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A numerical simulation method for long rods penetrating into ceramic targets
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Abstract: Ceramics are widely used in armors because of high strength, low density and excellent ballistic performance.
When long rods impact the ceramics, the long rods will flow radially along the ceramic surfaces without significant
penetration. The special phenomenon is called interface defeat which has important practice application in the anti-penetration
performance. For the long rods impacting the ceramic targets, a two-dimensional axisymmetric numerical model in which both
the Lagrange method and smooth particle hydrodynamics (SPH) method are used, is established by using the software
AUTODYN. The established model is applied to simulate the penetration of the long rod into the silicon carbide ceramic with a
cover plate. By changing the impact velocity of the long rod, three different phenomena are obtained including interface defeat,
dwell to penetration and direct penetration. Through the verification of mesh convergence and the comparison of the numerical
results to the experimental results, the reliability of the algorithm, boundary conditions and parameter settings in the numerical
model is comprehensively verified. The simulated results show that if the SPH and Lagrange methods are used at the same
time, the influences of particle and mesh sizes need to be considered. It is not recommended to use the SPH method for
simulating the interface defeat of the ceramic targets. The methods of the modeling and parameter selections are helpful for the
subsequent simulations on ceramic anti-penetration and interface defeat.
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Fig. 1 The experimental device and the simplified calculation model (unit in mm)
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Fig.2 The relations of stress and strain to pressure in the JH-1 model"*!
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Table 1 Material parameters for SiC'>!

po/(g-em™) K,/GPa K,/GPa T,/GPa G/GPa oy /GPa o,/GPa p,/GPa o,/GPa
3215 220 361 220 193 11.7 7.1 25 12.2
p,/GPa C of.max/GPa a o /GPa Ot max py/GPa B
10 0.009 1.30 0.4 -0.75 0.6 99.75 1
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Table 2 Material parameters for tungsten alloy and 4340 steel ™!

e pol(grem™) WA K/GPa y cyf(km's™) s
Bha 17.600 Shock 285 1.540 4.029 1.237
43409 7.830 Linear 159

Mkt T/K ¢,/dkg" K™ SRR G/GPa A/GPa BIGPa
&4 300 134 J-CHiAY 160 1.506 0.177
43404 300 477 J-CRERY 77 0.792 0.510

g n VA m T,/K £/

BE4 0.120 0.016 1.000 1.723x10° 1.000
43404 0.260 0.014 1.030 1.793x10° 1.000

e St D, D, D D, Ds
G4 J-C 0.160 3.130 —2.040 0.007 0.370
43408 J-C 0.050 3.440 -2.120 0.003 0.610

T3 MAR3S0 HEIHT RIS H
Table3 Material parameters for MAR350 steel™”!

py/(grem™) KIGPa G/GPa o,/GPa &
8.08 140 77 2.6 0.4
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Fig. 3 Boundary condition settings
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Fig. 5 Simulation results of ceramic damage using different algorithm modelling
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Table 4 Simulation results of mesh convergence
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(a) By Chi, et al® (b) This paper using the same damage model
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Fig. 6 Simulated penetration of a long rod into a ceramic target as well as the magnified view of the projectile nose
IR B FH SR SR AR B ORE A W7 SRR, AR P 0 BE AR T AR S T R G BRI . R 5 2
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Table 5 Damage parameters in the J-C models”**"!

R D, D, D, D, D,
J-CHRh(Lee) 0 0.33 -1.50 0 0
J-CREUEIE) 0.16 3.13 -2.04 0.007 0.370

Damage
1.0

Long rod
6.0
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(b) Damage results of interface defeat in Case 3 (c) Experimental result® corresponding to (b)
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Fig. 7 Simulation results in Cases 1-3 and related experimental result
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