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Table 1 Parameters of projectile shell, target, and buffer layer

Material p/(kg-m™) I E/GPa A/MPa B/MPa n C m &o/s!
35CrMnSi steel 7830 0.30 204 1440 1501 0.4403 0.039 0.404 107

45 steel 7830 0.33 210 496 434 0.2600 0.014 1.030 1.0
Polycarbonate 1190 0.38 3.6 84 3228 3.1456 0.089 1.010 0.1
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Table 2 Cohesive elements parameters of PBX charge

K, /(GPa-m™) o/MPa G/(kN-m™)
1700 23 0.17
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Fig. 4 Bilinear traction-separation law model of cohesive element
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Fig. 5 Cohesive elements in the finite element model
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Stress/MPa
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6 PBX 72000 s [ AR A Jg- DA 2k
Fig. 6 Stress-strain curves of PBX at the strain rate of 2000 s
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Table 3 Cohesive elements parameters of particle, binder and interface

Cohesive element K,/(GPa'm™) o/MPa G/(kN-m™)
Particle 1800 6.00 0.010
Binder 900 7.50 0.150
Particle-binder interface 800 2.75 0.012
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Fig. 7 Damage evolution contour of explosive charge obtained from numerical simulation
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Fig. 8 Reconstruction of CT scan of the charge after penetration
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Fig. 9 Damage contour of explosive charge after penetration at different velocities
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(a) Stress histories of the sample at the danger zone (b) Boundary conditions
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Fig. 10 Axial and radial stress histories and boundary conditions at the danger zone of the charge tail region
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Fig. 11 Principal strain distributions for microscopic model during the penetration of double-layer target
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Fig. 12 Damage evolution process of PBX during penetration of double-layer target
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Numerical Simulation Study on Macro-Microscopic Damage of PBX Charge
during Penetration of Double-Layer Targets

ZHANG Xiaowei', ZHAO Heming', ZHENG Xiaobo?, ZHANG Qiao', WANG Zhijun', XIAO Youcai'

(1. School of Mechanical and Electrical Engineering, North University of China, Taiyuan 030051, Shanxi, China;
2. Institute of Fluid Physics, CAEP, Mianyang 621999, Sichuan, China)

Abstract: To study the charge damage evolution process when a high-velocity warhead penetrated a
double-layer target, a numerical simulation study was conducted using a cohesive zone model to investigate
the penetration of double-layer target. The cohesive zone model was utilized to calculate the occurrence and
evolution of PBX damage, as well as to analyze the relationship between the penetration velocity and
damage evolution. The quantification of damage was conducted by means of the damage ratio. Furthermore,
a micro-damage finite element model for PBX was established to examine the microscopic damage
mechanisms during penetration into a double-layer target. The results show that when the projectile
penetrates the target plate vertically, the extent of damage of the charge increases with the increase of
penetration velocity. From a microscopic perspective, it was observed that cyclic tensile and compressive
loads induced the formation of vertical cracks perpendicular to the loading direction. The primary
mechanism of damage in PBX charge penetration into double-layer target is interface debonding.
Additionally, the microcracks destabilize, propagate, and converge into a continuous main crack.

Keywords: double-layer target; PBX charge; cohesive zone model; macroscopic and microscopic damage

simulation; microcrack

064201-10


https://doi.org/10.1007/s10853-008-2823-7
https://doi.org/10.1016/j.mechmat.2017.08.013
https://doi.org/10.1063/5.0101388
https://doi.org/10.1007/s11012-018-0894-3

	1 有限元模型
	1.1 几何模型
	1.2 材料模型
	1.3 装药细观损伤模拟方法

	2 结果与讨论
	2.1 装药损伤特征
	2.2 侵彻速度对装药损伤的影响
	2.3 装药细观损伤机制

	3 结　论
	参考文献

