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Recently advanced plasticity models based on dislocations transport equations have been
developed. A key aspect is the fact that plastic slip, hardening and size effects are thereby
modelled through the presence, motion and interactions of dislocations, accounting for
interactions between geometrically necessary dislocations and statistically stored disloca-
tions densities [3, 4].

The macroscopic continuum description of the interactions of these dislocation densities
can be expressed by partial differential equations as illustrated in [2, 5]. However different
equation systems are found in the literature in order to model the same physical process
using different assumptions. Moreover it has been observed in practical implementations
that these different models do not possess the same numerical behaviour.

In this study, a family of such models expressing the transport of dislocations is first
selected, resulting in two different approaches. Both rely on the geometrical relation
between the plastic slip and the density of geometrically necessary dislocations. In the
first approach the geometrical relation serves as a balance equation while an evolution
equation for the statistically stored dislocations completes the system of equations. In
the second approach, a conservation equation for the total number of dislocations is used
instead. The second family of models assessed is the one relying directly on the definition
of densities of positive and negative dislocations. More precisely, the evolution of dislo-
cations densities is modelled by two hyperbolic partial differential equations.
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This hyperbolic character of the models used to describe the transport of dislocations
in addition to the non-linear nature of these systems of equations introduce several nu-
merical difficulties compromising the successful use of these models. We study several
stabilization techniques used to overcome the appearance of spurious oscillations [1, 6].
These techniques are implemented in the context of the finite element method and are
compared in terms of their numerical performance.

We are focused in the one dimensional case in order to address the mentioned difficulties
in detail. Different time integration schemes will also be studied and compared both from
the point of view of the numerical properties and computational cost.
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