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Introducti on 

In  an automoti ve col l i s i on where the vel oci ty of a car i s  rap i d l y  changed , an 

empty space between the occupant and the i n teri or of the vehi c l e  wi l l  resu l t 

i n  a d i fference i n  vel oci ty between the occupant and the car i n  the d i rection 
of travel . The decel eration of the veh i c l e and the d i s tance of unrestra i ned 

rel a tive moti on wi l l  determ i ne the occupant's  impact vel oc i ty aga i n s t  the 

veh i c l e i n terior at the end of travel , as s ho"wn i n  Figure 1 .  S i nce such im­

pacts often resu l t i n  occupant i njury ,  restrai n t systems are u sed to control 

th i s  re l ati ve moti on . The bas i c  pri nc ip l e for such systems i s  the i n terpo s i ­

t i on o f  l oad-carrying , deformab l e  el ements between the veh i cl e i nterior  and 

the occu pant.  

I n  some res tra i n t  systems these e l ements are i n  contact wi th the occupan t's  

body a l ready dur i ng normal dri v i n g .  This  type of  restra i n t  system does to 

some extent con tro l the occupant ' s  pos ture and thereby a l s o  the spati a l  rel a­

t i on between the human body and the restra i n t  sys tem during the col l i s i on 

s equence . 

One character i s t i c  of the a i rbag restra int  system i s  that the deformab l e  e le­

ment - the a i rbag i tsel f - i s  not  i nfl ated duri ng normal dr i v i ng but remai ns 

s tored , u s ua l l y  i n  the i ns trument panel . Th i s  i s  an importan t  characteri st ic  

of th i s  sys tem , because i t  l eaves a seated occupant more freedom to move and 

change pos i tion than do most other systems . In order to obta i n  th i s  advantage , 

however,  the system mus t be acti vated at an early s tage of a col l i s i o n .  Thas the 
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ai rbag must i nf late and be p l aced i n  pos i ti on between the veh i c l e  i nteri or and 

the occupant very qu ick ly ,  as shown in Fi gure 2 .  The spat ia l  rel a tion between 

the occupant and the res tra i n t  cannot be control l ed i n  the same manner i n  a i r­

bag restra i n t  systems as i t  can i n  mos t  other sys tems . 

The cu rrent requi rements of US FMVSS 208 take i nto cons iderat ion only the nor­

ma l ly seated 1 1grown u p 1 1 car passenger . lt may seem q u i te poss i b l e  that a grown 

up passenger only very sel dom i s  out of posi tion  to such an extent that th i s  

wou l d  cause any seri ous prob l ems . I f ,  however ,  the occupant i s  not on ly  out-of­

pos i ti on but a l so has other body d imen s i ons  and wei ght that d i ffer too much 

from that  of an adu l t  occu pant ,  these probl ems may become more i n tri cate , Figu­

re 3 .  A chi l d  stand i ng by the dashboard i n  front of the s eat duri ng  an acci ­

dent wou l d  f i t  th i s  descri ption qu i te wel l and the stand ing  ch i l d prob l em has 

been d i scussed at  some l ength i n  the l i tera ture . Patri ck and Nyqu i s t  1 97 2  

found that, i n  the a i rbag system that  they s tudi ed1 there was a r i s k  for head and 

i n ternal organ i njuri es to an out-of-pos i t i on ch i l d  dur i ng stat i c  i nfl ati on . 

Wu , Tang and Petrof i n  1 973 cons i dered the impact of the fol ded portion  of a 

dep l oy i ng a i rbag to the ehest of a s tand i n g  ch i l d  to be the ma i n  prob l em ,  

Fi gure 4 .  Stati c a i rbag depl oyment tests , however , i ndi cate that  a chi l d  

substi tute i n  th i s  pos i ti o n  can be v i gorous ly pushed away by a dep l oy i n g  a i r­

bag,  Fi gure 5 .  The potent ia l  danger of a i rbag i nfl ati on to a stand i ng chi l d ,  

therefore , wou l d  probably be rel ated to the i nfl ati on time sequence , Fi gure 6 .  

Some var i ati ons of the i nfl ati on pu l s e  are poss i b l e  wi thout hazardous i ncrease 

of the i nfl ati on time.  Th i s  has for i n s tance been poi nted out by Lunds trom 

et a 1 .  1 974 . 

Scope 

The scope of th i s  i nves ti gati on was to study the i nfl uence of the three d i ffe­

rent a i rbag i nf lation  pul ses , shown i n  Fi gure 7 ,  on the ki nematics  of and the 

poss i b l e  mechani sms of i nj ury to a l i vi ng body i n  the standi ng ch i l d  pos i ti on .  

The pos s i b i l i ty that the chi l d  may be i njured by bei ng impacted by the unopened 

portion of the a i rbag has a l ready been menti oned . Th i s  wou l d  occur at an  early 

s tage of i nf lation  and cou l d  expl a i n  the h igh  i n i ti a l  peak of accel erati on 
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recorded wi th ch i l d  dummi es . 

An exact analys i s  of the forces exerted on the body of a standi ng chi l d  duri ng 

the i nfl ati on per i od i s  d i ffi cul t ,  s i nce the shape of the a i rbag i s  qu i te 

i rregu l a r  and eas i ly i nfl uenced by contact wi th the chi l d  body at  an  e�rly 

stage of dep l oyment .  Howeve r ,  if a c h i l d  dummy is wel l centered i n  front of 

the a i rbag outl et area , i t  wi l l  be v i ol ently pus hed away by the i nfl a t i n g  ai r­

bag . l t  seems qui te pos s i b l e ,  therefore , that the accel eration of the enti re 

ch i l d  body and the s i mul taneous deformati on of that body duri ng a l arge part 

of the i nfl ati on sequence , cou l d  be damag ing  to suscept i b l e  body structures of 

a ch i l d .  

After havi ng been accel erated by the dep l oyi ng  a i rba g ,  the chi l d - s  body has 

aqu i red a certa i n  s peed rel ati ve to the veh i c l e  and wi l l  eventual l y  i mpact 

the i nteri or of the car. Thi s  i mpact may wel l resul t i n  i nj ur i es i f  the i m­

pact ve l oci ty i s  h i gh enough and the ori entati on of the body i s  u nfavor­

abl e .  

These three pos s i b l e  mechani sms of i njury to a s tand i ng ch i l d ,  1 )  the momen­

tum of the unopened a i rbag , 2 )  the acce l erati on and deformati on duri ng  

i nfl at ion and  3 )  the i mpact of  the body on  i nteri or car structures after 

dep l oyment , are al l rel ated to the a i rbag i nf l a t i on ti me sequence and 

shou l d  be observed , therefore ,  i n  experiments wi th d i fferent i nfl a t i on 

pu l s es . At a d i s tance of 1 0- 1 5  cm ( 4-6 i n . )  from the a i rbag outl et area 

the depl oyi ng a i rbag has gai ned some momentum but has sti l l  a sma l l  vol ume . 

Th i s  was therefore j udged to be the mos t  dangerous pos i ti on for a s tand i ng 

ch i l d .  

Materi a l s  and methods 

Previ ous tes ts wi th a i rbag sys tems used i n  th i s  i nves ti gati on i nd i cate that 

such systems g i ve adequate protecti on to a normal ly  seated 50th percenti l e  

ma l e  front seat pas senger i n  s i mul ated frontal car-barr i er col l i s i ons at  

48 . 2  km/h (30  mph ) . 
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The systems cons i st ma i n l y  of a package mounted i n  the usual g l ove compart­

ment s pace i n  the dashboard . Th i s  package i nc l udes a h i gh pressure bottl e 

w i th the energy sources for the depl oyment of the a i rbag , and the fol ded a i r­

bag i n  a contai ner . The fo lded ai rbag i s  kept i n  p l ace i n  the conta i ner by 

a s peci a l  cover ,  whi ch opens i n  a predetermi ned way , when the a i rbag i s  

pressuri zed . 

The gas fl ow i nto the a i rbag i s  pri nci pa l ly control l ed by and d i stri bu ted 

th rough a d i ffuser ( F i gure 8 ) . The energy sources are compressed gas and 

a chemi cal  gas generator .  The l atter begi ns to produce gas at the same 

moment as the compres sed gas i s  l et i nto the ai rbag through the d i ffuser . 

Two s i mul taneous ly  i gni ted detonators open the passage from the bottl e i nto 

the d i ffuser.  

The vol ume of a ful ly dep l oyed ai rbag is  1 90 l i tres ( 6 . 7  ft3 ) .  

I n  producti on veh i c l es these systems a l so have two sensors (accel erati on 

detectors ) which  cl ose the c i rc u i t  through the detonators on and -4bove a 
� 

certa i n  g-l evel , appl i ed duri ng a certa i n  l ength of t i me .  The tests i n  

th i s  paper were performed on a 1 2  i n .  Hyge s l ed and the sensors were 

repl aced by a timi ng d ev i c e .  

Three d i fferent a i rbag i nfl at ion  pu l ses , Fi gure 7 ,  were used and the i r  i nfl uen· 

ce were studi ed on l i v i n g  bod i es of approxi mate ly the same s i ze and s ta ge of 

b i o l og i ca l  devel opment as chi l dren 3-6 years of age . Ordi nary domes ti c p igs  

wei gh i ng 1 4- 15  k i l ograms were used as test ani ma l s .  After 24  hours of  star­

vati on the an ima l s  were anesthesi zed by i ntraperi toneal i nj ecti ons of 0 . 5-0 . 8  g 

thi opentan s od i um which i nduced s l eep  and rel axati on wi thi n 1 5-30 mi nutes 
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wi thout seri ous res pi ratory depres s i o n .  The fo l l owing  test program was carri ed 

out .  

Ai rbags were depl oyed wi th test anima l s  at a d i s tance of about 1 0- 1 5  cm (4-6 i n )  

from the center of the a i rbag outl et area i n  a stationary car and i n  a car bo­

dy duri ng  rearward accel erat i on on a tes t s l ed .  The dynami c tests were made 

us i ng the l owest veh i c l e  pu l s e  ( 1 2  g peak , 1 7 . 5  mph or 28 km/h ) ,  Fi gure 9 ,  

wh ich  wou l d  tri gger an  a i rbag .  Tests were made w i th and wi thout actual a i rbag 

dep l oyment . 

I n  two of the e i gh t  stati c  tests , the an ima l s  were suspended i n  a forward fa­

c i n g  pos i t i on wi th the i r  heads and front l egs res ti ng  on the i ns trument pa­

nel and the apex of the heart at a d i s tance of 1 0  cm (4 i n . )  from the a i rbag 

outl e t .  Th i s  posture of the test animal  defl ected the a i rbag downwards i n  

such a way that i t  was trapped i n  front of the seat cush i on .  I n  order to avoi d 

th i s  i nfl uence , i t  was necessary to suspend the other test an imal s i n  a stra i ght 

vertica l  pos i ti on .  There i s  one d i fference i n  s hape between the thoraci c part 

of a p i g  and that of a c h i l d  wh ich had to be taken i n to accou n t .  The sagi ttal 

d i ameter of the p i g - s  thorax i s  s l i ght ly  l anger than the transverse d i ameter ,  

wh i l e  the oppos i te i s  the case i n  a ch i l d - s  thorax .  S i nce th i s  cou l d  pos s i b ly  

i nfl uence the tol erance , i t  was deci ded to  suspend al l the p i g s  w i th the i r  

r i ght s i d e  towards and at  a d i s tance o f  1 0-1 5 cm (4-6 i n . )  from the a i rbag 

outl e t .  Thei r verti ca l  pos i t i ons were adj us ted s o  that the apex of the heart 

was at  the l evel of the hori zontal center l i ne of the a i rbag outl et ,  F i gure 1 1 .  

The suspens i on i nc l uded a l oop of straps stuck to the an imal  by means of ad­

hes i ve tape .  The strap l oop  was fastened to a p l astic  bar which  i n  turn was 

fi xed by means of p:aper s tri ngs to a seri es of ho 1 es dri 1 1  ed i n  the roof of 

the car body . Dur i n g  the tests these stri ngs were eas i ly cut by the s harp-

edged roof s heet meta l . 

Each test was covered by three h i gh-speed cameras and the fi l ms were anal yzed . 

I n  order to compare the res u l ts of d i fferent tests , sti l l  p i ctures were made 

from every tenth mi l l i second of these fi l ms .  

Anima l s  wh i ch survi ved the test were sacr i fi ced after 30 mi nutes . An au topsy 
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was made on each an ima l , sti l l  pi ctures were taken of the i njuri es and the 

ani ma l s  were grouped i n  accordance w ith the Abbrevi ated Injury Sca l e  (A IS )  

as descri bed by States 1 969 . 

Res u l ts 

At an early stage of depl oyme n t ,  the a i rbags proved to be eas i l y  i nfl uenced 

by the presence of a test object and cou l d  expand i n  a l most any d i rec t i o n .  In  

such  tests , where the major part of  the a i rbag expanded to  the s i de , e i ther 

ri ght or l eft the a n i mal  was accel erated to the oppos i te s i d e  qui te v i o l ently 

and one was even ejected from the pas senger compartment.  An i n i ti a l  tendency 

to expand l atera l ly wou l d  be further enhanced by th i s  part i c u l a r  test arrange­

ment i n  a car body wi thout doors and wi thout s i mu l taneously dep l oy i ng the 

dri ver a i rbag.  In some of these tests the a i rbag a l so devi ated i n  a vertical  

d i recti on wh i ch cou l d  be up or  down . 

Tab l e  1 .  
Ai rbag dep l oyment Latera 1 

dev i at i on 

Vertical  

devi ati on 

1 N� devi a - I No a i rbag 

dep l oyment 1 . t1 on 1 
�-

at

-

a 1 -(-6·)-----r---2----1---2--·-r--- - � --+-i---1--i 
Cri t i c a l  ( 5 )  2 · 

-·---------t--------t--------r- - -- - -------t 
Seri ous (4 )  1 4 1 . 1 

! --- ----- -----t--------t------1------- -··--------· 
Severe ( 3 )  2 ! 2 

- - - ----- �--------------·-------- -- ·-· ----·-- ----· 1 
No i nj u ry ( 0 )  3 

1------ ··--.... - -------+-------f--·----�------- ·
- .. - - -----· --„- · - - - ---- --

Total  number of 1-�n i ma
_
l s 

_ _  ··--···· - - ---+--- -- -�---· - - .. . __ ______ 
6 ! 

1 Tota l AIS  2 2  28 j !::::::=.--::-_-:-_-·-: --· · .--:== .. '.'.'.:: .. ==i==:== .. :-:-. -=:t. -=--====- -:-::-: . . -::=-:-- · - - ·--
i 

Average AIS  2 . 75 4 . 7  
i 

L-.· - ., .·- ·· <'�����--......., ______ ,___ _____ --· ... l. 

6 
3 2  

5 . 3  

4 

1 6  

4 

t . -::: :: ! 

! 

- · . . - . . . L --��--�-=--���· . . .. „J 
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The a i rbag  devi ated l ateral ly i n  e i g h t  cases , verti ca l ly i n  s i x  cases , dep l oyed 

wi thout devi ation i n  s i x  cases and was purposely not i nfl ated i n  four cases . 

To judge from the i njuries  as l i sted i n  Tab l e  l ( average AIS ) , devi ati on i n  the 

vert ica l  pl ane i s  a l most as serious as a d i rect h i t ,  whi l e  devi ati on to the 

s ide  resu l ts i n  l es s  i njury .  

I n  the test ser i es (Tab les  2 and 3 )  numbers 1 -9 were stati c a i rbag tests wi th 

i nfl ati on pu l se o1 . These were a l l  performed i n  a stati onary car .  Numbers 

9-1 1 ,  1 6-2 1  and 30-33 were dynami c  a i rbag tests performed i n  a car body 

mounted on a rearward acce l erati ng test s l e d .  The car body had a wi nds h i el d ,  

an i nstrument panel w i th one ai rbag on the r i ght  s i de and a front  pas senger - s  

bucket seat .  I n  tes t numbers 1 2- 1 4  n o  attempt was made to tri gger the a i rbag . 

I n  test 1 5  as wel l  as i n  numbers 22-24 the a i rbag was not tri ggered and the 

an i mal  was restrai ned i n  a rear-fac ing  ch i l d  seat .  In  tests 25 , 26 and 29 a 
� 

c h i l d  dummy (Al derson V IP  6C)  and i n  27 and 28 (Al derson V IP  3C)  i n  a rear-

fac i n g  c h i l d  seat repl aced the test a n i ma l s .  Number 34 was a stat i c  test i n  

the car body wi thout an a n i ma l  or a dummy . l t  was performed to check the nor­

ma l i nfl a t i on of the a i rbag . In tests 7 and 8 the front seat was f i l l ed w i th 

soft , energy-absorbi ng materi al i n  an attempt to excl ude i njury from i mpact 

a ga i ns t  the surround i ngs . These two a n i ma l s  were i njured , one fata l l y  and one 

cr i t i ca l l y ,  both w i th l arge tears i n  the l i ver as the ma i n  i njury .  P i g  number 

1 8  was ejected and d i ed from head i njuries  wh i ch were cons i dered to be  the 

res u l t  of the i mpact on the fl oo r .  Si nce these i njur i es were of no i nterest 

to the test condi ti ons , they were not a l l owed to i nfl uence the ALS rati ng , 

whi ch , due to l ung  contu s i ons and subcapsu l ar  l i ver hemorrhage was judged as 

AIS  4 .  Number 1 9  d i ed from an overdose of anesthet i c ,  i t  had no i njuri es and 

was consequently  con s i dered as un i njured A I S  O. In test number 3 0 ,  the a i rbag 

was cut open by s harp s heet meta l whi ch by accident had been l eft uncovered 

and th i s  test has been referred , therefore , to the group where no a i rbag was 

dep l oyed . 

The fi rst moment after i mpac t ,  at which  a i rbags wi th d i fferent i nfl ati on pul ses 

were ab l e  to accel erate the test anima l , was judged from sti l l  pi ctures from 

the fi l m .  Ai rbags wi th i nfl ati on p u l s e  o1 began to i nfl uence the a n i mal s at 

an earl i er stage ( 2 5  mi l l i seconds ) than a i rbags wi th i nfl ati on pul ses o2 and 
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o3 (40 mi l l i seconds ) .  As menti oned earl i er ,  the a i rbag i s  eas i ly i nfl uenced 

by the pos i ti on of the test animal . The compari son between the three i nf lat ion 

pul ses has been made only from those tests where the an imal s were wel l centered 

and the a i rbag d i d  not devi ate to the s i d e .  

The i nj u r i es to the l i ver were ma i nly ruptures o f  di fferent s i ze l ocated cl ose 

to structures by wh i c h  th i s  organ i s  suspended in the body . For th i s  reason 

th i s  type of i njury was cons i dered to be due to d i spl acement of the l i ver 

caused by body deformat ion rather than to a b l ow from some fo l ded part of the 

bag ( Hel l ström 1 966) . In the myocardi um and i n  the l ungs two types of i njur ies 

were found . In  a few cases there were fa i rly l arge b l eedi ngs as can be seen 

as a res u l t of d i rect i mpact .  In several cases , however ,  there were petec h i a l  

b l eed i ngs o n  the i nner s i de o f  the thorac i c  cage under the p l eura and i n  the 

myocard i um .  Th is  type of b l eed i ngs have been descri bed i n  experi menta l a i r  

b l asts ( C l emedson 1 949 ) . I n  the s i x  tests where the an ima l s  were wel l centered 

i n  front of the a i rbag those two types of i njury were d i s tri buted i n  the fol l o­

w i ng manner on the three types of i nfl at ion pu l ses . I n  Tab l e  4 ,  P denotes 

pressure pul s e  or ai r b l ast  effects and 0 d i spl acement or i mpact i njuri es . 

Tab l e  4 .  

Infl at ion  pu l s e :  01 02 03 

fata l ( P )  cri t ica l  ( P+O) fatal  ( 0 )  
Severi ty and fatal ( 0)  serious ( P+O) 
type of i nj ury :  cri ti cal  ( 0) 

The number of cases i s  of course too smal l to draw any concl us i ons about the 

effect of the d i fferent i nfl ati on pul ses on type and severi ty of i nj u r i es . 

The d i stributi on of i njury severi ty on a l l of the 24 an imal s i n  the a i rbag 

mater i a l  i s  shown i n  Tabl e  5 .  
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Tab l e  5 .  

Descri pti on A I S  Number o f  
an imal s 

No i nJury 0 3 

Severe 3 4 

Seri ous 4 7 

Cri t ica l  5 2 

Fatal 6-7 8 

Three an i ma l s  rema i ned uni nj ured , one i n  each of the i nfl ati on pu l ses tested . 

Th i s  seems to be  mai nly due to the devi at ion of the a i rbags wh i c h  was of the 

same order i n  these three cases . 

The anatom i c a l  d i s tri bution of 34 i njur ies of d i fferent types i s  shown i n  

Tab l e  6 .  

Tab l e  6 .  

-

Type of i nj ury Pressure wave ( P )  Di spl acement ( D )  Other 

Heart 6 

Lungs 1 0  

Thorax 2 

Li  ver 1 0  

Spl een 1 
Ki dney 2 

Mesenteri um 2 

He ad 1 

The ma i n  cause of death was heart i njury i n  3 cases , l i ve r  i njury i n  4 cases 

and as phyxi a i n  one case .  
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W i th the except i on of the three an ima l s  wh i ch escaped i njury when the a i rbags 

dev i a ted consi derably to the s i de duri ng i nfl ati on a l l  the an imal s in the a i r­

bag test seri es were i njured . The severi ty of the i nj ur i es were rated from 

severe (AIS  3 )  to fatal (AIS  6 ) . Th i s  i nc l udes the four tests where the �drbags 

were not dep l oyed a l though the peak accel erati on of the test s l ed was not more 

than 1 2  g and the vel oci ty change 28 km/h ( 1 7 . 5  mph ) . Test number 1 5  was made 

i n  order to exc l ude the pos s i b i l i ty that the an imal s were too sens i t i ve when 

anesthe s i zed and p l aced i n  a verti ca l  pos i ti on l i ke the one used . In th i s  

tes t the an ima l  was strapped i nto a rear-facing  ch i l d  seat , F i gure 1 2 ,  and 

s ubj ected to the same veh i c l e  accel erati on p u l s e  as was used i n  the a i rbag · 

tes ts . Th i s  an imal  revea l ed no i njury at  a l l at the au topsy . As th i s  had a l s o  

been seen occas i ona l l y i n  other tests i t  was deci ded to subject three more 

a n i ma l s  to accel erati ons i n  rear�fa c i n g  c h i l d  seats but wi th accel erat i on 

pul ses s i mul ati ng a frontal car-barr i er i mpact test at 48 . 2  km/h ( 30 mph) wi th 

a peak of 24 g ,  Fi gure 1 0 .  As a l l these an ima l s  seemed to be compl etel y  uni njur­

ed by the tests , i t  was deci ded to l et them l i ve and to study the i r  further 

devel opment.  As soon as they had recovered compl etely from anesthes i a  they 

were brought back to the s ty and kept there together wi th one an imal  of the 

same l i tter wh i c h  had been nei ther anesthe s i zed nor accel erated . These four 

an imal s were observed for severa l  weeks . They had a compl etely  norma l devel op­

ment i nc l ud i ng a normal we i ght  i ncrease over these weeks . 

Summary and concl us i ons 

I n  th i s  i nvesti gat i on the i nfl uence of th ree d i fferent i nf lati on pul ses on the 

r i s k  of i nj ury to a standi ng chi l d  was i nferenti a l l y  studi ed .  P i gs we i gh i ng 

1 4- 1 5  k i l ograms were used as test an ima l s .  When anesthesi zed and kept i n  an 

upri ght pos i ti on i n  a rear-faci ng ch i l d  seat these an ima l s  were a b l e  to wi th­

stand a s i mul ated car-barri er i mpact at 48 . 2  km/h ( 30 mph )  wi thout any s i gn 

of i nj u ry .  When anesthes i zed i n  the same way and suspended i n  a vert i ca l  

pos i tion  w ith thei r ri ght  s i d e  1 0- 1 5  cm (4-6 i n . ) from the a i rbag outl et 

area i n  the i nstrument panel and subjected to an accel erat i on pul se wi th a 

peak of 1 2  g and a vel o c i ty change of 28 km/h ( 1 7 . 5  mph )  these an ima l s  were 

i njured whether or not the a i rbags were i nfl ated w i th any of the i nf lat ion 

pul ses . Injury severi ty was rated from severe (A IS  3 )  to fata l (AIS  6 )  i n  the 

Abbrevi ated Injury Sca l e .  Two types of i njuri es were seen : Tears i n  the l i ver 
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and l arge b l eedi ngs i n  the heart or l ungs as seen i n  impacts wi th disp lacement 

of the organs due to body deformati on and mu l ti ple petec h i a l  b l eedi ngs ma i n l y  

under t h e  p l eurae and the endocard i um a s  seen i n  experimental a i r  b l asts . 

Our conc l us i ons from these resul ts are : 

204 

that an  out-of-pos i ti on passenger of the s i ze of a ch i l d  3-6 years of a ge 

cou l d  be i nj ured by a i rbag i nf lat ion even at the triggeri ng l evel of 

veh i cl e accel erat ion ( - 1 2  g) , 

- that i njuri es cou l d  be due to not only deformation  of the body and d i spl ace­

ment of i nternal organs but a l so to the a i r  b l ast effect c l ose to the a i r­

bag outl et,  

- that i njuri es cou l d  a l so resul t from impact on the i nstrument panel at the 

same l evel of accel erati on ( - 1 2  g) if the ai rbag i s  prevented from 

dep l oy i n g ,  

- that proper restra i n i ng i n  a rear-faci ng ch i l d  seat i s  apparently safe 

dur ing  col l i s i ons comparab l e  to veh i cl e-barri er impacts at 48,2  km/h ( 30 

mph ) , and 

- that the a i rbag duri ng i ts early phase of depl oyment i s  so eas i ly i nfl uenc­

ed i n  i ts depl oyment d i recti on that i t  i s  d i ff icu l t  to obta i n  reproduceab­

l e  res u l t s .  
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