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The Measurement of the 3 Principal Residual
Stresses in the Surface Layer of
the Cylindrical Body

The Principal Residual Stresses of the Outer Surface
Layer of the Wheel Shaft due to Surface Rolling

Osamu Dor

Abstract

Several methods have been developed to measure the principal residual stresses of the
cylinder (solid or hollow) or thin walled tube. Especially the principle of the Sachs-Espey’s
method is appropriate and interesting in the exact measurement of the principal residual
stresses (circumferential and axial) in the outer thin layer of the cylinder. However, it is
noted that successive approximation is employed to calculate the residual stresses.

The author leads the relation between the stress and the strain to Volterra’s intergral
equation and developes an exact theoretical formula by solving jthis lintegral equation. Ap-
plying this formula, the 3 principal residual stresses in the outer surface layer of the wheel
shaft of railway car due to surface rolling are measured.

To remove a very thin layer successively, the author uses chemical etching and elec-
trolysis of the anode. It is shown that the later is most convenient in measureing continu-
ously and effectively.

Theoretical considerations on the effect of the curvature of the cross section of the
axial longitudinal test piece are made, at the same time considerations on the influence
of the force due to successive solving of the thin layer in the circumferential test piece of
the open cylinder by solving the another type of the Volterra’s integral equation are made

and the errors of omitting these efforts are discussed.
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