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Abstract

Most modeling approaches to microstructure-property relationship utilize highly simplistic descriptors of
microstructures (such as average particle size and volume fraction) that are empirically correlated to the
properties (e.g., cutting vs. looping). ICME will remain empirical data driven with limited predicting power and
payoffs without modeling capabilities that incorporate specific transformation and deformation mechanisms
operating in specific alloy systems under a given set of processing parameters, microstructure states and service
conditions. In this presentation, we focus on what one could do at the mesoscale to address this difficult
challenge and develop mechanism-based and microstructure-sensitive modeling tools. In particular, using Ni-
base superalloys as examples we demonstrate how to integrate mesoscale modeling with experimental
characterization and use phase-field method to bridge ab initio calculations and crystal plasticity simulations to
(a) identify transformation / deformation mechanisms and quantify activation pathways, and (b) provide
“mechanism maps” and constitutive laws for microstructure evolution and dislocation — microstructure
interaction as function of alloy composition, thermomechanical history, temperature and loading condition. The
work is supported by the National Science Foundation under the DMREF program
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