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Structural optimization and axial low-velocity impact performance of
3D printed auxetic columnar honeycomb structure
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(1 School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2 State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: A novel auxetic columnar honeycomb structure is introduced, in which four honeycomb
structures of identical dimensions are designed by varying the number of unit cells. The effects of unit cell
number on the mechanical behaviour and energy absorption performance of the honeycombs are investigated
through impact experiments and finite element numerical simulations. The energy absorption performance is
compared with the specific absorption energy of aluminum honeycombs of different masses. The results
demonstrate that the honeycombs exhibit a unique compression-torsion coupling deformation mechanism
during impact. The torsional motion of cell walls redistributes the internal forces, effectively absorbing and
dissipating impact energy, thereby improving energy absorption efficiency. Further analysis reveals that the
number of unit cells significantly affects the mechanical performance of the honeycombs, enhancing plateau
stress and specific energy absorption, although compression displacement decreases. A comprehensive
mechanical performance analysis indicates that HM4-8 demonstrates the optimal impact performance and
energy absorption efficiency, making it suitable for high-efficiency energy absorption and impact protection
applications. This study provides new insights into the optimized design of honeycomb structures, with
significant engineering value, especially in fields requiring lightweight designs and high impact resistance.
Key words: honeycomb structure ; negative Poisson’ s ratio; finite element analysis; low-velocity impact;
mechanical property
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Fig.2 Schematic diagram of the novel honeycomb structure
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Table 1  Geometrical parameters of the models
Model m n H/mm  L,=L,/mm L,/mm //mm
HM3-6 3 6 72.68 30.00 10.00 2.00
HM4-8 4 8 71.96 22.96 10.00 2.00
HM5-10 5 10 71.30 18.54 10.00 2.00
HM6-12 6 12 70.76 15.53 10.00 2.00

Nominal stress/MPa
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Fig.3 Annealed tensile specimens

(a)post-fracture photographs (I represents 300 °C,2 h; Il represents 400 °C,2 h; [l represents 500 °C,2h);(b) comparison of stress-strain curves
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Table 2 Property parameters of the material

E/GPa v o4/ (kgem™)
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Fig.4 Dynamic impact experiment platform
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Fig.7 Motion path of HM4-8 cell wall

(a)schematic diagram of model taking points; (b)model final motion state ; (¢)motion path diagram of two points; (d)torsion angle-time curve
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