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Abstract. The goal of this paper, is to establish a pedestrian’s head injury risk, when it impacts
a vehicle’s windshield. Hence, three experimental tests were performed, on an experimental
test bench. Therefore, we want to determine which area of the windscreen is the most
friendly” in case of car to pedestrian accidents.

1. Introduction

Pedestrians are considered to be the most vulnerable road users, together with cyclists. Therefore,
European Experimental Vehicles Committee EEVC, later named European Enhanced Vehicle Safety
Committee, established a few experimental tests, in order to enhance the overall traffic safety,
respectively to protect the vulnerable road users in case of an accident.

Therefore, the working groups WG 10 and 17, established three tests in order to assess the car
,friendliness” in case of an accident.

One of these tests, asses the pedestrian head injury risk in case of an impact with different areas of the
car. During the test, pedestrian head is thrown against different vehicle areas, at an impact velocity of
40 km/h [1]. The EEVC avoid doing full scale tests, due to the high cost of the pedestrian dummies,
and therefore they use the so called component testing.

Otte has shown in its paper that the most common injured part is the pedestrian’s head [2]. The most
common contact between the pedestrian’s head and the windshield occurs in the final phases of the
primary impact [3].

The state of the art passive safety devices are the active bonnet and the pedestrian’s head airbag.
Active bonnets get activated before the first contact takes place, in such a way when the pedestrian
head hits the base of the windshield, the bonnet will absorb the impact energy.

Later, in 2012 the first pedestrian airbag was introduced by Volvo, composed by the following: control
unit of the airbag, the lift cap of the hood, the hatch release mechanism of the hood, the hinges and the
sensors [5].

2. Methodology

To determine a pedestrian’s head injury risk, depending on the impact location on the windshield,
three experimental tests were conducted on the test bench.

The test bench was designed and developed at University of Oradea, in Mechanical engineering and
automotive department. The bench was designed in such a way, that the pedestrian head will have an
impact speed of 40 km/h, as in EEVC and Euro NCAP tests.



In the first conducted test, the area of interest was the lower 1/3 of the windshield’s lower margin. For
the second test, we wanted to determine the injury risk in the windshield upper frame, while for the
last test, we wanted to determine the head injury risk when the head impacts the upper 1/3 of the

windshield upper frame.
In figure 2 the test bench is presented.

Figure 1. The designed test bench

In all three test, the head velocity at impact with the windshield was nearly 40 km/h, similar with the
velocity used during component testing.

In order to extract head kinematic parameters such as acceleration, high speed recording camera were
used. We used smartphones able to video record at 480 fps, in full HD. Using Tracker software we
were able to determine head acceleration in each test scenario.

The pedestrian’s head kinematics after the first test is presented in figure 2.

In the first test, the head impacted the lower 1/3 of the windshield.
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Figure 2 Pedestrian’s head kinematics in the first test
In the second test, the head impacted the upper windshield frame, and its kinematics is presented in

figure 3.



Figure 3. Pedestrian’s head kinematics in the second test
In the third test conducted, the head impacted upper 1/3 of the windshield, and its kinematics is
presented in figure 4.

Figure 4. Pedestrian’s head kinematics in the third test

3. Results

The resultant head acceleration diagrams determined with the data extracted from the tests carried,
figures below (figure 5).
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Figure 5. Resultant head acceleration for tests performed: a) the first test; b) second test; c) third test

In order to determine the potential lesions that brain may suffer, many methods were proposed to
quantify both dynamic and kinematics parameters. The most common method that quantifies the head
tolerance is HIC (Head Injury Criteria). This value is the integration of the resultant acceleration, on
different time intervals. In case of the pedestrian accidents, HIC value on a 15 ms interval is used.



Therefore, the HIC formula is [8][9][10][11][12][13]:
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Where ‘a’ is the head resultant acceleration, measured in m/s2, while the t1 and t2, represent the time
interval on which the HIC value is being calculated. In most cases, the area of interest where the
calculation is made for HIC value, is where the peak resultant accelerations are.
By, using Mathcad software, and inputting the HIC formula together with the data obtained, we were
able to determine HIC values for all three tests performed:

1 2 25
ja~dt} (t,—t)p =200 @)

2 _tl t1

H I Ctestl = |:

MAX

1 2 2.5
t2_tja-dt (t,-t,)b =620 3)

1t

H I Ctestz =

MAX

1 t2 2.5
t ja-dt (t,—t)} =480 4)
L2~

111

H I Ctest3 =

MAX

To summarize the obtained values, a diagram, together with the head impact locations was created,
and is presented in figure 6.
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Figure 6. The calculated HIC values depending of head impact location

4. Conclusions

From the obtained values, we can conclude that the highest chance for a pedestrian to be serious
injured after an impact is in case of an impact with the windshield frame (upper area), while the lowest
chance is in the centre lower part of the windshield. The highest HIC value calculated was 620 for the



second test scenario, while the lowest HIC value was obtained in the first test. The HIC value for the
first test was 68,8% lower than in the case of the second scenario, while for the third test, was 23,4%
lower than the second test.

Therefore, we can conclude that the frame of the vehicle windshield is more critical in case of an
impact with the pedestrian head, while the centre of the windshield is a “friendly” area. We can also
say that, the manufacturers reduced the head injury risk in the lower area of the windshield,
respectively on A pillars, with the pedestrian airbag, but the head injury risk is still high on the upper
area of the windshield’s frame.
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