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Abstract — In this paper, thermal stress analyses of a small-size wrbine rotor for a 10 MW steam power
plant were performed. To estimate heat convection film coefficients, a user subroutine was developed con-
sidering geometry of the turbine rotor, operating history of steam conditions {temperature and pressure) and
properties of rotor material as a function of steam temperature. Temperature distributions, stress distributions
of the rotor were determined as results of finite elemment analyses. Discussions are also made on procedures
of remanent life assessment for the turbine rotor.
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Fig. 1. Procedure of thermal stress analysis for tur-
bine rotor.
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Table 1. Material properties of 1Cr1Mo0.25V steel.
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Temp. Yield Strength  Young's Modulus  Poisson's

Density Conductivity Thermal Expansion Specific Heat

(°Cy (MPa) (MPa) Ratio (kg/m”) (W/m*C) Coeff. {cal/kg®C)
100 627.84 41.441 11.2E-6

200 598.41 - 11.7E-6

300 578.79 41.023 -

400 549 36 2.0601E5 03 7660 ) 13.0E-6 599
500 490.50 37.674 13.5E-6

600 362.97 35.581 13.7E-6
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Fig. 2. Finite element model of turbine rotor for the
analyzed power plant.
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Fig. 3. Operating history of turbine rotor during cold
startup.
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Fig. 4. Operating history of turbine rotor during hot
startup.
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Fig. 5. Operating history of turbine rotor during shut-
down (forced cooling).
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Fig. 6. Operating history of turbine rotor during shut-
down (natural cooling).
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Fig. 7. Temperature distribution of turbine rotor during cold startup.
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Fig. 9. Variations of temperature and stress at the
critical location during cold startup.
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Fig. 10. Variations of temperature and stress at the
critical location during hot startup.
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Fig. 11. Variations of temperature and stress at the
critical location during shutdown (forced cooling).
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Fig. 12. Variations of temperature and stress at the
critical location during shutdown (natural cooling).

a}7]4, n: number of reversals of a specific loading
N: fatigue life under the loading
t: total duration of a specific loading
t: maximum allowed time under the loading
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Table 2. Results of stress analyses for turbine rotor at the critical location.

Shutdown Shutdown
Stress (MPa) Cold startup Hot Startup (forced cooling) (natural cooling)
Max. Steady Max. Steady Max. Max.
Radial 1.93 0.77 L7 0.77 0.01 0.01
Axial -6.92 -2.91 -6.74 -291 0.20 0.20
Hoop -172.70 —66.71 -169.70 —67.05 6.47 6.46
Von Mises 171.10 66.07 168.10 66.40 6.40 6.39
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