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ABSTRACT

P Fused filament fabrication (FFF) enables rapid manufacturing of continuous carbon fibre reinforced composites
(CCFRCs). However, the FFF technology usually brings about CCFRCs with complex fibre trajectories, i.e.,
curvature, etc., triggering poor forming quality with excessive pores and low mechanical performance. This study
adopts porosity as the core evaluation indicator, develops a predictive model based on response surface
methodology (RSM), and constructs a multi-objective optimization framework to formulate a curvature-adaptive
variable-speed printing strategy for CCFRC fabrication. Optimised processing parameters for diverse curvature
conditions are obtained via intelligent algorithms. Experimental results confirm the superiority of the proposed
method in defect elimination, achieving simultaneous improvements in surface morphology and mechanical
performance of CCFRCs. A multi-scale model is established based on representative volume elements (RVE) to
further reveal the cross-scale mechanism linking pore distribution and structural mechanical performance under
variable-speed printing. This study achieves coordinated optimisation of forming quality and mechanical
performance, providing practical guidance for the high-quality 3D printing of CCFRCs.
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