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Abstract

3D woven composites have been in used for more than a decade in parts that require good
impact resistance, such as aircraft engine fan blades.

The modeling of these structures is currently based on homogenization methods to obtain
properties that are then used in continuous FEM models, though this approach has shown
difficulties to fully grasp the effect of composite mesostructure on failure mechanisms. Indeed,
studies have shown that similar weaving architectures may display different impact behaviors
regarding failures which current homogenized modeling methods fail to capture effectively.

This study aims to develop a new modeling approach capable of handling such limiting cases.

It relies on a modeling strategy called "semi-continuous" that is being developed since the
2010's in the Institut Clément Ader, and consists in representing the composite at the scale of
the weaving pattern.

The yarns are modeled by a network of 1D elements (truss or beam) that is being stabilized by
3D elements that represent the matrix.

This approach, originally developed for 2D woven composites has shown good capabilities in
the prediction of both impact and post-impact behavior, mainly thanks to its ability to account for
the weaving geometry.

The goal is then here to transpose this approach to 3D woven composites.

A first proof-of-concept model will be presented. It has given good predictions on the elastic
modulus of different weaving architectures. Damage modelling is introduced through the use of
6 damage variables to represent matrix cracking, and a fragile failure criterion for the yarns. A
sensitivity study has also been realized to understand the key parameters of this modelling
strategy.

A comprehensive experimental campaign, both under quasi-static and dynamic loads is set to
be achieved to fully understand all failure mechanisms, as well as to identify directly or inversely,
the parameters of the model.
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