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Table 1 Strength model parameters for the granite

G/GPa  pl/kgm™) A/MPa  B/MPa N &/s™ C f/MPa S D, D, &
14.19 2800 950 1600 0.79 1.0 0.008  126.5 70 0.034 1.0 0.0l

#2 EREEIRNOHICKREFESH

Table 2 Equation of state parameters for the granite

p/MPa He p/MPa s T/MPa K,/GPa K,/GPa K;/GPa

422 0.003 279 0.02 8.786 85 -171 208

x3 WHEHMRSH
Table 3 Strength model parameters for the projectile

G/GPa pl(kgm™) o/GPa  B/GPa N C/(ms™) c T../K S % M
81.8 7800 0.235 0.3 1.03 3574 026 1600 192 1.69 0.014

S WXL, L 97, 109, 171, 175,
202, 251, 269 m/sl 3 8 & #E 17 SPH B
L, 5 BT ERE A R L3 4. B SPH BUE AR

&4 SPHHEFEMNERMRAELER
Table 4 Depth of pit formed by numerical simulation of SPH

v/(ms ™) h/mm vo/(ms ™) h/mm
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Application of SPH Method for Problem of Rock Penetration
within the Wide-Ranged Velocity

QIANG Hongfu, ZHANG Guoxing, WANG Guang, HUANG Quanzhang
(Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: The smoothed particle hydrodynamics (SPH) method is used to simulate the deformation of
penetration of granite at large strain and high strain rates. In order to describe the nonlinear deformation and
failure characteristics of the projectile and target, the Holmquist-Johnson-Cook (HJC) constitutive model,
damage model, Johnson-Cook (J-C) constitutive model and Griineisen equation of state for granite are
introduced, in which the projectile and the fortifications are discretized into Lagrangian particles. In
simulation of three-dimensional penetration process of granite targets by self-made program at the speed
from 0 m/s to 4000 m/s, we compare and analyzes the penetration results of steel balls under different
projectile conditions. The curve of the penetration depth with the penetration velocity is fitted in solid
penetration, semi-fluid penetration and fluid invasion. The numerical results show that the penetration depth
increases with the increase of the penetration velocity in the solid penetration interval (v, < 1421 m/s). A
decreasing trend is shown in the semi-fluid penetration interval (1421 m/s <v, <1700 m/s), while an
increasing trend is shown in the fluid penetration interval (1421 m/s < vy < 1700 m/s) and gradually tended to
reach the peak.

Keywords: projectile; penetration; granite; smoothed particle hydrodynamics method
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