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Numerical simulation for penetration of rigid
projectile based on SPH method

YIN Guan-sheng, GAO Yan, ZHAO Ting
(School of Science, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract; Smooth particle hydrodynamics (SPH) method has been applied to analyze the high-
speed collision problem. LS-DYNA, as a large-scale dynamics simulation software, was adopt-
ed to analyze the spherical projectile penetrating the steel target with thickness of 1. 2cm at a
high speed of 1 000 m/s. The material of spherical projectile was rigid, moreover, Johnson-
Cook material property and Gruneisen state equation were used for the steel target. To study
the respective advantages and disadvantages of the three methods applied in high-speed colli-
sion, including finite element method, the SPH-FEM (smooth particle hydrodynamics-finite ele-
ment method) coupling algorithm and SPH method, the Mises stress cloud images, system en-
ergy, speed, acceleration and computation efficiency of the three methods were compared. The
results show that the SPH method is computationally less efficient, where the computation time
for only one quarter of the model is about 6. 4 times of that used by finite element method.
However, the finite element method doesn’ t perform well in simulating the collision material

deformation and splash phenomenon. In conclusion the SPH-FEM coupling algorithm can make
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up for the deficiencies of the former two methods, and its computation precision meets the re-

quirement. 8 figs, 14 refs.

Key words: structural mechanics; high-speed collision; numerical simulation; finite element

method; FEM-SPH coupling algorithm; SPH
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Fig. 2 SPH particles contact with finite elements
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Fig. 3 Debris diagrams of different models at different time
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Fig. 7 Velocity-time curves of projectile
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Fig. 8  Acceleration-time curves of projectile
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