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Short description of possible research topics for a PhD:
Within the last decades, Shape Memory Alloys (SMAs) have demonstrated a great potential in
various engineering applications in aerospace. Indeed, SMAs are particularly attractive in a wide range
of actuator, energy absorption, and vibration damping devices. This is achieved thanks to their unique
thermo-mechanical behaviour which results from a crystallographic phase transformation from austenite
to martensite and vice-versa. In our research group several phenomenological and micromechanical
models have been proposed to describe the thermomechanical response of SMAs but none of them
integrate their strain localization effects and the related crack initiation and propagation.
The present work aims at formulating a model accounting for stress-induced phase
transformation integrating the martensitic reorientation mechanism in conjunction with forward and
reverse austenite-martensite transformation. This model will be next associated with the phase field
fracture modelling framework, which has recently proven to be particularly attractive to handle fracture
problems with inelastic constitutive models, like the ones traditionally employed for SMAs. The phase
field fracture method is based on the variational approach to fracture, which aims at seeking both the
displacement field and the crack surfaces while minimizing the potential energy of the system. Thus, by
approximating the discrete topology of cracks by means of a spatially regularized scalar damage-like
variable (so-called crack phase field), the problem is reduced to a set two strongly coupled partial
differential equations, which is far more efficient than classical discontinuous methods. Initially
developed for elastic brittle materials, the phase field fracture method has a great potential and will be
extended to inelastic SMAs exhibiting phase transformations mechanisms.

Required background of the student:
Mechanical engineering, Mechanical behaviour of materials, Finite element method
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