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Coupled thermal-structural analysis of spatial thin-walled tube
based on physics—informed neural networks

CHANG Cheng, ZHOU Qinghua

(College of Aeronautics and Astronautics, Sichuan University, Chengdu 610064, China)

Abstract; Under the influence of external thermal flux, spatial thin—walled tubes are prone to vibration and deformation. Real-
time thermal—structural analysis of spatial thin—walled tubes is crucial. The thermal-structural coupling phenomenon is an important
factor in the thermal-structural analysis of spatial structures. Currently, Finite Element Methods ( FEM) are mainly used for such
analysis. However, complex boundary conditions and discrete grids result in low computational efficiency and high computational
cost. In this paper, an equivalent surrogate model for the thermal-structural analysis of spatial thin—walled tubes is established using
the Physics—Informed Neural Network (PINN) algorithm. Under the joint constraints of limited boundary data and physical laws,
the model can accurately predict the surface temperature distribution of the spatial thin—walled tube, thereby enabling the prediction
of its mechanical behavior. Through comparative calculations under different operating conditions, the effectiveness and accuracy of
the model are verified. Compared with the Finite Element Method, this approach significantly improves the computational efficiency
of thermal-structural coupling analysis.
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Fig. 1 Thermal-structural coupling in spatial thin—walled tube
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Fig. 4 Equivalent surrogate model
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