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Short description of possible research topics for a PhD:
It is well known that, in many cases, residual stresses can improve lifespan of
mechanical parts. In order to estimate those stresses in crystalline materials, one of the
most used techniques is based on X-ray diffraction (XRD). The aim of this project is to
build a framework for simulating the XRD experiment on a strained polycrystal. This
simulation will be performed from the results of Finite Element Analysis (FEA) of a
polycrystalline aggregate submitted to macroscopic stress, as illustrated in Figure 1.

Figure 1. Schematic representation of the simulation: the scattered beams in a given element will be computed depending on the
strain within the element and the orientation of the parent grain. Coulours in the mesh represent the unique grains.

Since FEA will be done at grain scale, the XRD simulation will take into account the
heterogeneous strain inside each grain, due to crystalline anisotropy. The
corresponding mesh will be generated with the aid of numerical tools dedicated to
synthetic aggregate generation (see refs. 1 and 2).
Required background of the student:
The student must have advanced knowledge in mechanical engineering, particularly in
continuum mechanics: stress, strain, generalized linear elasticity (stiffness tensor),
anisotropy. Basics of mechanics of materials (crystal plasticity, crystallography etc.) is
highly recommended. The student may also be familiar with FEM and Object-Oriented
programming (Python or/and C++).
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