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Inverse method for estimating the vibration stress of turbine
blades based on combined high-and-low cycle fatigue tests

SUN Rutjie, YAN Xiao-jun, NIE Jing-xu
(School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: An inverse method based on combined high-and-low cycle fatigue (HCF/
LCF) tests and the outfield practical failure data was developed to estimate the vibration
stress of the turbine blade in working condition. All the test specimens of the turbine blades
owned the same production procedures as the outfield failure blades. Two groups of HCF/
LCF tests were performed, one was median life test at six vibration stress levels, and the
other was life dispersion test at a given vibration stress level. Then, P-S-IN curves were ex-
trapolated with the maximum likelihood method. Finally, vibration stress of the turbine
blade in working condition was determined by the Py ;5. =S-IN curve combined with the sta-

tistical life of the outfield practical failure data.

Key words: turbine blade; retrofitting; combined high-and-low cycle fatigue (HCF/LCF);

vibration stress; fatigue curve; failure statistics
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Fig. 1 TIllustration of the reverse method



2 : 291

’ P99. 87% _S _N ’
Ca-
A
2 A % T
i f, /i —>»
2.1 —
A
' AN L .
) Lowcyelelatipne High cycle fatigue T,
P-S-N , < e .y .
aa
' 3
’ Fig. 3 Load spectrum of combined high-and-low
( cycle fatigue (HCF/LCF)
2),
o1 Ohn Su/ fi
T. s O]
Su/ S
’ : ( 4~5s,
1100 Hz, 5000); T
i Oh o
’ 2.3
i o ‘
4 ,
(a) Sk T A M R (b) Iy R A3
2
Fig. 2 Fracture position and the stress field
of the blade
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Fig. 4 Tllustration of the test equipment
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Table 1 HCF/LCF test data for six amplitude levels

/mm /MPa

N, N,
A-1 2.0 392 22 110000
A-2 1.5 294 86 430000
A-3 1.3 255 167 835000
A4 1.0 196 130 650000
A-5 0.8 158 1044 5220000
A-6 0.5 98 5338 26690000

2 1.3mm

Table 2 HCF/LCF test data at the amplitude level 1. 3 mm

/MPa N, N,
B-1 53 265000
B2 138 690000
B3 163 815000
B4 259 336 1680000
B-5 441 2205000
B-6 455 2275000
5 s
, bB4 s

Fig. 5 Ruptured blades of combined high-and-low
cycle fatigue (HCF/LCF) test
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Fig. 6 P-S-N curves of the turbine blade
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Fig. 7 Probability density function (PDF) and
histogram of the outfield

failure blades
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Fig. 8 HCF/LCF life prediction of retrofitted blades
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