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ABSTRACT

In this study, the penetration characteristic from the cubic and cylindrical penetrator consisting
of tungsten material with the velocity of 2,300 m/s is evaluated and the penetration possibility
into the target is confirmed. The design of shape and size of penetrator is directly related to
space and weight of the warhead. AUTODYN-3D simulation is used to study the penetration
effect of penetrator. The purpose of numerical analysis is to verify the penetration characteristic
with various L/D penetrator. The penetration performance of penetrator with identical weight
due to the shape is also confirmed. The cylindrical and cubic penetrator has enough penetration
energy on constant target body. Because the possibility of 2'nd penetration is important factor
after 1'st penetration into target body, residual velocity of residual mass must be existed as
much as possible. As geometrical shape ratio increases, penetration performance is confirmed to
improve.
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Table 1 Dimension and mass of penetrators

Geometrical Shape Diameter | Length | Mass
Shape Ratio P (mm) (mm) (2)
Cylinder 15.00 15.00 | 47.88
L/D=1
Cubic 13.84 13.84 | 47.98
Cylinder 11.91 23.81 | 47.80
L/D=2
Cubic 10.98 21.96 | 47.92
Cylinder 10.40 31.20 | 47.78
L/D=3
Cubic 9.59 28.78 | 48.01
Cylinder 9.45 37.80 | 47.89
L/D=4
Cubic 8.72 3486 | 47.98
Cylinder 8.77 43.86 | 47.76
L/D=5
Cubic 8.09 4046 | 48.05
Cylinder 8.26 49.53 | 47.73
LD=6
Cubic 7.61 45.69 | 48.02
Cylinder 7.84 54.89 | 47.66
L/D=7 -
Cubic 7.24 50.65 | 48.06
Cylinder 7.50 59.99 | 47.42
L/D=8
Cubic 6.92 55.36 | 47.98
Cylinder 7.21 64.92 | 47.56
L/D=9
Cubic 6.65 59.89 | 48.08
Cylinder 6.96 69.64 | 47.41
L/D=10
Cubic 6.42 6124 | 47.92

Table 2 Material constitutive model in simulation

Structure EOS
Shock
Steel plate | Line

Failure model
Hydro

Johnson-Cook| Principal stress

Strengthen

Von-Mises

Penetrator

Table 3 Physical properties for materials

Penetrator Steel plate
Material Tungsten Steel-4340
Density [g/em’] 19.29 7.83
Bulk Modulus [GPa] 310 167.4
Shear Modulus [GPa] 160 81.8
Principal Tensile Failure ) 072
Stress [GPa]
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Fig. 5 After penetration cylinder L/D =2 shape
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Fig. 7 Residual mass of cubic

Table 4 Residual mass of cube

Cubic - Mass -
Max Min Gap |Ratio (%)
LD=1 47.98 25.88 22.10 46.1
L/D=2 47.92 29.98 17.94 374
L/D=3 48.01 34.84 13.17 274
L/D=4 47.98 36.45 11.52 24.0
L/D=5 48.05 38.05 10.00 20.8
L/D=6 | 48.02 39.11 8.91 18.6
L/D=7 48.06 40.02 8.03 16.7
L/D=8 47.98 40.36 7.62 159
L/D=9 | 48.08 40.98 7.10 14.8
L/D=10| 4792 40.86 7.06 14.7
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Fig. 8 Residual mass of cylinder

Table 5 Residual mass of cylinder

Cylinder - Mass -
Max Min Gap |Ratio (%)

L/D=1 47.88 2726 20.62 431
L/D=2 47.80 3343 14.37 30.1
L/D=3 47.78 36.84 10.94 229
L/'D=4 47.89 39.67 8.21 172
L/D=5 47.76 39.36 8.39 17.6
L/'D=6 47.73 40.82 691 14.5
L/D=7 47.66 41.54 6.11 12.8
L/D=8 47.42 41.19 6.23 13.1
L/D=9 47.56 42.19 5.37 113
L/D=10| 4741 41.80 5.61 11.8
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Table 6 Residual velocity of cubic

Velocity
Cubic
Max (m/s)|Min (m/s)| Gap |Ratio (%)

L/D=1 2300 1315 985 42.8
L/D=2 2300 1686 614 26.7
L/D=3 2300 1880 420 18.3
L/D=4 2300 1985 315 13.7
L/D=5 2300 2046 254 11.0
L/D=6 2300 2080 220 9.6
L/D=7 2300 2120 180 7.8
L/D=38 2300 2141 159 6.9
L/D=9 2300 2155 145 6.3
L/D=10| 2300 2178 122 53
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Fig. 9 Residual velocity of cubic
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Table 7 Residual velocity of cylinder

Cylinder Velocity
Max (m/s)|Min (m/s)|Gap (mm)|Ratio (%)

L/D=1 2300 1388 912 39.7
L/D=2 2300 1741 559 243
L/D=3 2300 1913 387 16.8
L/D=4 2300 1993 307 133
L/D=5 2300 2050 250 10.9
L/D=6 2300 2087 213 9.3
L/D=7 2300 2107 193 84
L/D=8 2300 2146 154 6.7
L/D=9 2300 2155 145 6.3
L/D=10| 2300 2168 132 5.7
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