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Abstract
During the launch process of artillery-launched drones, they are subjected to extremely high
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acceleration and impact forces, which may damage the internal electronic components under high
overload conditions. Effectively improving the reliability of electronic devices is crucial, and the
design of buffer structures and materials plays a vital role. This paper proposes a novel buffer struc-
ture that adopts a multi-stage energy absorption mechanism to effectively reduce the impactload dur-
ing launch. Several metamaterial structures are studied, analyzing the anti-overload performance
of concave honeycomb structures made of different materials, as well as the anti-overload perfor-
mance of three different structures made of the same material. Structural optimization of the met-
amaterials is carried out by varying the wall thickness and number of cell layers, followed by an in-
vestigation of the anti-overload performance and comprehensive analysis of the optimized metamate-
rials. The research results indicate that increasing the number of layers and wall thickness can en-
hance energy absorption. The honeycomb origami structure, in particular, demonstrates outstand-
ing energy absorption and buffering performance compared to the concave honeycomb and folded
honeycomb structures, with an approximately 43% improvement in energy absorption. Although
the 6061-T6 aluminum alloy material exhibits alower peak energy absorption compared to Q235
material, its specific energy absorption increases by about 115%, making it more suitable for light-
weight applications.
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Figure 1. Re-entrant honeycomb structure: (a) 3D model of re-entrant honeycomb structure; (b) Cell size
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Figure 3. Honeycomb
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Figure 4. Simulation and analysis model for energy absorption characteristics of re-entrant honeycomb metamaterial structures
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Figure 5. Simulation results
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Figure 6. Energy absorption curves of re-entrant honeycomb structures made of two materials
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Figure 7. Energy absorption curves of three metamaterial structures made of 6061-T6 aluminum alloy
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Figure 8. Energy absorption curves of re-entrant honeycomb structures made of 6061-T6 aluminum alloy with
varying cell wall thicknesses
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Figure 9. Energy absorption curves of re-entrant honeycomb structures made of 6061-T6 aluminum alloy with
varying numbers of cell layers
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