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Load Spectrum Compiling and Life Prediction for Turbine Disc
Based on Equivalent Transformation of Fatigue-Creep Load
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Abstract: Aiming at the problem of ignoring the holding time when the rainflow counting method extracts
the peak and valley values by equivalent compression, a fatigue—creep load equivalent transformation method was
proposed based on damage curves. By nonlinear fatigue damage accumulation function and damage equivalence
principle, the equivalent transformation model of fatigue—creep load and fatigue load under different stress levels
and holding time was built. Using the data of turbine disc material test, the equivalent transformation ratio under
different cycle load conditions was calculated, and the law of its variation with holding time was obtained. Based
on the improved rainflow counting method, the load spectrum of the high—pressure turbine disc for an aero—engine
was compiled, and combined with the life-time fraction prediction method, the residual life of the turbine disc
was obtained. The results show that the influence of fatigue—creep coupling damage on turbine disc life is consid-

ered comprehensively by the improved rainflow counting method, and the life prediction error is down by 15.02%
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compared with the traditional rainflow counting method, which verifies the validity of the proposed method.

Key words: Rainflow counting method; Equivalent compression; Holding time; Equivalent transforma-

tion; Load spectrum; Life prediction
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Table 1 Radial stress and temperature of labyrinth seal

n,/% Stress/MPa Temperature/C
100 848 519
85 629 411
70 403 307
60 328 248
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T =2.031%10°n,> + 0.01092, + 25  (11)
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Table 2 Load cycle matrix of turbine disc (MPa)
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value/MPa TRC IRC TRC IRC TRC IRC TRC IRC TRC IRC TRC IRC TRC IRC TRC IRC
0~150 78 78 1 1 2 28861 0 0 0 0 11 9734 0 0 240 240
150~250 18 18 11370 11370 7660 7439 1250 1109 340 340 450 437 130 130 50 50
250~350 0 0 27920 27920 2326 2308 1278 1233 5350 5350 3560 3527 633 638 128 128
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