I-i::;,if c~f i tc i i ' i  \! i ti1 tiie sioi;eci i icad-\  csirai  r1.i 

atid i t s  i ~ ~ i i t l t i  n g  p l a t e ,  \,:nich a l s o  causeci the very high angular  a cce l e r a t i on  

(Table  2 ) .  

I n  v e l ~ i c l e  crash t e s t  261-5 (40  nph/4% G ) ,  extension reached 106" 

as  t he  u11r.cs;lrai [led di;:i;~l3/ 6.1 so i~ndcrwent csns iderab le  ranipi n g .  ( I t  

Nas r;ot poss ib le  t o  dete!-.:iiine he34 &r ,gu ia r  ; :ccelerat ion.)  As noted 

i 11 t he  11arrt;tive si;:::i~;nry fo r  t h i s  t e s t  (Sect ion 6 . 5 ) ,  reboul-id P:ZS 

a l s o  se\!ere; the d\ii;:::y s t ruck both t he  r o c i  of the  c z r  arid t h e  dash. 

D:li:;:l,' ki nc!.:d t i c s ,  de?i+ee of l ~ ~ a d / n e c l :  extension,  and r e b o u ~ d  f o r  

thsse ti.;t:) i.t?sts can b ?  coi:::3arc3 t o  thus? observed i n  s l c3  t e s t s  zi; 

ccr'parabl a spe2ds arid decs:c~*at i  ons. 





ti!:ic..U AZCEL. ,  A-P  ( I )  

( 25 G / ~ I ' . ' I S I ~ ~ ~ )  

!!Ci".D ,':CCEL., A - P  ( 2 )  
( 25 G,'CI','!SlO~~! ) 

t i C i \ D  ACCEL., S - l  ( I )  

(25  G/DIVISION ) 

? 

VISICGSDER TRACES FG2 SLED TEST 4-627 

(29.2 f,'iPH REAR IhiPP-CT, NO t l E A D  RESTRAINT ) 

FIGUSE 44. 





7.1 B . F .  G O Q D Z I C H  EEAD RESTEGIiiT 

The Goodrich system under\a:ent s i x  s l e d - t e s t s  ( f ou r  ? r e - i n f l a t e d ,  two 

deploying) snd one ve1;icl e c r a s h - t e s t  (dep loy ing) .  Pre-inf l a t e d  t e s t s  

(2-142, -143) of t hz  basic  unit determined the  mounting geooletry and 

i n f l a t i o n  pressure  required f o r  adequate fo re -and-af t  s t i f f n e s s .  The 

r e s u l t s  o f  2-143 (30 tr;ph/21,6 G )  a r e  presented i n  Figures 46 and 47 ; 

ran:pi n g  a n d  rebcunc! \:ere  el 1 contro'l l e d ,  and rearward ex tens i  or] was 

l imited to  30.5'. I t  \;!as apparent ,  ho::ever, t h a t  the  system tended 

t o  deForm e l a s t i c a l l y  under loiid, s t o r i n g  energy a s  i t  r o t a t e d  rearward,  

. - 
then Pecciir,g i t  hack i n t o  the  l10cld and thereby causing a  rebound problem. 

This was  v e r i f i e d  i n  l a t e r  t e s t s  a t  highur ,speeds. 

I n  a  s e r i e s  of  th ree  s l e d - t e s t k ,  t h e  I lod 1  conf igura t ion  was 

eualuaieci. A,-6i l i i n i  i:-ijig \!ere prci  n f  l a t c d  t e s t s ;  t he  r e s u l t s  of 

A-618 1:ph/44 G )  a re  r ep r e sen t a t i ve  of system performance, and a r e  

described .ill I'igurcs 43 and 49 . Although t he  heaci- res t ra int  was 

pressur izcd t o  20 p s i  and b:as ra i sed  t o  improve head-contact  geometry, 

extension s t i  'I 1 reiiclixl 43.5" as t h e  head- . res t ra in t  de f l e c t ed  rea rvard  

undzr l o sd ,  ti,lso, the  \!sad s c !  a  peak A-2  acce l e r a t i on  of 110 G a t  t h e  

sarr? ti::!? t .h? t  iliaxi::-:rx extension occi!rred,  These even ts ,  coupled with  

t h 2  sevEre rebound th3t f01 l c ;~ i~ t i  ind ica ted  a g a i n  the  se r iousness  of t h e  

energy-storing " a i r - s ? r i r t gu  cii l :ractet*ist ics of t he  Goodricll system. 

For co i~ :pd r i s~ t l ,  t::o clcp1oyir;g t e s t s  of  the  b!od 2 systern e:ere 

a t t e i i ? ted :  s l e d - t e s t  F,-619 arid vcil icle c r a s h - t e s t s  261-5. Although 

the  i n l o t -po r t  configuratioris anti b ladder  ma t e r i a l s  v:ere d i f f e r e n t  f o r  

ti;e t\:3 tzlsts - - - -  i h d  l/t:atural r i lbber,  and i b d  2/ inner- tube rubber,  





SLED PULSE 

( 10 G/DIVISION 1 

H E A D  ACCEL., A - P  ( I )  

( 5 G/DIVISiCN 1 

- - -- . 

HEAD ACCEL., A-P  ( 2 )  
( 5 G/DIVISIO?,J ) 

HEAD ACCEL., S-l (I) 

( 5 G/DIVISION ) 

1 )  

C E A 3  ACCEL., S-1 (2) .__d -------d , @\W. - -  
- .- - - .  . 

( 5  G/DIVISIOiL' ) 

\ . . .  I '  

VISICC2CER T,S+':CES FO!? SLED TEST 1-143 

( 31.1 RZPH R E A R  IGPLCT, B.E G003RICI j  HEAD IiESTRAINT ) 

FIGURE 47. 



i 
. < . .  - , - : . .  , . - . I .  I .  

1 
. I  

A-610: Graph-Chek Sequence. 

103 



S L E D  PULSE 

( I0 G/DIVISIOP!  ) 

HEAD ACCEL.,  A - P  ( I )  

(12.5 G / I ) I V I S I C N  ) 

HEAD ACCEL., S - l  l I )  

(12.5 G/DIVISICN ) 

HEAD ACCEL.,  S - l  ( 2 )  
&----------- 

. . . .  . . .  . . . . .  - - - - 
J"*d 

(12.5 G/DIViSiZi:\! ) 
\ 1 
\h ' c 

TiblE BASE 6.25 TJSEC/DIVISIOIJ 

YISICCfRDEt? TRACES FOI? $LEE -TEST A-618 
I 

(39.6 KPt i  -lF:EA2 ItAPACT, 0.E GOOORICH HEAD RESTRAINT ) 

FIGURE 49< 



respect ively  -- the s t r e s s  of dynamic i n f l a t i o n  caused bladder f a i l u r e  

in  both cases.  

The t*:od 3 un i t  :.~.ith a neoprene-coated nylon bladder was t e s t ed  

in deploying sled-run A-621, and again,  bladder f a i l u r e  a t  and near 

the i n l e t  r,ade the  t e s t  unsuccessful. (Bladder material  f o r  t h i s  t e s t  

was iden t ica l  t o  t h a t  used to  construct  the HSRI/UniRoyal a i r -bag,  

descri bcd i n  S e c t i o n  4.3; oeometry was, of course,  dif f c r e n t ,  ) 

The ~:c7jor insu.fficicncies o f  the Goodrich un i t  viere i t s  e l a s t i c  

load-def l ec t ion  cha rac t e r i s t i c s  a n d  i t s  bladder material  problem. 

I t  \:as not possik)le to  pursue solut ions  t o  these  probleiiis and a t .  

the  sairie t i ~ e  t o  develop the HSR1/U1liRoyal prototype,  vthich appeared 

t o  o f f e r  svhs tan t ia l  ly  be t t e r  performance z t  lower "cost"  in  time 

el::! de\;el ~ - l - = n !  , , ,_ , cf-:art.. The problcins do riot appear t o  be inso lub le ,  

and n i g h t  k c  worth f i l r t l ~ s r  study , a s  the Goodrich unit; offered a r e l a t i v e l y  

simple, lo**: costapppi*oach t o  obtai r,i ng  i n f l a t a b l e  s t r uc tu r e s  ~i ti1 complex 

shapes. 



7.2 G G O D Y E A R  i\IRI1IIT HEAD RESTRAINT 

The Goodycar prototype was subjected t o  f i v e  s led  tes t s :  

four p r e i n f i a t e d ,  one deplaying. In t e s t  2-148, t he  f i r s t  p r e i n f l a t e d  

eval i ia t ion,  mou~t-ing desig:! on the  bas ic  system was found t o  be i n -  

adequate; t h i s  problem p r 0 ~ 2 d  t o  be one of t he  major d e f i c i e n c i e s  of 

the  system. Fi9ures  j0;itici 51 i l l u s t r a t e  t h e  r e s u l t s  of Z-148 

(40 ~ ; j : h /  43.2 G ) ,  i n  r;hich tile f r o n t  t ic-doun clari::, f a i l e d  under' load ,  

a11c;:ir;g t n z  I lezri res t ra i l - i t  t o  r o t a t e  rtlari,:ard. Although ex tens ion  vras 

limi tc.3 t o  28", t h e  dunny neck did con t ac t  t he  f r o n t  edge of tlie mounting 

platform, rendr.).j ng t h e  t e s t  i n c o n c l u ~ i \ ~ e .  
. . .  . . -  - - .  

The I b d  'I p rc to type  i n c o ~ p o r a t e d  a  s t r onge r  f r o n t  hold-down 

rnechani si:i ( s e e  i-i!;ui-e 10  ) t h a t  iii\proved head - r e s t r a in t  per.fori;:ance 

.in tlit! r1cx-l : !..,~;cji.ice of prciiiflc'ied "Ls t s :  A-61 Q, -6 i  5 dnd -616. 

In a  30 mph/ 23.2 G t e s t  (A-615) ,  extension vras ljt-xited t o  8,5O, 

and r2c:~i :ng was v!el 1 -con t ro l led  by t h e  formrd-projecting Airmat 

side-par:el s ;  F-igvrcs 52 and 53 dzscr.ibe t he  t e s t  t*esu l t s .  

A-61 6 \:as a nlore severe  40 r;i?h/li4 G t e s t  of t he  system, and again  

extension (25" r:axii::itrn) an3 r a ~ p i  ng w r e  we1 1  --cont.ro11ed ( s ee  Figure 54 

i t  ;p l xa red ,  I:c;:;icver, t h a t  ti;? syste i :~  r.!as a l f ios t  too s t i f f .  As 

F i g u r e  55 s h a ~ i s ,  a 90  G hcad  /I-? a c c e l e r a t i o n  sp ike  occurrcd 43 nisec 

a f t e r  i : c p ~ c t ,  d e s p i t e  t h e  separa te  3 psi head-cushSon bag i n s t a l  led 

s p e c i f i c a l l y  t o  " so f t en"  head contac t  with t h e  1 5  psi  Air111at. 

I n  p r cp? r s t i on  fo r  poss ib le  dyr~ai;iic t e s t i n ?  i?~  Phoenix it1 

Septc;,ber. 1172, th;.  ; h d  1 un i t  elas adapted f o r  use ~ i t h  t h e  Olin 

infflc?t,sr, arid a  c:cpl cy.itig t c s t ,  A-620, !:':,s rLin ?,t 30 n:pi1,127 G, The 

s t ress  cf  rapid i ! ~ f l a t i o i ~  \':iptured ths r e a r  A i r i : n t  pat:el, i n  a 



F i g u r e  59, 'Test 2-1 48: Graph-C tit. k Sequence. 



SLED PULSE 

( 10 G/D IV IS ION ) 

HEAD CiCCEL., A - P  ( I )  

(50 G/D IV IS ION ) 

1 ,  . . . . . . . . . . . . . .  - - -....-....- - ...-. - - 
I . . .  . . . . . .  . . . .  - - - - . . . .  ....... . . .  . . - - - - - - . - .- 

HEAD ACCEL., A - P  ( 2 )  . . .  . .  1 

HEAD ACCEL,., S-1 ( I )  

(50 G/DIVISIO?J ) 

HEAD ACCEL., S- l  ( 2 )  

(50 G / 2 I V I S I C N  ) 

T l i h E  BASE 6.25 !ASEC/DIVlSICN 

! 

VISICO3DER TRACES FG3 SLED TEST 2-148 

(40.3 /+!pH R E A R  I!;lF;ACT, GOODYEAR HEAD RESTRAINT ) 



! 

F i g ~ r e  52. T e s t  ?,-.615: G1'2~!1--'3ti,:?k Sequence, 



SLED PULSE 

( lo G/CIVISION ) 

H E A D  LCCEL., A - P  ( I )  

( 5 G/DIVISION ) 

. .  - . - - ..........- 

+4----+'<,, 

............. . . . . .  .. .-...-. ...-.-. -- -. . 

. . . . . . . . . . . . . . . . . . . . . .  . - 
... . . . . . . . . . . . . . . . . . . . . . . .  . .  - .- - -. - -. . 

HEAD ACCEI.., A - P  ( 2 )  --.. 3 - L 

..... ........ . . . . - . . .  - 
. . . . . . . . . . . . . . . .  ( 5 G/DIVISION . . . .  

. . . . . .  .- .. - -- 
. . . .......................... ..... 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  --. . 

I 
I 
j 

. . . . . . . .  - .......... .- . . . . . . . . . .  - -~ ..- - 
. . .  . . . . . . . . . . . .  - . . . . . . . .  

. . . . . . . . . . - . .  . . . . . . -  
. . 

4% 
HEAD ACCEL., S - l  ( I )  . .  L :  . .  .. 

( 5 G/DIVISIO;\I ) 
. . . - 

--- +A) \;. ,"Ad4. 
HEAD ACCEL., S-l (2) . Î " 

( 5  ~ID IV IS IOX ) 

! 
VISICO?DE!? 7RC.CES FOZ? SLED TE.ST 4-615 

(29.8 F(IPH REAR IIJPACT, GOOUYEAR HEAD RESTRAINT ) 



r igure 54. Test A - G I G :  Gt-aph-Chak Sequence, 



SLED PULSE 

(I0 G/DI'JISION ) 

. . . . . . . . . .  . . . . . . . . .  I -. .. 

............ HEAD ACCEL., A - P  ( I )  . :i. i -a_- 
. . . . . . . .  .......................... 

. . . . . .  ( 12.5 G/'DI\'ISiON ) 
.......... - .  

- - -  HEAD ACCEL. , -L-P ( 2 )  
(12.5 G/DIVISiON ) 

HEAD ACCEL., S-1 ( I )  

(12.5 G/DIVISION) 

HEAD ACCEL., S - l  (2 )  

(12.5 G/DiVISION ) 

I I 
I 
1, 
, TliJE BASE 6.25 A4SEC/DI\/ISION I 

VISICORDER 'TRACES FCC? SLtG yp"' I L J I  A-6i6 

(39.8 A'PH B E A 3  ITr:PACT, GOODYEAR HEAD R.-STRAINT ) 

F I G U R E  55. 



progressive f a i l u r e  t h a t  Goodyear described t h i s  way (following post-  

t e s t  ana ly s i s ) :  

one or more of the  droplieave threads  f a i l e d  in  tension during 

tix i n i t i a l  p ~ e s s u r e  s p i k e ,  due fiiost l i k e l y  t o  a n  e r r o r  made 

during f sb r i c a t i on  -- inconpl e t e  bonding, or perhaps excessive 

use of bondin,:: il:ct?rial i n  laying u p  the  dropvreave; 

* o.thei4 drcp 'ihre;.,cis triccl t o  t a t e  up the  load froni the  f a i l e d  

f i b e r s ,  and \ 2s-e o\c.rs'cressed t o  the point bihere they beyan 

t o  Cz i l  o r  y ~ i l l  o u t  irci:i the  f a b r i c  panels t o  which they \:ere 

t h ?  f z b r i c  p a w l s  began t o  L~clge as  pressure increased and more 

/ drop il:reads failed, Fina l l y ,  overexpanding ;inti  1 t h e  f r o n t  panel 
I 

t o r e  across  i t s  f r o n t  face ;  t he  r i p  a l s o  extendsd i n t o  t h e  inboard 
1 

wall s  o f  b o t h  C;iri-;,at s i  d e - p ~ n e l  s.  

The i n i i e r ~ n t  s t i f f r 2 s s  of t h e  Airmat head- res t ra in t  ..-- a r e s k l t  
I 

o f  the  dro?:icaj:e ccr:struction plus tilc very thick coating of s ea l an t  

applicd t o  t h c  f a b r i c  panels -- appeared t o  kc t h 2  cause of seve;,zl 

proS1e:;is encoui;terc.d in dev?lop:~'?r;t tcs t i i -~; j ,  Sto\,iing the  u n i t  w e n  i n  

i t s  defla'icd sta'ic \:as d i f f i c u l t .  I n  addi t ion ,  the  i n f l a t cd  systt.i;i 

(see  t h .  nat-r(;t.ivc s~ii;.;r.~?,r.y of A-616 and the discussion above) \\:as 

almost boi,rd-l i  k c  i r ?  i t s  s t i f i ~ ; e s s  snd non-coinpliance under head loading. 
1 

And f i n a l l y ,  t h ?  i!:3bili;y of the  systein t o  "give" o r  s t r t . tch  under t he  
, 

I 

pressure surge o f  dyt:ai;lic inf ' lation contr ibuted t o  i t s  f a i  l u r ~  i n  t e s t  
I 



Although HSRI contemplatcd redesign o f  t h e  Airmat system in  

col laborat ion with Goodyear a f t e r  t e s t  A-620, the time and cos t  

involved i n  such a n  e f f o r t  proved t o  be beyond the scope o f  con t r ac t  

HS-031-2-281. 



7.3 HSRI /U i4 IRGYA?  HEAL) P\ESTPAIt.IT 

The HSRI/UniP,oyal system was t h e  most extensively  t e s t ed  o f  t he  

head-res t ra i  nt prototypes ,  undergoing a t o t a l  of s ix teen  sled t e s t s  

( f i v e  p re i r l f l ? t ed ,  eleven d 2 ~ l o y - i ~ ~ )  and f o u r  veh ic le  crash t e s t s  

( a l l  deploying).  

7.3,1, Inii . ia1 S l e d  T e s t s  --------- 

The S i r s t  t e s t )  2-1 26, was an  i  r~vss ' i igs t ion of inf:atioii dynalnics 

and of  the effect o f  rapid bag d:ployr;;;.ni o i l  a n  out-of--pgsit ion occ~rpani;. 

Sezted as shr,:ri~ in  Figure 5G, the  50th pe r cen t i l e  male d~ in : ;~  r e c e i v ~ d  a 

99.5 G head a c c ~ l e r a t i ~ n  spike as the  bag irlf ' latcil,  corresponding t o  
. . 

a HIC of  907 .1 ,  Although close  t o  t,hc i n j u r y  to ierance I i o ~ i t ,  this 

i n d e x  \;;as corlsiciered accc?table .  

k scqa~i1,;.  0; f i3 t s  ~ i - ~ f r i f l ; t , J  k s t s  i;i; Ihr: basic  ?r::.to':y~e (s.5 

Section 4.3 a n d  Figure 6 )  es tab l j s i . 12d  n l o u n t i ~ ? ~  geonetry 2 n d  dci;:onstrated 

the  c?b i l i ty  6.F the syst.cr1 t o  carry  h ~ a d  loads i n  30 n?p11/20 G and 40 ~ i i p t ) /  

30 G r e a r  ir.:pacts. A co:,;;:arisol~ of t e s t s  2-128 and 7.-129 ind ica tes  

t h e  s i g n i f i  carlt con t r i  t i l t f o i l  t o  fo r? - i~nd-af t  s t i f f ~ i c s ;  n~ade by the  s i de  

lozd s t r z p s ;  hri:d/ r,cck cxtznsion :.:AS reduce2 frc:n 29" t o  about 2' by 

additlg load s t r zp s  at;d at"i,ci?ing "LC? lovr c!? tl-!E s ?a t . - f r~*~ , i e  t o  the s i de s  

o f  the  s e a t  psri ( see  T a b l e  1 a n d  F i ~ ~ u r e  6 ) .  

Figirt-es 5'1 2 n d  53 ~ i i i l : i  tile rest1'1t.s of 2-.I.$], a 40 1,1p'ii/44 G 

"\idYst cije" t c s t  \;'itt~ 1o::d-straps i n  place a n d  b a g  pi 'einflated t o  7 p s i .  

Extension 1 iioi ted to 25. 5% a n d  both ~ ; : r ; ) i  r , ~  2nd reb~iir:d \.!ere \,/el 1  

c o n t r o l l e d .  Tile o:ily cai.rsc f o p  concern v!as t h e  r a t he r  tiigll head A-P 

? z s e l t ? i - ~ t i i ; i ~  p ~ s t  o f  92.:; C? that occui-red i?!'r:;t 2 iilsilc L7cfq:-e r;issi:.:il:;i 

ext+nsioii. This peak \:as attr ibii tccl  r i o t  t o  t!~i; / i1ead c o ~ l t a c t  b u t  t o  





F i g u r e  57. T e s t  2-141 : Graph-Chek Sequence. 



rii.:,3 :,C:CCL., S - 1  ( I )  

(1:; !I G/CIVISIGN 1 

LEFT F5l.T LOAD 

(100 LB,'D!'dISIO>! ) 

----- -4 - ------ -- - 
TIME BASE 6.25 MSEC/DIVISION 

' 

VISICORDER TRACES FOR SLED TEST 2-141 

(40.0 FeIPH REAR IIIIPACT, I-{SRI/UNIROYAL HEAD RESTRAINT ) 

FIGURE 58. 



angular head a c c e l e ~ a t i o n ,  whict) reached a maxin~um of 4540 rad / sec2  a l s o  

a t  about G nsec before  niaximum extension (48 nsec a f t e r  impact) .  The 

nature  of t h i s  head angular a cce l e r a t i on  i s  d iscussed i n  more d e t a i l  

i n  Sect ion 2,  and i s  p r e s ~ n t e d  i n  both schematic and t a b u l a r  form i n  Table 2. 

Two deployin! s led  t e s t s ,  2-146 and Z-147  were then run b r i t h  t h e  

HSRI/UniRoyzl system and the  01 i n  i n f l a t o r  i n  p repara t ion  f o r  veh i c l e  c rash  

t e s t i n g  i n  Pi.~oetiix. The r e s u l t s  of  Z-146 (30 mph/21.2 G )  a r e  shown i n  

F i g u r e s  52 ar,3 63;  a1 ti-:oiigil ' i i - i e ~ ~ ?  \.:Js no ri~casurable hcad/neck extension 

i n  Z-146, the  i-!cad did y o  i n t o  f1o:iol:  2s i t  made cont2c.t with t h c  

deploying b a ~ ,  gsnerat fng a peak head /',-P acce l e r a t i on  of about 50 G .  

Rariipi ng  and rebound \:ere vie1 1 co i l t ro l l  ed. 
. . .  

[This p henol-cncn of -bag 'Is1 a p "  -- contac l  between tlie reakO;a6d-mov i  n g  

head and t h e  ci?ployir~g b?; t h a t  causes  sh;;,rp t i e ad -acce l e~~a t i on  sp ikes  -- 
i s  . 1 j i i c !  . I  I i I l a l e r  tic;) i oyi" 3 1  e d - t z s t s  3-i" t k , ~  

HSKI/UniRoy?l systcr ;~ ,  including ti;? f i n a l  development t c s t  s e r i e s  (A-623 

thi-ouyli A-639). Rcsul ls  of th?se  l a t e r  t e s t s .  t h e  s e v e r i t y  of t he  bag s l ap  

in  each t e s t ,  3nd t h c  chanzcs r1~362 t o  reduce the s e v e r i t y  a r e  a l l  descr ibed 

l a t e r  i n  t h i s  s ec t i on . ]  

7 , 3 . 2  -.- Vehicle Crajh Tes t s  .- 

In con,iur,cticn \ : i t \ ~  Dynzniic Science,  i n  Pl~oenix Clrizona, t h e  %!?I/ 

UniRoyal sy s l ' e ,~~  \:as evaluated i n  f o l ~ r  veh i c l e  c rash  t e s t s .  ( \ l eh i c l e  

prepal-a t i c ; )  i s  describcci in  Scction G.4. ) Tes t  261--6 yie lded no useful  

d i i t a ,  r,ot bcc3use cf hzad- res t ra in t  f a i  l u r e  hit because of i n f l a t o r  ~ ~ i a l f u n c t i o n  

a~;-l i  t ~ sde i~ua t e  s e a t  i  r i s t a l l ~ t i o n ,  tiloi:ever, t e s t s  251-4, -8 snd-9 provided 

valuc?ble cc;; i?arativc data  011 he ; ,d - rps t r~ i  n t  pcrfcvr;:ance i n  r e a l  veh i c l e  

j:c~s!ls SIX!.- t ~ s t  i;:<!:acts, arid 011 t . 1 ~  di ~ ~ C ~ - E I ? C P S  het\$:een t h e  types  cf de- 



F i  yure 59. T e s t  2-1 46: Grapn-Chek Sequence. 



SLED PULSE 

( 10 G/DIVISION 

HEAD A C C E L . ,  A-P  ( 2 )  
(12.5 G/GIVIS!OI~I  ) 

H E A D  ACCEL., S-l  ( I )  

(12.5 G/DI\JISION ) 

HEAD !..CCEL., S-1 ( 2 )  

( 12.5 G/Dl't/iSiON ) 

BAG PRESSURE 

f 5 PSl/DI\!I'SION ) 

TIME B A S E  6.25 tJSEC/DIVISION 
' 

VISICORDEF: 1'HACES FO!? SLED TEST 2-146 

(31.6 h?PH REAR Ii<IPACT, HSRI/UNiSOYAL HEAD RESTRAINT ) 

FIGURE 60. 



In a l l  t h r ee  t e s t s ,  t h e  i n f l a t o r  was t r iggered  by a  rear-bumper 

contact  switch,  and the  bag was f u l l y  deployed within  15 t o  24 msec. 

In  a typic21 s led t e s t ,  bag deployllent vras t lotcernplete u n t i l  28 or  

30 msec titer iri:;&ct, 

Occupant-co~?art1;:2nt dece le ra t ion  pulses  were l e s s  severe  (lovier 

average ~~;y:!i'iude, ~ 1 - i  t h  "ra;i:p-type" onse t )  tl\an s led  dece le ra t ion  pulses  

f o r  equival grit-s;:eed i ~ p ? ~ c t s ,  For ~ x a i ; ~ p l e ,  co,;lpare tile occupant 

ccnlps.riclc2nt t r ~ c e  of  Ficjirre El (251-4/40 e l p l l  b a r r i e r  i ~ : p a c t / 5 €  G p 2 a k )  - 

\/it11 the s lcd  pulse of Figlire 75 (A -626 /40  til?ii/33 G) or of Figure 58 

(2-1 41/40 rl:;h/40 G )  , 
.. . .. - - 

I n  every vehiclc  cr;,st\ t e s t ,  the  t e s t  s e a t  under~:c.nt s i g -  

n i f i c an t  r e d n a r d  rotat-ign (10-15") a s  the f l c o r  of the car deformed 

a t  jir~?c.i-.. i . ~ i s  c i e f ~ r i ; i a t i ~ n  a r , d  s c a t  r o t a t i c n  \;!as e l a s t i c  in na turc ,  

and did cc~ntr.ib:~.te t o  t h e  head-.accclcration and rebound l~rohlems noted 

in  t e s t s  X i - 5  a n d  261-9. 

It s h o u l d  be noted that t i l e  d~!ir,mies .in the  c r a sh - t e s t  veh ic les  

\rere unrr-strained (no 1211 or torso b e l t s ) ,  v i l~i le  s l e d - t e s t  dun~mies 

uere l ? , p -Dc lk i  i 11 ev2v.y case .  

I n  b o t h  261-4 (d!'i.er:t rca r  ir;.,?sc.t) and 261--3 (30" oblicjue r e a r  

imjlact) , ti;. t,c?,d r e s t r a i t i t  effectivs1:i l inii ted extension a n d  ramping. 

flesultant IICJ~ x c e l l ; r ~ t . i c n  :.!as iibo:iC 45 G f o r  261-4 and about 60 G 

for. 261-8, Rc'hcl;l?d :.:(is ;.;ore severe than e x p ~ c t e d ,  due p r i i - :d r i ly  t o  

tlit. e l a s t i c  sc3 t  def~i'i:iii:~l i;t-~d t o  t h ~  non-use o f  r e s t r a i n t  b e l t s  

011 t1.s t e s t  ti!ri:::nit.s, as rioted above. 

! 







In t e s t  261-9, extension was more severe  (12") ,  but  s t i l l  well  below t h e  

45" 1 i n~ i  t considered dangerous; ramping was we1 1-control  l ed  by t h e  bag 

and the  s i de  lozd s t r a p s .  Rebound was q u i t e  severe ,  however, and was 

acco::i;~~il-ies by z n  29 G r c s u l - i ~ i t  head acce l e r a t i on  sp ike  j c s t  as t h e  

dumy head l e f t  t h c  bag a n d  went i n t o  f l ex ion  a t  zbout 100 msec a f t e r  

bog?!/ (r;;;sact. E o t h  prcblexs  w r e  t i l e  r e s u l t  of t h c  head b e i n g  thraln 

formr t i  r a t h e r  s i i :~p ly  a f t e r  t h ?  extehsion phase, a n d  i t  i s  f e l t  t h a t  

t ~ o  f2;tors c; , . .b icxI  t o  causn t h i s  sll3r.p for::ard rl~;~'iion. These f a c t o r s  -- 
s e a t  r o t a t i o n  w i t h  respec t  t,o veh i c l e  i n t e r i o r ,  and head . - res t ra in t  r o t a t i o n  

- - with rcspec t  . . t o  the t e s t  s c ? t  .-- a r e  sl\c;vit? grap l i i ca l ly  i n  Figures  64 and 6 5 .  - 

I : i rs t ,  tile s c a t  de fo r i x t i on  problea descr ibed car1 i e r  was q u i t e  

a p;.ri;nt in t h i s  t e s t ,  and i s  shoi>:n a s  a  p l o t  of scat-back ang le  versus  i: 
' I '  T O  c  S ~ . a t :  hi;ck a n g l e  \.:as cic7in.d 2 s  t.11~: angle  be t~ :een  t h e  

L 

seat: !:sck and a ncn-;~ov-ing r e f e r e ~ c e  p' lane on the  - i n t e r i o r  passe1:ger- 
I 

s ide  cioor, c:eas9rcc! : ? I ~ C I ~ G C ; ~ ~ ~ . ' S C ~ I ~ ; /  frcl;i a ijynamic Science t e s t  f i lm .  
I 

S ~ c o n d ,  the  ali_ol e bct1;i??n ti;? dep'l ojled t iead-res t ra i  nt bag and t he  

seatm.h2c% frains ',,lss r,ezsured frcm the  s a x  ii l n ~  and p l c t t e d  on t :e same 

t i i n e  b::sc. A v c r t i c a l  l i w  i nd i cz t e s  t h e   ti;^^ a t  ~ i h i c h  t h e  dur-.i;y's head 

I t  \ioufd a p ; x r  t h a t  be t i :  s x t a a r ; d  i12ztl-restrtiint bag fed  energy 

back i rlto tile t:a:?ri of  the  d\i!.:.i.~j/ h f t e r  d e f o ~ i n i n g  ( e l a s t i c a l  l y )  rcarvra~*d 

a t  ii;l;~sct, T h e  i ie%d acc,~lt.ra'i .l:cn spi  ke i  s c l e a r l y  not t h e  resir 1 t o f  -- 

coi.i:ac';. !~?t:.:ecn I : x d  aild' k,:ij, hc;d a n d  sec:.t or 2nd v e h j  c l c  
I 

i n t e r i o r ,  but r a t h z r  the  r e s u l t  of hiy1.i l ~ e a d  angular  acceler i ! t ion a s  

the /;?:id (and  se2t atSid txscl t ~ c s t r a i ' r ~ t )  s topped r o t a t i n g  . 









back~iard and s t a r t e d  ro ta t ing  for~dard.  The f a c t  t h a t  t h e  head under- 

went moderate f lexion a s  i t  l e f t  t he  bag would tend t o  confirm t h i s  

hypothesi s. 

7 ,3 .3  ClbliqueIc?pact Tests 

A n  atte:npt :.;as made t o  rr:edify the  \-iSRI/UniP,oyal system t o  improve 

oblique-iinpact p~r fa r t~ lance ,  by adding in tegra l  side-panels t o  t he  simple 

e l l i p t i c a l  b a y  il\~il using t h e  s id?  load-s t raps  t o  h3ld tile panels i n  

posit ion duri t?g i t i f ?a t ion .  Test  A - 6 2 2  \,!as a 40 fiipi1/33 G deploying 

sled-run, 30' cblique r s a r  ' ; i , :~act  with t h i s  modificd system; r e s ~ i l t s  

are stiol,in in  FicjL~res 66 and 6 7 .  This t e s t  i . 13~  run a f t e r  261-8, i n  whicl~ 

- . -  
. . the -- u t ~ ; ; i ~ d i f i ~ l  ------- !-jSRI/UniRoyi;l systfi: performed very v ~ e l l  in a 30" 

obl- ic : :~~ b a r r i e r  crash (see  tli. t e s t  surp!;:ary i n  Section 6 .3) .  Although 

p ~ r f o r i x n c e  ~f t h e  modifiecl systen; b!as very yoocl z l so  (5" extension,  'T 
wkl l . ~ c a n t r o l l s i  rmp ing ,  r;;3c'?ra'ic rebcund, 50 G r-:i.:r,Smurn resul tcii~t head 

acce l e r a t i on ) ,  t . ! ~  added s ide  panels !:ere d i f f i c u l t  t o  stop! c o i ~ ~ a ' c t l ~  

and tended t o  s l i p  o u t  from under the  s i de  lo2d s t r ap s .  
e .  i 

I 
7 .3.4 Fin31 Fc,;-?cmance S l a d  Tests  - -----..---------- --- ! 

'Tl-te l a s t  seqaence of t o s t s  in  t hz  progranl (A-623 through A- , ' ;30)  

consisted of four deploying s l ed  t e s t s  v!i th the 5 th  perccnti  l e  fein3le 

and tilrze \./itli t h e  95th pet3ci?nti1e ~;121e, (A-627  k!as a b a s e l i ~ e  t e s t  

with no hezd r . s i ra in t ,  ciescribcd a t  t,k? beginning of Sectiori 7 . )  As 

noted i t1  Ssction 6.3 just  before the  s:ii;:nary of t e s t  A-623, t h r ee  

s l i g h t l y  d i f f e r2n t  s led  t7uiscs vere used f o r  these  f i n a l  pevfcrniat\ce 

t e s t s ,  a t  thr! s~ icges t i cn  of  D O T .  



Fig, .~)-e GO. T e s t  A-622: Gr;\pli.-Chek Sequence. 
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SLED PULSE 

( io c; /o lvrs lord 

. - - - -- - - . 4*---!J .. ! ' - -  
HEAD ACCEL., A-P ( I )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .......... .:- . .,.. :Z~~I .~-I I~: I ; .  . . :X .... 

HEAD ACCEL., A-P ( 2 )  
(12,s G/DIVISIO:! 1 

HEAD ACCEL., 

HEAD ACCEL., S-l ( 2 )  
( 12.5 G/CIViSICl'! f 

BAG PRESSURE 

(2.5 PSI/DIViS!O;d ) 

- -- -- ---.- I 

f .  
TIME BASE 6.25 h'lSEC/DIVISION ,' 

VISICORDER TRACES FO!? SLED TEST A-622 

(39.9 FA?1-1 REAR Ifi4F'iTtCT, HSRl/LINI3OYAL HEAD RESTRAINT ) 

FIGURE 6% 



In terms of linli t a t i o n  of head/neck extension and con t ro l  of ramping 

and rebound, head - r e s t r a in t  perfo~mance throughout t h e  s e r i e s  was very 

good ( s ee  Figurzs 68-79).  There Pias, f o r  exar~iple, n o  measurable extension 

i n  any of t h e  four  t e s t s  i~i i th  t he  5th  p e r c e n t i l e  feziale ( s e e  Table 1 ) .  

Extension f o r  the  9 5 t h  male d i d  reach 50" i n  t e s t  A-629, but  t he  

coifip3ratively l a r g e  m~xin;ui;i e x t e ~ s i o n  angles  noted f o r  t e s t A - 6 2 6 ,  -628 

tind -629 can be  a t t r i b ~ i t d  iiiair~ly t o  duni!;iy geometry. F i r s t ,  t h e  95th 

nlalc i s  t he  t a l l e s t  of tkc  t h r ee  du~:,,nies used i n  t h e  program ( s ee  Sect ion 

G , l ) ,  and h i s  ciore massive head con t ac t s  the  head - r e s t r a in t  h igher  than 

do t h e  heads of tire 5th f c m l e  or 50th male. Therefore ,  a g r e a t e r  rearward 

loxl ing n1oz1en.t i s  applieti. t o  t he  h e ~ d  r e s t r a i n t  f o r ,  say,  a 30 Gj95th rllale 

t e s t  than f o r  a 30 G/5tt1 fei1:ale t e s t  o r  a 30 G/5Gt.i1 male t e s t .  

Secondly, not iceable  "slouch! o r  for::\rd t i l t i n g  of t h o  head was 

in-irod~~ced for t e s t s  A-GT6, -623 a n d  -629 ( a s  noted i n  t h e  summary f o r  

A-526,  Section 6 . 3 ) .  This increased i n i t i a l  o f f s e t  allowed the  head t o  

achieve a hi gkcr v e l o c i t y ,  and thci-?fore higher k i n e t i c  erxrgy,  before  

contsct ing tha  };?ad r e s t r a i n t ;  i n  a t t e x p t i  ng  t o  d i s s i p a t e  o r  manage t h i s  

e x t r a  ki nc1.i c energy, t h e  head r e s t r a i  n t  !,/auld undcry o more rearkcard 

ro t a t i on  ti~.:n i t  ~ o u l d  i f pre-in:pact head o f f s e t  \./ere smal le r .  
- 
1/19 iliast .irzpoiltant ccl,:?arl'son t o  tic r;iade i n  the  f i n a l  performance 

t e s t  s e r i e s  i s  bct:. iccti  t k s t s  11-024 a n d  A-633, boJih 30 n;pt1/20 G impacts 

~ r i ' i l i  t h e  5th percentile fc3;?ale.  Sgch a co~riparison i l l u s t r a t e s  t he  

c f f ec t i vcnes s  of t h e  nodi F i c a t i o : ; ~  t o  bag 2 n d  i n f l a t o r  t o  reduce bag 

s l ap ,  s i nce  > , - G P 4  e\ :a l t t~tcd a " t i $ I ~ t "  tiS?i/UniRc\ydl sy s t e ; :~  (eiell-sealed 

bag, ut-imsciifietl i n f l a t o r )  and A-633 cval uated a "control  ieti leakage" 
' 



Figure C C .  T e s t  A -623 :  Graph-Cliek Sequence. 
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SLED PULSE 
(10 G/DlVlSlOi i  1 

HEAD ACCEL., A - P  

(25  G/DIVISlOi*! ) 

. .- . HEALI- ACCEL., S -  l 

( 25 G/D!VISION ) 

. . .  . .  . . . . . .  - . .  . . I 

. . .  HEAD ACCEL., L -R ?, i I 

-- -,,[ I $  I L ,t-,,/.b-<~ . - . . -  

(25  G/DIVISIOI\I ) 
lIlA . I . 

.Ii 
- ,  1 .  . -  - .  

. . . . . . .  ; . . 

. . .  BAG PRESSU3E . k 
. , .................... -. .- .. - ....... - .. -. . . .  - -- ---- 

. . (2.5 PSI/D!VISIC;N ) 1 . . .  

I 

VISICOKDZR TRACES FOR SLED TEST A-623 

(38.0 fdPH REAR li\.;FACT, HSRI/UNIROYAL HEAD R.-STEAINT 1 
FIGURE 69. 



. 

HSRI/UniRoyzl s y s t c ~  ( l e s s  biell-sealed bag and choked-flew i n f l a t o r ,  a s  

noted i n  t e s t  sun;mry A-626, Sect ion 6 .3) .  

For t e s t  A-G24 (F igures  70,  71) ,  bag c o n t a c t  caused a bag-s lap 

spike of 102 G ,  mciderate f l ex ion ,  and nlinor bu t  no t i c eab l e  rebound; a 

liIC value of 560.3 was ca l cu l a t ed .  In A-630 (F igures  78, 7 9 ) ,  dummy 

motion \!as alniost p :~rely  t r a n s l a t i o n a l ,  with no ramping o r  upivard rebound. 

Tiiere \;;as 2 h a s - s l ~ p  spilte o f  90.5  G ,  b u t  bai-ply t io t iceable  f l e x i o n .  

l h r e  ii,i;;o:+i::irlt, t h ~  lilt f ~ r  A-030 Y : ~ S  o t ~ l y  320.9. I t  i s  f e l t  t h a t  

perforixsr~ce of t h e  HS!?I/LJrli Royal head r e s t r a i n t  in t e s t  A-630 ~ i o u l  ci 

have bzcn even be t t e r  i f  i t  had been pos s ib l e  t o  p o s i t i o n  t h e  5 th  female 
- .  

durgi~y i:cad ~::oi.e r e a l i s t i c a l l y  (s louched o r  t ipped  fot-t:ard s l i g h t l y )  a s  was 

done f o r  t e s t s  A-625, -628 a n d  -629 with t h e  9 5 t h  male dunmy. 

Th i  f< l;?l t 2 s . t  s p r i  p s  r~!~ol '!-f j  \*I?C,(! i!?? ( -5 i :~ j  5.f:pi)t I ,  n n ' * f 0 m . ~ r 8  iII.;;:ce rjf ;!it? 

t4SRI UnilRoyal head r e s t r a i n t  i n  ear lie^ t e s t  -- rap id  i n f l a t i o n ,  

rcpeatabl c dcpl oyir?~?t geo!l:et.ry, cornpact sto;.iage and excel l e n t  1  oad/cief lect icn 

cha r ac t c r i s t , i c s ,  I t  z l s o  made c l e a r ,  ho9::ever, t h e  c o ~ p r o m i s e s  and 

traticoif  s i  nvol vcd i n  designing a head - r e s t r a i  tit  systein t o  adequa te ly  

p ro t ec t  a l a r g e  male and a  sinail fcnlale veh i c l e  occupant.  A system t h a t  

i s  l a rge  and s t i f f  eno~igh, arxi 'chat deploys F a s t  enough, t o  p r o t e c t  t h e  

for.s.2r c a n  conceivablj /  c r e a t e  k g  s l a p  f o r  t h ?  l a t t e r .  (Note,  hob~ever, 

t h a t  ' this b,:g s l a p  p i?~r~oi ; ;~non  i s  d i r e c t l y  r e l a t e d  t o  t h e  pre-imp;ict 

o r i e n t ~ t i o n  of  'ihz head; i f  ttie Ilead i s  t ipped o r  s ' l c i~c i~ed  s l i g h t l y  -- 
a huii'211-li);~ postal*e n3t e a s i l y  achieved \$lit11 t e s t  dun:inies -- bag s l a p  does 

n o t  occur.  ) 

T h e  s o l t ~ t i o n  \,:o:~lcl set.iil t o  r e q u i r e  sir;~lltc?t:?oi~s "op t i i i l j z a t i o i~~ '  of 
I 

hcsd acce l~ l -a ' i io i i  >r id h ? ? d / l l ~ i k  e x i c t i s i u n  -- t h a t  i s ,  reduce t h e  s t i f f r l e s s  



Test A-623: Graph-Chck  Sequence, 



SLE,D PULSE 
(10 G/DIVIS!ON) 

HEAD ACCEL.,  A-P  

( 25 G/DIVISION 1 

HEAD ACCEL., S -  l 

( 25  G/DIVISlGr.! ) 

HEAD ACCEL., L-R 
(25 G/DIVISIG;J ) 

HEAD ACCELERAT101.J 

Tlh4E BASE 6.25 MSEC/DIVISION 

VlSlCOFlDER TRACES FOR SLED TEST A-624 

(29.2 l,!PH REAR I;XPACT, HSEI/UNIFIOYAL HEAD RESTRAINT ) 

FIGURE 71 



of t he  systeni and thereby reduce head-accelerat ion sp ikes  a t  con t ac t ,  a t  

the  "cos t"  of a1 lowing sonie con t ro l  1 ed head/neck extension.  Such 

optimization o f  the'HSRI/UniXoyal head r e s t r a i n t  could probably be 

acco:r,plished by incorporat-ing bloy-out po r t s  in t h e  a i r - b a y ,  and by 

n~od i fy ing  t h e  i n f l a t o r  sjstc!n t o  produce a "raiiip-type" bag pressure  

vc r s i~ s  time profi le ins tead of t he  t r i a n g u l a r  p r o f i l e  now produced 

(see Figure C O ) .  &re rca l  i s t i c  sil:i!ilation of occupant slouch ~ o u l d  

a l so  y i e ld  a ?;ore r e a l i s t i c  i nd i ca t i on  of head r e s t r a i n t  performance. 



F i g u r e  72 .  T e s t  A -625 :  Grapi7-Chek Sequence. 



SLED PL!LSE 
(10 G/DIVISION ) 

- . . . . . . . . . . .  .. ............ ... . .  . . . .  , - - .- -. , , 

........ .. . ...... . , - - - ... . . -  . ..- L -. :.- L.! - j :-. 
HEAD ACCEL., A-P .. , - . . . - - .- -. - . - ... - - .- .. - - . - -- -. .. - --- .. .- -- - . - 

I 
.................... : 1 . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

- - .- 
. . . . . .  ... . I  . . . . .  I 

> 

HEAD ACCEL., L- R . 

... ( 12.5 G/DIVISlOi\ l )  
. . .  I 

. . .  . .- . 1 .. 
4 

... . . . . .  . . .  1, . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . . . . . . .  .- -. . ............. . i i --- 

BAG PRESSU3E 

( 5 PSI/DIVISIC?4 ) 

. , . . ,  . 
?"l . . . . ,  

. . - ./ ' - . . . . . . - - . . . - - . .  -. ........ - - ....... .- I - .-.. 
1 

-7- I 
. . . .  1 

, . _ . - I 
\' 

: TIt,;lE BASE 6.25 h"IEC/DIVISION ' 

\!IS!COFIDXFI TRACES FOR SLED TEST ,&..62!j I 

( 18.1 [.:pH REAR II,,lPfibCT, HSRI/Ur\l i i iOYAL H E A D  iiESTRAINT ) 

FIGURE 73. 



Fig i~ re  74. Test 1 ' - G 2 G :  Graph-Click Srcjucnce. 



SLED PULSE 

( 10 G/DIVISION 

HEAD ACCEL., A-P ( 2 )  
(12.5 G/UiVIS:O>J ) 

.. ' . . . . . . . . . . . .  _. . . . . . . .  _ . :  . . . . . . . . . . .  . )_  ....................... 
- .  .- - - .  - - - - -- -- -. - - -  - 

. . . . . . . . . . . . . . . . .  . . . . . . .  - . .  . . . . . . . . .  ........ 
. . . . . . . . . . . . . . . .  - .. - ... ~ 1 , ~ ~  . . . - -  . .  - ... . .  - .... 

. .  .:. .. . . ... . ...... .... HEAD ACCEL., S-I ( I )  . - .-i - ..;. 1.. : ---. 
-.L 

. . . . . .  . . fl---- 
. . . .  (12.5 G//DIVIS!C.N 

I . . 'fv 

. . . . . . . .  . . . . .  . - -  
. . . . . . . .  - . . - . . . . .  . . . . . . .  - C ,  2 . . -  - I . - - . .  ... 

1 
. . i 

HEAD ACCEL., S - l  ( 2 )  6 .  . , .- -. . - 
( 12.5 G/DIV!SiON ) I 

BAG FRESSU3E 

(10 PSI/DIVISION ) 

Tlh'lE BASE 6 . 2 5  tb.ISEC/D!VISION 1 

I 

VISICORDER TRACES FOR SLED TEST A-626 

(39.3 h4Pt-l REP,R I!JFJ,CT, HSRI/UNIROYAL HEAD RESTRAINT ) 

FIGURE 75. 



. . .  . . . . . . . .  - -  . . . . - . .  . - . . - . .  -- . . . . . . - .  - .............. I 
...... .. . .... - .. - -- - -I-- .-..: 7 .  -- --- -,- ----;.. 

, . T-'....--.--- 
............ . . . . .  ....... .... ........ ...... ... ' I I 7--- 

-.., 1.- - -:- -. .-.- -2. -. -- --- ,-- 

. . . . . . . . . . . . . .  
, . I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! -1 I .- -- - 
- .  . . . . . . .  - . .  ........ I 

. . ... . . . . .  . HEAD ACCEI-., A - P  ( 2 )  . . . -  : -  . . / - -  rJ\ :... -1.. 1. -. 
(12.5 G/D!ViSiS'.? ) ------4- / --, --- 

. . 

. . . .  - - . . . . . . .  - . . .  

. - . . .  . . . . - a  - .. . - -- . .  . . . - -  - .  - -.-.- -, 
1 24, S!! ::,STri,'.liNTS D'VIS13:: GCI:LD i 

HEAD ACCEL., S -  l ( I )  
(12.5 G/'DIVISION ) 

I 

LEFT BELT LOAD 

( 250 LE/CiVIS!CN ) 

I ---- 

TIME BASE 6.25 Il/iSEC/DIVISION : f - 

I .  

I 

VISICCRCER TEACES FOR SLED TEST A-628 

( 23.1 IJPH REAR I?.(PACT, HSHI/UNIROYAL HEAD RESTRAINT ) 



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

SLED PLJLSE 

( I0 G/DIL/ IS ION ) 

HEAD ACCEL., A - P  ( I )  

( 1 2 . 5  G / D I V I S I O N  ) 

HEAD LCCEI-., A - P  ( 2 )  
(12.5 G/C!ViSIO:*I ) 

HEAD ACCEL., S - I  ( I )  
(12.5 G/DIVIS!QN ) 

HEAD ACCEL., S - l  ( 2 )  

( 12.5 G/Dl \ / lS !ON ) 

L E F T  BELT LOAD 

( 250 L,S/GiVISIO;L' ) 

VlSlCGRDCR TRACES Foil SLED 'TEST A-629 

(20.7 t.:PH REAR I1'v:PP,CI, t-lSRI/UNIROYAL HEAD RESTRAINT ) 

FlGUfiE 77. 



, x 
2 .  

. ,. I , . '  . < , '  - 
-, i- " 

! .. . 

Figure 78. T e s t  A-63C: Gr2ph-Chek Sequence. 



SLED PULSE 
(10 G/DIVISION) 

HEAD ACCEL., A - P  
(12.5 G/DI \ f IS ION) 

HEAD ACCEL., S-l  

(12.5 G/i>lViSlOiJ ) 

HEAD ACCEL., L-R 
( 12.5 GYOI\'ISION ) 

i 

LEFT EEL'f LOAD 

(250 LDiDIVIS lOh '  ) 

HEAD ACCELERATION 
RESU'I_'Td?!*T 

(20 G/DI\!IS!ON ) 

TIME BASE 6.25 P~ISEC/DIVISION " 

VlSlCORDER TRACES FOi? SLED T E S T  A-630 

( 30.1 I.,',Pii REAR I?d?ACY: HSHI/UNIROYAL HEAD RESTRAINT ) 

FIGURE 75 .  



Clarke, T. D . ,  c t .  a1 . : tlilinan Head Linear and An$u?ar P,ccelerat ions  
During Impzct. Procc:_ii, 1 5 t h  S tapp  Car Crash --. Co~iference.  -- pp. 
2 6 9 - 2 t 5 ,  i 971. 

Cle~i:?ns, H. J .  a n d  Durow, K.: Experinen'ial Inves t l ' sa t ion  on I n ju ry  
E"icciian'is:;is 05 Cet.vic;l Spi  t;e a t  F ron ta l  a n d  Rear-Front Vehicle I~ilpacts.  
P r o c e ~ d i n r , ~  1Gth St;?::? Car Cr.;lsh ConfeI*enc?, p p .  76-104, 1972. ----- "-."- ..- ?---- -------.------- -.-.- 

i I J 1 .  I i n ,  . H . :  Deployable 115:(1d R e s t r a i n t s .  
U.S, l.'cj>::i't:::?~t o f  l'r~.i~spsr?;:~ticin ~~~~~~~t C3T kS-$20 515,  1971. 

13elviri, J .  I!., c t .  a1 .: A n  Ilyiroved i ic i lk  Si:'i!ilctio:~ f o r  Anthrr~pm;?tric 
Dunm-ics. P~oct le; i i  n r s  1G.th S't?i)_il C.1- C r t i s i ~  CCII?NI'E~CEI. p p .  45-60, 1972. - -  J ------- - - - . . - -  --- 



fil:D IE:FLF,?'OR DEV 1C.E 



INFLA'TI?IS H E A D  RESTKAINT SYSTEt4 

SPEC I FICAl'IC?.IS FOR 1I.IFl.ATABLE STRUCTURE 

1 , Envelope (I~laxinun Difi~ensions) 

- Stored 18" wide x 6" deep x 1"  high 

- I n f l a t ed  18" wide x 12" deep x 11"  h i g h  

2 ,  Volui';12 

- I n f l a t ed  2376 i n 3  (1.375 f t "  ):ax 

3. F r e s su t z /T i I8 - ,~  ProFi 1 e 

- Dynanic I n f l a t i o n  0-10 psig i n  20 msec 

- S t a t i c  Lc,il;;:ye hold 10 " -0,1 psig  f o r  30 minutes 
.. - -- - - 

4. S t a t i c  L o s d l 2 ~ ; l c c t i o n  

Liilen loadeci a s  si?0\.;11 in  F ig l r e  1, xaxi i~~u~r;  angular  r o t a t i o n  of t h e  rnajor 

a x i s  of ti*, i~:Tl z-tSng srruc' iure s iss i  i r:ot exceed 20' f rc~!ii v e r t i c a l  . 
5. I n f l a t o r  I n t a r  race 

I n f l a t i n g  s l : r ~ ~ c t u r e  shal'l i n t e r f h c e  vri t h  t h c  gas-discharge ba sep l a t e  

of t he  01 i n  l n f l s t o r  b o t t l e  as sho1;ln i n  Figure. 2 .  

6. In f la ted  S i? t i ; : ~  

111 dcsisninc_i tile shape of tile f0wnr.d (head-contac t )  su r f ace  of t h e  

i n f l a t i n g  s t r u c i v r e ,  c c r ~ s i d e r s t i o n  sha? 1 bc g i v x  t o  miniiiiizing: 

a .  Hyperextension (e,:ccssive ryeat.l;!ard r o t a t i o n  r e l a t i v e  t o  t h e  t o r s o )  

of t he  tiead and ncck; 

b .  "Ri:icpincj," or \ i p \ < ~ r d  rxotian o f  t h e  t o r s o  p a r a l l e l  t o  t h e  s e a t  back; 

c .  Side- to -s ide  ro t z t i on  jtld t r ans1  a t i o n  of  the head; and, 

d ,  Foi.i.:ti~d rebcu~?d ? i t c r  iii:pact. 

! 







I N F L A T I r S  HEAD RESTRfi I:.IT SYSTEM 

SPEC 1 F I C A ' f I C : I S  FOF: 1 I ;FLATOR D E V I C E  

1 .  Dir!;ensions - 

- U n i t  s i ; . ~  id :.,$ight si-1211 be minimized, c o n s i s t e n t  w i t h  s a f e t y  . 

and  r e l i a b i l  it:,. c o i ~ s i d e r a t i o n s .  (Guidel ine:  u n i t  should mount  t o  t h e  

sei:t b?r:k sti-~l~;.vy.t? o f  an auto:~?obi l c  s e a t .  ) 

2, 1!1Flat i  i"::,- 'fii*.. ' ;p,~? r 
--. - - -- - --- . - - - - 
- Unit  5 : :  1 i I - ?  B s t r i l c t u r e  of 1.375 f t j  ( B : , ~ x )  t o  10 psig  

-3. t :o - is?-  - ---.-- 

-In-  la tic:^ i:oir?e ~ ! ; a l l  n c t  exceecl 150 d 3  i n  ampl i tude ,  20 msec 

- lh l i i ;  ~ k : . l l  b e  a " ~ ~ ~ ~ c - s l ~ i o t ' ~ ~ v i c e ,  requiring replacement or r e -  
I 

charge a f t e i -  e-.cii its?. 2 .  i 
I 

- U t l i l  sh3vld b?  d f s i ~ n e d  t o  n~ in i~! i<zf  ac:cidental  a c t u a t i o n  ahd t o  



APPENDIX B 

SLE9 TLST EG:!IF:::;:T SPEC iFICATICtiS Al iD 

CAL I G K A T  IO.:j P2OCEDUriES 



A ,  Equipri:eiit Speci f i c a t i o r , ~  

Transducers 

1, S e t r a  Model I I I kccel  erorc2ter (Duiilmy) 

Type: Var iab le  capaci tancc s e n s o r  wi th  pulse  width modula t ion,  

Rznys: 5250 G, 5900 G 

Scns-i t i v i  t y :  6 ri!\!/G, 3 n ? v / G  

Frequency Response: 0 t o  1800 h z ,  0 t o  2500  hz 
A 14atu!6al Freq~!cccy: ~600 h z ,  3500 hz 

2. Stat i~a; i l  r"4:lsdc'I F SSTC-1 O O - - C I i ?  Acceleror!:at;cr (Sl  c d )  

Typz: T e m p e i - a t ~ r e  cori,pens(?ied, unbou~:ded s t r a i n  gauge 

Rai- l~?:  5100 G 

Iiatul-a1 Frerjei\~cy: 1000 t lz - -  - 

Da~q~l 'ng:  0 . 7  ( ~ 0 . 1 )  ci: c r i t i c a l  r00;il 'cc!z~pe\*atl;re 

3.  I .c~, ;~\ :  i,:~clel 3371 i ' .zlt Loati Cel l  

Typ?: Strai  11 9t . l iSS 

Rzngr:: 3500 r;ciir-13s, ~ i i  t h  59:; overlo3,:i c a p a c i t y  

S?ns.iLioi t y :  2 .2306 rsv/V/3509 poands 

4 .  ttS2J Pressure  Trznsducer 

Type: S t r a i n  ga:!cccl dic!;~ii,-i?g!:i u s ing  i,iicro!neas~ri+c~i:snts 
EA-05-455-3;-350 S t r a i n  Gauge 

Rany:,: 0-30 psi 

S i g n a l  Cond?  .ti cr:ers 

Type: Sol i d  s l c t e ,  d i r e c t  c c u ; l d !  d i f f e r e n t i a l  inpu t  a n d  

o u t p u t ,  operst-iorial s:~,;,i i f  i e r  and r e g u l a t e d  t r a n s d u c e r  

e x c i t a t i o n .  

Gain: .Oi t o  2 . 5  

D.C, Gain L i i ~ c a r i t y :  B e t t e r  t h a n  50.15 o f  f u l l  s c a l e  
t 

Freq~rt?ncy Rcspoi:;:?: il t . ~  2 3  !;/{z 



2 Honey;.iell Kodel 120 D.C, Amplifier  

Type: Solid s t a t e ,  d i r e c t  coupled,  wideband d i f f e r e n t i a l  

Gain: 10 - 1000 

D . C .  Gain l i n e a r i t y :  b e t t e r  than 10.2;; o f  f u l l  sca le  
D.C.  G a i n  accur?cy, c2l jbrated gain  rznges: b e t t e r  than 59.5% 

Frequericy Response: .t2:i D.C. t o  10 Ktiz 

3. lione)f:~!t:ll I:odel 105 B r i d g e  Balance ( G ~ u g e  Control)  Unit 

Frequericy Kesnonse: r.2C t o  10 Kilz :,:i "Li 1-1 50.5:; 

' 1 ,  Ho:.:?;/1,:~ll i,lodel 1612 Vis icorder  Li'cjht-beam O s c i  l losraph 

. . 
Gal varic;;:~ ter respor;s?: 

E4-3300 (15 cl,::!.,?;'?ls): i.5?:, 0 t o  2000 !;z 
l4.-f0[;3 ( 4 ci;::ir;::ls): tr5II, O t o  1000 i i z  
14-1000 ( 1 chr!r,r:,?l ) :  is::, G t o  6%) t lz  

1.. Hon~yl;:?ll i,:si:sl 7639 i' .:I, Tupe Rccoi-dei-/Rcprodiicer 

Tapc speeds: 1 7/8  t o  120 ips 

F requcn~y  resFonsc: 9 . O  db 0 - 10093 Hz ( a t  recording speed 

used - 30 i p s )  

Harii~onic c1.i s t o r t i o n :  1 .2:5 

3. CEC 14od~l \'R-3300 F.I . l .  T?pc Recordc !~  

Tapc s p c ~ : ~ s :  1 7 1 8  t o  G O  ips 

Frcq!~ci.;cy rcs?~ltisc:  -10.5 db  0 - 10330 t-lz ( a t  recording speed 

uscd - 30 i p s )  

Hari;:nnic d i s t g r t i o n :  1.55; 

Tratis;l:iccrs: The c a l  i b r ; i t i c , n  s c n s i  t i v i  t i c s  o f  t h e  t ransducers  a r e  



Set ra  h'odel 11 1 kccel e r o ~ e t e r  

The s e n s i t i v i t y  of the  Se t ra  111 Accelerometer i s  checked 

by n:si!r;ting t he  accelerorr!eter on a  c e n t r i f u g e  and nleasuring 

t h e  out;ut a t  v a r i o ~ i s  s t e p s  o f  c e n t r i f u g e  speed. A synchronous 

d r i ve  in  the  centriSuc;e g ives  a knc\,in r o t a t i o n a l  speed which, 

conlb:' );ad i.ii t h  the ariil l eng th ,  g ive s  a kno:.ln a cce l e r a t i on .  

Meas~irifig t he  o i i t p u t  vol t aye  from t h e  accelerometer  a t  var ious  

kno;l:ti i :cc.clerat ionr:  g i v c s  a dcter'inination o f  t h e  accelerometer  

s e n s i t i v i t y .  

2. Stath;;n i k d z l  i,Sl'i 'c ;\ccelei-c:,~eter 

This s t r a i  n-g-;i i~a accel ero:i:.t.ei-, used t 2  nisni tor s l e d  dece l e r a t i on ,  

i s  c a l i l . : r ~ t 2 d  by cc:-;xiring i t s  outl;u.i: with t h a t  of an IIBS- 
. -  - 

traceah: 2 startriar.d acce'i e ro i i ic tc r ,  TI:? t:,:o ilcce1ero~;c'liers a r c  

mour;tr,:ti p i  29y-Scci :  on a  ccr:i:::on c a r r i  cr block and ir1:;)acted. 

Thcir c;iltp~ts are d ' s p l d y ? c { ,  v i a  ti13 s led 1i:rhi l i c n l  alld t h 9  

s i  4 , a l  cor~di ~i c r ~ i  ng Sysic,;l,  o t ~  t he  o s c i l l  ngrcph. Ths 

exci ta t - ion vol L;:;J~ of the  Stii.lii~n i s  ad ju s t ed  u n t i l  i t s  output  

agrees  r.:i t i 1  t i -12 st?nciard acce le rc~ ;? ic i . , ,  T h i s  e x c i t a t i o n  vol t a l e  

beccr;l.s t i l e  star-j;!+d f o r  subsecluctit use of '  t h e  acce1eron:eter.. 

3. Lebo::, Sc>ai..-kit Ls:d Cel l s  

C a i i b r a t i o l ~  s e n s i t i v i t y  o f  these  load c e l l s  i s  checked by 

applyin,:! s kno;;.rl Ic,?ici t o  a l eng th  cf s e a t - b e l t  ~ u t e r i a l  on 

which ti?? c 2 1  1 i s  r;o:;nted. 'The outpi!t  s i gna l  i s  coi::?aiAed w i t h  

t h a t  o b l i i S 1 ; ~ l  ::hen a shunt r e s i s t o r  i s  p,:l1al l e l ed  w i t h  one 

leg of tii? tri!:;;?uc:?r's b r i d g e .  The 1-cs i s to r  \ lalue i s  t h a t  

v!hich h 3 s  !xm n;sc.iFieci by t h c  i~?ar,ilfi:cturer t o  prod:rce a 

transc!uc?r c i i t ? :~ t  ~ ? q ; l ? l  t o  t l i~  ~ l i t p i l t  produced by a knoyin load.  



Cal i b r a t i o n  - Signal Condi t ioning/Recording Systenis 
1 .  Se t ra  !,ccelerc;,:~t2r. Channels 

Applicrition o f  t h e  G VDC accelerometer  e x c i t a t i o n  vo l tage  

t o  the  c a l i b r a t i o n  terminal of the  Model 111 accelerometer  

i n t c r n 2 l l y  s ~ i i t c k s  a shunt r e s i s t a n c e  i n t o  t he  accelerometer 

c i r c u i t  31.1Ci prodiices a kno:.,n c a l i b r a t i o n  s igna l  ( D C )  on 

t h e  trarisdircer o a ' ; p ~ t  t e rmina l s .  Knckring the  trarlsducer 

s e n s i t i v i t y ,  at1 ~ q u j v a l e n t  a cce l e r a t i on  (nominally 20% o f  

F .S. ) required t.o pt-c~iuce tlli s sa111e o u t p i ~ t  vol t ayc  under 

dyti?mic c.onbi ti cns ci:;i t;c detcrini ncd. 'Tile c a l i b r a t i o n  sign21 

i s  i i p p l  ic:i t,: ti;? i~ ; ;?ut  of t h e  s i g t ~ a l  concliti.,i:?r ar-id the  gain  

i s  ild,i:isted t o  prcii~ice an o ~ t p u t  s igna l  \!:It11 the  dzsired 

s ca l e  S?.ctclT (1  v o i t  = 50 GIs) .  

2. Striti n-Gc;uy:e Tr?ns:i:rccr Char~nel s 

Cal ,i bi1;,iion of s t r a f  1.1-.9augc cti:t11:.:+1 s i s  accorilpl'i s l ~ c d  Gy 

int:-odricing shunt resistors across  Gne leg of t h 2  b r idc~e  o f  

J -  LI!~. ~ ~ G I I ~ ~ I - I ~ ~ ~ * ~  1.1 <,[i?stai O i j ,  2ild : I I C C ! . ; ~  1-12 Ti-~e € ~ ~ i t ~ t :  an 
requirc?d .to prod:!cc! t h e  galvanoi-i)tlter dcf l e c i i on  des i red .  

A s ign i  f i c c n t  chzr;.,;:! i n  tI-12 r equ i red  exc ' i t a t ion  for*  any 

tra,isd:;ccr ~;:c\ild i 1i3icate  tl;? ne2d t o  check t he  ca l  i t j ra t i  on 

sens i  t i  \li t y  o f  tic transducer , or o'ih?rv:.i se  detej-ini nz t h e  

cause of  t h ?  chzn2c.  

For t h e  Stath;~il s.ccel arc:;:cter ch;:..nnel , the  cal  i brat , ion 

. res.is 'iors a r e  t.i\? il.ii:$i.nal "Cal 1 "  and "Cal 11" ca1.ibi-ation 

r e s i s t o r s  of t h e  i!olie;~~,;el 1 105 g>uge u11.i i, and t1;r:i r correspon- 

din3 G - v a l ~ i e  and p~Iv,:,no:;;cter def lect ior ;  \:ere deteril1ir;cd a t  

t h e  tir!:? of cal  i b r 3 l i  311 of t h e  tr3nsclucei- i t s e l  f ,  

I n  the case  o f  th? l.cboi,/ 1:cl.i; load c e l l s ,  a 60 K-oh i l  r e s i s t o r  

i s  in t ro~luced i n  t ! - i~  ti . ; lnsdli~cr c,r?ble p a r a l l e l  t o  one leg of 

t h e  t r~nsc l i : ce r  br..;:i::2, ?r;d ~,, , )?osc corres1:ondi ng b21 t lozld value 

pias sp2cifie:i by t h c  ~!!anufc?ct~ir?r. 



The pressure  transducer channel i s  c a l i b r a t e d  d i r e c t l y  

by a?plyit;g a knovin p ressure  (10  p s i )  t o  t h e  t ransducer  

and a d j u s t i  ng t h e  t rznsducer  e x c i t a t i o n  vo l tage  from t h e  

Honey.!ell 105 gauge u n i t  t o  produce an output  vo l tage  from 

thc  Ho~q;.:.ll 120 'i;:?l i f  i c r  b,i ti1 tile des i rcd  s c a l e  f a c t o r .  

( I v  = 10 p s i ) .  

Tape Rc.col.der 
r I' Cal ib r a t i on  o~  LO^. L;ii;ie record?r  i s  accczplisiicld by 

a l ; j i l s t - i  :.I; j t s  i i : ; i~,c a.Lterluai;ors t o  c b t a i r ,  a 40';: c a r r i e r  

f r c q ~ i c n c y  deliidtior; i;iiei? a ca1il)r;tcd 3 v o l t  source i s  

appl ied t o  t h c  t a p e  i n ~ u t s .  

1401 E :  Cal  i b r a t i on  of ti)? s i g i i a l  coi-idi t i o n i  t:g equipment, 

o s c i ~ l l o g r a p h ~  and top u n i t s  i s  doi?e r ou t i ne ly  f o r  each s led  

test.. 

Data i s  rccotded on tc ;?e  during ? s led  t e s t  a t  30 i p s  

t ape  s;ieed. To obtain  t k  prop:r frequency response from 
t h e  s t r i p  ci:zrt recoi*:ier- t h e  t a p ?  speed i s  reduced t o  

1 7/8 i p s  for  data  outn~;.L. The d s t a  e h a n n ~ ~ l s  de s i r ed  f o r  

d i s p l a y  a r e  PiIt2i-ed according t o  the  SAE 5211  s p ~ c i f . i c a t i o n .  

I .  ' G w l d  tli.usi1 220 P,ecorclei* 

Type: 6 ci?ai;r,.l str.i;! ch.rt reco;-dcl- 

Fut-~cti crl: P lo t s  cfal?< cirinnel s lire.-rccordcd on tape.  

2 ,  P:~rr..t;~-c, ? < ,  f r l  i j  1 t-y 5 ' / ( )~ - !P~~-2~C( l / 15  

Typo: Fiscd i i l  t c r  w i t h  230 Hz cu t -of f  
F u n c t i o n :  i- ' i l ter  ratr! dai.3 fro:;\ t a p e  f o r  inpu t  t o  s t r i p  

clv.rt rec>i3d6zr. 



3. Krohn-Eite 3750 F i l t e r  

Type: Var iable  f i l te r  wi th  c u t - o f f  0 - 20 KHz and r o l l - o f f  

r a t e  6 - 24 dB/octave. 

Function: Filter raw data from tape f o r  i n p u t  t o  s t r ip  

c h a r t  r ecorder .  

4. Thc:l;i;as 1710 Impact Computer 

?'yp$: P,nalog c~,~?cilter 

Function: Co~;l>iit~Ci ~ ' ~ ~ ~ l l t i f i t  atid Sevi?ri ty I n d e x  o f  b i a x i a l  

or triaxiai acceleration d a t a  f o r  i n p u t  t o  s t r ip  

c h a r t  r e c ~ r d e r  o r  d i  y i t i z e r .  

- 
5. I hcnxs 172G Recording Ar ,a log D ig i t i ze r  

T y ~ c :  A / D  ccpvc-:':c;r \:it.h Ir:??.:wy iinit t o  s tcrc  d a t a  2nd 
encoder f o i ~  o u t ~ u t  t o  s t~ r jd3 r -d  teletype, 

Fti1ici.i 3 ~ :  D i ~ j  ti it? :. ,njlog d a t s  fro% t a ! ~ ~  nr Im??ci- Cni;:p~,!ter 

for  i n p u t  t o  teletype. 


