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Fig. 1 Numerical calculation model
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Table 1 Material parameters of copper and 45 steel™

Material  p/(g+ cm™?) E/GPa A c/MPa  B;¢/MPa P C n m
Copper 8. 96 124 300 100 0. 34 0.025 0.31 1.09
45 steel 7.83 200 792 510 0. 34 0.014 0. 26 1.09
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Table 2 Material parameters of main explosive

o/(g+cm *) Ayw./GPa Bjw./GPa D/(km s ") R, R, 13)
1. 787 581. 4 6.801 8. 39 4.1 1.0 0. 35
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Table 3 Material parameters of confined explosive!”

po/GPa  G,/(ps -+ GPa ") I/ps Ao/ (m + 57 1) Y- y 2 g
27 310 4,4 10" 0.3 0 1.0 2.0 1.0

p/(g+em ) G,/(us+GPa ') D/(km+s ") Agme/(mes a b ¢ d
1.72 4.0%10" 6.93 0.5 0 0.667  0.667 0.111
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Table 4 Fracture time of each part of the jet

Velocity/ thead / 1S Luia/ 128
(mes ") a=30° a=45° a=60° a=30° a=45° a=60°
0 86 79 74 217 196 154
150 81 77 72 183 167 140
200 79 77 71 181 159 134
300 78 76 68 177 151 122
400 77 70 67 161 132 113
500 71 68 65 158 130 107
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Fig. 3 Fracture of the jet head Fig. 4 Fracture of middle and rear of the jet
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Table 5 Simulation results of jet penetrating target
Velocity/ L/mm P/mm
(me+s™h) a=30° a=45° a=60° a=30° a=45° a=60°
150 35.5 25.5 24.5 100. 0 91.8 51.1
200 47. 4 33.7 25.0 89.5 84.5 50.7
300 71.0 46. 2 28.7 83.6 80. 6 50.4
400 82.0 47.5 40.0 81.3 74.7 49.2
500 99.5 49.3 48.6 77.2 68.2 44.9

a=30° o=45° o=60° o=30° o=45° o=60°
(a) v=0 m/s (b) v=150 m/s
a=30° o=45° a=60° a=30° a=45° o=60°
(c) v=200 m/s (d) v=300 m/s
- - \
o=45° o=60° o=30° o=45°

(e) v=400 m/s (f) v=500 m/s
&6 SR SR 1 R = (]

Fig. 6 Pressure nephograms of jet on witness target
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Fig. 7 Variation of target surface’s cutting length Fig. 8 Variation of target’s penetration depth
with the velocity with the velocity
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Fig. 9 Variation of surface’s cutting length drop Fig. 10 Variation of penetration depth drop
with the velocity with the velocity
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Numerical Simulation of Shaped Warhead Penetrating the Target
with Reactive Armor in Motion State

WU Peng, LI Rujiang, LEI Wei, RUAN Guangguang., NIE Pengsong,
SHI Junlei, YU Jinsheng,ZHOU Jie

(School o f Environmental and Safety Engineering s North University of China .
Taiyuan 030051,China)

Abstract: The processes of shaped warheads penetration of post-impact targets with reaction armor at different
flight speeds (150,200,300,400,500 m/s) and in different penetration angles (30°,45°,60°) were simulated
using the LS-DYNA program,and the interference of the jet and the result of its penetration into the target
plate were discussed. The results show that when the penetration angle is a constant, the cutting length of the
target surface increases with the increase of the velocity and the rate of the increase is the fastest at 30°, but
the penetration depth decreases and the rate of the decrease is the slowest at 60°. When the flight speed is a
constant in the range of 150—500 m/s,both the cutting length of the target surface and the penetration depth
decrease with the increase of the angle. The drop of the cutting length of the target surface tends to increase at
first and then decrease with the increase of the velocity and the maximum decrease is 59. 6% at 300 m/s,
whereas the drop of the penetration depth tends to decrease at first and then increase with the increase of the
velocity and the minimum decrease is 39. 3% at 350 m/s. The theoretical analysis was carried out and the
numerical simulation method was proved correct.

Keywords: shaped warheads; dynamic penetration; surface’s cutting length; penetration depth; numerical

simulation
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