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ABSTRACT 

A ch i l d  restra i nt system based on a new concept was comruter desi gned 

and optimi zed . Thi s uni que chi l d  restra i nt system i s  based on a mov i ng  i m

�act sh ie l d .  The s h i e l d  i s  hori zontal duri ng normal use ,  so the chi l d  can 

have good forward v i s i bi l i ty ,  but during  a frontal col l i s i o n  the sh i e l d  

pi vots upward to restrict the forward moti on o f  the ch i l d ' s  head and thorax .  
The fi rst stage of  th i s  study was to des i gn and opt imize  the actuat ing  
mecha n i sm of  the  dynami c s h i e l d .  I n  the second stage , the performance of the 
restra i nt system was optimi zed for the TNO-P3 , 3-year-o l d  chi l d  Du�my . The 
optimi zation of the des i gn was carried out i n  both stages by vary i ng the 
geometry , paddi n g ,  and i nerti a l  properties , u s i ng the MADYMO Crash V i ctim 

Simul ator. The tj na l  stage of the study was to 9erform s l ed tests to val idate 
and refine the desi gn of the syste� . 

I NTRODUCTION 

t1athemati ca l s imul ation  of the gross moti on of the h uman body in a dynamic  
impact envi ronment has  become a very active  researche objective i n  the  l ast  

fi fteen years . The  devel opment of these crash v i ctim model s has been primari ly  
concentrated on  the  adu l t mal e .  The only previ ous avai l ab l e  data for dynami c 
i mpact chi l d  mode l s  were reported i n  a freefal l study by Snyder et a l . [1] 
I n  the model l i n g  work carried out at I W-TNO a fami ly  of 2-dimens i onal  mathe

mati c a l  mode l s  ( cadave r ,  part 572 3-year-o l d ,  TNO-P3 3-year-ol d )  have been 

deve l oped and val i dated for the use i n  stud i es re l at i ng to the restrai ned 
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ch i l d  i n  a frontal i mpac t .  Wi smans et al . [ 2] These mathemat ica l  model s  

have been formul a ted , us i n g  MADYMO , wh ich  i s  a compact general ou rpose 
computer program package for two- or three-dimens i onal Crash V i ct im  S imu l a 

ti ons . Mal tha  et a l . [3] 

Chi l d  restra i nt system des i gn exhi b i ts widely varyi ng confi gurati ons  wi th 
restra i nt  concepts rangi ng  from bel t  harnesses to padded s h i e l ds ( fi g . l )  

Fig. 1 .  Chi ld Restraint Systems 

Each one of these systems has i ts own advantages and d i s advantages . 

A properly adj usted harness restai nt  system offers the advantage of good 

impact protection whi l e  a l l ow i ng  the ch i l d  to s i t  up h i gh wi th good forward 
v i s i b i l i ty .  The major d i s advantage of th i s  ty�e of system i s  however ,  that 
the harness i s  di ffi cu l t  to adjust and i s  often mi ss used , l ead i ng to poor 

crash protect ion . The major advantage of a s h i e l d dev i ce i s  that i t  gi ves 
very good l oad d i s tri bution over the ch i l ds body duri ng  a crash . Another 
s treng advantage i s ,  that i t  does not need any adjustments to provi de th i s  

good crash protect ion , so therefore i t  i s  sel dom m i s s  used . The major d i s 
advantage i s  that the chi l d  h a s  to s i t  beh i nd a s h i el d and has very poor 
v i s i b i l i ty .  

The sponsor of t h i s  work wanted to comb i ne  the best feature of the 

harness sys tem , good v i s i bi l i ty for the ch i l d  and the bes t features of the 
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s h i e l d  system , good l oad d i s tri bution and ease of u s e ,  i nto one new chi l d  

restrai nt . The i r concept of th i s  new system was a ch i l d  �estra i nt  dev i ce 

wi th the s h i e l d  i n  the hori zontal pos i ti on for normal use , but that wou l d  

p i vot upwards i n  crash to the conventi onal s h i e l d  system pos i ti o n .  
IW-TNO v1as contracted to use the t1ADYt10 C rash Vi ctim Simul ator to a i d  i n  

the des i gn and optimi zat i on of th i s  new concept.  The s tudy presented here 
rel ates to th i s  coope rati on resu l t i ng i n  a new ch i l d  restra i nt system . 

SYSTEM CONCEPT 

Th i s  new restra i n t  system i s  based on a polystyrene shel l wi th a tab l e  i n  
front of the ch i l d  whi ch wi l l  ti p-up i n to the s h i e l d pos i t ion duri ng  a crash . 

The pol ystyrene she l l wi l l  h ave wi ngs on the s i des for l ateral protection 
and acts as a s upport for the tab l e  assemb l y .  The tab l e  assembl y  wi l l  prov ide : 

a p i vot support for the tabl e-s h i el d ,  hou s i n g  for the tabl e-sh i e l d  actuat i ng  

mechan i sm ,  a pe l v i s  support duri ng  an impac t ,  and anchorage poi nts for the 

car l ap bel ts . 

DES IGN AND OPTIMIZATION OF TABLE ACTUAT ING MECHAN I SM 

The tab l e  actuat i ng  mechan i sm bas ica l l y  cons i sts of a l everarm on the 

mov i ng tab l e  connected to a rod w i th a heavy mass at the other end . Duri ng 
the car crash the tab l e  moves i nto i ts upri qht  pos i t i on by the dece l l eration 
forces act i ng  on the mas s .  ( fi g . 2 )  
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Fig. 2 . The table actuating mechanism 

109 



The downward mot i on of the tab l e  due to l oadi ngs from head or ehest i s  

prevented by a l ocki ng devi ce . 
A number of p rov i s i onal  system parameter val ues are se l ected , wh i ch a re 

based on g l obal c a l c u l ati ons and engi neer i ng  experi ence for th i s  actuat ing  
mechan i sm .  The  behaviour  of th i s  system i n  a 50  kmh frontal crash i s  than 

s imul ated by us i ng the MADYMO CVS program packaqe . 
Th i s  computermodel of the seat wi th the mechan i sm consi sts of a l i nkaqe 

of th ree r i g i d  el ements . The fi rst e l ement reoresents the seat polystyrene 
shel l and i nc l udes the hous i ng for the tab l e  actuat ing  mechan ism .  Th i s  
e l ement has a total mass of 4 kg and a rotati onal moment of i nert i a  of 

0 . 145 kgm2 . The second e l ement i s  the mov i ng tab l e  wi th a p i vot connection 
to the mechanism hous i n g on the fi rst el ement .  The mass is  0 . 8  kq and the 
moment of i nert i a  0 . 00 1  kgm2 . The thi rd e l ement represents the actuati ng  

concentrated mass and connect i ng  rod wh i ch p i vots on  a l everarm on  the 

mov ing  tab l e .  Th i s  e l ement h as a total mass of 1 . 5  k g  and the moment of i n
erti a i s  negl ected because of the trans l ati onal moti on . 

For rea l i s t i c  model l i ng of th i s  mechan i sm the i n teract ions of the Ch i l d  

restra i nt wi th the car seat and l a p  bel t are a l so ta ken i n to account .  The 
measured force-penetrat ion characteri s t i cs of the ch i l d  re stra i n t  i n to the 
car seat and the bel tforce-el ongat i on characteri s t i c  together w ith  the s l ed 
dece l erati on cu rve are g i ven as i n put for th i s  mode l .  The fi rst mode l runs 
showed that the bas i c  concept cou l d  work and a prototype of the seat was 

bui l t  and tested on the decel erati on s l ed .  

After that a number of computerruns wi th th i s  model were necess ary for the 

val i dation process . Th i s  val i dati on i s  done by compar ing  some model resul ts 
l i ke ki nemati cs , bel tforce and re l ati ve tab l e an g l e  wi th the re su l ts of the 
experiment on the prototype . These co�pari sons showed the need to estab l i s h 

some system parameters more accurate l y ,  for i nstance the penetrati on function 
and fri ct ion  coeffi c i ent of the soft car sea t .  After these model improvements 
good agreement between model and experiment was found ( fi g . 3 ) . 

I n  th i s  s tage of the s tudy the optimi zat i on a ims on ly  at obta i n i ng 

max imum tab l e  angl e i n  the shortest poss i b l e  t iMe .  Based on the val i dated 

model the system opt im izat ion was carri ed out by a number of model runs w i th 
succes i ve parameter changes . These parameter changes were wi th i n  reasonab l e  

l i m i ts so that unacceptab l e  devi ations  from the val i dated model behaviour 
were avo i ded .  
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The fol l owing  parameters were vari ed :  the actuati ng  mass was made heav i er 

and l i ghter ;  the l ever a rm on the tab l e  wa s shortened and l engthened ; the 

mass and the moment of i nert i a  of the tab l e  were var i ed ; the bel t attachment 

poi nt on the seat was moved to other pos i t i ons ; etc . The effects of these 

c hanges were studied and fi na l l y  l ead to an  optimal combi nation of val ues 
to g i ve maximum tab l e  angl e ( fi g . 3 ) .  

t i m e  : 0  O O O s  l 1 me : 0 0 20 s t 1 m e : 0 0 4 0 s 

Li ~ 
1 

l 1me = 0 060 s t 1 me : 0 0 8 0 s 

Fig. 3.  Validation and optimization results. 
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t i me = 0 1 0 0 s  

DESIGN AND OPTIM I ZATION OF THE COMPLETE RESTRA INT SYSTEM W ITH DUMMY 

A prototype of the c h i l d  seat based on des i gn recommendati ons of the 
previ ous secti on was bui l t  and tested on the s l ed wi th the 3-year-ol d  dummy 

( fi g . 4 ) . 
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Fig. 4. Restraint System with Dwrrrny 

Th i s  test showed an i nterference of the dummy ehest wi th the mov i n g  ta b l e  

prevent i n g  further upward mot i on of i t ,  so further opt im izat ion of the 
system was requ i red .  

The exi s t i ng three el ement computer model of  the  ch i l d  restra i n t  was 
compl eted w i th the standard n i ne el ement model of the TNO-P3 three-year-o l d  

chi l d  dummy . A detai l ed descri ption of  t he  dummy model i s  contai ned i n  
reference [4] . The l ock i ng  mechan i sm of · the mov i n g  tabl e to prevent  the 
downward moti on under l oads i s  s imu l ated by add i n g  a very s impl e force 
i nteract i on rnodel to the programpackage . A draw ing  defi n i n g  the 9eometry 
of the compl ete system as used i n  the optimi zation i s  shown i n  fi g . 5 .  

Comparison of the resu l ts of the fi rst runs of th i s  extended model w i th 

the test showed that accurate and d(ta i l ed  model l i n g  of pe l v i s  and ehest 
contacts wi th tab l e  and mechan i sm hous i n g  was necessary for real i s t i c  perfor
mance . After i n corporat i n g  more deta i l ed contacts , the model was g l oba l ly  
val i dated to  the experi ment .  
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Fig. 5.  Geometry and contacts of corrrplete system. 

The model was then run several times w ith  succe s i ve systemparameter 

change s :  the bel t a ttachment poi nt l ocati ons were moved ; the geometry of 
pel v i s ,  abdomen and ehest contacts were changed ; the tab l e  maximum ang l e  

was vari ed ; the table  l ength was changed ; and etc . These performance opti -
' 

mi zati ons were done based on the resu l ts of the overa l l k i nematics , 

maximum head excurs i on and resu l tant head- and ehest acce l erati ons . 

The k i nemati cal res u l ts of one of these runs a re s hown i n  fi g . 6 .  
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t i me : O.OOO s t ime = 0. 02 0 s  t 1 m e = 0.0 4 0 s 

t 1me = 0 0 6 0 s  t 1 m e  = 0 0 8 0  s t 1 me = 0.100 s 

Fig. 6 .  Kinematics of Res tPaint System with Dummy 
for one of the Optimization Simulations. 

Duri ng th i s  opti mi zati on process i n termedi ate mod i fi cati ons to the 

prototype were made . The new prototype was tested on the s l ed and the 

resul ts were compared to the mode l . Th i s  process was repeated unti l the 
desi red performance was obtai ned .  These f ina l  des i gn parameters obtai ned 
from the computermodel together w i th engi neering  exper ience based on the 

prototype s l ed tests , form the bas i s  for the des i gn recommendati ons for 
a producti onmodel . 

Fig. ?. Production Mode l .  
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SUMMARY AND CONCLUSIONS 

The use of the MADYMO s imu l a t ion program in th i s  s tudy was found to be 

i nval uabl e for l ook i ng i nto the bas i c  parameters that a re i nfl uenc i ng  the 
performance , l i ke the fol l owi n g :  

- Tab l e  p i vot poi n t ,  dri vi ng mass , and i nert i al properti es 
- Restra i n t  seat i nerti a l  rropert ies  
- Lap be l t  a ttachment poi nt l ocati ons 

- Car seat l oad-defl ect i on and fri ct ion characteri s t i cs 

- Rel at i ons h i p  between pel v i s  contact wi th the mechani sm hous i ng 
and ehest contact w i th the tab l e  

- S l ed pl use and vel oc i ty 

- Tab l e  l ength and maxi mum angl e .  

Th is  des i gn approach al l ows the mos t important performance parameters 

( tab l e  i nert i a l  propert i es , l ap bel t anchorage poi nt l ocati ons , etc. ) to be 
separated from the l esser important parameters ( restra i n t seat i nerti al 

p ropert ies , bel t  propert ies , etc . ) , so that the final  des i gn coul d be ob

ta i ned in a far s horter t ime than by previ ous methods of des i qn - s l ed 
tested ; redes i gn - res l ed tested , etc . 

Not only the new restra i nt system des i gn was better unders tood , but a 
greater i ns i ght i nto the s l ed and dummy performance was a l so obta i ned . 
That i s  for examp l e  the i nfl uence of the s l ed free run d i s tance on the 

res tra i nt l oadi ng forces , or the shape and s t i ffness of the dummy body 
segments on the dynami c l oadi ng of the restra i nt system . 

The concl us i ons of th i s  s tudy are :  

- A chi l d  restra i nt system can be effi c i ent ly  des i gned by the a i d  of 
a computer 
Computers i mu l at ion gi ves a val uab l e  i n s i gh t  i nto the rel ati ve impor
tance of the bas i c  parameters that are i nfl uenc i ng the performance 

- The t�DYMO CVS program package proved to be an easy to use tool for 

th i s  des i gn optimi zation due to i ts compactness and the s tandard 

opti on for mu l ti pl e  force i nteracting  l i nkages of e l ements 
- The l ock i ng  mechan i sm of the tab l e  cou l d  eas i l y  be s i mu l ated by 

add i ng a very s imple  submodel to the program package . 
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