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Development of fatigue damage evaluation in the early stage using X-ray
diffraction
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Neutron diffraction was used to study dislocation structure in austenitic
stainless steel exposed to low cycle fatigue. Dislocation character and arrangement parameter, as
well as dislocation density, were determined to show morphological aspects of dislocation structure
that changed with cyclic loading. Its morphology can be predicted by combining those parameters.
Furthermore, even though the material was work hardened in macroscopically, it was work softened
after work hardening in the austenite. In the latter stage, deformation-induced-transformation
formed martensite and the phase shared stress. Overall, it has been demonstrated that X-rays and
neutron diffraction are useful techniques for assessing fatigue damage.
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Fig. 4 Computed values of microstructure at each cyclic number in austenite phase: Dislocation density
(p), dislocation character (g), dislocation arrangement parameter (M), and crystallite size (D) [11].
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Fig. 5 Schematic of the dislocation structure and the variation of physical parameters obtained via line
profile analysis (LPA) [11].
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Fig. 7 Estimation of flow stress with/without the
strength of the martensitic phase [11].
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