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Theoretical and experimental research on carbon fiber spreading based on transverse vibration in
mechanical fiber spreading
XU Shuo', PAN Yipeng', HE Yadong"’, XIN Chunling"’, REN Feng'
(1. College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China;
2. Polymer Processing Equipment Engineering Research Center, Ministry of Education, Beijing 100029, China)

Abstract : In the melt impregnation process for the preparation of prepregs, the fiber spreading performance of fiber tows is a
key factor determining resin impregnation efficiency and the quality of prepregs. The spreading performance is mainly characterized
by the spreading width, fiber breakage rate, and fiber uniformity. To address the limited effectiveness of conventional mechanical
spreading, a method combining mechanical stretching of fibers with lateral vibration for stretching is proposed in this study, and the
research is carried out through a combination of theoretical modeling and experimental validation. Based on mechanical analysis and
a dynamic iterative approach, a fiber spreading theoretical model was established, including a fiber spreading width model and a
fiber breakage model, to systematically analyze the influence of process parameters on fiber spreading behavior. The proposed
model was experimentally validated using a self-developed vibration-assisted spreading apparatus. The results indicate that the
tensile tension is the dominant parameter affecting fiber spreading performance. As the tensile tension increases from 4 N to 10 N,
the spreading width increases by 41%, while the fiber breakage rate rises from 0.22% to 0.57%. Furthermore, increasing the vibra-
tion amplitude of the transverse vibrating roller further enhances the spreading width by approximately 30% without significantly
increasing fiber breakage. After theoretical verification and experimental optimization, the proposed apparatus is capable of stably
spreading 12K carbon fiber tows to a width of 15.2 mm, achieving a fiber uniformity of 95.3% while maintaining the fiber breakage
rate at 0.43%. These results provide a reliable technical solution for the high-quality preparation of carbon fiber prepregs.
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