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Abstract

In view of the urgent demand for the crashworthiness of thin-walled structures in the field of pas-
sive safety of submarines, a hexagonal hierarchical self-similar thin-walled structure is innovatively
designed based on the principle of spider web biomimicry. Using aluminum alloy 6061 as the shell
material, combined with flexible polyurethane foam filling, the influence of filled /unfilled foam
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structure on the mechanical response was systematically studied by SolidWorks modeling, Hy-
perMesh pretreatment and Abaqus finite element simulation. The results show that the energy ab-
sorption stroke and specific energy absorption (SEA) are significantly improved through the syner-
gistic effect of pore collapse and thin-wall progressive buckling, and the stress distribution of the
platform is more stable. The collaborative design method of “bionic layer-flexible filling” proposed
in this study provides a new idea for the optimization of submarine energy absorption structure.
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Figure 1. Projection of a thin-walled structure
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Figure 2. Model of a thin-walled structure with filler material
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Table 1. Material data

%= 1. MREEE
A p E U
Al6061-O 2.7 x 10°° t/mm 68 GPa 0.33
F R = 1.5 x 107" t/mm3 0.001 GPa 0.1
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Figure 3. Internal grid diagram
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Figure 4. Overall structural grid
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Figure S. Stress nephogram at 1.5 mm compression
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Figure 6. Stress nephogram at 40 mm compression

& 6. E45 40 mm RN D= E

Figure 7. Stress nephogram at 120 mm compression
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Figure 8. Stress nephogram at 1.5 mm compression
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Figure 9. Stress nephogram at 40 m compression
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Figure 10. Stress nephogram at 120 mm compression
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Figure 11. Force-displacement curve without filler
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Figure 12. Force-displacement curve with filler
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Figure 13. Comparison of force-displacement curves
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