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Influence of pre-needling density and layerwise needling density on

mechanical properties of carbon fiber needle-punched preforms

s . .. 2 . . 2 . 2 . 2 . .1
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1. College of Textiles, Donghua University, Shanghai 201620, China;

2. Zhejiang Xinghui New Material Technology Co., Ltd., Jiaxing 314100, Zhejiang, China

Abstract: To enhance the mechanical properties of carbon fiber needle-punched preforms, the
synergistic regulation mechanism of pre-needling density and layerwise needling density on the
structural performance of the carbon fiber needle-punched preforms was investigated, with a focuse
on tensile strength and interlaminar peel strength. Using T700/12K carbon fibers as raw materials, a
fully factorial design method was employed, and the combination of pre-needling density (6, 8,
10 needles/cm’) and layerwise needling density (20, 24, 28, 32, 36, 40 needles/cm’) were
regulated, carbon fiber needle-punched preforms were prepared. And tensile strength and

interlaminar peel strength tests were conducted on it. The results showed that increasing the pre-
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needling density enhanced the structural stability of the preforms and further improved their tensile
strength. As the dominant factor, the increase of layerwise needling density significantly optimized
interlaminar entanglement and interlaminar peel strength, while excessive layerwise needling density
would cause fiber breakage and deterioration of in-plane performance. A typical trade-off coupling
relationship existed between the two parameters. The increase of layerwise needling density
facilitated the improvement of interlaminar peel strength but exerted a weakening effect on tensile
strength. When the pre-needling density was 10 needles/cm” and the layerwise needling density was
28,32 needles/cm”, the preform exhibited excellent comprehensive performance, the tensile
strength were 5.7 and 6. 8 MPa, respectively, and the interlaminar peel strength were 575. 97 and
645.03 N/m, respectively. The study reveals the synergistic optimization mechanism between
needling density parameters and provides theoretical support and experimental basis for process
design of carbon/carbon composite preforms.

Keywords: needle-punching process; pre-needling density; layerwise needling density; tensile

property ; interlaminar peel strength; carbon/carbon composites; integral needle-punched felt
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Fig. 1 Schematic of needle-punching forming process
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Tab.2 Range analysis results of the influence of needling parameters on mechanical properties
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