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Abstract 

Impact penetration is a very complex multi-physics procedure, which involves localized damage, 

large degree of material fragmentation (failure) and separation (ejecta), complicated projectile – target 

interaction.  The mathematical models of these problems are often ill-posed and the corresponding 

numerical solutions are generally non-smooth. In essence, severe mesh distortion would occur if 

Lagrangian finite element method (FEM) is used. Furthermore, ad-hoc erosion criteria are usually 

needed to model the fragmentation process for the mesh-based formulation. In this paper, the smoothed  

particle Galerkin (SPG) meshfree method [1] in LS-DYNA
®

 is tested for the analysis of this type of 

problems. SPG method is a pure particle method based on the nodal integration of nonlocal Galerkin 

weak formulation. Numerically, the SPG formulation [1-4] is designed to alleviate the zero-energy modes 

in the conventional meshfree method and to naturally handle the material separation during the failure 

process. Good agreement with experimental data was observed in the numerical results, which indicates 

the potential of the SPG formulation in modeling the material failure and associated debris tracking in 

impact penetration problems. 

 

Reference: 

1. C.T. Wu, Y. Guo, W. Hu, An introduction to the LS-DYNA smoothed particle Galerkin 

method for severe deformation and failure analysis in solids. 13
th

 International LS-DYNA 

Users Conference, Detroit, MI, June 8-10, 2014,1-20 

2. C.T. Wu, M. Koishi, W. Hu, A displacement smoothing induced strain gradient stabilization 

for the meshfree Galerkin nodal integration method, Comput. Mech. 56 (2015) 19-37 

3. C.T. Wu, S. W. Chi, M. Koishi, Y. Wu, Strain gradient stabilization with dual stress points 

for the meshfree nodal integration method in inelastic analyses,” Int. J. Numer. Meth. Eng. 

DOI:10.1002/nme.5147, (2016) in press. 
4. Y. Wu, D. Wang, C.T. Wu, and H. Zhang. A direct displacement smoothing meshfree 

particle formulation for impact failure modeling, Int. J. Impact Eng. 

http://dx.doi.org/10.1016/j.ijimpeng.2015.03.013, (2016) in pres 
 

 


