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Fatigue property and fracture analysis on

cold-expanded hole structure of
GH4169 alloy
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Abstract: Cold expansion (CE) was applied on the centre-hole plate of GH4169 alloy. The fatigue
lives, as received and after CE, were investigated at 825 MPa/600 C/R=0. 1. Surface roughness
before and after CE, residual stress profiles during fatigue cycles were studied. And the influence of
surface integrity on fatigue process was analyzed by the careful fracture observation with two CE
samples of different lives (25105 cycles and 10719 cycles). The results show that the median fatigue
life estimation of specimens after CE doubles compared with as-received. The lower surface average
roughness after CE and the stable residual stress profile during fatigue process are the main reasons
for fatigue life promotion. However, the standard deviation of fatigue lives increases after CE. The
fractographic quantitative analysis shows the propagation lives of two specimens beyond 0. 1 mm from

fatigue source are considered, but initiation lives (18786 cycles and 5915 cycles, respectively) are of
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great difference. As a contrast, the reason of the big dispersion about CE fatigue lives is the different

initiation life within 0. 1 mm from the source. Therefore, the attention should be paid to the surface

integrity control of near surface during cold expansion to improve the stability of hole structure fatigue

property.

Key words: cold expansion;hole structure;fatigue;f{ractographic quantitative analysis
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Fig. 1 Plate fatigue specimen with central hole

(a) front view; (b)side view
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Table 1 Chemical compositions of GH4169 superalloy

(mass fraction/ %)

C Cr Ni Co Mo Al Ti Fe

0.04 19.0 53.0 <1l.0 3.0 0.5 1.0 Bal

K2 GH4169 5& H¥ e
Table 2 Mechanical properties of GH4169 superalloy

Temperature/ a1,/ 0.2/ 81/ o/
C MPa MPa % %

20 1345-1430 1140-1200 12-22 20-37
650 1100-1165 930-995 12-30 25-38
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Table 3 Fatigue lives of CE and as-received specimens under the condition of 825 MPa/600 C/R=0.1

Omax/ Fatigue life/ Logarithmic Median fatigue Median fatigue life Standard
State Sample No
MPa cycle fatigue life/cycle life/cycle estimation/cycle deviation
169-K-23 7574 3.88
169-K-25 7038 3.85
169-K-26 8020 3. 90
As-received 169-K-38 825 7412 3. 87 3.9 7362 0.03
169-K-55 6447 3.81
169-K-59 7752 3.89
169-K-62 7121 3.85
169-K-17 15098 4.18
169-K-31 25105 4. 40
169-K-34 13844 4.14
Cold expansion 169-K-52 825 9245 3.97 4.2 14927 0.13
169-K-61 12554 4.10
169-K-67 10719 4.03
169-K-68 15726 4. 20
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Fig. 2 Surface residual stress profile after CE and under

different fatigue cycles
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Fig. 3 Fracture appearance of plate fatigue specimens

with central hole
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(¢),(d),(e)fatigue band in early/medium/later stage; (f)instantaneous fracture region
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Fig. 6 Left sectional morphologies of 169-K-31 sample (a)source morphology; (b)source morphology after amplification;

(¢),(d),(e)fatigue band in early/medium/later stage; (f)instantaneous fracture region
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Table 5 Measurement results of left sectional fatigue
bands of 169-K-67 sample
Crack Average spacing ,
Ni/ N;/
No length/ of fatigue bands/
cycle cycle
mm ;,Lm
1 0.100 0. 65 1875 1875
2 1. 319 0.65 1202 1202
3 2.082 0.62 543 543
4 2.457 0.76 932 932
5 3.235 0.91 504 252
6 3.747 1.12 2IN,=5056  >N,=4804
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Fig. 7 Relationship between crack growth rate and crack

length in left section of 169-K-67 sample
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Table 6 Measurement results of left sectional fatigue

bands of 169-K-31 sample

Crack Average spacing of

No N/ /cycle
length/mm fatigue bands/pm

1 0. 100 0.48 743

2 0.468 0.51 1016

3 1. 037 0.61 1026

4 1. 668 0.62 1035

5 2. 460 0.91 928

6 3.388 1. 09 551

7 3.931 0. 88 717

8 4. 634 1.08 213

9 4. 868 1.12 >N, =6229

Crack growth rate/um

0 1 2 ) 4 5

Crack length/mm
P8 169-K-31 a0k 22l W7 1l S 80 Je i 6 15 RS BE Y 6 R
Fig. 8 Relationship between crack growth rate and crack length

in left section of 169-K-31 sample
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