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Fig. 3 Theoretical predictions of asymptotic solutions of relative density distribution and the history curves of impact force
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Fig. 4 Evolution history of impact velocity and location of shock front
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Fig. 5 Cell-based finite element models of density gradient cellular rods
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(a) First-order FE model (b) Second-order FE model
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Fig. 7 Comparisons of impact force and support force curves history between theoretical predictions and finite element (FE) results
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Design of gradient foam metal materials with a constant impact load

CHANG Baixue'?, ZHENG Zhijunl, ZHAO Kai', HE Siyuan3, YU Jilin'
(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230026, Anhui, China;
2. State Key Laboratory for Strength and Vibration of Mechanical Structures, School of Aerospace,
Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China;
3. State Key Laboratory of Bioelectronics, Southeast University, Nanjing 210096, Jiangsu, China)

Abstract: Cellular materials can absorb a large amount of impact energy with large deformation, and their
crashworthiness may be improved by introducing density gradients. The macroscopic mechanical responses
of graded cellular materials are very sensitive to their relative density distributions and the effects of meso-
structures can be very different. Some of existing studies is mainly limited to the analysis on the dynamic
mechanical response of graded cellular material with a given density gradient, and less on the
crashworthiness design method is considered. Based on the nonlinear plastic shock wave model, a backward
crashworthiness design method is developed for graded foams. A simplified model and an asymptotic
solution are derived by applying the series method with the aim of maintaining a constant load on the impact
object. The cell-based finite element models based on three-dimensional Voronoi structures with density
continuously changing are constructed by applying the variable cell size method. The theoretical design is
verified by using finite element software ABAQUS/Explicit. The numerical simulation results show that the
asymptotic solution of the simplified model is effective for the crashworthiness design of graded foams, and
the proposed crashworthiness design method is of instructive significance in controlling the energy
absorption and impact process.

Keywords: graded cellular materials; crashworthiness; asymptotic solution; shock wave model; cell-based
finite element model
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