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ABSTRACT 
Fiber-reinforced composites are widely applied in various fields due to their high strength and modulus, and 
analyzing their physical field is crucial for improving material performance and structural design. However, 
traditional analysis methods, such as finite element analysis (FEM) and numerical computation are still limited by 
computational efficiency and accuracy when applied to microstructures. To address this challenge, convolutional 
neural network (CNN) approaches are being developed to quickly and accurately predict the physical fields in fiber-
reinforced composites. Under static loading, the U-Net framework is developed with an adaptive two-stage training 
approach to address the generalization issue of representative volume element (RVE) of fiber composites with 
diverse fiber volume fractions. Under dynamic loading, the 3D TransU-Net framework is constructed by 
incorporating transformer mechanism and three-dimensional model, which can accurately predict the multi-
component physical fields for each step along specific load path. Subsequently, a transfer learning is employed, 
using only a small number of samples, to extend the model’s generalization ability across different load paths. To 
further optimize the loss function, it is necessary to integrate physical information of material property and loading 
conditions, aiming to imitate more realistic condition. For the choice of performance metrics, the relative error and 
coefficient of determination are selected to validate the model’s fitting degree and accuracy of stress distribution 
predictions. 
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