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Multiscale Modelling of Dislocation Cross-Slip in Face Centered Cubic Metals
The seminar will be given in English

: AINSINN PIPH

Plastic deformation is related to the evolution of lattice line defects, known as dislocations, and
dislocation-based constitutive rules are a promising approach to have reliable models of plasticity.
While most of the attention is paid to dislocation glide, dislocation cross-slip, which is a thermally-
activated dislocation mechanism by which screw dislocations can change their glide plane, is poorly
addressed. In particular, in face-centered cubic (FCC) metals, the cross-slip rate strongly depends
on loading conditions and understanding the activation barrier for cross-slip in a general stress is
essential to construct reliable cross-slip rules in constitutive models of FCC metals. This work
provides a physically multiscale cross-slip model, which incorporates the general stress-field
dependency, with an eye towards accurate models in mesoscopic simulation techniques. In this work
a line-tension model was employed and a closed form analytical expression for the of the activation
barrier for cross-slip was developed in a general stress field. We show that the results of the proposed
model are in good agreement with previous computationally-demanding atomistic simulations. We
then implemented the model as a probabilistic cross-slip rule in discrete dislocation dynamics
(DDD) simulations, which bridge between the atomic and the continuum scales in modelling plastic
deformation. This model allows, for the first time, to reproduce accurately probabilistic atomistic
simulation results of cross-slip in DDD simulations. Finally, we examine in the DDD simulations
the contribution of cross-slip to the strength of dislocation pile-ups, as an example to the collective
effect of dislocations on cross-slip. This example demonstrates how the model can improve
simulating phenomena such as deformation softening, dislocation-precipitate interaction, and
dislocation patterning in DDD simulations.
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