Accepted Manuscript

Characterisation of composite elastic properties by means of a multi-scale two-
level inverse approach

Lorenzo Cappelli, Marco Montemurro, Frédéric Dau, Laurent Guillaumat

PII:
DOI:
Reference:

To appear in:

Received Date:

Revised Date:

Accepted Date:

COMPOSITE
STRUCTURES

S0263-8223(18)31840-3
https://doi.org/10.1016/j.compstruct.2018.08.007
COST 10057

Composite Structures

20 May 2018
9 July 2018
4 August 2018

Please cite this article as: Cappelli, L., Montemurro, M., Dau, F., Guillaumat, L., Characterisation of composite
elastic properties by means of a multi-scale two-level inverse approach, Composite Structures (2018), doi: https://
doi.org/10.1016/j.compstruct.2018.08.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.compstruct.2018.08.007
https://doi.org/10.1016/j.compstruct.2018.08.007
https://doi.org/10.1016/j.compstruct.2018.08.007

Characterisation of composite elastic properties by means of a
multi-scale two-level inverse approach

Lorenzo Cappelli?, Marco Montemurro®*, Frédéric Dau?®, Laurent Guillaumat®

“Arts et Métiers ParisTech, Institut de Mécanique et d’Ingénierie (I2M) de Bordeaux CNRS UMR 5295,
F-33400 Talence, France
bArts et Métiers ParisTech, Laboratoire angevin de mécanique, procédés et innovation (LAMPA),
F-49100 Angers, France

Abstract

This work deals with the problem of characterising the elastic properties-of a composite
material at both mesoscopic (ply-level) and microscopic (constitutive phases-level) scales.
This goal is attained by means of an adequate multi-scale identification strategy (MSIS)
which aims at identifying the constitutive properties, at each relevant scale, by exploiting
the information restrained in the macroscopic dynamic response of the composite. In this
background, the multi-scale identification problem is.split into two interdependent sub-
problems which are stated, at both levels, as constrained minimisation inverse problems.
At the first level the goal is the characterisation of the lamina properties by minimising the
distance between the numerical and the referénce harmonic responses of the composite.
The second level problem aims at identifying the elastic properties of both fibre and matrix
by minimising the distance between the effective elastic properties evaluated through a
homogenisation process and those provided by the first-level inverse problem. The MSIS is
based on a special global hybrid optimisation tool and on the strain energy homogenisation
method of periodic media. Its effectiveness is proven through a meaningful benchmark.
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1. Introduction

Nowadays, -.composite materials are widely used in several fields, from automotive
applications to aerospace ones. This is mainly due to their high stiffness/mass and
strength/mass ratios when compared to steel or aluminium alloys. Furthermore, engi-
neers are continuously looking for strategies that allow increasing performances, building
integrated and lighter structures, designing complex geometry and providing stiffness and
strength where needed.

Nevertheless, in order to properly conceive complex and optimised solutions, it is
mandatory to characterise the full set of the composite material properties at each per-
tinent scale. One of the main issues of composite materials is related to the difficulty of
characterising the full set of elastic properties at the lower scales, i.e. microscopic (that of
the constitutive phases) and mesoscopic (the lamina level) ones.
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