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Influence of Fabric Structure on Low-Velocity Impact Performance of
Variable-Thickness 3D Woven Composites
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[ABSTRACT] Addressing the growing demand for lightweight materials in critical impact-resistant aerospace
components, this study systematically investigates the low-velocity impact performance and underlying mechanisms of
variable-thickness 3D woven composites. Three types of variable-thickness composite specimens with 1/3 twill, 5-harness
satin, and 8-harness satin architectures were manufactured using resin transfer molding (RTM). Low-velocity impact tests
were conducted at energy levels of 5 J and 10 J using a drop-weight impact apparatus, during which dynamic response
data including load-time history, load-displacement curves, and energy-time profiles were recorded. Experimental results
demonstrate that the 8-harness satin architecture exhibits superior impact resistance, with peak load values exceeding those
of the 5-harness satin and 1/3 twill structures by 39.13% and 88.14%, respectively. With increasing impact energy, the
response duration of all specimens was prolonged and damage severity intensified. Furthermore, increasing the float length

of warp yarns effectively mitigates stress concentration and significantly retards delamination propagation. This research
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provides valuable experimental evidence and theoretical support for optimizing variable-thickness 3D woven composites in

critical impact-resistant components such as wing leading edges and blade tips.

Keywords: Variable thickness; 3D woven composites; Low-velocity impact; Fabric structure; Progressive damage
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Table 1 Parameters of variable-thickness 3D woven preforms and composites
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Fig.3 Time-load curves of the specimens
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Fig.4 Displacement—load curves of the specimens
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Fig.5 Time—energy curves of the specimens
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