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Development and Validation of an X-Ray Stress Measurement Device

Using an Image Plate Suitable for the cosa Method

Yoichi MAarRUYAMA*, Toshiyuki Miyazaki®* *and Toshihiko SASAKI***

We have developed a novel residual stress measurement instrument based on the X-ray diffraction technique. An
image plate was used as the detector to sample the full diffraction ring. The image plate and the scanning unit were built into
the one system. Compared with the traditional X-ray stress measurement systems, the physical size and weight of the
instrument were significantly reduced. The instrument also has the capability to measure the distance from the specimen to
the image plate. This capability contributes to improve the accuracy and simplicity of the stress measurement. The developed
instrument was focused on measuring a ferrite sample and the acquired diffraction ring was analyzed using the cosa method.
In the present work, we evaluated the accuracy of the measurement data from the instrument using a ferrite powder compared
with strain gauge results obtained from four-point bending measurements.
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Fig. 1 Definition of X-ray optics and symbols used the text.
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Fig. 2 Appearance of the diffraction ring change when the
stress is applied.
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Fig. 3-1 Optical block diagram of IP reader.
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Fig. 3-2 Comparison of scanning method.
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Table 1 Specification of X-ray tube.

Characteristic X-ray Cr
Maximum power (W) 50
Cooling method Air
Collimator (mm) 01
Size (mm) 240x200
Weight (Kg) 1.0
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Fig. 4 Experimental arrangement for the X-ray stress
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measurement using the IP.
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(a) Block diagram of the device.

Fig. 6 Device for the X-ray stress measurement
using the IP developed in this study.

IR 72 [T B O BRI 30 BOC, TP O FEx
LbadT, —EOEHMEICEY 2RI 75 B
BT 5. Figd OISR LY, BIE L7 THRE
L7248 OB % Fig. 7(a)lZ~ 7.

(b) Diffraction intensity curves.

(a) Captured image.

Fig. 7 Diffraction ring from a-Fe powder recorded with
an [P.
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Table 2 Measurement conditions.

Tube voltage (kV) 30
Tube current (mA) 1.0
Exposure time (s) 30
Yo (deg) 30

Collimator (mm) 1.0

X-ray erastic constant E/(1+v) (MPa) 1.75 X 10°
Determination method of peak angle Half-value breadth method

Sample distance D (mm) 39.0

26, (deg) 156.4

Stress calculation method cosa. method
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Fig. 8 Measurement accuracy of the triangulation.
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from the a-Fe powder.
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Fig. 10 Histogram of X, Y direction from o-Fe powder.
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(a) Experimental set-up using the four-point bending

machine.
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(b) Structure of the four-point bending machine.
Fig. 11 The appearance of the experiment to compare
with the strain gauge technique.
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Fig. 12 Relationship between X-ray stress measurement
using cosa method and the strain gauge measurement
results.
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