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Fig.1 Schematic of FEM-SPH adaptive coupling calculation
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Table 1 Parameters for material modeling of Zr-based amorphous alloy fragment
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Table 3 Comparison of targets damage

Velocity(m/s) Simulation results Experimental results
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Table 4 Deviation between simulation results and experimental results
Velocit  Simulation D/mm D,/mm S/(mm?) H,/mm Average
y/(m/s) method I I I I I I I I error
FEM-SPH  13.19 62.05 409.84 21.47 7.7%
857 13.50 69.27 454.10 23.42
FEM 11.55 44.23 8.41 7.27 54.4%
FEM-SPH  13.31 63.04 507.74 21.76 7.3%
953 13.71 70.52 490.14 24.71
FEM 12.45 48.15 48.06 11.30 46.3%
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Fig.10 Axial distribution characteristics of the debris cloud
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Fig.11 Radial distribution characteristics of the debris cloud
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Simulation of Zr-Based Ameorphous Fragment Penetration

Damage Based on EEM-SPH Adaptive Coupling

ZHU Xindong!,»ZHOU Jie!, ZHI Xiaoqi', LUO Ruiheng?
(1. College of Mechatronics Fngineering, North University of China, Taiyuan 030051, Shanxi, Ch
ina;
2. Shanxil Jiangyang Chemical Co., Ltd., Taiyuan 030041, Shanxi, China)

Abstract: To investigate |the formation process of the post-target debris cloud generated by Zr-based
amorphous fragméiits, and to explore its penetration and damage effects on spaced aluminum targets, a
numerical simulation method was developed based on a finite element method-smoothed particle
hydrodynamics (FEM-SPH) adaptive coupling algorithm. The reliability of the computational model was
verified through ballistic gun tests. Subsequently, numerical simulations were conducted to evaluate the
penetration and damage effects of Zr-based amorphous fragments on double-layer spaced aluminum targets
under various conditions. The results indicate that, compared with the conventional FEM algorithm, the
FEM-SPH adaptive coupling algorithm can more accurately simulate the target-perforation fragmentation of
Zr-based amorphous alloy fragments and the associated structural damage effects, with an average
calculation error of less than 10%. Variations in the spacing between targets affect the expansion and
evolution process of the debris cloud, as well as the damage mode of the rear target. As the spacing increases,

the distribution range of the debris cloud expands continuously, and its mass density decreases;
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correspondingly, the deformation energy of the rear target monotonically increases, while the perforation

area initially increases and then decreases. Furthermore, the damage mode of the rear target transitions from
penetrative damage dominated by localized shear to structural damage dominated by wide-area bending
deformation.

Keywords: Zr-based amorphous alloy; debris cloud; spaced target; adaptive FEM-SPH coupling; fragment

penetration
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