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The plate specimen of austenitic stainless steel was prepared, and a plastic strain of 2.8% was applied to the specimen under

uniaxial tension. The residual stresses of the specimen were measured by cos2 χ method using 2 2 0, 4 0 0, 3 3 1, and 6 2 0

lattice planes. For lattice planes with a lower atomic density, the 2θ-cos2 χ diagram showed an upward warp. For lattice

planes with a higher atomic density, the 2θ-cos2 χ diagram showed a downward warp. This phenomenon was caused by

intergranular strains. The strain distribution for each lattice plane was measured in the direction from 0◦ to 180◦ with a

step of 5◦. As a result, the strain of the lattice plane for a low atomic density balanced with that for a high atomic density

in the directions of a principal stress and a principal shearing stress.
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Fig. 1. Dimensions of test specimen.
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Fig. 2. Uniaxial tension of specimen.
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cij (c11 = 206, c12 = 133,

c44 = 119 GPa) [8]
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Kröner Table 1

2.2 cos2 χ

cos2 χ
[9] cos2 χ

cos2 χ θ0

cos2 χ 0 ∼ 1

z

cos2 χ Fig. 3 χ

z

- χ

εχ
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2 χ (1)
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1 + ν

E
(σ1 cos2 χ+ σ2 sin2 χ)− ν

E
(σ1 + σ2) (2)

εχ = −(θχ − θ0) cot θ0 (3)

2θχ − 2θ0 =− 2 (1 + ν)

E
tan θ0 (σ1 cos2 χ+ σ2 sin2 χ)

+
2 ν

E
tan θ0 (σ1 + σ2) (4)

Table 1. Diffraction elastic constants for SUS316 by

Kröner model.

Lattice plain Mechanical

4 0 0 3 3 1 2 2 0 6 2 0

E, GPa 144.1 217.4 209.7 164.9 194.7

ν 0.347 0.269 0.277 0.325 0.294
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Fig. 3. Configuration for cos2 χ method.

sin2 ψ ψ = π/2
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tan θ0 σ1 cos2 χ
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tan θ0 σ1 (5)
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tan θ0 σ1 (6)

σ1 = KM (7)

K = − E
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cot θ0

M =
∂ 2θχ

∂ cos2 χ

2θ-cos2 χ M σ1

2.3
cos2 χ 3 mm

SPring-8 cos2 χ

BL22XU

Table 2 66.40

keV

z

cos2 χ 0.0 ∼ 1.0

0.2

cos2 χ 2 2 0, 4 0 0, 3 3 1, 6 2 0

4

4 4 0 (2 2 0), 4 0 0, 3 3 1, 6 2 0
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Table 2. Conditions for stress measurements using cos2 χ

method.

Beam line BL22XU

Wavelength 66.40 keV (18.66 pm)

Divergent slit (h× w) 1.0×0.2 mm2

Receiving slit 1, 2 (h× w) 1.0×0.2 mm2

Rotation speed 0.2 Hz

Method cos2 χ = 0 ∼ 1

Table 3. Conditions for synchrotron X-rays at BL02B1.

Beam line BL02B1

Wavelength 72.312 keV (17.183 pm)

Divergent slit (h× w) 0.5×5 mm2

Receiving slit Soller slit

χ-cradle 0◦ ∼ 180◦ (step 5◦)
Rotation 0.5 Hz

χ
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BL02B1 Table 3
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Fig. 4. 2θ-sin2 ψ diagram before plastic deformation.
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Fig. 5. Microstructure of specimen after plastic deforma-

tion.
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Fig. 6. 2θ-cos2 χ diagram after plastic deformation.
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Fig. 9. Changes in stresses for lattice planes and distri-

bution of mean stress.
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