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Summary
Damage localization, which leads to brittle or ductile failure in metal alloys, is a phenomenon
induced by the local stress state within polycrystalline microstructures. The variety of observed
mechanical behaviors results from the interactions between applied macroscopic stress and
morphology within the microstructure. Combined with machine learning methods, phase-field and
“FFT” numerical approaches allows one to explore microstructure-property relationships and
identify structures of interest in terms of mechanical response. The aim of this thesis is to explore
the relationships between polycrystalline texture and mechanical response using representative
morphology simulations taking into account the wide range of grain shapes, granulometry or even
polycrystalline texture encountered in real materials. To do this, a machine learning method using
fast Fourier transform calculations will be implemented in order to determine configurations of

interest. The fracture behavior will be explored by statistical learning methods and classification
methods will be implemented to explore the mechanical responses of γ-TiAl alloys.
Context
This thesis is part of the project “Smile” (Data-driven Stochastic 3D Microstructure modeling for
LEarning mechanical properties) that benefits from a French-German funding provided by MESRIBMBF.
It will be carried out in partnership with the Institute for Stochastic in Ulm University (V. Schmidt
and M. Neumann). Regular visits and internships will be organized with Ulm University.
Thesis supervision
Thesis directors
François Willot – Centre de Morphologie Mathématique
Henry Proudhon – Centre des matériaux
The thesis will benefit from the expertise of Samy Blusseau, Volker Schmidt and Matthias
Neumann.
Goal of the thesis
The objective of this research project is twofold. First, we want to assess and understand the
influence of the polycrystalline microstructure on fracture, and on the ductile and brittle response
of γ-TiAl alloys. Second, and more generally, we want to implement tools allowing rapid
characterization and exploration of the mechanical behavior of polycrystalline structures.
The research program centers around three main tasks, 3D and 4D imaging, microstructure
modeling, and the prediction and exploration of fracture by statistical learning. The second task,
which concerns the simulation of virtual microstructures, will take place at the University of Ulm
through a parallel thesis, which is part of the same research project, while the other two tasks will
be the subject of the thesis at the Mines.
The first task concerns the acquisition and analysis of images of polycrystalline microstructures and
local orientations in 3D of samples of γ-TiAl materials as well as in-situ microtomography at the
synchrotron allowing access to the cracking facies in 3D+time. In the second task, polycrystalline
microstructures will be characterized and virtually simulated using realistic random partition
models, taking into account particle size distribution, grain shapes and crystallographic texture. On
a smaller scale, the model will be completed by the addition of twining. The third task will concern
the prediction of the failure behavior, performed using a combined phase-field/FFT method, the
predictions of which will be compared with experimental data from two materials with distinct
mechanical behavior.
Profile
Engineer and / or Master of Science – excellent level in science and general culture. Good level of
English (B2 level) is required.
Essential qualities sought for for this international project, are: human qualities, communication,
creativity, autonomy and adaptation, but also teaching skills, and a strong motivation for research.

We will particularly appreciate a good level in programming, numerical calculation methods and
statistical learning, knowledge of mechanics.
Applicants could supply the following :
 a detailed resume,
 a covering letter explaining the applicants motivation for the position,
 detailed exam results ,
 the name(s) and contact details of persons whe may contact
 an appreciation of the candidate,
 your notes of M1, M2,
 level of English equivalent TOEIC,
any other document establishing your qualities for this thesis
Please send your application to francois.willot@mines-paristech.fr
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Funding

The PhD student will be employed by Armines.
Funding will be provided by ANR.
Salary: 2203 € (gross salary per month)
Contact
François Willot and Henry Proudhon
francois.willot@mines-paristech.fr
henry.proudhon@mines-paristech.fr

