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Abstract The most comprehensive and particularly reliable method for non-destructively measuring the residual stress of the

surface layer of metals is the sin”) method. When X-rays were used the relationship of ,, —sin®) measured on the surface

layer of the processing metal did not show linearity when the sin* method was used. In this case, since the effective penet-
ration depth changes according to the changing direction of the incident X-ray, o,, becomes a sin*) function. Since o, cannot

be used as a constant, the relationship in ,,, —sin®) cannot be linear. Therefore, in this paper, the orthogonal function method

according to Warren’s diffraction theory and the basic profile of normal distribution were synthesized, and the X-ray diffraction
profile was calculated and reviewed when there was a linear strain (stress) gradient on the surface. When there is a strain
gradient, the X-ray diffraction profile becomes asymmetric, and as a result, the peak position, the position of half-maximum,
and the centroid position show different values. The difference between the peak position and the centroid position appeared
more clearly as the strain (stress) gradient became larger, and the basic profile width was smaller. The weighted average strain
enables stress analysis when there is a strain (stress) gradient, based on the strain value corresponding to the centroid position of

the diffracted X-rays. Atthe 1/5 7,

nax

height of X-ray diffraction, the position where the diffracted X-ray is divided into two by

drawing a straight line parallel to the background, corresponds approximately to the centroid position.
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Fig. 1. Cross-sectional view of a delaminated deformed surface
layer containing randomly oriented coherent domains. Each domain
is assumed to be uniformly distorted.
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Fig. 2. Relationship between &, and principal strain ¢, and e, are

principal strains parallel to the specimen surface, and ¢ is the strain

perpendicular to the specimen surface.
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the 00/ reflection curve and its width. (b) Representation of the
area width of the 00! reflection in reciprocal space.
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Table 1. Characteristic values in the calculation of the diffraction
profiles.

Characteristic X-ray OrK, (A=2.29092 A)

Diffraction plane Fe (002)
Lattice constant a=2.8664 A
Bragg angle 6, =53.05685°

Linear absorption coefficient 1 =905.05 (cm™)
The number of unit cells along [00/]  N; =350

Diameter of coherent domain D=1,000 A
Thickness of sub-divided layer A=1,000 A

Young’ modulus E=21,000 (kg/mm?)
Poison’s ratio r=10.28
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Fig. 4. The result of calculating the diffraction intensity distribution
curves by giving three strain gradients for 1) = 0°.
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tribution curves according to ¢ =0°, 30° and 60° for & =1.13/cm
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Table 2. Characteristic values in the calculation of the result pro-
files.

Characteristic X-ray OrK,; (A =2.08480 A)

Diffraction plane Fe (211)

Bragg angle 0, =62.96823°
Lattice spacing dy=1.17024 A
Linear absorption coefficient w=0647 (cm™)
Thickness of sub-divided layer A =107 (cm)
Young’ modulus E=21,000 (kg/mm?)
Poison’s ratio v=0.28
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