The 8th International Forum of Automotive Traffic Safety

Optimization of Vehicle Frontal Structure Parameter
Based on Pedestrian Integrative Protection
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Abstract: Injury in head and lower extremities were both considered in this paper. A multi-rigid body model
of the vehicle-to-pedestrian crashes was developed. A series of vehicle-to-pedestrian crashes with different
frontal structure parameters were conducted using orthogonal experimental design method. The results of the
simulations were used to define a equation of response surface, and analysis of variance was conducted based
on the results. ISIGHT software was applied to the optimization of the response surface equation, and a set of
vehicle’s front al structure parameters which have good protection to pedestrian were obtained. The simula-
tion results indicate that the combination of these parameters mitigated the injury severity of pedestrians both
in head and lower extremities.
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Figurel. Vehicle front structure dimensions
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Figure 2. Vehicle - Pedestrian Collision Model
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Table 1. Orthogonal design table
R EXRBEEITR

Wi A1 AR 2 AR 3 AR 4
) BCH BW BL HEH
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 1 4 4 4
5 2 1 2 3
6 2 2 1 4
7 2 3 4 1
8 2 4 3 2
9 3 1 3 4
10 3 2 4 3
11 3 3 1 2
12 3 4 2 1
13 4 1 4 2
14 4 2 3 1
15 4 3 2 4
16 4 4 1 3
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Table 2. Simulation results
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st HIC a (m/s*s) n(°) d (mm) W
1 1945.0 964.3 6.5 35 0.694
2 1916.4 994.6 11.7 4.0 0.72
3 1759.3 1229.9 23.6 9.5 0.776
4 1239.2 1440.7 27.2 17.5 0.688
5 1707.5 1390.9 23.5 7.4 0.758
6 1367.4 1935.2 51.6 28.5 0.932
7 1765.3 1617.7 5.0 9.0 0.704
8 1946.7 1645.6 5.3 9.0 0.762
9 1386.8 1826.9 435 27.5 0.886
10 1792.8 1907.5 24.6 8.4 0.832
11 2000.3 1828.6 20.6 6.0 0.856
12 2003.6 2254.2 17.8 8.7 0.88
13 1869.3 2181.9 51.6 33 1.122
14 1928.8 2938.9 42.4 24 1.1
15 1528.3 1766.4 74.5 46.4 1.168
16 1741.3 2052.5 68.7 37 1.182
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Table 3. Head HIC value of the mean and range table
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BCH(mm) BW(mm) BL(mm) HEH(mm)
K1 1715.0 1727.2 1763.5 1910.7
K2 1696.7 1751.4 1789.0 1933.2
K3 1795.9 1763.3 1755.4 1750.2
K- 4 1767.0 1732.7 1666.7 1380.4
Wz 99.2 36.1 1223 552.7
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Figure 3. HIC level factors on the trend
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Figure 4. Various factors on the level of the tibial acceleration trend
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Figure 5. The level of the various factors on the bending angle trends
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Figure 6. Shear displacement of each factors on the level of trend
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Table 4. Pedestrian injury in the comparison between before and
after optimization
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