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Plastic strain energy-life model of turbine disk under

various stress ratios

SU Yun-lai, LU Shan, YANG Mao., XIE Li

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The area of cyclic stress-strain curve deviated from elastic line due to plastic
deformation in the first cycle was taken as fatigue damage parameter, and the plastic strain
energy-life model was established from the perspective of energy. With the method of quad-
ratic interpolation for stress ratio, the relation of plastic strain energy and fatigue life under
various stress ratios could be obtained. The testing results of the simulated bolt-hole speci-
mens of a turbine disk and the simulated runway-hole specimens of an interstage disk were
used for comparison and validation. Results show that the method of quadratic interpolation
is more accurate compared with linear interpolation for stress ratio when using the plastic
strain energy-life model. The calculated life of simulated bolt-hole specimen is 9.42% less
than testing life; meanwhile the calculated life is just 1. 88% larger than testing life for the
runway-hole specimen. In general, the results of the plastic strain energy-life model fit well

with testing life, showing a higher accuracy.

Key words: turbine disk; plastic strain energy; fatigue life; stress ratio;

quadratic interpolation
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Table 1 Fatigue life of standard bars under different peak stresses

6, =1121 MPa

Omax — 1 105 MPa

H AT
R=—1 R=—0.3238 R=—0.05 R=—1 R=—0.2244 R=—0.05
B 1 Ni 3162 36287 44524 3505 42622 50675
X R A 3.5000 4.5598 1.6486 3.5447 4.6296 4.7048
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Fig. 2 Fitting curves of Ig N; varies with stress ratio

under different peak stresses
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The maximum equivalent stresses and

stress ratios in dangerous regions of two specimens
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