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Fatigue limit evaluation on Ni-based superalloy 718 based on shear-mode
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In this study, to establish the comprehensive evaluating method of the
fatigue limit of Ni-based superalloy 718 (Alloy 718) via fracture mechanics, (i) a A Kl-decreasing,
(ii) torsional fatigue tests and (iii) tension-compression fatigue tests were carried out. All the
tests were performed at the stress ratio, R, of 1. In addition, the elastic stress fields near the

vicinity of the crack tip in some loading conditions were analyzed. The present results and the
authors’ previous findings indicated that the competition of stress intensity factor ranges
associated with the opening- and shear-mode crack growths and the rivalry between the respective
threshold conditions dominate the crack arresting mode. Based on the above experimental findings and
analyses, a novel strategy for evaluating the crack-arresting mode and fatigue limit of Alloy 718
was proposed.
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Table 1 Heat-treatment conditions and mechanical properties of experimental materials.
Materia Heat-treatment condition co2[MPa] o8 [MPgq] HV
Solution-treatment: 1228 K, 1 h - water-quenching
S Aging: 991K, 8h - furnacecooling, 894 K,8h - air cooling 1207 1420 456
Solution-treatment: 1338 K, 1 h - water-quenching
M Aging: 1033 K, 8h - furnace cooling, 923K, 8h - air cooling 1161 1359 463
Solution-treatment: 1338 K, 1 h - water-quenching
L Aging: 1033K,10h - furnacecooling, 923K, 10h - aircooling 1116 1372 447
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Fig. 1 Shape and dimensions of the specimens used in (@) fully-reversed AK-decreasing test, (b) torsional
fatigue test and (c) tension-compression fatigue test (unit: mm).
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Fig. 2 Fatigue crack-growth curve of
Alloy 718 measured in fully-reversed
AK-decreasing test.
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Fig. 3 SN diagram obtained via torsional fatigue Fig. 4 The longest surface crack observed at (a)
4.0x107 cycles and (b) 1.0x108 cycles.
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Fig. 6 Arrested crack initiated from the notch tip
observed at the fatigue limit (ow = 180 MPa, N =
1.0x107 cycles): (a) bird’s-eye view of the EDM-
notch; (b) magnified image of the area enclosed by

dashed linein (a).
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Tension-compression fatigue test
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Fig. 5 SN diagram obtained via
tension-compression fatigue tests.
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Fig. 7 Crack-growth morphology initiated from an
artificial-notch in the tension-compression fatigue
test with the axial-stressamplitude of 200 MPa. The
observation was conducted after 8.0x10° cycles of

fatigue loading via plastic-replicatechnique.
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Fig. 9 (a) Definition of the stresses near the crack tip inclining against the loading axis; (b) normalized
stress ranges as a function of crack-growth direction.
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