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Simulation study of the characterization of pipe defect based on ultrasonic guided-waves
LIANG Boao, ZHAO Kai, WANG Xiaojuan, CHEN Xiaoxiao
(School of Mechanical and Precision Instrument Engineering,

Xi’an University of Technology, Xi’an 710048, China)

Abstract: The ultrasonic guided-waves (UGW) is an emerging non-destructive testing technique
in recent years. Compared with conventional inspection techniques, such as ultrasonic inspection
and magnetic flux leakage testing, the UGW can enable long-range, comprehensive and efficient
inspection, thus arousing more attention, especially for pipe inspection. In pipe inspection based
on the UGW, the pulse-echo method is widely used with the defect information obtained by con-
ducting an analysis of the echo signal. The UGW have currently realized the reorganization and
location of pipe defects. However, due to the irregular shape of the actual pipe defect, the reflec-
ted echo signal is often very complex, and it cannot achieve the quantitative detection of pipe de-
fects. In this paper, the interaction between ultrasonic guided waves and pipe defect is studied by
the finite-element (FE) numerical simulation. A quantitative evaluation method for axial length
of pipe defect is proposed by concerning two boundary reflection signals generated at the front and
rear edges of defects, with the conclusions further verified by the FE simulation test.
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Fig. 1 TIllustration of guided waves propagating in pipeline
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Fig. 2 Flow chart of FE simulation of pipe defect

inspection
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Tab.1 Parameters of material property for FE pipe model
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Fig. 3 Dispersion curve of pipe model used in the paper
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Tab. 2 Simulation parameter setting of FE pipe model
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Fig. 4 FE simulation model of pipe with a defect
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Fig. 5 Defect reflectoin signal of simulation model
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Fig. 6 Time-distance graph of different axial lengths
of pipe defect
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Tab. 3 Parameters of critical condition for
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Fig. 8 Time-distance graph of critical axial length
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Fig.9 Separation of front and back boundary signals
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