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Abstract: In response to the issue of stress concentration in the low-pressure rotor of solar thermal
turbines during cold start-up, transient thermo-structural coupling analysis, stress prediction, and
optimization were performed by combining finite element modeling with a hybrid residual encoding
network (HRENet). First, a finite element model of the rotor was established to simulate cold
start-up conditions. Second, a novel HRENet model was proposed for accurately predicting the
stress at stress-concentration points in the rotor under different start-up parameters. Finally,
rotor stress was reduced through start-up optimization and structural optimization. The start-up
process was divided and optimized based on four parameters: initial temperature, heating rate,

initial heating duration, and temperature rise rate; structural optimization employed an adaptive
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multi-objective method to design center-hole drilling in the rotor. Results show that the maximum
thermal stress occurs at the fillet of the first-stage blade-root groove, primarily due to the high
temperature gradient in this region. Compared with artificial neural networks, convolutional
neural networks, residual neural networks, and Transformer models, the mean absolute error of
HRENet in predicting the comprehensive loading equivalent stress was reduced by 65.23%,
78.01%, 88.23%, and 85.65% s respectively, and the mean squared error was reduced by 82.13%,
90.43%, 98.94%, and 96.22% ., thereby significantly improving prediction accuracy. From start-up
optimization, it was found that the temperature rise rate exerts the greatest influence on stress;
simultaneously, start-up time was shortened by 23. 08% and stress at critical points was reduced
by 5.3%. After structural optimization, the stress at the fillet of the first-stage blade-root groove
was reduced by 33.33% and 28.43%, respectively. This research provides an effective approach
for the safe operation and optimized design of solar thermal turbine rotors.

Keywords: thermal turbine rotor; hybrid residual coding network; thermal solid coupling analysis;
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Fig. 1 Model mesh of medium-low pressure rotor for steam

turbine
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Table 1 Material parameters of 30Cr1MolV

WEE/C PR /GPa IAMIE B/ (kg m D)
20 214 0. 288 7870
100 212 0. 292 7870
200 205 0. 287 7 870
300 199 0. 299 7 870
400 190 0. 294 7870
500 178 0. 305 7 870
600 7 870
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Table 2 Material parameters of 30Cr2Ni4MoV

WEE/C MR /GPa ML EE/(kgem D)
20 204 0. 286 7 860
100 201 0. 305 7 860
200 196 0. 299 7 860
300 190 0. 304 7 860
400 182 0. 299 7 860
500 173 0.298 7 860
600 161 0. 295 7 860
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Fig. 2 Thermal boundary conditions of the rotor
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Fig. 3 Rotor cold start curve
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Fig. 4 Contour of rotor maximum combined stress at

critical moment during cold start

08 106
0.7 b
105
0.6 — B S
-8 B 104
L’g‘ 05F LAY i
T ‘[m 3 EE
i 0.4 0335
0.3 m
{02
0.2
{0.1
0.1
. . . . . . 0
0 5 10 15 20 25 30 35

U i)
B 5 fER A Co BN [R) R T I BE Bl e 1] £ 28

Fig. 5 Variation of temperature and stress of danger

point C, with time
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Table 3 Research results on grid convergence
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