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Tablel Chemical composition of FGH96 alloy (/%)

Cr Co W Mo Ti Al Ni
15.43 12.94 5.22 4.11 3.51 2.49 56.30
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Fig.1 Schematic diagram (a) and appearance (b) of tensile and

fatigue test specimen of FGH96 alloy
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Fig.2 Overall experiment process
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Table2 Loading schemes of high temperature low-cycle fatigue damage test

Peak stress, Fatigue lifetime,

Trough stress, omin/MPa

Loading cycle,

Lifetime fraction, n/N

Omax/MPa Nlcycle n/cycle
500, 1 000, 1 500, 2 000, 0.056, 0.112, 0.167, 0.223,
2500, 3 000, 3 500, 4 000, 0.279, 0.335, 0.391, 0.446,
1285 63.54 8 960 5000, 5500, 6 000, 6 500, 0.558, 0.614, 0.670, 0.725,
7 000, 7 500 0.781, 0.837
2 500, 5 000, 7 500, 10 000, 0.119, 0.238, 0.357, 0.476,
1140 68.4 21 000 12 000, 13 500, 15 000, 16 500, 0.571, 0.643, 0.714, 0.786,
18 000 0.857
10 000, 25 000, 40 000, 50 000, 0.120, 0.301, 0.482, 0.602,
1 059 77.1 83 000 55 000, 60 000, 65 000, 70 000, 0.663, 0.723, 0.783, 0.843,

75 000

0.904
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Table3 Mechanical properties of FGH96 alloy at 550 C

No. Elasticity modulus, £/GPa Yield strength, op»/MPa Ultimate tensile strength, o,/MPa Elongation, 6/%
1 182.4 1062 1505 17.6
2 186.3 1038 1502 18.2
3 181.8 1068 1523 21.5
Mean 183.5 1056 1510 19.1
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Fig.3 Failed tensile specimens without fatigue damages (a-c); failed tensile specimens with fatigue damage under 0,,,=1285 MPa for

different loading cycles: (d) n=1000, (e) n=2000, (f) n=4000, (g) n=6000, (h) n=7000, and (i) n=7500; failed specimen of fatigue test

under omx=1285 MPa (j)
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Fig.4 OM (a, c, e, g) and SEM (b, d, f, h) fracture morphologies of failed tensile specimens without (a, b) and with (c-h) fatigue damages

under oma=1285 MPa for different loading cycles: (c, d) n=2000, (e, f) ~=6000, and (g, h) n=7500
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Fig.5 Typical stress-strain curves of tensile tests at 550 C for
different specimens: curve A, without fatigue damage; curve
B, omax=1 285 MPa, n=2 000; curve C, omax=1 285 MPa,
n=6 000; curve D, omax=1 285 MPa, n=7 500; curve E,
omax=1 140 MPa, n=13 500; curve F, oma=1 059 MPa,
n=55 000
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Fig.7 SEM morphology of crack propagation zone of the failed
tensile specimen after fatigue cycle test under omax=

1285 MPa and n=7500
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cycle test under oyma=1285 MPa and n=7500
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Table 4

O Cr Co W Mo Ti Al Ni

2435 13.82 958 126 385 3.67 2.81 40.66
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Effects of High Temperature Low-Cycle Fatigue Damage on Mechanical Properties of
FGH96 Alloy

Li Zhengguang', Xu Kejun', Qin Haiqgin', Xiao Yang’
(1. Naval Aviation University (Qingdao Campus), Qingdao 266041, China)
(2. 91213 Troops of PLA, Yantai 264000, China)

Abstract: High temperature low-cycle fatigue test and high temperature tensile test were designed to study the effects of high temperature
low-cycle fatigue damage on mechanical properties of FGH96 powder metallurgy superalloy. The microscopic mechanism of the
mechanical properties changes of FGH96 alloy was analyzed by observing the fractographs and EDS elements analysis. Results show that
the yield and tensile strength show an upward trend in the early stage of damage due to the effects of dislocation motion; in the later stage
of damage, the elastic modulus and tensile strength continuously decrease when the internal cracks increase and expand. The change of the
mechanical properties shows a clear correlation with the stress level of fatigue test. The microstructure analysis results show that with
increasing the damage degree, the high temperature tensile fracture mode gradually changes from the ductile to the brittle, and the fracture
is accelerated by high temperature oxidation.

Key words: powder metallurgy superalloy; high temperature low-cycle fatigue; tensile properties; fatigue damage; fracture analysis
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