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ABSTRACT 

Failure evolution due to contact/impact occurs in an interfacial region of certain size instead 

of an interface of zero thickness, which makes it questionable to adopt master/slave nodes at 

the contact surface as required in the conventional spatial discretization methods. To better 

simulate the contact/impact problems without invoking master/slave nodes, the Material Point 

Method (MPM) has evolved for more than twenty years. In this presentation, recent efforts in 

designing impact-resistant multi-layered composite systems with the MPM are described, and 

future research directions are discussed. 
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INTRODUCTION 

Model-based simulation, which allows detailed parametric studies and complements 

experiments, is playing an increasingly important role in evaluating the blast/impact-resistant 

structural designs. If the fidelity of model-based simulation is assured, the number of 

experiments could be reduced for verification and improvement of new composite system 

designs. However, how to effectively handle the multi-phase (solid-fluid-gas) interactions 

involved at different scales remains to be a challenging task in spatial discretization. As can 

be found from the open literature, there exist two types of spatial discretization procedures at 

different scales, namely, discrete ones such as molecular dynamics (MD), dissipative particle 

dynamics (DPD) and smoothed particle hydrodynamics (SPH), and mesh-based ones such as 

finite element method (FEM), finite difference method (FDM) and boundary element method 

(BEM). Discrete forcing functions with a certain cut-off radius for the domain of influence are 

used in discrete procedures while constitutive models are employed in mesh-based ones to 

predict internal interactions due to material deformation. For contact and impact problems, 

however, the mesh-based methods are limited due to the need for master/slave nodes which 

affects the fidelity in describing the interfacial failure evolution due to the size effect. 

To better simulate the multi-phase interactions involving failure evolution, the material point 

method (MPM) has been developed and applied to many areas in Simulation-based 

Engineering Science [Zhang et al., 2016], since its first journal paper was published [Sulsky 

et al, 1994]. The MPM is an extension from computational fluid dynamics to solid dynamics. 

The essential idea is to take advantage of both the Eulerian and Lagrangian methods while 

avoiding the shortcomings of each. In comparison with the other recently developed 

numerical methods, the MPM appears to be less complex with a cost factor of at most twice 
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that associated with the use of corresponding finite elements. In addition, the use of the 

single-valued mapping functions in the MPM results in a natural no-slip contact/impact 

scheme such that no inter-penetration would occur. The slip condition could also be 

implemented without invoking master/slave nodes. Furthermore, the MPM and FEM could be 

easily combined in a single computational domain because both methods are designed based 

on the same weak formulation of continuum mechanics. Since the MPM has the common 

feature of both discrete and mesh-based spatial discretization schemes, a particle-based 

multiscale simulation procedure has been proposed via the mapping-remapping process 

within the MPM framework, in which MD at nano scale is linked with DPD at meso scale 

hierarchically and the DPD and MPM at microscale are employed concurrently in a single 

computational domain [Chen et al., 2014; Jiang et al., 2015]. In addition, a computer test-bed 

is being developed for coupled thermo-mechanical analyses [Tao et al., 2016] such that the 

additive manufacturing process could be better designed. 

 

RESULTS AND CONCLUSIONS 

To develop innovative impact-resistant composite systems that are light, flexible and cost-

effective, the above computer test-bed is being employed to evaluate multi-phase interactions 

in layered composite systems. The preliminary study has identified the key system parameters 

such as the relative layer thickness, material anisotropy and boundary conditions. In the 

presentation, the effects of the key parameters on the system responses will be illustrated, and 

future research directions will be discussed. 
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