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Abstract: Fatigue specimen with central hole was designed based on the bolt-hole of a
high pressure compressor disk. Of the as-received (AR) specimens and after hole-expansion
(HE), the surface profile and fatigue property in multiple alternating loads were character-
ized; moreover, failure analysis and the evolution of HE residual stress profile during fatigue
cycle were investigated. Results showed that, after HE, the roughness of hole wall de-
creased, besides, the high temperature fatigue performances improved 1—3 times under mul-
tiple large load condition with the slight rise of fatigue data dispersion. The HE residual
stress released to 60% during 20000 cycles at the maximum tensile stress of 663 MPa, tem-
perature of 600°C and stress ratio of 0. 1. Compared with the untreated specimens nucleating
at machining marks, the HE crack initiated at metal accumulation by HE in the chamfer,

presenting single source crack initiations.
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Table 1 Mechanical property of GH4169 superalloy
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Fig. 1 Sheet fatigue specimens with

central hole (unit;mm)
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Table 2 Surface profile parameters of central

hole wall before and after HE

Condition R“/;Lm RI,/‘um R\V/;Lm Rl /p_m RZ/‘um RK“

AR 1.083 1.670 1.883 3.554 1.250 4.576

HE 0.237 0.316 0.244 0.561 0.310 3.238
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Table 3 Fatigue property in test conditions of stress ratio of 0. 1 and frequency of 4 Hz before and after HE

Condition No. Gumex / MPa t/°C F/cycles L A S E

169-K-54 26802 4. 43
169-K-56 26967 4.43

AR 663 600 4. 41 0.03 25816
169-K-70 23332 4. 37
169-K-71 26338 4.42
169-K-1 164101 5.22
169-K-14 173703 5.24

HE 663 600 5. 04 0.23 108573
169-K-27 79557 4. 90
169-K-39 61276 4.79
169-K-23 7574 3. 88
169-K-25 7038 3. 85

AR 825 600 3. 88 0.02 7503
169-K-26 8020 3. 90
169-K-38 7412 3.87
169-K-17 15098 4.18
169-K-31 25105 4. 40

HE 825 600 4. 20 0.13 16021
169-K-34 13844 4. 14
169-K-61 12554 4.10
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Condition No. Gmax/ MPa t/°C F/cycles L A S E
169-K-20 9837 3. 99
169-K-21 10436 4.02
AR 825 400 3.95 0.07 8932
169-K-41 8556 3.93
169-K-49 7245 3. 86
169-K-10 31759 4. 50
169-K-12 27705 4. 44
HE 825 400 4. 47 0.03 29209
169-K-13 28567 4. 46
169-K-46 28957 4. 46
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Fig. 2 Fatigue fracture in conditions of stress ratio
of 0.1 and frequency of 4 Hz before
and after HE
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