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I A B FGHOT 1) 44 SUAG 24 B4 (i 43 40 %)
H: Cr9.0, Mo 3.85, W 5.55, Ti 1.8, Co 15.75, Al 5.05,
Nb 2.6, Hf 03, C 0.04, Zr<0.015, B<0.015,
Ce<<0.010, Mg=<0.02, Ni 4.
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Fig.1 Microstructures of FGH97-HIP in as-heat treated condition: (a) FGH97-A intragranular y’ and (b) FGH97-B intragranular y’
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Fig.2 Grain boundary of FGH97-HIP in as-heat treated condition: (a) FGH97-A and (b) FGH97-B

K3 AR o b
Fig.3 Carbide composition analysis: (a) Ti, (b) Nb, and (c) Mo

Bl 4 FGHO7-HIP &4}
Fig4 Microstructures of FGH97-HIP in as-heat treated condition: (a) FGH97-A grain size ASTM 8-9 and (b) FGH97-B grain size ASTM 6-7
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Fig.5 Empirical cumulative normal distribution function of low

cycle fatigue life for FGH97 at 650 C
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Fig.6 Microstructures of fatigue source: (a) inclusion located in the central region, (b) inclusion located in near-surface area,

(c) inclusion located in surface area, and (d) no inclusion
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Fig.7 Low-cycle fatigue fracture inclusion, zirconia
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Fig.8 Low-cycle fatigue fracture inclusion, alumina slag
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Fig.9 Morphologies of inclusions in powder: (a) zirconia and (b) alumina slag
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Fig.10  Relation ship between low cycle fatigue life and
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Fig.11 Low cycle fatigue life statistics
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Fig.13 Relationship of low cycle fatigue life with the distance between crack source inclusions and sample surface: (a) the distance is random,

(b) inclusion size <80 pm, and (c) inclusion size >80 pm
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Effect of Inclusion Size and Distribution on Low Cycle Fatigue Properties
of an FGH97 Superalloy

Yang Jinlong'?, Zhu Xiaomin®, Xiong Jiangying *>, Chen Qi %, Guo Jianzheng'~
(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)
(2. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)

Abstract: The relationship of the low cycle fatigue performance of 650 °C/maximum stress 980 MPa with the size, area, distribution of
fracture inclusions of a nickel-based FGH97 superalloy was investigated by scanning electron microscopy, energy dispersive spectroscopy,
metallographic microscope and low cycle fatigue testing machine. The results show that the low-cycle fatigue fracture is mainly caused by
non-metallic inclusions. When the size of the non-metallic inclusions is less than the critical value (about 80 um), there is no significant
effect on the low cycle fatigue life of 650 °C/maximum stress 980 MPa, and the average life value reaches 190 992 cycles. The distribution
of inclusions has no significant influence on the low cycle fatigue life when the size is less than the critical value. When the size exceeds
the critical value, the larger the inclusion size or the closer the inclusion to the surface, the lower the cycle fatigue life. Therefore,
controlling size of inclusion can effectively improve the low cycle fatigue life of FGH97 superalloy.

Key words: FGH97 P/M superalloy; microstructure; low cycle fatigue; inclusion
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