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Table 1 Material parameters for steel plate""

Mass density/  Young’s . . Taylor-Quinney  Specific heat ~ Thermal expansion Damage coupling
Poisson’s ratio

(kg'm™)  modulus/GPa coefficienty ~ C/(J')kg''K™")  coefficient /K’ parameter 3

7850 210 0.33 0.9 452 1.2x10°7° 0

Johnson-Cook (JC) strength model parameters

A/MPa B/MPa n c &ofs m T/K
499 382 0.458 0.0079 5%x107™ 0.893 293
JC strength model parameters JC damage model parameters
T /K /K D, D, D, D, D,
1800 293 0.636 1.936 —2.969 -0.014 1.014
JC damage model parameters Voce hardening parameters Critical temperature
D, Pa o C 0, G, parameter 7/K
1 0 0 0 0 0 1800

®2 MRS

Table 2 Material parameters for projectile""

Mass density/(kgm™)  Young’s modulus/GPa  Poisson’s ratio  Yield stress oy/MPa  Tangent modulus E;,/GPa
7850 204 0.33 1900 15
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Fig. 2 Overall relative error of residual velocity for different friction coefficients
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Table 3 Comparison of residual velocity and ballistic limit obtained by numerical simulation and experiment

Residual velocity/(m-s™)
Method Ballistic limit/(m-s™)
v=2982m-s'  v=3246ms' 1,=346.6m's'  v,=365.0m-s"

Experiment!'”’ 91.2 160.3 193.3 239.9 295.9
Simulation 95.3 158.7 197.6 226.2 284.0
Relative error/% 4.5 1.0 2.2 5.7 4.0
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Fig. 3 Comparison of deformations of projectile and target obtained by numerical simulation and experiment!'”’
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Fig. 4 Residual velocity-rotation speed curves
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Fig. 5 Penetration deformations of steel plate with different rotation speeds of projectile at an incident velocity of 298.2 m/s
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Fig. 6 Penetration deformations of steel plate with different rotation speeds of projectile at an incident velocity of 365.0 m/s
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Fig. 7 Trajectories in xz plane of the observed particles in the target (Incident velocity: 298.2 m/s)
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Fig. 11 Schematic for deflection angles of projectile at an arbitrary time of penetration process
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Effect of Rotation on Penetration of Steel Plate by Ogival Projectile
Using Coupled FEM-SPH Simulation

XIAO Yihua', WU Hecheng', ZHU Aihua', DONG Huanghuang®, PING Xuecheng’

(1. School of Mechatronics and Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China;
2. Hangcha Group Co., Ltd, Hangzhou 310000, China;
3. College of Mechanical Engineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: A coupled FEM-SPH model for an ogival-nosed projectile penetrating into a steel plate was
established. The influence of friction coefficient between projectile and plate on residual velocity estimation
for projectile was analyzed. Based on the experimental data, a suitable friction coefficient was determined
such that the model can accurately predict residual velocities of projectile and ballistic limit of target. Based
on the model, effects of projectile rotation on its residual velocity and ballistic deflection were studied for
normal and oblique penetration with two different incident velocities and different incident angles. For
normal penetration, rotation has a significant influence on residual velocity of projectile while few effects on
ballistic deflection. The residual velocity and penetration capability of projectile increase with the growth of
rotation speed. For oblique penetration, rotation has obvious effects on both residual velocity and ballistic
deflection of projectile. The penetration capability of projectile does not monotonically increase with the
growth of rotation speed and is dependent on incident angle and velocity. Deflections out of incident plane
are induced by projectile rotation, and the deflection direction is related to the rotation direction of projectile.
Keywords: rotation; penetration; residual velocity; ballistic deflection

055103-10


http://dx.doi.org/10.3969/j.issn.1004-499X.2015.01.014
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/S0997-7538(01)01157-3
http://dx.doi.org/10.1016/S0734-743X(01)00035-5
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.01.014
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/S0997-7538(01)01157-3
http://dx.doi.org/10.1016/S0734-743X(01)00035-5
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.01.014
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/S0997-7538(01)01157-3
http://dx.doi.org/10.1016/S0734-743X(01)00035-5
http://dx.doi.org/10.3969/j.issn.1004-499X.2015.01.014
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1000-1093.2015.01.007
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1006-2793.2011.02.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-3835.2010.04.003
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/0734-743X(92)90101-X
http://dx.doi.org/10.1016/S0997-7538(01)01157-3
http://dx.doi.org/10.1016/S0734-743X(01)00035-5

