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Development of X-ray Residual Stress Measurement System using Semiconductors
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Abstract

A material with a crystal structure such as metal develops strain
between crystal lattices due to external forces and/or residual stress.
In X-ray residual stress measurement method, a lattice strain is
detected as a change in diffraction angle based on Bragg's law when
X-ray diffraction is measured. Then, the value is converted into stress
by applying Hooke's law.

X-ray stress measurement method has advanced along with
the evolution of detection devices. In the 1960s, sin?¢ method was
established to utilize a part of X-ray diffraction image (diffraction ring)
with use of zero-dimensional or one-dimensional detector and has been
utilized to the present as the world standard method. Additionally
in the 1980s, cosa method was developed. This method uses the entire
or majority of the diffraction ring using a two-dimensional detector.
In 2012, the detector specifically using imaging plate (IP) was produced
and has rapidly gained popularity.

The detector with IP-type cosa method has reduced the measurement
time per part to roughly 60 seconds and has been utilized for sampling
measurement inspection at the parts manufacturing process and
measurement at the production floor. However, this method has not
been realized for in-line inspection since the measurement must be
completed in a few seconds within a specified line takt time.

NACHI has developed the device using cosa method with a built-in
semiconductor detector which enables higher-speed reading in
compared to IP. This makes it possible to realize the use of X-ray
stress measurement for in-line inspection. In this article, the X-ray
stress measurement method is explained, and fundamental evaluation

of its developed prototype device is introduced.
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