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Simulation analysis on the initiation mechanism of the explosive charge
covered with a thick shell impacted by a rod projectile

KANG Haobo, JIANG Jianwei, PENG Jiacheng, LI Mei
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to study the initiation mechanisms of the explosive charge covered with a thick shell impacted by a high-
velocity rod projectiles, the shock physical explicit Eulerian dynamic software SPEED was applied to numerically simulate the
interactions beween the tungsten rod projectiles with different diameters and lengths and the Comp-B charge covered with a
thick shell, the up-down method was used to obtain the critical impact velocity and the change of the detonation position, and
the effects of the projectile diameter and length on the critical impact velocity were obtained. The initiation mechanisms of the
Comp-B charge detonated by the projectile at the critical impact velocity were analyzed in depth, and the effects of the
projectile impact velocity on the initiation mechanism and the detonation position were obtained. The research results show
that the critical impact velocity decreases significantly as the projectile diameter increases, the critical impact velocity first
decreases and then gradually changes as the projectile length increases. When the Comp-B charge is detonated by the projectile
at the critical impact velocity, there are two initiation mechanisms, namely the macro-shear initiation mechanism after the
projectile penetrates the shell and the low-velocity impact initiation mechanism without penetrating the shell. The mechanisms
will transform as the projectile impact velocity continues to increase above the critical impact velocity. If the macro-shear
initiation mechanism dominates when the Comp-B charge is detonated by the projectile at the critical impact velocity, it will
transform into the high-velocity impact initiation mechanism; if the low-velocity impact initiation mechanism dominates at this
time, it will first transform into the macro-shear initiation mechanism, and then transform into the high-velocity impact
initiation mechanism. The detonation position is at a certain distance from the interface between the explosive and the shell, the
distance decreases as the impact velocity of the projectile increases if the initiation mechanism remains the same.
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Fig. 1 The physical model for a rod projectile vertically impacting on a simulated warhead
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Table 1 Models for metal materials
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Table 2 Johnson-Cook strength model parameters for metal materials

pp o/(g-em™) G/GPa A/MPa B/MPa n c m T./K
434040 7.83 80.1 792 510 0.26 0.014 1.03 1793
WEs 17.30 145.0 1506 177 0.12 0.016 1.00 1723
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Table 3 Lee-Tarver equation-of-state parameters for Comp-B explosive
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Table 4 Basic parameters and JWL equation-of-state parameters for Comp-B explosive

pl(g-em™) De/(m-s™) Pe/GPa A/GPa B/GPa R, R, w
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Fig. 5 Pressure contours at typical times for the projectiles (D=16 mm, L=80 mm) impacting on the explosive charge
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Fig. 12 Pressure contours of the explosive charge detonated by the projectiles at typical impact velocities
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Fig. 13 Change of detonation position with projectile impact velocity
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