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Exploring the Influence of Vehicle Front-End Shape on
Pedestrian Head Injuries Caused by Rround Impact
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Abstract: In pedestrian-vehicle accidents, pedestrians usually suffer secondary impact with the ground after
the primary contact with vehicles, but little is known about the fundamental pedestrian head injury causations
from the ground impact, hindering further improvement of pedestrian safety. This paper addresses this
question using multi-body modelling and computation to investigate the influence of vehicle front-end shape
on pedestrian safety. The results reveal that the top governing factor should be bonnet top-edge height. The
bonnet angle is the second factor to affect the head-ground injury, followed by the bonnet length and
windshield angle.
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Figure 1. Typical impact scenario and coordinate system of the impact model
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Figure 2. Resultant head acceleration of pedestrian when struck by the baseline vehicle at 40 km/h
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H: bonnet leading edge height
L: bonnet length

a: bonnet angle

6: windshield angle

Figure 3. Dimensional parameters of vehicle front-end structure
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Table 1. Parametric matric consisting of dimension parameters of vehicle front-end
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mEH M ELm o 0
0.5 3 7136 zl9
0.6 4 7118 57136
0.7 7 7112 zl6
0.8 4 zl9 Tx 136
0.9 4 57136 2719
1.0 4 zl6 zl4
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Figure 4. The typical trajectory of pedestrian when struck by the baseline vehicle model at 40 km/h
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Figure 5. Description of the rotation angles in four sections
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Figure 6. The coupling effect of Hand a on y atall impact speeds (20 km/h, 30 km/h, 40 km/h).
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Figure 7. Six kinematic processes of pedestrians when struck by the baseline vehicles varying in H at 40 km/h.
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Figure 8. Six kinematic processes of pedestrians when struck by the baseline vehicles varying in @ at 40 km/h
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Figure 9. The coupling effect of Hand L on y at all impact speeds (20 km/h, 30 km/h, 40 km/h).
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Figure 10. Six kinematic processes of pedestrians when struck by the baseline vehicles varying inL at 40 km/h.
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Figure 11. The coupling effectof Hand & on y atall impact speeds (20 km/h, 30 km/h, 40 km/h).
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Figure 10. Six kinematic processes of pedestrians when struck by the baseline vehicles varying in  8at 40 km/h.
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