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PART I .  INTRODUCTION 

The three objectives of t h i s  project  are :  

1.  Define the s t a t e  of the a r t  in child seating and r e s t r a in t  systems 

2 .  Evaluate the various types of devices in use 

3. Reco~liniend performance requirements and compl iance t e s t  procedures 

fo r  child seating and r e s t r a in t  systems. 

The project was begun by studying the current s t a t e  of the art  and by 

conducting an extensive market survey of 'availabl  e  seats  and r e s t r a in t  systems, 

the resu l t s  of which are discussed in Part I 1  of t h i s  repor t ,  I t  was found 

t h a t  l i t t l e  i s  known about the impact tolerance of children and  infants ,  b u t  

tha t  numerous safety devices are  being marketed by nlany manufacturers, b o l h  

large and small. Specific a t tent ion was given t o  125 devices being manufactured 

by 34 coroorations. Of these,  37 devices manufactured by 26 of the companies 

wsre selected fo r  the t e s t  prograti?. 

The  f i r s t  s tep  in designing the t e s t  program, based on the completion of 

tne riiarket survey, was the selection of performance c r i t e r i a  t o  be us& i n  

~ v a i  udting the resu l t s .  These c r i t e r i a  included the specif icat ion tha t  boc: 

niotions and decel era t i  ve g-1 oadi ngs be 1 imi ted and t ha t  forces appl i  ed d i  rec t ly  

to the body be well d i s t r ibu ted ,  

Using the performance c r i t e r i a  as a  guide, the t e s t  environment was seiected 

which consisted of a  durable bucket seat  which could be mounted on the tiighkray 

Ssfety Research I n s t i t u t e ' s  impact sled t o  simulate f r on t ,  s ide ,  rear ,  and 

oblique impacts. The Sierra 3-year child dummy which served as ~ i i e  t e s t  subject 

for  the bulk of the t e s t s  was instrumented with accelerometers t o  record head 

and chest 9-1 oadings. High speed photographic coverage was a1 so provided. 

A to ta l  of 120 dynarnic sled t e s t s  were carried out. 



A discussion of the t e s t  program i s  presented i n  Part I11 of th i s  report 

and the t e s t  results  are described i n  Pwt i V .  The raw t e s t  d a t a ,  g i v e n  i n  

Appendix D which i s  bound separately from th i s  main report ,  are summarized in 

a data table Sncluded in the text  and i n  Appendix C whi cti i s  composed of a 

discussion of each device tested.  

Part V consists of a discussion o f  performance requirements and compliance 

t e s t  procedures. I t  i s  obvious that  child res t ra in t  devices should l imit  the 

motions experienced by a child occupant. However, because of the lack of data 

on impact tolerance, only preliminary suggestions can be made for allowable 

loadings which can be safely experienced by the child. The authors of th i s  

report believe strongly tha t  a dynamic t e s t  procedure using an impact sled or 

other dynamic device i s  necessary for  a complete evaluation of performance and 

conpliznce to the recommendations s e t  forth in th i s  report. 



PART IT. STATE OF THE ART A N D  MARKET SURVEY 

A review of the s t a t e  of the a r t  of child seating and r e s t r a in t  systems can 

include several areas such as the hardware marketed, user tolerance t o  impact 

loadings, the anthropometry of infants and children,  and to ta l  system design. 

Each of these subjects i s  generating considerable i n t e r e s t  a t  the present t i ~ e .  

The   no st general discussion of the protection of children in an ilutol~robile 

crash can be found in a report by Siegel ,  e t  a1 . I ,  which covers the frequency 

of various types of injury and child anthropometry as i t  r e la tes  t o  seating 

design. Based on accident cases,  they recommended the use of lap be1 t s  fo r  

children over 3-4 years of age. In addit ion,  they evaluated several of the 

devices which were being marketed a t  the time. 

Burdi2 and K i n g 3  have presented excellent  discussions which are  anthro- 

pological ly and nledically oriented. After discussing the anatomy of chi1 dren, 

Ourdi gave several guidelines fo r  the design and selection of child res t ra in t  

sys terns. Great importance was placed on head motions, par t icular ly  the sndpping 

which can occur because of the lack of strength in chi ldren 's  neck muscles. He 

suggested t h a t  any head contact with the i n t e r i o r  of a vehicle should be avoided 

due t o  a ch i l d ' s  re la t ively  weak braincasc. Also, the danger in using an adult 

 la^ bel t  was mentioned in tha t  the i l i a c  cres ts  a re  n o t  su f f i c ien t ly  developed 

t o  ac t  as be l t  anchor locations,  a n d  caution wzs suggested in applying res t ra in t  

loads t o  the chest ,  due t o  b o t h  i t s  highly compressible nature and the vulner- 

ab i l i t y  of the internal  organs t o  nonpenetrating in ju r ies .  Finally, distr ibution 

of r e s t r a i n t  loads over wide areas of the body was suggested as an important 

design c r i t e r i on .  



The discussion presented by ~ i n g ~  was s imi lar  in t h a t  a thorough discussion 

of child anthropometry was followed by a s e t  of design c r i t e r i a .  For children 

under 50 Ibs . ,  he suggested t h a t  a s table  support platfoinm be provided for  any 

device. He noted tha t  ex t rem~ motion i s  n o t  desirable due t o  the danger of 

contact with in te r io r  vehicle s t ructures ,  Requi remenis f o r  d is t r ibut ion of 

load over wide areas of the body, the inlportance of the locz,ion of the center 

of qravi t y  in dynamic design, and the vulnerabil i ty of internai  organs were 

also ~iientioned as iii~portant considerations. For children weighing niore t h a n  

50 l b s . ,  a s t i f f  seat  booster cushion, a s table  mounting platform, and a n  

adul t 1 an be1 t were recon~mended. 

Other authors have suggested rear-faci ng  chi ld ren ' s  seats .  This concept 

has been applied in marketed designs and apoeared t o  be valid in the current 

t e s t  orogrzm. In a recent paper, Van Kirk4 suggested a r e s t r a i n t  net as a 

concept worthy of at tention on the basis of gentle rides experienced by 

primates i n  dynamic t e s t s .  

I n  two naoers concerned with the design, t e s t ing  and production of chi1 - 

dren's  sea t - res t ra in t  systems, Head5 discussed the widely pub1 i c i  zed Ford Tot- 

Guard and Fel es6 djscussed the General Motors Infant Carrier.  The development 

and t e s t  Programs surrounding the introduction o f  these two devices to  the 

market ar?  the most thorough known t o  the present authors. 

All of the concepts and devices mentioned in the foregoing discussion hzve 

been submitted to  scrutiny in t h i s  t e s t  program, and i t  was found tha t  most of 

the design c r i t e r i a  suggested in the 1 i t e ; ~ ~ ' c u r e  were very important. I n  

addition, several other c r i t e r i a  related to  occupant kinematics, s t ructura l  

desiqn strength,  and occupant loading have been found t o  be equally important 

and wi 11 be documented l a t e r  i n  t h i s  report.  



'The i i i - s t  s t ep  i il oinyani z ing the  experimei~.tal phase of L l 1 . i ~  :-c-seaych project 

i i.lvol~cd detersoii n i n 9  ~ ~ I l d t  seilts and r e s t r a i n t  systems wei'e ava,i le5 le  on the rnarke~. 

I t  becanie iniiild.iately c l e a r  t h a t  Illany devices were bttil~y nldrke'lcd dlld thdt  the 

111a;'ket changed i-apidly from inonth  t o  month .  The devices t e s t ed  a i ~ d  studied were 

d v a i  1 able bci \ ici?~~ Febi*udiny and August 1959. 

In a1 1 ,  125 devicrs niarketed by 34 d i f f e r e n t  co~npanics vcre studied.  Of 

.i,lik:sz, 37 d e \ l i x s  fro111 26 of the companies were selected for ' tes t ing .  These 

drit 1 i s ted  ill Apy?i?dix A of t h i s  report .  

A t  f i r - s t  glance, this seems t o  be a ra ther  large collecticln oi- devices. 

;ii)i\!t'!:,:r, Lt12 i .!e~il foi- uvalua'tioii of t h i s  rndny t e s t s  resulted from the survey 

i)f the d i f f e i . ~ i l i  'techniques used t o  r e s t r a in  the child or t o  dt,ta;li  the sea t  

t o  the vehicle. Consider the following c las s i f i ca t ions :  

1 .  Basic r e s t r a i n t  concepts. 

a .  Device c l a s s i f i ed  as a s ea t .  

L. Device c l a s s i f i ed  as a harness, 

2. No;-l.i~a'l at , t i t l jde of occupant. 

a .  S i t t ing  forward-facing. 

b .  Si t t i  ny \-earward-facing. 

c. Standing. 

d .  Recl i ning . 
e.  Semi -iaecl i  ni n g .  

3. Technique of  attachment o f  device t o  vehicle. 

a .  Hookover s e a t .  

b.  Hookunder sea t .  

c .  Tiedown with adult  l a p  be1 t .  

d. Ticdob~n w i t h  stinap around adul t  sea t  back. 

e .  7'icdown w i t h  s t r ap  over or  around adul t  sea t  back v!hicli i s  ;iiichorcd 

t o  the vehicle. 



4.  Head restraint .  

a. High-back seat with integral head res t .  

b .  l o  head restraint .  

c. Automotive type adjustable head res t .  

d .  Lateral structures to  provide head res t ra in t .  

5. Seat structure. 

a .  T u b u l  a r  framework. 

b Molded plast ic  she l l .  

c. Fabric. 

6. Integral restraint  devices. 

a. Integral lap bel t .  

b.  Integral belly strap. 

c. Integral horizontal chest strap. 

c. Diagonal chest strap. 

e. Integral double diagonal harness. 

f. Crotch strap. 

g. Vest. 

h .  Padded rai 1 .  

Several more subclasses could easily be specified; for instance, the webbing 

material, the techniques of s t i tching,  the buckles, or the structural class of 

the various tubular frameworks usct t o  s u p ~ o r t  the seats.  I t  should be observed 

that each of the major classes above, as we1 1 as the subclasses mentioned, proved 

t o  be important in evaluating the seats selected for  this  s2ries of t e s t s .  

I n  reducing the number of  devjces to be tested to  37 and the co~npznies t o  

26 ,  certain major producers :::;*2 oni t ted.  I t  wzs often found -;kt two or niore 

companies were marketing devices similar in most respects. I n  these cases, t he  



SL- lect ion o t 0tlt3 p a r t i c u l a r  colnpatiy was determined by 1 rrcii'l pi*oduct  avai l  c i i ~ l . !  i ty  

711e 37 devices sc1ect;cd f o r  t e s t i n g  appeared t o  be tile mii~iil~urn number cspab'lc 

o f  iitnoviding a  reasonably complete evaluat ion of the r e s t r a i n t  concepts being 

ii~coi-yorated i n t o  actual  hardware a t  the  present  time. 

I t  was d lso  necessai-?I t o  determine the  age o r  s i z e  group w1,ich co~i ld  

cise tile s ea t s  se lec ted  for t e s t i n g .  This information was p;.'avidcd w i t h  

o n l y  a few of the devices ,  which spec i f i ed  e i t h e r  an aye yipOup o r  an upper 'liniit, 

on weight. In only one case were b o t h  a n  age and a weight group specified 

( K .  L .  3i.endy). Because of t h i s ,  the  o the r  manufacturers were contdcted di t>ectly 
*. 

by vhnl~e. Ihe average minimum age recommended f o r  use of s e a t  devices was that, 

d q e  a t  which the occuPant could s i t  unattended. Spec i f i c  ~nir~i~i~um ages rdnged 

trot11 dbout 3 inonths t o  a  few over 1 y e d r .  The niaxir~lum age reconinlendations 

avera(j2d over 3 yea r s ,  with a  range from 2 1/2 years  t o  6 years .  Five devices 

\yere in  t he  2 1/2 year  c l a s s ,  with eleven in the c l a s s  of  4 years  or over. 

l;r s i x  cases where a  maxinlun~ weight was given, a l l  reco i~ i~~~ei~dat io i l s  welee 

Lktwertl 30 and 40 1 bs. 

The harnesses qeneral l y  were recominended for use by ii;faiits who could s , :. 

hi-~btcended, UD through 6-year o lds .  Maximum weight 1 inii t a t i o n s ,  ofterr spec i f ied  

with the device,  ranged from 50-75 I bs. 



PART I I I .  TEST PROGRAM 

The basic ob.iective of  tile t e s t  Proaram described in t h i s  q ~ c t i o n  nf t h p  

report i s  t o  obtain at1 experii~ientally determined estimation of the protective 

potential which the 37 devices described previously can o f f e r  to  the child 

occupant. In order t o  achieve t h i s ,  i t  was necessary t o :  

1 .  Develon a nerforinance c r i t e r i on  fo r  evaluating the various devices; 

2. Select  an occupant for  use in the t e s t  program; 

3. Select  a  t e s t  environnlent including an adult  s ea t  capable of being 
oriented so tha t  impacts from various di rect ions  could be studied;  

4. Select  instrurnentaiion and data-hanu; ing procedures to  deterrriine 
forces and nlotions exoerienced by the occupant in the t e s t  in order 
t o  arovi dt. data for  perforniance eval uati on ; 

5 .  Select  a  t e s t  ~na t r ix ;  and, 

6 .  Conduct the t e s t  program and gather data.  

Perior.mance Cri terion -- - 

The c r i t e r i an  which i s  generally used in estimating the a b i l i t y  of a 

r e s t r a i n t  system t o  provide occupant orotection consists  of three par ts .  The 

f i r s t  i s  concerned w i t h  a  l imi ta t ion of body motions. In order f o r  a re-  

s t r a i n t  system t o  provide protection,  i t  i s  obvious tha t  the user must remain 

within a cer ta in  grotective envelope inside the vehicle a n d  avoid contact with 

vehicle i n t e r i o r  elements which potent ia l ly  could cause injury.  Occuuant 

~ ~ O ~ ~ O I I S  were studied by means of high s ~ e e d  fiirn analys is ,  and the excursion 

was p i  vcn ;i r a t i n s  from 1 t o  4 defined as follows: 

4 iess  thzn 4 inches of motion of any body segment in any direction and 
small r e la t ive  rotat ions of one body segment with respect to another. 

3 - large motions of the various body segments b u t  confined t o  the 
environment o f  the adul t s ea t .  

2 L: lcrqe body motions beyond the confines of the a d u l t s s f t  a n d  possibil i ty 
of contact with vehicle i n t e r i o r  s t ructures  such as the door or the 
das,;l;oard. Also, r e l a t i ve  body motions a re  considered t o  b e  large 
enoagh t o  lead to oossible in ju r ies .  



1 = ldrrje body tilotions with contact with vchicli. i i ~ t e r i o r  s t ructures  
ce r t a in .  This c l a s s i f i c a t i o n  can be considered as e jec t ion  from 
the confines of the adul t  s e a t .  

The second   art of the peinformance c r i t e r i o n  consis ts  o f  a l i n i i t d ~ i o n  

o f  the  accelerat ion levels  experienced by the head and to r so .  Tolerance 

levels  f o r  adults  which have received soms dceeptanca a r e :  

head inipact: 80 g ' s  f o r  l e s s  than 3 ms; 

chest impact: l e s s  t h a n  40 g ' s ,  

Equivdlent data f o r  childr2n are  n o t  y e t  avai lable .  Therefore, u n t i l  such 

x im?  as new biomechanical d a t a  become a v a i l a b l e , i t  wds decided t o  hold head 

( ~ n d  chest accelerat ion levels  within these 1 imi t s .  

Tlie t h i rd  vdrt of the performance c r i t e r i o n  concerns d i s t r ibu t ion  of 

'"ads over tile body. The various r e s t r a i n t  systelns showed great  var ie ty  i n  

the means used t o  t r a n s f e r  the ilnpact loadings t o  the  subjec t .  The insvies 

were studied and the r e s t r a i n t  system and dummy were examined careful ly  

d f t e r  each t e s t  t o  look f o r  evf dence of harness s t r aps  s l  ipuing iilto s o f t  

dbdonli nal areas, of thoracic compression, e t c .  No experililental means arit 

currently available f o r  studying contdct s t r e s ses  in detai 1 . 
I n  addition t o  t h i s  perforlnai?ce c r i t e r i o n  i t  was decided t o  observe 

desi yn-related features of r e s t r a i n t  system perfor~iiancc. These i n c i  udet.i 

( 1  s t ruc tu ra l  i n t e g r i t y ;  ( 2 )  dynamic in terac t ion  betw?en the ci.~i 13  

I - s s t r a in t  systeli~ a n d  the adul t  s e a t ;  and, ( 3 )  performailce of ths v a r i c ~ ; ~ ;  

ilisiins for  attdching the devices t o  the vehjcle. 

Selection of Occuuant 

The se lec t ion  of an occupant was d i f f i c u l t  i n  one 1-cispect, b u t  easy 

i n  another. I t  was found t h a t  3-year and 6-year anthi-opometri c duillilli es 

were nlarketed by Sier ra  Engineering C o r ~ o r a t i o n .  Two views 01: t h e  Sierra 

3-!/ear du1111i1.y are  shown in Figure 1 before two d i f fe ren t  t e s t s .  lii, du~~~iiiies 

of any other  s i z e  were found t o  be avai lable .  However, scvcrdl serious 



Figure 1. Sierra  3-year o ld  dummy. 



qut.stiotis becarlie obvious a t  t h i s  point :  ( I )  do the  avai lable  durnnijes 

e f f e c t i v e l y  d u p l  i c a t e  hunian kinematics; ( 2 )  whcihbout  babies; ( 3 )  

and i s  the  3-year dumniy a properp s i z e  to be used in t h i :  s t3s t ing  program? 

.* 
No coniplete answer can y e t  be given t o  the  question concerning the  

~ c c u r a t e  d u p l  i ca t ion  of hunian kjnematics by d~nmies .  A1 though the sp ine ,  

t o ~ ~ s o ,  a n d  neck have f l e x i b i l i t y ,  i t  i s  very d i f f i c u l t  t o  adjust.The bcdy 

o f  a du~ni~iy does n o t  appear t o  be as compliant as would be the  case f o r  a 

chi ld .  One of the  most l i k e l y  problem areas i s  the  neck. One of the 

~~i , \ jor  advantages of the du~niiy i s  t h a t  the  weight d i s t r i b u t i o n  i s  nearly 

( ,orrcct ,  dl ttiouqh the  3-year dun1111.y i s  a b i t  t a l l .  I f  the  weights are 

di:tri h u t u d  ncdrly co r rec t ly ,  then an experiment shoul d y ie l  d approximately 

t l ~  sallic iiiotions as would be found with a l iv ing  sub jec t .  I t  should a t  

least be possible t o  est imate gross body motions such as e jec t ion  and 

?xc:essive excursion. On t h i s  bas i s ,  i t  was decided t o  use the  Sier ra  

d~ininiies f o r  the  present experinients. 

This whole problem demonstrates the  subs tant ia l  lack o f  data on 

i I i  1 ' 1  4;-en atid babies. To s t a r t  with,  adequate anthroponietri c da La necessary 

l o  corlstruct human s in~u la to r s  f o r  chi ldren a re  only j u s t  now becoming 

dviii'lable. This leads to  the hope t h a t  b e t t e r  control of body segrnent 

s i z e  dad wt!ight d i s t r ibu t ion  can be a t t a ined  in fu tu re  ch i ld  dui~i~nies. Few 

(!a;; dre avai lable  on impact tolerance of chi ldren .  Soiiie n~edical people a r e  

c f  the opinion t h a t  the  g rea te r  compliance of a chi ld  leads t o  b e t t e r  

~ s i s t a n c e  t o  impact. Others s t a t e  t h a t  t h i s  same lack of deve'lop~nent 

o f  body s t ruc tu res  crea tes  1 essened res is tance .  

Even i f  the dummy chosen provides a rough estimation of body kinematics, 

i t  i s  s t i l l  necessary t o  decide whether i t  i s  the  r i g h t  s i z e  f o r  a f a i r  



tt .stinq of the 37 devicss. i t  should be recalled t ha t  the 3--4'eur s i r e  i l r~c !  

w i g h t  r-euresents the uowr end o f  suggested usage Tor most G T  i i i P  cievlces. 

Thus th i s  dummy would tend t o  define ti;? worst cases of dynamic loading which 

th?se seats  and r e s t r a in t  systems cculd be expected t o  withstand i n  normal 

service as a protective device. O n  t h i s  bas i s ,  i t  appears t ha t  the 3 - y e ~ r  

dilniniy ~ o u l d  o f fe r  the best available selection fo r  the bulk of the t e s t  

se r i es  . 
TYO of the devices selected fo r  test5ng were c lear ly  n o t  useal l?  by a 

three-year old chi1 d and were intended only for  recl ining o r  scr~~ii-ecl ini1,(2 

infants  under about one yea r  of age. In order t o  t e s t  these devices : do1 l 

w i  t h  the ao~roxirllate dii~let~sions o f  an average three-month 01 d baby  war 

disassei~ibled. The two l egs ,  torso ,  two arms, and head were weighted with 

lead shot to  siniulate the body segment weights f o r  a baby t h i s  s i ze .  The 

doll was then reassei~lbltid. This technique has been used by Generjl Motor's 

in devs lo~ ing  t h e i r  infant  c a r r i e r  and other devices. 

Sel ec t i on of  Test E n v i  ronnlen t - 

W i t h  the selection of the occuoants completed i t  was necessary t o  i c n s i d ~ r  

the t e s t  environment. A s t ab le  and durable bucket sea t  ~rianuf;lc'tured i:y 

Bostrom of Yiluawkee was chosen fo r  the s e r i e s .  T h ?  s t ruc tu re  was a pres:ed 

s tee l  frame with wire s ~ r i n g s  and the whole sea t  was cas t  i n  i~re t i i ine  foam 

and then covered w i t h  vinyl . I t  i s  fe l  t t ha t  t h i s  seat  i s  f i rlner thdn r,io :t 

of those i n  current use. Two views of t h i s  seat  a re  also shown i n  Figure 1 .  

T h e  bucket seat  ccncent was believed t o  o f fe r  s l i g h t  advantagss i n  s ick  i i~ i !~act  

d ~ e  t 3  the climb a t  the edge of the s ea t .  The height of the sea t  back was 

23 Snches. This seat  was mounted on the s led  (Figure 2 )  in a statidbrd 





;b~ i ; , : :~ r ; i vz  cor.rfi qu;+atioi~ without a surrounding body buck oxce!;l I , i  t i :~ r  (.(,.:(,L 

;,-,tachr;,ent points for  seatbel t hardware represented a 1 ate-1iiijil3 I i l i . ; ~  , . i i i~d  I r l t c .  

s ized  vehicle. Because of the necessity to  simula'te impacts fia(illi t .11~ f r~f i t : ,  

45" oblique, 90" l a t e r a l ,  and rear  end, t h j s  e n t i r e  sea t  and r t2s t i f~ i t i l  

system \gas ~es ig t i ed  t o  be oiniented i n  any a t t i t u d e  with respect 'I.(, i,l.,i: 

direct ion of t ravel  of the s l ed .  

Selection of 1nstruiiient;cition and Data-Handling Procedures 
, , 

The 3-year d ~ i i i ~ l ~ l  w i i s  instrumeiited with t r i a x i a l  dccel ~ Y , O I ~ I ~   ti:^' j i l i i  h:, I i i  

t i l e  hedd d n d  in t t ~ e  cllest.  The individual accelcroriieters were l<i  5 l' I e r  ;.;I 1 ; '  .>. 

A Statharn s t r a i  n-cjac~e accel ei-oiileter was used t o  sense s l  eil deck1 ei-d o i i .  

Uel t forces were recorded using Lebow sea t  be1 t force transducers i F ~ r i  dJu I  I. 

l a o  b e l t  was used with the chi ld  s e a t  o r  r e s t r a i n t  system or i f  sepdra'it. 

tiedown had beeil provided consist ing of standard automotive tie1 t iliciter-id I .  

Timing signals  a n d  impact veloci ty were a lso  recorded, usii-~tj J iia~ii?:/v~el l 

1612 light-beain osci11o<lranh. Hard copy of these records bill ;  t t js i~i- i : ; l  i t !  f . ~ i l . i i .  

each r ~ c o r d  W ~ S  ~tlcjtoyraphed shor.tly a f t e r  the t e s t .  

Hiqh-soeed motioi? ~ i c t u r e s  were a lso  taken f o r  each t e s t ,  A, ~ ~ ~ ~ d . t ; c ) , ~ ~ ~ ~ :  i t  :> 

16-111m camera was located d i rec t ly  t o  the s ide  of the impact disea, dl~;i i i r ; $ , ~ i ~ \ i i '  

d i r ec t ly  overhead. The frarne r a t e  normal ly  used was 500 fps.  'l';;i>,~ i i l i j  i ' 

!)ictures were su?piemented by s l i d e s  taken before and aftell t:;lt:l~ i ~ . ;  L .  i \ 1 : ; 0 ,  

. , a Graph-chek sequence carneys was used in the l a t e r  stages; 91' L . I , ~ :  ii;,. ;.j~,,i:ir.';~ii, 

t o  urovide an instantaneous evaluation o f  the t e s t  as a hiqrl-)puL:.j ~ K , I I ? I I ~ . C  

of eight  frames o n  a 3 x 5-in. Polaroid sheet .  



\ ( ? s t  bl,it\*iX ----.--- 

The t e s t  ~lid timix f o r  t h i s  prograni was designed to  incluclc forward inpact,  

s ide  inlpilct, rear  impact and oblique impact. Four factors  d~tcrrni'ned the 

liunlber of t e s t s  to which each selected device was subjected: ( 1 )  dvdildbil i ty;  

( 2 )  s t r u c t l ~ r a l  i n t e g r i t y ;  ( 3 )  performance; and ( 4 )  l o g i s t i c s ,  Some systems 

siii:il ds the Ford Tot-Guard ( C - 1 ) ,  the Sears harness (C-31), and t h e  Gct~eral 

Motors sea t  (C-3) ,  were readily available t o  the projec t ,  so were subjected 

t o  more t e s t s  t h a n  others i n  order t o  provide a baseline of data on which t o  

base t e s t s  of other  systems. Unfortunately, some systenis such as the K . L .  

Jeeny Cl~ild Safety Seat (C-26) and the Genaral Motors infant Ciirrier (C-25), 

i ~ t i l  of wi.~ich were observed to  provide a high level of protect ion,  became 

available within a few days of the  conclusion of the scheduled t e s t s  and 

thus t l  i ij riot ~~ndergo extensive tes t ing .  

['lie second fac tor  which determined the number of t e s t s  cdrioied out on 

c S ~ S C ~ I ~ I  was i t s  stinuctural in t eg r i ty .  I f  a system was d2stroyed in a t d s t ,  

wds the case with most sea ts  of tubular s t ruc tu re ,  i t  was necessary to  

obtain a new device before proceeding. Hence durable devices were subjected 

t o  more t e s t s  as they could be reused without the delays of reordelning. 

The th i rd  fac tor  which limited t e s t ing  was d i s q u a l i f i c a t ~ o n  due to  bad 

;;erfdrmance based on the pe r fo r~ance  c r i t e r ion .  I f  a system f'ailed bad';:! 

1;-I a 20 nlph forward t e s t ,  the t e s t  se r i e s  was usually discontirlued. 
-. 
lhe fourth and f ina l  fac tor  which cktermine" the t e s t  matrix was t i l e  

iogistics of carrying out the t e s t  progrlm. The f i r s t  t e s t  se r i e s  c o l i ~ ~ ~ t s d  

(jf front-facing t e s t s .  When a l i  avai lable systems h a d  been t e s t d ,  the s??d 

12boratory was deactivated while the sled was remounted to  s i l ~ ~ u l a t e  s ide 

;:::~ihct. Again t e s t ing  was carr ied o u t  on a l l  avai lable s~~stei i is .  Similar 



down time occurred in changing t o  oblique, rc?ar, and f i na l l y  back t o  forward 

inipdct. I n  s ho r t ,  t e s t ing  continued as rapidly as possible t o  eval  ate as 

many systems as possible in t h e i r  various configurations. 
I 

The resu l t  of t h i s  was 117  t e s t s  which a re  surnarized as follows: 

Forward facing. Fif ty-three t e s t s  were carr ied  o u t .  Essential ly a1 1 of 

the devices were subjected to  t h i s  t e s t ,  as i t  represents the most con:rnon 

tyne of accident. 

Side facinq. A to ta l  of twenty-seven t e s t s  were carr ied  out in s ide  

imoact. Especially of i n t e r e s t  was the behavior of bail hooks, bottom support 

s t ruc tu res ,  various be1 Ling arrangements, dummy a t t i t ude  ( s i t ,  s tand,  1 i e )  , 

2nd s ide  s t ructures  i f  the sea t  possessed any. 

Rear facing. A to ta l  of twenty-seven t e s t s  were also run representing --- - 

rear impact. Of pa r t i cu la r  i n t e r e s t  were headrests ,  s i t t i n g  height ,  and 

in teract ion w i  tti the back of the adul t  s ea t .  

45" oblique. Only ten t e s t s  were performed. I t  became apparent a f t e r  

a  fav of these t e s t s  t ha t  behavior reminiscent of both forward a n d  s ide  

impac~ was occurring. 

D d t a  Sathered in Test Program 

The data from a1 1 t e s t s  a re  suminarized in Table I .  The t e s t s  are  grouped 

by device (Column 1 ) .  For most t e s t s  a choice of 20 mph o r  30 mph was made 

f o r  the velocity.  Devices which ~erformed well a t  20 mph ( o r  had unusual 

kinematics) were also subjected t o  a 30 m ~ h  t e s t .  The deceleration level f o r  

most t e s t s  was about 16 g on the average. A number in parentheses refers  t o  

a  dec?l e r a t i  on spike occurring superimposed on  the  overall waveform. This 

was aoglied in the form of a nearly trapezoidal deceleration pulse. 
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The occupant used in a  pe r t f cu la r  tes t  represented e i t h e r  an infant  or 

a three-year old ch i ld .  A "3" in  t h i s  colunn i ~ b i c a t e s  the  dummy and a " D " ,  

the d o l l .  Attitude refers  t o  the pasi t ion of t he  dumy in the devices. The 

key  for  t h i s  colu~~ln i s :  

S = s i t t i n g  

1 / 2  = semi - rec l in ing 

U = standing U D  

D = lying down 

Four impact d i rec t ions  were used. They are  represented by: 

f  = forward impact 

L = l a t e r a l  o r  s ide  imcact 

r  = rear  impact 

u = oblique impact 

The be1 t loads are  self-explanatory. However, f o r  thc iccel  erometers, "a-p" 

refers  to an anter ior -pos ter ior  d i rec t ion ,  " s - i "  to  super ior - infer ior  ~ o u n t ,  

and "2 - r "  to  a  l e f t - r i g h t  mount. The word "spike" i s  used t o  r e f e r  t o  a  

short-duration decelerction ( < 5  ms) peak. I f  

2 5 
spike 
1 OOt 

occurs, t h i s  indicates tha t  the  average accelerat ion was 25 9 ' s  and t h a t  t h i s  

was i n t e r r u ~ t e d  by a pulse exceeding 100 9 ' s .  

The complete s e t  of data gathered in t h i s  s e r i e s  of t e s t s  i s  included 

as Aoaendix D t o  t h i s  reaor t .  Each t e s t  i s  described and summarized on a 

seoarate introductory sheet .  A descriot ion of ths performance of the  device 

in ~ r o t e c t i n g  the dummy i s  contained in th 's  summary. 



Also included i n  each f ndjvidual t e s t  repor-: i s  a  photograuh of t he  

dc.c?leroiileter sild force  t ransducer  tiraces as o r i g i n a l l y  recorded on a  1 igh t  

bed111 osci 1 1ogri~i)t,. I n  i idd i  t i o n ,  four  frai~ies have been removed fro111 the 

! i i < r i i - s ~ ) ~ c d  11iovic.s anti  a r e  pr in ted  on another  page. One o f  these shows i n i t i a l  

w s i  t i o ~ ; ,  one siloids t1.12 beginning of motion, one shows niaxilriurn excursion 

( t h i s  fraille \!,as used i n  the  preparat ion of Table I ) ,  and  t he  f i n a l  one 

.. l i  , L. 5 i t  I .  I f  tiit\ Graph-cllck calncra w,ts used, a p r i n t  o f  t h i s  v i e w  

i~ dlso i ~ l c l i i d ~ d .  A sdi~lpli! of these  data  s e t s  i s  bound w i t h  the present volul l lc 

s s  A:)oendix B .  
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PART IV. DISCUSSlGN O F  TEST XSULTS 

T h e  d a t a  gathered in th is  t e s t  program have been assembled and evaluated 

in scveral different  ways. The f i r s t  and simplest wss t o  summarize each 

individual t e s t  independently. This i s  the method used t o  compile Appendix 

D of th is  reoort ,  "Data from Individual Tests," which consists of t e s t  

observations, o sc i l l og ra~h i c  transducer data, and photographic documentation. 

The ~ e a  k accelerometer readings, be1 t 1 oads , velocity , excursion, a n d  

other data from a l l  t e s t s  were then summarized in Table I ,  "Child Restraint 

Test Summaries. " 

Based on the assembled data,  the t e s t  results  were then evaluated. 

Each of the devices selected for the t e s t  program were studied icdco?ndently 

and a1 l t e s t s  evaluated. This technique has been used t o  prepare Appendix C ,  

"Chi 1 d Restraint Test Evaluations by Device. " 

Finally, the t e s t  results  w?re evaiuzted to  determine the perforinance 

of the various design, s t ruc tu ra l ,  and protective concepts which are 

enibodied i n  the 37 devices. I n  addition t o  1 imi ting body motions and body 

accelerations as well as avoiding the application of concentrated loads t o  

delicate body organs as out1 ined in performance cr i  t e r i z  specified in Part : i I  

of th i s  report,  i t  has been Sound t h a t  three additional design f a c k r s  should 

be considered from the viewpoint of providing protection. The device should: 

( 1  ) ~ o s s e s s  structural  in tegr i ty ,  ( 2 )  avoid dynamic interaction with the adult 

scat ,  and  ( 3 )  attach securely to the vehicle. These considerations are 

discussed and examples given in the next several paragraphs as they re la te  

to f ront ,  s ide ,  and rear  col l i s ion.  
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Sevci-dl observations can be made on perforn~znce of the devices in forward 

.i~~ipact.  Proble~ils with e j e c t i o n ,  s t ruc tu ra l  col l  apse, and gross dynamic 

in terac t ions  with the adul t  sea t  s t ruc tu re  were observed. Some concepts 

offered considerable protect ive potent ia l .  

Motiotls la rge  enough to  c o n s t i t u t e  e jec t ion  were observed in several 

t e s t s .  Typical exaniples are  t e s t s  A-026 and A-055. In the f i r s t  case, a hook- 

under s e a t  slipped from i t s  attachment under the s e a t  back, folded u p ,  and 

then flew froni the  adul t  s e a t .  In the second case,  the  s e a t  was attached to 

the adult  s e a t  by bail hooks and s t r aps  attached t o  the vehicle s t ruc tu re .  

'[he amount of el a s t i c  and p l a s t i c  deformation experienced by the tiedown 

system was s u f f i c i e n t  t o  allow the  head of the  ciurnn~ t o  move forward 

dpproxi~nately 32 inches. 

A typical example of s t ruc tu ra l  col lapse i s  shown in Test A-067. This 

general type of f a i l u r e  occurred over 30 times in the t e s t  program as documented 

in the dppcndices. In t h i s  case,  a tubular  s t ruc tu re  was not able t o  r e s i s t  

liie loads placed on i t  during the  t e s t .  On many devices s imi lar  t o  the on? 

ii>eiI i n  t h i s  t e s t ,  the adul t  lap be1 t was used t o  provide tiedown, I t  was 

i n e f  fect i  ve as 1 arye occupant motions occurred as the sea t  pitched forward 

q ) o n  coi lapse. (See Figure 3 . )  

Gross in terac t ion  with adult  sea t  i s  shown in Test A-059. T h i s  sea t  

~*t .s~~onced in a manner s imi lar  t o  others  selected fo r  t h i s  prograin, which 

m i g h t  bo c-lassif ied CIS booster s e a t s .  In t h i s  case,  the sea t  exerted a 
- l;l~.(je force over a s~ilall area of the  adu:t s e a t .  Ihe r e s u l t  was t h a t  the 

trunt  of t h e  child sea t  dug in to  the adul t  s a a t ,  allowing the head a n d  torso 

o f  the  occupant t o  w h i p  forward and receive a la rge  superior-i  nfer ior  y-loading. 

(See Figurs 4 . )  
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This ac t ion  po in t s  ou t  the  extreme i m p o r t ~ n c e  of matching t he  desi(jn o f  

ch i l d  s e a t s  arid r e s t r a i n t  systenis t o  the  a d u l t  s e a t .  One manufacturer o f  a 

orototyge booster- type s e a t  ( n o t  one whose device was t e s t e d  i n  th i s  orogram) 

suqqested t o  us t h a t  h i s  device  could q u a l i f y  f o r  a s tandard i f  t he  sur face  

ofi which the s e a t  were nlounted was a board.  Otherwise,  the  amount o f  forwzrd 

?itchir:a i n  e i  t t l i . ~ ~  a s t a t i c  o r  dynaniic q u a l i f i c a t i o n  t e s t  would be t o o  l a rge .  

Hcwever, a s t a t i c  t e s t  would not be capable of  demonstrating the  v io l en t  

r e l a t i v e  lnoticn occurr ing a t  t h e  head-neck j unc t i on .  

Exainnles of a f a i r  degree of  p ro tec t ion  i n  forward iinpact a r e  shown in  

Tes t s  A-040 a ~ d  A-137. The F i r s t  of these  shows a Ford Tot-2uard a ~ d  t h e  

second, 3 Sears harness .  I n  both cases  the  load a m e a r s  t o  be d i s t r i b u t e d  

q u i t e  evenly over the t o r s o .  I t  should be noted,  however, th?t "he c c c u x n t s  

were ~ c s i  tioqetl i d e a l l y  i n  t h e  devices p r i o r  t o  impact. With the Tot-Guard 

some oroblems in  ~ o s i  t i on ing  the  gccuoant cccur red ,  leading t o  a iendhncy t o  

suoniarine. Also,  the  value of the  fo r ce  aopl ied t o  the  abdoni'nai area  i s  not 

tinl-i:!? in  e i t h e r  case ,  and the  to le rances  of ch i ld ren  t o  loads o f  t h i s  type 

a re  a'lsr, n o t  k n o : ~ / n .  ;lot a l l  harnesses d i s t r ib i r t ed  t he  l o a d  as  even'iy as  t he  

Years Harness, avd t he r e  was a iendancy with some harnesses f c r  individilal  

s t r au rB  t c  s l i d e  down 'n to  t he  abdominal a rea .  However, b c t h  of these  devices  

vere iiui t e  caqiible of Keeqing t h e  ch i l d  dummy within  tk~e environment of tile 

adbl t s e a t .  The SM In fan t  Ca r r i e r  a l s o  ?erform?d well i n  t h i s  t e s t  using the  

3- non nth do1 1 . 

l 'here was l i t t l e  evidence of p ro t ec t i ve  oo ien t ia l  i n  s i d e  impact f o r  most --- --- 
o f  tne  devices t e s t e d .  E i t he r  t he  devices did  n o t  gossess s u f f i c i e n t  s i d e  

i t r x t u r e s  o r  e l s e  the  s t r u c t u r e  o f  t h e  device f a i l e d  due t o  t h e  dynamic 

11-16ding. 



An exainple of a lack of l a t e r a l  r e s t r a i n t  i s  shown in Test A-148 of t h e  

Ford Tot-Guard. The low s id?  of t h i s  device allow?d the occupant t o  ro ta te  

sideways over the edge of the r a i l  f a r  enough t o  cause l i ke ly  contact with 

a veh ic le ' s  s ide  s t ruc tu res .  Many devices suffered t h i s  shortcoming. I t  

sliould be noted tha t  tilere i s  l i t t l e  rooill fo r  ~novenient trjcvarci the doors of 

a car  in thc event of a s ide iiiipact, making design of the protective envi- 

ronment much more di f f i cu l  t . 
Tests of many of the devices resulted in e jec t ion of the occupant in 

l a te ra l  inlpact. This poor performance was due t o  the simple f ac t  t ha t  most 

devices a re  not designed with the express purpose of providing protection 

in a s ide  inlpact. If  an adul t  lap be1 t was used with the  device, the en t i r e  

asseinbly s l i d  t o  the s i d e ,  under the be l t  and out of the s ea t .  Bail hooks 

rarely offered any resistance t o  s ide  impact a n d  broke o f f .  Harnesses tended 

t o  allow the occupant t o  rilove f a r  t o  the s ide  indicating tha t  the techniques 

used fo r  tiedown and resistance t o  motion in the forward direction did n o t  

hold the occupant securely in ~ o s i t i o n  in s ide  impact. The tubular structures 

used t o  suuport many seats  showed f a i l u r e s  s imi lar  t o  those experienced in 

forward impact . 
I t  was in te res t ing  t o  note t ha t  the two devices with substantial  s ide 

s t ructures  (C-16 dnd C-23) suffered from the same type of f a i l u r e .  I n  b o t h  

cases, the technique used t o  t i e  the system t o  the seat  broke causing e ject ion.  

I n  one t e s t ,  A-100, the Volvo sea t  was given auxi l iary  support by the adult 

lap be l t  in an attempt to  overcome the inherent weakness in i t s  own t ied~wn 

system and a l so  in an attempt t o  evaluate the potential of s ide  s t ructures  in 

preventing the excessive excursion observed in most of other t e s t s .  The 

resu l t s  were encouraging as re1 d t i  ve motion between adjacent body segments 

was nearly eliminated and the occupant did remain in the s ea t .  



Protection in s ide  impact seemsd, then, to  be re la ted  t o  the inclusion 

of s ide  s t ructures  on the s ea t  o r  r e s t r a i n t  system t o  prevent rot ion t o  the 

side . This was acconipl i  shed by the General P;otoors I n f a n t C a r r i e r .  

Several observations can b ~ 3  mad,. rcqarciing The t e s t s  simulating a - rear-  

end co l l i s ion .  -- The f i r s t  f s concern2d with s i t t i n q  hc ig !~ t .  - Coaster sea t s  

ususally placed the head of the chi ld  j u s t  above the top of the adult  s ca t  

back, presumably so he can see.  This indicates t ha t  the top of the c h i l d ' s  

shoulders coincides with top of the  s ea t  back. I f  no head r ~ s t r a i n t  was 

provided severe wh i~ l a sh  was observed in several cases.  (See Test A-133, 

for  examole). This ty?e of problem should decrease as  a g rea te r  ~ e r c e n t a g e  

o f  cars with head r e s t s  a re  found on the roads. However, i t  i s  s t i l l  necessary 

f o r  the head r e s t  t o  be adjusted properly and f o r  the distance between the 

head and the head r e s t  t o  be as small as possible a t  i n i t i a t i o n  of impact. 

Some booster seats  provided high backs or head r e s t s .  These worked 

w i t h  varying degrees of success depending on s t ruc tu ra l  s trength and design 

s hane . 
When the harnesses were used with lower seats  xhe problem of whiplash 

did not occur, in t ha t  the dummy intzracted ~ r i m a r i l y  with the adul t  s ea t  

back and received gentle r ides .  However, ce r ta in  harnesses allow the chi ld  

t o  stand i n  the s ea t .  A t e s t  (A-120) using t h i s  configuration i n  a simulated 

rear-2nd i n i~ac t  r2sul ted in the dunny being vaulted over the s ea t  back. I t  

i s  our recommendation tha t  .children not be allowed t o  s tanc  in a rnoving vehicle. 

The -- Volvo s ea t  requires special a t t en t ion  in t h a t  i t  i s  i n t e n ~ d d  f o r  use 

in a r e a r - f a c i ~ q  s ea t .  Hence, a rear-end impact sifiiulation represents a 

frrnt-end co:lision. The dumy receiveda very sen t le  r-id? in t h i s  t e s t ,  proving 

the ~ o t e n t i a l  f o r  orotection in rear-facing sea t s .  The motions experienced by 

the dummy were small,  r e l a t i ve  rc ta t ions  o-f adjacent body segments were minimal, 
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s u b s t s n t i s l  intcl-dction w i t 1 1  tile adu? , . !~.t  bzc!:. Th? scccess  of  .this t e s t  

was di~uin i shed  by thi! f a c t  t h a t  on reb;:u..ld the cluiwy broke the  r e s t r a i n t  

s t r a p s  i~o l t i i n~ l  i l  i l i l  i:l tjie seci.2, di ld b o ~ i ~ c e d  2u-t 0.: tk,? a d u l t  s e a t  onto the  

f l o o r  of  tilc s i c \ i .  

I n  concl u s i o n ,  a f t e r  t-evi~?wi rl9 21 1 "iic i i ; d i v i d u ~ l  t c s z s ,  iTWs suggested 

t h a t  froill t h ?  viiiwpoi n t  of provi di n!j  protect;'^,; -:hrc? pcrfofiiiance cons-idcrati 06 

should be nldde in  desisning ch i l d  s e z t s  2nd r e s t r a i n t  systems. In add i t i on ,  

th ree  design-re1 a ted  coi;siderations a re  proposed which can influerice t t i e  

perforrilance subs t an t i d  I l y .  

Pcrforr~iance Considerations 

1 .  Liirli t a t i o n  o f  body n:otiions. As excursion forward, reaiward,  o r  t o  

the s i d e  has proved to  be a n~a jo r  problem w i t h  many of t h e  dev ices ,  t h i s  f a c t o r  

siro~lld be a 111ajor cons idera t ion  in  t he  redesign o f  cu r r en t  s e a t s  or in  new 

dc-!s~qris. Of c;;tiai i;i~portirnce i s  t h e  n~ininiizdtion of r e l a t i v e  motion between 

ddjdcent body se!jiiicnts. 

2. Dis t r ibu t ion  of the load over t h e  body. Some devices d i s t r i b u t e d  --. 

load over wide  areas  of  the  abdomen, r i b  cage,  and shoulders .  However, the re  

1:ias a tendancy on the pdrtoof many devices t o  use daagerous be l l y  s t r a p s ,  

harnesses which s l i p  down lead ing  t o  high abdominal lozding,  and ches t  s t r a p s  

placed such t h a t  t he r e  i s  1 i k e l ;  tlood of  t ho rac i c  compression. 

3 .  Body accel era t i  on to1 erance.  To1 erance 1 eve1 s which have received 

acceptance a r e :  

h e a d  irnpdct: 80 g ' s  f o r  l e s s  than 3 ms. 

ches t  impact: l e s s  than 40 g ' s .  



These data have been applied t o  adui ts .  Equivalent data are not ye t  

- available fo r  children.  heref fore, tali? szch tire? as ~ c w  da ts .  Sccorr,? 

avai lable,  accelerations applied io .;he h e a ~  a z d  chcst should be held within 

these 1 inli t s  . 

Desi gn-re1 ated Considerations 

1 .  Structural inteqri  ty .  The sea t  should not  coi lapse o r  suffer  ex- 

tensive deformation during dynamic t e s t s  unless col l  apse has been designed i n  

for  a s ~ e c i f i c  purpose. The design of tubular s t ruc tures  such as bail hooks, 

hook~nder s t ruc tures ,  and other tubular s u ~ p o r t  s t rcc tures  should be improved. 

I n  many cases, the f a i l u r e  of tie-down support s t r a p s ,  buckles, hooks, r ings ,  

r i v e t s ,  e t c . ,  indicated tha t  c r i t e r i a  should be established fo r  the  techniques 

of attaching the sea t  or ha?ness t o  the vehicle. Although many seats  coljapsed, 

there was a tendancy to  reduce the 9-loadings as the excursion increased. Thus, 

designzd controlled deformation could be useful. 

2 .  Dynamic int2ract ion with the aduit  sea t .  In forward impzct, some 

booster seats  d u g  into the sea t  cushion leading t o  occupant motion which 

could be potential ly injurious.  S i t t i n s  height i s  a szrious consideration 

part icularly in rear-end impact, and especial ly t o  avoid whiplash. 

3. Attachment to  the vehicle. In nxny cases auxil iary s t raps  supplied 

by the manufacturers e i the r  f a i l ed  o r  placed a load on a part  0.: the adult 

sea t  back incapable of res is t ing  a load. Sor,; attempt should be rxde t o  

determine whether a shoulder harness can be usei t o  hold the upper portion 

of the child sea ts  i n  p lace .  
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ilnportant in  o rde r  t o  ~ , rov ide  ii~)p;ici, p ro loc l ion  for  Llir: u:,c:r bi Llir: c l r : \ ~  i f . ( : .  

These a r e :  

1. The e x t e n t  of body motions experienced by the occupant; 

2. Dis t r i bu t i on  of the load over the body of the occupant; and, 

3. Tolerarlce of tile occupant t o  irripact loading. 

Recoinmendati ons f o r  Perfor-nlance Reyu; rements 

i t  i s  recomnlended t h a t  t he  motion experienced b y  t he  occupant be l imi ted  

t o  a volunie above tile s e a t  ctishion of the a d u l t  s e a t .  I n  Figure 5 a volume i s  

sketched out which i s  24 inches wide and which extends above the  top of t he  

a d u l t  s e a t  bctck f o r  12 i ; lches.  I t  extends from the f r o n t  of the  s e a t  cushion 

t o  the top o f  i;lx ska-t  bc;ck. I f  mot.ion i s  limi -led t o  this range,  t he r e  i s  

l i t t l e  danger of cccupant con tdc t  with veh ic le  i n t e r i o r  s t r u c t u r e s  t o  the f r o n t ,  

s i d e ,  o r  r ed r .  

The d i s t r i b : ~ t i o i ~  of I o ~ d s  over the  c h i l d ' s  body su r f ace  which occurs as a 

r e s u l t  of in te rac t io ix i  will; the var ious  types of r e s t r a i n t  dev ices ,  i s  equally 

important.  The growth pa t t e rn s  of ch i ld ren  a r e  such t h a t  t h s i r  pe lv ic  s t r u c t u r e  

i s  n o t  as e f f e c t i v e  in  picking u? b e l t  loadings  as  i t  i s  f o r  adu l t s  due t o  the  

inii~~attire s t r u c t u r e  o f  t h e  i l i a c  c r z s t s .  In the  case  o f  many c h i l d  s e a t s  and 

b e l t  r e s t r a i n t  systenls w h i c h  a r e  currently marketed, be1 t s  :>;nich niay a c t  i n  the 

pe lv ic  regiot; have a iiearly hor izonta?  conf igura t ion  as well a s  l i c 2  of act ion 

f o r  t he  app l i c a t i on  of f o r ce s .  The proposed s tandard does n o t  r e f l e c t  the  f z c t  

t h a t  a hor izon ta l  loading i n  the  pe lv i c  region o r  i n  t he  abdominal a rea  could 
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thc angle of action of dny pelvic r e s t r a i n t  be 45" - 75" from horizontal a t  tk,c 

tiilie of pedk loading. Also, i t  i s  recolis~?cnd:d t i ~ a - t  no r e s t r a i n t  system eietric.r~ts 

apply 1oaiiil;gj t o  tile abdoii~inal area betweeil the pelvSc s t ruc tures  and the betton? 

of tile rib cdl;i' unless the priniary load bearing elemznts d i s t r i b u t e  the bulk of  

the i!iipact 1 oads to 1;hese two regions. 

I n  order t o  c l ea r ly  define a requirement fo r  the r e s t r a i n t  of the to r so ,  i t  

i s  necessary t o  possess kncwledge of i t s  l o a d  carrying a b i l i t y  based on h u m a n  

tolerance data.  L i t t i e  data i s  avai lable fo r  adults  (40  g l imi t  t o  chest loads 

in forward i~lipact) dric! there i s  none fo r  chi ldren.  

I t  i s  possible to suggest rileans by which performance requirements can be 

generated when s u f f i c i e n t  data i s  avai lable .  For example, i f  i t  i s  assumed tha t :  

( 1 )  a  40 g tolerance level fo r  chest impact i s  applicable t o  chi ldren;  a n d ,  ( 2 )  

adequate r e s t r d i n t  i s  provided by a properly positioned two-inch wide lap bzl t  

cor;ibincd wi t ~ i  two-i nch s t r aps  over each shot11 cler; then i t  i s  possible to coii:pu te 

ari d v c r d g e  pressure lcvel act ing under the r e s t r a i n t  system based on child Docy 

di~~icnsiotis i i d  wei gilts. 

TAULE 11.  Child Size Data (6-year male) 
.? 

1 orso Length - 13.0 inches 

T o r s o  Ureadth - 7 . 1  inches 

Uody \dc i y h  t - 45.2 pounds 

For a  six-year old c h i l d ,  the value i s  approxi~iately 33 ps i .  This decrezses to 

approxin~itely 20 psi f o r  an infant  of s ix  months. This type of an anaiysis can 

he applied t c  other r e s t r a i n t  systel~is such as the airbag and contact panels 

(Ford Tot-Guard) where a contact area between user and r e s t r a i n t  system cGn be 

estimated from high speed motion pictures in the case of a  dynamic t e s t  proce- 

dure or  a  s t i l l  photo in the case of a s t a t i c  t e s t .  
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On Lhe other  t i ~ n d ,  cliis ( j i ' ~ 3 t ~ ' ; ~  C O I I I ~ ~  i a t w  i s  r~ ' i i i . t~d t o  the fiict th i  t the bony, 

load-csrryying strucl;u;-e of  the body -is not . ful ly drveloped in  chi ldren.  The 

skull  i s  s o f t  dnd the bones a rc  not y e t  f u l l y  connected t o  cne another, making 

t h i s  area of the body extremely vulnerable. Also, the  r i b  cage i s  readily 

conlpressed, leading to  a potential  f o r  other  i  n t e r ~ a l  i n j u r i e s .  Therefore, 

unt i l  such tiilie as new data beconle ava i l ab le ,  acceleinations applied t o  the head 

and chest  should n o t  exceed the values l i s t e d  above in any dynamic t e s t .  

As a suppleinent to  t h i s  reconlmendation, i t  i s  suggested t h a t  a r e s t r i c t i o n  

be placed on the r e l a t i v e  motions which can occur between the major body elements 

such as head, to r so ,  diid lower ext remit ies .  The head should be limited t o  45" 

ro ta t ion  rearward o r  forward ro ta t ion  r e l a t i v e  t o  the torso  and a s imi lar  value 

t o  the s ide .  Also, a value of sideways rota.i<on of the lzgs r e l a t i v e  t o  the lower 

torso  should be limited t o  45' as long as the body does n o t  extend outside the 

protec t i  vs envi ronnletlt def i  t~ed in Figure 5. These values represent the vol ur?idi.j /  

ro ta t ion  1 inli t s  which csn be  sccoaipl ished without forcing j o i n t  s t ruc tures  beyond 

t h e i r  110riila1 raiiGe of f l e x i b i l i t y .  The p o s s i b i l i t y  of injury e x i s t s  i f  these 

1 inii t s  are exceeded. 

Osservations on IRcscraii~t Systein Peln-?oriuznce in a Dynanlic Envirijri!\ierlt 

Several addit ional  observations can be ;;lade which could be helpful in the 

preparation o f  new or inlproved standards. These a r e  based on observations of 

the dynsillic t e s t s  ai?d a re  concerned primarily with the performance of various 

design features found ii? devices whi ch are  currently marked. Eence, thzse 

observations can not be d i r e c t l y  included in performance requi rements. 

Structural  c o l l a p s e  should be avoided, b u t  1 i~ni  ted control led deforrnatio~ 

can be used e f fec t ive ly  in r e s t r a i n t  system design. The major problem i s  to avoid 

impingement of  the chi ld occupant on the col l  apsi ng s t ruc tu res .  



The method of attachment of the child ~ e s t r a i n t  device t o  the adult  sea t  

has been found to  be cxtre t~~ely  important. The use of the adult s ea t  b2l t  proved 

to  be the niost ef fect ive  means of tie-down observed during the course of the 

t e s t  prograin, b u t  sollie other auxil iary s t raps  which were supplied by the manu- 

facturers of child seats  also were effect ive .  A number o f  t e s t s  which were 

carried o u t  used bail hooks over the adult  s ea t  back, or a non-rigid r e s t r a i n t  

s t rap  looped over the top of the adult  sea t  back, undw the sea t  back, and hooked 

to  a conlmon auxil iary bracket mounted on the f loor  o f  the vehicle. 12 several 

of these t e s t s  the fixed s ea t  back (which ,.,-:"L Federal requiremnts on seat  

back strength) was broken and deformed forward as much as 24 inches. This led 

to a redesign of the HSRI s led f ix tu re  such t ha t  the seatbbac,; was braced t o  

avoid  his problem. I t  i s  thus observed that  the sea t  back should n o t  be used 

as an attachment point f o r  bail hooks, auxil iary s t r ap s ,  or  othcr devices u r i l ~ n i :  

i t  i s  especially strengthened to  take a load of a t  l e a s t  1000 lbs applied a t  i i l c  

top of the seat  back, in f r on t ,  s ide ,  and rear  directions without permanent 

deformation. 

D,ynamic interaction betwee;: the adu? t s ea t ,  child r e s t r a i ~ t  device, and 

occupant has also been observed to  be important ;.-:3 i s  one reason that  a dyna!;iic 

sled t e s t  i s  recommended in the next section on t e s t  procedures. The dynamics 

and i ne r t i a l  loads acting on the three parts of the system are d i f f icui  t t o  de;;i i 

cate in a s t a t i c  t e s t .  Also, the f a c t  tha t  the loads are being applied a t  a h i g h  

ra te  af fects  the physical properties of many non-metallic materials such 2s t h e  

foams used in padding, cushions, and p las t i c  she1 1 structures.  Also, possi b i y  

injurious rebound has been observed in some s ea t s ,  sometimes caused by " s p r i n ~ y "  

adult lap be1 t s  and other co!:lpon2nts which do  ~ o t  .absorb energy. This property 

would not be observed in a s t a t i c  t e s t .  The coupling between the properties of  
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d i  fforcnces have becn obsci-ved between hard and s c f t  sea t  cushions. I n  f a c t ,  one 

manufacturer rc~narked tha t  he could qualify his  sc:. Z on a hard board b u t  i  t would 

never qualify when tested on a s o f t  sea t  ~ t ruc .~u : -e .  

111 some sca ts  restrained by an adult  lap  b e l t ,  the occupant s i t s  on a pedes- 

t a l  several inches above the sea t  cushion. I t  i s  possible for  the child occupant 

t o  pitch forward with ve loci t ies  ainpl i f i ed  by the f a c t  tha t  the center  of gravity 

of the child-seat  sy~t~2111 i s  so high. This dynamic response, dependent on i n e r t i a l  

forces ,  would not be reflected in a s t a t i c  t e s t .  F inal ly ,  body segments such as 

the /;;tad are capable ot praviding ra ther  ccmp;i3x i n e r t i a l  loadings on the other 

body segnients and s l s o  on the sea t  and r e s t r a i n t  system. i t  i s  thus recommended 

t h a t  the t e s t  procedure be a dynamic one and t h a t  a t e s t  occupant be segmented 

in a t  l e a s t  three f iexi  ble parts  (head, torso ,  lower ext remit jes)  in order t~ 

?,di.quately siiiiul dte tile perfonnal?ce of the chi? ci r e s t r a i n t  systenl in a dyna1ii.i c. 

2riv1 r o ~ ~ ~ ; ~ e n t ,  

'i cs  t I~roccdure.c, -- - 

I n  oi-der to  i112et t l ~ c  pertorn~a~lce requi rem2nts which hzvc b e ~ n  discussctl 

i n  t l i e  provious sect i~ir i  o f  th is  repor t ,  a se r i e s  of three impact sled t e s t s  

i s  r.eioinn~ended. The f'oiir features of t h i s  t e s t  procedui-e are the occupaiil, Lhe 

nlitans of fastening t1.1~ i'ilstrairlt device t o  an adult  buckct s e a t ,  the accclerdtion 

prof i 1 2  which ~ i l i l i i  2ti.s L l i?  dctual crash, at:d the t e s t  instruincr,tation. 

!L i s  recoiiiinenrled t h a t  a f ' lexible a r t i cu la ted  dcrr.my be used as ti?? t e s t  

ii2vice. For r e s t r a i n t  devices in~erided fo r  Qse by children weighing u p  to 30 

:bs. , s. ?-year huiilan si111uldLor i s  recoiiiinended. For infants  i t  erill be necessary 

t o  develop a new t e s t  &vice similar  t o  the doll which has been used in the 

present t e s t  Progrdill (3-ilianth in fan t )  or to the doll used by General Moxors Carl;. 



in t he i r  developi~ient program. These t e s t  devices should be segixntcd in a t  ] cas t  

three parts (head, to r so ,  and lower extrcrnities) in c;pder t o  simulate dynamic 

body motions, and should be able of carrying accelerometers in both the head and 

torso. 

The child r e s t r a i n t  device should be fastsned t o  zn adul t  s ea t  representa- 

t i  ve of current design and manufacturing techniques and r c ~ e t i  ng  Federal stc;nddrsdb 

fo r  sea t  back strength.  A s e a t  b e l t  assembly should be provided t o  allow t i e -  

down by t h i s  technique i f  i t s  use i s  recommended by the manufacturer of the child 

r e s t r a i n t  device. This b e l t  should be mounted t o  the sled s t ruc tu re  so t h a t  a 

50th percenti le  male occupant in the sea t  would be restrained i n  the following 

manner. The angle of the be l t  should be 60" from the horizontal and not more 

t h a n  10" o u t  froni a plane passing fr;:ii the f ront  t o  ti"; rear  of a hypothetical 

vehicle. I f  an adul t  s ea t  be l t  i s  not t o  be used, any auxi l iary  s t raps  should 

be fastened t o  the sled s t ructure  as recommended by the manufacturer in  t h e i r  

instructions t o  the user. 

Three dynamic t e s t s  should be carried o u t  on a device. The f i r s t  i s  a 

"~liodcrate" col lisiot? of 30 nlpli representing a frontal  crash. The 9-level should 

be dpproxi~~lately 20 g ' s ,  possess a sinusoidal sh;pe, a n d  have a duration of about 

100 ills. Ttli s i s  a f a i r l y  good approxin~atation of niost ba r r i e r  crashes a t  t h i s  

speed. The other two t e s t s  should be 30-mah s ide  an3 rear-end co':isions. 

Although published experimentai vehicle compartment data are  limited on s ide  

a n d  rear  co l l i s ions ,  the deceleration levzls  are  lower due t o  the crushabil i ty 

of the rear  of  most vehicles and zhe intrusion a n d  whole-vehicle motion t o  the 

side in  l a t e r a l  co l l i s ions .  A level of 12 g ' s  i s  recornmended f o r  the s ide  and 

rear  t e s t  simulations. 



l'lic i 11s t ~ - u t ~ ! c r i t ~  i;iun cons i s  t s  of  photogr~;:hi  c  and t r snsduccr  dcvi cct:. T r d r 1 5 -  

duccr devi ccs  shou ld  I)i. choscn t o  dztcnnicc s l e d  g-pul s e ,  impact veloci ty  , a c c c l -  

e r a t i o n  loads d p p l i e d  t o  t l ~ e  occup6nt ' s  head and c h e s t ,  and b e l t  loads  on the  

a d u l t  be1 t systeiil i f  i t  i s  used. High-sp?tc! mo'Lion p i c t u r e  cameras should be 

loca ted  where t h e y  can b e s t  record t h e  motions experienced by t h e  occupant. In 

t~iost  cases  t h i s  w i l l  be t i 2  t h e  s i d e  and ~ b o v e  t he  impact s i t e .  

A t e s t  procedure such as t h i s  can be c a r r i e d  o u t  wi th in  one day on any one 

of the  severa l  governnimtal , i n d u s t r y ,  univers-i t y ,  and p r i v a t e  research organiza- 

t i o n  opei-ated s l e d s  which  a r e  loca ted  i n  t h i s  country .  I t  i s  f e l t  t h a t  a  dynamic 

t e s t  requi rernent i s  r e q ~ i  r e d  t o  determine chi 1 d  occupant , -2s t ra i  n t  performarice 

and t h a t  enough informat ion i s  a v a i l a b l e  t o  w r i t e  s, d y n m i c  test  s tandard .  
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APPENDIX B 

SANPLE TEST RESULTS 

* 



HSRI SUNNARY DATA SWEET (FH-11-6962) 

Test No: A-095 

Test D;ite: 11 Ju ly  1969 

Rcs trs i n t Code No. : C-16 

Restraint Description: Kl ippanSafe tySea t  

Duinny : 3 year 

ST ed Vel oci ty : 20 rnph 

Sled G - l  eve1 : 16 

Impact Direction: Side i;,-,?act 

D u m n ~  Att i tude:  S i t t i n g  

Test Observation: 

Tne d u i i : ~ ~  received an  extreli:?ly gentle rjd? i n  .chis t e s t .  However, 

the lefthand s t r ap  re ta ining the K l  i p p a n  s ea l  t o  the adul t  s ea t  to re  o u t  
of t h e  molded res in  f ibe rg lass  she l l .  Tk? sprfng on t h e  upper rea r  re ta in ing 

strap was deformed somewhat. The s ea t  needs be t t e r  anchoring OF the s i de  

retaining :traps. Both the  s e a t  and the dummy were ejected i n  th is  t e s t .  



Figure 6. Oscil lographic recording , Test No. A-095. 



Figur? 7.  Gin;i;h-chek scquencc! p h o t o g r a p h ,  Test No. A-095. 
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EVALUATION CF I- ,' RZSULTS BY D E V I C E  

Device - C-1 (Ford Tot-Guard) 

There were a t o t a l  of 1 4  t e s t s  car r ied  o ~ t  cn t h i s  device: nine f ront  

i m ~ a c t ,  two s ide  impact, two rear  impact, and one oblique. Several of these 

t e s t s  were used t o  check inipact s led and dumy instrumentztlan and czn be 

reqarded as dupl icates .  In t e s t s  A-040 and A-041 the Tot-Guard was not positioned 

pro7erly on the adul t  s e a t ,  so the t e s t  was repeated unt i l  the problem was 

solved. I n  f rontal  impact, t h i s  device shows great  potent ial  f o r  preventing 

contact between the occupant and the vehicle environment. There a re  several 

i n t e r e s t ing  features  of the inte:-action between the dunxy and device, however. 

The duminy f i r s t  moves forward taking uo the slack in the system as the deceleration 

pulse begins. This slack a y e a r s  t o  be qui te  var iable .  I t  i s  not possible to  

ad jus t  the sea t  f o r  an individual subject  althoush i t  was designed to  f i t  a range 

of chi ld  s i ze s .  The sea t  lacks ad jus- izb i l i ty ,  a prfme feature in  e l i n ina t ing  

system slack.  I n i t i a l  contact was observed in the t e s t s  in the upper portion 

of the abdominal region. As t h i s  area picked u p  load, the body fl2xed around 

the orotect ive sh ie ld .  Final ly ,  the hezd was observed t o  make a ra ther  s t rong 

contact with the shield.  Both chest  2nd head g-loadings were mod2rateiy high 

in these t e s t s  cornoared with others  in  t h i s  s e r i e s  presumably caused by the 

rather  c b r u ~ t  s top affected by the shield.  Eowever, r e l a t i ve  rotat ion between 

head and u p e r  torso was decreased. I t  can be presumed t h a t  the  d i s t r i bu t ion  

of forces offered by t h i s  system i s  c,uite e f f i c i e n t  although the Dressures 

aopl ied in  the abdominal area a r e  unknown. 

The Tot-Guard i s  not nearly as e f f i c i e n t  in  p ~ o v 9 j n g  later;; protection 

as  excursion over the low side bar would make contzc, with the v2hicle i n t e r i o r  

qu i te  l i ke ly .  G-loadings i n  s ide  impacts a r e  moberztely high. 



111 \*?d\'-?ild i~li!)Li~t, l,\l? dLll;!;l!)/ ~ I L P \ ~ J c ~ ~ ~  p:p.;~;iLIY'i 1~ p;i L ; l  L / i C  ! ; C ! \ I ~  L 1 c: LLL  i,. 

Ilowcver, t he  p r o k c t i v e  s h i e l d  was observzd t o  r o t a t e  up war^ a n d  r e a ~ i ~ a . r t l  

-- , givi  II<J the  ilt.ll\iniy (i sharp s l  ai;l i n  the f a c e .  s ph~i";ci;;znon i s  prcjbtlS~y 

r e l a t ed  t o  v c h i  cl e s c a t  angle  and r e s i r a i n t s y s t e n l  geoncltry. 

One can conclude t h a t  t he  Ford Tot-Guard i s  one of  t h e  b e t t e r  dcsiglied 

dcivices on tile ~ i i i i r k ~ t  a1 though the  l cve l  of p ro tcc t ion  o.fft.red i n  1dtcr;il 

i11lp;ict; i s  low. 

Device - C-3 (General Motors Standard Sea t )  

C-4 (Sears  Sca t  No. 28A6400c. This s e a t  i s  manufactured by 

General Motors and resembles C-3 c l o s e l y  i n  i t s  k inei~la t ic  

response.  ) 

There were nine t e s t s  c a r r i e d  ou t  on t he se  dev ices :  t h r e e  forward impact, 

twc reitr i ~ n u a c t ,  one ob l ique  i n ; ~ a c t  and t h r ee  s i d e  impact. In forwdrd impdct, 

t i le  device  appears t o  l i m i t  motion s u f f i c i e n t l y  t o  prevent contal:i with tile 

i r , t ? r i o r  of the  veh i c l e .  However, t h e r e  a r e  severa l  f e a t u r e s  of t h e  kincn1ax:'cs 

worthy of c o n s i d e r a t i o i ~ .  The f i r s t  i s  t he  in t , e rzc t ion  of t he  bottom of  the  

c h i l d  s e d t  with the veh ic le  s e a t  cushion. A j  the  dece l e r a t i on  pulse  begin:, 

the  c h i l d  occupant begins t o  move forward.  The upper t o r s o  places a f(>iAv~?i*:! 

a c t i n g  fo rce  on t he  back of t h e  c h i l d  s e a t .  1.n zdd i t i on  t o  t h i s ,  a dowt1:::ird 

ac t inq  fo rce  i s   laced on the  h o t t o i ~  o f  the  c h i l d  s e a t  by t he  buttocks of ~ h ?  

rlui~iiiiy due t o  i t i teract ion with the  a d u l t  l a p  kit. The ac t i on  of these  ti'13 

fo rces  r o t a t e s  the c h i l d  seatdownward i n t o  t h e  s e a t  cushion o f  the  ca r  s e a t .  

The e x t e n t  o f  t h i s  a c t i on  i s  very dependent on t he  mai2r ia i  and s t r u c t u r a l  



properties of the adu;  i seat  cushion. I n  c-12 l-iS?T ~ e s t s e r i z s ,  the front  of the 

Cb1 seat  dug in to  the vehicle s2at  2s mcch as f i v e  f n c h ~ j  i n  a 20 nph, 16 g 

frontal i m ~ a c t .  Bcczuse of t h ?  "s0.f-cness" of ~ o s t  au';cmobile s cc t s ,  i t  i s  

a n t i c i ~ a t e d  tha t  th i s  behavior i s  n o t  uciqu3. 

The  e f fec t  of t h i s  action on the d u ~ 6 i y  i s  t o  magnify the body superior- 

ini'ei-ior acceleration loadings. The seat  2nd du;r.;ny ro ta te  faward  until  

resistance in the adult seat  i s  found .  A t  ;his po fc t ,  the cpper part  of the 

upner torso and the head whip forward over the chest r e s t r a i n t  s t rap  causing 

the dumzy t o  f lex  a t  t h i s  point 2nd causing h i g h  acceleration l o a d i n ~ s .  I t  

should be noted tha t  the head of the dummy traces o u t  a n  J rc  durSng t h i s  motion 

of about 24 inches forward. 

This problem ex i s t s  t o  a s imi lar  degree in the side i m p c t  t e s t s ,  where 

the side of the child seat  digs deeply "to the adult  seat  cushion and t h ?  

dumy pitches t o  the side. A 24-inch excursicn of the head t o  the s ide  would 

most l ike ly  insure contact with the vehicle i n t e r i o r  s t ructure .  

A orcblern of a d i f ferent  nature was observed in the rear  col l i s ion simula- 

t ions .  When the GM sea t  was ixounted on zhe S I C & $  i t s  sea t  back was nearly the 

same height as the 23-inch seat  used as the adult  seat  for  the t e s t  se r ies .  

Becacse the dummy was s i t t i n g  essent ia l ly  on a pe los ta l ,  hs's shoulcl2r level 

was also ap~roximately a t  s s a t  back t o p  level .  Thus, severe whiplash o f  the 

dunmy was observed. I t  i s  possible t ~ a t  an adu'i t head r e s t  could have prevented 

th i s  extensive rearvrard rotat ion of t h ?  head, iiowever, i t  appears tha t  seat  

back heighc o-f child sea t - res t ra in t  systems i s  im7ortant and should be 

carefully studied i n  re la t ion t o  current seat  back height and head r e s t  designs 

for  adul t  sea t s .  



Device - C-5 (Sears Sedt No. 5516. ;Vlanufzcturcd by Internationdl Mfg .  Co. 

as " J U I I : ~ ~ "  s ea t .  ) 

- .  
I I l l% s?;t i s  ? s s ? ~ l t i \ ? l  1)' ,I ! ) L J L ) S ~ C ~ '  i.~'~llil:i.i~' I ~ ; , J L I I I ~ C ~  ill1 t , \ , i u l  t <,1\,11 . 

I t  i s  he1 d in place by the adul l~ 1 ap be1 t inounted 'icross tile lL1p o f  i.llc 

chi ld .  A s e r i e s  of e ight  t e s t s  were car r ied  out on t h i s  device: t l ~ r c c  

f ront  il i~oact,  two s'de inlnact, and three rear  impact. 

The behavior of t h i s  system was s imi lar  in many ways t o  t h a t  of the other 

booster and pedestal-type sea t s  examined in  t h i s  t e s t  s e r i e s .  In forward 

imucict, the duii:ir,y pitched forward over the  s e a t  b e l t .  L~,.cause o f  ihe f l ex ib le  

foam i n t e r i o r  of the Sears s e a t ,  i t  was compressed and pushed downward by the 

durniy's g-weight and the action of the  sea t  be1 t .  Because there i s  no upper 

torso r e s t r a i n t  provided with t h i s  device,  the torso  and head continued to 

lsitcl, iorv~cird urllil violent  contdct occurred bctween the  duii;il~y's ileLiii L ~ I ~ L I  tlic 

lower f ront  portion of the adul t  sea t  s t ruc tu re .  

I n  s ide  impact, the upper torso  and head pitched t o  the s ide  cor~ipress i l ~ q  

t he  Sears sea t  s t ruc tu re  and allowing motion s u f f i c i e n t  t o  insure contdct w i t h  

any adjacent s ide s t ruc tu res .  The s i l i t ing  height o f  t h i s  b o ~ s t e r  sea t  Nas 

a g a i n  high enough t o  1 i  f t  the dus~nly's head above the back of the  adult  s e a t .  

Severe whiplash was observed. 

Device - C-6 (George B.  Wal key  Safety Seat )  

A s e r i e s  of f ive  t e s t s  was carriec! out on t h i s  device: one frSorit  iil!p;rct, 

t w o  s ide  iiupacts, a n d  two wain in~pacts .  

Onc posi t ive fea ture  o f  t h i s  sea t  was the  use of energy-absorbing sti-be- 

t u r c s  which l e d  t o  low di~nii;iy g-loddings i n  a1 1 the t e s t s .  Howcvzr, the spilcc 

ri:crui red f o r  ahsorl).i n q  i;hc crlcr!jy w,ls too 1 argc (ind contact w i  th vr i i  i c l i :  I i t  ;[.I' I O i  

s t ruc tures  would have been dssured in (nost cases. 



I n  the fonvcrd facing t ? s t ,  t h e  b:fi hooks \:E;-L. s t r z igh tmsd  o u t  2s "Ley 

pulled over the adult  sea t  back. In addit ion,  ti12 32p  bc:-t s l i p p a l  aitovring 

the d ~ m y  t o  s1 ide forward in to  the pacidcd allimf n u m  bar stock hand r a i i  which 

was a lso  extensively deformed. The head o f  the  dumny moved Poward about 32 

inches. 

I n  s ide impact, the excursions experienced by the dummy were extreme with 

eject ion occurring in the 30 mph impact. In  t h i s  case,  the bail  hooks s l i d  

towards the s ide  of the adult  sea t  and  f i n a l l y  the r e s t r a i n t  s t r a p  used t o  

anchor the Sa i l s  to  the  f loor  f a i l e d .  The bail system would appear t o  o f f e r  

l i t t l e  orotection in  s ide  impact and  requires a great  dzal from the adult  s e a t  

on which they are  mounted. 

Performance was considorably improved in rear-end col 1 i  sion. Th?  s ea t  

back was hiph enough t o  orevent whiplash (except in the one t e s t  where the 

head s l i d  o f f  the side of the ra thcr  narrow s t ruc tu re ) ,  and well e n c ~ g h  padded 

t o  prevent high g-loadings t o  the head. 

Device - C-7 (Xontgoniery Wards Seat No. 821. Manufactured by Trimble Products, 

Inc.)  

Two t e s t s  were carr ied out on t h i s  sea t :  one forwzrd impact and one rea r  

imoact. 

i n  the mild, low-g, forwzrd impact, the bail  hooks and the adzl t  sea t  back 

h2ld a n d  the dur;,zy was mevented from novl'~,; forvrard t o  any excessive degree. 

The k i n a a t i c s  obssrved w i t h  t h i s  device were sirfiilar t o  other  bail -mounted 

sea t s .  No higher s ~ e c d  t e s t s  w2re carr ied out as i t  was p~esumed tha t  the  

loading a p ~ l  ied by the bail hooks t o  the t o p  of the adult  sea t  back would cause 

i t  t o  fa i  1.  (See devices C-13 2nd :-31. ) In the s ide  impact, the bail  hooks 



f s i l e d  2113 t h e  s c d t  2 n d  dtiiri~ly were cj?ctcci. The i:.:.i! r c s" i ; -ya r s  tc  bc 

capable of preventing excessive wh?; .... ,:? i n  t h e  ev;--: of a  i-c,,--er;d 

c o l l i s i o n .  

Device - C-9 (Century Products, Inc. Seat No. 4625) 

One forward facing t e s t  was car r ied  o u t  on t h i s  device which used bail 

hooks plus an adul t  l ap  b e l t  across the l ap  of the  dummy. A1 t h o u g h  the bail  

hooks held,  socie bending of the s t ruc tu re  was noted. The excursion of the 

du~iiliiy was s i n n i f i c a n t  as i t  pitched over and in to  the  hand r a i l  b u t  not 

s u f f i c i e n t  t o  dl low contact  with vehicle i n t e r i o r  s t r u c t u r e s .  Chest and 

head g-loadings were qui te  high as the torso  pitched i n t o  the  hand r a i l  with 

a  r e su l t an t  head g-loading of over 80 g ' s  f o r  a t  l e a s t  5 ms. The t e s t  se r i e s  

was discontinued. 

Device - C-10 (Centi;,ifiy Products, Inc. Seat No. 4865) 

One forward facing t e s t  was car r ied  out  on t h i s  device whjch features d 

tubular  franiework suppartinq the  s e a t .  I n  addi t ion ,  an adul t   la^ be1 t i s  

placed across the l a p  of the durcrny. Ro r e s t r a i n t  i s  provided f o r  the back 

o f  the s e a t .  As the decelerat ion pulse began, tho dumy moved f o n ~ s r d  -into 

the  la^ b e l t .  As a r e s u l t ,  a  la rge  downward force component was exerted on the 

f ron t  of the s e s t  s t r u c t u r e ,  causing the tubular  framework t o  collapse in the 

llianner typic31 of s e s t s  o f  t h i s  type of cons;ruct'ion. CJtl~?n tile scdt  colldpseii, 

t h c  ~ U I I I I I ~ Y  continued to rliovc forward and down i n  i h z  a rc  allowcd by the a t lu i t  

lap be1.i. This excursion was s u f f i c i e n t l y  la rge  t o  make contact w i t h  tile 

veliicle i n t e r i o r  s t ruc tu res  1 i  kely. 



D2vj cc - C-11 ( Five-Fi 1 cr ;. , u . L i ~ a - s  l i o ~ ! < - ' J i ~ d ~ r  S e a t )  

One forward facing t c : ; ~  was perfomled on t h i s  device. The o n l y  a*ltcchrr,?r,t 

provided t o  retain th i s  tu~uiar-supported p~des t a l  seat  in the adult seat  i s  a  

hook which i s  placed under the adult seat  back. During the t e s t  the dummy 

began t o  move fonvard into the hand rai 1 . The tube hooking under the back of 

the adult seat  s l  i ~ p e d  out From under i t s  attachment. Finally, the whole frame- 

work folded up as i t  would i f  the device were bzing prepared for  storage a n d  

the dummy and device were ejected. 

Oevice - C-12 (Five-Filer Brothers Bail Seat) 

One low level forward facing t e s t  was carried out on t h i s  bail sea t .  The 

seat  was observed to  swing u p  during the deceleration as the bail hooks picked 

uo  , the load. However, the seat  retained structural  in tegr i ty  and no undue 

motions were observed. The kinematics observed w j t h  th i s  dcvice were similar  

t o  other bail-mounted seats .  No higher speed t e s t s  were carried out as i t  was 

 resumed that  the loading applied by the bail hooks t o  the t o p  of the adult seat  

back would cause i t  t o  f a i l .  (See devices C-13 2nd C-31.) 

Device - C-13 (Peterson Swinger Model No. 60 E C )  

Two t e s t s  were oerformed on t h i s  bail s ea t ,  one forward and one rear 

coll ision s<mulat io l~ .  In the forward-facing configuration, the bai 1 hooks 

produced a  load on the adult seat  back suf f?c ien t?y  large to  cause i t  t o  

break away and move forward thus allowjng the d~mxy Iarg? excursion. This 

points o u t  the fac t  that  i f  the adult seat  back i s  t o  be used as an attachment 

point for  child res t ra in t  systems, i t  must have strength b?,/ond the current 

requirements. For instance, a 30 I b .  child sub,jc:.:;d to a 20 g crash c o ~ l d  



place a load of 600 Ibs.  on the top o f  t h e  sea t  back, a  to ta l  rn~mcnt of 12,600 

in .  lb .  on a 21-inch sea t  back. This i s  well beyond the requireinent of Motor 

Vehicle Safety Standard No. 207 which require: a 20 g i n e r t i a l  loading applied 

a t  the center  of gravity of the  s e a t  back. The s e a t  back was high enough so 

tha t  on rear-end impact, whiplash was mf nimal . 

Device - C-I4 (Internat ional  Scat No. 4613) 

Four t e s t s  were car r ied  out on t h i s  s e a t :  one forward impact, two rear  

impact, and one s ide  impact. This sea t  features a  tubular  s t ruc tu re  supporting 

a molded p las t i c  shel l  surroundjng the  c h i l d ' s  buttocks and lower torso.  T h e  

adult  sea t  be1 t i s  placed over the lap of the  chi ld .  

I n  the forward facing t e s t ,  the dummy nloved forward in to  the adult  lap 

be1 t and, as in other  devices using t h i s  s t ruc tu re ,  the tubular  framework 

c o l l a ~ s e d .  The dunny rode down the ineffec t ive  chest s t r a p  and hand r a i l  and 

the head traced an arc ending about e ight  inches i n  f ron t  of the adult  sea t  

cushion i n d i c a t i l ; ~  large excursion. 

In the rear  impact simulation, the head of th-e dumy was observed to  

e x ~ e r i e n c e  whiplash because the  device sea t  back and the adult  sea t  back 

hei qhts matched. 

In s ide imoact, the lower to r so ,  bilttocks, and l q s  of t h e  duillnly were 

very e f fec t ive ly  prevented from moving by t::e contcured p l a s t i c  she? I .  i l o ~ i e v e r ,  

the unrestrained wper torso and head flexed ovcr the hand r a i l  to  the side 

a1 lowing f a i r l y  large excursion. The f lexing occurred a t  a  point approximaii.ly 

a t  t h e  lcvcl of thhit bottooln of the r i b  ca92. Thr tcbular  s t ruc tu re  supporting 

the sea t  was defor~ned b u t  not collapsed by the impact. 



Device - C-15 (Internat ional  Seat No. 4513) 

One f o n ~ a r d  f a c i n ~  t e s t  was czr r ied  out on t h i s  bail  wounted sea t  u t i i i z i n g  

the adult sea t  be l t  across the durxy's l a p .  This sea t  differs  from International 

Seat No. 4513 (C-14) in t h a t  t k r e  i s  no tubular  s:!uport s t ruc tu re  under the 

n~olded s h e l l .  However, the f a c t  t h a t  t h ?  bail  supports broke loose in  t h i s  

t e s t ,  aroducsd kinematics uritnarily dominzk& by , h ~  adul t  lap be l t  and the 

adult sea t  cushion. These re su l t s  were sirnila- t o  t h e  t e s t s  on C-14 where the 

tubular s u p ~ o r t  s t ruc tu re  under the  s e a t  f a i l ed  t o  provide q p o r t .  

Ocvice - C-16 ( K l i  ppan Safety Seat)  --- 

Five t e s t s  were oerforn~ed on t h i s  sea t :  one forward impact, two l a t e r a l  

impact, and two rear  imuact. 

This sea t  features a  contoured molded shel l  w i t h  heavy padding. Straps 

are provided to  a t tach  t h 2  sea t  t o  the v ~ i i i c l e  s .~ ruc tu re  a t  two points on the 

bottom of the s h e l l ,  and a lso  a t  a  point on the t o p  of the s h e l l .  This 

s t r ap  goes t o  an en2:gy absorbing sp r ins  assemjly. In addit ion,  2n  in-~egra l  

harness arrangemenr i s  provided t o  tie-down the child t o  the system. I n  

conceot, t h i s  system uses advanced safe ty  design f o r  occupant protection qui te  

ef fec t ive ly .  

In the frontal  c o l l i s i o n ,  the r e s t r a i n t  system perforned we17 with 

niinimai motion and rebound. Some elongz-iion of t h ?  energy-absorbing spring 

assembly and damage t o  the points on the sea t  where system tie-down s t r r p s  

are located was observed. In the rear  fzcing t ? s t s ,  -the dummy receivsd a 

gentle r ide and the system performed i t s  f u ~ c t i o n  w?ll.  

This system aopears t o  be designed w S x h  s id? impact protection in mind. 

An integral  head r e s t  and other s ide  s t ruc tures  zr? provided which could offer  





In both t e s t s  the  s t r u c t ~ r a ' i  suppcrxs collir~seci in the reg-iofi of ",e-down 

- 
t o  the adult lap be l t .   his allowed t h?  C u , ~ z i ~  t o  c:avc P o ~ t ~ a r d  z b o ~ t t  t h i s  

pivot point and i n t e r a c t  violently w S t h  the d~sh'30c:~d ~ssei:,b'iy on the body 

buck in use during these t e s t s .  

Device - C-19 (Strolee Seat No. 589) 

Four t e s t s  were carr ied o u t  on t h i s  device: one forward impac:, two rear  

impact and one l a t e ra l  impact. This sea t  i s  the  sm,? as sea t  C-18 except t h a t  

a s t r ap  i s  s u p ~ l  ied by the manufacturer which i s  intended t o  secure the upper 

part of the device t o  the adui t sea t  back. 

In the forward impact the pedestal s t ruc ture  collapsed about the  adult  

 la^ be1 t ;;;owing the dumtxy t o  pitch forward towzrd t h 2  d ~ s h  assembly, The 

s t ran  around the sea t  back s u p o l i ~ d  n o  c.;port. 

In the rear-end impacts, the dunniy experienced whiplash even though the 

sea t  includes a contour head r e s t .  The st;-uclure supporting the  headrest 

was deformed severely in the t e s t .  

The side impact was accom~anied by l a t e ra l  collapse o f  the  tubular support 

frame. The dummy was essen t i a l ly  ejected.  

Dwice - C-20 (Bunny Bear Seat No. T 8305H) 
- 
I W O  t e s t s  were carr ied out on tki  s d w i c ? :  one fc~ward  fmpact and one 

oblique impact. This sea t  features bail hooks and Lie-down of the tubular 

pedestal support s t ruc ture  by the adult lap be1 t. I n t e g r ~ l  be? l y ,  crotch, 

and shoulder s t r a m  are  provided. 

I n  t h e  t e s t s  the bail hooks, tubular support s t ruc ture  a d  integral 

rcs t ra i  n t  s t raps  f d i  led  a n d  the dcx:ny oitched f o r w ~ r d  encountwing the very 

ldrse excursions usually ohscrvcd i n  the seats  possessinq t h i s  typc o f  support 

s t ruc ture .  



D?vic? - C-21 (6unny Gear Seat >!a. 3505) 

One forward facing t e s t  was ca r r i ed  o u t  on t h i s  s e a t  which i s  s imi lar  

t o  C-20 minus the  Sail  nlount and C ; : I C S ~  s t r ; ~ .  AS with C-20, the ttihular 

support s t r s c t u r e  f a i l e d  and the  duxay pitched forward and experienced very 

large excursion. 

Device - C-22 (Hamilton Cosco "Go-Seat") 

One s ide  impact was car r ied  out  on t h i s  s e a t .  A molded she l l  s e a t  i s  

supported by a supFort s t r u c t u r e  of r a the r  ;chstacitial s t e e l  rods. The adult  

lap  be1 t i s  placed across the  c h i l d ' s  l ap  t o  r e s t r a i n  both s e a t  and occupant. 

This &vice was obtained l a t e  in the  t e s t j n g  Droqram and i t  was not possible 

t o  car ry  out extensive t e s t s .  However, due t o  the  f a c t  t h a t  the  base of the 

s e a t  d i s t r i b u t e s  the  load over a very smzll a r e a ,  i t  i s  l i k e l y  t h a t  tne  device 

would I?forrn the  s e a t  cushion extensively in  forward impact as was the case in 

s ide  impact. 

As t h ?  dummy moved to  the  s ide  i n t o  the  lap  be; t ,  t he  ,upport s t ruc tu re  

d u g  deeply in to  the  adu l t  s e a t  and the  uppar to r so  and head pitched over the 

b e l t  t o  the  s ide .  A t  maximum excursion the  head of the  dunimy was about 18 

inches t o  the s ide  of the  adu l t  s e a t .  The ch i ld  s e a t  s t r u c t u r e  was n o t  

damaged. 

Device - C-23 (Volvo Child Safety Seat )  

Five t e s t s  were performed on t h i s  s e a t :  t h ree  s ide  inipact and two rea r  

impact. This sea t  f ea tu res  a heavy mo7cied she l l  with a high back a n d  s ide  

restraint panels from head t o  hip. Auxiliary s t r a p s  a re  supplied by the 

manufacturer f o r  tying the  r e s t r c i n t  t o  the  adu l t  s e a t .  A n  integral  lap bel t  



i s  includad. I t  i s  i n ' x n i ~ d  t h z t  t h i s  systcn b2 i;,an;:t23 i n  2 Vc7vo L e G T  

which has besn re-mounted i n  the car  in a rezr-facing d.:rection. knee, 

a rear-facing impact simulation on the sled represents a front-end coi 1 i  sion. 

In th i s  rear-faci ng  configuration, the dummy experienced a sxooth ride- 

down of the deceleration pulse in the 20 mph t e s t .  However, on rebound, the 

integral seat  back buck1 e pulled loose a n d  the dumy was ejected to  the f loor  

of the sled.  In the 30 mph t e s , ,  t h i s  s t rap  held and  the  dummy received a 

very gentle r ide.  These t e s t s  should be compared with forward f;cing t e s t s  

of the other systems. I n  addition t o  the relc-Lively low g-loadings ( i n f l u -  

enced, of course, by the so f t  springy nature of the seat  back used i n  the 

t e s t s )  experienced by the duilinly, there was I f  t t l e  r e la t ive  motior, ktween 

the various body parts  contributing substant ia l ly  t o  the gentleness of the 

r ide .  

I n  the f i r s t  side i m ~ a c t  t e s t  the integral lap  be l t  again fa i l ed  and 

the seat  and dunmy were ejected.  In order t o  t e s t t h e  l a t e r a l  r e s t r a i n t  

features of t h i s  device, i t  was decided t o  res t ra in  the dumy by the adult  

1 aP be1 t in  addition t o  the straps provided by the man~fac tc ;~er  f o r  20 and 

30 mvh  t e s t s .  This technique worked and any substantial  s ide  motic2 was 

prevented. The g-1 oadi ngs experienced by t h e  ciurrny w2re mode:-ately 1 ow and 

there was no pitching o u t  of the s ea t ,  Rather, the dcmy irov?d in to  the 

oaneied s jde  of the r e s t r a i n t  device and re la t ive  rotat ion bztween body par-ts 

was p reven t~d .  

An additional problem 5n the cons t~uc t ion  of -;his sea t  should be ~ w t i o n e d .  

The Volvo sea t  has pointed sheet metal scrzws attaching the integrdl s t rzps  

to the s ide  of i t s  she l l .  The points protrude through the shell  towards the 



j , :s id :? , i ~ ~ r , ~ k i ! ! \ : i ~ l y  . j /S j i !~;;. ';;;>s? J;);)cJY LO be J.III;,!J J L  ti)(: ho , \~ i  o i  L i i ~  

, , .  . occupant a;;d arc covcrcd only by a -;,::I. ! a y e r  0.i' f o ; !~~ .  The sea t s  purchdscd 

fo r  these t z s t s  wer? ordera i  thi-ocih 2 3  ar=a Volvo d i s t r i b u t o r .  

Device - C-2% (Union Carbid? Hi-back spor ts  ca r  s e z t )  

This sea t  was tes ted  once in  the 85' oblique d i r?c t ion .  I t  possesses 

a  high-b~cked niolded shel l  construction 2nd f s  attached t o  the adul t  s e a t  

back bv bail  hoaks. The bail hooks f a i l e d  and both dummy and remaining 

sca t  s t ruc tu re  were e jec ted .  

Device - C-25 (Gcncral Motors Infant Czrr ier )  

Four z s t s  were car r ied  out on t h i s  &vice: one s ide  impact, two redr 

impact and one obl ique impact. This riloI~i2d she; l  i s  attached t o  the  adul t  

sea t  by the adul t  lap  be1 t .  The in fan t  ( u p  t o  about 12 i;.;nths) r e s t s  in 

a  semi-reclining position with head xowards t h ?  f ron t  of the vchicle. tlc 

i s  res t ra incd against  motion by s t r aps  integral  to  the device which are  placed 

over the shoulders. This device was obxained l a t e  in  the t e s t  pyogram a n d  

did not receive a  compieie s e r i e s  of t e s t s .  

In the l a t e r a l  and ob l  i~;ue t e s t s ,  the doll appeared t o  experience a 

qentle r ide  cl though the infant  c a r r i e r  ex~er ienced  considerable el a s t i c  

d e f o r n a t i ~ n  d u r i ~ g  the t e s t s .  I n  the  rear  col l i s 'on  sir;;ulations, the s e a i  

pitched ur, towards the r ea r  oroject ing the doil in to  e~he sea t  back. Given 

the c u s h i ~ n y  s t ruc tu re  of ~ o s t  s e a i  backs, i t  i s  possi bie t h a t  t h i s  i n t e r -  

act icn would not be in jur ious .  

Devicc - C-26 ( K . L .  Jcenay Child Safcty Seat)  

Four t e s t s  were carried out w i t h  t h i s  s e a t :  frontal  impacts a t  20 niph 

a n d  30 ~ i l p h ,  2nd sicie d n d  45" oh1 iqur?  iiii2acts a t  20 m p h .  



The contoured h igh-b~ck  ~ l a s t i c  she l l  s e a t  i s  mounted i n  the  r ea r  s e a t  

of the vehicle  with two upper s t r a p s  which anchor t o  the  package she l f  and a 

lower s t r a p  which anchors t o  the  f l o o r  behind "Le s e a t .  The hzrness which i s  

in tegra l  to  the  ch i l d  s e a t  structuin:s includcs a s t r a p  over each shoulder ,  

around each s i de  of the  abdomen, and through the  c ro t ch ,  a l l  jo in ing  i n  the  

region of the  c h i l d ' s  navel t o  a pin--typ? buckle resembling those used i n  

Air Force harnesses.  

Th? Jeenay s e a t  aerfomied we71 in  t h e  t e s t s .  I n  the  f r on t a l  impact, 

the  duni~liy dece le ra t ions  were moderate, with those a t  30 mph being ac tua l l y  

o f  sliql1t;ly lower l cvc l s  than a t  20 s,:h, b u t  of considerably longer durat ion.  

Pcak rcsul t d n t  dcce lc ra t ion ,  occurring i n  t h e  head, was about 43 g f o r  only 

cbout 2 msec. There was a sharp acce le ra t ion  spike in  t he  hcad an t e r i o r -  

pos t e r i o r  d i r ec t i on  i n  both t e s t s ,  which occurred upcn rebound of  t he  dumy 

i n t o  the s e a t  back. I t  reached aooroximate'ly 52 g for on?y abotit 1 msec. 

Excursions were smal 1 and control  led i n  both t e s t s ;  homver ,  the re  was a 

considerable degree of head f lexion (approximately 80') with respec t  t o  the 

t o r so ,  in  both t e s t s .  Although some sidewzys excursion occurred i n  the  s i de  

impact t e s t ,  the  shoulder harness orevented excessive s i de  motion. This s e a t  

system annears to  o f f e r  l a t e r a l  impact protect ion the  equal of any cur ren t ly  

marketed device. I t  a l s o  ~c r fo rmed  well i n  oblirlue impact. The harness appears 

t o  d i s t r i b u t e  the  load e f f e c t i v e l y .  Also, the  tie-down, o r  anchor, s t r u c t u r e  

re ta ined i t s  i n t e q r i t y ,  a1 though s l i g h t  dznag? t o  the s e a t  occurred in  the  

30 moh f ron ta l  imoact, in  t he  form of  a crack i n  t h e  p l a s t i c  she l l  arocsd one 

o f  the  r i v e t s  fas ten ing  t he  :ewer anchor s t r a p  t o  t he  s h e l l .  



Dcvi cc - C-28 (Kel : !(i ddy-Kaddy) 

Two t e s t s  were ca r r i ed  out  on t h i s  d ~ v i c e ,  or,c s i de  inlpact and one rea r  

impact. This s e a t  i s  a booster cushion f o r  t h e  chSld and should bz used in  

conjunction rvi t h  an adul " L a p  be1 t .  

In the  rear-end co l i  i s i o n ,  the re  was no e v i d n c e  of whiplash as i n  

previous t e s t s  in  t h a t  the  se;l'l i s  r a t he r  low. In t he  l a t e r a l  i~ilpact s inu-  

] ; t ion,  the  usual i n t e r ac t i on  between a ch i l d  pedestal  s e a t  and an adu l t  s ea t  was 

observed. The dunmy oitcb,cC ,'zr t o  the  s i d e  and t he  head bent down f a r  enough 

t o  be on the  level  of the  veh ic le  f loorboard a t  maximum excursion.  

Device - C-30 (Mark Fore Kon<tor H ~ r n e s s )  

One forward impact t e s t  was performed on t h i s  device.  This harness 

has two shoulder s t r a p s ,  a b e l l y  s t r a p ,  and a crotch s t r a p .  I t  i s  anchored 

by a s t r a p  over the  s e a t  back which t i c s  ao~!n t o  t h e  f l o o r  of the  vehicle .  

The forward excursions and 5-1 ozdi n ~ s  experienced by the  dun,,;,y were moderate. 

The harness did aopear t o  s l i p  down i n t o  t he  cbdominal area the  r e s u l t  o f  

which couid be a high l oca l i z ed  load.  The r e s t r a i n t  s t r a p  adequately ca r r ied  

the  2,600 1b. dynamic load t o  which i t  was sub jec ted .  Additional t e s t s  were 

not c a r r i ed  out  due t o  the  s i m i l a r i t y  of k i n m a t i c s  w i t h  o t he r  harness devices 

and due t o  t he  s l i d i n g  of  t h e  be1 t i n t o  the  abdominal a rea .  

Device - C-31 (Sears  snlall harness)  

This device was subjezyad t o  t h i r t e e n  t e s t s :  f i v e  forward impacx, four  

l a t e r a l  impact, thrw rear impact, and one oSiiqu2 impact. This h ~ r n e s s  i s  

suppiied w i t h  a  v e s t ,  crotch s t r a p ,  and shoulder  s t r a p s  and i s  anchored t o  

the  veh ic le  by a s t r a p  over t hc  back of the a d u l t  s e a t  which i s  dttsched t o  

the floorboard by a bracket .  



I n  tl;? f ~ r w ~ r d  iiilpacts a t  low speed (20  m ~ h )  the p2r-:ormancct of the system 

wzs adequat? i n  s i t t i n g ,  standing, and recl ining a t t i t u d e s .  Excursion end 

g-loadinq were not excessive a n d  the load zppeared t o  be w l l - d i s t r j b u t e d  

over the torso o f  the dumny. I n  the t e s t  a t  30 mph the adult  s e a t  beck broke 

away due t o  the load imposed by the r e s t r a in t  system te ther .  -(his allowed 

the dunlniy to ~niovc forward f a r  enough to cause a potential contact with the 

vehicle in te r io r .  

I n  s ide impact t e s t s ,  the dummy again experienced extremely large 

excursions and wild body contortions as i t  flew from the s led .  Contact with 

vehicle i n t e r i o r  s tructures seems 1 f :;ely in standing, s i t t i n g ,  and recl ining 

configurations. 

I n  rear  imuact, the r ide was qui te  gentle when the d~lmmy was seated. 

In these cases, the interact ion wzs nrimarfly w f d ~  the s o f t  seht bzck. However, 

when the dummy was standins, rearward bending ;;* ;red a t  the hips, and the 

dummy was vaulted head f i r s t  into the rear  sea t  ;,b-tion. I h c  r e su l t s  of t h i s  

t e s t  indicate tha t  i t  i s  very unwise t o  allow children t o  stand on a car  sea t  

whether they are restrained or not. 

In oblique imoact, r e s t r a in t  performance was adequate unti 1 rebound. Th?  

dummy rebounded from the i n i t i a l  deceleration off the side of the adult  sza t  

into the sled s t ruc ture .  

Device - C-33 (Vool ex Chi 1 6 '  s Seat Be1 t-liarness) -- 

This device was subjected t o  one forward facing-irnqact. biaist, crotch, 

and  shoulder s traps a:tach to a  plate on the back of the harness. A s t rap  

through the plate i s  hooked over the adult  sea t  back a n d  fastened t o  the 

vehicle f loor  board. In the t e s t ,  excursion and g-loading were moderately 



7 - low and the load appz;;rcd t o  be ~ z ;  . . ;tr.ibu.tcJ b.-" :~:::ctn tihe varicjcs s t r aps .  

The kine~:istics w?;-e s i i l ~ j i a ; ~  to  oti:c:- ;;ii;-n?ss r e s t r a i n t  s y s t e ~ s  a n d  ",he 

device was not tcsted fl;r"L~er. . ,  

Device - C-34 (Li fe  Auto-babc nylon ca r  harness) 

This device was subjected t o  one forward-facing impact. Waist a n d  shoulder 

s t r aps  at tach t o  a zippered back piece. The adult  lap b e l t  i s  looped through 

- the back ~ i e c e  as a tie-down. ihe f ab r i c  material ripped upon impact. As 

the dunmy was e jec ted ,  i t  was h u n g  by the neck by the remaining i n t a c t  s t r ap .  

Device - C-35 (Am~ri can Motors harness manufactured by Amei- i  can Safety 
Equi pmcnt Corporati on) 

This device was subject  to  s i x  t e s t s :  t w o  forward impact, two s ide  impsct, 

one rear  impact, and one oblique impact. This device cons is ts  of a vest with 

waist and shoulder s t r a p s .  The s t r aps  join a t  e i t h e r  s ide  of the duniny's 

waist and are  attached to  individual floor-mounted brackets on e i t h e r  s ide .  

Because the tie-down arrangenient f o r  Lh-is systern was d j f f e r e n t  from the 

other  harnesses there was nore f lexing of  the dumy a t  the  waist than with 

other  systems. High g-loadings t o  t h ?  hezd were observ?d as i t  interacted 

with the f ron t  portion of the adult  s e ~ t  cushion. 

I n  the rear  col1 i s ion  simuiat ions,  the  dummy received a gentle  r ide .  

The interact ion was p r in~ar i ly  with the adul t  sea t  back. 

In the side 2nd oblique :'mpacts the  duiiiri~y s l i d  t o  the side and o f f  ;he 

adul t  sea t  experiencing larg? excursion. The harness was ripped in one t e s t .  

The vest did not aonear to  serve much function i n  any of the  t e s t s  cdrried 

out on t h i s  r e s t r a i n t  device. 



k v i c e  - C-35  ( i r v i n  Auto Safety Harncss No. C3-i02) 

This devic? was subjcxted t o  lkrez  forward fac' .  impacts. k!aist, crotch,  

and shoulder s t r e?s  are attached t o  ; zip;";+ ves,:. ;..? devfce i s  anchored 

to the f loor  of the vehicle by a s t r ap  over the back of the  sea t .  I n  the 

t e s t s  where the dur~iiy IVSS s i t t i n g  and standing,  the r e s t r a i n t s  appeared t o  

s l i d e  down into the abdominal area ~roducing high loads in the area.  I n  

the case where the dummy was rec l in ing,  g-loadings and excursion were moderate 

on thc i n i t i a l  in terac t ion  b u t  qui te  high on rebound. Kjnematics were s imi lar  

to other  harness systems where the  device was t i ed  t o  the  vehicle by a s t r ap  

over the s s a t  back and the se r i e s  was discontinued a f t e r  these three  t e s t s .  

Device - C-41 (Circ le  Square Manc.;acturing Company "Ba-be Safe") 

Two rear  inlpacts were car r ied  o u t  on .;his device which places the baby 

in a recl ining ~ o s i t i o n  on the auto sea t  with heat towards the f ron t  of the 

vehicle. The load in a forward impact i s  carr ied by the shoulders. In 

the r ea r  imnacts the doll was vaulted in to  the  sea t  back without experiencing 

any obviously damaging g-loadings or excursion. This &vice was obtsined 

near the end of the t ? s t  orogrsn and i t  was n o t  possible t o  t e s t  i t  completely 

because some damage t o  the s t r aps  occurred. Re~1acen:ents were n o t  readily 

avai 1 able.  


