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Influence of Non-glide Stresses on the Peierls Energy of Screw Dislocations
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Abstract

We investigate the influence of non-glide stresses on the Peierls energy of screw dislocation by
using Nudged-Elastic-Band method. The influence of the applied non-glide stress fields on the
Peierls energy of a screw dislocation is clearly observed. Moreover, we find that the stress field
dependence of the Peierls energy is changed by the moving direction of the screw dislocation under
a specific applied stress field. Geometrical parameters, which can measure the atomic elastic
deformation around the screw dislocation core, are introduced to explain the stress field dependence
of the Peierls energy. Finally, the cross slip of a screw dislocation around a precipitate with a misfit
strain is discussed by combining the analytical solution of stress fields around the precipitate with
the geometrical parameters obtained by our atomic simulations.
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X2 EE&RIEOSEAEAIE) D Differential displacement X% kJL (DD N7 kL)
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Differential displacement vectors around a screw dislocation under no external loading expressed

(a) Chamati potential, (b) Mendelev potential and under external loading, (c) o =-1.0 GPa and (d)

0,=1.0 GPa expressed by

Chamati potential. Open and closed circles represent atoms in the perfect bcc structure and in the screw dislocation core.
Atomic colors represent the different depths of the stacking atomic layers along the [111] direction.
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Relationships between total energy E, ., and image numbers of NEB analyses under external stress o,, screw dislocation core

moves from “0” to “1” or “2”
Gray scale of circle plots represents values of o,.
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REANDEILS T AEGMDEE AEEZRL TV
Relationships between energy barrier E72* and various applied stresses of Chamati potential and Square model

NEB

Colors of both circles and lines correspond to the screw dislocation propagation direction.
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Relationships between energy barrier E"2* and various applied stresses of Mendelev potential and Square model
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Colors of both circles and lines correspond to the screw dislocation propagation direction.
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Relationships between energy barrier E2* and various applied stresses of Chamati potential and Parallelogram model

NEB

Colors of both circles and lines correspond to the screw dislocation propagation direction.
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