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Introduction

With the increased use of Liquid Composite Moulding (LCM) processes in the aeronautical and automotive industries, the complexity of the parts and quality requirements have increased tremendously. The development of fabric forming models and the refinement of mould filling simulations, calls for improved material models to achieve the predictions expected by the industry. Accurate permeability data of reinforcing materials is essential in order to conduct LCM simulations and design the manufacturing process more efficiently [START_REF] Walbran | Evaluating the shear component of reinforcement compaction stress during liquid composite moulding processes[END_REF]. Permeability is predominantly a function of the reinforcement architecture and its fibre volume fraction, both of which are affected by textile deformation when used to manufacture complex 3D parts. The push for more sustainable materials either biodegradable or fully recyclable has also pushed the composite industry to look increasingly at bio-based reinforcements and resins. The bio-based reinforcement being formed from the assembly of short fibrils of variable geometry into continuous strands have very different forming and permeability properties than traditional composite reinforcements formed by assembling continuous fibre with smooth geometry. This study compares the permeability characteristics of two different flax fibre fabrics with different tow size and a glass fibre fabric with an equivalent tow dimension. In order to gather information on the behaviour of such reinforcements during LCM manufacturing processes, the permeability behaviour of sheared textiles was determined. The fabrics were sheared before conducting the permeability tests, simulating the textile deformation that is present when preforming textiles in 3D moulds and the effects of these deformations on the textile properties were observed.

A set of in-plane permeability experiments were conducted using a 2D radial injection permeability setup where the flow front was optically tracked [START_REF] Comas-Cardona | An optically-based inverse method to measure inplane permeability fields of fibrous reinforcements Compos[END_REF]. The in-plane permeability tensors of the different reinforcing materials were determined for a range of fibre volume fractions and levels of shear applied. A number of semi-empirical models based on these results have thus been developed.

An optical technique for measuring local fibre orientation and shear in the reinforcements was utilised and coupled with the permeability experiments conducted, ensuring that the models obtained reflected the achieved level of shear. The experiments which were conducted at strictly controlled fibre volume fractions showed that the fabric permeability is strongly dependent on the degree of shear of the reinforcements during impregnation [START_REF] Verleye | Permeability of textile reinforcements: Simulation, influence of shear and validation[END_REF]. Although it is known that in-plane shear affects the permeability values and anisotropy of a fabric, this study highlights that it also affects the orientation of the permeability tensor relative to the fabric orientation (weft and warp). 
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 1 Figure 1: Permeability tensor orientation shifting due to shearing of the fabric