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X-Ray Stress Measurement by The Cos & Method Using Two-Dimensional Detector

Part 1: Fundamentals of Measurements

Keisuke Tanaka*

X-ray stress measurements are widely used as one of the most powerful nondestructive tools to measure residual
stress in polycrystalline solids. In most cases, the sin’y method has been adapted to determine the stress. In recent
years, the cos o method attracts engineers as a new method to measure the stress using two-dimensional detectors, such
as imaging plates (IP). The present article is the part one of the review of state of the art of the cos o method. The
principle of the method was originally proposed in Japan and has been developed in cooperative works in the Society
of Materials Science, Japan. The strain is determined from the whole Debye-Scherrer ring recorded on IP by single
exposure of X-rays as a function of the orientation angle a.. In one measurement, the normal stress is determined by cos
o diagrams and the shear stress by sin o diagrams, without knowing the exact value of stress-free diffraction angle. A
commercial portable stress analyzer adapting the cos o method shortens the measurement time to about 1min. In the
present article, the history of the development of the cos o method is covered and fundamentals of the method are
presented. The advantages of the cos « method are highlighted in comparison with the other methods of X-ray stress

determination.
Key words:

X-ray stress measurement, The cos & method, Two-dimensional detector, Imaging plate, Residual stress,

Debye-Scherrer ring, X-ray single exposure
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Fig. 1 Strain measurement by X-ray diffraction.

Y 8}.1

Fig. 2 Normal strain in the x-y-z coordinates of
specimen measured by X-ray diffraction.
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Fig. 4 Debye-Scherrer ring recorded on 2-dimensional
detector by single-exposure of X-rays.
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Fig. 6  Strain measurement of Debye-Scherrer ring in the coso. method.
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Fig9 Stress sensitivity of measured strain as a function
of orientation angle.
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He” L 2D-XRD (AR L TV A, ZOFEIF, 2K
TR AR CEUE L7 T A BRO— O D T — & )
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(¢) cos o method (d) 2D-XRD method

Fig. 10 Pole figure of diffraction vector by single X-ray
exposure in three methods of stress measurement.
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Table 1 Number of X-ray exposure required to determine stress components.

Method sinzg; cos a 2D-XRD
Single stress, o, 5 1 more than 1, less than 5
Three stresses, o, 0, 7, | 3X5 2X1 more than 21, less than 3X5
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