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1 .  I ntroduct i on 

Pedestrian Protect i on i s  one of the most important areas i n  the fi e l d  of passen
ger car safety . Extens i ve research programmes are u nder way , performed by car 
manufacturers and research i ns t i tutes . The simu l at ion  sc heme ( Fi g . 1 )  i nd i cates 
the vari ety of probl ems wh i c h  have tb be sol ved . Mathemati cal  and experimental 
s imu l ations of car-to-pedestrian col l i si ons , for exampl e ,  c l ear ly  show that i t  
i s  very d ifficul t to f i nd car rel ated measures wh i c h  are benef i c i a l  for a l l pe
destr ians i ndependent from the i r  anthropometry . In [1 ] Vo l ksv1agenwerk AG pre
sented resul ts from experimental s imu l ations of car to pedestri a n  col l i s i ons 
wi th  Vt�-product ion  cars a nd a 50 percenti l e  ma l e  dummy . 

Accode nt Research 

Simulation af 
Pedestroan 

Dummy Cadaver 

Experomental /Mathemahcal 
Simulation 

Simulation of 
Vehocle 

Seroal Modofoed 
Vehocle Vehicle 

f'l!destroan Parameter �-----; Vehocle Parameter 

Results 

Kinemot1cs Dummy Looding lniury Croteroon 

Fig . 1 Various Ways of S imu l ati ng Veh i c l e-to-Pedestr i a n  Col l i s i ons 

T h i s  paper i s  an fol l ow -up study and presents resu l ts from s imi l ar tests wi th 
a 6 year o l d  chi l d  dummy . These resu l ts wi l l  be compared with  those from the 
tests descri bed i n  [ 1 ] . 

· 
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2 .  Test procedure 

The experimental s i mu l at ions  of car-to-pedes tr ian  col l i s i ons  wi th VH product ion  
car s ,  e . g .  VW-Go l f  a nd VW-Passat  were descri bed i n  [ 1 ]  . The  procedure was 
descri bed el sewhere . F i gure 2 g i ves an overv i ew of the experiment set u p .  

F i g .  2 Equi pment Used for S i mu l a t i ng Veh i c l e -to-Pedestri a n  Col l i s i ons  

The  tests descri bed i n  [ 1  J were performed wi th a 50  percenti l e  mal e  dummy of 
the type A l derson V I P  50 A .  

The comparati ve  tests wi th  the ch i l d  du�my were performed by order of Vol k s 
wagenwerk AG a t  t he  Techn i ca l  Un i vers i ty of  Berl i n  - I nst i tute of  Veh i c l e  
Technol ogy . The test procedure was i denti c a l  to that wh i ch was u sed by Vol ks
wagenwerk AG for the  tests w ith  the  adu l t  dummy . The  6 years o ld  ch i l d  dummy 
Humano id  572 -6c was used . 

The ma i n  components of the experimental stage ( see F i g .  2 )  are descri bed 
short l y .  

2 . 1  Dummy Retent i on  and Rel ea se Equi pment 

As can be seen from F i g .  1 the veh i c l e  i s  made to col l i de w i th a n  upr ight  dummy . 
For th i s  purpose , we devel oped a dev i ce wh i c h  w i l l  hol d the dummy u pr i g ht  i n  a 
standi ng pos i t i o n . When a tes t i s  mad e ,  the equ i pment wi l l  rel ease the dummy 
smooth l y  enough to ensure that the exper i ment i s  not adverse ly  affected by any 
restra i n i ng forces . 

As soon as  the veh i c l e  used for the exper iment passes a l a ser l i ght bar r i e r ,  a 
reta i n i ng bol t i s  wi thdrawn by a sol eno i d  from a w i re l oop connected to the 
dummy . 
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Fi g .  3 shows the equi pment used for reta i n i ng a nd rel ea s i ng the dummy . 

F i g .  3 Dummy Retent ion  a nd Rel ease Equi pment  

2 . 2  Equ i pment used to Determi ne the l·Jei g h t  of  the  Suspended Dummy 

The dev i ce descri bed under 2 . 1  i s  a ttached to a beam c l amped down a t  one end . 
Th i s  beam i s  fi tted w ith  stra i n  gauges connected to a c a l i brated mon i tor i ng 
dev ice  wh i ch i n d i c ates the force wh ich  causes the beam to bend under the l oad 
of the suspended dummy . I n  th i s  way , i t  i s  pos s i bl e  to adjust  the l oad of the 
su spended dummy to exact ly  the same amount  for a l l exper i ments , thus ensur ing  
that  the fr i ct i on between the s hoes of  the  dummy and  the  road  i s  a pprox imately 
the same in  a l l exper iments . F i g .  3 s hows the f l exi bl e beam used to determi ne 
the wei ght of the suspended dummy . 

2 . 3  Test Veh i c l es 

Vari ous ways i n  wh i ch veh i c l e -to-pedestri a n  col l i s i ons  may be i nvesti gated 
systema t i ca l l y  by mathemati cal  and/or  exper imental  s i mu l at i o n  on the bas i s  of 
acc i dent  research data were descri bed i n  deta i l i n  [ 2 ]  . 
Th i s  i nc l udes the descr i pt ion  of var ious  ways i n  wh i ch the car can  be s i mu l ated . 
As ment i oned a bove , for thi s  s tudy the product ion cars : 

VW - Gol f  and 
- VW  - Passat 

were used . 
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2 . 4  Dummy 

For th i s  study two types of dummy were used : 

50 % mal e dummy Al derson V I P  50 A and 
- 6 year o l d  ch i l d  dummy Humano i d  572 -6c . 

2 . 5  Brake Activating  Dev i ce  

As  soon a s  t he  veh i c l e  makes contact wi th the dummy an  a utomat i c  devi ce  acti 
vates i ts brakes . 

A photograph of th i s  devi ce i s  s hown i n  F i g .  4 .  The devi ce  i s  tri ggered a s  soon 
a s  the vehi c l e  passes a l aser l i ght barr i e r .  

F i g .  4 Devi ce Acti vating the Brakes o f  the Veh i c l e  
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2 . 6  Mon i tori ng and Control U n i t  

A t  a l l stages , experiments are central l y  control l ed and moni tored by a n  el ec
tron i c  un i t  devel oped spec i f i cal l y  for th i s  purpose . 

3 .  Test Program 

Any purposeful experiment program mu st  be based on acc i dent research f i n d i ngs . 
I n  accordance wi th the goa l  of th i s  s tudy the fol l ow ing  parameters for the 
experiments were determi ned on the bas i s  of [ 3 ]  

Impact Speed 
Impact Po i n t  
Pedestrian Pos i ti on :  

35 and 50 km/h 
Veh i cl e front centre 
The 900-po s i t i on  (wa l k i ng s tra i g h t  ahead ) was chosen 
for the test  programme ( Fi g .  2 ) . 

Pedestrian  Anthropometry : Acc i dent  stati s t i c s  s how that dumm ies  of d i fferen t  
s i zes ( c h i l d  and adu l t )  mus t  b e  u sed for veh i c l e
to-pedestr ian  col l i s i o n  tes t s .  For th i s  s pec ia l  
program the 50  % mal e dummy and the  6 years o ld  
ch i l d  dummy were chosen . 

Number of Tests The tests w ith  the adul t dummy were performed 
four t imes for each parameter comb i nat i on wi th 
the VW-Gol f and the VW-Passat . 

The tests wi th the chi l d  dummy were performed 5 
t i mes for the i mpact s peed of 35 km/h w i th both cars 
and 4 t i mes for the i mpact s peed of  50 km/h w i t h  the 
VW-Gol f  and twi ce w i th the VW-Pas sa t .  

4 .  Resu l ts 

The resul ts obta i ned from experiments s imul at i ng a veh i c l e-to-pedestr ian  col -
1 i s i on can be broken down i nto l oad data perta i n i ng to the dummy and k i nemat i c  
data . 

The fol l owi ng tab l e s  and f i gures present the resu l ts of the tes ts . 

The numeri c  resu l ts are presented i n  the fol l ow ing  tabl es : 

Tabl e  1 :  Tests wi th the 50 % mal e dummy and the VW-Gol f 

Tab l e  2 :  Tests wi th the 6 years o l d  ch i l d  dummy and the VW-Gol f 

Tab l  e 3 :  Tests wi th the 50 % ma l e  dummy and the VW-Passat  

Tab l e 4 :  Tests 'tJi th the 6 years o 1 d ch i l d dummy and the V\il-Passat 
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F i gu res 5 to 8 s how the movement  of the head rel a t i ve to the car :  

F i gure 5 :  50 % ma l e  dummy and VW-Go l f 

F i gure 6 :  6 years o l d  ch i l d  dummy and Vl�-Gol f  

F i  gure 7 :  50 % ma 1 e dummy and Vl�-Passat 

F i gure 8 :  6 years o l d  ch i l d  dummy and VW-Passat  
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F i gures 9 to 12 show the i mpact po i n ts of the dummy ' s  head aga i n s t  the hood . 

• = 50 % Mal e  Dummy 
• • 
• 

• • = 6 years o l d  C h i l d  Dummy 

VW - Go l f  

Fig . 9 Impa c t  p o i n ts of the d ummy ' s  head aga i ns t  the hood o'f the VW�Go l f  

( Impact s peed 3 5  km/ h )  

• = 50 % Ma l e  Dummy 

• = 6 years o l d  C h i l d  Dummy 

Vl� - Go l f  

F i g . 10 Impact po i n ts of the d ummy ' s  head a ga i n s t  the hood of the VW-Go l f  

( Impact s peed 50 km/ h )  
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• = 50 % Ma l e  Dummy 
• = 6 years o l d  Ch i l d  Dumny 

-=· VW - Passat  

® 
F i g .  1 1  Impact po i nts  of the dummy ' s  head aga i ns t  the hood of the V\·J-Passat  

( Impact s peed 3 5  km/ h )  

• = 50 % Ma l e  Dummy 
• = 6 years o l d  Ch i l d  Dummy 

• 

• 
• 

VW - Passat 

F i g . 12 Impact  po i n t s  of the dummy ' s  head aga i ns t  the hood of the V\�-Passat  

( Impact s peed 50  km/h )  
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5 .  Concl u s ion  

The purpose of  th i s  i nvesti gat ion was ,  to demonstrate the  d i fferences of  the 
behaviour of the two types of dummy - 50 % ma l e  dummy and 6 years o l d  ch i l d  
dummy - dur ing  a s i mu l ated car-to-pedestrian  col l i s ion . 

I t  has to be stated that the tests were made under very s pec i a l  cond i tions  and 
consequent l y  up to now a correl at ion of  the dummy test resu l ts to the real 
accident s i tuat ion i s  imposs i bl e  for mai nl y  three reaso n s :  

- L i mi tat ion  of  test parameters i n  compari son to the real acci dent s i t uat ion , 

i nsuff i c i ent  s imul ation  of the pedestr ian  by the dummy a nd 

i ns uffi c i en t  protection cri teri a for the i mpacted pedestri a n .  

Neverthel ess  s i gn i f i cant  tendenci es can be seen i f  one compares the re
su l ts of the tests w ith  the two types of dummy: 

- no s i gn i f i cant  d i fferences between the head l oad i ngs , 

the ehest l oadi ngs  are h i gher for the i mpacted ch i l d  dummy espec i a l l y  for 
the i mpact s peed of 50 km/h , 

- the pel v i s  l oad i ngs  are h i gher for the i mpacted ch i l d  dummy than for the 
adu l t and 

the i mpac t  poi nts of  the head aga i ns t  the hood d i ffer extreme ly  between the 
adu l t a nd the ch i l d  dummy - as can be seen c l earl y i n  f i gures 9 to 1 2 .  

The resu l t s  o f  th i s  s tudy may hel p to underl i n e  that any car rel a ted measure 
has to be protect ive  for both groups of pedestri ans c h i l dren and adu l ts .  

The resu l ts c l earl y s how, that l oadi ngs  and k i nemat ics  are of  s i gn i f i cant  
d i f ference for these two groups of pedestr i an s  under s i m i l ar acci dent condi 
t ion s .  Consequen t l y  a l l pedestri an  - protect ion  measures have to be proven 
to be benef i c i a l  for c h i l dren and adul ts . Furthermore pedestrian  protection  
requ i rements have to  take i n to account th i s  s i tuat ion and  i t  has to be assured 
that they wi l l  not affect requ i rements concern i ng  act i ve safety , occupant 
protection  a nd the energy s i tuat ion . 
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