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Plenary lecture
Strain-gradient crystal plasticity models for predicting
microstructure, length-scale, and strain path sensitive
deformation behavior of polycrystalline metals

Abstract: The presentation will begin by summarizing a full-field strain-gradient (SG) crystal
plasticity finite element (CPFE) model, which considers the roles of microstructural length-
scales. The potential and utility of the model to simulate mechanical response, strain gradients,
and associated slip-system level geometrically necessary dislocations (GNDs) will be
demonstrated via a few simulation case studies involving a set of strain-path change deformation
conditions of AA6016. A high-fidelity verification of the predicted GNDs will involve
comparisons with those observed using 3D structures extracted, via serial sectioning, following
application of the strain paths. A key limitation of such SG-CPFE modeling pertains to the scale
and requirements for microstructural meshes of explicit grain structures. In light of this, the
subsequent part of the presentation will describe a formulation of a homogenization-based SG
formulation linking micro-scale single-crystal to meso-scale polycrystalline aggregate to macro-
scale component level modeling of geometrical shape changes under complex deformation
boundary conditions while predicting mechanical response and microstructural evolution.



