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Substantiative research on the repeating contact model for the formation
mechanism of granular region in subsurface fracture
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In the very high cycle fatigue of titanium alloys, a peculiar region with a
granular aspect forms on the fracture surface of the subsurface fracture. The formation mechanism of
this granular region was investigated, focusing on the environment to which the fatigue crack is
exposed and the mechanical conditions. Model experiments using spherical specimens, along with
detailed observations and analysis, revealed that repeated surface contact and separation in a
vacuum caused the formation of asperities. Moreover, it was found that microstructural refinement
and adhesion were the dominant phenomena. Based on the experimental results, a new model for the
formation mechanism of the granular region is proposed. This model can explain the characteristics
of the granular region and the properties of a subsurface fracture, which occurs at lower stress
levels and has a longer life compared to a surface fracture.
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Repeating contact and separation of spherical surface in vacuum
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Subsurface fatigue crack propagation
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microstructure sensitive crack growth Severe stress state and acceleration
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Reversing plastic zone microstructure
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