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1 .  INTRODUCT I ON AND I N I TIAL ASSUMPTIONS 

In the Federal Repub l i c  of Ge rrnany , the wear ing o f  seat be lts 
in both the front and rear s eats of pas s enge r cars is corn
pu l sory . C h i l dren be l ow the age of 12 year s are exernpted 
frorn thi s  l ega l obl igation . The Gerrnan Road Traffic Regu la
tions ( StVO ) stipu late rne re ly that c h i l dren rnu st be carr ied 
on the rear s eats unl e s s  the pas s enge r  s eat i s  fitted with 
a spe c ia l  c h i ld r e s traint device . 

Chi ld re s traint de v i c e s  are - depend ing on the age o f  the 
c h i ld - carry-cots or baby s eats ( a l s o  ca l led baby s he l l s )  
fo r babie s  and young chi ldren , and chi ldren ' s  s eats o f  va
r io u s  s i z e s  fitted with tab l e s  and / o r be lts for o lder chi ld
ren . 

S ince 1 9 8 4 , ECE -R 44 has been adopted as the regu lation for 
the te s ting of chi ld res traint s y s terns - i . e .  c h i ld res traint 
dev i c e s  u sed in conj unction with the veh i c l e ' s  own s eat be lts 
or s pe c ia l  harne s s e s  / l / . *  

Fol l owing the 2nd arnendrnent to thi s  Regu lation , c h i l d  re
straint dev i c e s  of Group 0 ,  fo r chi ldren be low 1 0  kg , were 
inc luded in the Re gu lation . 
It i s  planned to inco rporate the te st in accordance with 
ECE - R  4 4  fo r Group 0 devi c e s  a l s o  into the 1 5 th Arnendrnent 
Ordinance to the Nationa l Regu lations Author i z ing the Use of 
Veh i c l e s  fo r Raad Traffi c ( S tVZO ) so that afte r a trans ition
ary pe r iod , frorn 198 8 ( or po s s ibly 1992 ) , only approved ch i ld 
restraint systerns wi l l  be avai lable or rnay be u s ed . 

Whe reas c h i l d  re straint s y sterns frorn the othe r groups ( I ,  I I  
and I I I , corre spond ing to we ights o f  chi ldren between 9 and 
3 6  kg ) can al ready be re garded as hav ing been rnore or l e s s  
te chni cal ly pe rfected , a Swed i s h  inve stigation into the u s e  
o f  carry-cots i n  a function a s  a chi ld re straint systern d i s 
covered weakne s se s  / 2 / . T h i s  wa s the reas on for the inve sti
gation into the safety of babie s in carry- cots restrained by 
a harne s s  which the Federa l  H i ghway Re s earch Institute ( BASt )  
carr i e d  out o n  behalf of the Fede �al Mini ste r  o f  Transport 
and in con j unction with the Gerrnan A s s oc iation of Automobi le 

* Nurnbe r s  in parenthe s e s  de s ignate referenc e s  at the end 
of the pape r 
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S e at B e l t  Manufacturers and the Ge rrnan As soc iation of P ram 
Manufactu re r s  / 3 / . Baby se ats insta l led on the pa s s enge r 
s e at in the d i r e ction o f  trave l we re not inc luded in thi s  
inve s tigation. 

2 .  ACC IDENT STAT I S T I C S  

In 19 8 5 ,  8 , 4 0 0  people we re k i l led in r o a d  tra ffic acc idents 
in the Federa l Republ i c  of Ge rrnany. 5 . 5 % of thi s  figur e , 
i . e .  4 6 0  deaths , we re c h i ldren be low the age of 1 5  ye a r s .  
When cornpa red with the stat i s ti c s  fo r oth e r  countr i e s , the s e  
figure s represent a ve ry bad re s u lt . C h i ldren account fo r 
approx . 8 %  of a l l  c a r  pa s s enger de ath s / 4 / .  Thi s  figure cor
re spond s rough l y  to the i r  partic ipation in road tra ffic 
( c hi ldren in the rear o f  pa s s enge r cars approx . 7 % ) . 

Table 1 s hows a bre akdown ac cord ing to age o f  the stati sti c s  
for 1984 . 

Age Victims Death s S e r io u s ly In j u red 

0 7 7  4 2 8  

1 7 8 1  1 8  1 44 

2 8 0 0  6 1 3 6  

3 9 3 4  1 1  1 5 5  

4 94 8 8 1 3 6  

5 929 9 1 4 1 

Table 1 :  Ac c ident Stat i s ti c s  Invo lv ing C h i ldren a s  P a s s enge r s  
in C a r s  Ac cord ing to Age ( 1984 ) 

The a c c i dent statisti c s  for the Fede r a l  Republ i c  o f  Ge rrnany 
for the age group to be inve stigate d of 0 - 1 ye a r s  reve a l  
only 7 7  acc ident victirns . However , the s e  inc lude 2 8  s e r i ou s 
l y  inj ured and 5 deaths. 

The rea son for th i s  l ow nurnbe r of de ath s and s e r ious in j urie s 
appe a r s  to be the unknown , but pre s urnably low partic ipation 
in road tra ffic of c h i ldren of thi s  age. 
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As regards the u s e  o f  c h i l d  r e s tra int s y s tems in car s , the 
inve s t i g a t i on carr ied out by the Fede ra l Hi ghway Re s e arch 
Ins t i tu t e  s howed a u t i l i z a t ion leve l o f  on ly 2 6 % ( 1 9 8 6 ) . No 
d i s t inc t ion i s  made here be tween age and the refore the type 
of c h i l d  re s tra int s y s tem . 

3 .  CONTENTS OF ECE- R  4 4  W I T H  REGARD TO CHILD RESTRAINT 
DEV I C E S  OF GROUP 0 

Chi ld r e s tra int s y s tems are sub-di vided into we ight c l a s s e s  
( s ee T a b l e  2 ) , and the ir are a s  o f  u s e  into unive r s a l , s emi 

unive r s a l  and spe c i a l  categorie s .  Carry-cot s re s t r a ined by 
a harne s s  a lway s fa l l  into the unive r s a l  ca tegory , i . e .  they 
are te s ted on the te s t  s l ide and no t in th_e comple t e  vehi c l e . 

! We ight C l a s s  ! Body We ight ! Corre spond ing Te s t  Dumm ie s *  ! 

0 

I 

I I  

I I I  

under 1 0  kg 

9 - 1 8  kg 

1 5  - 2 5  kg 

22 - 3 6  kg 

P - 0  and 

P - 3 / 4  and 

P - 3 and 

P- 6 and 

P - 3 / 4  

P - 3  

P - 6  

P - 1 0  

*Note : The figure a fter the P ind i cate s the corre spond ing 
age group of the chi ldren . 

Tab le 2 :  S ub - D i v i s ion of C h i ld Re s tr a int S y s tems into We ight 
C l a s s e s  in Accordance with ECE-R 4 4 . 

For the dynam i c  te s t , the sma l le s t  and large s t  te s t  dummy in 
each we ight c l a s s shou ld no rma l ly be u s ed . For Group 0 ,  how
ever , on ly the P - 3 /4 ( 9  kg ) dummy shou ld be u sed / 7 / . ( In 
th i s  inve s t igat ion the P - 0 ( 3 . 4  kg ) dummy wa s a l s o  u sed / 6 / )  

The carry-co t s  are s ecured to the te s t  s e a t  and te s t  s l ide 
us ing the be l t s  spec ified by the manufac turers , and then 
te s ted once in forward d irect ion and once in reve r s e  d i rec
tion . The te s t  speed fo r the hea d-on co l l i s ion i s  4 8 - 5 0  
km / h ,  for the reve r s e  c o l l i s ion 3 0 - 3 2  km / h . 

F igure 1 s hows the te s t  s e a t  with ramp , F igure 2 s hows the 
dece l e r a t ion curve of the te s t  veh ic le dur ing the head-on 
te s t . The a c tua l mea sured dec e l e r a t ion va lue s mus t  no t ex
ceed o r  fa l l  b e l ow t h i s  curve dur ing the te s t s . The s toping 

d i s tance of the te s t  ve h i c l e  s hou ld be 6 5 0  + 5 0  mm . 
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F igure 1:  S tandard S eat for Chi ld ' s  Car S eat T e s ting and L im i ts 
wh i c h  Head o f  Te s t  Dummy Mus t  not Exceed ( A , B , Cr , D )  

Head-on c o l l i s ion 

T ime in ms 

F igure 2: De ce leration Curve of Te s t  Veh i c l e  Dur ing a H ead
on C o l l i s ion at 5 0  km / h  
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One c r i ter ion l a i d  down by ECE-R 4 4  i s  tha t the te s t  dummy 
mus t  not le ave a g iven area ( in s ide the vehi c le , the area be 
tween the backre s t s  o f  the front and rear s e a t s ) , i . e .  the 
ho r i z on t a l  d i s p l ac ement o f  the head o f  the dummy mus t  no t ex
ceed 5 5 0  mm . I n  add i t ion , the fol lowing dummy te s t  value s 
mea s ured on the P - 3 / 4  dummy ( the P - 0 dummy h a s  no me a s u rement 
p o in t s ) mus t  not be e xceeded : 
- Re s u l t ing ehe s t  acce l e r a t ion ( 3  ms ) < 5 5  g 
- Verti c a l  ehe s t  acc e l eration ' ( 3 m s ) < 3 0 g 

4 .  S ET-UP AND P ERFORMANCE OF THE TEST 

Comb inations  of 6 di f ferent comme rc i a l ly ava i la b l e  carry
cot s *  and 4 d i f ferent harne s s  sys tems * ( two o f  wh ich , how
eve r , were prac t i c a l l y ide n t i c a l  in des i gn )  were t e s ted . The 
c r a s h  te s t s  a t  5 0  km/ h  we re per formed only head-on u s ing a 
ro l l ing c a r r i age on whi c h  2 s tandardi z e d  s e a t s in accordance 
wi th regu l a t ion ECE-R 4 4  we re mounted . I t  wa s a s s umed that 
the lower requi reme n t s  o f  the te s t  in reve r s e  d i re c t ion ( a t 
3 0  km/ h )  cou ld then be regarded a s  having been fu l fi l led . 
I t  wa s po s s i b l e  to o b s e rve the d e c e l e r a t ion s pe c i f  ied by 
ECE-R 4 4  within the g i ven l im i t s . Two s ys tems ( c arry-cot 
and be lt ) cou ld there fore be inve s t igated during each c r a s h  
te s t . Each s ys tem wa s te s ted once w i th the P - 0  dummy and 

. once with the P - 3 / 4  dummy . The di s p l acement o f  the head o f  
the dummy wa s re corded on f i lm .  H e ad and trunk a c c e l e ra t ion 
me a s u reme n t s  we re made and recorded on the P- 3 / 4  dummy . A 
tota l o f  1 1  te s t s  were ava i lable for eva l ua t ion . 

5 .  TEST RESULTS 

W i thout go ing into deta i l  about the various mode l s  o f  carry
cot and the e f f i c iency o f  the di f fe rent harne s s  sys tems -
con s e n t  o f  the ma n u f a c ture r s  i s  requ i red be fore pub l i c a t ion , 
and thi s h a s  not y e t  been rece ived - the fo l lowing po i n t s  
can b e  no ted : 

I n  a l l  te s t s  u s ing the P - 0  dummy , the on ly a s s e s sment c r i 
terion demanded in ECE-R 4 4  ( ho r i z onta l head d i s p la cement ) 
wa s s a t i s fied , w i th d i s p lacemen t s  lying be low the l im i t  va
lue of 5 5 0  mm . I n  a l l  the te s t s  u s ing the P- 3 / 4  dummy , how
e ve r , one o f  the l im i t  va lue s - head d i s p la ceme n t  or trunk 
a c c e l erat ion - wa s exceeded . 

* Certain o f  the s e  we re k i nd l y  s upp l ied to the Federa l H i gh
way Re s e arch I n s t i tute free-o f-charge by the manu facturer s .  



I n  accordance w i th ECE-R 4 4 , such s y s tems can on ly be regard
ed as being s a t i s factory if they ma i n t a i n  the perm i s s ib l e  
l im i t  v a l u e s  for the uppe r and lowe r a g e  l im i t s . W i t h  a s tr ic t  
interpre t a t ion o f  t h e  regu l a t ion , there fore , a l l  t h e  harne s s e s  
and carry-co t s  in the various te s t  comb i n a t io n s  f a i led . 

I f  we di fferen t i a te s l ightly between the te s t  re s u l ts , depend
ing on whe ther the harne s s e s  or the carry-cot s f a i led , the 
fo l l owing genera l po i n t s  can be made : 

The ma j or i ty o f  carry-co t s  are obviou s ly not s pe c i a l l y de
s igned to withs tand the high s tre s s e s  during an acc iden t . 
Only one o f  the carry- c o t s  te s ted exh i b i ted s pe c i a l  cons truc
t iona l me a s u r e s  des igned to withs tand the s t re s s e s  occurring 
in an acc ident . The s e  me a s ure s inc lude be ing able to p la ce 
add i t iona l padd ing ins ide the carry-cot wh ich , a l though r e 
s t r ic t ing the freedom o f  movement o f  the baby , a l so a l low 
the baby to par t i c ipate in the dece l e ra t ion o f  the vehi c le 
from an e a r ly po i n t . I n  the o ther carry-cot s ,  the bab i e s  
have n o  d irec t  con t a c t  with the s ide wa l l  o f  the carry -c o t . 
As a r e s u l t ,  the baby doe s not par t i c ipate in the d e c e l e r a 
tion o f  the vehi c le in t h e  event o f  a co l l i s ion , b u t  i s  f i r s t  
subj e c ted t o  a per iod o f  f r e e  acce l e r a t i on which re s u l t s  in 
the baby co l l iding with the s ide wa l l  o f  the carry-cot w i th 
a cons ide r ab l y  h ighe r  i mpa c t . I n  c e r t a i n  c a se s , the car ry 
co t s  a r e  n o t  des igned s turd i ly enough to w i t h s tand t h e  co l l i 
s ion , s o  that the s ide wa l l s  co l lapse and the baby i s  s topped 
sudde n l y  by the harne s s . Where ha rne s s e s  a re used whi ch have 
two s eparate be l t s  running over the carry-cot , the baby i s  
re s tra ined at the neck and knee s . Al though n o  t e s t  value s 
are ava i lable , s eve re i n j ury in the area o f  the neck mu s t  
b e  expected i n  thi s c a s e . F igure 3 s hows a s y s tem of t h i s  
type during the co l l i s ion . 

66 



F igure 3: As the s ide wa l l  o f  the carry - c o t  co l l a p s e s , the baby 
is re s tr a i ned by the be l t s  around the neck and legs 

I n  one of the carry-cots t e s ted , pra c t i c a l ly unpadded s tee l 
loops we re l e t  i n to the s ide wa l l s  unde rneath the mate r i a l  
at t h e  leve l o f  t h e  baby ' s  head . The s e  s tee l l o o p s  repr e 
s e n t  an e xcept i on a l ly h igh r i sk o f  i n j ury . T h i s  type o f  
carry-cot rnu s t  be con s idered tota l ly un s u i table . ECE - R  4 4 , 
howeve r ,  con t a i n s  n o  head i n jury c r i te r i on for t h i s  Group O .  
Typ i c a l  exarnp l e s  o f  c a s e s  where the baby c an n o t  b e  c a tapu l ted 
o u t  a r e  the c arry - c o t s w i t h  a canopy o r  where a s l eep ing bag i s  
a t tached to the c a r ry - c o t . 

The re s u l t s  for the harne s s e s  u sed we re ra the r  bette r than 
tho se for the carry-co t s , a l though here a g a i n  s y s tern- s pec i f ic 
bene f i t s  and d i s advan tage s were d i s cove re d . Two s pe c i a l  
s t a t i c  harne s s  s y s terns are ava i lable on the rnarket which are 
i n s ta l led on the rear s e a t  i n s tead o f  the three-po i n t  s e a t  
be l t  to r e s t r a i n  the c a rry-co t . T h e  rna i n  di f fe rence be twe e n  
the s e  two s y s terns i s  t h e  po s i tioning o f  t he be l t s . The one 
harn e s s  s y s tern has two be l t s  wh ich pa s s  around the carry
c o t  and are f a s tened w i th two buck l e s  a bove the baby . The 
other s y s tern ha s one c e n t r a l  f a s tener i n  the centre for both 
be l t s . Once i n s ta l led , both harne s s  s y s t ern s  are e a s y  to u s e . 
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The 2 � fa s tener s y s tern h a s  the d i s advan tage that a s  the s i de 
wa l l  o f  the c arry-cot c o l l a p s e s  - a s  a lready d e s c r ibed - the 
baby i s  con s t r i c ted around the neck and legs . I n  the s y s 
t e rn  w i th t h e  centra l f a s tener there i s  a danger tha t t h e  un
favourabl e  centre of gravity o f  the baby ( re l a t iv e l y  heavy 
head ) rnay c a u s e  the carry-cot to twi s t  out o f  t he h a rne s s ,  
thereby perrn i t t ing an e xce s s ive d i s p l acernent o f  the head . 
Another harne s s  s y s tern which i s  ava i la b l e  on the rnarke t con
s i s t s  o f  an ang u l a r  frarne with two be l t s  which i s  i n s ta l led 
on t he rear seat u s ing the 2 -po i n t  or 3 -point autorna t i c  s e at 
be l t  . Th i s  rnake s i t  e a s i e r  to trans fer the carry-cot with 
harne s s  frorn one veh i c l e  to anothe r . T h i s  s y s tern is  a l so 
ea s y  to u s e . However , i t  a l s o  h a s  one centra l f a s tener in 
the rnidd l e , s o  that the d i s advantage s d e s c r ibed a bove o f  
the c a r ry - c o t  twi s t ing out o f  the harne s s  apply here a l s o  
( F igu re 4 ) . Added to thi s i s  the fact that the s e a t  b e l t s  
and carry-cot be l t s  can a l s o  be corne loos ened , s o  t h a t  the 
d i s p lacernent a l so be corne s gre a te r . 

Figure 4 :  C a rry-cot ( wi t h  l a tera l padd ing ) twi s t ih g  out o f  
ha rne s s  

Al l the be l t s  te s ted were cornp l e te ly undarnaged even a fter 
seve r a l  t e s ts . The f a s te n e r s  cou ld be opened wi thout d i f
f i c u l ty on a l l  the be l t s  a fter the te s t s . 
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ECE-R 4 4  de f in e s  the s a fe t y  o f  c h i ld r e s t r a i n t  dev i c e s  only 
for t he pure h e ad-on co l l i s ion . I n  the a c t u a l  acc ident s ta
t i s t i c s , however , o b l ique co l l i s ions are encoun tered far rnore 
frequen t ly . I n  such c a s e s  i t  rnus t be feared that rnany c a rry
cnt s cou ld s l ip out o f  the harne s s e s  cornp l e t e l y  and be cata
pul  ted a round i n s ide the c a r  ( F i gu re 5 ) . 

F igure 5 :  In a col l i s ion a t  an o b l ique ang le ( he re 3 5 ° ) , the 
c arry-cot i s  re s tra ined on ly by the carrying s trap 

5 .  S UMMARY OF RESULTS 

S ix cornrne r c i a l l y  a va i l a b l e  c a rry-co t s  we re t e s ted in con j unc
t ion w i t h  four di f fe rent harne s s  s y s terns during head-on c o l 
l i s ion s a t  5 0  km/ h  in accordance with E C E - R  4 4 . 
The fo l lowing re s u l t s  we re obtained : 

A l l  t he c r i t e r i a  o f  the ECE-R 4 4  we re s a t i s f i e d  for the 
P- 0 durnrny ( new born ) . 

I n  a l l  t he te s t s  u s ing the P - 3 / 4  durnrny . ( =  9 rnonth o l d  
baby ) , e i ther t h e  t r u n k  a c c e l e r a t i on o r  t h e  h e a d  d i sp l ace
rnent d i d  not s a t i s fy the protect ion c r i t e r i a . 

C a r ry - c o t s  a re o f ten not d e s i gned for the s pe c i a l  c a s e  
o f  a co l l i s ion . The s ide wa l l s  a r e  o ften t o o  thin and 
co l l a p s e  or break ; in  sorne c a s e s , hard re i n forcernen t s  are 
i ncorporated i n to the s ide wa l l s  at un favour a b l e  point s .  
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A l l  the harne s s e s  s tood up to the s t re s s e s . 

The carry- c o t s  may s l ip out o f  the harne s s e s  s ideways in 
the even t  of an ob l iqu e - ang led col l i s io n . 

As far a s  the app l i c ab i l i ty o f  ECE-R 4 4  for Group 0 i s  con
ce rned , the fo l lowing po i n t s  can be made : 

A head prote c t ion c r i ter ion wou ld appe a r  to be n e ce s s a ry , 
a s  the head o f  the te s t  dummy a lway s s truck the s ide wa l l  
o f  the c a rry-cot s .  T he k inema t i c  c r i t e r ion a lone ( head 
d i s p l acement within g iven l im i t s )  is n o t  s u f f ic i ent . 

The c r i te r ion ver t i c a l  a c c e l P � � t ion of  the ehe s t  ( 3 0 g 
c an b e  omi t ted for a hor i z on t a l  tran spo r t . 

A� i n ve s t ig a tion of  the l a te r a l  moveme n t  of  the carry 
c o t s  in t h e  harne s s  during angled · impac t s  wou l d  appe ar 
t o  be n e c e s sary . 

I t  shou ld be examined whe ther a rear-end c o l l i s ion t e s t  
i s  nece s s ary f o r  carry-cots  ( no t  f o r  baby s a fe t y  s e a t s ) . 
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BAS t Re port , Berg i s c h -G l adbach , October 1 9 8 6  

/ 4 /  Fede ra l S t a t i s t i c a l  O f fice : 
K i nderun f ä l l e  im S t r a ß e nve rke hr 1 9 8 5  
( Ac c i dent s � nvolving Chi ldren in Road Tra f f ic 1 9 8 5 )  

W i e s baden , October 1 9 8 6 
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/ 5 /  H ippchen , L . : 
Unfa l l f o l gen be i K inde rn a l s  M i t fahrer in P kw 
( Con s e quenc e s  o f  Accident s I nvo lving Chi ldren a s  P a s 
se nge r s  in C a r s ) 
BAS t , C o l ogne , 1 9 8 5  

/ 6 /  ECE : New Born ( Group 0 )  Man ik in , TRANS / SC 1 /WP 2 9 / GRDP / R . 1 1 8  
March 1 9 8 5  

/ 7 /  TNO : C h i ld Dummi e s : P - 3 / 4 ,  P - 3 , P - 6 , P - 1 0  
De l ft ,  January 1 9 7 9  
( see a l s o  Appendix 8 in ECE - R  4 4 )  
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