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Abstract: Using the three-stage normalized parametric creep model, the creep behavior of a turbine
blade under a typical multi-condition test load spectrum was simulated through the usercreep subroutine.
The results indicated that as creep strain increased, stress relaxation occurred in stress concentration

regions. Under high operating conditions, significant creep strain accumulation and stress relaxation were
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observed. Under a single load spectrum cycle, the creep strain induced by high operating conditions

accounted for more than 90%. Based on Miner’s linear damage accumulation rule, a damage analysis of

the turbine blade was conducted as part of the life prediction process. In practical applications, the test load

was significantly higher than the actual operating intensity. Therefore, to more accurately evaluate the

mean time to failure (MTTF) of the blade, an equivalent damage factor was employed to assess the

equivalent operating time of the blade and establish an estimation process. For the turbine blade and test

load spectrum, the equivalent duration under actual operating conditions was calculated to be 26 283.6 h.

Keywords: creep model; creep deformation simulation; equivalent damage coefficient;

equivalent running time; turbine blade
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Table 6 Cumulative damage equivalent coefficient of
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Table 8 Cumulative damage equivalent coefficient of fatigue

life under various working conditions

T %ﬁﬁ‘zi’ﬁﬁ% 100 MEFR RN 350 AMFER R 1)
TEARE BB R REW SR
A 4 0.0374 0.1769
B 2 0.0272 0.076 7
C 0
D 0
E 2 1341 x 107 3.042% 107
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Table 9 Equivalent coefficient of relative fatigue damage

with different working conditions
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Table 7 Equivalent coefficient of relative damage with

different working conditions

SERR RRRPERER & U TOL A 1Y

PR TR mERER B
A 1 400 1.264x 107 1
B 700 1.096 x 107* 0.867
C 0 0
D 0 0
E 700 4346 x10° 0.034 4

BB T B/DRPER) A OO O A Y

T W BROEEE RGN
A 945 2.268% 10 1
B 360.5 5.437x 107 0.240
C 115.5 5.072x 107 0.022
D 115.5 4.172%x 107 1.840x 10°°
E 325.5 1.038 x 1077 4577 x 107
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Table 10 Data of actual gas turbine operating time

TR en | % dhakn
LA 0.6 TN H 16.6
T B 12.1 RTH 1 155
T4 D 19.2 KT T 103
FTHE 442 fETH K 12.3
KT F 101.9 TR L 48.5
KTH G 62.5

ATIFIEI R 12.7 h, BATEFA] & FEAR 3.7%.

MBSO A5 A 25 00T AR X 40403 4
BCFR B, W FL N A SEBRIE AT 1 Bfar 2R, RP
A3 L BRia T 5 B AT s AT T 13
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Table 11 Equivalent damage coefficient of working
conditions under test load spectrum and

actual operation
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Fig. 14 Gragh of working conditions
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Fig. 15 Assumption of stress curve under load changing
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Table 12 Analysis of equivalent damage coefficient at different times under fast loading condition

A
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WA Z 200 A IEEIA 350 AT A A
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