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Numerical Examination of Influence of Warhead Shape on
Penetration Performance of TC4-Al;Ti Laminated Composite Plate

CHEN Shugin', WU Jianan®, LIU Rui*, LIANG Zhuangli*, WANG Jintao*, ZHANG Huang
(1. School of Mathematics, North University of China, Taiyuan 030051, China;
2. School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: Since TC4-ALTi laminated composite has a low density and a high strength, it is frequently
utilized in armor protection materials. Ballistic impact testing of TC4-Al;Ti laminated composite boards
was conducted using a first-stage light gas gun test bench in order to better investigate the penetration
resistance of the laminated board. Additionally, 1LS-DYNA software was utilized to establish a finite ele-
ment model that was close to the conditions of the ballistic impact test. Through a comparison of the pro-
jectiles residual velocity and the target plate failure pattern determined by both simulation and experimenta-
tion, the efficacy of the finite element model is confirmed. Based on this, the impact of the shape of the
warhead on the target plate’s resistance to penetration is examined. The findings indicate that the TC4-
Al;Ti laminated composite plate has the best resistance to flathead projectiles in the speed range of this
investigation, followed by semi-spherical projectiles, and the lowest resistance to spherical projectiles.
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Tab.1 JC constitutive model parameters of TC4 layer of target plate
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Tab.3 Parameters of RIGID constitutive model of projectile body
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Fig.3 Test device diagram
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Fig.4 Bullet size schematic and physical drawings
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Tab.4 Ballistic penetration test results
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Fig.5 The front and back morphologies of the target plate at

different impact velocities
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Tab.5 Finite element simulation result
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Fig. 6 Damage condition of front and back of target plate
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Fig. 7 Different bullet shapes and sizes
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Fig. 8 Residual velocity of the projectile body at different incident

velocities
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Fig.9 The velocity change of the projectile body with different

warhead shapes
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Tab.6  Kinetic energy loss of bullets of different shapes

FITJEAR WIASRE/T RIARSIAE/T FEAE/T RERHNGR/ %

BT it 973 799 174 20.2
HEIE Sk 973 625 348 35.8
2L BRIE k3 973 512 461 47.4
-k 973 456 517 53.1
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Fig. 10  Stress nephogram of the projectile with different warhead

shapes penetrating the target plate at different times
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