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A Proof-of-Concept Experiment 

A proof-of-concept experiment was carried out with spot-welded galvanized steel sheets of 
0.65 mm thickness. A pair of 10 MHz linear array probes that have 24 transducer elements 
each were used in the experiment. As shown in Fig.2(a), the two linear array probes fixed 
facing each other with a jig were set on the weld part of the test piece. Each probe shown  in 
Fig.1(b) had a polystyrene wedge. The detailed specifications of the measurement system are 
shown in Table 1. 

 

(a) 

Fig. 2. Appearance of the probe used in the experiment. (a) A pair of the linear array probes fixed with 
a jig. (b) One of the linear array probes in (a). 

(b) 

Table 1. Specifications of the measurement system 
Probe 

Type 
Frequency 
The number of transducer elements 
Element size 
Interval between elements 
Manufacturer 

 
linear array 
10 MHz 
24 
0.25 mm  ×  4 mm 
0.3 mm 
KGK (Japan) 

Wedge 
Material 
Oblique angle 
Refraction angle 
Speed of sound 

 
polystyrene 
28.4 deg 
40 deg (when incidenting into steel) 
2,330 m/s 

Pulser/Receiver 
Manufacturer 

ES3500 
Hitachi Power Solutions Co., Ltd. 

 

Fig. 1. Schematic of a typical configuration of the conventional pulse -echo attenuation technique. 
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Fig.3 shows schematic of the experimental setup. The distance between the two probes was 
set at 5 mm which was equivalent to the approximate diameter of a spot weld in the 
experiment. As is well known, the tomographic imaging needs a set of data that covers a 
range of 180 degrees, elemental waves over the range are separately acquired in 12 rotation 
steps of the probes with an increment of 15 degrees as shown in Fig.4. The data acquisition 
was performed by transmitting on one element in one probe and receiving on all elements in 
the other probe. The next element then transmitted and again, all elements in the other 
received. This process was repeated until every element in both probes (e.g., from element 
1-1 to 2-24 in Fig.3) had transmitted at every probe position in the 12 rotation steps, resulting 
in a 24 by 24 by 12 wave signals in total. 

 

 
The typical guided wave signals are shown in Fig.5. The waveforms in Fig.5(a) and (b) come 
from ultrasonic waves that pass through the outside and inside of the spot weld, respectively. 

Fig. 4. Probe positions during data acquisition in 12 rotation steps with an increment of 15 degrees. 
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Fig. 3. Schematic of experimental setup. Two probes were positioned across the spot weld with a 
clearance of 5 mm. A guided wave propagates from each one of the transducer elements in the array 
probe 1 (left on the figure) to each one of them in the array probe 2 (right on the figure). 
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The pulse waveform in these signals that was broadened in time suggested the dispersion 
characteristics of guided wave. Moreover, the signal intensity in Fig.5(b) is slightly lower 
than that in Fig.5(a) indicating the attenuation suffered by the signal when passing through 
the spot weld area. In order to obtain more detailed information on the dispersion 
characteristics of these signals, the time-frequency analysis was carried out by applying the 
continuous wavelet transform. The results of the analysis are shown in Fig.6 with theoretical 
dispersion curves of guided waves in steel plates of 0.65 mm thickness. 

  
 

Fig. 6. Results of time-frequency analysis for the signals in Fig.5.  Dispersion characteristics of 
the waves that propagate (a) from the element 1-1 to 2-24 and (b) from 1-21 to 2-4. The white 
lines superimposed on the figures show theoretical dispersion curves of guided waves in steel 
plates of 0.65 mm thickness.  
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Fig. 5.  Typical guided wave signals in the experiment. (a) The wave that propagates 
from the element 1-1 to 2-24 and (b) the wave that propagates from the element 1-21 to 
2-4.    
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The green and red areas in Fig.6(a) and (b) means that the guided wave signals have strong 
dispersion components there. Fig.6(a) shows that the signal has mainly three dispersion 
components: (i) S0 mode within the range from 2.5 to 4 MHz, (ii) cross region of A0, A1, S0 
and S2 modes within the range from 5 to 8 MHz and (iii) cross region of A0, A2, S0, S1 and 
S2 modes within the range from 8 to 11 MHz. Taking into the consideration the fact that 
these components attenuate as the wave passes through a welded area as shown in Fig.6(b), 
three representative points PS0, PA1 and PS1 were chosen on the theoretical curves as 
candidate components to reconstruct a tomographic image of the welded area; the 
frequencies and group velocities of these points were PS0 (3.3 MHz, 3600 m/s), PA1 (5.8 MHz, 
3458 m/s) and PS1(9.0 MHz, 3984 m/s). Each point was set on a single mode curve to avoid a 
confusion of several attenuation characteristics that depend on each mode. The frequency 
areas approximately below 2 MHz and above 12 MHz were discarded because these areas 
were unfortunately found to include a lot of noise caused by the pulser/receiver equipment. 
 
Based on the well-known filtered back projection method, tomography images of the spot 
weld were obtained as shown in Fig.7 where (a), (b) and (c) are images reconstructed from 
PS0, PA1 and PS1 components, respectively. The colour white in Fig.7 indicates the incomplete 
fusion or unwelded area and the colour black indicates the well-fused area. In addition to the 
tomographic images, another experimental image is shown in Fig.7(d) for comparative 
purposes. It was obtained by a high-frequency (140 MHz) immersion ultrasound inspection 
equipment which is commonly used to inspect semiconductors or electronic devices [4]. Its 
pixel resolution is 50 µm. Although the equipment has good image resolution, it is unsuitable 
for the use in a manufacturing environment. Based on an assumption that the image in 
Fig.7(d) correctly reflects the joint state of the spot weld, the central area of the spot weld 
seems to have a relatively good joint sate between the upper and lower steel plates. On the 
other hand, the joint state of the area surrounding the central area seems poor. Fig.7(c) is the 
only tomographic image to reproduce the joint state of the spot weld correctively in the 
experiment. The measured diameter of the spot weld from the image in Fig.7(c) was 5.3 mm 
including an unjoined area of 2.7 mm diameter in the centre. Moreover, these values agreed 
to within 10 % with the plausible dimensions estimated from Fig.7(d). 

Conclusion  

This study is only a proof of concept and a lot more research is needed to put the technique 
into practical use. However, it is concluded that the guided wave tomography has a strong 
potential to be an efficient cost-effective way of inspecting spot weld, if proper mode and 
frequency can be chosen. In this experiment, the S1 mode component at 9 MHz allowed to 
reproduce the joint state inside the spot weld.  
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Fig. 7.  Tomography images of the spot weld reconstructed by use of (a) A1 mode at 5.8 MHz, (b) S0 
mode at 3.3 MHz and (c) S1 mode at 9 MHz. (d) An image obtained by high-frequency (140 MHz) 
immersion ultrasound inspection equipment. 
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