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Abstract

The interaction between grain boundaries (GBs) and dislocations is a key problem in
materials science and mechanics. Pile up of dislocations around GBs gives raise to the Hall-
Petch effect; a microstructure with small grains has more GBs that act as barriers causing
dislocation pile-up resulting in a higher yield strength compared to a microstructure with
bigger grains. However, the Hall-Petch relation does not always hold as GBs have complex
interactions with dislocations, such as absorption of dislocations, which can change the GB
structure, and is sometimes followed by dislocation emission in adjacent grains producing a
change in the properties of the material. Additively manufactured samples and nano-metallic
laminates are examples of systems with more complex and denser GB patterns in the ma-
terial. For this reason, GBs play a more important role, and it is important to account for
dislocation-GB interactions when predicting the final properties of materials. The improve-
ment of classic computational methods is necessary to include a treatment of GBs with the
aim of being able to predict and engineer GB patterns that enhance the properties
of materials.
In this work, we present a crystal plasticity model with dislocation transport within and
across the grains called DiscoFlux (1). DiscoFlux combines continuum dislocation transport
and transfer, crystal plasticity and considers stress and deformation fields to simulate mate-
rial response. Dislocation transport is modeled by solving an advection equation, dislocation
transfer is modeled using an interface diffusion transfer model and crystal plasticity is cou-
pled to dislocation transport using Orowan’s equation.

While transmission criteria are mainly focused on geometrical factors using the orienta-
tion
of the slip systems and grain boundary normal. In this work, we extend the transmission
criterion by considering energy terms that describes the energy of the dislocation core and
the energy barrier produced by the GBs.
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