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The optimal design of the bumper absorber based on stiffness curve
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Chongqing University, Chongqing 400044, P.R. China)

Abstract: The reasonable design of the vehicle front-end structure stiffness can effectively improve the
performance of pedestrian protection. The optimal design of the bumper absorber was completed by
structure optimization, and the stiffness curve was the object. The crash test of the bumper of a passenger
car was conducted. Meanwhile the finite element model of the collision between the bumper and rigid pillar
was established. The accuracy of the finite element model was verified through comparison between the
simulation and test results. In order to make the stiffness curve of the bumper area be close to the ideal
stiffness curve, the design variables were the geometric shape and the material stiffness of the
absorber. The object was to minimize the area between the ideal stiffness curve and the bumper stiffness
curve. Adaptive response surface method was used to optimize the absorber. The result shows that the
bumper stiffness curve of the optimized material stiffness and geometric shape is consistent with the ideal
stiffness curve and meets the requirement of the pedestrian protection.
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Fig.1 Simplified model of the vehicle

front-end structure
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Fig.2 The Simplified stiffness curve Fig.3 The expected stiffness of bumper area
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Fig.8 The stress-strain curve under different foaming rate
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Fig.7 The cross section of damper
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Table 2 The correlationi coefficients between 30 times

expansion ratio foam and other foams

A TE) & 3 IR EPP20 EPP15 EPP12

P 0.997 987 0.997 600 0.997 945
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Function area _value

x = sync2 (v_1, v_3)

yl = lininterp (v_1, v_2, x)

y2 = lininterp (v_3, v_4, x)

y = yl—y2

area _value = abs (area(x, y))

return area _value
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Table 3 The iterative data

AR E S. Sii/mm Sy, /mm A/mm’
1 1.00 8.0 45.0 48 362
2 1.15 6.8 45.0 45 653
3 1.15 6.8 42.4 40 982
4 1.10 9.7 47.2 42 617
5 1.23 7.2 46.1 40 648
6 1.31 10.0 49.2 38 893
7 1.44 8.5 44.6 36 720
8 1.57 7.6 42.2 32 591
9 1.72 6.9 40.7 30 563
10 1.83 6.1 39.6 28 366
40 3.69 2.4 16.8 11 758
41 3.58 1.6 20.3 11 144
42 3.50 0.0 18.5 11 094
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Fig.10 The comparision of stiffness curve Fig.11 The optimized cross section of bumper
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Fig.12 The optimized stree-strain curve of bumper Fig.13 The stiffness curve of bumper
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