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Abstract: Thermal buckling is a common instability phenomenon in thin-walled structures under high-tempera-
ture environments. Accurately predicting the critical instability temperature makes an important issue for ther-
mal buckling analysis. The temperature dependence of material parameters in high-temperature environments
leads to non-negligible nonlinear characteristics in critical thermal buckling analysis. Currently, the solutions to
this problem are mainly based on heuristic algorithms of experimental error types, which have low accuracy
and efficiency. An efficient solution method was studied from the perspective of nonlinear eigenvalue problems.
Firstly, based on the mechanical principles of thermal buckling analysis, the thermal buckling analysis with
temperature-dependent material parameters was characterized as a problem of solving nonlinear eigenvalues.
Secondly, a successive linearization method for solving the nonlinear eigenvalue problem in thermal buckling a-
nalysis was presented. In this algorithm, the automatic differentiation technique was used to calculate the deriv-
ative information of the stiffness matrix and geometric stiffness matrix required during the iterative process.
Compared with existing iterative algorithms, the proposed algorithm significantly improves the algorithm effi-
ciency without increasing the computational complexity. Finally, specifically for the thin plate structure under
the action of a non-uniform temperature field, the finite element equations for its nonlinear eigenvalue thermal
buckling analysis and the successive linearization eigenvalue solution method were given, and numerical exam-

ples were used to verify the effectiveness and accuracy of the proposed method.

Key words: thermal buckling; temperature dependence of material parameters; nonlinear eigenvalue ;
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Table 1  The numerical results comparison of critical buckling temperatures for rectangular thin plates

thickness/m result of this paper result'®] Riks linear buckling
0.12 101.553 1 101.798 7 100.782 1 139.181 7
0.22 280.657 1 280.783 2 271.112 4 460.744 9
0.32 489.356 5 490.118 4 499.882 7 952.125 6
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Fig. 9 The temperature-displacement diagram of the Fig.10  The critical buckling temperature diagram

circular plate with the Riks method obtained with the Southwell method

T2 RPN AR R E T RN

Table 2 The numerical results comparison of critical thermal buckling temperatures for ring thin plates

thickness/mm result of this paper result'®] Riks linear buckling
1 38.879 4 38.575 59 38.879 4 38.439 95
3 126.281 66 126.973 88 128.328 57 265.477 46
5 260.114 31 259.481 54 261.617 14 641.545 54
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