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1 .  Introduct ion 

One of the mo st important areas in the field of pas senger car safety is 
that of pedestrian protection. In order to get knowledge about kinemat ics 
and loadings of an impacted pede strian , it is necessary to perform mathe
matical and experimental simulations of vehicle-t o-pedestrian collision s .  
The se simulat ions must b e  based on statist ically secure paramet er s .  Data 
o f  this kind are supplied by accident re search. In recent publication s ,  
the extensive work which is  done b y  the Volkswagenwerk AG concerning pe
destrian protection has been described [ 1 ;  2 ;  3 ]  • 

This paper i s  relat ed to a special problem o f  front end geometry and its 
influence on the kinematics of an impact ed pedestrian : the adjustment of 
the bumper. 

A test series ( 1 08 tests)  was performed with a special test car which 
will be described in detail . Eumper di stance was changed from 70 mm to 
300 mm and bumper height from 2 1 0  mm to 41 0 mm, whereas the other geome
tric parame ters of the test car remained constant and were similar to 
those of a VW-Golf.  The impact speeds were 2 0 ,  3 5  and 50 km/h . The impac
ted pede strian was a 50 % male dummy in a po sit ion relative to the test 
car which was the same for all test s .  The aim of this investigation was 
t o  get detailed information about the kinematics of the impacted pedes
trian as a funct ion of bumper adjustment and impact speed. For this 
reason the front end of the test car was ab solutely stiff in order to 
avoid a mix of the influences of the two parameters : Geometry and energy 
absorption capability. 

2 .  Description of the Experiment Setup 

Various ways in which vehicle-to-pedestrian collisions may be inve stiga
ted systemat ically by mathematical and/or experimental simulation on the 
basis of accident re search data were described in detail in [ 4 ] . The 
equipment used by VW for experimental simulations of vehicle-t o-pedestri
an collisions will be described shortly: Fig . 1 is an overall view of the 
entire facility. The individual components are now described below. 

2 . 1  Dummy 

For this study a 50  % male dummy made by Alderson, type VIP 50A ,  was used 
for simulating the pedestrian. 

2 . 2  Dummy Ret ention and Release Equipment 

As can be seen from Fig . 1 ,  the vehicle is made to collide with an 
upright dummy. For thi s purpose , we developed a device which will hold 
the dummy upright in a standing posit ion . When a test is made , the 
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equipment will release the dummy smoothly enough t o  ensure that the expe
riment is not adversely affected by any restraining forc e s .  

A s  soon a s  the vehicle used for the experiment passes a laser light bar
rier , a retaining bolt is withdrawn by a solenoid from a wire loop connec
ted to the dummy. 
Fig. 2 shows the equipment used for retaining and releasing the dummy. 

Fig .  1 Equipment Used for Simulating 
Vehicle-to-Pedestrian C ollisi
ons 

Fig. 2 Dummy Retention and Relea
se Equipment 

2 . 3  Equipment Used t o  Determine the Weight of the Suspended Dummy 

The device described under 2 . 2  is attached t o  a beam clamped down at one 
end. This beam is fitted  with strain gauges connected to a calibrate d  
monitoring device which indicates the force which causes the beam t o  bend 
under the load of the suspended dummy. In this way, it is possible t o  
adjust the load of the suspended dummy to exactly the same amount for all 
experiment s ,  thus ensuring that the friction between the shoes  of the 
dummy and the road is approximately the same in all experiment s .  
Fig . 2 shows the flexible beam used to determine the weight of the sus
pended dummy. 

2 . 4  Test Vehicle 

In the tests run for this study, a " synthetic vehicle" was used.  This 
" synthetic vehicle" may be used for the simulation and analysis of all 
sorts of vehicle front geometries and their influence on the effects of 
a vehicle-to-pede strian colli sion . 
Fig . 3 shows a schematic drawing of the " synthetic vehicle" . 

2 . 5  Brake Activating Device 

As soon as the vehicle make s  contact with the dummy an automatic device 
activat e s  its brakes .  This device is shown in Fig. 4 .  It is triggered as 
soon as the vehicle passes a laser light barrier . 
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SCHEMA TIC OF THE TESTCAR 

Fig. 3 Schematic Drawing of the 
11 Synthetic Vehicle" 

2 . 6  Monitoring and Control Unit 

Fig. 4 Device Acitvat ir.g the 
Brakes of the Vehicle 

At all stage s experiment s are centrally controlled and monitored by an 
electronic unit developed specifically for this purpose . The unit is 
shown in Fig. 5 .  

Fig. 5 Monitoring and C ontrol Unit 

3 .  Test Program 

As has already been mentioned, any purp oseful experiment program must be 
based on accident research findings . In accordance with the goal of this 
study, i .  e .  
- t o  get detailed informat ion about the kinemat ics o f  the impacted pe

destrian ( 5 0  % male dummy) as a function of bumper adjustment and im
pact speed, 

the following parameters for the experiment s were determined on the basis 
of ( 1 l 

Impact Speed 
Impact Point 
Pedestrian P o sition : 

20 ,  3 5 ,  and 50 km/h 
Vehicle front centre 
The 900-position (walking straight ahead) 
was chosen for the test program (Fig. 1 ) .  
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Pede strian Anthropometry: 

Test Vehicle 

Accident statistics show that dummies of diffe
rent sizes (child and adult ) must be used for 
vehicle-to-pedestrian collision t e s t s .  For this 
special program the 50 % male dummy was cho sen . 
The " synthetic vehicle" which was describe d  in 
chapter 2 . 4  was used for the t e s t s .  The geo
metry of the front end was that of a VW Golf . 
For this special program we cho se an absolutely 
stiff front end in order t o  eliminate the ef
fec t s  of energy ab sorption during the primary 
colli sion . 
The bumper adjustment was varie d  in the follo
wing range : 
Distance of bumper : 70 mm, 200 mm and 300 mm ( 1  according t o  Fig. 3 )  
Height o f  bumper:  2 1 0  mm, 3 1 0  mm and 41 0 mm (h according t o  Fig. 3 )  

On the basis of the de scribed test condition s ,  the following test matrix 
was determined:  

Impact Speed km/h 20 35 50 * -70/21 0  70/2 1 0  70/2 1 0  
C ombination of Bumper 3 1 0  3 1 0  3 1 0  
Distance 1 and 41 0 41 0 41 0* 
Bumper Height h 200/21 0 200/2 1 0  200/2 1 0  l/h 3 1 0  3 1 0  3 1 0  
* )The resul t s of the se 41 0 41 0 41 0 

* tests  are given in 300/21 0  300/2 1 0  300/2 1 0  
Table 1 3 1 0  3 1 0  3 1 0  41 0 41 0 41 0* 

4 .  Result s 

The results obtained from experiment s simulating a vehicle- t o-pedestrian 
collisi on can be broken down into kinematic data and load data pertaining 
t o  the dummy. 
The following table and figures present the results  o f  the tests with the 
following specifications : 

Impact speed 50 km/h 
Bumper adjustment : 1 = 70 mm ;  300 mm 

h = 2 1 0  mm ;  41 0 mm 
Mainly two reasons caused this limitation of the data pre sentation : 
- up to an impact speed of 35 km/h no significant diff erenc es of the re

sul ts due to changes of the bumper adjustment could be found. One of the 
reasons seems t o  be the broad scatter of the result s ;  this problem is  
described in detail in [ 2 ] • 

- the limitation o f  this paper doe s  not allow the discus sion of several 
hundred data in detail but only indicat e s  tendencies as results of the 
de scribed experiment s .  
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Table 1 pre sent s the main data ( load data and kinemat ic data ) of the 
tests performed with an impac t speed of 50 km/h and the bumper adjust-
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Table 1 Presentation of Test Result s 
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An interpretation of the load data on the dummy is  not the aim of this 
paper since they are not representative for any real car due to the 
stiffne ss of the used test  car . Two important tendencie s ,  however , might 
be mentioned:  The bumper adjustment configuration 1 = 300 mm and 
h = 2 1 0  mm result s in the highest head impact velocitie s against the car 
during the primary impact and consequently results  in extremely high head 
loadings in terms of HIC .  The dummy-loadings caused by the sencondary im
pact don ' t  show any systematic dependency on the bumper adjustment . These 
two re sul t s  correspond to the findings described in { 5 ] . 
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The figures 6 to 1 4  show the kinematics of the dummy. Figures 6 to 1 0  show 
the movement of the head relative to the car and the head impact areas as  
a function of bumper adjustment . From the se diagrams two important con
clusions can be made : Obviously, the variation of the bumper height does 
not result in significant changes of the head impact area on the car , if 
all the other parameters are kept constant . On the contrary, the varia
tion of the bumper distance influences the kinematic s of the impacted 
dummy significant ly. The head impact points come clo ser t o  the wind 
screen with increasing bumper distanc e .  

Figures 1 1  t o  1 4  show the movement o f  the head relative t o  the road 
during the entire test . The se diagrams also indicate that bumper distance 
ha s a more significant influence on the dum.my ' s kinematic s than bumper 
height . The head-travel-histories don ' t  differ from tests  with the same 
bumper distances and different bumper height s .  On the contrary, they 
differ significantly from tests  with the same bumper heights and diffe
rent bumper distances .  In table 1 ,  the values for the maximum vertical 
travel of the center of gravity of the dum.my are pre sente d .  These value s 
underline the findings mentioned above : An increasing bumper distance 
result s in an increase of the dummy ' s  " throwing-height" .  The throwing dis
tance of the dum.my, however , is not significantly affected by any changes 
of the bumper adjustment . 

5 .  C onclv.sion 

On the basis of tests  with a 50 % male dummy and a spec ial test car un
der special condition s ,  the following conclusion can be  drawn : 
- Bumper distance is of significant influence on the dum.my ' s  kinematics 

for an impact speed of 50 km/h ; the variation o f  bumper height doe s  not 
result in significant change s of the dum.my ' s kinemat ic s .  
Up t o  an impact speed o f  3 5  km/h no influence o f  bumper adjustment vari
ations on the dummy ' s  kinematics could be found. 

- An increasing bumper distance causes the head impact areas to come 
clo ser to the wind screen. This is nearly independent from the bumper 
height . 

- In addition t o  the de scribed t e st s ,  those with child dum.mie s  must be 
performed in order to answer the que stion, whether the described ten
dencie s for the behaviour of the adult-dum.my are the same for that of 
the childdum.my. Tho se tests are of basic importance because any de sign 
which has a po sitive influence on the behaviour of the adult but a 
negative influence on that of a child would not have a positive effect 
on the total accident situat ion . 

The result s  o f  this study can only be interpreted qualitatively. This i s  
due t o  the very special t e st car and test parameter s .  The result s ,  how
ever , might be  helpful for discussions about an optimal bumper adjustment 
taking int o  account the problems of car-to-car compatibility and pedes
trian protection . 
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t. 

Fig. 6 Movement of the Head 
Relative to the Gar . l/h = 70/41 0 

t. 

1 

Fig. 8 Movement of the Head 
Relative to the Car . l/h = 300/41 0 

,_ 

Fig. 7 Movement of the Head 
Relative to the Car . l/h = 70/21 0 

t. 

-

1 

Fig. 9 Movement of the Head 
Relative to the Gar .  l/h = 300/2 1 0  
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