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Numerical Simulation Analysis on Performance of Discontinuous
Armor-Piercing Projectile Core with Self-Sharpening Penetration

YAN Shuaiyu, ZHANG Huisuo", LI Changyi
(School of Mechanical and Electrical Engineering, North University of China, Taiyuan 030051, China)

Abstract: Aiming at the problems of brittle fracture of hard metals under the action of high-speed projec-
tiles and the decline in the penetration performance of armor-piercing projectiles caused by the Taylor rod
effect of elastoplastic materials, a multi-interface armor-piercing projectile core structure that transformed
continuous cores into discontinuous cores was designed based on the one-dimensional stress wave reflec-
tion and transmission theory (the core head is alternately composed of tungsten cones and aluminum
cones). Firstly, it was verified through theoretical calculation that the stress intensity after passing

through the tungsten-aluminum and aluminum-tungsten interfaces of the stress wave decreased to 51.3%
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of the initial value. Secondly, the finite element simulation was carried out using Lsdyna software to com-
paratively study the stress propagation, kinetic energy and velocity changes of discontinuous armor-piercing
cores and continuous armor-piercing cores during the penetration of ceramic-steel composite armor.
Finally, the orthogonal analysis method was utilized to study the influence of the cone Angle at the head
of the discontinuous armor-piercing core, the thickness of the cone at the head, and the thickness ratio
between each cone on the residual kinetic energy of target penetration. The research results show that the
stress of the discontinuous armor-piercing core is concentrated in the tungsten cone at the head during pen-
etration, while the stress intensity in other parts is relatively low. The head of the core can remain sharp
during the target firing process, and the penetration performance is significantly improved. Its kinetic energy
and velocity are higher than those of the continuous armor-piercing core throughout the process. After pen-
etration, the residual kinetic energy and residual velocity are 48.2% and 11.9% higher, respectively. The
order of the influence degree of each structural parameter of the discontinuous armor-piercing core on the
residual kinetic energy of penetrating the target is the cone angle of the head>the thickness of the cone of
the head>the thickness ratio between each cone. The results can provide theoretical reference for engineer-
ing design of improving penetration performance of armor-piercing projectile core.

Key words: discontinuous armor-piercing projectile core; structural self-sharpening; metal brittle fracture

property; stress wave
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Fig. 1 Brittle fracture of tungsten armor-piercing projectile core
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Fig. 3 Structure of discontinuous armor-piercing projectile core
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Tab.1 Parameters related to wave impedance of tungsten alloy
and aluminum alloy

g o/ (grem™?) E/GPa
Hh 4 18.5 343
Ry 2.78 72.4
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Fig.4 A simplified one-dimensional interface diagram of the head
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Fig. 6 1/4 finite element model of the projectile-target interaction
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Tab. 2 The Johnson-Cook material model of tungsten alloy

o/ (grem™)  G/GPa E/GPa y A/GPa
18.5 134 343 0.22 1.9
B/GPa n C m D,
0.177 0.12 0.016 1 0.705
D, D, D,
0.732 —0.54 —0.015
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Tab. 3 The Gruneisen state equation of tungsten alloy

C/(mes™ ) S, GAMAO A
4040 1.23 1.67 0.46

4 HE4ENPLASTIC _KINEMATIC AR L
Tab.4 The PLASTIC _KINEMATIC material model of

aluminum alloy

o/(geem™) E/GPa v
2.78 724  0.33

SIGY/GPa ETAN/GPa BETA
0.345 0.777 0.5

#5455 PLASTIC _KINEMATIC M1
Tab.5 The PLASTIC KINEMATIC material model of No. 45 steel

o/(gem™)  E/GPa y SIGY/GPa ETAN/GPa

7.877 207 0.33 1.03 6.9

F 6 PPN JOHNSON _HOLMQUIST _CERAMICS #4Hfk #
Tab.6 JOHNSON_HOLMQUIST .CERAMICS material model

of ceramics

o/(grem ?)  G/GPa A/GPa B/GPa C
3.163 183.8 0.96 0.35 0
M N T/GPa  HEL/GPa Py /GPa
1 0.65 0.37 14.567 5.9
D, D, K, K, K;
0.48 0.48 2.05 0 0
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Fig.7 The relationship between grid size and residual kinetic

energy behind the target
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Tab.7 Residual kinetic energy behind the target under

different grid sizes

RA% T /mm B 5R A E /K
P 791
1 114.0
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0.25 129.0
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Tab.8 The increase rate of residual kinetic energy under different
penetration speeds

G USSR ARBIRE /KT
<ms” SRR AW R
600 15.8 27.6 11.8
900 23.6 64.6 41.0
1 200 86.1 123.3 37.2
1500 130.3 193.1 62.8
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229 JEIR T AR SE 5 FH oI RIS 5 oIS TE
SREEAVE F a3 BT Y Von Mises W 1 =l .

RO PIRNILEN LR L AR Y Von Mises stress 2 £
Tab.9 Von Mises stress nephogram of the interaction between
two types of projectile core and target
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Tab. 10 Von Mises stress nephogram of penetration processes by
two projectile core
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Fig.8 The effective stress of the element at a horizontal distance of
2.06 cm from the tip of the bullet in the first 20 ps
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Tab. 11  Comparison of residual kinetic energy and residual veloc-

ity behind the target

S 5% hRe /KD
2 AL N E[SUE2 2 LI iy
130.3 193.1 62.8(48.2%)
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SUEE % AL N Ak L 2 L i
1325.35 1483.48 158.13(11.9%)
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Fig. 10 Comparison of the velocity between continuous armor-
piercing core and discontinuous armor-piercing core
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Tab. 12 Influencing factors and levels
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Tab. 13 Simulation experiment design and results
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Tab. 14 Analysis and the statistics results
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Tab. 15  Simulation results of continuous armor-piercing projectile core
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