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Abstract 

Guided waves are interesting for large-area inspections since they offer the potential for rapid screening 
from a single transducer position. Experimental observation on a large welded plate has revealed that 
there existed ‘weld-guided’ modes that can propagate along the weld and concentrate the energy in and 
around the weld. In this paper, in order to understand the nature and propagation characteristics of weld 
guided wave, both experiment and simulation works are carried out. An adjustable angle wedge with 
saddle-shaped is designed to meet the geometry of the weld. Artificial defects including surface open 
slots and flat bottom holes are made in a weld seam with idealized geometry. The experimental result 
shows the mode that similar to the Lamb A0 mode in the plate is good for defect detection. In order to 
further understand how the guided wave is affected by the geometry and frequency, a finite-element 
(FE) simulation on an idealized welded plate geometry is performed. The theoretical analysis and 
numerical simulation results are in good accordance with the experiments. 
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1 Introduction 

In many processing industries such as chemical, power plants, oil and gas refineries, etc., tank with long 

girth weld is widely used. Corrosions and crack in tank weld exposed to aggressive corrosive 

environment can lead to serious injuries, fatalities and environmental damage. This kind of tank need 

to be monitored at regular intervals. For the tank, the welded region including weld heat-affected zone 

is vulnerable to attack by corrosion and pressure. Some NDT methods, such as conventional ultrasonic, 

radiography and eddy currents require many measurements and access to the entire testing surface 

directly. Unfortunately, detection of such areas via a local visual inspection is often difficult because of 

limited access, and such an inspection may also incur significant time and associated cost penalties 

because of downtime. Contrary to the localized inspection methods, guided wave technique can be used 

to inspect the hidden region of pipeline and allow reliable, rapid and low cost inspection to be performed. 

Guided waves make use of low frequency ultrasound usually in the range of a few 10’s of kHz, where 

the wavelength is longer than the characteristic dimension of the component being inspected. Compared 

to bulk waves they can travel long distances in plates and pipes without substantial attenuation and are 

guided by the boundaries of the material. Guided waves are utilized routinely [1-4] to inspect long pipe 

runs from a single remote location. This type of inspection offers significant advantages over standard 

ultrasonic methods in terms of both the time required to carry out an inspection, and in the ability to 

perform inspections of inaccessible locations. The inspection of large areas of complex structures is a 

growing interest for industry. An experimental observation on a large welded plate found that the weld 
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can concentrate and guide the energy of a guided wave travelling along the direction of the weld. This 

is attractive for non-destructive evaluation (NDE) since it offers the potential to quickly inspect for 

defects such as cracking or corrosion along long lengths of welds. Previous research by the authors 

examined the weld defect and weld heat-affected zone [5-7]. Z. Fan had a significant new finding of a 

shear weld-guided mode, which is non-leaky and almost non-dispersive [6]. J P Sargent studied the use 

of ultrasonic Lamb waves for the remote detection of defects adjacent to a weld in steel plates of the 

type used in the ship industry for the manufacture of storage tanks [7].  

This paper will firstly study the simulation of guide wave propagation in weld. A description of 

simulated signal and singal analyses in this research will then be provided; followed by a description of 

the experimental works. Then the paper finishes with the conclusions from the research. 

2 Simulation study 

Finite-element ANSYS/LS-DYNA is used here for guide wave simulation study. The specimen used is 

aluminium plate 600×300×4mm-thickness. The weld reinforcement is 12mm in width and 1.6mm in 

height. The Poisson's ratio ν=0.33, E=6.9×10^10Pa, ρ=2700Kg/m3. Figure 1 shows the mesh for weld 

specimen. The group and phase velocity dispersion curves are calculated using MATLAB6.5, and the 

 

Figure 1: The mesh for weld specimen  
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Figure 2: Phase velocity dispersion curves        Figure 3: Group velocity dispersion curves 
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results are shown as Figure 2 and 3 correspondingly. 

For simulation of guide wave, a window functions is used to monitor signals, and in this experiment 

HANNING window sine wave was employed as the loaded signal. The function for HANNING 

window is:  

ππ tf
N

tfX c
c ∆
∆

−= 2sin)2cos1(5.0)t(                                                         (1) 

t stands for time; N stands for the wind length; fc is the central frequency of the ultrasonic censors 

500KHz. Figure 4 demonstrate the spectrum of the loaded and FFT under the conditions that t equals 

to 0.1 μs and N equals to 5. 

   

a)  The loaded signal                                       b) FFT 

   Figure 4: The loaded signal and FFT 

The guide wave propagates in the weld and the sound field distribution are simulated.  Firstly, the guide 

wave reflected by the end of the weld (the weld cross-section) is predicted. The frequency dispersion 

and mode transition make Lamb wave difficult in defect detecting and locating. So, it is necessary to 

choose the guide wave mode whose frequency bandwidth is relative narrow. Incident angle plays a very 

key role in mode selection. The incident angle is set at every 10º, from 25º to 75º. The echo signals the 

end of the weld with the every incident angles are collected, and followed by corresponding wavelet 

time-frequency analysis (as shown in Figure 5). When the incident angle is 25º, according to the time-

frequency analysis and the dispersion curve, the received wave is determined A1 mode. For A1 mode, 

though with certain noise, but relatively high SNR, the defect can be recognized. With the increase of 

the incident angle, the A1 mode can still received. When the excitation angle is 35º, the noise 

contamination becomes more serious, from which defect wave can not be distinguished effectively. 

When the incident angle is 45º or above, the wave with two peaks received. The received signal 

composed by S0 and A0 mode, and certain noise. With the increase of the incident angle, the S0 mode 

gradually disappear. When the incident angle reaches to 65 º and above, the received signal become 

into a single wave envelope.  The time-frequency analysis show that the single wave envelope is 
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composed by A0 mode and some certain noise. When the incident angle reaches to 75º, the defect wave 

can be recognized easily because of the high signal-to-noise ratio. Therefore, the optimum incident 

angle for defect detection is 25º and 75º, and the modes are A1 and A0, correspondingly. 

Time/us

Fr
eq

ue
nc

y/
M

H
z

 

 

120 140 160 180 200

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

 
a)  Incident angel 25º 
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b)  Incident angel 45º 
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c)  Incident angel 75º 

   Figure 5: Simulated signals and Wavelet transform results 

3 Experiment  

In this part, experiment is carried out to verify the validity of the above theory study firstly. Then, both 

crack-like artificial defect and flat bottom holes with different size are tested using the selected guide 

wave mode. The aluminium specimen used in the study are fabricated with a weld reinforce shape, as 

show in Figure 6. Crack-like artificial defect and flat bottom holes are made in the weld seam.  
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Figure 6: Specimen with artificial defects 

3.2 The end of weld testing 

In order to validate the theory study, experiments are carried out. The weld specimen are fabricated and 

the end of the weld is tested. The tested signals are shown in Figure 7. The experiment result shows 

when the incident angle is 25º, the A1 mode wave in the tested signal is lower in amplitude, 

contaminated by some certain noise. When the incident angle is 50º, there are two wave peaks in the 

tested signal with different modes. When the incident angle is 75º, the tested signal is composed mainly 

by A0 mode wave with single peak and high signal-to-noise ratio. Combined with the finite element 

simulation results, it is shown that A0 mode is better for defect detection. Compared with the simulated 

signals, the validity of the simulation of guide wave propagation in the weld is verified. 

       
a)  Incident angel 25º                                 b)  Incident angel 50º 

 

 
c)  Incident angel 75º 

  Figure 7: Tested signals with different incident angles 
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3.2 Crack-like defect testing 

The size of one of the up surface open slots is 2.8mm×6mm (height×width). The ultrasonic probe is 

center frequency 500 kHz and piezoelectric wafer ø20mm. With the system gain 65dB, the slot are 

tested with incident angle 75º and different distance between the probe and the defect. The tested results 

are shown in Figure 8. It is shown that the frequency component does not change much when 

encountering defect or discontinuity.  

   
a) 100mm                                                         b) 200mm 

   
c) 300mm                                                           d) 400mm 

Figure 8: Crack-like defect tested signals (with different distance between the probe and the defect) 

Based on calculated group velocity of A0 (3021.2m/s), using the extracted flight time of the tested A0 

mode wave packet, the artificial defect can be positioning detected. Table 1 shows the positioning 

detection results. It shows that the defect localization error using A0 mode wave is less than 2%.  

Distance between the 
probe to the defect 100mm 200mm 300mm 400mm 

Measured distance  101.8mm 203.2mm      304.8mm 404.2mm 

Absolute error 1.8mm 3.2mm 4.8mm 4.2mm 

Relative error 1.80% 1.60% 1.60% 1.2% 

Table 1: Crack-like defect location relsult. 
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3.3 FBH testing 

The size of one of the FBHs is 3mm×2mm (depth×dameter).  The FBH tested signal are shown in Figure 

9. With the probe away from the defect, the amplitude of the defect wave becomes lower. When the 

distance more than 300mm, there is only weld end wave left. 

     
a) 200mm                                                         b) 250mm 

     
c) 300mm                                                          d) 350mm 

Figure 9: FBH tested signals (with different distance between the probe and the defect) 

4. Conclusion 

Ultrasonic guide wave in the weld seam is studied. When the incident angle is 25º, the A1 mode can be 

obtained. When the excitation angle is around 45º, the received signal contains S0 and A0 mode. When 

the excitation angle reaches to 75º, the signal mode A0 can be obtained. Compared with mode A1, mode 

A0 has higher signal to noise ratio, and less of noise contamination. Using A0 mode, up surface open 

slot with size of 2.8mm×6mm (height×width) in the weld can be detected with the distance away from 

the probe more than 500mm. And the FBH with the size of 3mm×2mm (depth×dameter) can be 

recognized away from the probe more than 300mm. 
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