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INTRODUCTI ON 

Motor veh i cl e  acci dents are the maj or s i n g l e  cause of death from age 
1 to 24 yea rs accord ing  to the Nati onal Safety Counci l stat i s ti cs 1 • N i ne
teen h un dred chi l dren a ges 0-4 were k i l l e d  in 1 9 72 i n  motor veh i cl e  acci dents 
and many more we re i nj ure d .  More than 60 percent o f  a l l ch i l dren k i l l ed i n  
moto r vehi c l e  accidents i n  1 9 72 were motor veh i c l e  passen ge rs ( as opposed to 
pe des tri ans an d cycl i s ts ) .  Many of these deaths and i nj u ries coul d have been 
preve nted had the chi l dren been weari n g  a prope r restra i n t  system. 

Resea rch regardi n g  effecti ve chi l d  p rotection has been unde rway s i nce 
the 1 9 50 ' s .  Moore , et.  al . 2 reported the acci dent experi ence of ch i l dren i n  
auto acci dents . Dye 3 eva l uated a l arge series of chi l d  res tra i n t  de vi ces and 
proposed a set of cri teri a for eval uation of chi l d  re stra i n t  systems . Al dman 4 

and Appo l dt5 both dis cus sed chi l d  res tra i n t  sys tems . In  1 968 , S i e ge l 6  re l a ted 
ch i l d  restra i n t  des i gn to i n j ury p ro te cti on b ased on acc i dent  cases . He rec
ommended the us e of l ap bel ts fo r ch i l dren ove r  four years of age and speci a l  
res t rai n t  de vi ces for younge r  ch i l dre n .  

B u rdi e 7 suggested that the chi l d 1 s  brai ncase i s  weaker than that of an 
adul t ,  and poi n ted to the danger of  restra i n i n g  a smal l chi l d  w i th an adul t 
l ap b e l t only , s i n ce the i l i ac crest i s  not ful l y  deve l oped .  He a l s o  s ug
ges te d  that res trai n t  l oads be dis tri buted w i de l y  over the ehes t .  

I n  1 969 , Ki ngs  proposed a set o f  des i gn cri tcri a and s uggeste d  that a 
s tab l e  s upport p l atform be us ed i n  any restrai n t  devi ces fo r a chi l d  of l es s  
than 5 0  po unds . I n  1 9 70 , Feles9  a n d  Heap 1 0  d i s cussed the de ve l opment of  ( re
s pe cti ve l y )  the General  Motors I n fant Seat and the Ford Tot- Guard. A l so  i n  
1 9 70 ,  Robb i n s , Henke , and Robe rts 1 1  documented the l i mi tat i ons o f  severa l  then 
avai l ab l e ch i l d  res tra int  devi ces . Performance c ri teri a and des i gn gui de l i nes  
were propos ed .  S ubsequentl y ,  the fi rs t Motor Veil i c l e  Sa fety Standard for 
ch i l d  seati n g  systems ( FMVSS 21 3) was i ss ued by the National  Hi ghway Traffi c 
Safety Admi n i s t rati on ( WffSA) . 

In 1 9 72 , Roberts 1 2 reported on the de vel opment of new ch i l d  restra i n t  
de vi ces , a n d  de vel oped pe rformance stan dards a n d  procedures for tes t i n g  chi l d  
restrai n t  devi ces .  

A l arge body of  i n-depth acci dent i nvesti gati o n  data i s  found i n  the 
H ighway Safety Research Insti tute ' s  MDAI Col l i s i on Performance and lnjury Re
port ( Revi s i on 3 ,  occupant fi l e )  wh i c h  bri ngs together computeri zed U . S .  ac
c i dent data from a number of f i el d study sources . Th i s  fi l e  conta i ns i n for
mat i on on 224 chi l d ren . f i v e  years o l d o r  younger who were passengers i n  the 
case veh i c l es ;  of these ch i l dren , on ly 31  were restra i ned ( by an adul t l ap 
bel t or by a chi l d  seat ) . No deaths or dangerous i njuri es occurred among the 
res trai ned ch i l dren . F i ve of the 1 2  chi l d ren res tra i ned by a ch i l d  seat and 
q of  the 1 9  restrai ned by an adu l t  l ap bel t were not i nj u red . Among the 1 93 
c h i l dren who were not restra i ned , 3 were ki l l ed and 7 others recei ved 
dangerous i njuri es . 

*From the Un i vers i ty of  M ich i gan , Ann Arbor , Mi ch igan ,  U SA 
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Some of the b as i c  approaches to chi l d  
ture rs are shown i n  F i gures 1 ,  2 ,  3 and 4 .  
tal type seat whe re the chi l d  i s  restrained  
of seat , the l ap be l t  bears al l of the l oad 
p l us that of tne seat i tse l f. Th i s  l oad i s  
abdomen . 

res trai n t  des i gn taken by manufa c
Fi gure l sh ov1s the ol d s ty l e  pedes
by an  adul t l ap be l t .  I n  th i s  type 
due to the i nertia  of the ch i l d ,  
carried enti re ly by the chi l d ' s  

Fi gure 2 demonstrates the nev1er type o f  pedes tal seat , where the chi l d  
i s  res trained  by 4 o r  5 poi n t  bel ts \'Jh i c h  di s tri bute the l oad ove r  h i s  tors o .  
The seat i s  res tra i ne d  by the l ap bel t ,  and i n  a fev1 model s ,  by an addi t i onal  
s trap runni ng ove r  the b ack of the adu l t  seat v1ll i eh fas tens to the top of 
the chi l d  seat .  This  add it i onal strap reduces o r  e l i min ates the p rob l em of 
s tructural col l apse . 

A s i gn i fi cant pe rformance characte r i s t i c  of th i s  type of seat i s  that 
whi l e  i t  restra i n s  the tors o ,  tr1e head rotates forward and dowmvard vJh i ch l oads 
ti1e neck .  

Fi gure 3 is  an  e xamp l e  of tlle s ll i e l d or encl os ure type of res trai n t  de
vi ce .  I n  these s eats , the l oad i s  d istri b uted over a s urface mo l de d  to con
form to the ch i l d ' s  body .  Tll i s  type of seat has exce l l ent l oad d i s tri buti on 
q ua l i ti es , uut the chi l d ' s  face an d :·1ead may stri ke the semi - ri gi d  s h i el d re l a
ti  ve ly ha rd on i mp act . 

Fi gure 4 uses the s ame approach for i n fants b ut ri des h i m  backward d i s 
tri b uting  the l oa d  o ve r  the back s i de of the chi l d .  

TEST PROGRAM 

r:1e objecti ve of th i s  study i s  to i n ves ti gate the pro tecti on poten ti al 
offered by vari a us p roducti on and prototype ch i l  d res trai nt systems . In  orde r 
to ach i e ve tll i s  i t  vJas neces sary to : 

l .  Dete rmine w h i c h  pa rameters of chi l d  seat performance are re l e vant to 
i n j u ry p reventi on . 

2 .  Se l ect a test dummy for use i n  the study .  
3 .  Cons truct a tes t  envi ronmen t ,  i n cl ud ing  a das h , fl oorpan , door and 

automobi l e  seat capable  of bei n g  o ri en te d  fo r fron t ,  b ack and l ateral i mpa cts . 4. Se 1 ect i n s  trumentati on and data- handl  i ng  p rocedures to determi ne ac
cel e rati ons an d occup an t moti ons for pe rforr.iance eval uati ons . 

5 .  Se l ect a tes t  matri x.  

Pe rformance C ri terion - Injury to the ch i l d  in  a res trai n t  system duri n g  
i mpact can a ri s e  from th ree bas i c  causes . Fi rs t ,  and probably mos t cri ti cal , 
i s  the pos s i bi l i ty o f  the ch i l d  be i n g  th rovrn on i mpact agai n s t  the i n te ri or 
o f  the veh i c l e .  Second i s  excess i vely h i gh head and ehes t acce l e rati on . The 
th i rd i s  s tres s  to vi ta l o rgans due to i mp roper l o ad d istribut i on . 

Real l i fe a utomob i l e craslles vary wi de l y  i n  di recti on and ve l oci ty of 
i mpact,  veh i cl e  i nte ri o r , veh i c le  structu ral i n tegrity ,  and pas senge r  s eati n g  
arrangemen t .  Mul ti p l e  i mpacts an d reuound a l s o  p l ay i mportant rol es i n  auto
mob i l e  c ras hes . 

In al l acci den t con fi gurati ons and espec ia l ly i n  s i de i mpa cts , there i s  
a pos s i b i l i ty o f  s i gn i fi cant reduction i n  pas sen ge r  compartment d i me ns i ons 
( i n trus i on ) especi a l l y  a l on g  the axis  of i mpact .  In  a s i de i mpact the door or 
veh i c l e  s i de v1al l may be p us lled i mrnrd re duci ng the space avai l ab l e  for head 
excurs i on or e ven pus h i n g  the s i dc i n to the res t rai nt  sys tem. A chi l d  safety 
res t rai n t  system mus t p ro v i de s i gn i fi can t p rotecti on for al l l i kely combi na-
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ti ons of these vari abl es . /\ necessary ( b ut not s uffi ci ent)  con d i t i on fo r i n 
jury p ro tection i s  tllat the restra int  system p revent  the chi l d ' s  head from 
s tri k i n g  the vehi c l e  i n ter ior .  The s i n g l e  mos t i mportant meas ure of the i n 
jury p ro tecti on a fforded by a restrai n t  sys tem, the refore , i s  the e xten t  to 
whi ch i t  l i mi ts head excurs i on i n  a l l  d i recti on s .  

The ro l e  of head acce l e rati on i n  brain i nj ury i s  not  we l l  unders tood . 
No caus a l  re l ations h i p  has been estab l i s he d  betvrnen head acce l e rati on per s e  
and brain  i n j ury .  Only v1hen the acce l e rati on res u l ts from an i mpact w i th 
so l i d  s tructure s  has there been s ui table  i nj ury cri te r ia  de ve l oped.  

S i 11 ce it  is  di ffi cul t to obtai n a good fo rce-ti me cu rve i n  an automob i l e  
cras h ,  l lead acce l e ration has trad i ti onal ly been the i n p ut parameter upon whi  eh 
many i nj ury predi cti on formul as are bas ed 1 3 .  The Gadd Seve ri ty I n de x  ( S I ) ,  
the Head Injury Cri teri on ( H I C ) , and  the Maxi mum Stra i n  Cri te ri on ( MSC ) , among 
others , use the he ad-accel e rati on-time recorded to estimate the seve ri ty of 
head i n j u ry \tJh i ch i s  l i kely to l lave res ul te d  to an adu l t  h uman occupan t i n  a 
cras h .  

Al l head acce l e rati on cri teri a are based upon the adul t ,  and only qual i 
tati ve s tatements can be made aüout the anal ogous c ri teri a for i n fants and 
sma l l  chi l dre n .  I n  comp ari s o1 1  to an adul t the chi l d 1 s  head i s  l a rge r ,  the 
neck i s  v1eaker,  an d the s ku l l i s  more p l i ahl e .  Al l of these factors i n di cate 
t; 1at a ch i l d 1 s  to l e rance to head i mpact i s  l i ke l y  to be s omev1hat l e s s  than 
that of an adul t ' s .  

Chest acce l e ration has been the mos t  i mportant parameter i n  i n j ury p re-
di cti on fo r the thorax  for the l as t  25 years . The adul t ehest is st i ff and 
acce l e rati on may be  a fai r  pararreter for i n j ury predi cti on . The bone s t ruc
ture of a chi l d ' s  stern um and ri b cage i s  not nearly as ri gi d as i n  the adu l t .  
I n  addi ti on , h i s  heart i s  re l ati vely l a rge r.  Tflese factors i nd i eate that a 
ch i l d  may be more s us eepti b l e  to thoraci c i nj ury th an an adul t ,  and that ehe s t  
defl eeti on rather tllan ehest aeee l e rati on may be a better i ndi eat fon o f  i nj ury .  

The th ird  eause of i nj ury to a cl1 i l d  i n  a res t ra int  system duri n g  i mpaet 
is  s tres s  to vi tal organs due to i mp roper l oad  d is tri but i on .  The l oeati on of 
the res t ra i n i n g  ( l oad beari n g )  s urfaees is  espeei a l ly e ri ti eal in  eh i l dren be
eause some skel etal regi ons are not ful ly de ve l ope d ,  and os s i fi eati on is not 
comp l e te .  I n  parti cul ar ,  t l le i l i ac crest  l las not deve l oped and the refore 
does n ' t  p ro vi de as good a l oad !Jea ring s trueture for a chi l d  as for an adul t .  
Thus , a s i ngl e l ap be l t  has a s trong ten dency to ri de- up over the pe l vi s  and 
i nto the abdomi nal  re gi on vli tll dangerous eonseq uen ce s .  

An i mportan t and dange rous e ffeet v1'1 i eh i s  not re fl e cted i n  q uanti tati ve 
data i s  s ubmari n i n g :  the ch i l d  s l i des down out of h i s  protecti ve res trai n ts 
i n to a pos i ti on where the res trai nt be l ts bear do\tm upon the l ower abdomen i n  
a poten t i a l ly i nj uri ous fas h i on .  

Se l ecti on of Occupan t  - Tile 3-year- s i ze S i erra Engi neeri ng anthropomet
ri c dummy �1as used fo r a l l tests ( Fi gure 5 ) , e xcept the i n fant carri e r  tests . 
The S i e rra 3-year i s  37 . 5  i n ehes ( 9 5 . 3  cm) h i gl 1  and wei ghs 32 pounds ( 1 42 . 4  N ) .  
The wei ghts of vari ous !Jody components are d i stri b ute d nearly compl etely thus 
gi vi n g  a fa i r  dup l i cati on of body k i nemati cs . 

The S i e rra 3-ye ar has some important performance characteri sti cs v1h i ch 
mus t be eonsi dered when eval uat ing  experime ntal res ul ts .  Mos t  notab l e  of 
these characte ri s t i cs a re i ts stee l cl avi c l e  and hard rubber neck whi ch does 
not aeeurately  s i mul ate h uman response i n  a e ras h envi ronment.  These re-
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s ponses are parti cul arly important i n  eva l uating a 5-po i nt harness system . 

I n  order to test the i nfant restrai nts , a dol l wi th the approxi mate 
dimensi ons of an average s i x-month-ol d baby was di sassemb l ed .  The two l egs , 
torso , two arms , and head were wei ghted wi th l ead shot to s imul ate the body 
s egment wei ghts for a baby of th i s  s i z e .  The dol l was then reassembl ed . The 
l ength of the do l l  was 1 6  i nches (40 . 6  cm) and i t  we i ghed 1 5  pounds ( 66 . 8  N ) . 
Th i s  tech ni que has al so been used by others i n  devel opi ng the i r  i n fant  carri ers 
( Fi gure 6 ) . 

Test Envi ronment - The test confi guration con s i s ted of an unsupported 
General Motors bench seat mounted on a test rig  wh i ch dupl i cated the seat 
mounti ng ( center pos i t i on ) , dash , s i de doo r ,  l ap bel t attachment poi nts , fl oor 
and toe board l ocations i n  a ful l s i ze 4 door 1 973 General Motors vehi cl e .  The 
enti re assembly was capab l e  of bei ng rotated as a uni t and thus the geometry 
of the s imul ated veh i c l e  rema i n s  constant for front ,  s i d e ,  and rear i mpacts . 

I ns trumentation and Data Handl i ng Procedures - The 3-year dummy was i n
s trumented wi th triaxi al  acce l erometer packs i n  the head and i n  the ehes t .  The 
i nd i v i dual  accel erometers were Setra Model Number 1 1 1 . A Statham s trai n-gage 
accel erometer was used to sense s l ed decel erati on . Timi ng s i gnal s and impact 
vel oci ty were a l s o  recorded u s i ng a Honeywel l  1 61 2  l i gh t-beam osci l l ograp h .  

H i gh-s peed motion  p i ctures were al so taken fo r each tes t .  A Photo son ics  
1 6-mm camera was l ocated di rectly  to  the s i de of  the impact are a ,  and  another 
d i rectly overhead . The fi l mi ng rate used was 1 000 frames per s econd . These 
motion  p i ctures were s uppl emented by s l i des taken before and after each test . 
Al s o ,  a Graph-Chek s eq uence camera was used i n  the test program to provide  an 
i ns tantaneous eva l uation of the test as a seq uence of eight  frames on a 3 x 5 
i n .  Po l aroi d  s heet .  

Test Matri x - The tes t matri x for thi s  program was des i gned to i ncl ude 
forward i mpact , s i de impact , and rear i mpac t .  Each o f  the res tra i nt devi ces 
was mounted on the bench seat i n  accordance wi th the manufacturer ' s  i ns truc
ti ons , s ecuri ng the dummy i n  the devi ce wi th the appropri ate emergency re
s trai nts . Al l of the test devi ces were tested i n  the frontal impact d i recti on 
at 30 mph ( 48 . 3  kph)  and 21 G ' s .  The devi ces wh i ch performed sati sfactor i l y  
( d i d  not h i t  the das h )  were then tested , wi th new restrai nts where necessary ,  
i n  the s i de d i rection a t  20 mph (32 . 2  kph)  and 1 6  G ' s .  Those devi ces whi ch 
performed sati sfactori l y  i n  the s i d e  i mpact were then tested for rear i mpact 
performance at 20 mph ( 3 2 . 2  kph ) and 1 6  G ' s .  A descri ption of each devi ce 
tested i s  gi ven i n  Tab l e  I .  

RESULTS 

The data from al l tests are s ummari zed i n  Tab l e I I .  Al l accel erati on 
and head excurs i on data are gi ven as peak val ues . Al l head and ehest accel er
ation  va l ues are gi ven i n  terms of the anteri or-posterior (A- P ) , s uperi or-in
ferior ( S- I )  and Left-Ri ght d i recti ons . 

Two head excurs i ons are used to descri be the head motions . The Maxi mum 
Absol ute Head Excurs i on (MAHE )  i s  the total head excursion meas ured at the 
l eadi ng edge of the dummy ' s  head . The Maxi mum Rel ati ve Head Excursion  (MRHE )  
i s  the forwa rdmos t  excurs ion  of  the head rel ati ve to  the veh i cl e  seat . The 
Nati onal Hi ghway Traffi c Safety Admi n i s trati on proposed revi sed performance re
q u i rements to Motor Veh i c l e  Safety Standards No . 51 7 . 21 3 l i mi ts the forward 
MRHE to 1 8  i nches ( 45 . 7  cm) rel ati ve to the forward most po i nt of the vehi c l e  
seat bac k .  The verti cal  MRHE i s  l i mi ted to 2 7  i nches ( 68 . 6  cm) rel ative  to 
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the h i ghest poi nt of the unl oaded veh i cl e  s eat cus h i on . S i de excurs ion  i s  
l i mi ted to a MAHE of 1 9  i nches (48 . 3  cm ) . The frontal i mpact head excurs ion  
res ul ts for the  ch i l d  s eats and harnes ses are gi ven i n  Fi gure 7 .  The  curve re
presents a comparison  of the hori zont�l MRHE for al l the restrai nts tested . 

Al l of the s eats tested for s i de i mpact except the GM Love Sea t , Century 
4301 and the Peterson 7 5  impacted the car doo r ,  when tested i n  the outboard 
pos i tion . The maxi mum MAHE to cl ear the door was 1 2  i nches ( 30 . 4  cm ) . 

Al l rear i mpacts were very smooth w i th l ow head and ehest accel eration  
and no  seat s tructural damage . 

Load D i stri bution - The General Motors (GM ) Love Seat , Kantwet 784 , 
I nternational  8700 and 8900 , Bunny Bear QN90X , Century 4301 and Peterson 75  
(chi l d  sys tem ) a l l  empl oy s i mi l ar bel t systems . They pos i tion the  ch i l d  re
stra i n t  l ap bel t over the ch i l d 1 s  pel vi s ,  thus avoi d i ng the excess i ve abdomi 
nal l oads wh i ch resu l t when the l ap bel t i s  too h i gh .  Each seat uses a pai r 
of shoul der harnesses wh i ch l i mi t excurs i on of the head and torso . Al l sys
tems use a 1 1crotch s trap1 '  to reduce s ubmari n i n g . 

The Love Seat and the Century 4301 g ive  effecti ve di rect s i de i mpact 
protecti on because of wi ngs which  retard head moti on . The Peterson 75  ( chi l d  
sys tem ) gi ves effective  s i de protection by the use of a s i de s trap wh i c h  pre
vents the seat from l arge s i de movements . The Kantwet 784 , I nternati onal 1 s  
Model s 8900 and 8700 , and Bunny Bear QN90X a l l a l l owed contact wi th the door 
but the harness h ad s l owed the head vel oci ty substanti al l y  or the seat padded 
s i de wal l s  offered some protect i on . 

The Ford Tot-Guard , Chrys l er Mopar , Bobby-Mac and Peterson 7 5  ( todd l e r  
system ) seats empl oy the same type o f  l oad beari ng surface . Al l h ave semi 
r ig id  enca s i n g  shel l s  that bear upon the ch i l d ' s  ehest and abdomen i n  a front 
impact . The impact l oads are very wel l di stri buted i n  front impacts . The 
dummy 1 s  face contacted the s h i el d  of the Bobby-Mac .  

The Ford Tot-Guard , Chrys ler  Mopar , and Bobby-Mac a l l  g i ve l i mi ted 
di rect s i de i mpact protecti on . The Peterson 75 ( toddl er system ) gi ves good 
s i de protecti on by the use of the s i de strap . 

The Sears harness d i s tri buted ehest i mpact l oads fai rl y  wel l ,  but al 
l owed l a rge forward head excurs i ons . I n  the s i de i mpact test l i ttl e protection  
was gi ven . The I nfanseat Harness uses the same fi ve-po i n t  bel t sys tem used i n  
the Kantwet 784 s eat . T h i s  sys tem 1 s  performance i s  very s imi l a r  to the 
Kantwet 784 seat . 

The Irvin  I - 1 6 5  and the Peterson 67B both used the adul t l ap bel t around 
the ch i l d .  As a resu l t these two seats offer l i mi ted protect i on i n  30 mph 
(48 . 3  kph ) front impact . Both restra i nts al l owed the dummy 1 s  head to impact 
the s i mul ated das h .  No s i de tests were ru n .  

The GM I nfant carri er , Bobby-Mac and Peterson ( i nfant sys tem ) al l are 
rearward faci ng restra i nts . The impact l oads are di s tri buted over the back 
s i de of the i nfan t .  Al l these restrai nts performed very wel l in  front 30 mph 
(48 kph ) i mpacts . The GM I nfant Carrier  worked wel l i n  s i de impacts . The 
Peterson 75 ( i nfant system ) worked very wel l for s i de impacts because  of the 
s i de s trap used wi th al l Peterson 75  devi ces . The Bobby-Mac I nfant sys tem 
was not tested wi th the 6 month dol l ,  but works wel l i n  s i de tests wi th a 
2 month dol l .  
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CONCLUSIONS 

Head excurs i o n  a l one is  not enough to ass ure that the c hi l d ' s  head does 
not s tri ke the dash or s eat bac k .  The i ni ti a l  head pos i ti o n  must be taken i n 
to account for total protecti o n .  Both the Ford Tot-Guard and the Peterson 7 5  
(Toddl er sys tem ) mi s s ed the dash by about 5 i nches ( 1 2 . 4  cm) . The Tot-Guard 
had 22 . 6  i nches ( 57 . 50 cm) of head excurs ion  whi l e  the Peterson had on ly  1 9 . 0  
i nches ( 48 . 4  cm) excurs i o n .  Th is  di fference i s  due to the i ni ti al head pos i 
tion of each s ea t .  The fi xed d i s tance as proposed by NHTSA appears to be the 
mos t  real i s t i c  cri teri o n  for head excurs i on eval uation . 

Al l seats eval uated i n  th i s  s tudy must be i ns tal l ed and used accord i n g  
t o  the i r  di recti ons . I n  addi t i o n ,  i t  i s  recommended that they be i ns ta l l ed 
i n  the mi ddl e section of the rear sea t ,  wherever poss i bl e .  

The GM Love Sea t ,  Century 4301 , I nterna t i onal  ' s  model s 8700 and 8900 , 
both the Kantwet seat and harnes s ,  and the Sears harness requi re a back s tra p .  
When any o f  these seats are i ns ta l l ed i n  the front seat the s trap passes 
through the rear passenger compartment where i t  can be an i nconveni ence . The 
Peterson 75  requ i res the s i d e  s trap for s i de protect i on . Wi thout these s traps , 
the protection afforded by these seats i s  greatl y reduced . 

The test confi gurati on empl oyed i n  the s i de i mpacts for th i s  s tudy re
presents the most severe cond i t i ons wh i c h  may res ul t from a real automobi l e  
s i de col l i s i o n . The chi l d  restra i nt sys tem was i ns ta l l ed on a bench s eat  near
est the poi nt of i mpact . I f  the restrai nt sys tem had been i nstal l ed i n  the 
middl e of the seat , or on the s i de oppo s i te the i mpact s i te ,  the test resu l ts 
woul d have i ndi cated much l es s  s evere consequences . 

One add i ti onal i mportant l i mi tation  upon the performance of a l l  the re
s tra i n t  devi ces tested was the vehi c l e  sea t .  The veh i cl e seat deformed con
s i derably  i n  al l tests . Head excursion  i n  the rear i mpacts , and to a l es ser 
extent i n  the fro nt impacts was due i n  part to defl ection of the adul t car 
s eat back . Th i s  defl ection al l owed the chi l d  restrai nt system to travel 
further than i t  woul d have , had the s eat back been more ri g i d .  
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MANUFACTURER 

Pete rson Baby Products 
6904 Tuj unga 
N .  Hol lywood , Ca . 

9 1 605 

o r  Motor Co. 
c/o Ameri can Road 
Dearbom , Mi chi gan 

Chry s l e r  Corporation 
Parts 01 vi s ion 
Detro i t ,  M1 c h 1 gan 

General Motors Corp . 
P . O .  Box 7096 North End 
Station 
De t roi t ,  M1 chi gan 

48202 

I rvin Industries , I n c .  
1 3 1 5  Vers ai l l es Rd. 
Lexi ngton , Ky. 40501 

Kantwet Baby Products 
501 Young Street 
P i q ua , Ohi o  

TABLE I DEVI CES S ELECTED FOR TESTING  

SEAT NAME 

Impe r 1 a  Safe- -Seat 
Mode 1 67ß 

e r  

Model 7 5  C h  l d  
System 

ot Guar 

Mopar Seat 
Part r�o. 3744976 

Love Seat 

I n fant Carr er 

Ch i l d  Car Seat 
and Safety Cushion 
Mo de l  I - 1 65 

Fi tz-A De uxe 
Rec l i ne r  
Mo de l  784 

DESCRIPTION 

Tubu ar fol Padded seat 
and face shi e l d .  Chi l d  l ap and crotch 
b e l t s .  Chi l d  seat re stra1ned by adu l t  
l a  bel t .  

e p ast c s e w t p a  i n g. 
rests i n  a semi-recl i n 1 n g  pos i t i on rear
ward fac i n g .  Shoulder strap s .  S i de re
stra i n t  stra to l i mit s i de motion .  
Mo ded p l as t  c seat w t pad n g .  Mo e 
and padded p l as t i c  s h i e l d .  Encapsulating 
trunk regi on . Crotch s t rap , and s i de  re
stra i n t  strap , seat and s h i e l d  restrained 
by adult l ap be l t .  Back strap and pedes
ta 1 rovi ded. 

e p ast c seat w t pa n g .  Sus
pender type chi l d  shou l de r  hames s ,  l ap 
and crotch b e l t s .  Ch1 l d  seat restrained 
by adu l t  l ap bel t .  S 1 de restra1nt strap 
for s i de motions. 

o P ast c s e encapsu at ng c • 

Ch i l d  s i ts on molded p l as t i c  r1ser w 1 th1n 
shel l .  Adu l t  l ap bel t restrains shel l .  
Padded face uard. 
One piece mo p ast c seat-s e com-
b i n ati on res trained by adu l t  l a p  bel t .  
Padded face guard. Chi l d  s l i p s  into 
s he l l  from to . 
Mo l de d  p l ast1 c seat with paddi n g .  Side 
support along enti re upper torso. Lap , 
crotch and suspender s t raps wi th one uni
versal buck l e .  Retained by adu l t  l ap 
bel t and top bel t  over carseat attached 
to rear seat be l t .  
Mo ed p as t c s e , occupant rests n 
a semi- recl i n i n g  pos i t i on rearward facing. 
Shoul de r  s t ra s .  

p ast c seat w t pa n g .  o e 
and padded p l as t 1 c s h ie l d  encaps u l ati ng 
trunk region. Double di agonal ehest har
ness with bel ly strap. Seat and s h i e l d 
restrained b adu l t  l a  be l t . 

p ast c s e . ccupant rests n 
a semi - rec l i ni n g  pos i ti on rearward facing. 
Shou l de r  and be l l  stra s .  
U-shaped v i nyl and cloth "bean bag" s tyro 
foam beans) for face protection . P l as t i c  
seat ri ser w i th p a d .  Bag and seat riser 
restrained b adul t l a  be l t .  

u ar o up pe esta . a seat an 
ehest guard bar.  Suspender type ch i l d  
shou l de r  harness , l ap and crotch bel t.  
C h i l d  seat re strained by adul t l ap bel t 1 and top s trap over c a r  seat anchor to 

1 fl oor.  
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TABLE I DEVI CES SEL ECTED FOR TEST ING (conti nued ) 

MANUFACTURER SEAT NAME DESCRIPTION 

Kantwet Baby P roducts Infanseat Harness Suspende r ,  wa1 s t ,  and crotch straps . One 
( conti nued) Model 275 uni versal buckl e .  Anchor s trap a round 

car seat back and anchored to floor. 
Sears , Roebuck , and Co . Harness it6401 small harness s 1 ze 1�1th vest , crotch 
Chi cago, 1 1 1 .  60607 Part N o .  504082 and shoul de r  s trap s .  Anchor s trap en-

ci rcles car seat back.  
Century Products , Inc.  Century Model 4301 Molded plas t i c  seat with paddi n g .  S i de 
2150 W .  l l 45h St.  support a l on g  enti re upper tors o .  Lap , 
C leve l an d ,  Oh i o  44102 crotch , and suspender straps w i th one 

un i versal b uckl e .  Retai ned by adult l ap 
belt and top be l t  over car seat attaches 
to rea r  seat be l t .  

Bunny Bear ,  Inc .  Model QN90X Tubu l a r  seat with side s upport. Fi ve 
Nursery Lane point  harne s s .  Prototype seat. 
Everett , Mas s .  
02149 
I n tern at1ona1 Manu- Te ddy-Tot Tubular fold-up pedestal. Padded seat 
facturi ng Co.  Model 8900 and ehest guard bar .  S uspender type chi l d  
2500 Was h i n gton St.  shoul de r  harness , l ap and crotch bel t .  
Roxbury , Mas s .  021 1 9  Chi l d  seat res trained by adu l t  l ap bel t 

and top strap over car seat anchor to 
floor. Prototvoe seat . 

Teddy-Tot Same as above . Reclinabl e ,  prototype 
Model 8700 seat. 

298 



!\:)
 

<O
 

<O
 

' : ' 1 ' 

TA
BL

E 
II

 
CH

IL
D 

SE
AT

 
FR

ON
TA

L 
IM

PA
CT

 T
ES

T 
SU

MM
AR

Y 

Ma
nu

fa
ct

ur
er

 
He

ad
 

Ch
es

t 
An

d 
Mo

de
l 

Ac
ce

le
ra

ti
on

 
A

cc
el

er
at

io
n 

MA
HE

 
MR

HE
 

Co
ll

lllent
s 

A-
P 

L-
R 

S-
I 

A
-P

 
L-

R 
S-

I 
G

's
 

G
's

 
G

's
 

G
' s

 
G

's
 

G
's

 
in

 
an

 
1n

 
cm

 

Bu
nn

y
-B

ea
r 

60
 

15
 

90
 

35
 

5 
20

 
2

1.
4

 
54

.4
 

22
.9

 
58

.2
 

Pr
ot

ot
yp

e 
se

at
 

Q
N9

0X
 

Ch
ry

s
le

r
 

Mo
p

ar
 

10
2 

15
 

35
 

41
 

22
 

31
 

19
.9

 
50

.5
 

19
. l

 
4

8
.5

 
Pr

od
uc

ti
on

 s
ea

t 

Ce
nt

ur
y 

43
0 1

 
74

 
15

 
80

 
35

 
2 

LO
D 

16
.8

 
42

.7
 

18
.0

 
45

.7
 

Pr
od

uc
ti

on
 s

ea
t 

Co
 11

 ie
r-

Ke
yw

or
th

 
21

 
83

 
10

 
37

 
10

 
19

 
17

.0
 

4
3.

2 
20

. l
 

51
.1

 
Pr

od
uc

t1
on

 s
ea

t 
Bo

bb
v

-M
ac

 

Fo
rd

 
67

 
10

 
38

 
35

 
12

 
18

 
22

.6
 

57
 .4

 
20

.9
 

5
3

.1
 

Pr
od

uc
ti

 o
n

 s
ea

t 
To

t-
Gu

ar
d 

Ge
ne

ra
l 

Mo
to

rs
 

65
 

11
 

66
 

35
 

5 
21

 
18

.5
 

4
7.

0
 

17
 .6

 
44

. 7
 

Pr
od

uc
ti

on
 s

ea
t 

Lo
ve

 S
ea

t 
50

 
10

 
70

 
32

 
11

 
16

 
24

.9
 

6
3

.3
 

25
.6

 
6

5.
0

 
Te

st
ed

 w
it

ho
ut

 t
he

 b
ac

k 
st

ra
p*

 
55

 
35

 
63

 
37

 
6 

22
 

16
.6

 
42

.2
 

17
.5

 
4

4
.5

 
Te

st
ed

 w
it

h 
th

e 
ad

u
lt

 l
ap

 b
el

t 
ar

ou
nd

 t
he

 
lo

w
er

 b
as

e*
 

Ir
vi

n 
23

0 
50

 
44

 
40

 
8 

33
 

22
.9

 
58

.2
 

26
.0

 
6

6
.0

 
Pr

od
uc

ti
on

 s
ea

t 
I-

16
5 

In
te

rn
at

io
na

l 
A

ll
 a

re
 p

ro
to

ty
pe

 
se

at
s.

 
Ma

nu
fa

ct
ur

er
 

Mo
de

l 
89

00
 

95
 

10
 

45
 

32
 

2 
30

 
15

.8
 

40
. l 

1 4
. 3

 
36

. 3
 

Mo
de

l 
87

00
 

90
 

10
 

40
 

30
 

5 
25

 
13

. 5
 

34
.3

 
14

.5
 

36
.8

 
Te

st
ed

 i
n

 u
p-

ri
gh

t 
po

si
ti

on
 

Mo
de

l 
87

00
 

10
5 

5 
so

 
35

 
7 

33
 

16
.0

 
4

0
.6

 
15

.2
 

38
.6

 
Te

st
ed

 i
n 

re
cl

in
ed

 [?
OS

it
io

n 

Ka
nt

w
et

 
48

 
8 

46
 

29
 

9 
18

 
18

.0
 

45
.7

 
18

.8
 

4
7.

8
 

Pr
od

uc
ti

on
 s

ea
t 

78
4 

Pe
te

rs
on

 
22

0 
34

 
78

 
78

 
38

 
15

 
23

.7
 

60
.2

 
26

.0
 

66
.0

 
Pr

od
uc

ti
on

 s
ea

t 
67

B 

Pe
te

rs
on

 
65

 
14

 
74

 
38

 
7 

5 
19

.0
 

48
.3

 
2

1.
0

 
53

.3
 

To
dd

le
r 

sy
st

em
 (

sh
ie

ld
) 

w
it

ho
ut

 
75

 
th

e 
ba

ck
 s

 tr
ao

 

Pe
te

rs
on

 
40

 
7 
1 68

 
34

 
7 

16
 

19
.3

 
4

9.
0

 
2

1.
8

 
55

,4
 

Ch
il

d
 s

ys
te

m 
(h

arn
es

s)
 w

it
ho

ut
 t

he
 

75
 

ba
ck

 s
tr

ao
 

Pe
te

rs
on

 
85

 
5 

1 
60

 
30

 
10

 
15

 
lli

. li 
4?.

. ?.
 

14
.li 

37
. l

 
f.h

il
n

 sv
st

Pm
 (h

�r
nP

�<
 w

it
h 

th
P 

75
 

ba
ck

 s
t

ra
p

 

Ka
nt

w
et

 
35

 
8 

50
 

30
 

6 
15

 
16

.9
 

4
2.

9 
19

.4
 

49
.3

 
Pr

od
uc

ti
on

 h
ar

ne
ss

 
In

fa
ns

ea
t 

Se
ar

s 
52

 
6 

77
 

34
 

18
 

15
 

21
.1

 
53

.6
 

2
5

.5
 

64
.8

 
Pr

od
uc

ti
on

 h
arn

es
s 

#6
40

1 

Se
ar

s 
22

3 
30

 
70

 
45

 
20

 
16

 
24

.0
 

61
.0

 
26

.0
 

66
.0

 
Ha

rn
es

s*
 

#6
40

1 

LO
D 

-
Lo

ss
 o

f 
Da

ta
 

* 
-

Re
st

ra
in

t 
In

st
al

la
ti

o
n 

no
t 

in
 

ac
co

rd
an

ce
 w

1t
h 

m
an

uf
ac

tu
re

r
's

 r
ec

oll
lllen

da
ti

on
 



w
 

0
 

0
 

r 
1 

P
e

te
rs

o
n 

75
 c

h
ild 

sy
st

e
m

 
h

o
rn

e
ss

 
.,.,

it
h

 
b

a
c

k
st

ro
p

 
S. 

po;
de

st
ol

 
1 

F
o

rd
 

To
t-

GJ
ar

d 

j 
GM

 
L

o
ve

 S
e

o
t 

a
d

u
lt

 
b

ell
 ou

n
c•

 

1 
K

a
n

tw
e

t 
78

4 
1 

[_
__lil

l_e
rn

at
io

na
l 

87
00

 
up

-
rig

nt
 

, 
1 

1 
C

e
n

tu
ry

 
'+3

01
 

J 

l 

eyur
,r,y

 sec;:-
a

-N
90

X 
l 

1 
P

e
te

ro
r

n 
75

 
to

dd
e! 

sy
st

e
m

 
sh

ie
ld

 
no

 b
a

c
k 

s
tr

a
p

 
1 

f 
S

e
a

r; 
64

01
 

ha
rn

es
s 

a
d

u
lt

 
lo

p 
!)e

�t 

f 
P

e
te

rs
c

r.
 

67
-B

 
( 

Pe
!i;

rs
cn

 
75

 c
h

i!d
 s

ys
te

m
 

ho
rn

es
s 

nc
 

b
a

c
k

 s
tro

p
 

1 
K

o
n

tw
e

t 
ho

rn
es

s 
1 

1 
1 

C
o

ll
ie

r-
K

e
y

w
cr

t
h

 
B

o
b

b
y

-
M

a
c

 
1 

1 
lr

•1
ir

. 
1-

16
!: 

1 
1 

S
'l

a
rs

 
64

( 1
 

h
ar

ne
ss

 
1 

5 
0 

*I
 

2 
10 

I� 
�(

 
„ 

.. 
) 

-, 
4 

5 
6 

·r 
8 

'.! 
10 

11 
31

 
:�� 

40
 

45
 

5(
' 

55
 

60
 

1 1 1 1 1 l 
L· 

14 
1'5 

1 6
 

17 
1 °

 1
9 

?C'
 ?

j  
� 2

 2
3 

24
 2

5 
26

 

Fi
gu

re
 7

. 
He

ad
 

Ex
cu

rs
io

n 
fo

r 
Fr

on
ta

l 
Im

pa
ct

s 

*
 A

ll 
H

E
A

D
 

E
X

C
U

R
S

IO
N

 
AR

E 
W

IT
H

 
R

E
S

P
E

C
T

 
TO

 T
HE

 F
OR

WA
RD

MO
ST

 
P

O
JN

T
 

O
F

 
T

H
E

 
V

E
H

IC
L

E
 

SE
AT

 B
AC

K
. 

CM
 

IN
CH

ES
 




