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Influence of gradient microstructure and residual stress on model I fatigue crack

propagation in surface hardened materials
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Abstract: Surface hardening, as a method to improve fatigue strength and life, is widely used in
engineering components. This will form a hardening layer in the sub-surface of components and
cause compressive residual stress, so as to improve the fatigue strength and fatigue life. But due to
the surface hardened layer with gradient feature, fatigue crack behavior in this gradient layer is
difficult to quantitative predict. In gradient materials, we need to consider the effects of gradient
distribution of residual stress and microstructure on the initiation and growth of fatigue cracks.
Two kinds of steel S38C specimens were used in this work. One is with gradient
microstructure and the other is homogenous material. There is gradient distribution of
compressive residual stress along the depth from surface for the gradient microstructure specimens.
The homogenous specimens with different microstructures were subjected to fatigue crack growth
experiment. From the tested data, we analyzed the influence of microstructure on fatigue crack
rate and threshold. Gradient microstructure specimens were subjected to three-point-bending
experiment to show the data of fatigue crack rate and threshold at different depths along gradient
layer. The results revealed the effects of residual stress and microstructure on fatigue crack

propagation.
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