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ARTICLE INFO  ABSTRACT 
 
 

The application of electromagnetic ultrasonic guided wave detection technology in cylindrical 
pipe detection was studied and analyzed.The basic theoretical relations of axial guided wave are 
analyzed and deduced. The dispersion characteristics of axial guided wave are analyzed 
emphatically. The non-dispersion characteristics of torsional guided wave are of great 
significance in detection.The basic principle and design method of axial guided wave excited by 
electromagnetic ultrasonic sensor in recent years are discussed emphatically.The existing 
problems and development direction of pipeline shaft guided wave nondestructive testing 
technology are put forward. 
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INTRODUCTION 
 
Steel pipe is an important steel product that is widely used. 
The economic benefits of steel pipe application related 
industries and the life safety of personnel are closely related to 
the quality of steel pipes (Zhang, 2002). In order to prevent the 
occurrence of malignant accidents caused by corrosion 
perforation, leakage, pipeline explosion, etc., it is very 
important to carry out rapid and effective non-destructive 
testing of pipelines (Ashigwuike, 2015). Guided wave is a kind 
of ultrasonic wave that can propagate for a long distance along 
the longitudinal direction of waveguide (tubular or plate 
structure waveguide) (Dong, 2006). In addition to 
aboveground and underground environment, ultrasonic guided 
wave detection of Marine pipelines has made substantial 
progress, and ultrasonic guided wave detection technology is 
receiving more and more attention (Guan, 2017 and Mitra, 
2016). Different from the transverse and longitudinal waves in 
ordinary ultrasonic waves, ultrasonic guided waves are formed 
when the ultrasonic waves repeatedly reflect and overlap at the 
discontinuous boundary of the medium (Peng, 2017). When 
ultrasonic guided waves are generated by cylindrical or tubular 
waveguides, there are three modes of ultrasonic guided waves,  
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namely, torsional mode guided waves, longitudinal mode 
guided waves and curved mode guided waves (Rose, 1999 and 
Yamasaki, 2001). Nishino H et al (Nishino, 2001) theoretically 
and experimentally studied the dispersion characteristics of the 
guided wave in the hollow cylinder, and found that the ratio of 
tube thickness to diameter (t/d) had a great influence on the 
dispersion of the guided wave. When t/d was very small, the 
longitudinal mode and torsional mode guided wave generated 
in the tube could correspond to Lamb wave and SH wave 
respectively in the plate. Ogi H et al. (Nurmalia, 2013), used 
electromagnetic acoustic transducer (EMAT) to excite the 
torsion conduction wave in the aluminum pipe during the 
detection of pipe wall thickness reduction, and measured the 
thickness reduction of the pipe wall through measuring the 
change in the velocity of the torsion conduction wave group 
caused by the mode conversion. Huang S Let al (Huang, 
2018), summarized the characteristics of different mode 
guided wave sensors by comparing the guided wave of plate 
and tube structure, analyzed the interaction between guided 
wave and pipeline defects, and verified the application of 
guided wave in the localization, size quantification and 
imaging of pipeline defects. He C Fet al (HeC, 2007 and Li, 
2018), simulated the torsional mode guided wave and were 
able to detect and locate the defects by establishing the finite 
element model of the pipeline with longitudinal defects. In this 
paper, the application of axial guided wave detection in 
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pipeline is reviewed.Firstly, the theoretical basis of axial 
wizard wave generation is discussed.Secondly, the sensing 
technology of axial guide wave in recent years is emphatically 
discussed, and how to excite and receive axial guide wave in 
pipeline is discussed.Finally, the pipeline axis guided wave 
nondestructive testing technology is summarized and 
forecasted. 
 
The theoretical basis of axial guided wave: Under the 
condition of no stress boundary, the cylindrical guided wave 
propagating along the pipe axial direction can be divided into 
three modes as shown in Fig 1 due to the vibration 
phenomenon.These three modes can be written as L(0, m), 
T(0, m) and F(n, m), where n (n =0,1,2,3,4...,n=0 corresponds 
to the axisymmetric mode,n= 1,2,3...is the circumferential 
modal parameter;m is the radial mode parameter, indicating 
the vibration shape of the guided wave mode in the axial 
direction of the pipe (m= 1,2,3...) (Gazis, 1959). Meitzler 
(Meitzler, 1961) andZemanek (Zemanek, 1972), classified all 
the high order modes on the circumference as F modes, that is, 
the T-mode only has the circumscribed base mode (n=0), and 
the torsional mode, like the longitudinal mode, is designated as 
axisymmetric mode while the F-mode is designated as non-
axisymmetric mode. In the research direction of guided wave, 
the generation and propagation mechanism of guided wave in 
plate plane has been achieved systematically.Silk M Get al. 
(Silk, 1979), proved that the mode of ultrasonic guided wave 
in the pipeline corresponds to Lamb wave.When the pipe is a 
thin-walled pipe (the diameter of the pipe is much larger than 
the thickness of the pipe wall), the pipe can be approximated to 
the expanded plate plane. In this case, the longitudinal mode 
guided wave and torsional mode guided wave in the pipe 
correspond to SH wave and Lamb wave respectively in the 
plate. 

 
Torsional guided wave sensing technology: Most of the 
traditional guided wave detection systems adopt piezoelectric 
sensor (PZT) design.The traditional piezoelectric ultrasonic 
guided wave sensor has obvious advantages such as high 
detection efficiency, stability, and skilled operation of the 
worker. However, the traditional piezoelectric ultrasonic 
guided wave sensor requires high surface condition of the 
workpiece to be inspected.The high-viscosity coupling agent 
and the inability to detect at high temperature or low 
temperature also make the electromagnetic ultrasonic guided 
wave sensor attract the research of many scholars and have 
achieved rapid development.Electromagnetic ultrasonic sensor 
(EMAT) is a sensor for non-contact ultrasonic excitation and 
reception without any coupling device.Each EMAT can be 
designed to operate in multiple channels and has piezoelectric 
sensor capabilities.Compared with traditional sensors, EMAT 
has many advantages, such as simplicity, high temperature 
resistance and economy.In addition, EMAT is a suitable driver 
for generating L, T, and F guided waves, which provides 
advantages for on-site inspection and on-line monitoring of 
actual plants. Murayama R et al. (Murayama, 2015) developed 
a new EMAT detection system that can alternate between the 
three modes. As shown in Fig 2, three different modes of 
ultrasonic guided waves of L, T, F can be excited by changing 
the direction of the coil.This eddy current can be generated by 
a rectangular coil or an elliptical coil. The EMAT placed on 
the metal material can be rotated in any direction to produce a 
transverse wave in any direction of vibration. And through the 
EMAT system, it can be determined that these three modal 
guided waves can be detected sufficiently strong. 

The EMAT guided wave detection system has been tested 
under different driving conditions and obtained good reception 
signals.As shown in Fig 3, the EMAT guided wave detection 
system can obtain relatively more stable signals at the driving 
frequency of 100 kHz. An aluminum tube with a diameter of 
60mm and a thickness of 2mm was selected. The relationship 
between the driving frequency of the guided wave and the 
velocity of the guided wave group is shown in Fig 4.When 100 

KHz driving frequency is used, L(0,2) is 5230m/s、T(0,1) is 

3130 m/s、F (0,1) is 2780 m/s. The adjusted received signal is 
shown in Fig 5, in which the T(0,1) mode receives the best 
signal. Torsional guided wave has some special advantages in 
guided waves for pipeline detection.It only consists of 
circumferential polarization motion, which is less affected by 
coating and liquid load, so it can shorten the detection 
time.Torsional wave has no dispersion and has the same 
velocity in the range of frequency and thickness. Even for 
higher modes, the dispersion curve of torsional wave is 
relatively simple.However, compared with other guided 
waves, the generation of torsion wave with single mode is 
quite difficult. Nurmalia, Nakamura Net al (Huang, 2018), 
designed an experiment to study the torsional guided wave 
group velocity variation caused by mode transformation in the 
detection of pipe wall thickness reduction. 
 
Torsional modes are generated and detected using EMAT, 
each EMAT being configured with a special periodic 
permanent magnet (PPM-EMAT).It consists of a set of 
permanent magnets arranged in such a way as to provide a 
periodically biased magnetic field perpendicular to the surface 
of the specimen.These magnets are located on top of the 
elongated spiral coils, which are connected to each other in a 
meandering flow to form an alternating current source that 
provides eddy currents in the axial direction. Two magnetic 
fields near the conductive material interact with each other to 
produce a circumferential lorentz force near the material's 
surface, thus generating polarized shear waves.The periodicity 
of the axial alignment of the magnets determines the 
wavelength of the wave produced.The designed EMAT 
generates torsional waves with a wavelength of 5.22mm. Each 
transmit and receive EMAT consists of four ppm-emats 
surrounding the pipeline.Fig 6 shows a cross-sectional view of 
their arrangement. The dashed line is added to distinguish each 
PPM-EMAT in the arrangement.The EMAT is driven by a 
total of 8 cycles of audio pulses. Depending on the drive 
frequency and wavelength, the corresponding torsional mode 
is selectively generated in the test piece. The EMAT receiving 
part selectively receives the propagation mode, and after 
amplification, the received signal is transmitted to the signal 
processing unit. 
 
Fig 7 is the torsional mode group velocity dispersion curve 
propagated in the pipeline with thickness/outer diameter ratio 
of 3/25, and broken line indicating a cutoff thickness of a 
corresponding mode guided wave. Except for the T (0,1) 
mode, the group velocity of each high mode is highly 
dependent on the frequency of the waveguide multiplied by the 
thickness, especially in the low-frequency range. When the 
frequency is fixed, the group velocity decreases with the 
thickness. Fig 8 shows the comparison between the actual 
dispersion curve and the theoretical dispersion curve. The solid 
line represents the theoretical dispersion curve, and the point 
represents the actual dispersion curve.When the thickness 
changes, the T(0,1) guided wave has no obvious change, which 
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confirms the non-dispersive nature of the T(0,1) mode, and the 
group velocity is independent of the thickness and frequency. 
 
Conclusion 
 
Compared with the research on the guided wave detection 
technology in plate, the guided wave detection technology in 
tube is still immature, but it has a great application prospect 
because of its long-distance detection, wide detection range 
and high efficiency. In this paper, based on the recent research 
on the pipeline axis guided wave detection technology, the 
pipeline axis guided wave technology is reviewed 
systematically.With the continuous development of pipeline 
guided wave detection technology, there are still some 
problems to be solved: 
 

 The theoretical basis of guide wave of pipeline axis is 
based on the theoretical basis of guide wave in the 
plate. However, in reality, there are pipes with curved 
pipes and special shapes, etc. It is necessary to further 
study the processing method of guide wave generated 
in the pipe when the above special cases occur. 

 When studying the dispersion phenomenon of guide 
wave in the pipeline, it is found that there are three 
guide wave modes in total, but the guide wave excited 
in the pipeline is often not single in mode, which will 
have a great impact on the test results. Therefore, it 
needs to be further studied on how to excite a single 
guide wave in the pipeline. 

 The torsional modes of the three modes have no 
dispersion characteristics, but there are few studies on 
the torsional mode guided waves, and most of them 
focus on numerical simulation and simulation 
analysis. The pipeline guided wave loss based on 
torsional mode should be further studied. 
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