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Summary
The material point method (MPM), which is an extension from computational fluid
dynamics (CFD) to computational solid dynamics (CSD), is improved for the cou-
pled CFD and CSD simulation of the zona failure response in piezo-assisted in-
tracytoplasmic sperm injection (piezo-ICSI). To evaluate the stresses at any zona
material point, a plane stress assumption is made in the local tangent plane of the
membrane point, and a simple procedure is proposed to find the effective point con-
nectivity for the orientation of the local tangent plane. With an iterative algorithm
in each time step, the original MPM is improved to better simulate fluid dynamics
problems involving strong shocks. The use of an Eulerian mesh for solving the mo-
mentum equations enables the MPM to automatically handle fluid-membrane inter-
actions without requiring the interface-tracking module. Several examples are used
to demonstrate the robustness and efficiency of the proposed numerical scheme for
simulating three-dimensional fluid-membrane interactions. Finally, the proposed
procedure is applied to the shock-induced zona failure analysis for the piezo-ICSI
experiment.




