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modified Johnson-Cook model of dynamic tensile

Numerical simulation study on penetrating ceramic composite target by
ultra-high strength steel bullets

ZHAO Yongging'?, YU Yilei’, GAO Guangfa’, WANG Yonggang'?, JIANG Zhaoxiu"*
( 1.Key Laboratory of Impact and Engineering of Ministry of Education, Ningbo University, Ningbo 315211, China;
2.Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China;
3.School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China )

Abstract: Armor-piercing kinetic energy projectiles typically use hardened steel as the core material. This paper
presents mechanical property experiments conducted on ultra-high-strength steel materials with various strain
rates and stress states. Constitutive and damage models for ultra-high-strength steel projectiles were developed
based on these experiments and integrated into LS-DYNA commercial software. Finite Element Method (FEM),
Smooth Particle Hydrodynamics (SPH), and Smooth Particle Galerkin (SPG) algorithms were used to simulate
the behavior of steel projectiles penetrating ceramic composite targets, with which the influences of different
algorithms on simulation results were explored. The results indicate: (1) The established material models and
three algorithms can all simulate the penetration of brittle steel cores into ceramic composite targets. (2) Due to
the non-conservation of mass loss in FEM, the projectiles failed to form splintered fragments, leading to a
concentrated enhancement in penetration capability. The calculated velocity and mass of the residual projectile
obtained by FEM were both higher than those obtained by the SPH and SPG methods. However, the SPH
method exhibited instability in tension, exacerbating core mass erosion during the simulation process, resulting
in the smallest mass of the final residual projectile and the greatest damage to the ceramic target. (3) The SPG
algorithm addressed the issues of the SPH and SPG methods, thus more accurately simulated the residual
projectile mass.

Key words: penetration; ultra-high strength steel; fracture model; ceramic composite armor
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