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Introduction

Objectives
2 The application of strain gradient crystal plasticity to
predict the structural response of miniaturized components, and
2 Validate experimentally observed size-dependence in
thin Aluminum sheets.

Microstructural discretization
In order to correctly capture the microstructural response
of the component, grain boundary geometry, grain orientation and grain boundary dislocations must be included in
the model. The first two requirements are obtained experimentally from Orientation Imaging Microscopy (OIM) and provides the basis for the FE discretization while GBDs are required to satisfy the lattice misfit along the grain boundary
(see Figure 2)
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Figure 2 Grain boundary
dislocations satisfying the
lattice misfit caused by
mis-oriented grains. They are
estimated from the misfit
distance hα according to
1
|ρα
GBD | ≈ hα2 .

Deformation simulations
During deformation GNDs evolve to satisfy gradients of plastic slip, and in a physically motivated manner, contribute to
the slip system resistance and long range stresses that result
in the strain hardening plotted in Figure 3.
The heterogeneous longitudinal strain profile plotted in Figure 4 originates from the crystallographic mis-orientations
and the slip obstructing nature of its grain boundaries. This
is the critical feature of the strain gradient crystal plasticity
formulation and allows material size dependent predictions
in a physically realistic manner.
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Figure 3
Simulated
stress-strain
response under
plane-strain
tension.
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With the current trend of increasing component miniaturization, dimensions are approaching those of the underlying microstructure. At these length scales, microstructural features
play an ever increasing role in determining the overall structural response, and thus need to be incorporated within the
material model in order to accurately predict the component
performance.
Strain gradient crystal plasticity [1, 2], includes geometrically
necessary dislocations (GNDs) required to satisfy slip gradients that occur at for example grain boundaries. This material
model has successfully predicted material size dependence
which is an important consideration during miniaturization.
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Figure 1 The
meshing sequence.
a) experimentally
acquired OIM field.
b) representative
FEM mesh.
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b)

Using the dislocation and the discretized microstructure, an
initial FE simulation is carried out to calculate the internal
stresses arising from this microstructural incompatibility and
are subsequently used to provide the initial dislocation and
stress state during the deformation simulations.
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Figure 4
Simulated
longitudinal
strain field
following 0.4%
plane-strain
elongation when
GBDs are
included.

Conclusions
2 Strain gradient crystal plasticity provides a physically
motivated means to simulate the microstructural influence of miniaturized components.
2 Microstructural compatibility plays an important role in
determining the overall component response.
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