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Molecular Dynamics Simulation of Plastic Deformation of
Polycrystalline Cu under Mechanical Effect with Ultrahigh Strain Rate

Wang Zhilong Luo Kaiyu Liu Yue Lu Jinzhong
School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract Laser shock processing utilizes mechanical effect with ultrahigh strain rate to generate deeper residual
compressive stress and grain refinement layer, which improves mechanical properties, such as fatigue resistance,
wear resistance and corrosion resistance. To date, it is very difficult to present dynamic microstructure evolution
at ultra— short time (several ten nanoseconds) during the plastic deformation at ultrahigh strain rate using
experimental method. At temperature of 300 K, a molecular dynamics of polycrystalline Cu with a loading duration
of 15 ns at a strain rate of 2x10” s is conducted to describe the microstructure evolution process with the LAMMPS
soft. Under the mechanical effect of laser shock wave with a ultra—high strain rate, deformation twinning is the
important microstructure of grain refinement of the alloys with medium stacking fault energy.
Key words laser technique; ultrahigh strain rate; mechanical effect; plastic deformation; molecular dynamics;
polycrystalline Cu
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Fig.1 (a) Schematic illustration of polycrystalline Cu; (b) cross—section image of polycrystalline Cu at origin point
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Fig.2 Stress—strain curve of polycrystalline Cu
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Fig.3 (a) Cross—section image of polycrystalline Cu at A point; (b) slip in grain 1 (hide FCC atoms); (c) slip in grain Il (hide FCC atoms)
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Fig.4 (a) Cross—section image of polycrystalline Cu at D point; Fig.5 (a) Cross—section image of polycrystalline Cu at N point;
(b) image of grain IV at D point (hide FCC atoms) (b) image of grain | at N point (hide FCC atoms)
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Fig.6 (a) Cross—section image of polycrystalline Cu at O point; (b) image of grain I at O point (hide FCC atoms)
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Fig.7 Microstructure transition of grain IV (hide FCC atoms)
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