An effective methodology for strength prediction of fusion-welded thermoplastic composite repairs
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Abstract.

Thermoplastic composite fusion welding is a promising process for composite joining and structural repair.
However, thermoplastic fusion welding involves mechanisms that differ from those encountered in bonded
assemblies. It is therefore necessary to develop a methodology for predicting the strength of this new type
of composite joint. This methodology focusses on robustness, reliability and computational cost for the
effective design of repairs of thermoplastic composite structures in industrial context.

To achieve these objectives, a linear elastic FEM model based on the association of cohesive and shell
elements is developed. The Cognard multi-axial criterion associated with the critical distance theory is used
to predict the strength of welded interfaces [1][2]. A new definition of the critical distance for robust stress
integration is proposed. The Cognard criterion is calibrated inspired by Cerisier et al. work [3] with
pyramidal approach for sequential validation. The calibration was made with two different specimens,
inducing different loading scenarios on the fusion welded interface. Thick adherent shear tests (TAST) were
performed with a length-to-thickness ratio ranging from 1/27 and 1/80. The welded interface is primarily
tested under shear stress and exhibits greater strength than an epoxy bonded joint, demonstrating its
applicability for composite repairs. Then, stringer foot specimens subjected to four-point bending were
manufactured in order to study the failure scenario of the interface under pure bending load [4]. These tests
also demonstrated superior strength compared to samples bonded with epoxy.

The calibration of the Cognard criterion with the linear elastic FEM model based on data from the tests
proved to be insensitive to mesh size. The calculation time has been significantly reduced, enabling
effective prediction of the strength of repaired samples on a larger scale.
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