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A Material Simulation of High-Strain-Rate Deformation
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Abstract

This paper addresses a theoretical approach to calculate the amount of the stored energy during high
strain-rate deformations using atomistic level simulation. The dynamic behavior of materials at high
strain-rate deformation are of great interest. At high strain-rates deformations, materials generate heat
due to plastic work and the temperature rise can be significant, affecting various properties of the
material. It is well known that a small percent of the energy input is stored in the material, and most
of input energy is converted into heat. However, microscopic analysis has not been completed without
construction of a material model, which can simulate the movement of dislocations and vacancies. A
major cause of the temperature rise within materials is traditionally credited to dislocations, vacancies
and other defects. In this study, an atomistic material model for FCC such as copper is used to
calculate the stored energy.
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Fig. 3 Initial configuration of a 3D material
model consisting of 10080(42x12x20)
molecules with periodic boundaries
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Table 1 The calculated store energy A4 @, the
dislocation density p. and conversion
factor n at various dislocation ratios

p AXeV) | pa(10%xm™) n
0.005 | -227.21 0.1921 0.9967
0.01 -324.63 0.3950 0.9952
0.02 -510.61 0.7822 0.9925
005 | -1204.78 2.2274 0.9823
0.1 -2262.37 4.4293 0.9668
0.2 -5547.67 11.2693 0.9185
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