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ABSTRACT 

An evaluation o f  the dynamic test  requirements of the ECE 44 chi ld-restraint 
regulat ion i s  made,  based on a 1 �  years of experience with a wide variety o f  
child-re s traint systems i n  about 450 tests . The performance o f  current " s tate 
o f  the art" chi ld-restraint concepts is d iscus sed , the conclusion be ing that 
most current designs need substant ial modifications to fu l f i l  the ECE 44 re­
quirements . 
There i s  a prob lem with the seats using adult 3-point be l t s  as regards the 
ehest accelerat ion to lerances . The padded shield-type seats with lap be lts , on 
the other hand , have a tendency to exceed the maximum head excurs ion limit of 
550 nun .  Most systems us ing belts show abdominal penetration, often result ing 
in a submarining. The regu lation is found to be very restr ictive , which could 
lead to overcomp l icated systems like ly to be rej ected by parent s .  A cause o f  
t h e  difficulty can b e  the seat cushion o f  the ECE 4 4  bench seat which seems t o  
b e  too soft . Some improvements to t h e  dummies and the abdominal penetrat ion 
measurements is discussed . Measurement of head accelerat ions is proposed be­
cause of the po s s ib i l i ty of head contacts with certain types of re s traint sys­
t ems . 

INTRODUCTION 

The Economic Commiss ion for Europe of the United Nations instal led the "Ad 
hoc Group for Chi ld Res traints" in 1 97 7 .  The t ask for this group was to draft 
"Uniform conditions concerning the approval of restraining devices for child 
occupants in power-driven vehi c les " .  
From the outset the intention o f  the Ad hoc Group was to approach the problem 
afresh from various viewpoints and not to rely heavily on exi s t ing rules . 
Specialists  from different discip lines therefore cooperated in examining not 
only t he general safety problem, but also  safety-related aspec t s , such as us­
ab i l i t y ,  comfort and rescue . Thi s  group produced a draft s tandard in 1 97 9  which 
was submitted to Working Party 2 9  of the ECE in Geneva . The draft , after a num­
ber o f  modificaton s ,  was adopted by the Uni ted Nations as ECE Regu lat ion 44 and 
came into force on 1 st February 1 98 1  [ 1 ] .  Since then the regulation has been 
adopted in the United Kingdom, the Netherland s ,  Denmark and Sweden . Many other 
countries  are expected to do so in the near future . 
The regulat ion requires a 50 kmh front al i.mpact test  for evaluation of the 
safety performance of the sys tems . The chi ld-re s traint systcms are tes ted on a 
s oft bench seat with a dece lerat ion pul se representat ive o [  current produc t ion 
c ar s  (Fi g .  1 ) .  
The regulat ion spec ifics a group o f four dumm j e s  rcprcsen t in g  mas s  and anthropo­
metry of chi ldren aged nine mon t h s .  threP ycr r s ,  s ix P nrl ! A n vears [ 2 ] .  A spe­
c i a l  requirement for t he d umm ics w n s  n re 1 l ü r i c pc l v i r  s h e p c  and a soft abdo­
men suitable for t l tc 11H' 1 s u n'm011t i 1· cihcln1r i n:i l roc n0 � r ;' l� i c'l f r j ; � .  2 ) . 

241 



decelera tion ,g 

u �---7-t���-r-'""'�"""""' 1 

10 

0 

Fig.  

20 50 80 100 
- time.ms 

To lerance corridor for the 
s lad dece lerat ion curve in 
ECE 44 dynamic t e s t .  

120 

Fig.  2 Exploded v iew of TNO 
P-series child dummy . 

Requirement s  o f  the ECE 44 regulat ion which are es sent ial for the safety per­
formance are : 

- a l imi t value on the resultant ehes t accelerat ion of 50 g except during 
periods whos e  sum does not exceed 3 ms ; 

- a maximum forward head excurs ion of 550 mm measured from the intersec t ion 
po int of seat-back and seat-cushion plane s ;  

- n o  e s sent ial abdominal penetrat ion a l lowed . 
The regulat ion specifies no measurements for the head acceleration because i t  
was felt  that avoidance o f  any head contact b y  limit ing the forward head ex­
curs ion was sufficient protect ion for the head . Many current chi ld-res traint 
Systems , however , are of the impact-shie ld-type al lowing a head contact . In 
addi t i on to the above-mentioned parameters in the t e s t s  carried out at TNO , 
head accelerat ion has been measured to assess  the inj ury-producing potential  
o f  the head contact . 
The paper presented here gives an evaluation o f  the dynamic test  procedure and 
d i scus ses the performance of current " s tate of the art" child-res traint con­
cep t s  based on experiences with the regulat ion at TNO . 

TEST PROGRAM 

During the last  1 !  years the test  laboratory of TNO carried out about 450 
t e s t s  with a wide var iety o f  chi ld-res traint system s .  The concept s  of these 
systems ranged from s imple adj us tment to a 3-point adult belt system to com­
p le t e ly integrated seat s with harne s s  be l t s . 
Mo s t  o f  the t e s t s  were carried out according to the requirements of the ECE 44 
regulat ion and were done for homologat ion , for product development and for con­
sumer inve s t igat ions . 
For t he present paper , 1 40 t e s t s  on restraint systems have been selected as re­
presentat ive of one of the s ix main categories that we defined (Fig.  3) .  The se 
main c a tegories are representat ive of chi ld-restraint systerns as  rnanufactured 
up to t he beginning of 1 98 1 . 



A seats with harness belts 

D harne� s belt systems only 

ß seats using adult 
3-point belts 

E booster seats using 
adult 3-point belts 

C seats with impact block 
using lap belts 

F adult 3-point belts 
with guiding straps 

Fig. 3 Definit ions and examp les of six  main 
categories of chi ld-restraint concept s .  

A l l  systems that failed a test badly or did not conform with def ined catego­
ries , and tests  deviat ing too much from the R 44 conditions , were not d irectly 
cons idered for this s tudy . However ,  the experience gained in the 450 tests i s  
ref lected i n  the d iscuss ion . 
The number of types and the number of tests  for each def ined type and age group 
are presented in Table 1 .  

Table 1 Summary o f  number of tests  for each res traint category d i stributed 
over the age groups 

restraint te sted dummy dummy dummy dummy total 
category types p i p 3 p 6 p 1 0  number 

of tests  

A s eats with harnes s  belts  5 1 3  1 3  5 3 1  

B seats us ing adult 3-point 2 3 4 5 1 2  
belts  

c seats with impact b lock 5 1 4  1 8  4 36  
us ing lap b e l t s  

D harness belt systems only 3 5 6 3 1 4  

E booster seat s us ing adult 'f 8 1 0  1 2  30 
3-point belt s 

F adult 3-point belts  with ? 6 7 2 1 7 guiding s trap s 

Total number of types and tests  7 1  JO 4 ..., ) . 1 9 1 40 
---· 
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TEST RESULTS 

In a l l  t e s t s  the fo l lowing inJury predict ion parameters 
c alculated . The limit values for t hose  parameters that are 
requirement s  are given between brackets . 

- resultant head acce lerat ion 
- head inj ury criterion HIC 

were measured or 
part of the ECE 44 

- resultant ehe s t  acce lerat ion 
- vertical ehest acce lerat ion 

(max. SO g exceed ing 3 mil l iseconds )  
(max. 30 g exceeding 3 milli seconds) 

- ehest severity index , CSI 
- maximum forward head excurs ion (max.  SSO nun) 

abdominal pene t rat ion (no penetrat ion al lowed ) . 

The complete results o f  the 1 40 t e s t s  are summarized for each category of re­
s t raint in s ix tables  given in the annex . These t ables  show test results for 
each part icular chi ld restraint and for each o f  the age groups relevant to the 
cons idered product . Mos t  of the tests  are repeated 2 ,  3 or 4 t imes for the s ame 
condi t ion to assess  the repeatab i l ity . The last row in each table gives the 
average values for each produc t . 

The maximum forward head excursion is  presented in the tables relat ive t o  the 
head excurs ion l imit of S S  cm. For examp le , + 1 S  means that the head s tops l S  cm 
before the .l imit of S S  cm, and - l S  means that this l imit i s  exceeded by l S  cm . 
The abdominal penetrat ion i s  measured with the model ling-clay-imprint technique 
as p roposed in the regulation, backed up by high-speed f i lm analys i s .  

Table A presents t e s t  results for seats with harne s s  belt s .  These systems differ 
in p r inc iple from the others in requiring a top strap from the chi ld seat to the 
parce l s he l f  of the car . The t able gives the results for five d ifferent products 
coded Al  . • •  AS . The f i r s t  three have a 4-point harne s s  and the last  two a S­
po int harne s s ,  i . e .  they have a crotch s trap . 

Table B presents test  results for seat s us ing the adult 3-point belt s .  Only two 
produc t s  were tested B l  and B2 . In the tests  with the "6-year-old" dununy on 
type B l , the lap-belt guide did not funct ion proper l y ,  resul t ing in severe sub­
marining which,  in turn , affected all  the other measured parameter s .  

Table C presents  t e s t  results for seats with an impact b lock us ing the adult 
lap-b e l t s  only.  Five product s ,  coded Cl • . .  CS , were t es ted . For these types of 
restraints no abdominal penetrat ions have been detected , as the impact b lock 
loads t he abdomen and ehest over a large area and avoids any es sent ial penetra­
t ion . 

Tab le D presents t e s t  results for special harnes s-be lt systems only . Three 
products have been tes ted , coded D 1 , D2 and D3 . Al l types show an abdominal 
penet r at ion from the lap strap resulting in s igni f icant submarining which , in 
turn , affect s a l l  other measured value s ,  especi a l ly the forward head excurs ion . 

Table E presents t e s t  results  for boos ter seat s us ing the adult 3-point belt s .  
Four product s ,  coded E 1  • • •  E 4 ,  were t e s ted . The las t two products E3 and E4 
have inadequate lap-be l t  guidance , result ing in abdominal penetrat ion by the 
be l t  and a submarining in a l l  t e s t s . Because of the submarining, the result s 
for the othe r  measured values are not meaningfu l .  

Table F presents t e s t  result s for adult 3-point be l t s  with guiding straps . 
Three produc t s  were t e s ted and coded Fl , F2 and F3 . Again , a l l  systems gave an 
abdominal penetrat ion result ing in s ignif icant submar ining.  

The results  presented in these t ables are too detai led to base any general con­
c lus ions on . For this reason f graphical presentat ion i s  given of the two main 
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requirement s  o f  the regulat ion, head exeursion and ehest aeee lerat ion , for eaeh 
of the e ategories of restraints and for eaeh age group test . The graphs direet­
ly show whether the type of restraint sys tem meets or fails to meet the require­
ment for eertain age group s .  The graphs are based on the average results of all  
tests  for all  produets in the eategory eonsidered (Fig.  4 ) . 
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Fig.  4 Averaged head exeursion and 3-ms levels of resultant ehe s t  aeee ler­
at ion for eaeh restraint eategory , distributed over the age groups . 

Table 2 General eonelus ions on eonformity with Regulation R 44 based on 
averaged results 

restraint systems 

A s eats with harne� s  belts 
without eroteh s trap 

- with eroteh strap 

B s eat s us ing adult 
3pt s  be l t s  

c seats with impaet-
b loeks us ing lapbe l t s  

D harnes s  belt system 
only 

E booster s eats us ing 
adult 3pts b e l t s  

F adult 3pt s  belts  
with guiding s t r ap s  

Meets the requirement s  o f  R 4 4  w i t h  respeet to 

exeursion 
head 

yes 
yes 

yes 

no 

no 

yes 

yes 

aeee lerat ion 
ehe s t  

yes 
yes 

no 

yes 

yes 

no 

no 

abdominal 
loading 

no 
yes 

yes 

yes 

no 

yes 

no 

eroteh strap 
a llowed 

no 

The general eone lus ion to be drawn from the graphs , that i s  whether a system 
meet s or fails  to meet t he requirement for all  age group s , i s  given in Table 2 
together with t hat of meet ing the abdominal penetration requirement of the eon­
s idered restraint e ategory . The t ab le d i st inguishes between seat-harness sys­
tems with and without a eroteh s trap in eategory A. 
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Table 2 e lear ly shows t hat , on the average , the eurrent ehi ld-res traint eon­
eept s have d i f fieulties  in meeting the regulat ion . S inee the above eonelusion 
is based on averaging the resul t s  for good and bad produet s ,  thus obseuring 
the potenti a l  of s ome systems , we have also seleeted the best produe t s  out of 
eaeh group . The results  of  head exeursion and ehe s t  aeeelerat ion of the best 
produet s  are presented in Fig.  S and Table 3 .  The general trend in these graphs 
shows that there i s  a t endeney towards mee t ing the requirement s  bet ter , but the 
graphs also  show t hat the head-exeurs ion and ehest-aeeelerat ion requirement s  
are o ften in eonf liet  and that , together with abdominal loading, generally the 
regulat ion requirement s  are not adequate ly fu l f i l led . 

25 10 
max head 
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3 - m s - l evel 
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" :  :�, „ �, comply 

" --\--------- -"f'-
\ / a 1 t l o  65 ( comply 60 

)14-J--6--10-
-- dummy oge group 

J/4 - J - 6 -- 10 -
- dummy age group 

Fig.  5 Head exeursion and resultant ehe s t  aeee lerat ions 
for the best produet in eaeh restraint eategory . 

Table 3 General eonelus ions on eonformity with Regulat ion R 44 on the part 
of the best produet in eaeh restraint eategory 

Meets the requirement s  of R 44 with respeet to 

exeurs ion aeee lerat ion abdominal eroteh s trap 
r e straint systems head ehe s t  loading al lowed 

A seat s with harne s s  be lts  no 
(wi t h  eroteh s tr ap )  yes yes yes 

B s eat s us ing adult yes 
3pts  belts  

yes no 

c seat s with imp aet- yes 
b loeks us ing lapbel t s  no yes 

D harnes s  belt  
only 

systems yes yes no 

E booster seat s u s ing yes 
adult 3pt s  b e l t s  

yes yes 

F adult 3pts  belt s  no 
with guiding s trap s  

yes no 
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D I SCUS SION OF TEST RESULTS 

Looking at the results genera l ly ,  cons iderable differences were observed be­
tween the results obtained for the d ifferent produc t s  in each res traint catego­
ry . These relate to the different constructions of the systems but are found 
also  in apparently ident ical product s .  From this can be concluded that the 
test  result s in the ECE 4 4  regulat ion are very much inf luenced by const ruct ion 
detai l s .  
Let u s  look a t  the te s t s  which were repeated . With a part icular system, devia­
t ions were observed between the test  results which for some types were very 
large . This prob lem of repeatabi lity is caused by a variety of factors . First , 
the test  input conditions can d i ffer s l ight ly , the s led velocity and decelera­
t ion vary a l i t t le , the init ia l  pos i t ion of the restraint system and the dununy 
are never exac t ly the s ame , the belt pretens ion and adj us tment may d iffer , 
b e l t s  with automat i c  retractors act ivate perhaps at  different moment s , etc . 
Second , the tested restraint systems may d iffer s light ly . In addi t ion mos t  o f  
the systems u s e  s traps or foam contacts that evince nonrepeatable frict ion phe­
nomena . Some systems , especially those with symmetrical restraint s ,  such as the 
harnes s  seat s and the impact b lock seat , show better repeatab i l ity than other 
nonsymmetrical systems , for instance the booster seats combined with an adult 
3-point retractor belt . 
Finally,  the dummy used for the evaluation measurement may give d i fferent re­
sults  for ident ical inputs owing to the to lerance f ield aris ing out of the 
dummy ' s  c a l ibrat ion condition [ 3 , 4] . 
The first  and third caus es of the nonrepeatab i l ity can be largely e l iminated 
by careful ly contro l ling the test  set-up conditions and the calibrat ion of the 
dummy . The second cause is inherent in the tested restraint system. 
I f  a restraint system under s l i ght ly varying input condi t ions produces largely 
different test  results we refer to it as a non-stable system.  Because of the 
fact that in real-world accidents the input conditions vary considerably which , 
in non-stable systems , may lead to inadequate protect ion , we have our doubts  
about such sys tems . We expect that the regulation i s  more representative o f  the 
real-world performance o f  the more s table systems than it is of non-stable sys­
tems . 

DISCUSSION OF TEST PROCEDURE 

From the test  data avai lable , i t  can be concluded that it i s  difficu lt to 
de sign a sys tem that meet s the requirements of this regulat ion . Experiences 
with opt imi zat ions on current des i gns at TNO show that we are dealing basically 
with two conflicting requirement s ,  that i s ,  the limit in head excursion and in 
ehe s t  accelerat ion [5 , 6 ] .  When the head excursion is  kept within l imit s by 
restraining the upper torso with strap s or foam b locks , we often obs erve too 
high a ehe s t  accelerat ion . When the r ide-down of the ehe s t  i s  improved with a 
lower acce lerat ion , the criterion for maximum head excur s ion i s  often exceeded . 
Looking at field accident data for current chi ld res traint s ,  however , there i s  
no s trong evidence that the protect ion afforded i s  insufficient . For thi s rea­
son we cons ider the current requirements to be too restrictive . They force the 
manufacturers into overcomp l icated systems that are neither comfortable nor 
practical and that could lead to rej ect ion by the parent s .  
As regards the current ECE 44 regulation i t  i s  felt that the fol lowing items 
should be cons idered for improvement : 

ECE test bench s eat : 
The soft seat prescr ibed for the regulation test  i s  one of the maj or causes 
of exces s ive forward rotat ion of tho s e  chi ld-restraint systems that use only a 
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lap belt . The seat-foam softne s s  was based on the results  of a 1 977  s tudy of 
seat cushions in private car s ,  at that t ime current ly on the market . Thi s foam 
fully extends from t he seat surface to the f lat bottom of the s led , which al­
lows large penetrat ions . A p i lo t  s tudy on recent car types , however , shows much 
more s eat hardnes s  due t o  thinner seat cushions with an underlying sheet-metal 
s eat-pan. 
This problem of s eat s t iffne ss and construct ion should be reconsidered . 

Dummie s :  
There are some aspe c t s  on the dummy that mus t be changed . Thi s  i s  the modific­
at ion o f  some construct ion details with the aim of improving t he durabi l i ty 
and the calibrat ion qual i t y .  Thi s  modificat ion pro gram has recently been put 
into effect at TNO . 
The main improvement s were in the adj ustments of the j oint s and a better de­
s ign of the spine-neck cable and i t s  attachments .  The improvement s  on the 
s pine-neck cable are expected to result in more repeatable measurements of 
head acce lerat ion s .  

Abdomen penetrat ion measurement : 
The current regulat i on defines a measuring method which i s  based on evaluat ion 
of a permanent imprint on a p iece of model ling c lay . This method i s  c r i t icized 
because i t  shows two deficiencies . The f i r s t  problem i s  that the c lay does not 
d i s t inguish very c learly between an imprint from a belt and an imprint from 
the dummy s ternum i t self  during much forward bending. Therefore it is not a 
very obj ect ive measurement and it  requires some experience on the part of the 
t e s t  engineer . The second prob lem is that in very severe submarining in which 
t here i s  belt penetration high under the lower r ibs , there i s  no indicat ion at 
a l l .  Pract ice at TNO i s  to base the evaluation not only on the c lay imprint , 
but also on analys i s  of high-speed film of the t e s t , a procedure also in use in 
other laboratories . 
Current ly some alternative methods are be ing s tudied , one of which , a method 
with an imprint on so-cal led "bubble-foi l "  developed in the Uni ted Kingdom, 
shows good promi s e . 

Head accelerat ion measurement : 
The current regu lat ion does not require head accelerat ion measuremen t .  The 
reasoning behind this  was that i t  was felt t o  be sufficient to avoid any head 

. contact with the veh i c le interior by l imiting the forward and vertical head 
excurs ion . Since t he s tart of the work of the ad hoc group however , some 
r e straint systems have evolved towards sys tems with foam-impact b locks or 
shield s . In these sys tems head contacts with the b lock or shield often occur . 
For this  reason TNO fee l s  that some restriction should be p laced on the sever­
i ty of this  head contact by sett ing a l imit to the res ultant acce lerat ion . 
From recent experiences  with designs us ing respect ively soft and rather hard 
foam in the impact b lock,  we think a reasonable l imit would be a maximum of 
� 80 g for the resultant head accelerat ion at durations exceeding 3 milli­
second s . Another more comp licated method could be to put some limit value t o  
t h e  HIC calculated during contact only . 

S UMMARY AND CONCLUSIONS 

TNO carried out some 450 dynamic t e s t s  on a wide variety of child-restraint sys­
tems according to the requirements of the recent ly adopted ECE 44 regulation .  
Thi s  s tudy present s an evaluation o f  the perfo rmance o f  current chi ld-res traint 
concepts  and evaluates t he ECE t e s t  requirement s .  For this s tudy 6 main groups 
represent ing the different child-res traint concept s  were defined and , on this 
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base , the 1 40 mos t  representative tests  were se lected for more detai led analy­
s i s .  From this  analysis  we could conclude that a l l  current chi ld-res traint 
concepts have difficulties in meeting the requirement s .  They a l l  fail  for var­
ious reasons . Same systems fail  by exceeding the head excursion although they 
s how an acceptable ehe s t  acce lerat ion . Other sys tems fai l by exceeding the 
ehe s t  acceleration l imit and the head excursion is wel l  within the set  l imits . 
Many systems restraining the child with b e l t s  d irect ly on the body fail  be­
c au s e  the abdomen-penet rat ion criterion i s  not met . 
These f indings do not mean that the dynamic performance of the various c atego­
r i e s  i s  not feasable for improvements and might eventual meet the requirement 
of R 4 4 .  But , based on the fact that f ield accident data put forward no streng 
evidence of inadequate protect ion , the question should be put forward whether 
or not the current requirements are too restrict ive and for that reason con­
duc ive to the emergence of overcomp l icated systems that might wel l be rej ected 
by the parent s .  
One reason for the too res t r ic t ive requiremen t s  in the regulation can b e  the 
very soft t e s t  seat , causing excess ive forward rotat ion of some res traint con­
cept s .  
Improvements on the dummy construct ion increasing the calibrat ion condit ion 
are d iscussed. Problems encountered with the model ling clay technique for 
abdominal penetration measurement are discussed briefly . 
The current· ECE 44 regulat ion requires no head accelerat ion measuremen t ,  but 
s ince some res traint concepts a l low a severe contact between the dummy head 
and an impact b lock or shield we think that such measurement should be recon­
s idered . A maximum resultant head accelerat ion value of � 80 g exceeding 3 
m i l l i seconds has been proposed . 
Summarizing, t he fol lowing conclus ions have been arrived at : 
- mo s t  current r e s traint systems have difficulties in meeting the ECE 44 re­

quirements ;  
- the requirement s  are too restrictive and may lead to overcomp l icated designs ; 
- a reason for over-restrictive requirement s  could be the excess ive softness 

of the t e s t  seat , the performance of this seat should be recons idered ; 
- the dummy construction needs some detail improvement s ;  
- the measurement o f  head accelerat ions in the case o f  a head contact with 

the restraint system is proposed.  
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