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Fig.1 Schematic diagram of experimental device
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Fig.2 The physical map of shaped charge penetration test

b. aluminum target
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Fig.3 Testing results of jet penetrating 603 armor steel target
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Fig.4 Testing results of jet penetrating aluminum target
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Table 1  Testing results of jet oblique penetrating different tar-

get materials with different angle

material v/(°) L/mm B/mm H/mm ricochet

87.0 8.3 9.0 N
100.0 10 3.5
151.1  12.3 1.7
131.8 10.7 9.3

603 armor steel

O N

aluminum
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Table 2 Explosive material model and the parameters of JWL state equation
p/kg - cm™ pc;/GPa D/m -+ s E,/GPa A/GPa B/GPa R, R, w
1700 34 8390 0.09 854.5 20.493 4.6 1.35 0.25
R3 ABEM R K Gruneisen JRAETT RS K
Table 3 Liner material model and the parameters of Gruneisen state equation
p/kg - cm™ G/GPa Y, /MPa Ynax /MPa n C/m-s 7 3
8930 47.7 120 640 0.45 3940 1.99 1.49
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Table 4 Air material model and the parameters of Liner_Polynomial state equation

p/ kg - cm™? G G G

o G G Yo

1.23 0 0 0

0.4 0.4 0 1.4

x5 HOARMEHREA K H Gruneisen R FE S HL

Table 5 Target material model and the parameters of Gruneisen state equation

material p/ kg +ecm™  G/GPa A/MPa B/MPa n c m Yo
603 armor steel 7.85 77.0 1350 362 0.568 0.087 1.13 2.17
aluminum 2.78 29.9 265 462 0.34 0.015 1.07 2.02
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Fig.6  Results of numerical simulation about shaped charge
jet penetrating 603 armor steel with different angles
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Fig.7 Results of numerical simulation about shaped charge

jet penetrating aluminum target
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Numerical Simulation and Experimental Research on the Effect of Target Material on the Ricochet Angle of
Shaped Charge Jet

ZHAO Fang-xuan', SHEN Zhao-xin’, LIU Ning’, LI Ru-jiang'
(1. School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China; 2. Beijing Aerospace Institute for Metrology and
Measurement Technology, Beijing 100076, China)

Abstract: The ricochet process of shaped charge jet penetration different material target, including 603 armor steel and aluminum,
with a small incidence angle ranging from 5° to 7° was numerically simulated by using ANSYS/LS-DYNA software. Their penetra-
tion and ricochet process were observed. Results show that the obtained numerical simulation results are consistent with the experi-
mental data. When the velocity of jet head is 6500 m - s™', the critical incidence angle of the ricochet is between 6° to 7° for 603
armor steel and between 5° to 6° for aluminum and the ricochet angle of jet decreases with the increase of target strength. The ric-
ochet process of jet includes two stages: at the first, jet head ricochet takes place when jet touch target and the rest of jet invade
target. Then, the direction of motion of jet front deflects under an asymmetric resistance from target and jet leave target in the end.
Subsequent jet jump out of target. The crater depth ratio under the situation of ricochet and not ricochet of 603 armor steel is
0.389 and lower than that of aluminum, which is 0.795, proving that the energy of jet consume in penetrating target crater and
extended crater decreases along with the increase of target strength under the case of ricochet.

Key words: shaped charge jet; ricochet; target material; test; numerical simulation
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