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Influence of Main Steam Temperature and Pressure Fluctuations on
the Creep-Fatigue Damage of a Steam Turbine Rotor

ZHAO Nailong, WANG Weizhe, LIU Yingzheng
(Key Laboratory for Power Machinery and Engineering of Ministry of Education; Gas Turbine
Research Institute, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The finite element software Abaqus is adopted to construct an axisymmetric finite element model
of a high-pressure rotor of a 1 000 MW ultra-super critical steam turbine. The boundary conditions are
determined based on the in-service steam temperature and pressure data from the power plant. After finite
element calculation, the rotor mechanical behavior in the steady operation is analyzed, and the Lemaitre
continuum damage model is further applied to study the creep-fatigue damage of the rotor. In addition, the
calculating results without consideration of the steam temperature and pressure fluctuations are used for
comparison. The results show that the fluctuations of the steam temperature and pressure exert a great
influence on the thermo-mechanical behavior of the rotor; the temperature and stress of the rotor keep
changing with the steam temperature and pressure; the creep-fatigue damage in the inlet area under the in-
service conditions is more than double that under constant steam temperature and pressure conditions.
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Fig. 1 Geometrical model, boundary condition and
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Fig. 2 Temperature and pressure curves of the main steam and heat transfer coefficients at Locations 1 and 2
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Fig. 3 Temperature and stress distributions of the rotor
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Fig. 4 Radial temperature gradient at the inlet of rotor
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Fig. 6 Creep-fatigue damage distribution of the rotor
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Fig. 7 Temperature and Von Mises stress curves at three key points
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