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High-Cycle Fatigue Crack Generation Due to Strain Incompatibility for High Strength Alloys i
e 15 %
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Synopsis: The subsurface crack initiation is very common in high-cycle fatigue of high strength alloys. The very localized
deformation processes have been found to be decisive for subsurface fatigue crack generation, where only a
very small fraction of plastically deformed grains was detected. A specific incompatibility at the grain boundaries
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due to a heterogeneous micro-plasticity in weak grains is considered to play an important role on making the
crystallographic crack. The accumulated tensile stress on a specific crystal plane may be responsible to initial
microcracking on the plane and the crack opening. The microcrack or void in a grain also assists the microcrack
initiation in neighboring grain due to a multiaxial stress state. Namely a combination of the shear stress and
tensile stress normal to the slip plane at the boundary may give a trigger of microcracking. The crack initiation
site size is controlled by AK,, threshold concept. The microtexture assists the spontaneous microcrack growth
forming facets aligned and giving longer microcrack length. Therefore, the combination of the refinement in
microstructure and the introduction of movable dislocations on various kinds of slip systems result in a higher
fatigue resistance to subsurface mode of failure.

Keywords: high-cycle fatigue; subsurface crack initiation; transgranular cracking; intergranular cracking; rolling contact
fatigue; microtexture.
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Fig. 2 Schematic illustration of fatigue crack initiation mechanisms at low temperature.
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Fig. 3 Schematic illustration of pitting failure at the specimen
interior (a) and specimen surface (b).
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Fig. 5 Image quality (IQ) map in the cross section at outside
of artificial hole.
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Fig. 7 Fine grains (arrows) around a crack generated from an

artificial hole under rolling contact fatigue.'®
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Fig. 11 Intergranular cracking in 32Mn-7Cr-0.1N austenitic
steel at 4 K. Photographs (a) and (b) are matching
surfaces and photograph (c) shows triangular pits on
an intergranular facet.?”

€ < crack propaggtion direction —>

Fig. 12 Microcracking and its growth in a facet of Ti-Fe-O
alloy at 77 K. Photographs (a) and (b), and their
magnified images (c) and (d) are matching surface,
respectively.?”
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Fig. 14 Voids in p grains and microcracks in a grains of Ti-Fe-O
alloy cyclically deformed at 77 K.??
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Fig. 15 Hardly relax the stress along [0001] in a-Ti by crystal plasticity modelling.?”
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Concept: Homogenized plastic deformation macroscopically

1. Downsizing of cracked unit: fine grain size
U* 2. Diversification of slip modes: dispersion of mobile dislocations
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Fig. 17 Towards resetting microstructure to improve high-cycle
fatigue strength.
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Fig. 18 Schematic S-N curves showing modification by partial
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Fig. 19 Multiple glides and modes in recrystallized grains of an
austenitic stainless steel.?®
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