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Study on Mechanical Properties and Energy Absorption
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Abstract: Negative Poison's ratio structures have considerable application prospects in the field of
cushioning energy absorption due to their abnormal deformation mechanism. in this paper, a double star
structure with negative Poison's ratio is proposed, aiming to improve mechanical properties through structural
fusion and multi-parameter coupling, A total of Cl, C2 and C3 double star structures with three connection
modes are designed. With the help of theoretical analysis and finite element simulation technology, ,the
mechanical behavior and energy absorption characteristics of the three configurations are systematically
explored, The results show that Cl configuration has the best performance in all aspects. The further analysis
of C1 configuration parameters shows that when the length of the connecting edge is unchanged, the increase
of proportion coefficient leads to the decrease of total energy absorption. When the ratio coefficient is
constant, the increase of the length of the connecting edge has little effect on the total energy absorption, but
the initial peak force has an optimal value.
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Figure 1. Design of double star negative Poisson's ratio constructure
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Figure 2. Schematic structure of double star negative Poisson's ratio single cell

B 2. WERGARE S REGRER

2.2 Y EBE

TR LSS K T 2 FLIE B S5 K, 16 53 G5 M OGS 2 FE(SLE M L ) 2 PR RE A B B 3K . AR 2 J bR 22
WU, AR AR 3 AT DLROR S RO L 5 S S AR FE I LU AR, BDD

:—:—:—:—#(1)

A VAR S SNSRI, NRARMRIE I, VRN ROTRE, OO thig e
SERPTIE R XA, RS SR AR, T SRR (R R AT EAD , NMRITSART &
A (B B EIESZ R D .

I T EEX R, BEAR SR AR 2 B vT DA T 1/4 B A AR G 2 BE S5 00 AR, AT AAS HE =AU B
FALLES R BIARR B S R R P

INFATS & SAE-C/STC Conference in Guangzhou, November 7-9, 2024 3



Table 1. Relative densities of binary stellar negative Poisson's ratio structures
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Figure 3. Schematic diagram of finite element model
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Figure 4. Finite element model validation
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Figure S. Force-displacement curves for C1, C2 and C3

Bs5.C1, C2, C3 B S-frienhsk

X=0mm X=20mm X=40mm X=60mm X=80mm

C1

C2

Figure 6. Deformation diagram of C1, C2 and C3
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Table 2. Simulation results: crashworthiness evaluation indexes
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2 m/kg IPF/KN EA/J SEA/(kJ/kg) MCF/KN CFE/%
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Figure 7. Schematic structure of the C1 configuration
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Figure 8. Force-displacement curves of double star negative Poisson's ratio structure with different parameters
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Figure 9. Crashworthiness indicators under different structural parameters
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