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Trajectory simulation analysis and experimental validation of novel multi-filament carbon fiber winding technique
LIANG Jianguo"**, SHAO Qinan', LIU Jianglin"**, WU Ting', ZHAO Xiaodong', XUE Yuqin', ZHANG Kejing'
(1. School of Mechanical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
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Abstract : As the mainstream hydrogen storage medium, the production efficiency and service performance of high-pressure
hydrogen storage vessels depend on filament winding technology. In view of the limitations of single-fiber winding (SFW), includ-
ing fiber crossings, stress concentrations, and low production efficiency, a novel multi-filament winding (MFW) technique was
developed and the multi-filament carbon fiber winding equipment was constructed, then the theoretical research, trajectory simula-
tion analysis, and experimental validation of the novel MFW technique were conducted. First, a theoretical model of MFW was
established. Based on the mechanism of meridian rotation mapping, the variable slippage coefficient non-geodesic trajectory was
obtained and innovatively applied to MFW technology to obtain the motion trajectories of the filament nozzle. Subsequently, based
on simulation data from linear modeling, the multi-filament winding equipment was constructed for experimentation. The input
Spline curve was precisely matched with the output experimental trajectory to achieve synchronous and precise winding of multiple
fibers. Under SFW process conditions, the complete winding time was approximately 286 minutes, whereas the MFW winding
completes the same task in just 28 minutes, significantly enhancing winding efficiency. Additionally, high-pressure hydrogen storage
vessels were fabricated using SFW and MFW technique for conducting burst tests. The results from burst pressure comparison tests
indicate that the vessel produced by the MFW technique achieves a burst pressure of 129.9 MPa, which represents a 24.3% increase
compared to the 104.5 MPa of vessels produced via SFW. It fully verifies the stronger load-bearing capacity of the hydrogen storage
vessels produced by the MFW technology and establishes a foundation for the popularization and application of the MFW technology.

Keywords : high-pressure hydrogen storage vessels ; multi-filament winding (MFW) technique ; variable slippage coefficient
non-geodesic trajectory ; winding efficiency ; burst pressure
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Tab.1 Sequence of fiber winding layers and winding angle settings

. Winding angle/ Number of Windin
Winding method ("g) ) winding layers thickness/%nm

Hoop 90 8 1.44
Helical +10 1 0.36
Hoop 90 2 0.36
Helical +12 1 0.36
Hoop 90 2 0.36
Helical +14 1 0.36
Hoop 90 2 0.36
Helical +16 1 0.36
Hoop 90 2 0.36
Helical +16 1 0.36
Hoop 90 2 0.36
Helical +25 1 0.36
Hoop 90 2 0.36
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Fig. 10 Manufacturing of high-pressure hydrogen storage vessel
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Tab.2 Performance parameters of prepreg

Parameters Symbol Numerical value
Modulus of elasticity (£)/GPa E E,,E, 150.0,8.41,8.41
Shear modulus (G)/GPa G1,,G3,6 5 5.42,3.48,5.42
Poisson ratio (v) L2790 2998 N 0.42,0.48,0.42
Density/(g+cm ™) 1.78
Prepreg thickness/mm 0.183
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ent technologies
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