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Reinforced auxetic cellular structures offer significant potential for
energy absorption and crashworthiness due to their negative
Poisson’s ratio and uniform stress distribution. In this study, five
reinforced configurations—Star-shaped, Honeycomb, Re-entrant,
Arrowhead, and Hitler-shaped—were numerically investigated
under quasi-static compression. The reinforced star-shaped
structure achieved the best crashworthiness performance,
exhibiting the highest specific energy absorption SEA=47.1 k] /kg
with a mass of 5.85g a controlled peak crushing force
(PCF=5126.29 N), and an efficiency of 0.48 at an 18 m displacement.
In contrast, the honeycomb design suffered post-collapse instability
despite an initial efficiency of 0.94, while the re-entrant
configuration, having the highest mass (17.07 g) and peak force
(8252.22 N), provided an efficiency of only 0.34 Progressive plastic
hinge formation in the star structure mitigated stress concentration,
ensuring a stable plateau regime (5000-5500 N) and uniform
collapse prior to densification.

Keywords: Auxetic structures, Energy absorption, Specific energy
absorption (SEA), Energy absorption efficiency, Classical structures,
Numerical simulation.
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