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Internship proposal for Master 2

Forming Simulations of continuous fiber composite
reinforcement

Context

This subject is part of LEME's research activities on the development of Finite Elements (FE) for heterogeneous
materials (laminates, sandwiches), in a multi-field environment. Beyond the well-known mass gain when using
composite materials compared to metals, the possibility to adapt their mechanical properties to meet design
requirements is a second advantage, more difficult to deploy, since it requires to consider the manufacturing
process.

This project will therefore focus on the simulation of the forming (draping) of continuous fiber composite
reinforcements (Fig. 1) and prepregs. In the first case, a resin is injected into the dry reinforcement after it has been
formed (LCM Liquid Composite Molding) [Sozer et al, 2012]. In the case of prepregs, the resin is present in the
reinforcement but is not hardened (not polymerized for thermoset resins, or at a temperature above the melting of
the matrix for thermoplastics) [Lukaszewicz et al, 2011]. In this second case, the non-hardened matrix modifies
the behavior, which, however, still remains controlled by the fibers.

The mechanical behavior of these materials has two peculiarities that make them unique: on the one hand a relative
sliding between the fibers is possible, on the other hand the fibers are almost inextensible. These two aspects
determine the kinematics of the deformation of fibrous media [Bai et al, 2020]. In addition, these textile
reinforcements have a low flexural stiffness, but it has been shown that this stiffness plays an important role during
the forming process, in particular for the occurrence of folds [Boisse et al, 2011].

The PlasFib software, an in-house FE code developed at LaMCoS (INSA Lyon) for explicit dynamics, will be
used for simulating the forming process. Comparisons with an industrial software such as Abaqus can be carried
out.
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Fig. 1: experimental and numerical comparison at the macroscopic scale

Objectives of the internship
The objectives of this internship are divided into two complementary axes:

1) Bibliography
used continuous fiber composite reinforcement and resin
explicit dynamic FE software and PlasFib in particular
shell FE available in PlasFib for two-dimensional forming simulation [Hamila et al, 2009]

2) Forming simulations with PlasFib

comprehension of the numerical modeling: explicit scheme, variables update, constitutive law, contact
algorithm, ...

perform forming simulations of some classical tests available in the literature
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At the end of this internship, a doctoral thesis (ANR funding) may be proposed to continue the work initiated.

Profile and skills required

Profile

The candidate will be in the last year of his Master program (5" year of higher education). Good knowledge of
solid mechanics and FE computation are required as well as knowledge of composite materials. Affinity for
theoretical and numerical developments (computational mechanics) will be essential.

Skills required
computational mechanics, finite element method, ...
solid mechanics, composite materials, ...

ability to analyze results, autonomy, accuracy and thoroughness...

Internship application

This internship will be carried out at the LEME-EA4416 laboratory, for a period of 6 months. The internship will
start in February / March 2022.

To apply, please send your CV with the acquired academic grades to the email addresses below.

Team direction

Michele D’Ottavio mdottavi@parisnanterre. fr
Olivier Polit opolit@parisnanterre.fr
Emmanuel Valot evalot@parisnanterre.fr
Philippe Vidal pvidal@parisnanterre.fr

Adress

LEME — Université Paris Nanterre
50 rue de Sévres
92410 Ville d’Avray - France
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