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Abstract
This research examines the influence of various machinability processes, including drilling, abrasive water jet machining and laser beam machining along with various fibre architectures on the behavior of machined holes, bearing strength and failure mechanisms of various textile structural composites produced from different textile structures such as chopped fibre, Unidirectional (UD), Bidirectional (2D) and Three-Dimensional (3D) orthogonal woven structures using glass, basalt and sisal fibres suitable for automotive applications. Optical microscopic examination was used to evaluate morphological damage and fractography of the produced composite materials. In comparison to glass fibre reinforced textile structural composites and sisal fibre reinforced textile structural composites, experimental findings showed that basalt fibre reinforced textile structural composite specimens had the highest bearing strength for all processes. The bearing strength of composites was in the order of 3D>chopped>2D>UD, respectively. In addition, a novel systematic mechanics-based approach was developed using SOLIDWORKS to create a mesoscale finite element model to analyse the bearing strength of pin-loaded textile structural composites. The woven-based composite material damage modes were predicted using the well-known 3D Hashin's failure and Puck's failure models, which were implemented via a user subroutine in conjunction with LS-DYNA. The bearing response predicted by the FEM simulation was found in a good agreement with the experimental findings (Figure 1).
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Figure 1. Microscopic fracture images of different 3D composites machined by drilling, AWJM and LBM process: (a) DG-3D; (b) DB-3D; (c) DS-3D; (d) WG-3D; (e)WB-3D; (f) WS-3D; (g) LG-3D; (h) LB-3D; (i) LS-3D.
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