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X-ray Stress Measurement of Ferritic Steel Using Fourier Analysis of Debye-Scherrer Ring

by

Yohei FUIIMOTO*, Toshiyuki MIYAZAKI** and Toshihiko SASAKI***

In this study, X-ray stress measurements of ferritic steel based on Fourier analysis are conducted. Taira et al.
developed the cosa method for X-ray stress measurements using a two-dimensional X-ray detector. Miyazaki et al.
reported that the cosa method can be described more concisely by developing the Fourier series (the Fourier analysis
method). The Fourier analysis method is expected to yield the stress measurement with an imperfect Debye—Scherrer
ring and there is a possibility that the materials evaluation is different compared with the conventional method, that is,
the sin’y method. In the Fourier analysis method, the strain measured by X-rays is developed as a Fourier series, and
all the plane-stress components can be calculated from the Fourier series. In this study, the normal stress calculation
was confirmed. In addition, the Fourier-analysis and cosa. methods were used for X-ray stress measurements during a
four-point bending test on a S45C test piece, and the effectiveness of the Fourier analysis method was confirmed. It
was found that the experimental results from the Fourier analysis and cosa methods were nearly identical. In addition,
the measurement accuracies of both the methods were equivalent.
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Fig.2 Microstructures of S45C and SK65.
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Table 1 Chemical composition (mass%).

C Si Mn P S
S45C | 0.42~0.48 | 0.15~0.35 | 0.60~0.90 <0.030 <0.035
SK65 | 0.60~0.70 | 0.10~0.35 | 0.10~0.50 <0.030 <0.035

Table 2 Measurement conditions of sin’y method.

Characteristic X-ray CrKa
Diffraction line (hkl) 211
Tube voltage (kV) 30
Tube current (mA) 6
Irradiation area (mm?) 2x6

157.1 T T T T T T
157.0 1
E}
=
>
[}
156.9 039.6 MPa 4
A76.1 MPa
X116 MPa
X156 MPa
156'8 1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
sin?y

Fig.3 20-sin*y diagram obtained from a steel (S45C).




570 EAR VP, e RIAT, P& KIBUZ

Table 3 Measurement condition of cosa. method.

Characteristic X-ray CrKa
Diffraction line (hkl) 211
Tube voltage (kV) 20
Tube current (mA) 1
X-ray incident angle, v, (deg) 35
X-ray elastic constant, E/(1+v) (GPa) 238
Diffraction angle, 26, (deg) 157.0
Irradiated area (mm?) 3
Irradiated time (sec) 30
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Fig.4 A Debye-Scherrer ring obtained from the specimen
(applied stress: 117MPa).
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Fig.5 Diffraction profile (applied stress: 117MPa).

Table 4 Coefficients of the Fourier series of the measured ¢,

(applied stress: 117MPa).

k Coefficient of cos Coefficient of sin

0 ap 1.671x1077

1 a ~5.020x107 by —2.443x10°°
2 a 7.639x107° b, -1.197x10°°
3 a3 6.331x10° bs —7.044x10°
4 as —8.772x10° bs —5.650x10°
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Fig.7 Results of Fourier approximation (applied stress: 117 MPa).
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Fig.8 Results of a four-point bending test.
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