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Abstract 

The eva luation of C RS regarding dynamic performance i n  frontal i mpacts 
such as complying to Safety Standards ,  is  based upon tests on dynamic 
test rig s .  The usual rigs accelerate the test seat up to the requi red 
i m pact speed such as 30 mph or 50 k m / h  over a relatively short test rig 
length.  Depending on this length and the onset of acceleration , the 
dummy w i l l  be in i t ia l ly  pushed backward i nto the seat back, thus creat ing 
additional s lack by i ncreasing the space between the dummy's torso and 
the safety system . 

T h i s  condition is  d i fferent to the majority of rea l- l ife-accidents , where 
pre- impact bra k i ng w i l l  occur and force the chi ld  to be in close contact 
with the safety system before impact. 

The paper i nvestigates the effects pre-impact bra k i ng w i l l  have on the 
dynamic performance of C RS and compares the data with standard test 
results .  For th is  pu rpose a pre- i mpact brake system i s  added to a 
dynamic rig . The resu lts show that pre-impact braking has a posi t ive 
effect on the dynamic motion and leads to a s ignificant reduction of head 
acceleration for forward-facing C R S  in frontal impacts . 

The Occurrence of Pre-lmpact Braking in Real-Life-Accidents 

1 n spite of the large number of publ i shed i nvestigations on rea l - l i fe 
accidents , very few reports indicate the percentage of cases 
in which pre-impact bra k i ng ( " panic b raking " )  occurred . 
This  seems to be surprising for two reasons : 

1 )  l t  may be assumed that most of the accident-questionnai res 
are asking for p re-impact b raking in order to calculate 
the col l i sion speed. 

2) lt may be · expected that the actual position of the occupant 
just prior to i mpact - in particular v i s-ä-vi s  the restra i n i ng 
system - has an effect on the i nj u ry severity. The position of 
the car occupant, however, i s  mai n ly determined w hether braki ng 
just p rior to i mpact d i d  occur or not. 

I n  1 969 the U n iversity of B i rmingham, U K ,  examined causes and effects 
of road accidents ( 1 ) * .  l t  was stated that i n  48% of rural and motorway 
and in 36% of u rban accidents skidd i ng occu rred . 

1 n 1 977 the H U K-Verband, Germany , i n formed about the reaction of 
car drivers i nvolved i n  accidents w ith 2 7 .  000 cars regarding pre-

* Numbers i n  parentheses designate references at the end of the paper 
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i m pact braking as fol lows ( 2 ) : 

3 6 ,  7 %  
1 3 , 3 %  
5 0 %  

hard braking 
partly braking 
no braki ng react ion . 

More deta i l ed i nformation is  i ncluded i n  an assessment of approx . 1 O . 000  
accidents by Dai mler-Benz / Dekra ( 3 ; 4 ) . For passenger cars the data for 
pre- impact braking is stated as fol lows :  

5 6 , 3 %  
1 2 , 0 % 
3 1 , 7 Sb 

bra k i n g ,  with skidding 
braking , wi thout skidding 
no braking . 

I n  addition , Daimler-Ben z / Dekra i nvestigated the braking rate of drivers 
i n  ca rs, i n  which most probably the rate of chi l d ren bei ng i n volved was 
rema rkably lower than for the average of a l l  cases : 

5 7 ,  4 %  
5 6 ,  0 %  
5 0 %  

accidents during night 
accidents caused by alcohol 
very young , i nexperienced male d rivers 

Summari z i ng ,  the Daimler-Benz / Dekra accident evaluation i n dicates that 
i n  more than 6 8 , 3 % cases,  in which chi ldren a s  car passengers were 
involved , pre-i mpact braking occu rred . 

Child Dummy Motion due to Pre- l mpact Braking 

The effect of pre- i mpact braking i n  dynamic tests w i l l  be i nfluenced by 
the sequence of motion of the chi ld dummy . 1 n order to i nvestigate 
potential  hazards to u n restrained chi l d ren from deploying a i rbags ,  the 
chi ld motion during panic or pre-impact braking has been studied in  the 
past. Kaleps / Ma rcus ( 5 )  performed computer simulations with - among 
other variables - three child body sizes ( 6 ,  3 and 2 1 / 2  years o ld)  and 
three levels of b ra king decelerations ( 0 , 5g ,  0 ,  72g and 0 , 9g ) . The typical 
motion sequence for a 3 year old child du ring 0, 50  g braking is reprinted 
u nder fig . 1 .  

Fig. 1 :  Three-Year-Old Child Motion During O . SOg Panic Braking 
Deceleration ( 5 )  

The sequence of motion in  fig . 1 shows rema rkable forward movement of 
the dummy's head,  l i ttle movement of the ehest and no movement of the 
pelvi s .  
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Stalnaker et a .  ( 6 )  used dummies and anestheti zed baboons to determine 
the i n fluence of pre- impact bra k i ng on pos i tions and postures of un
restrai ned c h i ldren i n  motor cars , decelerated at a mean value of O ,  76g . 
Particu lar considerations were made regarding the effect of muscle tension 
or the lack of i t .  Stalnaker et a l .  ant icipate that upon muscle tension the 
child wou ld maintain hi s / her upright posture whi le  s l i d i ng forward on the 
sea t .  Without i n i ti a l  muscle tension the c h i l d ' s  torso would rotate forward 
about its h i p s .  Fu rther parameters that may i n fluence the chi ld 's  motion 
are the design and softness of the ca r seat cushion ( respect ively design 
of the C RS ) ,  the friction between the seat cover and the chi l d ' s  cloth i n g ,  
thus promoting a forward movement of t h e  dummy' s head rather than the 
ehest.  

Simulation of Pre-l mpact Braking on Test Rig 

The usual test rigs accelerate a trol ley , on which a real or s imu lated car 
seat i s  i nsta l led,  over a g iven di stance up to the desi red i mpact speed . 
Due to the restriction of space ava i lable,  the i n i ti a l  acceleration i s  usual ly  
so  high that the dummy is  forced i nto the seat back and wi l l  stay there 
as lang as  the trol ley keeps accelerati ng . 

The fi nal and on most sleds relatively s hort no-acceleration-length j u s t  
prior t o  i m pact w i l l  not re-posi tion t h e  dummy into i t s  orig i n a l  neutral 
pos i tion . Therefore tests on such test rigs a re done with addit iona l ,  
undes i rable slack, w h ich i nevitably may effect the test resu l t s .  These 
tests do not sufficiently resemble such rea l - l i fe-accidents where - due to 
pre-impact b ra k i ng - the child is forced i nto the restrai n i ng. system just  
prior to i mpact . 

Note : W i t h i n  the C h i l d  Safety Standard E C E44 only for i n fa n t  car beds 
this si tuation has been somewhat considered by placing the i n fa nt dummy 
i nto a centra l  posit ion and fix i ng i t  towa rds the rear wa l l  ( see ECE4 4 ,  
paragraph 8 . 1 . 3 . 6 . 3 . 1 ) .  

A schematic set-up of an accelerati ng test r ig  - a s  being i nstal led a t  
B R I TAX R Ö M E R  U l m / Germany - i s  shown i n  fig .  2 .  
I n  order to s i m u late pre-impact bra k i n g ,  the trolley has been equi pped 
with an addit ional brake system as s hown ( fi g .  3 ) . 

Fig. 2 :  Test Rig 
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trigger v a l ve 

a i r  supply 

pressure brake cylinder 

brake pads 

Fig . 3 Brake System on Test Rig 

The 4 bra ki ng pads a re automatica l l y  actuated over a length of the fi nal 
3 metres before impact, triggered when the trigger valve i s  pas s i ng a 
pre-set point on the slide ra i l s .  An a i r  pressure reservoir w i l l  then 
release the compressed air at a pressue of 7 bar to the 4 braking pad s .  

T h e  braking effect i s  i ni t i a l l y  counteracted and therefore reduced a s  _ lang 
as the rubber bungees are sti l l  under tension resulting in an i ni t i a l l y  
slow onset o f  deceleration . 

U nder consideration of these g iven test conditions, the impact speed after 
braking was set to approx . 40 k m / h  in order to a l low for sufficient 
forward movement of the dummy . At this impact speed the brake system 
decelerated the t rolley from approx . 43 km / h  to the desired impact speed , 
res u l ting i n  a braking deceleration of approx . 0 ,  3 g .  

A s  to be seen i n  the test fi lms taken , t h i s  effect forced the dummy i nto 
a position comparable to fig .  1 at 200 ms w i t h  part ia l ,  but sti l l  no firm 
contact between dummy and restra i n i ng system . T h i s  braking condition is 
cal led " s hort braking" in tables 1 -4 .  

Again due to the g iven design of the test rig , i t  was not possible to 
s i m u late the effect of " hard braking11 long enough to force the dummy 
fu l ly i nto the restra i n ing system before impact . 1 n order to s i m u late the 
" hard braking"-condition as included i n  tables 1 - 4 ,  the dummy was 
manua l ly pre-postu red towards the restra i n i n g  system before accelerating 
the trol ley, s i m i l a r  to the dummy ' s  posture in fig .  1 after 300 m s .  T h i s  
was done b y  placing polysty rene behi nd t h e  dummy ' s  back a n d  tape 
around its hea d .  

F i na l ly ,  for comparison purposes, tests were done i n  the usual  " no
braking" -condition at the same i mpact speed of approx . 40 k m / h .  

- 1 48 -



Comparison Tests with various C R S  

Comparison tests for the 3 braking condi tions 11 no bra k i ng" , " s hort 
bra k i ng 11 and " hard braking11 were done w i th the fol lowing C R S : 

a )  Forwa rd facing c h i l d  seat a s  per E C E44 age g roup 1 w i th 4-point 
harness, 
( fi g .  4a)  

b )  Forwa rd facing chi ld seat,  age group 1 ,  w i t h  i mpact table, 
( fi g .  4 b )  

c)  Forwa rd facing booster cush ion , age g roup 2,  with standard 3-point 
bel t ,  
( fi g .  4 c )  

d )  Rearward facing baby shel l ,  age g roup 0 ,  w i t h  3-poi nt harness, 
( fi g .  4 d )  

C R S  a )  and b )  were secured by 2-point belts,  c )  a n d  d )  by 3-poi n t  belts,  
al l  using the E C E-44 a nchorage poi n t s .  

Fig . 4  a ) : 4-Point Harness 

F ig . 4 c ) : Booster C ushion 

Fig . 4  b ) : I mpact Shield 

Fig. 4 d) : Baby-Shel l ,  
rearward facing 

Fig . II :  Schematic presentation of the four different CRS 
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T N O  e h i l d  dummies relevant to the various age g roups were used . S i nee 
the dummy posi tion i n  the rea rwa rd facing g roup O baby shel l  i s  the 
same for the " short braking"- and the "hard braking"-eondit ion , these 
tests were eombined . 

1 n order to high l ight  the effeet of pre-impaet braking , the test data 
publ i shed in th is  paper are restr ieted to hori zontal and vertieal  head 
deeeleration and head excu rsion as the most p romi nent test e r i teria . l t  
should be added that the reduetion of ehest deceleration i s  su bstantia l l y  
lower than for head acceleration . I n  l i ne w i th the res u l t s  b y  Kalep s /  
Mareus ( 5 )  and Stalnaker ( 6 ) , the test f i lms p roved that upon pre- i mpaet 
b ra k i ng the dummy rotates forward about i ts  h ips  w i th notieeable 
movement of i ts  head but l i tt le movement of the ehest.  

F ig . 5 a)  - 5 d )  show typieal  cu rves for head deeeleration i n  x- and 
z - d i reetion for the 3 d i fferent braking eondit ion s .  

Rega rdi ng head deeeleration peak s  longer than 3 ms were mea su red and 
are l i sted as  x and z i n  table 1 to 4 .  

max max 
Fu rthermore the t ime after i mpact when these pea k s  are oceu rring is l i sted 
and a l so the point when the head dece leration i s  starting . T h i s  was to 
eonfi rm that p re-i mpaet braking w i l l  lead to an ear l ier deceleration of the 
d u m m y ,  p referably a l ready d u r i ng the phase of sied decelerat i o n .  

Test Results 

I n  tables 1 to 4 resp .  fig 5 a )  tq 5 d )  the effect of p re- impact b ra k i ng 
versus the " no braki ng"-eondition i s  i l l u strated . 

a )  A l l C RS tested show o n l y  l i ttle varia nce of the head ex cursion . 
S i mula tion of muscle tension as  described by Sta l na ke r  ( 6 )  w i th the 
dummy mai n ta i n i ng an u p right posture w h i l e  s l i d i ng forward may lead 
to a reduction of head excursion.  Howeve r ,  this effeet was not simu
lated d u r i ng these tes t s .  

b )  U pon " s hort b ra k ing " , forward-facing C RS a s  per table 1 t o  3 res p .  
fig .  5 a )  to 5 c )  show a reduction of the horizontal head acceleration 
of 20-42% and 1 8-34% for vertical head deceleration . 

l f  di rect contact between the dummy's torso a n d  the restra i n i ng 
sy stem can be achieved, as assumed for "hard b ra k i n g " ,  the reduction 
versus "no braking" is substa nt i a l l y  h i gher : 

for horizontal head deceleration : 
for vertical head decele ration : 

50-6 1 %  
48-6 1 %. 

Regardi ng C RS w i th i m pact shield,  these res u l t s  a re confirmed by 
Langwiede r / H u mmel / Felsch / K lanner ( 7 ) , w ho compared both the dummy 
i n  an upright position with " no braking" and i n  an i nc l i ned position 
s i m i l a r  to the " ha rd b ra k i ng " -condi tion . For the C R S as per fig .  4 b )  
a reduction o f  55 % o f  the max .  resu ltant head deceleration w a s  
reported . 

The effect of pre-impact b r a k i ng for dummies i n  forward facing C R S  
inay b e  compared w i t h  the effect of pre-tensioner systems o n  adult 
seat belts, where a reduction of head acceleration of app rox . 30% i s  
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achi eved with even higher reductions for belts with additional 
slack ( 8 ) . 

Tests with rearward facing C RS ( fi g .  4 d )  with its relatively low head 
deceleration in the first place show l i ttle effect of pre-impact bra k i ng 
as per table 4 res p .  fi g .  5 d ) . 

c )  Depending on the type of fo rward-facing C R S ,  pre- impact braking 
may reduce the time between trolley impact and the begin of head 
deceleration res p .  the t i me of max . head deceleration pea k s .  Whereas 
the harness system with its rather late head deceleration peaks s hows 
little di fference, the impact shield C RS in table 2 has a very positive 
effect . The early beg in of the head deceleration for the i mpact shield 
system, caused by the di rect connection of the seat belt with the 
impact table,  was further brought fo rward with a noticeable reduction 
of the peak loads . A s i m i l a r  effect was achi eved by the booster 
cushion. 

Both the impact shield and booster cushion u t i l i z e  the advantage in 
participating i n  the s i mu ltaneous sied decelerati on . Thei r max . head 
deceleration peaks occur during the phase when the sied itself i s  
s t i l l  decelerating . 

The i n itial  favourable data for the level and time of head deceleration 
and peak loads for the rearward facing C RS were hardly affected by 
pre-impact braking . 

d )  Considering the above resu l t s ,  i t  can be assumed that the head 
deceleration of forward facing C RS in frontal i m pacts u nder pre
impact braking conditions show data comparable to rearward facing 
C R S . 

Discussion 

Tests on dynamic sleds w i t h  trol leys accelerated to i m pact speed over a 
short length represent a worst case crash condition . T h i s  condition 
does neither reflect the test results of a dummy i m pacted in its init ial  
" neutral" pos ition , nor particu l a r l y  with partial or close contact between 
dummy and restra i n i ng system due to pre-impact braking . 

Tests on t h i s  s ied type performing frontal i m pacts according to C RS 
safety standa rds - such a s  E C E44 - a re applying t h i s  worst case con
di tion si nce many yea r s ,  t h u s  a l lowing for additional safety margin 
for forward facing C R S .  The refore the author does not propose to 
substitute the present test method by pre-impact braking a s  standa rd 
test procedure. However, upon introducing head deceleration a s  a 
criterion into safety standa rds, it i s  proposed to consider the s i g n i ficant 
reduction of head acceleration due to pre- i m pact braking . 
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" n o  braking" z-di rection 
0 9r----'-'----i�------i------::,..-j 
1 09 
o 9r-="-=..:.;.;;.'-" 1 09 

1 0  

0 9�-"'-;..:..;;;,:..:c..:....._,-4------4--,..-----� 1 09 
0 9r-::-...=:.:...::::=:.:_+--��-L+-----:�-4 
109 

s o  1 0 0  lSOms 

a ) :  q-Point Harness System ( see fi9. q a )  

" n o  brakin9" 
0 9 J-=-z--d:::.:..:ir�e�c�ti�o�n:....,,�:::-----::--·1---.,,,.--,,,---; 1 0 9  
0 9 i-:-:_::.:.:...:.=:..:..:..--11---..1.-----1 
1 0 9  

0 9 ��'-==�-t---'--'---=---�r::::=----1 
1 0 9  
0 9 J--"'--".!.:....::.;�::..:....+-...::...-.ff.l..��....,...+----:----,,--1 1 0 9  

Oms 

5 c) : Booster Cushion (see flg. ll c) 

0 9)-z_-d.;;....ir�e�c�t�io�n'-<-l------=-4--�----' 
109 
o 9r-=-'-"'"-"'�-I!----""-<---- 11��---
1 09 

0 9t-=--='-"-'P:.:..!...-l!------1 
1 0 g  
0 9;--=.;....::.;=.;;;.;..=1-1 oy 

1 50 m s  

b) : Impact Shield System (see fig. qb) 

s d) : Baby Shell (see fig. q d) 

Fig. 5 :  Head Deceleration shown above Sied Deceleration 

for different braking conditions 
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TEST CRITERIA "No Braking" "Short ßraking" Variance of "Hard ßraking" Variance of 
Head Acccl. Head Accel. 
to " N o  to "No 
Brakina" Brakinq" 

Impact speed (km/h) 40 , 3  40 , 2  3 8 , 7  

Max. sied deceleration ( 9 ) 22 2 1  2 3  

Head excursion ( mm ) 475 475 495 

Max. horizontal head 
36 2 1  4 2  % 1 8  5 0 %  deceleration X ( 9 ) 

- -
max 

Max. vertical head 
deceleration z ( 9 ) 39 

max 
27 - 3 1 % 1 9  - 5 1 %  

Begin of horizontal head 
40 38 36 deceleration after impact tx ( ms ) 

Begin of vcrtical head 
44 33  25  deceleration after impact t ( ms ) z 

Time of max. horizontal 
head deceleration after 
impact t x max 

( ms ) 1 06 1 1 4  1 1 0  

Time of max. vertical 
head deceleration after 
impact tz max ( ms ) 93 1 0 1  9 1  

Table 1 :  Child seat, ECE group 1 ,  with IJ-point harness TNO P3 dummy, 3 years 

TEST CRITERIA "No Braking" "Short Braking" Variance of "Hard Braking" Variance of 
Head Acccl. Head Acce l .  
t o  "No to "No 
Braking" Braking" 

Impact speed (km/h) 3 9 , 8  38 , 4  38 , 9  

Max. sied deceleration ( 9 ) 25  1 9  2 5  

Head excursion ( mm ) 430  420  4 1 5  

Max. horizontal head 
7 3  4 7  3 6 %  3 1  5 8 %  deceleration X ( 9 ) - -

max 

Max. vertical head 
64  42  34%  25  6 1 % deceleration z ( 9 ) - -

max 

Begin of horizontal head 
deceleration after impact tx ( ms ) 36  32  26  

Begin o f  vertical head 
4 1  2 9  26  deceleration after impact tz ( ms ) 

Time of max. horizontal 
head deceleration after 
impact t x max ( ms ) 9 2  8 5  78  

Time o f  max. vertical 
head deceleration after 
impact tz max 

( ms ) 84 8 1  78  

Table 2 :  Child seat, ECE group 1 ,  with impact shield, TNO P3 dummy, 3 years 
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TEST CRITERIA " N o  ßniking" "Short ßraking" Variancc of "Hard Braking" Variance of 
Head Acccl .  Head Acccl. 
to 11 No to " N o  
BrakinQ" BrakinQ" 

Impact spccd (km/h) 4 0 , 3  39 , 2  38 , 6  

Max. sied dcccleration ( g ) 1 8  1 8  1 9  

Head excursion ( mm ) 320 290 350 

Max. horizontal head 
30 24  20%  1 0  6 1 %  deccleration X ( g ) - -

max 

Max. vertical head 
deceleration z max ( g J 40 33  - 1 8 %  2 1  - 48% 

Begin o f  horizontal head 
deccleration after impact t x  ( m s  ) 37 27 20 

Begin of vertical head 
deceleration after impact t z ( ms ) 52 43 20 

Time o f  max. horizontal 
hcad decelcralion after 
impact t x max ( ms ) 89  85  54  

Time o f  max. verlical 
hcad deceleration after 

75  70  impact t ( ms ) 41  
z max 

Table 3 :  Booster cushion, .ECE group 2 ,  with standard 3-point belt, 
TNO dummy P6, 6 years 

TEST C R I T E R I A  "No Braking" "Braking" Variance of 
Head Acccl .  
t o  " No 
BrakinQ" 

Impact speed (km/h) 40 , 4  3 9 , 6  

Max. sied deceleration ( g ) 1 7  1 8  

Hcad excursion ( m m ) 455 450 

Max. horizontal head 
25  decelcration X ( g ) 29  - 1 4% max 

Max. vertical head 
dcceleration z ( g ) 8 8 + 0 max -

Begin of horizontal head 
22 22 deceleratlon after impact tx ( ms ) 

Begin of vertical head 
22  22  deceleration after Impact t ( ms ) z 

Time of max. horizontal 
head deceleratlon after 
impact tx max ( ms ) 44 44 

Time o f  max. vertlcal 
head deceleration after 
impact tz max 

( ms ) 53 56  

Table II :  Baby-shell,  ECE group 0, with 3-point harness, 
TNO dummy P 3/4, 9 months 
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Evaluation of Real-Life-Accidents 

A large number of evaluations of rea l - l i fe-accidents have been p u b l i s hed . 
Among others,  Langwieder et a l .  ( 7 )  have evaluated 865 cases i n  Germany 
with restrained c h i l d ren and summa r i zed the res u l t s  as per ta ble 5 .  J t 
should be noted that c h i l d ren were u s i ng forward facing C R S  compa ra b l e  
o r  identical to fi g .  4 a )  to 4 c) . 

l njury Severity MAIS 
Age j 0 1 2 3 4 / 5  6 Total 

Notwithstanding the fact that the 
majority of rea l - l i fe-accidents occur 
at speeds below the compa ra ble 
impact speed of standard C R S  
tes t i n g ,  the high percentage of 
uni njured chil dren is s t r i k i ng . 

( years) 

0 77 1 0  
1 1 5 9  2 4  
2 1 3 2  2 8  
3 98 1 6  
4 74 1 2  
5 59 1 3  
6 39 8 
7 26 8 
8 9 8 
9 1 3  2 
1 0  1 6  3 
1 1  9 3 
1 2  4 2 

2 1 1 
1 1 

2 1 
1 
2 

1 

9 1  
1 8 5  
1 63 
1 1 5  

88 
72 
47 
34 
1 7  
1 5  
1 9  
1 3  

6 

Test res u lts on test r igs done 
u nder the usual 11 no b ra k i n g " 
con d i tions a t  i m pact speeds even 
wei l  below 50 k m / h  do not i n d i cate 
such a h i g h  level of u n i n j u red 
c h i l d ren ( M A I S  O )  as shown i n  
tab l e  5 .  T h e  reduction of loading 

Total 7 1 5  1 37 8 1 2 2 865 

as shown i n  the preced i n g  chapters 
may suggest that among other 
reasons pre-impact bra k i ng in v iew 
of its h i g h  occurrence i n  rea l - l i fe
accidents plays a major part for 
reducing the i n j u r y  level of re
strai ned c h i l d ren . 

% 82 . 7  1 5 . 9  0 . 9  0 .  1 0 . 2  0 . 2  1 0 0 . 0  

Table 5 :  Distribution of the injury severity MAIS and 
of the age of restrained children in cars 

Summary 
From a number of accident eva luations the conclusion can be drawn that 
i n  more than 2 / 3  of a l l  accidents in w h ich chi l d ren as car occupants are 
i nvolved pre-impact bra king w i l l  occu r .  

The test resu l t s  i n  t h i s  paper a s  weil  a s  prior papers prove that pre
i mpact bra k i ng w i l l  b r i ng a chi ld dummy into fu l l  or partial  contact with 
the restra i n i ng s ystem . 

Standard c h i l d ·  dummy testing on the usual  accelerating test trolleys 
cause - d i fferent to accidents with pre-i mpact b ra k i ng - addi tional 
slack a n d  represent a worst case crash condition . 

Depending on the degree of p re-impact b ra ki ng , the level of head dece
leration of dumm ies i n  forward facing C RS can be substanti a l l y  reduced 
in comparison to the no-braking cond i tion . 

Rearward facing C R S  a re hardly a ffected by pre-impact braking regar
d i ng head acceleration . 

The pos i tive effect of pre-impact braking on the performance of forward 
facing CRS can be compared w i t h  pre-tensioner systems on a d u l t  seat 
bel t s .  
I n  rea l - l i fe-accidents pre-i mpact b ra k i n g  assuming l y  plays a major part 
for reducing the i nj u ry level of restrained chi ldren . 

1 t i s  proposed to consider the posi tive effect of pre-impact braking o n  
head deceleration w i t h i n  the req u i rements o f  CRS safety standards. 

- 1 55 -



References 

" Causes and E ffects of Road Accidents" 
U n i versity of B i rm i ngham, Accident Research 
Pri n t .  Pub l .  N o .  33 / J u ne 1 969  

2 " Fakten z u  U n fallgeschehen u nd Fah rzeugsicherheit" , 
H U K -Verband Mü nchen 1 977  

3 " Auswertung realer U nfä l le im H i nb lick auf d i e  aktive Sicherheit" , 
D i p l .  - A rbeit K a r l  Börsig 
Daimler- Benz / Detro i t ,  Jan uar 1 98 1  

4 " E rmittlung spezifi scher U rsachen und A b läufe von 
Straßenverkehrsunfällen aus einer U n falldatensammlung "  
Dipl . -Arbeit Hermann Dreeßen 
Daimler-Benz / Dekra, Okt . 1 98 1  

5 " Predictions of C h i l d  Motion D u r i ng Pa nic Braking and I m pact" 
l n ts . Kaleps / Jeffrey H .  Marcus 
SAE 8 2 1 1 66 26 Stapp Conference 1 982  

6 " U n restrained Front Seat, C h i l d  Su rrogate T rajectories 
Produced by H a rd B raking" 
R. L. Stalna ker / L. F .  K lu smeyer / H . H .  Peel of 
Southwest Research 1 nsitute 
C .  D .  W h i te / G .  R .  Smith of General Motors 
S A E  82 1 1 65  26 Stapp Conference 1 982  

7 " I  njury R i s k s  of C h i l d ren i n  Cars" 
K .  Lang wieder / T .  H u mmel of H U K -Verband 
B .  Fel sch / W .  K la nner of A D A C  
X X I I I  F S I T A  Congress 1 990 

8 "Verbesserte l n sassensicherheit du rch· den z u sätzl ichen 
Fahre r  A i rbag und den Beifahrer-Gu rtstrammer ;  
Funktion u nd W i r k u ng " ,  
Hansjü rgen Scholz 
Daim ler-Benz 
Verkeh rsunfa l l  u nd Fah rzeug sicherheit 
Heft 6 I 1 98 3  

- 1 56 -




