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Fig. 6 Comparison of reliability index calculation results of
equation (2) and equation (27) under random loads
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Tab.1 Each parameter and its distribution

/ N T | ol tpeh ()

2% Parameter Y4{E Mean value HRifE 2= Standard deviation
a 1.8x107 —
n 10.94 —
s/MPa 300/320/340 15/16/17
At/s 600 30
D, 0.7 0.035
R/MPa 1100 55

A (34) 55 20(23) 20 51 3 50 A [ 2 A 1 T
(8] A R 5 BE AR b , RIVIE G A AN () A4 N S 1 A
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Fig. 7 Comparison of reliability index calculation results of

equation (23) and equation (34) under random loads
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Tab.2 Uncertain operating condition parameters in reliability

evaluation of the steam turbine rotor

28 LG ¥l brifii 2
Parameter Variation range Mean value Standard deviation
IR TR
Initial temperature of 20~215 117.5 32.5
rotor/°C
Eae=li
AU 320~400 360 133
Steam temperature/°C
T T
Temperature rise rate/ 0.7~2 1.35 0.217
(°C/min)
TR
Rising speed/ 20~100 60 133
(r/min?)
TR
Load increase rate/ 0.2~0.8 0.5 0.1
(%/min)
SEHLIST [
FEBLITT 180~360 270 30
Downtime/min
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TAE PSR A R LR T TR 2
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Fig. 8 Finite element model of the steam turbine rotor
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Tab.3 Damage evaluation results of different weak links
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Fig. 9 Correlation heatmap of different weak links of

the steam turbine rotor
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Fig. 10 Rotor reliability prediction results of steam turbine at

different start-stop frequencies
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Reliability analysis of high-temperature structure based on damage-

threshold interference principle

ZHANG Xiancheng
(Key Laboratory of Pressure Systems and Safety, Ministry of Education, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: At present, the deterministic design and evaluation of high-temperature structural strength have been fully
developed and formed a relatively complete system framework, laying the theoretical foundation for the design and
manufacturing of numerous mechanical equipment under harsh service conditions. Considering the randomness of high-
temperature structural failure and the small-sample characteristics of failure data, safety factors are usually adopted for
conservative design in engineering. However, this often leads to structural redundancy and cost waste, so there is an urgent
need to conduct research on design methods from determinism to uncertainty. Nevertheless, no universal and mature
theoretical methods for high-temperature structural reliability or national/industrial standards have been established so far,
making it difficult to effectively predict and guarantee the reliability of high-end equipment such as China’s aero-engines
during operation. Based on this, firstly, uncertainty analysis was elaborated. The damage-threshold interference criterion was
introduced in detail, and its differences from and connections with the stress-strength interference criterion was explained.
Finally, taking a certain steam turbine rotor as an example, it illustrates the engineering application of the damage-threshold
interference criterion in the reliability analysis of high-temperature structures.
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