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Présentation du projet doctoral, contexte et objectif

The development of additive manufacturing technologies has revolutionized the design of architectured
metamaterials. These materials may play a transformative role in new generation space missions due to their
unique properties. For instance, lattice structures possess a high strength to mass ratio and play a major
role in the design of spacecraft and space habitats where both mass and volume constraints are critical.
Furthermore, they can adapt their properties over time [1], and are responsive to change in temperature and
radiation. They can therefore be tuned to maintain optimal performance, making them perfect candidates as
thermal insulators [2] and radiation shields. Numerical methods are crucial in lattice structure design.
Simulations are needed to model coupled and multiscale phenomena that may occur in these materials.
Optimization algorithms may be used to explore the vast design space and perform inverse designs to obtain
materials with desired properties. However these new possibilities come with additional difficulties as
metamaterials exhibit intricate geometries and complex anisotropic material behavior. These numerical
challenges require the development of newly established techniques, capable of capturing the geometric and
the intricate structures of lattice materials.

In this thesis project, we aim to combine isogeometric finite element methods with discontinuous Galerkin
methods for advanced numerical modeling of lattice structures. The employment of isogeometric analysis
(IGA) is motivated by its ability to precisely fit curved geometries, like the ones found in lattices, i.e. networks
of thin rods and shells [3,4]. These elements are challenging to simulate numerically as they utilize highly
regular approximation bases that are not easy to construct. Even if IGA constructs high-regularity functions
seamlessly by using splines inside an element, constructing an overall regular field over complicated
geometries remains challenging due to the need for multiple patches [5,6]. Discontinuous Galerkin methods
overcome these difficulties by incorporating higher regularity in a weak manner [7,8,9]. Furthermore, they
hold the promise for better computational performance, because of the local nature of the matrices resulting
from the finite element assembly. This is especially important when a full fine scale analysis of a lattice
structure is required, as the computational cost of such a simulation is huge and efficient solvers need to be
carefully designed (cf. [10] for a recent work on rapid static simulation of lattice structures).

In this thesis, the main focus will be on vibration analysis of structures, with vibration suppression applications
in mind [11]. To this aim, efficient numerical strategies for the time integration of fine scale lattice structures
need to be developed. For vibration suppression, the material needs to be viscoelastic. The simulation of
these materials poses several challenges on the numerical side, as the construction of a parsimonious yet
effective viscoelastic model is a delicate task. Furthermore, the modal analysis of these materials is non linear
as their behavior depends on the frequency. Numerical algorithms for this problem are non-standard, like an
Arnoldi non linear iterative eigensolver [12]. Other important extensions include the multiphysical modeling
of piezoelectric material for active vibration control. This represents a challenge as in isogeometric analysis
the control points underlying the finite element representation do not lie on the physical boundaries and
immersed approaches may represent a possible solution [13].
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e Explore different discontinuous methods (HHO, DG, HDG) to obtain an efficient formulation for
weak imposition of regularity in a multipatch isogeometric context. Numerical analyses of methods
on simple examples, i.e. linear elastic static beams, plates (maybe shells) and linear elastic wave
propagation.

e Development of efficient algorithmic solutions for time stepping and nonlinear modal analysis
strategies for vibration of viscoelastic material.

e Code development in efficient programming language (Fortran, C++ or Julia)
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