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TR RO (330) : In order to establish the fatigue design method of mechanical
elements assured high reliability and safety, and develop high functional materials having
high-fatigue strength in very high-cycle fatigue (VHCF) regime, mechanism of subsurface
crack initiation and propagation originated at an inclusion were investigated. As the
results of rotating bending and axial loading fatigue tests up to cycles of 109 using
specimens of high-carbon chromium bearing steel (SUJ2), high-speed steel (SKH51) and
low-alloy steel (SCM435, SNCM439), two-stepwise or duplex S-N curve was appeared
according to the change in three failure modes; such as surface-induced failure mode
(S-mode), subsurface-induced failure mode without GBF formation (I-mode) and that with
GBF formation around an inclusion at crack origin (IG-mode). It was pointed out that
stress amplitude changing the failure mode depends not only size of inclusion at crack
initiation but also amount of compressive residual stress in surface layer. And a map for
transition of failure mode affected by the residual stress was proposed. From the detailed
observation and analysis of fracture surface, the mechanism of GBF formation in VHCF
regime was proposed as the new ‘dispersive decohesion of spherical carbide’ model. Based
on this model, new high-speed steel was made experimentally by control the chemical
compositions and a distribution of small spherical carbide precipitated around an inclusion.
From the result of experimental evaluation, fatigue crack initiation mode changed from
large carbide particle in surface layer in low cycles to crystal slip in surface in high cycles,
and subsurface inclusion induced failure mode never appeared in VHCEF regime. On the
other hand, fatigue tests in VHCF regime were carried out in air at laboratory atmosphere



using extruded magnesium alloys and it was made to clear that two-stepwise S-N curve
appeared with change in crack initiation mechanism from twinning deformation in

high-stress amplitude level to crystal slip in low-stress amplitude and VHCF regime.
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