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Effects of Shot Peening on High-temperature Low-cycle Fatigue Property of
GH4169 Superalloy with Hole Structure
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Abstract: The bolted joint is an important connecting structure of turbine disks; however, there are large loads on the
bolt hole with structural stress concentration, leading to the fatigue failure in service. Sheet fatigue specimens with the
central hole were designed based on a bolt hole of a high pressure compressor disk, and were shot—peened on two intensi-
ties. The surface roughness, residual stress profile and high—temperature low—cycle fatigue property of the three surface
integrity statues, such as unpeened. high intensity peening and low intensity peening. were characterized. The results
show that; compared with the unpeened sampless, high intensity peening leads to the increase of surface roughness, and
the accumulation of plastic—flow metal on the chamfer and the deepening of compressive residual stress, therefore causes
the decrease of fatigue performance. On the other hand, when low—intensity peened, fatigue property improves. the dispersion
of fatigue lives arises The fatigue crack of unpeened and low—intensity peened specimens is on the wall of the holes, presenting
multi—source crack initiations. Moreover, a single fatigue source nucleates on the chamfer when high intensity peened.
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Table 1 Mechnical properties of the GH4169 disk forging
Temperature / o/ o2/
o~ S ¢
C MPa MPa
20 1345-1430 1140-1200 12-22 20-37
650 1 100-1 165 930-995 12-30 25-38
| b
S
3
I lg
7 _ "
[92]
27 27
b1 0
140
(Unit: mm)
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Fig. 1 Sheet fatigue specimens with the central hole
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Table 2 Parameters of the shot peening

Intensity/
No. Shot Coverage  Angle
mmA
SP-1 Ceramic 0.10 >100% =>60°
SP-2  Cast iron 0. 20 >100% =>60°
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Table 3 Surface roughness of the unpeened and peened

specimens (pm)
Samples Ra, Ra, Ra, Average Ra

Unpeened-1 0.862  0.835  0.849 0. 849

Unpeened-2 0. 875 0.834  0.869 0. 860
SP-1-1 1.082 1.215 1.135 1. 14
SP-1-2 1.216 1. 094 1. 067 1.126
SP-2-1 1.373  1.335 1.390 1. 366
SP-2-2 1.305 1. 294 1.274 1. 291
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Fig. 2 Residual profile of the specimens before and after

shot peening
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Table 4 Fatigue properties of unpeened, SP-1 and SP-2 smaples with the central hole

Fatigue  Logarithmic  Median  Standard Minimum number ™ Estimate of
Parameter No.
life fatigue life fatigue life deviation of tests median fatigue life

169-K-3 33 665 4.53
169-K-9 49 456 4.69

SP-1 4.66 0.109 4 45 807
169-K-28 44 078 4. 64
169-K-29 59 813 4.78
1-3 16 294 4.21
169-K-7 17 752 4.25

SP-2 4.15 0.094 4 14 125
169-K-38 11 534 4. 06
169-K-11 12 112 4.08
169-K-54 26 802 4.43
169-K-56 26 967 4.43

Unpeened 4.41 0.030 3 25763
169-K-70 23 332 4. 37
169-K-71 26 338 4,42

% . Based on HB/Z 112-1986; x % . Confidence level=95% ; Limit of error=5%
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Fig. 3 Fatigue failure morphologies of the peened and unpeened specimens
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