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Abstract: To study the influence of the fragment’ s impact posture on the penetration
performance, a simulation analysis was conducted on the typical cylindrical fragments’ oblique
penetration of an aluminum alloy target plate using the ABAQUS finite element software. The
cylindrical fragments were set to penetrate the aluminum alloy target plate at an incidence angle
ranging from 10° to 60°. The effects of the impact posture of the target plate and the impact
velocity on the penetration performance were investigated. The results show that when the
incidence angle is less than 30°, the penetration performance of the cylindrical fragments is not
significantly affected; when the incidence angle is greater than 30°, the increase in the incidence
angle will severely weaken the penetration performance of the cylindrical fragments. As the
incidence angle increases, the ballistic limit velocity of the fragments continuously increases, and
the greater the incidence angle, the more significant the increase in the ballistic limit velocity and
the worse the penetration performance. The size of the target plate's perforation increases with the
increase in the incidence angle, and the increase in the perforation size is greater when the
incidence angle is larger.

Key words: target attitude; fragment; penetration performance; aluminum alloy target plate;
numerical simulation
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Fig. 1 Penetration model of cylindrical fragments at
different incidence angles
(a)—10°; (b)—20°; (c)—30°;
(d)—40°; (e)—50°; ()—60°.
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Table 1 Johnson—Cook material parameters of tungsten alloy fragments
pl(kg-m™) E/GPa G/GPa o /MPa B C n m
17 650 410 137 1 500 177 0.016 0.12 1.0
T,/K T/K D, D, D, D, D, 2/(s™)
1498 293 2.0 1.77 -3.4 0 0 1
F2 2A12%3& £ B Johnson—Cook # 1 &4
Table 2 Johnson—-Cook material parameters of 2A12 aluminum alloy target plate
4k} p/(kg-m™) E/GPa G/GPa o /MPa B/MPa C n m
2AERE 4 2 780 73.083 26.9 369 684 0.008 3 0.73 1.7
o T, /K T/K D, D, D, D, D, £,x10%(s™)
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Table 3 State equation parameters of tungsten

alloy fragment and 2A12 aluminum
alloy target plate

c, E
bR S8 Sy P
(ms™) (J'm™)

mEs 1.237 0.0 0.0 1.54 0.0 4029 0.0
2A1248484 1.400 0.0 0.0 1.97 0.0 5240 0.0
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Table 4 Comparison of ballistic limit velocity results

SHTEA FR A /(m - s7)

¥ B EAR/mm S /mm o i A THERZE % PR %
1 10.0 8 306 311 321 1.63 4.90
2 9.2 8 341 333 342 -2.35 0.29
3 7.0 10 510 519 497 1.76 -2.55
4 5.0 10 627 653 639 4.15 1.91
5 3.0 8 806 823 793 2.11 -1.61
6 3.0 10 919 922 937 0.33 1.96
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Fig.2 Schematic diagram of the test device
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Fig. 3 Residual velocity curves of cylindrical
fragments
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Fig. 4 Velocity decay rate curves of cylindrical
fragments
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Table 5 Comparison of ballistic limit velocity of
cylindrical fragments
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Fig.5 Trajectory limit velocity curves of cylindrical
fragments
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Fig. 6 Front and local profile topography of the target plate at different incidence angles
(a)—10°; (b)—20°; (¢)—30°; (d)—40°; (e)—50°; (f)—60°.
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Table.6 The aperture size of the target plate at
different incidence angles
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800 50 7.53 7.63 7.68
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Fig. 7 The variation curve of the aperture size of
each part with the incidence angle
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Fig. 8 Residual kinetic energy curves of cylindrical
fragments at different incidence angles
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Fig. 9 Kinetic energy attenuation rate of cylindrical

fragments at different incidence angles
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