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Molecular Dynamics Simulation of Dislocation Development in
Monocrystalline Copper induced by Warm Laser Peening
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School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

Abstract In order to study the microstructure of face center cubic metals induced by thermo—mechanical impact,
molecular dynamics method was used to investigate the dislocation evolution of monocrystalline copper treated
by warm laser peening (WLP). The effects of plastic strain on the dislocation development were researched through
centrosymmetry parameter. Moreover, the effects of temperature on the dislocation development induced by plastic
strain during WLP were also investigated. Finally, the strengthening effects of WLP were analyzed by work
hardening. It is shown that partial dislocation and stacking faults are induced by plastic strain in the way of “vacancy
group—partial dislocation—stacking faults”. As the plastic strain increases, the amount of stacking faults and their
stacking extent increases, which leads to a better effect of WLP in work hardening. A higher temperature can
promote the nucleation and development of dislocations induced by WLP. The hardening effect of WLP increases
with the temperature within 200 °C, and the hardening effect reduces while it increases to 250 C because of the
dislocation annihilation.
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Fig.1 Model of monocrystalline copper
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Fig.2 Potential Energy as a function of relaxation time Fig.3 Piston velocity during loading
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Table 1 Lattice defects distinguished by C.'"”

Lattice defects Normal Partial dislocations Stacking faults Surface atoms Others
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Fig.4 Development of dislocations at different loading time. Partial dislocations of (a) 0 ps; (b) 2 ps; (¢) 5 ps; (d) 10 ps.
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Fig.5 Nucleation of dislocations induced by vacancies. (a) Vacancies; (b) nucleation of dislocations; (c) development of dislocations
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Fig.6 Atom number of stacking faults as a function of loading time Fig.7 C. of sacking faults as a function of loading time
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Fig.8 Atom number of stacking faults as a function of loading time Fig.9 C. of stacking faults as a function of loading time
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Fig.10 Stacking faults of different temperatures at 10 ps. (a) 20 °C; (b) 100 °C; (¢) 150 C; (d) 200 °C; (e) 250 C
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