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Abstract: To address the challenge of rapidly predicting transient thermal stress during the startup of
turbomachinery rotors, which is difficult due to high computational costs, a compressor rotor
surface temperature field and stress field prediction method based on temporal convolutional
network (TCN) is proposed. The finite element method is utilized to compute the temperature
field, stress field., and service life of the compressor rotor under cold startup conditions. A TCN
model is then employed for temperature field and stress field prediction and life assessment of the
rotor, and the results are compared with those obtained from three other neural network models:
long short-term memory (LSTM), gated recurrent unit (GRU), and Transformer. Simulation
results demonstrate that under cold startup conditions, the TCN model exhibits optimal

performance in predicting transient thermal stress of the rotor. Compared to the Transformer,
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LSTM, and GRU models, the coefficient of determination for thermal stress predictions improves

by 0.03%, 0.60%, and 0. 36 %, respectively, while the coefficient of determination for equivalent stress

predictions under combined loading increases by 0. 10% ., 0.48%, and 0. 02%. Moreover, the

computational efficiency of the TCN model is significantly improved compared to traditional finite

element thermo-mechanical coupled analysis, with a computation time only 0.25% that of the

finite element method. This proposed method enhances prediction accuracy and provides technical

support for the rapid prediction of transient thermal stresses and life assessment of turbomachinery

rotors.

Keywords: temporal convolutional network; compressor rotor; thermal stress; lifespan assessment
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Fig. 1 Schematic diagram of compressor rotor model
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Table 1 Material parameters of the compressor rotor
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FAPERE B/ GPa 218
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Jai I 3 B/ MPa 697
HUHLIR B/ MPa 780
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Fig. 2 Mesh division of the compressor rotor model
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Fig. 3 Thermal boundary conditions of the rotor
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Fig. 4 Different stages of compressor rotor startup conditions

edu. cn



90 W % o M

NI it

559 %

W BN D) T BAE YR,

(3) 3.4 BrBE O L1 THBEZE L2 T, M
L2 T9FEZE L3 T I,

(4) 55 5 WrBe(Frgk L3 T.00) LA LIiZ I 2 5
FEIBLT.
2 HETF TCN {1 45 HLEE 7 R 3 T

B VA
2.1 BHAHFIEHE

A FE T Ve 25 JE I ST Bl i L AR R A
Ty Hr. THE R R 20 ks, BB St FE S
18 Z ARG HE A s Ab %5 5 e A% 57 45 405« I BE A
JER R I Sy de K BB fE B an L 5 BT . A
Jashid B A TR R RN AR AR 6 T
H AT UL 5% 7 g g e Rl Tt i AR IR A T R,
TE S ks ZEAT LA 2 DIRMH . I B UKL T B AE A
20 ks B F R, LB S R 1 3

821 5 1A

P 5 Ry S AR AL 7 R
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Table 2 Normalized sample feature data

¢ Ta P,

0 0 0
18 0.137 0. 700
40 0. 261 0.942
74 0.377 0. 999
85 0.417 1. 000
198 0.593 0. 564
253 0.703 0. 601
297 0.773 0.569
364 0. 841 0.398
455 0. 900 0. 244
610 0.953 0. 100
1 000 1. 000 0.028
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model training process
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Fig. 9 Comparison of network model prediction results and

AR 3 4 0 285 A5

finite element results for temperature and thermal

stress under cold short-duration start-up condition
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Table 3 Comparison of time consumption between the

prediction model and the finite element method
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