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Abstract: In practical work, gas turbine blades are prone to fatigue failure due to the combined high and
low cycle loads. In view of the complexity in the fatigue damage evolution and life prediction under combined
high and low cycle loads, a new combined fatigue life prediction model was established considering the cou-
pling damage formed by superposition of high and low cycle loads. On this basis, the weakening function to de-
scribe the weakening effect of certain low—amplitude and high—cycle loads on coupling damage was intro-
duced, and a combined high and low cycle fatigue life prediction model with strengthening effect under low
amplitude loads was established. Through the verification and analysis of test data and the comparison with the
prediction results of the Miner model and the Zhu model, the new combined fatigue life prediction model has
high applicability and accuracy, which lays the foundation for blade integrity design, damage analysis and life
prediction.
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Table 1 High and low cycle combined fatigue test life and predicted life of TC11 titanium alloy

Test data Miner model Zhu model New model
Onuc/MPa o ye/MPa o yoi/MPa o, ;/MPa  N/Cycle N,/Cycle Error/% N, /Cycle Error/% N, /Cycle Error/%
800 1066.7 266.7 400 64765 70089 8.2 66947 3.3 65212 0.7
800 1032.3 232.3 400 203154 189106 -6.9 167421 -17.5 156282 -23.1
800 1000.0 200.0 400 391530 501848 28.2 366350 -6.4 315102 -19.5
750 1034.5 284.5 375 85022 91882 8.1 86764 2.0 85502 0.6
750 1000.0 250.0 375 185674 285807 53.9 240866 29.7 231202 24.5
750 967.7 217.7 375 430825 969146 125.0 589714 36.8 518990 20.5

201005-4



a3k 2

B JEHR A 100 YRR TEE HLI 7 bRk i AR S 0 57 A E 5

2022 4F

HﬂL,%{&W’EA&F%#@&?{E%%%W&%&%
S 249 8T 3 68 0N T3 SRR R ) T A AT A
i A8 A L émfwﬁﬁwmmmtm&w,
B AR S 92 57 Ay B8/ DN o AR 982 97 2 Ao 2
Ja 7 A S A R R R 57 T i R

900
850
800 A
ﬂ? X i\
Z ~
% 750 (=]
oF
700
—&— Test CCF life (R, ., ,=0.67)
650 | Predicted CCF life (R, ;1 =0.67)
—A- Test CCF life (R, =0.58)
=/ - Predicted CCF life (R, =0.58)

600
10 10° 10°

Fatigue life N/Cycle

Fig. 4 Relationship between the combined fatigue life of
TC11 titanium alloy and the mean stress of high cycle fatigue
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Table 2 High and low cycle combined fatigue test life and predicted life of Ti-6Al-4V titanium alloy

Test data Miner model Zhu model New model
Tone/MPa o o /MPa o, o /MPa o, /MPa  N/Cycle N /Cycle Eror/% N /Cycle Error/% N /Cycle  Error/%

510 850 340 255 142071 167706 18.0 166705 17.3 165071 16.2
330 550 220 165 1378689 1840611 335 1744600  26.5 1705263 23.7
300 500 200 150 2615307 3682036  40.8 3332033  27.4 3224778 233
550 700 150 275 552276 833325 50.9 782875 4138 731014 324
550 680 130 275 696348 1242864 785 1121980  61.1 1003840 442
550 650 100 275 3183591 1415618  -55.5 1222394  —61.6 1438717  -54.8
550 630 80 275 29134560 14744520  -49.4 5331108  -81.7 24679385  -15.3
550 610 60 275 143151540 12587296  -91.2 4155042  -97.1 150824548 5.4
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