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Table 1 Chemical composition of A3 alloy (/%)

Co Cr Mo W Al Ti Nb Ta Hf Ni

19 13 40 40 30 37 12 09 0.2 Bal

P17 R

Fig.1 Geometry of the specimen used in fatigue test (mm)
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Table 2 Relationship between stress, strain and fatigue life of A3 alloy

(Aed2),% (Aeel2),% (Aepl2),% o./MPa Oma/ MPa Ni/cycle
0.282 0.268 0.014 509 947 322 860
0.292 0.287 0.005 548 976 212 531
0.397 0.386 0.011 677 981 13942
0.404 0.383 0.020 729 978 29 625
0.490 0.468 0.022 852 1022 2185
0.494 0.477 0.017 849 1013 2266
0.504 0.467 0.037 853 995 4512
0.593 0.518 0.076 949 1004 1067
0.629 0.533 0.096 913 960 523
0.694 0.564 0.130 1028 1040 749
0.701 0.573 0.128 1029 1043 496
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Table 3 Cyclic stress-strain parameters of A3 alloy

Temperature/'C K'/MPa n’
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Fig.4 Cycle stress-strain curve of A3 alloy at 700 C
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Table 4 Tensile properties of A3 alloy

Temperature/C Rpo2/MPa  Rn/MPa Al% /%
25 1170 1620 19.5 20
650 1063 1508 21.0 19
700 1042 1368 15.5 17
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Fig.16 Morphologies of crack propagation zone under different strain conditions: (a) Ae/2=0.6%, N=212 531; (b) A&/2=0.8%, Nt=29 625;
(c) Ae/2=1.0%, N+=2185; (d) Ae/2=1.2%, N=1067; () Ae/2=1.4%, N;=749
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(c) Aed2=1.0%, Nt=2185; (d) Ae/2=1.2%, Ni=1067; (e) Ae/2=1.4%, Ni=749
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Fig.18 Fracture section morphologies under different strain conditions: (a) Ae/2=0.6%, Nf=212 531; (b) A&/2,=0.8%, N{=29 625;
(c) Ae/2=1.0%, N+=2185; (d) Ae/2=1.2%, N+=1067; () Ae/2=1.4%, Ni=749
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Analysis of Low Cycle Fatigue Behavior and Life Prediction Model of a
New Powder Superalloy

Zhang Gaoxiang®, Long Anping*?, Xiao Lei*, Xiong Jiangying"?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. Central South University, Changsha 410083, China)

Abstract: In order to study the low-cycle fatigue behavior of a new powder superalloy A3, fatigue tests with total strain amplitudes from
0.6% to 1.4% at 700 °C were conducted. Fatigue test results were analyzed including cyclic hysteresis loop, Massing characteristics cyclic
stress-strain responses, and strain-life curves. The fatigue life data were fitted by Manson-Coffin equation, Ostergren model and
three-parameter energy method. The accuracy of fatigue life prediction obtained by Manson-Coffin equation is optimum. The
micro-mechanisms were studied through scanning electron microscopy (SEM). As the strain amplitude gets larger, the number of fatigue
sources increases, and the location of the fatigue source changes from the core of the sample to the surface, and the area of the crack
propagation decreases while the ductile fracture zone increases. The observation of these three typical areas of fatigue fracture shows that
light white river-like lines are found around the fatigue origin in the crack initiation zone which direct to crack propagation. Secondary
cracks are found in the crack propagation zone. Dimples and cleavage fracture characteristics are found in the transient zone. The fatigue
fracture mode of A3 alloy is mainly trans-granular.

Key words: powder superalloy A3; low cycle fatigue; life prediction; fatigue fracture
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