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Multiscale Analysis and Performance Prediction of Filament-wound Composite Pressure Vessel
Liu Changxi',Jiang Xu', Wang Jiajie’, Wang Yunlong’, Wang Xiaohong', Bi Fengyang', Zhou Wei'
(1. School of Mechanical and Electrical Engineering, Heilongjiang Institute of Technology , Harbin 150050, China;

2. School of Materials Science and Engineering, Heilongjiang Institute of Technology , Harbin 150050, China;
3. School of Automotive and Transportation Engineering , Heilongjiang Institute of Technology, Harbin 150050, China)

Abstract : The filament wound composite pressure vessel is composed of fiber, matrix and interface. Its macroscopic proper-
ties can change with the change of the microscopic properties of the constituent materials. In order to predict the performance of
composite pressure vessels more scientifically and accurately, it is necessary to establish a multi-scale performance prediction and
analysis method. ANSY'S mesoscopic analysis and ABAQUS macroscopic analysis were combined to guide the design and improve
its performance. In addition, the micro-mechanical parameters of the composites were obtained by micro-debonding test and tensile
test of resin and carbon fiber. The macroscopic mechanical parameters of the composites were obtained by tensile and shear strength
tests on the winding laminate samples formed by the material system XSYTS55G. The extracted representative volume element
( RVE ) was used for meso-scale failure analysis, and the progressive homogenization theory was introduced to realize the excessive
analysis from meso-scale to macro-scale. At the same time, the analysis method was applied to the example analysis of filament
wound composite pressure vessel. The analysis results show that in the tensile failure analysis of the RVE model, the smaller the
Weibull modulus () value, the more the number of failure units, and the lower the bearing capacity of the model. The tensile
failure analysis of the RVE model shows that the smaller the m value, the more the number of failure units, and the lower the bearing
capacity of the model. The Weibull distribution of different fiber strength was analyzed. The larger the m value, the later the modulus
peak of the macroscopic model appears, and the more intense the change. The discreteness m value of fiber strength has an important
influence on the burst pressure and failure process. As the m value increases, the pressure vessel fails later, the load changes more
violently ,and the burst pressure also increases.

Keywords : multiscale analysis ; performance prediction ; composite pressure vessel ; progressive failure ; bursting pres-
sure ; simulation analysis
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