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Three methods of an area detector type multiaxial stress measurement were studied in this
paper. The first method, which was proposed by Sasaki and Hirose, gives us correct results when
precise diffraction data are obtained and are used in the stress calculation. The error of the stress
determination sometimes occurs in this method when the diffraction data contains the error of
measurement. In order to avoid such an error, the second method was developed in this study by
improving the first method. The second method was also found to be correct in this paper and to be
effective within practical use. The third method was also proposed to decrease the number of
diffraction data needed in the stress calculation. The evaluation on the accuracy and the comparison
of these three methods were carried out by conducting a numerical simulation and an experiment. It
was found that the two methods proposed in this paper can contribute to make progress in the

reliability of the multiaxial stress evaluation by the area detector type X-ray method.
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Fig.1 Debye-Scherrer ring and optics used for area
detector type X-ray stress measurement and

definition of four strains used for stress calcula-

tion
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Fig.2 Explanation of measurement of Debye-Scherrer
rings used for the first method of the multiaxial
stress measurement
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Fig. 3 Explanation of measurement of Debye-Scherrer

rings used for the second method
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Fig.4 Explanation of measurement of Debye-Scherrer
rings used for the third method
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Table 1 Conditions used for the numerical simulation

Material Steel(ferrite)
Young's modulus (GPa) 206.0
Poisson's ratio 0.28
Diffraction line hkl 211
Diffraction angle in stress free state (deg) 1564
Incident angle of X-ray, v, (deg) 30.0,0.0
Distance between material and detector (mm) 100.0
Number of strains used for calculation 360
Interval of angle o (deg) 1.0
T T L Al T
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3 L decimal placg|
5 0.0004 decimal p
.g i —fifth
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& L
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Fig.5 Strains €. rounded off at different decimal places
as a function of angle @
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Fig. 6 Result of stress calculation for strains rounded
off to the sixth decimal place
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Fig.7 Result of stress calculation for strains rounded
off to the fifth decimal place
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Table 2 Chemical composition and mechanical prop-
erty of material used in this study

Chemical composition (wt.%) Tensile
strength
C Si Mn P S (MPa)

0.63~0.75 | 0.15~030 | 0.70~1.10 | <0.030 | <0.025 >800

Table 3 Experimental conditions used for X-ray

experiment
Characteristic X-ray . CrKa
Difftaction line, hki aFe-211
Tube voltage, KV 30
Tube current, mA 10
Diameter of collimator, mm 1
Incident angle of X-ray to specimen, deg 30
Incident angle of X-ray to Fe-powder, deg 0
Distance between detector and specimen, mm 100
Distance between detector and Fe-powder, mm 43
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Fig.9 Debye-Scherrer rings obtained from rail
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Fig. 10 a: vs. cos @ diagram obtained from experiment
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second methods using measurement data of
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Fig. 12 Influence of ¢y on strains obtained from Debye-
Scherrer ring calculated with ¢o=0 and ¢¢=90°
(¢’0 =30°)
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Fig. 13 Influence of 7z on strains obtained from Debye-
Scherrer ring calculated with ¢o—0 and ¢¢=90°
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Fig. 14 Influence of 7y on strains obtained from Debye-
Scherrer ring calculated with ¢,=0 and ¢o=90°
( ‘/’o =30°)
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