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Influence of material strain rate effect on crashworthiness of
two kinds of energy-absorbing structure

FENG Yue, XIAO Shoune, ZHU Tao, YANG Bing, YANG Haojie

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The deformation of energy-absorbing structure on rail vehicles is accompanied by obvious strain rate effect. In
order to study the influence of material strain rate effect on collision simulation results, the material Q235 which has
obvious strain rate effect was studied. Firstly, the reliability of Q235 material model considering strain rate effect was
proved by comparison with experimental results and theoretical results. Then the influence of material strain rate effect on
the impact load and energy absorption, deformation modes of squeezed and crushed cone energy-absorbing structures were
studied. On the basis of this, two kinds of induced energy-absorbing structures were proposed, which were almost not
affected by material strain rate effect and the deformation was orderly and controllable. The results show that the influence
factor of material strain rate effect varies with different structures. And the influence factor of squeezed structure is larger
than crushed cone energy-absorbing structure considering the material strain rate enhancement effect. For different
structures, the influence factor of material strain rate effect changes with the change of velocity. The influence factor of the
squeezed structure does not increase as greatly as crushed cone energy-absorbing structure when velocity increases. The

material strain rate effect has significant influence on the deformation mode of the second type of energy-absorbing
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structure, and the strain rate enhancement effect reduces the deformation with high strain rate and increases the

deformation with low strain rate. The deformation mode of induced energy-absorbing structure is almost not affected by

material strain rate effect, and the deformation is orderly and controllable. It can be considered in the engineering design to

reduce the influence of material strain rate on the deformation mode.
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Fig.1 Finite element model compared with experiment
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Fig.2 Comparison of load-displacement curves
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Fig. 14 Induced energy-absorbing structures
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