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Fig.1 Dispersion curve
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Fig.2 Schematic diagram of three-dimensional model
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Fig. 3 Wave field snapshots of different times with 30° angle excitation
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Fig.4 Wave field snapshots of different times with 35° angle excitation
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Fig.5 Wave field snapshots of different times with 40° angle excitation
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Fig. 6 Wave field snapshots of different times with 45° angle excitation
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Fig. 7 Wave field snapshots of different times with 55° angle excitation
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Fig. 8 Wave field snapshots of different times with 60° angle excitation
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Fig. 9 Signals that were received with different angle excitation
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Tab.1 The dimension and location of the defects
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Fig. 11 The design of defect specimen
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Fig. 12 Excitation signal and frequency spectrum
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Fig. 13 Obtained signals when circumferential guided wave detect
defects on different position with 55° incidence angle
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different position with 45° incidence angle
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On the Defect Detection of Thick-Walled Pipe
by using Circumferential Ultrasonic Guided Wave

DAI Xiang'?, LUO Geng-sheng"®, ZHANG Yong-fang', LI Ding', LU Chao®

(1. Hunan Provincial Special Equipment Inspection and Testing Institute, Changsha 410117, China; 2. Key Laboratory of Nondestructive
Testing(Nanchang Hangkong University) » Ministry of Education, Nanchang 330063, China; 3. School of Mechanical and Electrical
Engineering, Central South University, Changsha 410083, China)

Abstract: Thick-walled pipes are widely used in the field of special pressure equipment industry.
Conventional nondestructive testing technique is difficult to achieve fast and effective detection. In this
paper, both numerical simulation and experiment are adopted to study the rapid detection of thick-
walled pipe by using circumferential guided wave. Firstly, finite difference software was used to study
propagation characteristics of circumferential guided wave excited at different angles in a thick-walled
pipe with 269mm outside diameter and 32mm wall thickness, and the excitation angle range was
optimized. Then, two kinds of wedge with apex angle of 55° and 45° were fabricated respectively, and
the experimental system was established. The interaction between circumferential guided wave and
defects located at different positions along wall thickness direction in a thick-walled pipe was
experimentally studied. Experimental results show that circumferential guided wave is suitable for
rapid detection in thick-walled pipes. In defect detection, it is necessary to select probe with
appropriate angle. If the excitation angle is too small, the circumferential guided wave modes formed
in thick walled pipe will be increasing, which leads to the large width of wave packet and lower
detection resolution. On the other hand, too large excitation angle will lead to increase of blind area
and the defects close to the inner wall may be undetected. Above results may provide reference for
practical defect detection application of thick-walled pipe by using circumferential guided wave.

Keywords: thick-walled pipe; circumferential guided wave; propagation characteristics; defect detec-

tion



