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Abstract

Materials exhibiting generation or recovery of moderate to large inelastic deformations
due to a reversible solid-to-solid phase transformation have gained interest in the
materials community due to their existing and potential applications in the aerospace,
automotive, petroleum, infrastructure and biomedical fields. In this talk, we focus on
Shape Memory Alloys (SMAs), mostly NiTi and NiTiHf, which undergo a reversible
austenitic to martensitic phase transformation, and we present our recent research efforts
on the characterization and modeling of their behavior. These efforts aim to enhance the
applicability of such complex materials in multiple engineering applications. The current
work is divided into four main topics discussing the micromechanical modeling of SMAs,
the application of Bayesian statistics for optimal experimental design, the modeling of
fatigue and fracture of SMAs, and the multiscale modeling of SMA structural components.
The current effort on micromechanical modeling of SMAs focuses on the prediction of the
behavior of precipitation hardened SMAs. Precipitation hardened SMAs have gained
significant attention in the materials community because their thermomechanical cyclic
stability, phase transformation temperatures, and transformation strains can be adjusted
through precipitation. Precipitates are nucleated during processing in which SMAs are
subjected to solution annealing and subsequent aging. The predictions of the
thermomechanical response of precipitation hardened SMAs are based on the modeling
of representative volume elements, which take into account the presence of precipitates
and the effects of diffusion of the constituent elements during precipitate formation.
Bayesian approaches for optimal experimental design are coupled with the developed
models to identify the optimal heat treatment and chemical composition to acquire
materials with optimal performance for desired applications. The use of SMAs in novel
applications also requires a thorough understanding of their fatigue life and fracture
properties. Therefore, the phase transformation induced fatigue under load (or actuation
fatigue) and fracture are investigated and their difference from the classical fatigue and
fracture are discussed. Finally, we present multiscale modeling approaches that combine
micromechanical modeling to acquire the material constitutive response with
computationally efficient reduced order finite element models. These approaches enable
the performance of computationally efficient simulations of the thermomechanical
response of SMA structural components with particular focus on aerospace applications.



