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Fig.1 Sample for fatigue crack growth testing
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Table 1 Chemical composition of as-HIP FGH97 and EP741NP (w/%)
Alloy Cr Mo W Ti Co Al Nb C Hf Zr B (¢} Ni
FGHO7 test disk  8.77 3.91 5.83 1.81 1547 5.01 2.52 0.025 0.23 0.0143 0.0134 0.0112 Bal.
EP74INP disk  9.01 3.74 5.46 1.73  15.06 5.00 2.43 0.061 0.30 0.028 0.016 0.0055 Bal.

FGHO97 standard 8.0~10 3.5~4.2 5.5~5.9

1.6~2.0 15~16.54.85~5.252.4~2.8 0.02~0.06 0.1~0.4 <0.015 <0.015 <0.007 Bal.
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Fig. 2 Microstructure of two alloys with different grain sizes: (a) FGH97 disk, ASTM 8 and (b) EP741NP disk, ASTM 6.3
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Fig.3 Fatigue crack growth rate curves of two alloys: (a) a-N curves and (b) da/dN-AK curves
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Fig.4 Fracture surface comparison of AA+HIP FGH97 test disk with Russian EP741INP disk: (a) Russian EP741NP disk-initial growth
area, (b) FGHO97 test disk-initial growth area, (c) Russian EP741NP disk-steady growth area striation, (d) FGH97 test disk-steady

growth area striation, (e) Russian EP74 NP disk-final fracture area, and (f) FGH97 test disk-final fracture area
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Table 2 Tensile properties of as-HIP FGH97 and EP741NP

Allo Young’s modulus/ Yield strength/ Tensile strength/ Elongation/ Reduction of area/
v GPa MPa MPa % %
FGH97 test disk 21444 999412 149017 30.0+3.0 29+3

EP741NP disk 222+6 997+4 1500+ 10 28.0%2.5 26+ 1
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Table 3 AA+HIP Processed FGH97 alloy testing piece
Oxygen/pg-g’ Grain size, ASTM Gamma prime size/nm Hardness, HB/ X 10 MPa
TO1 148 7.7 250 393
T02 113 8.0 280 392
172 pg/g A 139 pg/g 1 2 F RR1000 7 4 1 #AE
. HEAIPE, R AL, PR A RE A4
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B TO1 B3 doki R~ 2924 24.2 um (ASTM7.7), ik
B0 A TO3 ¥V 34 dib b R~ Z00 18.3 um (ASTMS.6).
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Fig.5 Fatigue crack growth rate of FGH97 test disks with

different oxygen contents
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Fig.6 PPB and grain boundary carbides of two FGH97 test disks
with different oxygen contents: (a) test disk TO1 and
(b) test disk T02
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Fig.7 Crack path of two FGH97 test disks with different oxygen
contents: (a) test disk TO1 and (b) test disk T02
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Table 4 AA-+HIP processed FGH97 alloy testing piece

Oxvyeen/ug-o’! Grain size, Gamma prime Hardness,
YEEWUEE T AgTM sizenm  HB/X 10 MPa
TO1 148 7.7 250 393
T03 148 8.6 250 397

8 ANIF R RST I) FGHO7 150 51 oW 41 21
Fig.8 Microstructures of FGH97 test disks with different grain
sizes: (a) TO1, 24.2 um and (b) T03, 18.3 pm
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Fig.9 Comparison of fatigue crack growth rates of FGH97 test

disks with different grain sizes
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Table 5 AA-+HIP processed FGH97 alloy testing piece

Oxygen/ Grain size, Gamma prime Hardness,
pgg! ASTM size/nm HB/X 10 MPa
TO1 148 7.7 250 393
T04 140 8.0 350 391

K10 R S I R B 3
Fig.10 Morphologies of y' phases after aging heat-treatment:
(a) TO1, 250 nm and (b)T04, 350 nm
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Fig.11 Comparison of fatigue crack growth rates for test disks

with different y' phase sizes
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Fatigue Crack Growth Behavior of FGH97 P/M Superalloy

Xiao Lei'?, Zhu Xiaomin', Zhang Gaoxiang', Wang Chong'
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. Shenzhen Wedge Aviation Technology Responsibilities Co., Ltd, Shenzhen 518000, China)

Abstract: Fatigue crack growth behavior at 650 °C of a P/M superalloy FGH97, which was made by argon atomization (AA) + hot
isostatic pressing (HIP) process, was investigated. Comparison tests were conducted using a Russian EP74INP disk made of plasma
rotating electrode process (PREP) + HIP process. The effects of different powder making methods, oxygen content, grain size and gamma
prime size on the fatigue crack growth rate were evaluated. The results reveal that the AA + HIP processed FGH97 test disk has a lower
fatigue crack growth rate than EP741NP disk. Grain size is the dominant factor in the fatigue crack growth behavior; the larger the grain
size, the lower the fatigue crack growth rate. While the y’ phase size takes the second place; in a certain range the crack growth rate
decreases slightly with the increase of the y' phase size. Oxygen content between 100~150 pg/g has no significant effect on the crack
growth rate.

Key words: FGH97 P/M superalloy; argon atomization process; plasma rotating electrode process; fatigue crack growth
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