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Numerical Study on Anti-penetration Performance of TPMS Structure

XIE Zhongyang , YANG Chunhao” ,MA Wuning
(School of Mechanical Engineering, Nanjing University of Science and Technology ,Nanjing 210094, China)

Abstract: As a structure with excellent mechanical properties and multifunctional characteristics, the
lattice structure has the characteristics of high strength, high energy absorption, and the like. In order to
study the anti-penetration performance of the triply periodic minimal surface ( TPMS) structure, we
established lattice structure models of the Diamond and Gyroid types based on this structure. Silicon
carbide ceramics were selected as the matrix material of TPMS structure, and its anti-penetration
performance was studied by the ABAQUS finite element software. The research results show that under
low-speed penetration, the Diamond structure significantly improves energy absorption, while the
asymmetrical forces generated during impact and the erosion of the projectile in the Gyroid structure can
effectively change the penetration angle. Aiming at Gyroid structure ,finite element simulation was carried
out under different working conditions, such as different impact points, different incident angles and
increasing target thickness, and the influence of the change of incident angle on the anti-penetration
performance of the Gyroid structure was analyzed. The result shows that the deflection degree of the
ejection angle decreases first and then increases with the increase of the incident angle. In addition, when
the projectile impacts the spiral surface of the concave Gyroid structure ,the ejection angle of the projectile
can be obviously changed. After increasing the thickness of the Gyroid structure by 50% ,the change of
bullet ejection-angle increases by 176.92% , and the absorbed energy increases by 78.26%. The Gyroid
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structure can effectively change the motion attitude of the projectile through its unique curved-surface

structure. The research results provide certain reference significance for lightweight armor design.

Key words: TPMS structure ; ceramic ; anti-penetration performance ;finite element simulation
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Table 1 J-C model parameters of the bullet

p/(g-em™) E/GPa y A/GPa  B/GPa n Cc
7.86 202 0.276 1.9 1.1 0.3  0.005
m £ D, D, D, D, Ds

1.0 0.001 -0.07 0.5 1.5 - -
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Table 2 JH-2 model parameters of silicon carbide

p/(g-em™) E/GPa A" B’ c’ M N  T/GPa

3.163 183  0.96 0.35 0 1.0 0.65 0.37

Ey/GPa pyp/GPa D} D) K,/GPa K,/GPa K;/GPa -

14.6 5.9
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Table 3 Comparison between experimental
results and numerical simulation results
PO mm gy SRR I mm gty o4 g
BB g XRE/% g gy MHXNERE/%

14 12.73 9.1 25 27.46 9.8
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Fig. 8 Stress contours of diamond structure impacted by projectile at initial velocity of 808 m/s
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Fig. 10 Comparison of residual velocities at

different impact velocities
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Fig. 9 Stress contours of Gyroid structure impacted by the projectile at an initial velocity of 808 m/s
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Fig. 11 Energy absorption at different impact velocities
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Fig. 14 Stress contours during the penetration process
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Fig. 15 Schematic diagram of bullet incidence angle
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Fig. 16 Simulation results of penetration at different
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Table 4 Difference between incident angle

and ejection angle

BRSNS/ (o) BHAE/(0) 2EE/(0)
1 10 20 10
2 20 23 3
3 30 30 0
4 40 55 15
5 50 68 18
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Fig. 18 Simulation results after the projectile penetrating

the target plate while impacting different positions
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