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Viscous Relaxation of Dislocation
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The aim of the project
The aim of the project is to model the plastic anisotropy in-
duced by the strain path changes in BCC metals. We follow
three main modeling steps (Figure 1) in order to obtain a phys-
ically based multi-scale constitutive model. We started with the
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Fig. 1 Bridging between micro, meso and macro levels.

implementation of a crystal plasticity framework [1]. Then a
composite cell model [2] was developed for the evolution of dis-
location cells and the induced anisotropy. Now we are developing
a method to predict the dislocation slip patterning.

Dislocation patterning
Dislocation patterning refers to the
formation of regions of high and
low dislocation densities. It is new
a challenge to develop computa-
tional tools which can predict the
emergence and the evolution of the
dislocation sub-structures. Presen-

ted model, based on the relaxation of non-convex energies offers
a new solution technique.

Field model - Non-convex SGCP
We solve the following system of equations with FEM,
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where, σdis consists of stresses which are thermodynamically
conjugate to variables γ, ∇γ and εe,
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Free energy
Additional to convex parts
(ψe, ψ∇γ), a non-convex (ψγ)
contribution of free energy en-
ters the formulation via (2) and
results in a rate dependent non
convex strain gradient crystal
plasticity framework which can model the formation and evolu-
tion of dislocation microstructures (right).

Spinodal decomposition of slip
Non-convexity in the free energy (ψγ) triggers the patterning
between the spinodal points (Figure 2), however causes instabil-
ity which results in mesh dependent behavior and an ill-possed
BVP. The viscous effects and ψ∇γ part stabilizes the solution.

Fig. 2 Patterning of plastic slip between spinodal points.

Outlook
The current work is concentrated
on the comparison of the pre-
sented model with different ap-
proaches. The next step is the
multi-dimensional implementation
of the model in order to have a
more physical base for comparisons
with experiments.
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