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Experimental Studies on Ultrasonic Guided Waves for the On-Line
Inspection of Structural Integrity of Nuclear Power Plants
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Abstract Deployment of an advanced on-line monitoring of the component integrity offers a prospect of
improved performance, enhanced safety, and reduced overall cost for nuclear power plants. Ultrasonic guided
waves have been known as one of the promising techniques that could be utilized for on-line monitoring. The
present work is aimed at developing a new method for on-line monitoring of the pipes during the operation
period of nuclear power plants. For this purpose, the steam generator (S/G) tube was selected as an object of
the experiment. Dispersion curves and the incident angles corresponding to the specific modes were calculated
for the S/G tube. The modes of guided waves were identified by the time-frequency diagrams obtained by the
short time Fourier transform. It was experimentally confirmed that there was no mode conversion when the
ultrasonic guided waves passed over the curved region of the S/G tube. An optimum mode of guided wave
for the S/G tube was suggested and verified by the experiment.

Keywords: nuclear power plant, structural integrity, on-line monitoring, ultrasonic guided wave, steam
generator tube
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Table 1 Specification of a steam generator tube
[tem Contents
Material Inconel 600 HTMA
Longitudinal wave velocity 5915 m/s
Transverse wave velocity 3078 m/s
Density 8.45 g/ cm3
Qutside Diameter 19.05 mm (0.75")
Thickness 1.09 mm (0.043")
Total length 16.94 m
Radius of Curvature 180 mm 4\
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Fig. 2 Experimental setup of the guided waves for
the steam generator tube. (a) straight region
and (b) curved region.
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Fig. 3 Received RF signals and their STFT obtained by a 2.25 MHz transducer with an incident angle of
30°. The distance between the transducers were (@) 0.8 m (b) 1.0m (¢) 12m and (d) 1.4 m
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Fig. 4 An example of the analysis of ultrasonic guided wave obtained by a 2.25 MHz transducer with an
incident angle of 30°. (a) time-domain waveform, (b) the phase velocity dispersion curve, (c) the
frequency spectrum of the waveform, (d) the short time Fourier transform and (e) the group velocity
dispersion curve.
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Received RF signals and their STFT for the straight region of the steam generator tube obtained

by a 225 MHz transducer with an incident angle of 60°. The distance bwtween the transducers
were (@) 0.8 m () 1.0m (¢) 1.2m and (d) 1.4 m.
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Fig. 6 Received RF signals and their STFT for the curved region of the steam generator tube obtained by
a 225 MHz transducer with an incident angle of 60°. The distance between the transducers were

(@ 08m (b) 1.0m (¢) 12m and (d) 14 m.
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Fig. 7 Received RF signals and their STFT obtained by a 1 MHz transducer with an incident angle of
20°. The distance between the transducers were (@ 0.8m (b) 1.0m (¢ 1.2m and (d) 1.4 m.
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Fig. 8 Received RF signals and their STFT obtained by a 1 MHz transducer with an incident angle of
30°. The distance between the transducers were {a) 0.8m () 1.0m {¢) 1.2m and (d) 1.4m.
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Fig. 9 Analysis of the optimum mode of the guided wave (1 MHz transducer with an incident angle of
30°: (a) time-domain waveform, (b) the calculated phase velocity dispersion curve, (¢) the

frequency spectrum of the wavefrom, (d) the short time Fourier transform and (e) the calculated
group velocity dispersion curve,
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