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Abstract

A new perspective of localized shear strain accumulation was proposed to elucidate the formation mechanism of fine granular

area (FGA) generated in a high strength steel under very-high-cycle fatigue (VHCF). On the one hand, experiments of VHCF

under the negative stress ratio of -1 was carried out, and the microstructure of FGA was found and characterized by using

Scanning Electron Microscope, Transmission Electron Microscopy, and Transmission Kikuchi Diffraction. The results show

that the FGA consists of high-density dislocations, sub-grains, and fine grains with high angle grain boundaries. On the other

hand, the evolution of shear strain and fatigue damage at the vicinity of an inclusion was modelled by using crystal plasticity

finite element method at both positive and negative stress ratios. The results show that although the overall strain in VHCF is

negligible, significant shear strain is accumulated at the vicinity of the inclusion. Such a large local strain is the driving force

for the formation of FGA. The results also suggest that with the accumulation of shear strain and damage, the positive stress

ratio is gradually evolved into negative. This may explain why FGA has also been reported at positive stress ratios in some

literatures.
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