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1.  INTRODUCTION 

The objective o f  th i s  research was to  develop, fabr ica te ,  and t e s t  s e z t  

and r e s t r a in t  system combinations designed t o  o f fe r  a level of protection ex- 

ceedinf that  found in current production seats  and res t ra in t  sys tem.  To 

accomplish th i s  a ser ies  o f  analytical s tudies was carried out u s i ~ g  two- ar.:! 

three-dirrjensional mathematical models of an automobile crash v i c t i ~ .  These 

studies in combination with a survey of the s t a t e  of the a r t  of seating and 

r e s t r a in t  systems, were used to  formulate design concepts of integrated sea: 

r es t ra in t  systems. 

The basic HSRI s ea t ,  incorporating the most promi sing active res t ra in t  

system which included an inverted y-yoke harness, was fabricated a ~ d  s u b j e c t ~ d  

t o  f ron t ,  oblique, s ide  and rear impact t e s t s  using various sizes of a n t h r c p  

metric dummies. The resul ts  of the t e s t s  were compared with current produc- 

tion seating systems and with the i n i t i a l  predictions of  the mather2tical 

models . 
Performance in frontal impact was somewhat be t t e r  for  the HSRI system 

than fo r  the current system. However, because of the contoured design of 

the seat  back, the firm sea t  cushion, and the A-frame s ide  s t ructures ,  a 1eli.l 

of occupant protection was achieved in oblique, s ide  and rear  impact exceeding 

t ha t  available with current production seating.  

The i n i t i a l  predictions of system performance made using the rathematic21 

models was verif ied by the encouraging t e s t  r esu l t s .  This demonstrates both 

the accuracy of analytical techniques and the power of th i s  method when used 

as a design guide. 

Recommendations fo r  performance requirements and compl i ance procedures 

are made for  integrated sea t  r e s t r a i n t  systems and fo r  passive f ron t  seat  



cccupant r e s t r a i n t  systems. Impact sled t e s t s  are  reco;;,xnded as  b e i  i-~y rnore 

reproducible than fu l l - sca le  ba r r i e r  crash t e s t s .  A s e t  of i n ju ry  c r i t e r i a  

f o r  the evaluation of t e s t  r esu l t s  are recommended w h i  cii includes ?.he HSRI 

Maximum Stra in  Criterion. In addi ti on, a durnil~y s tructirre i s  proposd which 

i s  matched t o  human dynamic response. 



2 .  PERFORMANCE CC~l."iF:?RISCi!~iS OF C U R R E N T  RESTRAINT SYSSEFiS 

Over three ll~indreci ' r l ;?act  sled t e s t s  and f ive  hundred exercises of math?- 

matical crash victim s i i i i . l l . i t ~ r~  have been conducted during the term of the 

currentkcontract  (1966--'?7'? ) . I n  s tadying the resu l t s  of th i s  research pro- 

gram, guide1 i nzs for  e'il:: ;i< 2.i ng per f~ rnance  of r e s t r a i n t  sys terns have been 

established.  These inclbdc: 1.  l imi ta t ion of occupant motions to  the envi- 

ronnient of the, s ea t ;  2 .  ? ill:.; ta t ion o f  forces and accelerations applied to  thr 

body; and, 3. preventi~;:  o f  excessive re1 a t ive  n~otions beklieen adjacent body 

segments. The purpose Q: th i s  part  o f  the report i s  t o  docuzlent major prob- 

lems in r e s t r a in t  1:hi ch  r7n integrated sea t - res t ra in t  sys ter  should a t t eap t  t2 

overcome. Unrestrained oc:!;:ants and occupants using both be1 t and airbag 

systeiils are considered. 

2.1 DESCRIPTIO?,; OF SLEE 'if.STS AN2 RESULTS 

During the current c c ~ t r a c t ,  subprojects have been carried out on va r i c . 2~  

be l t  r e s t r a i n t  systems, a-iifibag r e s t r a in t  systems, and chi ldren 's  r e s t r a i n t  

systems. A description o f  tc3s t procedures, instrumentation, and data analysjs  

f o r  these subprojects are included in  References 1 ,  2, 3 and 4. A srriall group 

of t e s t s  can be extracted t o  i l l u s t r a t e  the need fo r  r e s t r a i n t  and t o  suggest 

potential solutions to  problems in r e s t r a i n t .  

A summary of t e s t  resu! t s  i s  given in Table 1 .  The dumies l i s t e d  in t.$e 

table  are  50th percenti 12 n:al e  (5014), 95th percenti le  male (95M), and 3-year 

chi ld .  Directions of ini;:lact are f ron t  ( F ) ,  22.5' r igh t  f ron t  oblique ( 0 ) ,  

d i r e c t  s ide  (1) , and d i r c t  rear ( R ) .  All additional quant i t ies  represent 

peak forces or G - 1  eve1 s .  



2 . 2  2ASIC PRINCIPLES OF PROTECTION 

Fi:gi j re 1 shol:/s the motions experienced by an unrestrained 50th percen- 

t i l e  n:!:'ie duninly i n  a 30.4 mph frontal  sled impact. He i s  observed to s l i de  

f o ~ ~ ~ r s ; ~ d ,  i;l the st;: t until the knees contact the instrument panel s t ructures .  

His t?rs'> p i t c h e s  forward and the head contacts the windshield, breaking i t .  

Extrc , ;?~ig  high G-loadings were recorded in the head during th i s  portion of 

the k i j -c t .  The neck and upper torso are  then stopped by the upper instrument 

panel s t ructures .  The lower portion of the upper torso continued i t s  down- 

ward w t i o n  causfng the head t o  be bent t o  the rear  (hyperextension) re la t ive  

t o  th. torso. The dummy then rebounded back in to  the s ea t .  Complete eject ion 

i s  p:*e3i2rited by the fortunate shape of the lower instrument panel. 

The three bcsic problems in providing occupant protection a re  demon- 

stratcci by th i s  t e s t .  The f i r s t  of these i s  to r e s t r i c t  the motions of the 

occu?cli ;3 from cor~tact  wi t h  vehicle i n t e r i o r  components capable of causing in- 

j u  The second .is t o  l imi t  the acceleration G-loadings and forces applied 

to  t;iie S;dy based on human tolerance data.  An i n i t i a l  proposal to  l imi t  body 

f o r c a  a i d  G-loadings i s  included in Reference 5. The th i rd  i s  t o  l imi t  ex- 

tens i t ! ~  motions between adjacent body elements . Some whiplash i s  observed in 

th is  t e s t  i l l u s t r a t i ng  the problem. 

Sev2ral methods have been proposed and implemented to solve the three 

basic problems in r e s t r a i n t s  beginning with the l a p  be l t  and progressing to  

act ive 3-point he1 t r e s t r a in t  systems. Passive systems are  being developed 

a t  t h ?  present time t o  solve problems inherent with act ive b e l t  r e s t r a i n t  

sys tei::s . 

The l a p  be1 t i s  ef fect ive  in avoiding complete occupant eject ion from 

the vch i c l e  b u t  i s  not capable of avoiding a1 1 potential ly injurious contacts 
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, . with i n t e r i o r  s t ructures .  Figure 2 s!ic;;.;:; t i i ~  ;:;.:.I ~ l s n  of 2 r i g h t  frcr:t  CC- 

, - .  . . , cupant restrained by a lap be1 t a t  tlic p c a k  o:' ;;;: iilterei.t.l:l:? ~ i i t h  "L,s : . i ;rc- 

I. J. shield and instrunlent panel i n  a 30 mpl; -L-gr!: .i' err.-L ;e;.t. I:! th i s  cask tkr 

hi p and knees have been restrained frox ccn.ta <:: t i.; i -ili the 1 ~ , , i > : ~  ins tru:..-nt 

panel structures b u t  the head s t i 1  1 ir!ipa;:Ss ti.:; ,;'+ i : J ~ h i ~ l  d .  

Similarly tlie l a p  be1 t i s  not effcc.t,;\!e i i ;  , ~;c,icifng c ~ i r t ~ c t  with il:shicfe 

s t ructures  in oblique impact as i s  sho~ifi in ij9:,;-:: 3 ,  The h m d  of the duriy,. 

was observed to contact the A-pil lar .  I n  :idr. ii:l!w!:t stu:ii;;r c o n d u c ~ ~ i  un,ior 

U.S. DOT Contract No. FH-11-7288 and d e s i i + i b c i :  in ii?ferenri: 5 ,  ,the la?  be1 t 

i s  a lso  n o t  e f fect ive  in preventing the !-,cad o f  i n ?  ~ccup2r;t from p e ~ e t r a t i - 3  

the s ide  window glass .  

A number of upper torso r e s t r a in t  syJte;nc, i '; ' it: been st;!d'ed which are e i -  

fec t ive  in providing r e s t r a in t  in froiital in;,ptcc l 1:;:. t w o  rli>;t promi ner.t being 

the shoulder be l t  and the airbag. Typical ~ c ~ i , ~ ; . i ; t ,  n o t i o n s  ;ti;cr~ s t a n i z ~ d  i~ P 

be1 t s  and shoulder harnesses are used are sho\.:il ;i*i  Figures i' 2nd 5. in each 

case the be l t  system prevents the occupant f u o i ~ ;  :i:;"lctir~g trii;. vehicle inte-  

r i o r .  The body G-loadings given in T a . b l ~ !  1 a r e  :ciiinin cur:-2ni tolerance e s t i -  

mates indicating system effectiveness,  The SLIL;::~ . i n - ing  shc:l~!i,~ in the ~ Y I I G  phsto- 

graphic sequences i s  due t o  the combination of a ,~t??y so f t  s e d t  cushion and 
. . *  the lack of an adequate pelvic s t ructure  in the Sier ra  Mod,:l 053 durr~~ies w~ ~ . n -  

out the new pelvis. 

The airbag i s  observed to provide an even 5-c5t.r r ide as i l lus t ra ted  i n  

Figures 6 and 7 showing 30 and 40 mph inpact t e . : . ~ ~  i~volvi r ic  a 50th percenti le  

male dummy. In these cases the r e s t r a i n t  systcrli !:!as completely passive as an 

energy-absorbing lower instrument panel was sut!s.t.i tuted fo r  a lap be1 t .  The 

G-loadings applied to the head were lower for  ti-IC ajrbags as l i s t ed  in Table 1 

and the re la t ive  angle between head and torso kept ininima'l i n  the two t e s t s .  
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Current genernc?f;-ion a i r k g  ;ind u;l,,cl> !;:ji.so b e l t  systems do not provide 

the solu t ion  t o  ti-ie r e s t r a i n t  p:-m2blc.~:; t i ,  %.id? imp,:ct. Figure 8 shows the 
, 4 motions o f  a dummy bestraincd I,y a st; :>.  ;:. 12 lap b ~ l :  a n d  shoulder harness 

. . arrangcmcnt when subjected "L o 220 ril,>i.i :r:;:,'ct. lie s l i d e s  under the be l t s  

and ends u p  almost en t i r e ly  or; the sc:-.'-. The l a p  b ? l t  would not r e s t r a in  

the pelvic region and the shc;iildeiA h a  :).....- muld  i:qt prevent the upper torso  

and head from contact with \ ~ e i ~ i c l ~ ?  iril;:,; jiir s t r u c t c r ~ ~  i f  they had been 

presetit. 

Some ins ight  in to  techniqizs foi- pi-,:!:ct~ting r;~ct.ions t o  the s ide  were 
8 .  gained i n  studying ths pro-teci:i:?ie potp~ii- :  ;I of chi' 1 dren ' s  r e s t r a i n t  systems 

as d isc~issed  in Reference 1 .  F i g u r e  S 3 ~ ~ o - i ~  the  t e s t  of a ch i ld ren ' s  sea t  

possessing subs tant ia l  s ide  s t ruc ture ;  ?:!; prevent notion of torso  and head 

outside the "safe" environment cf t h e  7 ,  '- i. The ch i ld ren ' s  s e a t  was attached 

t o  the adul t  s e a t  by mans  of 2 l a p  t:i t .  The ideas incorporated in t h i s  

s e a t  arrangement can be incorp2rated suc,:r;sful l y  f nto adul t  seat ing as dem- 

onstrated i n  the ana'lytical cil;d exper-i:;:,.,:al phases of t h i s  projec t  which are  

discussed in the  ren?ainder of th is  repc'i-t. 

The major problei~i in rea\-  impac-t r!i,;-be:tion i s  provision f o r  head re-  

s t r a i n t .  The subject  of the  t ~ s t  sllo;.';l .in Figure 10 was unrestrained.  Al- 

though the G-loadi nys were low arid t l i c  3'-c,i:pant's body remained i n  the s e a t ,  

po ten t i a l ly  injurious whiplash was o b s e ~ v t d  as the  head was bent backwards 

re1 a t i v e  t o  the torso .  

To summarize, the three basic probl~.i::; in  occ!~pant protect ion have been 

i l l u s t r a t e d  by examples froni HSRI impact s led t e s t s .  The problenis are :  1 .  

e j ec t ion  from the s e a t ;  2. applicat ion o f  excessive Forces t o  the  body; and, 

3. the occurrence of la rge  r e l a t i v e  m o t i o n s  between adjacent body segments, 



8 .  Sol i l t ions  t o  these problems have been p r o p o s e l  6 . d  i;::pl ?T,E~::,> as h? r t , : i r e  z*1 

HSRI as desc r ibed  i n  the  . t e x t  wh ich fo ' l lc~. ,c ; .  









. , Three major groups of ~arzriictt:~ ,. ;,,r: ccns;!;::yt!:! in desci.i!:ing an in te-  

grated s e a t - r e s t r a i n t  ~ys te i ) ;  subject-<.tf !.o ;; crt:slm tr:viron!,iei;t. They are t h ?  
, , I  I occupan'c", the  sea t  r e s t r a i n t  systeil;) r :'(i -r.pe iill . -  l::ilstion p!-ai'i l e .  

. . The occupant i s  d i f f  ici t?  t t o  d1-<,. ;-:;.;. but,; ;> ,,, / , , L - V - ,  .-, ;meritii! l y  2 n d  a n i l j f t i -  

cal l y .  Controversy a r i s e s  over. the I::.: *:*r anti::.,~;;)-,:~::?tric tiilr!:i~ies, cadaGiers, 
, . C o r  human volunteers.  The physical pl-o;::::-x;es o r  i ' , ' ~  durnrr~ies a re  the mxt 

e a s i l y  obtained and control led b u t  thc.3 i s  a  c:it::iicn whether or not th2y 

represent  a  l iv ing  human. Fciir majo;-  , , ! : r ,  of 72:::. i;l:ters may be consider?d 
! I i n  modeling the dynamic behavior of tilr i;l:ay: 1 .  n-1;iss of the body ele7,snts; 
, t 2 .  s t rength and range of f r e e  n;otl'on 0.: :.r:e v ~ r ~ i o ~ i :  j o in t  s t ruc tu res ;  3 .  mus- 

c l e  tone; and, 4. body geoinetry. 

The s e a t  would seem t o  be easiei,  ?..r, descrs1s.: .Tcr use iii a  model, Kow- 

ever ,  very 1 i t t l  e  research has beer1 c;;rried oiit to determi n. dynamic deform-  

t ion  c h a r a c t e r i s t i c s  such as s t i f f n e s s  rr,: daq:  ;I.::! o f  sea t s .  The e x t e r ~ a l  

r e s t r a i n t  systeni i s  o rd ina r j ly  defin::d i n  .terrlis ii-; spec i f i c  devices such as 

a  s e a t  be1 t ,  a i rbag,  energy-absorbins i i~ s t~ume , : ; ,  i ) ~ t ; e l s ,  e t c .  One cornmn 

fea tu re  of a l l  the devices uhich hav2 :.:(+cs su$9.?:;'c+?i i s  the f a c t  t h a t  they 

can be described in terms of dynamic ~Foi-c~-der'cui:;it;.ion prof-i l e s .  For example, 

an i n e r t i a  reel  used in conjiinction s/i.th a shoul!!t.i- harness will  have a d i f -  

f e ren t  c h a r a c t e r i s t i c  curve t h a n  a  co t~ t ro l l ed  ;:ei.rx~;ent deformation device cr 

one of the common harnesses used in cui,rer;t pro3.iztion vehicles.  Provisions 

must be made i n  any mathematical mode? Tor fot-:?s t o  be applied t o  the  occu- 

pant in a r a the r  general n:anney in o r d e r  t h a t  t.i,~':j can be used in modeling 

any one of the proposed r e s t r a i n t  devi ces . 



The f ina l  parameter i s  the deceleration p ro f i l e  t o  which an occupant i s  

subjected in  a crash environment. In a two-dimensional simulation of crash 

motions the f ront  or  rear  l i n e a r  deceleration can be used, possibly supple- 

mented by ver t ica l  and pitching components whereas in a three-dimensional 

simulation, a l l  s i x  co~nponents must be used. These include f r o n t ,  s i d e ,  and 

ver t ica l  l i n e a r  accelerat ions as well as sp in ,  p i t ch ,  and ro l l  angular accel- 

e ra  t i  ons . 
, 

3.1 THE MATHEMATICAL MODELS 

During the course of t h i s  project  two models have been developed and 

exercised extensively t o  study the  force react ions between various occupants, 

s e a t s ,  and r e s t r a i n t  systems in a var ie ty  of crash configurations. The models 

a re  the subject  of extensive reports  and Users' Manuals (See References 3 and 

4 )  

In the  two-dimensional model the occupant i s  represented by a coll ection 

of e ight  lumped masses, viscous jo in t s  with r e a l i s t i c  motion l i m i t s ,  muscles 

with r e s i s t i v e  capabil i  t y ,  and various geometric configurations. The s e a t ,  

r e s t r a i n t  system, and vehicle i n t e r i o r  a re  represented by a s e r i e s  of contact 

surfaces and force-deformation prof i les  . Various decelerat ion p ro f i l e s  in 

two dimensions can be used. 

The development of a three-dimensional model of occupant kinematics i s  

necessi tated by the f a c t  t h a t  there i s  no poss ib i l i ty  f o r  usi,ng a planar 

model t o  simulate oblique o r  l a t e r a l  co l l i s ions  in tha t  spin and other  com- 

ponents of angular motion, a s  well as  rotat ional  i n e r t i a ,  have not been taken 

in to  account. This f a c t ,  plus the observation t h a t  many r e s t r a i n t  systems are  

not symmetric, points out the need f o r  models which s i  mu1 a t e  three-dimensional 

motion. 



Two approaches may be taken in the developn~ertt of rcdzls of ' i i l i s  type. 

The f i r s t  involves ident i f ica t ion of as many variables a r ~ d  degrees e f  free- 
I . 1 .  dom as possible followed by the tedious and time-consus~in.; t z s k  o f  r?,;? iopi7.; 

a  large-scale d ig i t a l  computer program. The second appr5sch invol,;fs t h ?  

developing of increasingly complex models beginning w i t h  s j ~ ? l e  oris-:-?ss mot- 

e l s .  This second approach was chosen in that  short-teri:; r s u l t s  s~: .-e6 mors 

1 i  kely. 
- - - 

The three'masses (head, torso ,  legs)  have ine r t i a  ter!sors I ,  2 ,  K .  Co- 

ordinate axes have been chosen as principal axes so tha t  the ine r t i z  i ~ n s o r s  

are  diagonalized. The position of the torso l ink H - p o i n t  hzs been Isfined L, 

three rectangular coordinates. Each of the three links i s  then o r i ~ r ~ t s d  by 

the use of three i ne r t i a l  Euler angles. 

Ellipsoids are  attached where desired t o  the three body masses 2.3 senss 

force interactions between the occupant and the in te r io r  of the vek'c;?, Tl-,: 

i n t e r i o r  of the vehicle i s  represented by a collect ion of contact surfzces. 

These surfaces can move as a function of time re la t ive  t o  the vehicle t o  s i c -  

ulate a deploying r e s t r a in t  system. Provision fo r  the use of be l t  r es t ra in t  

systems, i s  also included in the model. 

A variety of outputs are available when the three-din:ei;sional radel i s  

used. The primary s e t  of output i s  stored on f i l e  and printed in tabular  

form. This consists  of translat ional  and rotat ional  displacements, v s l o c i t i ~ s ,  

and accelerations of body segments as well as a l l  applied be l t ,  contsct ,  and 

deceleration forces. 

In addition to t h i s ,  three pictorial  outputs a re  available. In a l l  cas f s ,  

a s t i ck  f igure of the occupant i s  produced showing his moticns as a f t i~c t ion  

of time. A 1  1 of these output techniques use an interface subroutine which 



operates on t.he stored f i l e  of program output.  O u t p u t  has .been provided in 

the form of hardcopy as a sequence of Calcomp plots  (power-driven pen wri t-  

ten graphs) .  In addition t o  t h i s ,  a time-sequence of the s t i c k  f igures car) 

be produced on a te levis ion  screen. 
.. 

The f ina l  output technique produces a 16  mm motion p ic ture  of the se-  

quence of s t i c k  f igures  previously provided as hardcopy ink graphs or  as s t i !  1 

pictures projected on a cathode ray tube. In order  t o  do t h i s ,  a special t a p  

i s  wri t ten and' the movie produced by using auxil 1 i  ary computer programs and 

hardware. The d e t a i l s  of the three-dimensional model are  included in Refer- 

ence 4.  

3.2 COMPUTER STUD1 ES 

Both the Two- and Three-Dimensional Crash Victim Simulators have been 

exercised successful ly fo r  a t o t a l  of approximately 500 times. Many of these 

have been presented in de ta i l  in other  publications and reports  and can be 

summarized as follows: 

1 . Be1 t materi a1 

2. Belt slack7 

3. Belt angles738 

4. Lap b e l t  only 

5. Lap and torso  belts738,g 

6. Rear-end co l l i s ion  

7 .  Seat geometry and propert ies  

8. T i l t ing  s e a t  

9. Inf la t ing  r e s t r a i n t  systems2 

10. Vehicle i n t e r i o r  s t ruc tures  



1 7 .  Geot!-:?try of s : - r t  s i d e  s t r ; ; c t ~ ; r e s  

18, ~ e ~ l b ~ i i - 1 ~  r s ; ; i r :  i f i " , ~ ~  t ~ i s .  

Be1 t ma-tei-f a1 s \;iiS.ti: s :veral load-deformation c h a r a c t e r i s t i c s  were con- 

s i de r ed :  1 ,  e l a s t i c  t c i t ,  2 .  v i scc !s las t i c  b e l t ;  3. mater ia l  with r a t e  de- 

peridcnce on ly ;  ?nd,  4. :;zi:i.ial w i t h  permanent deformation.  In a simulated 

30 ript-1 b a r r i e r  coll isi i . ! , : ,  t h e  v i s c o ~ 1 ~ ? s t i c  b e l t  tended t o  reduce b e l t  fo rces  

a n d  p ~ a k  body C !  son.i:.:;.,t L :hen co!i;~~ii-ed t o  the  e l a s t i c  mater ia l  . The amount 

of forward t r ~ n  1 z t i ~ i ~ ?  l :,.:? rotatior.;;l nlotioii experienced by the simulated 

occupant in  t h e  two ~ 2 5 2 5  ',:),- ,,,-,, s i m i l a r .  In the  case  of the  e l a s t i c  b e l t s ,  t h e  

head of the  cccljpant v:r, ,-t>ii;ted fer::au.d s u f f i c i e n t l y  t o  cause a high dece le r -  

a t i on  (91  G )  l a s t i n g  l e s s  than 5 ms 2s t h e  head i n t e r ac t ed  with the j o i n t  s t o p  

l i m i t i n g  for~;clrd rott~i:;oi!. This i n t e r a c t i o n  did  not  occur i n  t he  case  of t h e  

viscoel  a s t i c  be1 t .  Thc iil i "be1 t n-ater ia l  " cons i s ted  of  ve loc i t y  sens i  t i v z  

e le i lznts  in \$h.ich f o r cz  i: cxertc-d o ~ l y  a s  a r e s u l t  of deformation r a t e .  This  

type of a c t i on  ccllrld .t;:!::. l a c e  i f  a pneumatic shock absorber  were placed i n  

s e r i e s  with t h e  end of !he ?e l  t system. A1 though the  forward H-point cove- 

ment was g r e a t e r  in  t h i s  c;se, the  rcduced occupant loadings  and acce l e r a t i ons  

po in t  t o  t h i s  concept as cnt2 northy of f u r t h e r  s tudy.  An add i t i ona l  b e n e f i t  

i s  r e a l i z ed  wllei~ forwsrci r;lo::ctitu!n i s  reduced a zero.  At t h i s  po in t  body motion 

ceases ,  a s  t h e r e  i s  no v,:locity d i f f e r ence  t o  cause an e l a s t i c  spring-back. 



Other studies have been carried o u t  f o r  those bel t  materials involving the 

inclusion of permanent deformation or loss as a material property. In thes: 

cases, the e l a s t i c ,  v iscoelas t ic ,  and r a t e  dependent materials behaved a s  

befor? during the loading cycle of the decelerat ion,  however, rebou~d was 

essen t ia l ly  eliminated. Again, th i s  feature of a b e l t  material i s  desirabls 

t o  prevent the occupant from bouncing around the vehicle in the event of a 

co l l i s ion .  

The studies of be1 t slack which were carried out tended to agree cvi t h  

the contention tha t  a  t i gh t  system of be1 t s  involves the occupant w i t h  the 

r e s t r a i n t  system ea r l i e r  in the col l i s ion event and makes m r e  effect ive  use 

of the available stopping distance in attenuating the e f fec t s .  

The resu l t s  shown i n  Table 2 are f o r  an occupant simulating a 6-year-015 

child subjected t o  a  30 mph ba r r i e r  impact. The resul ts  show the rather lars;  

benefits t o  be gained by using a t i g h t  r e s t r a i n t  system. 

I t  appears tha t  tightening one be1 t and leaving another loose provides z 

benefi t .  However, in the case of a t i gh t  shoulder be l t  and a loose seat  b e l t ,  

th i s  i s  not t rue .  Submarining in th i s  case was pronounced with the sinulats,=l 

child nearly slipping from under the be1 t s .  

TABLE 2 .  STUDIES OF BELT S L A C K  

Seat Belt Shoulder Har- Seat Be1 t Shoulder Har- Head Chest 
Slack, In. ness Slack, In. Force, Lb.  ness Force, Lb. PeakG Peak G 

3.0  3.0 1700 1443 8 0 5 0 





After t i o i ~ a l  s tudies , i t  was found t h a t  contouring the sea t  t o  con- 

form t o  seat?: !.,;,:iy g e o n i e t ~ y  subs tant ia l ly  reduced body "G's" and re la t ive  

bod)' c?n~;~llcti' i.::>ii~!il. Thcs, a contoured s e a t  back with a ver t ica l  integral  

head r e s t  has i:bc-:,t: propgs2d 6s  a concept. This sea t  geometry was tes ted  with 

indiilSdua1s l ! ) ~  from c? six-year-old child t o  a 95th percenti le  man. I t  
. . of fe i -~d  s u b s l : - : > ; : ~ ! l y  g r e a t e r  protection t o  each than did a sea t  back and 

head res t  kii ti-: :: cc i~s tan t  at?gle. 

'The forts i;lrorn!atiot; cha rac te r i s t i c s  of the s e a t  back were a lso  varied. 

A variable s"L,: r';;ess back illi th a 1 inear e l a s t i c  cha rac te r i s t i c ,  f o r  example, 

a s t i f . :  lower :;:..::; back coijibined with a s o f t  upper sea t  back and head r e s t ,  

did n o t  add t.i, i:li;,act protec t ion ,  b u t  r a the r  aggravated the s i tua t ion  f o r  an 

occup~.ntiil-ti:-l~ lii:! in co~!.tact with the contoured sea t  a t  a l l  points ,  In t h i s  

case h4gh pe,:i, :l:;it!ct forces between occupant and s e a t  a re  reached in a 

shor ter  t i n ?  17 ;!:2 s t i f - ;  s p a t  regions whereas a longer time i s  required f o r  

reaching peal: i '  ii.c.2 val~i2s in the  sof t  regions. This leads t o  r e l a t i v e  ro ta-  

t ion  be,&:een l h i . 2 , ~  ~ ' l e n ~ e i ' i t s ,  a case which i s  avoided t o  a grea ter  extent  with 

a ccnstant s"Li;':!?sss back. 

A signific;:-,t reduction in body loadings was rea l ized  when damping and 

energy absovrJ:5cil were zdded  to  the sea t  back. In addition rebound was min- 

imized. The iwL:~ial c h o w  for padding the s e a t  incorporated these propert ies  

t o  t h e  rna~iiii:.::~! y ~ ~ : s s  i bl e  ex t en t .  

TABLE 3. SEAT BACK DAMPING 

Hsri zcntal 
Seat H i p  Force on Force on Force Peak Peak Back Excui-sion Head Upper Torso on Hip Head Chest 

Damping ( i  u c h )  ( l b )  ( Ib )  ' ( l b )  G's GIs -- - - - 
N o - 5 . 2  284 2209 2371 2 8 4 1 
Yes -3 ,7  176 7 80 2032 15 14 



Sea t  cushion proi:!e;fi.l;jes jncl ~dj!::; i:n,::; I, ,-c,r-ce-.; -, :.: ,-::;'.ti~,n ;,;.c;,eyj:- 

, . .  t i c s  and f r i c t i o n  were si;udied. J ! . , c ~ : ~ ~ s  i ) , ,  , i,:-,:;::, : . . :  - :;!i;#!, , ' . :  , - : 3 ~  :~ 

, , . , t h e  cushion both tended t o  inci-eacji : ' l s  i - c , '~  . , ,  . , L 'r r., -, . ,  . \ .  . , -  
, ,  ;I j ; , ;Fp:-l  - . 

8 , -  : , ; I -  , , ,  3 

. . I '  . , thus  reducing the  loads placed sn ?Pi.. re;, ? - :  i ,  -.. c,f ~1 .- ,:.... Ji. -ye:," . - . :  , - \ / c . - .  -:" - - - 

Decreasing s t i f f n e s s  sllc:b;ed t he  Iiji: t~ ; i r , l ,  : s , l . - . " l y c ;  ' '-: ,-;i I.,,. ', 8:T,;::,t-* 

, . thus  reducing the  be1 t ai1gle w i b h  rcr;!cct, LC.. a .,;: i::',.'.:,, - . ; r , ?  .:-.nC. . -  ::.;::):in; 

t h e  chance of an i n j u r y  due t o  sui , i~<ri i l in5.  ; 'oc: ':  x l ~  : -?  ; , , L  c k  1 p .  , - : 3 - , 7  .<.  L c:: - 
, . C '  ion with a l a r g e  f r ic t - io t i  c o e f f i c i c ) i t  is n;.: c : . ' ~ ; , : ; ~ ~ ~ ~  .: '  !>2,.,,t.,: I,/; I . , .  L , OC!: . 

-,  
I ,..,\,,,& ,.,, , ,  - - ,  - pant comfort and the  cl ii-itbing in aitd out  o-? 2 , .  , , , - , l ' s e  ".s 

necessary t o  make t he  s e a t  usab le .  
I . I  , Passive r e s t r a i n t  systenis w y e  a l s o  col;i,f i ? , - k d .  ; !: ,.,;,s . fn iv: .  5 - ;' 2 

t i 1  t i n g  s e a t  cushion could r e s t r a i n  an occi!paFit i n  a :I-2 ::.:.l ~ ~ 2 . i  : ::;Ic: 1 7 +I I r - f i -  ,, 

. . . , vided the  s e a t  cushion a t  t he  h ip  .is very s:ii: t1i.id i : i  ~. r l : r , r , ! : : r i  . . *  . , , I t '  ' > - .  ',).;- , , , ' 

i f  s t i f f .  The pe lv i s  and sp ine  o-f the  occupcn; vierti r;:::~ ;*:,r' 3;:: L ~ : ~ : ;  ,;,,;r'~ i t *  

, 1 the  d i r e c t i o n  of t he  impact. Because of tlie lo::.r t~::~-p.,c,c-; zi c , . ,  r .: ..?n t:, . '  

'i t o  spineward load ings ,  the t i  1 t - s e a t  concept ai?jjeai-s t c  il;, .:i. , ci,.: I . ;  2 l . c c t i  

po t en t i a l  f o r  high-G impacts than systems \:lhcrr the t o [ - i r  ! - ~ : ~ a i ; \ , . .  .':,r:. tear':, 

up r igh t .  

I n f l a t i n g  r e s t r a i  t~t  systems were observed t o  have kc ~i 'et : ix;c I 7 t e ~ t i ' r . :  

, " o f  any devices  s imulated f o r  mainta ining bodJ/ r e l a t i v e  ge;;ixtu.y ; , I .  i I!~i- d i s - .  

, . ,  t r i b u t i n g  t h e  loading evenly over the  body. I t  was nccc;szr-:I to r-:., ;,. 11: T,!,: 

? .  < forward motion of t he  pe lv i c  reg ion .  This was most e f f e z  t ively ~ c 5 r - v  ; :  r l s n t , ;  

by providing knee support .  In p r a c t i c e  tlii s ccul  d be a ~ c ~ # : i i y ~ i  i si!~:? 5;~ t:!ierc.:,.- I ., 

absorbing lower ins t rument  panels2 or by an irifl a t i n g  rcstrcii?i;  s-:stc:a- ?:hi cli  

deploys a s e c t i o n  f o r  knee suppor t .  
- 8  Three ba s i c  types  of dece l e r a t i on  p r o f i l e s  have been used i n  c l i c  ta:o- 

dimensional s imula t ions .  One i s  provided by the  Autotxobi 1 e i4anuiai: t ' i r c r s  



Association and represents a 30 mph ba r r i e r  co l l i s ion  as sinulated on  a n  im- 

pact s l ed .  I t  i s  trapezoidal in shape and skewed a t  one end t o  provide a 

19 G peak. The second has been obtained from an actual fu l l - sca le  30 rph 

crash. F inal ly ,  the t race  obtained on the HSRI impact sled i s  used in a l l  
" 

siriiul at ions used f o r  comparison between t e s t  and analyt ical  resul t s  . Addi - 

t ional  waveforms have been used t o  study the e f f e c t s  of rise-time and duration 

of the decelerat ion.  

A large col lec t ion  of exercises of the three-dimensional model i n s o l v i ~ g  

be1 t r e s t r a i n t  systems a r e  described in de ta i l  in Reference 8. Many of the 

conclusions reached are  d i rec t ly  related to  the current  project  and will be 

sumnarized here: 

1 .  Unsynimetric motions and ro ta t ions  of the body masses will  r e s u l t  i f  

an unsymmetric s ingle  diagonal shoulder harness i s  used. This can be 

par t ia l  ly  el  inlinated by locating the harness anchorage a t  approxi - 

mately 30" from a ver t ica l  center-plane through the occupant. 

2 .  Symmetric be1 t systems such as the double shoulder harness and the 

inverted y-yoke harness system are  t o  be preferred over a s ingle  

diagonal shoulder harness because of the symmetric occupant response 

and improved performance in s ide  impact. 

3. I t  has been estimated tha t  a sea t  be1 t should be located a t  an angle 

of 50" - 60' from the horizontal i n  order  t o  comply with human anzt- 

omy and re ta in  load carrying ef f ic iency.  

4. I f  be1 t attachment points are moved away from the occupant towards 

the s ides  of the vehicle,  i t  has been shown tha t  both load carrying 

ef f ic iency and s ide  inipact performance a re  reduced. 
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. - ,-',2,sz ';' , ,:5\:ld sl.iij;-: !;:to door ~ t ; f i g ~ t i . , ~ , , -  . . , an ; : - 7 ; . - ~  ; .  ,,,i, kcere to  occdr  cn t h ' 2  

" 

. , , :  2 . . ,  I n  ordei- I;fi ~ , r z l j j - ' ;  ;;."::c';icfi ::, xz.;z ~ccupz;: using r.,.- 

-i~lti,.;: . f, ::l ~ ~ ~ a t - r ~ . r ? ~ r ~ , i r ~ t  sysic;:; coriccp:., s;':;? strscti;ines .,#,,?re adds"tc the 

~ f d t  t:! ;1 :j!i.;ce sidt: i,;:t.j~ns boi;!; o f  t1.1~ L!:.:: . , 1:- torsc ;pd 0-T the lowe f-, er.trem- 

;ijes !,? ,:>:A ..,.. occu;;znt. The pr i : \ c ;p l i l s  bi.:!!i;S t h i s  a r e  discussed ir, Part 2 

iii LhS; ;-r,::.!rt and : l  lus t ra ted  i r; Figure 2 .  

~ i l i l l \ l ~ i . q ~ n  .:.i! !.,-, exerci l;es eval uat . i i -g t h i s  tech i i i c jue  f o r  s ide  i rpac t  PI-a tec t ior  

ai-t. s ~ !  , ,: i-izcd in Tzble 4 .  Four typical c ~ c l  uaticns are izcluded i r ,  th is  

T;bl e  r?:,.-:-ientingg J t i i t nee-po i  ;it harness, ~ 1 1  inverted y-yoke harness, 2nd ar: 

a i 1 ~ 0 2 5  t i ~ r s o  i-estrui'nt e,ri th no supp leme~ta i - j  l a p  be1 t .  Three of t k s  e x e r c i ~ s  

i i ~ v o l v : i  .: i;'?i;i; percent-ile a d u l h ~ i a l e  and o n 2  a small c h i l d .  In evzl~ating 

t h i s  d o t ? ,  i t  can be seen t h a t  a l l  segments o f  the occupants body rs-.ain wit1-- 

i n  the  s???: enviro~ilient. Also, the padding selected had been  chose^ t o  l imi t  

t h e  occupznt loadings t o  acceptable levels .  The high l e f t - r i g h t  tcrso 



G - l o z d i n g  in the th i rd  run was caused by an interaction between the torso and 

a s e a t  s t rvctura l  member underneath the padding. (This was corrected in s ea t  

fahu.ii:i:t-ion by using s t i f f e r  padding). The deceleration prof i le  chosen fo r  

these  ;..i;!~; was a 20 m p h  d i rec t  s ide impact chosen from ful l -scale  vehicle 

crasi; t,-sst data.  

T h e  conclusion which can be reached from th i s  study i s  tha t  s ide s t ruc-  

ture; i;:ij~t be added t o  vehicle seating concepts in order t o  provide protection 

i n  s i d e  pro.i;ection. I t  i s  unimportant whether they be included as part  o f  

tiit. s2s.t s t ructure  i t s e l f  (as was done in th i s  study) or integrated into the 

vehi c'! e i n t e r i o r  side s t ruc tu res .  



~ - . - , ,  " .  f o r  :...I. , ?  , , - ,  , , , , , !  : i72 ; ' ,  - lt:~;al l y  ; r )  v.sl-L 1,; C U \ * ) ~ ~ ~ - ~ ~  ~ > ~ ~ ~ ~ , 8 : , - ~ ~ ~ ~  

- -  , -  b o y  , ; , ; , . , -  . I , -, . ' , :; : ,cjtt:::l r~!rr;:zrd of  ~nc:t, i ~ i o u n t i n g  point. ;  'is r+2di;ce 

8 ,  
I , .  , , 1 , ;  , , - ,  '. , , . .  'This w i l l  i.110:~ the  10i;ds t 9  t fc -ir?r,s- 

p ' ,- ; ,  ., mi ttc;;! c:. <.I. I - .! .,, -% . ., .. - .:, neck . ; i l ; J  ?sck ~ o r c  !:ezi-ly simu'I.tan~o!;sly. 

' 1 1  ,. 1. Fi?:;,->:. :I; , ' , ~ , i  , ; .), _ . ; , :;? dr;.l!:;!;s of t k ~ o  rct;eni;ial arrangei;:e:iti; of  

t h  j b( 1, j ,r c J ~ :  ,- : 8.-t;i..:- , r:-.: insta l1; t ;on i n  a ni3ior vehic le .  Figure 1 2  

L.. . repl-~:~; , ;  . L  r A  i.,ici/2t k;p:3 ,. i . crrancjer::s:lt. The torso restraint systen i s  an  









airbag. Restraint fo r  the pelvic region and lower ex t r e r~ i t i c s  cou:-; : - .  ri*; 

vided e i the r  by an energy absorbing lower instrument panel2 7 : j k ing  '., -. $:st 

completely passive o r  by a lap  be1 t .  

Figure 13 i l l u s t r a t e s  the basic bucket seat  unit  modif'ed for  i i S f  : a 

bench sea t  arrangement. In the example shown, an active thrsz-roi;:.: ;: ,..,zc: 

i s  provided for res t ra in t .  Easy storage of th i s  system i s  ir::ludecf 'C :-,11~ 

concept. The upper element of the harness i s  attached t o  a re t rac t ' - ;  ' r ? r t ' :  

ree l .  The lowir element i s  attached to  a locking re t ractor .  This t:!c; the 

system against  the sea t  back when n o t  in use. As an exampl. o f  the ,ss .;f 2 

. 0 system such as t h i s  ( r e f e r  t o  Figure 13 ) ,  the r ight  passencsr i;ould s -  T m n  

and inse r t  his right arm through the loop. He would then grasp the ::-;x 

with his l e f t  hand and inse r t  i t  in the buckle by his l e f t  h i p  which i.:.41d 

be permanently fixed in place. This system i s  automatically adjus t i* ;  ~ i e  

t o  the locking re t rac to r  on the sea t  be l t  and the ine r t i a  rsel  on t F 2  rzrness.  

I t  should be noted tha t  the lower be l t  attachment points are l c c?4~ . ? ,  oil 

the s ea t  s t ructure .  This i s  done to  allow more control over the  ans-e c f  th,: 

sea t  be1 t ,  a problem plaguing current ins ta l l a t ion  design. This wi" exes- 

s i t a t e  a strengthening of the seat  attachment points, a  problen whic: c c ~ l d  

be minimized by locating an energy absorbing 1 ink a t  the rear  mountir, point. 

The upper s t rap  in the shoulder harness will be mounted i n  the  autorl:bi?e in- 

t e r i o r  to  minimize redesign of the seat  back. 
- .  Based on the previous discussion, four concepts were proposed w!,Sch s h o ~  : c  

of fe r  h i g h  level protection in f ron t ,  oblique, l a t e r a l ,  and rear col l i s ions .  

All these systems use the basic bucket sea t  concept i l lus t ra ted  in F is t i re  17. 

Three are  bucket seats  and the fourth i s  the bench sea t  shown i n  Figi;re 13. 

They are described as:  1. bucket seat  with airbag torso res t ra in t  3rd energy 



I '  . -  ? , , , : I : ; .  . , ., i ~ r  i i :si; i  i:,.cr!t pi.7::1 (pure  p a s s i v e  s y s t e n )  ; 2 .  bucket s ~ ;  t with 

- , , % a  ?': : , s , , ,n!rp " - , . -  h i  ,,.. ,:..,, ,.,. a n d  1;;s kc7t coi?hi:nation usirig a r e t r a c t i n g  i n e r t i a  

Y - 2  . * .  1 v ,> 
I . , ,  , > -  

ll',r,3,.> 
,A 7 I- L. :';;r:;hment :, ; . I ; ; :  i n  the  v ~ h i c l e  i n t e r i o r  a n d  usic;  a lock- 

- , , , ,  ,.,.- . ' -  , , 

, a - j  . . , c ; i - ! '  CI; . : I::;, b e l t ;  S. b t r cke t  s x t  vrith ti-lrez po in t  h a r z f s s  s y s t ~ r  
7 -  , _ , I . - n ) . 
. . . . '1:; : v*,  -: I;; ar;n? , I .  bench s e a t  z.rran9c-znt using t h r ~ e  bucket 

- .  - , . 
, ' ~. . , , ;; 42: j~ f  I , ,  , ,  , -  , ,,;?t}i i ! ; ; - : . . p ? jn t  /;?,in;;c;csps, 

, . 
, " ;,,..,,-;I , . , 

, ,,t: prot : ;~ . : ,  , _  seat, i:. sliob/~l i n  Fi5~; l -e  14. The :ra-2 o f  

. ( ,  > . . J  ' .- ,' ? , .  . , - 
- . , , ,  ,: l : , l , ~ - . , l , ,  ;.. - ! r ~ $  L,-#<. - ; i ~ h  scj!r;'rc hot  r o l l e d  ir-ild s t e e l  t;;ing wit:- 

) ,__ . 
<.I  I S~ . a , - 3  , ,  : -;c?,,-,- , ; -::: strli,: < I , ; , . ) ? ,  a r e  d:s.i y~?t .d  t o  wi thstand 40 mph , 49 G 

~, ,. , , . - - 
. . L * ,  f ,  + ., . d i r e c t :  II? :-!<"L tth~ (;.'3ed loading of  a 95th ~ r r c e n t i l ~  

: "  t.. -t; ,. ; ' , j:;-,? , ,-; , :  , ' , - : I  ,. ; I  o f  th?  s e z t  i s  27  i~ ; ches .  This w i i t h  leave: 

, , , - 
i ,: i:2 ,,, - , . - ,  - , , . . , ; .11~.,. '~ ,: ;?f e~;erz;t ~?bsorbinr j  ir:zteria'l t o  o f f ~ r  pro- 

'... ; ! ' , ,  i ?  : :(:< ; , : , .  , ;'; . .::-);1 f,: 
-..A till.9 a 95111 percer , i i :  sl male. The d i s t ance  

' ~. + , ., , . . . - . , , <,', . . - , L ; : r j ? ! , ; .  ;.. i:.:;.s 6°F ti:? ;.at t o  ::he f l o o r  i s  24 .75  inches .  The top  

, , -  . . " , . .  ~ , . ,  . . i s  :':;: ; , ,  _ i 1 2 s  f;-<.,; I-:,: f l o o r  ;;:.%o;liding headres t  structu.2 for a 
, * -  I . ! ,  ,. ., . 0 .. - .  . t , .  , !  ,. : ! I  ' , 12 L,:, :. 

' . +l !;;,:: :, , , .  < I >  L ~ ~ J  ..:, .,. bi>>:k . ; : ~ ; T - ~ I ~ . ~  , . ~ l i  qg  th? k c a d  yes t ,  a n d  v:tqaps aroun? t h e  tub:- 

1 -, ... - - , 5 :  - .. c t  . !r12 pui-;.;c'ze of  this i s  t o  d e f e r 3  a n d  absorb energy dur- 

: .  - 
I ,  ,... ? . 1, z - - ! ; , - ; ~  I , , .  ; r 1 3 , c  .,.-r o f  i-:33~20 styrofi!am covers t he  s e a t  b a c k ,  head re s t ,  

,- - :.,:.: t it,[: -; : : ' ,  a i~ : i  - i > ?  ;;:side o f  t h e  s i d e  s t r u c t u r e s .  This mate r ia l  i s  crush- 

G L ! ~ ?  $, ! ,  !,,, ; l o a d  I.: c:5~1:1t 153 l S / < n ?  A l a y e r  of 3 I b j f t 3  urethan2 foam, 





;d\ich 5r ; c ~ n v e i i  tie,:!?? ci;n;i,c:, -; , !: c u s h i o n  fc3r11, i s  place! bet'deen t h z  s tyro-  

1' I , .  , . 
I a t  t : 5 - !  s e a t  c : l l r . . -  !:hit is: :?~!i.lg;7hyr!,-: ST. This l zye r ,  varying in thick- 

. - . . 
j f 1 I , - / j j - ,  conti:gy-c: to p rov ide  lower back sc^~pijr t  

. . d : i f  . A n  a:.':ljiii;nal c u r v ~ r j  piece of 6 ? b , / f t 3  

?h-;;afr~, , I  i:: h2ci.d ;:, ti),: f , [ - .  ; '  ! u ' r s ?  of I!,<! ~ 2 3 t  cushion to  zid i n  r s s t r i c t i r , ;  

foi*wal*;; ~ : , ; k i c ~ ~  0; ; : - p o i r : '  : , : f i g  i;n:i-:as; 2nd to  absorb , d  e c e r ; ~  wkrn the h'; 

c J ~ e s  r;?ic! : fc:.xilrd, 

. -.. .,.,,J G i l l : , ;  ti-,? i i i r ~ s t  I.. ,.-.:i:ir12 . . ,  . ,, restiq:. I:!: syste;:l, :,;as sef  ected f s r  t l s t i r ; .  

;'i)js j i i \  h. 1 the: L : - , ~  (;; a LJ,! , . .,;.jc j r i \ ; c t , ~ ~ ~ . ~ r ~  , L ,  ' y-yoke h3rness. The jJard,~/are 

. < I  . ,  , ,  ;;:n~!rrtz;l . : I  I.:... st.,: t ::;: r'rcl!'; : :- , . y  Amer-i; .::I Seatins Co, of Grand Ez?ids. 
.? 8 I .  ! i>k> L!I,;~J:.,' 2.; . . : i ; ,~q t  ;:. :,;: $fie,-," , !3 ; .c? ' l  . I t  is  dctivated by l j 2  G a c c e i e r a t i o ~  

;,f t i l e  ,;;i-~,,ij 5s j . ~  - ; : - -  . ,>-. . . the rs.21 . The device a lso  locks autornat- 

i c a l  1;) : ' .i t i s  . t ! r : , r , :  , I  y ~ s i ; ' . .  : .  Th:: 7;;: b e l t  se;i--.pt:t ccnsjsted sf a 10c4.- 

. , .  yE;<,.;;!,:(jc 9; : 5 ; !;; 2:;"'  ! j , p d  ! . > P C , , -  , !3. ,  
-; ; i L r  For t!;e D2ck:e on t h s  other.  

- ,  . - 8 Ti::: ? 5 , t  hVi2j;'i.; :(: l b s .  : ; I T : -  i s  2 3  i i>S  heavier ti?zn a current  ;roducticc 
. , 8 .  

5L;c!<:et L ,  , L ,  140 i i : : ; . , :  i? C~;:.I. , ...:;;,2n 't.c!,,;-~ :dues or r ; ; ter ials  have ?.?r, used 

j I  ? , , ~~08,,,':,jv~c:+, hec~:, ' : ,  , -.; v:2.! L' .-I:? ~ , , g  involve3 in the f ab r i ca t ion ,  

-.L ' < . 
; L 1s f,;x ;.:;..: t ~ d  tt:, 1; t ~ ; ?  pyr~',:.  ; ,.. IiSRI 5e;i. dsed in the t e s t s  biouii ccs t  a -  

bqUt , , ,, ti;;.:.., i.;r,mn- , i . a , r o d  t This f igure  cc"id b e  re- 

e d  a 1 : ;  , . . F i v * 5 t ,  tile sea t  iii thstood the severe 

t e s t s  i i * l ; l :  :i Ssd i TI i:~..; 4 . 3  \ . i  ;i:,!?~t notic2zble deforna t ion .  This siisgests t r 5  

i ; , ,esen~, . -  ', ! o\!eril., l ;n i n  sc.: , .  r ;,:-i~c tural i:;?;cbers , a p r o b l  en which could be 

1 m i :  I r e .  A1 s c ,  ,I::? to  t!ie s;:idll de.for;?ations observed in the 

iJnergy ;:>so;bing fcL:::r c!,drii;$ : i i ~ :  t e s t s ,  .ti.ie s e a t  could be mzde narrc'rier by as  

i;i;ch as  thi-n: i n c h e s ,  2 viei ; l : t ,  space a n d  cos t  reducing change. The second 

possibil  i ty io!- cost  i - educ t i cn  c;f tile secii;ing un i t  i s  in tegra t ion  of the s i d e  

iinpact p r c t c c t i v e  si:r~icttires i n  t i l e  door oi- s- ide s t ruc tu res  of the vehicle. 



4.3 TEST PROGRAM 

A to ta l  of f i f t e e n  impact s led t e s t s  were cor~ducted on ti?? HSRI i , ,-',, l 

, -. 
sea t  described in Part 4.2 of t h i s  repor t .  The t e s t  matrix i s  give11 ., i ! ' _  

5. 

The t e s t s  were conducted on the HSRI Impact Sled (Figure 15)  wh fc i>  : 

the accelerat ion-decelerat ion type. I t  can be accelerated over a 1%- r! . ' ,  

distance u p  tots top speed of 40 mph using a conlpressed air-actuated p l . l " !  

arm. The decelerat ion stroke has a maximum length of 3 f e e t  and a rnsx:; . ' ; .  

potential  of 88 G's.  For the  purpose of high-speed photography, a t o i , !  3 ,  

50 kw of l igh t ing  i s  avai lable .  Real time and high-speed nlovies are .tc.i:..,,. 

as  well as s t i l l  photographs before and a f t e r  each t e s t .  The Kis t le r  

Piezotron Model No. 818 t r i a x i a l  accelerometer packs were located in tl,:: : : - ,  

and chest of the Sier ra  dummies. A Statham s t r a i n  gage acce le r~mete r  :!I::. 

used to  record the s led  decelerat ion pulse. S t ra in  gage force transduc-:  .: 

were mounted on the harness and lap  be1 t segments. 

The data was recorded simultaneously on a Honeywell 7600 tape r ~ ~ i l i ' ~ ; ' ! : '  

and a Honeywell 1612 Visicorder. No f i l t e r i n g  was used during the in i t l : , l  

recording other  than the  1 imitation of the 1 i  ght-beam galvanometers t o  

frequencies under 1000 cps. A sample s e t  of transducer data i s  shown in 

Figure 16 which i s  a photograph of the  l i g h t  beam osci l lographic t e s t  record. 

A sequence of photographs i l l u s t r a t i n g  the motions of the t e s t  dummy i s  gi\<ct.; 

in Figure 17. 

A summary of the t e s t  r e s u l t s  i s  given in Table 6 based on an e v a l u d t i ~ ~ t ?  

of the osc i l  lographic and photographic da ta .  Code l e t t e r s  define dummy s i z e  

as follows: 1 .  50M (50th percent i le  male); 2 .  5F (5th percenti le  fenlalc); 

and, 3. 95M (95th percenti le  male). The body accelerometers are referred t,o 



TABLE 5. SEAT TEST IvNTRIX 

+ . .  b--- 

i i 
1'. 3-10 1 I 

i f r o n t  50th pe rcen t i l e  male 1 
I I 

50th pe rcen t i l e  ma1 e  

I 
- --..-.-----. 

i - 1  2 i 40 f r o n t  50th percent i  1 e  male 
I t --.- - . . -  

1 ",.:13 f r o n t  95th pe rcen t i l e  male 
----- I 

4.0 f r o n t  5th percenti  1  e  female 
- 

20 r e a r  50th pe rcen t i l e  male I +- -. -. --------- +--, 

I i"\..." . 3 ,- 1 7 r e a r  50th pe rcen t i l e  ma1 e  
I -- _ - .--. _._--IF 4 

3 0 

r ea r  
- 

45" oblique 

45' oblique 

1 

r e a r  

5th pe rcen t i l e  female 

50th percenti  1  e  ma1 e  

! 
5th percent i  1  e  female I 

I 
45" oblique 

I _ _ _ _ l . . _ _ _ _ _ _ l  

5th pe rcen t i l e  female 
---- 

95th percent i  1 e ma1 e 

95th pe rcen t i l e  ma1 e  

95th pe rcen t i l e  ma1 e  

rT&i 30 s i d e  

J 

50 t h  percen t i  1 e ma1 e 











(3s : 1 .  3 - p  (antr::io;--p3sterior) ; 2 .  s - i  ( s u p e r i o r - i n f e r i o r ) ;  and, 3. 1 - r  

( lef t - : ' .?)) .  Ins ta i~ taneous  peak values are given f o r  body G-loads and be1 t 

igdd5. .'. '3'[di"i% 5;;;:"; f o r  an acce le ra t io l i  i n d i c a t e s  a. malfunction o f  t h e  da t a  

~-,lYccl-~., , .. c>vstt~iil; p s .  i;.~ost o f t e n ,  a break i n  t h e  cab les  connected t o  the zc- . . 

c, 1 c (- 1. : : : ,, ,' . , .  . A b:,,,:! zhown f o r  a b e l t  segi.11~11t load i nd i ca t e s  t h a t  a b e i t  ~ 3 5  

?- . +. . . , , , ; :% t;he c:l--: o f  T e s t  i l o s .  4-315, A-316, A-351 and A-353. The value 

I 8 '., ,' 
< < .  ., ;.I(, , 1 . -  %py-de, j  -:!, , - ..., f , t  {ither C ~ S S S ,  The l a s t  coluinn shows the maxi'mum angular  

, ,  7 * .. 
J 1 s;j i L ..- -::I: of r ; ; '  [i: ' -  i t r a r y  l -i I-c tlirougli t h e  c en t e r  of g r av i t y  of t he  d u m m j  ' s  

. ,  , 
2 .  : I , ,  : v:?s cl:i:l li::.d fro,,: ;~i:otograpl~i c ana ly s i s  of t he  high speed m v i e s .  

* 9 

it ri-:;., ;.: +!;i;s a c:.,:.,; ii1;tion cF p i tch ing  and r o l l i n g  motions of the  head. Ya.lli 

/ a * ,  isp;; . .  , .:; :.otir',,::. i , ,  . zhe hesd  around 'chis ax i s  a r e  not  included.  

T ' , . 
1 ~ 1 ; ;  !i::c?lr.':', I.:: i-! \:!11se ~ ! s ? d  .I:n these  t e s t s  was a  t rapezo id  w i t h  a r i s e  

:,i;',.c - - 4 , .  

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

, , . .  "., ,.;:-, :,: :,;: 10 ms . The avera.ge msgr1.i tude was 16 G ' s .  

' r  ' 

i I,.! .: >tior , : ;  ::,; .:i.ietlccd h j ~  t h e  dun:z:-icis a r e  i  11 u s t r a t ed  i n  Figures 17-22. 

T , ~  J , ,  a i  - ,  : . ::;i?.; i t  si-,:l!l~i be oissc;?ved t h a t  t i l e  dummy r e r a in s  wi th in  the er~viror.-  

' . ,  ,) .. - , , \ .  ,- , - '  . , . &  i!ST;'i S;!:  rated s c d t - r e s t r a i i l t  system and does not  experience ar::; 

i ; ? ~ ; s ; . , ; . ?  . ,.:i.icns i::-, : .-h could 1r;iirl t o  po t en t i a l  i n j u r i e s .  

i k . 4  C':, 8:,-,T;:ISO?l (::' I;Ci;liLTS NITH C U R R E N T  SYSTElilS A N D  NITH ANALYTICAL PREDICTI2HS 

.<. 

I::.: :-csults cj.il!;:n i n  Tahle 1  based on c u r r e n t  production and a i rbag  prc-  

to,b\,!r 2 j-c,)" .. .- - . L ~ , ~ s  c::n k!t-t cornparcd with the r e s u l t s  of  t h e  HSRI s e a t  t e s t s .  Te s t  
,. . C lie. i? /&;;), a frz;?l:.i 33 mph t e s t  using a  50th p e r c e n t i l e  dummy r e s t r a i n e d  b y  

a la ;  bl.'!j: :ind s i n z l ?  diagonal shoulder  harness  and s i t t i n g  on a s tandard  

i:r~ci:.::::.icr: henci? s.::, can be compared with Tes t  No. A-311. T h e  body G- 

load-i:,j; dice s imilzr .  .it) t he  two cases  and the  b e l t  loads  somewhat lower for 

the H C ? i  p ro to type .  Tes t s  A-278 and A-313 a t  40 mph involving 9 5 t h  p e r c e n t i l e  







duminies can a lso  be co:,;painetI. In th.is c c s e  l:i):!. i:orl>/ G-loadings and be1 t 

loads are son~ewhat lower for the HSRI s e a t ,  

Test Nos. A-292 and A-309 using t.ii? 50tL ;-;,,,:e!;tile cxle dummy both in- 

volve airbag upper torso  r e s t r a i n t s  aw5 s rc  a t  ::, ;,i?ci 40 ~!::,lh, respectively.  

In these cases b o ~ y  G-loadings are  l z : ; ; ~ ~  th217 -!.., t h e  HSfiI s e a t .  Substitu- 

t ion  of the airbag f o r  the inverted 1-jloi:e h;,,,' ...; iised ):it!] the HSRI sea t  

would most 1 i  kely lead to  a s i ~ ~ i i l a r  red::ctio;-i l i; i :c~?y G-losdings. 

Although the G-loadings experier!c~d by i , : ; , :  c;:::i-:~,y res.ti..iiined by a lap 

be1 t and shouldei- harness anci using a r ,  tend? Y..! ..:;:I: are r ~ l a t i v e l y  low in 

s ide  impact, the m3tions are extreme. Figure r :::0 fiph s ide  impact with 

standard system) can be coi;:?ared w - i t h  Fig~ir: ':,3 (29 ~ r p h  s ide  impact with HSRI 

system) t o  shcv; the d i s t i n c t  advantages o f  ti!.:! 1.1: :!totype system possessifig 

substantial  s i  cie s t ruc tu res .  Simil2.r irii,>ro\,,:,,', ; r.5 5 n  ki nx.!atics a re  observed 
I - .  in the cases where head r e s t r a i n t  i s  pr~\/,ide:i ;-.:l;ilre 1 C  ve!-scrs Figure 18).  

The HSRI s e a t  and rest;\-ain% sys.te:,i Ss c ~ ! : : ~ ~ , ~ ~ : G  t o  oiitpei-form standard 

production sea t  and r e s t r a i n t  system ~onfigui .\t;i.,-is i n  msst respects ,  I n  

f ronta l  impact t e s t s  the tlSRI sea t  ccj~r:,ls or  !I: ,.i:=rs t h ?  current one while 

in s ide  impact the HSRI integrated sea t - res t rah; : i :  system i s  f a r  superior .  

Comparisons can a lso  be made be t~ !e i l n  thf-  .iji i t i a l  pred.ic.tions of  the HSRI 

three-dimensional crash victim simulatcr an:! b i i .  , ~ e s u l t s  or" the impact sled 

t e s t s .  Figures 21-24 are  graphs sho:,i.;ng soln:: r,-[ ti;? irnpor.l;;nt physical var i -  

ables in the case of HSRI Impact Sled Test i i o .  A-383, a 30 niph d i r e c t  s ide 

impact involving a 50th percenti le  male dumn~y . 

Figure 21 shows predicted versus e ~ p e r i ; ~ ; ~ i ; : , - : l  s ide head motions. The ex-  

t e n t  of the motions experienced by the head ~ v . 2  s i:nilar in b o t h  cases w i t h  a 

difference in the peak values of approximately i 5 S .  









f 
. .  f . "  





- 
Fiyilre 22 sliows predjctzd versus experimental s ide torso i..,otions. I ~ I S  

prediction of niaximum s ide  111ot-ion of the torso agrees with the sled t e s t  ;;i:-.- 

in 5 .  In Figure 22 a s  in Figure 2 1 ,  rebound i s  observed t o  t z k e  place ' ,3 '3  

qu'ickly in the case of the computer predictions than in the case of t h e  iv.:;::: 

s led t e s t .  The styrofoar!~ padding used to  cover the s t ee l  franie of ths  $!P: 

sea t  dpparently absorbed nore energy in the t e s t  t h a n  the coi-itact surf;:.? : - 
-. ci i i d d  in the cc;~,?uter  model kihi ch haci force-deforniation properties 6.7 - -:rf 

by a nonl inear tspr ing .  

Figure 23 shows predicted versus experimental head side G-1oadi~;s.  

A1 thsugh the duration of the two pulses i s  the same, the computed G-1 cg: I.,:: 

n~uch higher than the t e s t  value. Furtlier examination of ti;e c ~ ~ p u t e r  ;!'ii!t- 

out revealed t h a t  the  head interacted with one of the s t i f f  s t ee l  P ? T , S ? ~ * ~  s' 
. . the sca t  frame a t  the time vrlien the high G-loadings occurred. Exanini-ci i  

of the high speed movies of the t e s t  showed tha t  the head nissed t h i s  :-.s~.,h*:f 

by approximately one inch, Figure 21 shows the head moving approxirzt-;g 

one inch fur ther  t o  the s ide  in the computer simulation. 

Figure 24 shows predicted versus experimental torso s ide  G-load'ri-,;; . 

The peak G-loadings are s imi lar  and the shape of the two cici-ves i s  g e ~ e r a i : ,  

the same. 

The purposes of the analyt ical  work has been accompl i shed. Predi :tic: 

have been made t o  define the geometry of an integrated sea t  r e s t r a i n t  sysl.:. - 

capable of protect ing a var ie ty  of occupant s i zes  in f r o n t ,  oblique, l ~ t ~ i * : - '  : 

and rear  impact. The predictions have been used as a design tool in prcpa!- i  -.I 

s e a t  mockups and the prototypes f o r  use in the t e s t  programs. The t e s t  re- 

sul t s  suggest the value of an integrated sea t  r e s t r a i n t  system design iii pi.:#-. 

viding occupant protection. To close the c i r c l e ,  the t e s t  r e su l t s  a l s c  cc:-- 

r e l a t e  we1 1 with the i n i t i a l  predictions made using the mathematical rcdels  . 



j..'? ha"? ,:-:,r . -&.: , o , : , G - ,  . , . . ,; ~ * ~ ~ ~ ~ i l ~ l  ;I; the format of 
, , 2 , .! ,-)P \/eh j :.Is., .,,- ';?:of C,#,,*,;~, ;;,%.? ic, , f ,  - , . , : I - ,  4 

b 13 .. , .... , .  , ,  . , . ' : l , - :~znce : :f;:;i rements and 
-, . . . . . cl>,, ; ,,:!?.ce t,::, ;; ;:i.:,r;ed;i>;. . -, '-l,;. j 1; ,, , a  r 1 - .' s!,; ,. , . : .,;\al nc, s:'? ymt and fo r  pas- 

-' \ - ;- .. ; , - , . ;  ;\ ,, J* ' :,>:; ..,:!:-!;;;:: ,' . . , ; , .  
. ~- \ ,  \ , : - , , , , .I-,,% c a i l ? d  t o  the t ex t  

7 ,  , ,  .i ; . , ,  ;>:-+ + \ . , .  
, , t t ,,,, 1; :-:L<::;;*;er;,- ;.4;;1',:;. 

.- . ; r i ; s  y-;:.,,; , , , t7; ;>, ; l t< , - ,8 ,  , I , - '  . C{<,.. , , . > < ,  , , I?, . p ,  ~ ;-: !: ' , ; -, !Y -, (, ;- , 
., - . . , , * .  , I  . . , , .,,, - ,..,..,.,. .?:r the protec- 

2 .  

.:,;, ' ,  < ; \;,d;; c.! -, , ? - A \ \ - . -  . , ,'. r.;> 5 ~; ' 
. 

\+*. ,b,] . , : . i . ,  - 1 , .- . , .  

i ;, (2 t> ' , " ' ' - 
, . - .  , I ,  , i -  - I  ; , , :  ; :, i.1, , . , . - ,  . -e  ti;? : . , r , : ! ; u r  of dea,ttls of 

, - .  .. . - . ' :l fJc(..! ; ,*?,s > , i 8 ,  L.  :> . ,  n 

. . . . r j : :/ s p ~ i . . ,  , i , . i i . ! ~  \/ehjcle crash- 

, , ; , .  I I - - I  
. , ~. ,, ,..- ? d 

. - 
. / [ , - ?  - - , , : ! . 5~ :-I-',.< ',::;?i>t,: 27 ,.';; :,, , : , ,  ..- . j . . : .  , :,-*it.ic;?s , ;.,:;d motions iilcasured 

$ ! r - : , : , ,  F, : ~ r ; ' ~ : .  :',,,-: ,,-{c c, . i ,  25 ' b . .  : , * !  ?:,-::'Led 

. .  . ? h i  rc!r,, ;;.,i:.-i;Sati 5 : :  -, 1). ap;, ; ;?,. ", LC:, , :-,!,:?i4 c2i-s , i.21 t i  purpose pas- 

z : : : , , , : ~ , .  $.;ch'cl :; > i i-uck: , ,-;-,? /;use: . 

. , - .  A n  intc9;-i,';c! seat  \.:s t i - a . i n t  5;:: i ;: i s  o:, ..:,::i t o  bz  .: conbination of 

seat. res trait-;-: system, al:d v d ~ i  cle  i';.;tei-ior ~ ~ : ~ t i , \ ~ ~ > t ~ c i i t ~  cie5-i geed t o  provide 



protect ion t o  the  occupant in the event of a crash. The system shal l  be 

t e s t ed  i n  f r o n t ,  l a t e r a l ,  and rea r  impact as out1 ined in Part  5 .5 .  The t e s t  

sha l l  be conducted i n  accordance with the requirements outl ined in Part 5 . 7  

and t h 2  data gathered from the anthropometric t e s t  device shal l  meet the in-  

jury c r i t e r i a  of Part  5 .6 .  

5 . 4 . 2  Passive Front Seat Occupant Restraint  Systems 

The system shal l  be tes ted  in f ron t  impact as outlined in Par t  5.5.1. 

The t e s t  shal l  be conducted in accordance with the  requirements outlined in 

Part  5 . 7 ,  and the data gathered from the anthropowtr ic  t e s t  device shal l  

meet the in jury  c r i t e r i a  of Part  5 .6.  

Coirixents: I t  i s  f e l t  t h a t  a l l  r e s t r a i n t  systems ul t imately should be 

r e q u i ~ r d  t o  o f f e r  impact protection when a vehicle i s  subjec t  t o  any sudden 

1 i  n e d r  and/or angdl ar decelera t ions .  However, experience a t  HSRI w i t h  pas- 

s ive  r e s t r a i n t  systems has been l imited primarily t o  f ron t  impact s tud ies .  

Because of t h i s  the  performance and compliance recommendations f o r  passive 

f r o n t  s e a t  occupant r e s t r a i n t  systems a re  l imited to  the f r o n t  impact case 

on ly . .  

5.5 OCCUPANT CRASH PROTECTION REQUIREMENTS 

5.5.1 Frontal Impact 

blhen a f u l l  - sca le  vehicle i n t e r i o r  complete with a1 1 i n t e r i o r  components 

as we77 as the s e a t  and r e s t r a i n t  system, r ig id ly  mounted t o  an impact s led  

platfcrm, is  impacted under conditions approximating a 40 mph perpendicular 

b a r r i e r  col l i s ion  using the anthropometric t e s t  device speci f ied  in Pa r t  

5,7 .2 ,  the systein shal l  meet the  in jury  c r i t e r i a  of Part  5.6. 



Con:xnts : Our experience Iias shown t h a t  fu l l - sca le  ba r r i e r  impacts are  

l e s s  reproducible than thei  r 1 aboratory counterparts ,  the s led  impact. Fur- 

thermore, our s tudies  employing s led  t e s t s  as well as mathematical simulations 

o f  occupant kinematics (see  references 3 and 4 )  indica te  t h a t  the ba r r i e r  ac- 

ce lera t ion  p ro f i l e s  \nay be reasonably reproduced by simpler accelerat ion wave- 

forms than those encountered in a fu l l - sca le  crdsh and y e t  accomplish the 

desired k i ~ e m a t i c  response on the pa r t  of human simulators such as anthropo- 

m t r i c  du;.i:niies'. Given t h a t  grea ter  reproducibi l i ty  i s  possible with an impact 

s led and t h a t  the  occupant response i s  reasonably insens i t ive  t o  the f i n e  

struct trre  masured in a vehi c l e -ba r r i e r  accelerat ion crash p r o f i l e ,  then a 

laboratory t z s t  i s  highly preferred over a l e s s  control lable ba r r i e r  crash 

evaluat ion.  An impact veloci ty of 40 mph  represents an achievable goal and 

has be2n chosen on the basis  of the encouraging performance of the HSRI in te -  

g ~ a t e d  s e a t  i -estraint  system a t  t h i s  ve loci ty ,  

5 . 5 . 2  Lateral Iil~pact 

When a f u l l  -scale vehicle i n t e r i o r  complete with a l l  i n t e r i o r  components 

cis well as the  s e a t  and r e s t r a i n t  system, r i g i d l y  mounted t o  an impact s led  

platform, i s  impacted under conditions approximating a 30 mph d i r e c t  s ide  im- 

pact using the anthropometric t e s t  device speci f ied  in Part  5.7.2,  the system 

shall  meet the injury c r i t e r i a  of Part  5.6. Unsymmetric s e a t  and r e s t r a i n t  

system configurations shal l  be subjected t o  l a t e r a l  impact from both l e f t  and 

r igh t  s ides .  

Comments: An impact ve loci ty  of 30 mph has been chosen on the basis  o f  

encouraging performance of the HSRI integrated s e a t  r e s t r a i n t  system a t  t h i s  

veloci ty.  



5.5.3 Rear Impact 

When a f u l l - s c a l e  vehicle i n t e r i o r  co~cplete with a1 1 '7:: .  : : - ; : z , , : p  -.: 

. - - &  <-, , ,  as well as the s e a t  and r e s t r a i n t  system, r ig id ly  rneui;t?d 2' i - ' - . - ,  - ,  - - 

platform, i s  impacted under conditions approximating i 30 - -; .:: - r e 3 7  - - -  
,- -. r .., ?% - pact using the anthropometric t e s t  device specif ied i n  Par: L . ,  . i .  - (.; :.:s:c- 

sha l l  meet the injury c r i t e r i a  of Part 5 . 6 .  

Comments:$ A n  impact veloci ty of 30 tr,ph has been chost: s: t!.: 225:s c'  

encouraging performance of the  HSRI integrated s e a t  rkstr-2::: s:tr.- ? t  

veloci ty  . 

5.6 INJURY CRITERIA 

5.6.1 Head Anterior-Posterior Acceleration 

Acceleration of the head center  of gravity i n  ti;. a n t ~ l - :  ;:.- PT- :?rlr,jr 

d i rec t ion  resul t ing  from the t e s t  shal l  not produce a rfi~xi-..:; :ti+s:.-, fcr t'-.- , - 
. . head in the a-p d i rec t ion  which exceeds 0.0061 i n / i n .  Car;, -[rf-:e i be 

. , based on Figure 25 with the antcr ior -pos ter ior  head G-lev?: r.:-;.:-t I-.: ,- 2 tz1o. j  

the  "Front Head" curve. 
- . r  Comments: Our experience gained in s tudies  of ti;? t c ; c s r ~ ~ , ~  - .  '-. IIL-.:: 

head t o  impact indicates t h a t  the  Maximum Stra in  Cr i t s r ion ,  6 2 > , ? i i . 2 5  c.: U . 2 .  

DOT Contract No. FH-11-7288, "Door Crashworthiness Cri t e r i  z ' ,  ( r 2  f5:rrce 6 ) ,  

. . i s  a v iable  and real  i s t i c  approach t o  the assessment o f  the  :ri;.iiy r 5 t e r : t i c :  

of an accelera t ion  input t o  the cranium a n d  i t s  contents .  ,L,s c ~ 2 5 , : t  o f  

other  s tudies  we have documented the lack of sound d a t a  t o  s~:r;.rt XSU 

head in jury  tolerance curve. Without an adequate d a t a  base t a  s u ; ; c ~ t  t h e  





WSU curve, the  use of other  c r i t e r i a  derived from i t ,  i .e .  Gadd 5 <:,:ri t; 
- 

dex, i s  even more f u t i l e .  

i 8 -  We do not recommend the  use of a r e su l t an t  accelerclticn pulsi j l i  7 8 ' L  

, - assessment . of the potential  f o r  head in ju ry .  A1 though c r j t e r i a  f r j l -  LcifJ-; : - 

t o  individual blows on the f ron t  o r  on the s ide  of the ticad have b: :~r ,  s r9 -  

posed, tolerance information i s  not avai lable  fo r  up -d~ : ' i n  acce1ei'sJ:ic;i:s o f  

the head o r  f o r  oblique impacts combining the d i rec t ions .  Until i t  czn be 

documented through biomechanical research as t o  how the d i rec t ione l iy  depc!.i-. 

dent tolerance levels  might be add i t ive ,  the use of a r e su l t an t  acc t? lc rz t i c -  

pulse coul d prove t o  be unreal i s  t i c .  

5.6 .2  Chest Anterior-Pos t e r i o r  Acceleration 

The anter ior -pos ter ior  component of the chest accelerat ion a t  the cent;,- 

of gravity of the upper thorax shal l  not exceed 45 G's.  The r e s t r z i  n t  devi r: 

shal l  apply i t s  load over a contact  area of a t  l e a s t  100 in? 

Comments : The Biomechanics 1 i t e ra tu re  adequately documents the  abi 1 i tt 
. ?  of the human thorax t o  sus ta in  a 45 G pulse without cardiovascular e f fec t s  7: 

the load i s  properly d i s t r ibu ted .  

5.6.3 Leg Force 

The force transmitted ax ia l ly  through each upper leg shal l  not exceed 

1,400 1 bs. 

I 

5.6.4 Head Side Acceleration 

Accelerations of the head center  of gravity in the l e f t - r i g h t  d i rec t ion  

resul t ing  from the t e s t  shal l  not produce a maximum s t r a i n  f o r  the tiead in ti?. 



s ide  t o  s ide  d i rec t ion  which exceeds 0.0061 in / in .  Cornpliznce shal l  be bas?: 
. . 

on Figure 25 w i  ti1 the l e f t - r i g h t  head G-level remaining belci*: the "Sid-c. Hezc- 

curve. 

Comments : See Figure 25 and the coments associated w i  t h  Pa r t  5.6.1. 

5 .6 .5  - Chest Side Acceleration 

The s ide  component of chest accelerat ion a t  the center  of gra;,:ity of 

the upper thorax shal l  not exceed 45 G's .  The r e s t r a i n t  system a ~ i  sea t  

shal l  apply the load over a t  l e a s t  one square foo t .  

Comvents: The above i s  considered t o  be a preliminar; recornircridation. 

I t  i s  based on a s e r i e s  of i m ~ a c t  s led  t e s t s  a t  34 nph, using a n t h r s p o ~ e t r i c  

d ~ i ~ : ~ : f  e s .  These t e s t s  piere designed t o  duplicate an autoncbi l e  acci?er,t  

(d-;rc?c'i s ide  in;p;ct a t  the same estimated veloci ty)  where t i e  occu:znt re- 

c e i v d  is;odera'te:j/ severe ,itltertial in ju r i e s  resul t ing  from cantact  :tbith door 

s ide  s t r u c t u ~ ~ s .  The damage to  the doors of the autoomobi 1 2  resul t 'ng  from 

occupant contact  kJas sirnil3r in the s led  t e s t s  and in the  zccident.  The G- 

level i s  the average of the peak values recorded i n  the s i x  i ~ p a c t  s led 

t e s t s .  These tes t s  a re  discussed i n  more de ta i l  in Referrr-.ce 6 .  

I f  the loading i s  not d i s t r ibu ted  over a la rge  area o f  the s i 2  of t h ~  

body, t h i s  G-level should be reduced. In animal t e s t s  (which have Seen 

scaled t o  human to lerance)  where the area of the s ide  impactor was redaced 

from 40 i n ?  t o  7 i n ? ,  i t  was found t h a t  the average pressure applied to  t h 2  

surfzce of the itlipactor remained constant # a t  27 psi fo r  the production of 

ser ious  damage t o  the contents of the upper thorax. For i rpac t s  l ~ , ~ < i e r  on 

the s ide ,  a value of 1 9  psi resul ted in serious spleen and l i v e r  d~i -age.  

This implies t h a t  smaller contact surfaces can produce injury a t  decreasing 

G-levels. These t e s t s  are a l so  discussed in Reference 6 .  



5 . 6 . 6  Rear 11l;pact -- 

1 - -  : - .  The anter ior -pos ter ior  center  of gravity C- I .  . >: \ ,. '.. ,- 5 I . - .  

. - 
/j ., . . t o  the r ea r  of the head shal l  be computed l i s i i i 5 ;  I : :  I - , .'. , .: - . 

f.,, ' I  I * .  as described in Part  5.6.1. The angle of hyp~i; .-r3:~.: .- .  :'. , .._ .. 1 _ . .. 
. *  - - 

80 degrees and preferably under 60 degrees. T ~ . P  ::..:. , ' i  L , ,  ;I:,: - ., - ' - . .- - . 

7 .  - - .  head t o  the rear  r e l a t i v e  to  the torso  shai 1 b c  1 : - ' .  , , -.,.. .: , , , ,. . . - b 

the angular veloci ty shal l  not exceed 50 rad/sec.  

Comments: A three-fold c r i t e r i a  f o r  head i-~,:.  ) -  : : ; , . r c . :  . . - ,  , 

been recommended which consis ts  of both angii1i.i. c.!'.' ? ' : . , l . r ; ,  .. - ~ 
- .  ... . 

. . _ .  8 , .  . . 

, . ponentsl* as well as a r e s t r i c t i o n  on relat,ivz r>':i'r, l:r : I _ 

chest? Similar values should be obtained foiq c,:i 5.; 1 ' ' .  . - . . 

- .  components of the head and f o r  a1 1 three possikt'i e ;.: , ,; .:.! ,:: : : - - ,  

, . combinations) before any proposed, reco~rnendcd, c,, :.: ; i, .:> P,.: . 

formance can be regarded as complete. This pair;;: - I; : : n:; ..- . .  . - - $ .  + .  
. . 

Biomechanical research which must be carr ied o u t  ::I,..,-;. :1 : ~ . -  . 

in jury  c r i t e r i a  can be recommended, b u t  does n o t  d?.; ::: ? - . . 

present knowledge in current  standards. 

5 .6 .7  Limitation of Body Motions 

The motion experienced by the t e s t  dummy shall  5,:l , ,  : ' , . . - ' - : -  B . . . . ,  - - -  - .  . . ,  

and r e s t r a i n t  system t o  prevent e j ec t ion ,  contact i!:' !!I jlr;:,: . , , - .  ... -. . 

, . .  > . *  contact  with po ten t i a l ly  injurious vehicle inter-io:. :51.;;r;e;:--. . . : -: 
I - .  

, I .  sha l l  be l imited t o  the ins ide  of a volume def inzd , s  f ? l  I:,,:: . - . - . & -  

, I the volume shal l  be the bottom of the foot  we1 1 used i.y ti:. --'-.. , ,- . . .  L ,  . . .  . - . 

, - . A -  . - .  of the volume shal l  be defined by any vehicle coinp3r;ci;ts i;c, , ? .  .. -:.; : . 

the protec t ive  elements of the s e a t  and r e s t r a i n t  s;;si;.::; 3 .  : ,  : 3; c 2 



volume shall  be defined by ver t ica l  surfaces ,  located four.  inches from the 

widest par t  of shoulders of a 95th percenti le  male dummy positioned as spec- 

i f i ed  in Part 5 . 7 . 4  or  vehicle components n o t  associated with the protective 

elements of the sea t  and r e s t r a in t  system, whichever i s  c loser ;  4 .  rear  of 

the volume shall  be four inches behind the surface of the sea t  back and head- 

r e s t  combination; and, 5. t o p  of the volume shall  be one inch above the top 

of the head of a 95th percenti le  male dummy positioned as specif ied in Part 

5.7.4. The lower arms and lower legs need not remain within t h i s  volume. 

Cominents : This recommendation, spec i f i ca l ly  designed t o  1 imi t occupant 

motions t o  the s ide ,  i s  based on experience with the HSRI integrated sea t  

r e s t r a i n t  system and represents performance which has been demonstrated in 

the laboratory. 

5.7 TEST CONDITIONS 

5.7.1 General Conditions 

The following conditions apply t o  the f ron t a l ,  l a t e r a l ,  and rear-end 

impact s led  t e s t s .  

5 .7 .2  Test Devices 

Anthropometric t e s t  devices should conform to  the s i z e  and range of 

motion requirement o f  SAE Recommended Practice J 963, June 1968. The dynamic 

s t ructura l  charac te r i s t i c s  of the head and thorax of the t e s t  device shall  

provide the same mass, damping and s t i f f ne s s  charac te r i s t i c s  as the human. 

Compl iance w i t h  such requirements shall  be demonstrated by comparing the 

variat ion in mechanical impedance over a range of 5 t o  3,000 hertz for  the 

head and chest assembl ies  with the demonstrated variat ion of mechanical 
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th i s  recoriiiii~~ndation , i t  wi 11 be necessary t o  conduct research to  define 

q ~ a n t i t a t i v e l y  the degree t o  which an occupant can s t i f f e n  himself prior  t o  

or  during an actual impact, a fac tor  believed t o  great ly a l t e r  occupant 

k inesa t ics .  

J o i n t  f r i c t i o n  torques are used to  approximate a constant torque r e s i s t -  

ing angular motions a t  the jo in t s .  I n  human volunteer t e s t s  conducted a t  

Holloman Air Force Base12 the subjec ts ,  restrained by a l ap  be1 t ,  sat on an 

i~~slruilienled skat  and pushed as hard as possible on a toeboard ins t rmented  

witii t r i a x i a l  load c e l l s .  Most subjects  voluntari ly pushed with a force suf-  

f , ic ient  t o  represent a 20 G torque a t  the knees. During inpact s l ed  t e s t s  

involving a variety of r e s t r a i n t  systems, subjects  i n i t i a l l y  exerted foot 

forces s u f f i c i e n t  t o  represent knee torques f a r  in excess o f  1 G .  Zesearch 

m:r:;t be conducted on other j o i n t s ,  pa r t i cu la r ly  the h i p  and neck, t o  e s t i m a t , ~  

j o i n t  se t t ings  typical of the human case. 

Occupant Positioning 

Each t e s t  device shal l  be placed in a designated seat ing posi t ion in t k  

following rnanner: 1 .  with the t e s t  device in an e r e c t  s i t t i n g  position as 

shown in Figure 1 of SAE Recommended Pract ice 3 963,  locate the H-point (SAE 

J 826a) on the t e s t  device pelvis 5.28 inches from the back reference l i n e  

and 3.84 inches above the sea t  reference l i n e  used in Figure 1 of 3 9 6 3 ;  2 .  

center  the t e s t  device about a ver t ica l  plane para l le l  t o  the longitudinal 

axis  of the vehicle which passes through the seat ing reference point;  3. plat? 

the t e s t  device 's  head so t h a t  i t s  ver t ica l  center l ine  i s  perpendicular t o  

the veh ic le ' s  longitudinal center l ine  and in a ver t ica l  plane para l le l  t o  t h s  

longitudinal center1 ine of the vehicle;  4 .  place the hands on top o f  the 
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