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Bumper structure optimization for pedestrian leg protection
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(a. State Key Laboratory of Mechanical Transmission; b. College of Automotive Engineering,

Chongging University, Chongqing 400044, P.R.China)

Abstract: A finite element collision model was established to simulate the collision between pedestrian’s
lower leg and a car, and it was verified through experiment. In order to improve the performance of
pedestrian protection, auxiliary bumper and energy-absorption foam were added in the car. With taking the
thickness of energy-absorption foam, the vertical distance between bumper and auxiliary bumper and the
thickness of auxiliary bumper as design variables, an optimized Latin hypercube experiment was
conducted. The response surface model (RSM) for the injury index of leg was fit with experimental data by
using the least square method, and the optimal design parameter of bumper was solved by multi objective
genetic algorithm (MOGA). The results indicate that the injury of the pedestrian leg is reduced effectively
by using the optimal structure, which meets the safety requirements.
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Fig.1 FE model and test
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Fig.2 Comparison between test and analysis results
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Table 1 Comparison between the peak values of test and simulation, and regulations limit

JBR 5 495 48 b P./g P,/ P./mm
S 5y 195.87 22.22 1.88
i & 193.79 20.17 2.05
AL BR A 150 15 6
W2/ % 1.06 9.23 —9.04
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Table 2  Structural parameters of FE model
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Table 3 Simulation analysis results

ENT R a/mm b/mm ¢/mm P./g P,/ P,/mm
1 219.691 0.822 58.667 149.395 12.958 2.558
2 223.256 0.566 48.392 163.58 15.556 2.600
3 209.293 1.349 40.497 146.919 11.042 1.965
4 211.000 2.500 46.140 119.881 6.029 1.674
5 214.865 2.287 45.331 124.028 6.708 1.642
6 227.472 2.884 67.701 104.653 4.454 1.829
7 207.372 1.224 73.921 126.933 9.397 2.434
8 229.604 1.864 63.992 114.891 7.228 2.034
9 222.440 2.666 58.487 104.179 5.066 1.821
10 231.793 2.039 75.008 107.294 6.011 2.003
11 225.184 1.521 70.255 120.232 7.928 2.210
12 205.775 1.070 53.963 150.012 11.997 2.449
13 216.994 1.691 51.779 134.258 8.805 1.999
14 233.834 2.731 77.580 105.300 4.747 1.869
15 218.998 0.833 65.058 141.528 12.188 2.595
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Table 4 RSM adjustment paramenters

VR A P./g P,/ P./mm
a, 166.935 501 105.454 898 13.043 574
an 1.751 516 —0.729 521 —0.105 776
an — 30.815 322 —12.616 427 — 0.356 580
a; — 4,130 554 — 0.054 721 0.055 499
an —0.006 559 0.001 646 0.000 233
ax —0.158 490 0.012 029 —0.003 568
a3 0.015 260 — 0.000 114 0.000 055
sy 5.124 111 1.268 515 0.144 904
ass 0.471 220 0.022 747 0.003 994
Qs — 0.004 037 — 0.000 243 — 0.000 528
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Table 5 RSM determination and adjusted determination coefficients

P R P./g P,/ P./mm
R? 0.986 0.999 0.999
R, 0.984 0.999 0.999
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Table 6 Pareto solution list

I5k=3 a/mm b/mm ¢/mm P./g P,/ P./mm
1 233.6 2.998 64.40 98.60 5.009 1.766
2 234.4 3.000 65.23 98.27 5.023 1.773
3 233.5 2.983 62.25 98.14 5.104 1.739
4 220.4 2.991 58.91 107.34 4.630 1.781
5 233.5 2.983 62.25 98.14 5.104 1.739
3104 223.1 2.991 49.08 102.95 5.086 1.532
3105 217.9 3.000 40.14 105.15 5.230 1.299
3106 216.5 2.997 40.07 106.56 5.212 1.315
3107 217.9 3.000 40.14 105.18 5.229 1.299
3108 214.9 3.000 40.06 107.97 5.189 1.336
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Table 7 Damage value comparison between test and optimization results

B 475 5 45 bn P./g P,/ P,/mm
J A Y 193.790 20.170 2.050
DA A5 106.09 4.79 1.48
2 50 BR A 150 15 6

A X el A 45.25 8.09 10.44
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Fig.4 The original model (left) and optimization model (right) collision comparison
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