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1. Introduction

Pedestrian Protection is one of the most important areas in the field of passen-
ger car safety. Extensive research programmes are under way, performed by car
manufacturers and research institutes. The simulation scheme (Fig. 1) indicates
the variety of problems which have to be solved. Mathematical and experimental
simulations of car-to-pedestrian collisions, for example, clearly show that it
is very difficult to find car related measures which are beneficial for all pe-
destrians independent from their anthropometry. In [1 ] Volkswagenwerk AG pre-
sented results from experimental simulations of car to pedestrian collisions
with Vly-production cars and a 50 percentile male dummy.
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Fig. 1 Various Ways of Simulating Vehicle-to-Pedestrian Collisions

This paper is an follow -up study and presents results from similar tests with
a 6 year old child dummy. These results will be compared with those from the
tests described in [1] .
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2. Test procedure

The experimental simulations of car-to-pedestrian collisions with Vl/ production
cars, e.g. Vl-Golf and Vi-Passat were described in [ 1] . The procedure was
described elsewhere. Figure 2 gives an overview of the experiment set up.

Fig. 2 Equipment Used for Simulating Vehicle-to-Pedestrian Collisions

The tests described in [1 ] were performed with a 50 percentile male dummy of
the type Alderson VIP 50 A.

The comparative tests with the child dummy were performed by order of Volks-
wagenwerk AG at the Technical University of Berlin - Institute of Vehicle
Technology. The test procedure was identical to that which was used by Volks-
wagenwerk AG for the tests with the adult dummy. The 6 years old child dummy
Humanoid 572 -6c was used.

The main components of the experimental stage (see Fig. 2) are described
shortly.

2.1 Dummy Retention and Release Equipment

As can be seen from Fig. 1 the vehicle is made to collide with an upright dummy.
For this purpose, we developed a device which will hold the dummy upright in a
standing position. When a test is made, the equipment will release the dummy
smoothly enough to ensure that the experiment is not adversely affected by any
restraining forces.

As soon as the vehicle used for the experiment passes a laser light barrier, a

retaining bolt is withdrawn by a solenoid from a wire loop connected to the
dummy .
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Fig. 3 shows the equipment used for retaining and releasing the dummy.

Fig. 3 Dummy Retention and Release Equipment
2.2 Equipment used to Determine the lleight of the Suspended Dummy

The device described under 2.1 is attached to a beam clamped down at one end.
This beam is fitted with strain gauges connected to a calibrated monitoring
device which indicates the force which causes the beam to bend under the Tload
of the suspended dummy. In this way, it is possible to adjust the joad of the
suspended dummy to exactly the same amount for all experiments, thus ensuring
that the friction between the shoes of the dummy and the road is approximately
the same in all experiments. Fig. 3 shows the flexible beam used to determine
the weight of the suspended dummy.

2.3 Test Vehicles

Various ways in which vehicle-to-pedestrian collisions may be investigated
systematically by mathematical and/or experimental simulation on the basis of
accident research data were described in detail in [ 2]

This includes the description of various ways in which the car can be simulated.
As mentioned above, for this study the production cars:

- VW - Golf and
- VW - Passat
were used.
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2.4  Dummy
For this study two types of dummy were used:

- 50 % male dummy Alderson VIP 50 A and
- 6 year old child dummy Humanoid 572 -6c.

2.5 Brake Activating Device

As soon as the vehicle makes contact with the dummy an automatic device acti-
vates its brakes.

A photograph of this device is shown in Fig. 4. The device is triggered as soon
as the vehicle passes a laser light barrier.

Fig. 4 Device Activating the Brakes of the Vehicle
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2.6 Monitoring and Control Unit

At all stages, experiments are centrally controlled and monitored by an elec-
tronic unit developed specifically for this purpose.

3. Test Program

Any purposeful experiment program must be based on accident research findings.
In accordance with the goal of this study the following parameters for the
experiments were determined on the basis of [3] :

Impact Speed : 35 and 50 km/h

Impact Point :  Vehicle front centre

Pedestrian Position: The 909-position (walking straight ahead) was chosen
for the test programme (Fig. 2).

Pedestrian Anthropometry: Accident statistics show that dummies of different
sizes (child and adult) must be used for vehicle-
to-pedestrian collision tests. For this special
program the 50 % male dummy and the 6 years old
child dummy were chosen.

Number of Tests : The tests with the adult dummy were performed
four times for each parameter combination with
the VW-Golf and the VW-Passat.

The tests with the child dummy were performed 5
times for the impact speed of 35 km/h with both cars
and 4 times for the impact speed of 50 km/h with the
VW-Golf and twice with the VW-Passat.

4, Results

The results obtained from experiments simulating a vehicle-to-pedestrian col-

lTision can be broken down into Toad data pertaining to the dummy and kinematic

data.

The following tables and figures present the results of the tests.

The numeric results are presented in the following tables:

Table 1: Tests with the 50 % male dummy and the VW-Golf

Table 2: Tests with the 6 years old child dummy and the VW-Golf

Table 3: Tests with the 50 % male dummy and the VW-Passat

Table 4: Tests with the 6 years old child dummy and the Vi-Passat
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Figures 5 to 8 show the movement of the head relative to the car:

Figure 5:
Figure 6:
Figure 7:

Figure 8:

50 % male dummy and VW-Golf
6 years old child dummy and VW-Golf
50 % male dummy and VW-Passat

6 years old child dummy and VW-Passat
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Figures 9 to 12 show the impact points of the dummy's head against the hood

[y

|

50 % Male Dummy
6 years old Child Dummy

VW - Golf

Fig. 9 Impact points of the dummy's head against the hood of the VW-Golf
(Impact speed 35 km/h)
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Fig. 10 Impact points of the dummy's head against the hood of the VW-Golf
(Impact speed 50 km/h)
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Fig. 11 Impact points of the dummy's head against the hood of the VW-Passat
(Impact speed 35 km/h)
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Fig. 12 Impact points of the dummy's head against the hood of the VW-Passat
(Impact speed 50 km/h)
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5. Conclusion

The purpose of this investigation was, to demonstrate the differences of the
behaviour of the two types of dummy - 50 % male dummy and 6 years old child
dummy - during a simulated car-to-pedestrian collision.

It has to be stated that the tests were made under very special conditions and
consequently up to now a correlation of the dummy test results to the real
accident situation is impossible for mainly three reasons:

- Limitation of test parameters in comparison to the real accident situation,
- insufficient simulation of the pedestrian by the dummy and
- insufficient protection criteria for the impacted pedestrian.

Nevertheless significant tendencies can be seen if one compares the re-
sults of the tests with the two types of dummy:

- no significant differences between the head loadings,

- the chest loadings are higher for the impacted child dummy especially for
the impact speed of 50 km/h,

- the pelvis loadings are higher for the impacted child dummy than for the
adult and

- the impact points of the head against the hood differ extremely between the
adult and the child dummy - as can be seen clearly in figures 9 to 12.

The results of this study may help to underline that any car related measure
has to be protective for both groups of pedestrians children and adults.

The results clearly show, that loadings and kinematics are of significant
difference for these two groups of pedestrians under similar accident condi-
tions. Consequently all pedestrian - protection measures have to be proven
to be beneficial for children and adults. Furthermore pedestrian protection

requirements have to take into account this situation and it has to be assured
that they will not affect requirements concerning active safety, occupant
protection and the energy situation.

178



6. References

[ 1] Lucchini, E.; Weissner, R.
"Results from Simulations of Car-to-Pedestrian Collisions
with VW-Production Cars"
7th ESV-Conference 1979 Paris, France

[2] "Technologien fiir die Sicherheit im StraBenverkehr"
Bundesministerium fir Forschung und Technologie
Bundesrepublik Deutschland 1976

[3] Haar, R.; Lucchini, E.; Weissner, R.

"Automobile and Pedestrian - the Accident Situation"
Israel (Haifa) 1976

179



