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Research on numerical simulation method of tungsten alloy

projectile penetrating steel target

WEI Guoxu', CUI Hao!, ZHOU Hao!, YANG Guitao!, GUO Rui'

(1. School of Mechanical EngineeringyNanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)
Abstract: To better quantify and characterize thésprocess of tungsten alloy projectiles penetrating target plates, Finite Element
Method (FEM), Smoothed Particle/Galerkin (SPG), Smoothed Particle Hydrodynamics (SPH), and FE-SPH adaptive numerical
simulation methods were applied te simulate the penetration of tungsten alloy projectiles into Q235A steel targets. The
advantages and limitations Of these™our methods were compared in predicting the residual velocity of projectiles, the
perforation diameter of'targetyplates, and the formation and distribution of secondary fragments resulting from penetration. The
FEM method, using, an.elethent erosion algorithm, modeled material failure by removing failed elements. The SPG method
relied on a bond Aracturesmodel to simulate failure without deleting particles, ensuring stability and reduced sensitivity to
parameters. SPHY as”a niesh-free method, efficiently simulated large deformations and fragmentation. The FE-SPH adaptive
method integrated FEM and SPH to balance accuracy in boundary modeling with the capability to represent fragments
formation. The results show that, in describing the residual velocity of the projectile, FEM and FE-SPH adaptive methods are

highly dependent on the selection of failure criteria and parameters, as FEM employs an element erosion algorithm to model
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material failure. The SPG method, based on a bond fracture model, simulates material failure by breaking bonds without
removing particles, making it less sensitive to failure parameters and capable of achieving accurate results without parameter
adjustments. In predicting perforation diameter, FEM and FE-SPH adaptive methods accurately represent material boundaries
and perforation morphology, although the perforation diameter varies significantly under different failure criteria. The SPG
method, being less dependent on failure parameters, also reliably predicts the perforation diameter. In terms of secondary
fragments generation and distribution, both FE-SPH adaptive and SPH methods effectively characterize these phenomena.
While the FE-SPH adaptive method provides detailed information on large fragments, it is less computationally efficient than
the SPH method. The advantages and limitations of each numerical simulation method were analyzed, providing insights into
their suitability for various aspects of projectile—target interactions.

Keywords: numerical simulation method; Smoothed Particle Galerkin (SPG); Smoothed Particle Hydrodynamics (SPH);

secondary fragments; penetration
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Fig.1 Sketch of the experimental setup
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Table 1 Experimental results of tungsten alloy projectile penetrating Q235 steel plate of'different thickness
LIPS MEREE/mm  EHEHEEE/(ms FREE/(ms  F AT Mm

D )
1 4 1092.9 888.9 11.72
2 4 1169.6 952.4 12.38
3 4 1204.8 980%¢ 12.72
4 4 1190.5 — 12.58
5 6 1197.6 — 12.95
6 6 1197.6 865.8 13
7 6 751.9 489 9.95
8 6 619.2 346.6 9.7
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Fig.2 The entrance and exit morphology of the target plate
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Fig.4 Numerical simulation model of SPG method 7’5
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Fig.5 Numerical simulation model of FEM-SPH fixed coupling method
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Table 2  Failure criteria and parameters of materials in‘numerical 'simulation
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Fig.6 Comparison of the experimental and numerical residual velocity of pfejectile in’6mm Q235 targets penetration tests
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Fig.8 Effect of failure parameters on residual velocity(vy=619.2 m/s, /h=6 mm)
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Fig.16 The change of perforation diameter of target plat€with effective plastic strain(vy=751.9 m/s, A=6 mm)
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Fig.17 The damage effect of residual projectiles and fragments to witness target
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Fig.20 Secondary fragment morphology(vo= 1190.5 m/s;x(h = 4 mm)
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Table 4 Comparison of the number of perforations on witness target by secondary fragments obtained from various

numerical simulation methods
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Fig.21 The distribution of secondary fragments on the witness target(vo=1197.6 m/s, /=6 mm)
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Fig.22 The distribution of secondary fragments on the witness target(vo= 1090.5 m/s, % =4 mm)
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Table 5 Computational time of different numerical simulation/methods
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