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Abstract

This paper focuses on a three-dimensional periodic lattice structure as the object and systemati-
cally explores the regulatory laws of hierarchical design on its impact mechanical properties.
Through the combination of theoretical modeling, numerical simulation and experimental verifica-
tion, the deformation mechanism and energy absorption characteristics of the hierarchical struc-
ture under in-plane and out-of-plane loads are revealed. This study constructs single-level and
multi-level periodic lattice configurations of body-centered cubic, face-centered cubic and octahe-
dral structures, and explores the regulatory mechanism of hierarchical design on the collapse be-
havior of three-dimensional structures. The research finds that multi-level design effectively
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enhances the stability, impact resistance and energy absorption level of the structure. The hierar-
chical design scheme provides an important reference for the development of new high-perfor-
mance porous composite structures.
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Figure 1. Schematic diagram of impact force response of porous materials during loading
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Figure 2. Isometric views of three single-layer lattice structures and corresponding multi-layer lattice structures
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Figure 3. Top view of three single-layer lattice structures and corresponding multi-layer lattice structures
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Figure 4. Stress strain relationship of 316 L stainless steel
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Figure 5. Comparison of collision force displacement curves between experiment and simulation of triangular honeycomb
structure
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Figure 6. Three deformation modes of single-layer lattice structure and corresponding multi-layer lattice structure in the in-
plane direction: (a) Body centered cubic type; (b) Face centered cubic type; (¢) Octahedron
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Figure 7. In plane collision force displacement curves of three single-layer lattice structures and corresponding multi-layer
lattice structures
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Figure 8. Energy absorption displacement curves of three single-layer lattice structures and corresponding multi-layer lattice
structures in the in-plane direction
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Figure 9. Energy absorption of three single-layer lattice structures and corresponding multi-layer lattice structures in the in-
plane direction
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Figure 10. Three kinds of out of plane deformation modes of single-layer lattice structure and corresponding multi-layer lattice
structure: (a) Body centered cubic type; (b) Face centered cubic type; (c) Octahedron
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Figure 11. Impact force displacement curves of three single-layer lattice structures and corresponding multi-layer lattice struc-
tures in out of plane direction
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Figure 12. Energy absorption displacement curves of three single-layer lattice structures and corresponding multi-layer lattice
structures in the out of plane direction
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Figure 13. Energy absorption of three single-layer lattice structures and corresponding multi-layer lattice structures in the out
of plane direction
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