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Abstract: Multi-angle collisions are relatively prevalent in vehicle accidents. The multi-angle crashworthiness of a
crash box plays a critical role in vehicular passive safety and maintenance economy during collisions. In this study,

integrated specific energy absorption and initial peak force were established as comprehensive performance evaluation
indices for crash boxes under multi-angle loads using a tapered crash box with variable wall thicknesses as the object.
Additionally, a finite element model (FEM) of its quasi-static compression process was also established, after which
the quasi-static compression experiment was conducted. The comparison results revealed that the relative error of the
initial peak force between simulation and experiment was 4.6% and that the relative error of specific energy absorption
was 0.5%. Based on the optimal Latin hypercube design and FEM, the integrated specific energy absorption and ini-
tial peak force under various design-variable combinations were calculated. The Kriging method was used to fit the

surrogate model for predicting the performance of the crash box, and the verification results revealed that their good-
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ness of fit were 0.968 and 0.970, respectively. The sensitivity analysis of the influence of key structural parameters on
the performance of the crash box was performed, and the result revealed that the wall thickness at the top exerted
weak and strong influences on the integrated specific energy absorption and the initial peak force, respectively. Nota-
bly, the wall thickness in the middle section significantly impacted the integrated specific energy absorption and ini-
tial peak force, and the wall thickness at the bottom barely impacted the initial peak force and significantly impacted
the integrated specific energy absorption. Moreover, when the bottom wall thickness was extremely thin, the crash
box succumbed to overall instability deformation, and its energy absorption performance decreased significantly.
Employing the maximized integrated specific energy absorption and minimized initial peak force as the optimization
objectives, the multi-objective optimization of the thicknesses of its key part was performed. The results indicated
that the integrated specific energy absorption and initial peak force of the optimized crash box were enhanced by
8.37% and 5.73%, respectively. A relatively significant improvement in the integrated specific energy absorption was

achieved with a relatively slight increase in the initial peak force, representing an important guiding significance for

F59% H4M

the multi-angle comprehensive performance optimization of the crash box with variable wall thicknesses.

Keywords: crash box; crashworthiness; lightweight; multi-objective optimization
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Tab.l1 Comparison of the optimization results and FEM
results
AR Seao/ Jlg) Fip/kN
ARRoC 6.608 21.58
o L A RIS Y 6.592 21.35

¥ A4 SSEUCAA RITE R X L AE AR R A
TN Sea 5 Fop 78R, I 5 IR S5 3647 X
o, 2553k 2 WoR. ATRUE W, IRGR S5 A SR 104s
R Fro S RAEBHEITE 1580 AT, H IR
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H6.608 /g, BIFIREEMPETH T 8.37% . MLty tE
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Tab.2 Performance comparison of the optimized and original structures at different angles

i f 5/ F/kN : Fop Y8 /% Sea/ U/g) : S B0/
©) SRR RiES ) SRR S5 RS

0 19.39 21.31 9.90 6.588 7.080 7.47

-30 18.18 20.49 12.71 5.729 6.228 8.71

-15 19.08 21.06 10.38 6.254 6.784 8.46

15 20.41 21.58 6.81 6.368 6.802 6.81

30 18.66 20.62 10.50 5.547 6.146 10.79
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