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Summary

Most cold forming processes are effective methods for improving the fatigue strength of
large forged steel structures. However, these methods give rise to compressive residual
stresses on the surface, while causing tensile residual stresses around the cold-formed parts.
This study evaluated surface and internal residual stresses in the fillet portion of the
axisymmetric shaft with flange after the cold forming process. We selected a two-dimensional
X-ray diffraction system based on a cosa method for the surface and an inherent strain
method for the inside of the fillet. For large forged steel products, regions where alloy
elements are segregated cannot be avoided although segregation influences X-ray stress. This
study confirmed that the differences between the X-ray and nominal stress increased with
increase of carbon concentration. Therefore, an averaging method of X-ray stresses on plural
measurement points was proposed to avoid the effect of segregation. On the other hand, we
propose an efficient approach that combines the inherent strain method and the X-ray stress
measurement along with a new measurement procedure. In the cold-formed parts, the inherent
strains are induced by plastic deformation, and there is a relationship between the half value
breadth of X-ray diffraction profile and the equivalent inherent strain. This study confirmed
that it is important to set the conditions of the inherent strain area and the order of the inherent
strain distribution functions while considering the half value breadth. Moreover, it is verified
that the cosa method is effective for the proposed new approach. Accordingly, evaluating the
fatigue strength of the fillet portion can be performed considering the residual stresses.
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