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A Methodology of Non-Destructive Testing for Cracking in PHWR Feeder Pipe
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Abstract

In order to develop a long—range nondestructive testing technology to detect flaws in PHWR
feeder pipes, the dispersion curves for the pipe were calculated. After Short Time Fourier
Transformation (STFT) of acquired signals, it was confirmed the mode of ultrasound was 1.(0,1)
and L(0,2) modes. The circumferential notches in the straight pipe were detectable with the
L(0,1) mode at the frequency of 500 kHz. However, the axial notches were not able to resolve
the signal. On the contrary, an axial notch in the bent pipe was detected with the same
examination condition. It seems that the initial L(0,1) mode were converted to another modes at
the bent and this converted waves were sensitive to the axial notch at the bent region. The
rocking guided wave technique was applied to analyze the axial defect. It was found the
ultrasonic wave generated so called rocking guided wave was Rayleigh wave (surface wave)



after review of acoustic velocity. This technique is relatively simple and easy to detect and size
the defect, but it is expected lots of radiation exposure for the ultrasonic examiners and it is
only possible to the bend pipe accessible. Therefore it is recommended that the long range
guided wave technique be applied to the general examination of the pipe and the rocking surface
wave technique be used for accurate location and size of the flaws.
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Table 1. Dimensions of artificial notches on feeder pipe.

Notch Length (mm) Depth (mm) Width (mm)
#1 (axial) 25 1.2 (20%t) 0.4
#2 (axial) 50 2.4 (40%t) 0.5
#3(circum) 25 1.2 (20%t) 0.5
#4(circum) 50 2.4 (40%t) 0.5
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Fig. 1. Feeder pipes in CANDU reactor.
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Fig. 3. Determination of DAC curve by rocking surface wave technique.

Feeder, IR=25.25mm, OR=31.75mm, t=6.5mm,

CL=5,965 km/s, CT=3.255 km/s
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Fig. 4. Dispersion curves of phase velocity for feeder pipe.




Feeder, IR=25.25mm, OR=31.75mm, t=6.5mm,
CL=5,965 km/s, CT=3.255 km/s
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Fig. 5. Dispersion curves of group velocity for feeder pipe.
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Fig. 6. Configuration of guided wave inspection of artificial notches in Feeder pipe.
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(b) A notch is located at 270° position of circumference.

Fig. 7. Typical signals by rocking guided wave technique from circumference of a straight
feeder pipe.
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Fig. 8. Typical signals by rocking guided wave technique from circumference of a bent feeder
pipe.



Feeder, IR=25.25mm, OR=31.75mm, t=6.5mm,
CL=5,965 km/s, CT=3.255 km/s
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Fig. 9. Signal from the end of feeder pipe and comparison of group velocity dispersion curve
and result of STFT signal processing.
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Fig. 10. Guided wave signals from artificial notches of feeder pipes.
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