(%% 1. Soc. Mat. Sci., Japan), Vol. 48, No. 12, pp. 1431-1436, Dec. 1999
EA
&l

X
A=V VT — b &EROIHEKHE SRR O IR 10 AElE
frek @ Z* K B MO A M
Measurement of Residual Stress Distribution on
Coarse-Grained Polycrystalline Materials by Means of Imaging Plate
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Toshihiko Sasakr*, Kazumichi Yazawa** and Hajime Hirose ***

In this paper, a method for determining the distribution of residual stress on the surface of a coarse-grained
material was studied. The method used in this study was a combination of the method based on the cosa method
with an imaging plate (IP-cosa method) and the computerized tomography (CT). In the present method, mean
stresses over many different irradiated linear area are measured using the IP-cosoe method first. Second, the distrib-
ution of stress on the surface of the material is reconstructed through the CT approach. A method for determining
the least distance, which is needed to obtain mean stresses accurately was also studied and the fractal analysis was
applied to diffraction image for this purpose. An experiment was performed using a steel which consisted of grains
having diameter around 200um. It was found from the experiment that the distribution obtained from the present
method almost agreed with that obtained from the sinzy/ method using both the parallel beam and the oscillation
methods. The present method has a feature that the measurement is easier because the analytic method for poly-
crystalline materials can be used. In principle, the method is applicable to more coarse-grained materials as long as
the material is large enough to keep the irradiated area more than the least distance and thus it will be useful to
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obtain actual residual stress state on coarse-grained materials.
Key words : Nondestructive inspection, X-ray stress measurement, Imaging plate, Computerized tomogra-
phy, Residual stress, Coarse-grained material, Fractal analysis
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Fig. 1. Principle of computerized tomography.
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Fig. 3. Xray strains used for stress calculation.
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Table I. Grain size number and mean grain size of

specimen.
Grain size number, N 1.9
Mean grain size, 4 m 200

Fig. 4. Debye-scherrer pattern obtained with IP and
microstructures of sample.
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Fig. 5. Whole ring image sampled around diffraction
peak for 2D-FFT fractal analysis.

Fig. 6. Illustration on concept of measurement of
fractal dimension by the yardstick method.
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Fig. 7. Linear data sampled for yardstick fractal analysis.
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Table . Conditions of X-ray computerized tomography.
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12 (4 f=15deg)
0, 15, 30, 45, 60, 75, 90
105, 120, 135, 150, 165

¢ angle, deg

Surface of sample

&> Scanning line

Masked area

Fig. 11. Irradiated area of specimen and locations of X-
ray measurement.
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Fig. 12. Mean stresses on the lines obtained by the

present method (0= 0, 45, 90, 135 deg)
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Fig. 13. Projection p(X, 6) obtained by the present
method (6= 0, 45, 90, 135 deg)
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Fig. 14. Distribution of residual stress ox(x, y) in surface
of specimen obtained by the present method.
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