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Table 1 Model parameters for three materials

AR 0o /(g/cm?®) E /GPa v ¢, /(W/(m+K)) T,/K T. /K & /s !
A4 17.6 310 0.3 134 300 1752 1
e 7.85 200 0.29 477 300 1793 1
MR A/MPa B/MPa n C m S, co/(m/s)
oA A 1506 177 0.12 0.016 1.00 1. 44 3850
W 792 510 0.26 0.014 1.03 1.33 4578
zE s Yo D, D, D, D, D; a
A4 1.58 0.16 3.13 —2.04 0. 007 0.37
A 1.67 0.05 3.44 —2.12 0. 002 0.61 0. 47
ok o0/ (g/cm®) E/GPa v o /MPa E../MPa & /%
RER 2.81 71.7 0.33 501 2670 1.5
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(d) The semi-infinite steel target

(a) The long rod

(b) The ideal segmented rod

(c) The segmented rod with a carrier tube

P 1 FEBE AU 3 b 35 (A A 79) T 121 B 3 B 190 A%
Fig. 1 Schematics of the three types of rods and the target used in numerical simulation
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Table 2 Experimental data and numerical results

h/mm
v/ (km/s) HEERKAT AR S B B R o> BT
S B g RS T 4 R AR
1. 865 49.70 50.12 61.45 - -
1. 880 50. 20 50. 59 62.95 60. 34 63. 44
1.939 - — 63. 89 64. 87 66. 15
1.968 51.21 52.13 64. 23 — —
1. 984 - - 65. 38 65. 86 68.63
1.988 51.62 52. 47 67.85 — —
2.028 52.20 53.11 68. 06 70. 20 71.39
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Fig. 2 Von Mises stress contours of the long rod and semi-infinite steel target

during penetration at the initial impact velocity of 2.0 km/s
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Fig. 3 Projectile-target interface pressure and velocity histories for a long rod penetrating

into a semi-infinite steel target at the initial impact velocity of 2.0 km/s
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Fig. 4 Von Mises stress contours of the ideal segmented rod and semi-infinite steel target during penetration

at the initial impact velocity of 2.0 km/s
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Fig. 5 Projectile-target interface pressure and velocity histories for an ideal segmented rod penetrating

into a semi-infinite steel target at the initial impact velocity of 2.0 km/s
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Fig. 6 Von Mises stress contours of the segmented rod with a carrier tube and semi-infinite steel target

during penetration at the initial impact velocity of 2.0 km/s
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Fig. 7 Projectile-target interface pressure and velocity histories for a segmented rod with a carrier tube penetrating

into a semi-infinite steel target at the initial impact velocity of 2.0 km/s
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Fig. 8 Crater profiles after the three types of rods penetrating into steel targets
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Fig. 10 Kinetic energy as a function of time for the different rods and targets at the initial impact velocity of 2.0 km/s
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Numerical simulations on long rods and segmented rods
penetrating into steel targets”

LANG Lin', CHEN Xiao-wei"*, LEI Jing-song’
(1. School of Civil Engineering s Southwest University of Science & Technology s
Mianyang 621010, Sichuan, China;
2. Institute o f Structural Mechanics, China Academy of Engineering Physics,
Mianyang 621900, Sichuan, China)

Abstract; Numerical simulations were conducted on the penetration of the long rod with the length-ra-
dial ratio of 5, the ideal segmented rod and the segmented rod with a carrier tube into semi-infinite
steel targets, respectively, by using the software ANSYS/LS-DYNAS3D. The Lagrangian method and
Johnson-Cook constitutive model were coupled in the numerical simulations. The von Misese stress
contours were given at the typical times during the penetration and the penetration performances of
these rods were compared. Comparison shows that the dominant contribution to the depth of penetra-
tion (DOP) of the segmented rod is due to the phase [l non-steady stage rather than the phase [l qua-
si-steady penetration stage in the long-rod penetration. The interspacing of the segmented rods has a
significant impact on the DOP, while the carrier tube only contributes to the increase of the crater di-
ameter.

Key words: solid mechanics; depth of penetration; Johnson-Cook model; segmented rod; semi-infinite

steel target
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