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Abstract
In this work, we develop a multi-level constitutive model for polycrystalline metals that
deform by a combination of elasticity, slip and deformation twinning. It involves a two-
level homogenization scheme, where the first level uses an upper bound Taylor-type
crystal plasticity (T-CP) theory to relate the single-crystal scale to the polycrystal meso-
scale and the second level employs an implicit finite elements (FE) approach to relate the
meso-scale to the macro-scale. The latter relaxes the iso-strain constraints imposed by the
Taylor model. As such, we name the model T-CPFE. At the single crystal level, the model
features a dislocation-based hardening law providing the activation stresses that governs
slip activity within the single crystals. For deformation twinning, it contains an
advancement of a composite grain model that retains the total Lagrangian formulation.
Here we use the T-CPFE model to analyze the mechanical response and microstructure
evolution of extruded AZ31 Mg alloy samples in simple compression, tension, and torsion
under strain rates ranging from 10-4 s-1 to 3000 s and temperatures ranging from 77 K to
423 Kreported in (Kabirian et al., 2015). Taking the experimentally measured initial
texture and average grain size as inputs, the model successfully captures stress-strain
responses, deformation texture evolution and twin volume fraction using a single set of
material parameters associated with the thermally activated rate laws for dislocation
density. The distinctions in flow stress evolution among the loading conditions result from
differing relative amounts of slip and twinning activity, which the model internally adjusts
based on evolution of slip and twin resistances in the response to the imposed loading
conditions. Finally, we show that the T-CPFE model predictions of geometrical changes
during compression compare favorably with corresponding geometry of samples deformed
experimentally. For this application, it predicts the anisotropy and asymmetry of the
material flow resulting from crystallographically soft-to-deform extension twinning and
basal slip and hard-to-deform contraction twinning and pyramidal slip. The formulation
developed is sufficiently general that the T-CPFE model can be applied to other materials
that slip and twin.
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