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Abstract— Joining of metal structures or welding, has 

an important role in our modern world, with safety critical 
welds of thin sheet metals being widely used in airplane 
fuselages, boilers and nuclear cannisters among others. A 
potential failure in such welds could prove to be 
catastrophic, hence the need for thorough inspection and 
testing. With the ever-increasing automation of welding 
operations, manually deployed Non-destructive Evaluation 
(NDE) has become a major bottleneck in the supply chain. 
This paper presents a weld inspection approach deployed 
at the point of manufacture using non-contact air-coupled 
ultrasonic transducers deploying surface guided Lamb 
waves. Advantages of the outlined method include higher 
production rates, reduced levels of scrap and higher 
production quality in regards to thin metal sheet welded 
components. 3mm thick mild steel plates are butt welded 
together using Gas Tungsten Arc Welding (GTAW) while a 
continuous ultrasonic inspection is performed on a 
section of the weld seam. By performing multiple trials at 
varying levels of welding input power, it is demonstrated 
that the amplitude of through transmission A0 Lamb wave 
is correlated to weld geometry and can be used for on-line 
weld quality screening.  
 

Index Terms— Guided waves, In-process inspection, 
Nondestructive evaluation (NDE), Welding 
 

I. INTRODUCTION 

A. Justification 
OINING of metallic structures or welding, is an important 
part of our modern world, being employed in numerous 
high-value manufacturing industries. Many of the welded 
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joints serve a key structural and safety role and hence their 
integrity is paramount. Safety critical welds in thin sheet 
metals are used in sectors where space and light-weighting is 
essential, such as in airplane fuselages, low-pressure boilers, 
pipework and nuclear storage cannisters. These welds are 
required to be thoroughly tested to ensure their safety and 
integrity, as a potential failure of these could be catastrophic. 
Non-destructive evaluation (NDE) allows for such welds to be 
tested unobtrusively, without the need of cutting or damaging 
them during the inspection process, and is for that reason 
widely utilised in practice. Ultrasonic Testing (UT) is the 
preferred technique used for welded components due to its 
ability to detect and size both planar and volumetric defects 
[1].  

In the dawn of Industry 4.0 [2] sensor enabled robotic 
applications offer commercial and technical advantages in 
terms of quality and production efficiency of final product [3], 
[4]. With an increasing number of high-value welding 
operations automated through the use of articulated robots, 
NDE has become a major bottleneck in the production 
process, as it is traditionally manually deployed post 
manufacture. Therefore, inspection at the point of 
manufacture, also known as in-process or on-line inspection, 
is sought after and brings forward many advantages over 
manual deployment such as, higher production rates, lower 
quantities of scrap and higher overall quality. The opportunity 
also exists not only to detect but also to repair weld flaws in-
process as they develop using advanced imaging and fast low-
latency control. 

B. Welding 
Fusion welding is a permanent joining method, where two 

solids are fused by a moving liquid weld pool [5]. A localised 
heat source lies at the heart of all welding processes as the 
workpiece needs to be heated up beyond its melting point 
(around 1500°C for mild steel) for fusion to occur. This could 
be induced using a high powered laser beam [6], a plasma arc, 
an electric arc or through mechanical friction. In Gas Tungsten 
Arc Welding (GTAW) a non-consumable Tungsten electrode 
maintains an electric arc to the workpiece and creates a 
localised melt pool. A consumable wire, usually from the 
same material as the workpiece, is added to the melt pool for 
joint reinforcement [7]. Protection from oxidation is provided 
through a shielding Argon gas coming/injected from the 
welding torch.  There are many important parameters that 
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influence the overall quality of a weld, therefore in an attempt 
to simplify this, a universal measure for welding power has 
been adopted.  

The arc energy measures how much energy has been 
supplied by the welding arc to the workpiece by taking into 
account the welding current, welding voltage and torch travel 
speed and is calculated from (1) [8].  

The heat input can also be calculated from the arc energy by 
including the efficiency of the specific welding process, but is 
not used here as all welds are created using the same process.  

C. On-line NDE And Process Control 
Ultrasonic waves are sound waves with a frequency above 

20 kHz and are used in many industrial applications. 
Ultrasonic sensors are commonly associated with the 
automotive industry for their use in reverse obstacle detection 
and parking assist [9], operating at low frequencies e.g. 40 
kHz [10]. In contrast, the frequency of ultrasonic sensors used 
for NDE is dictated by its wavelength in the material being 
examined, and the size of the expected defects. For example, 5 
MHz ultrasonic wave would have a wavelength of 
approximately 1mm in steel.   

Attempts have been made to incorporate NDE and other 
welding measurement approaches to improve the resultant 
joints and process control. Hyperspectral cameras were used 
during the welding process to identify welding current 
variations, protection gas shortages and changes in torch 
offset, however the developed system does not inspect the 
deposited weld [11]. Passive and active imaging respectively 
can be applied to monitor the weld pool and predict the weld 
bead geometry as shown in [12] and [13], but as they use 
visual sensors only surface flaws could be detected. A system 
for inspecting partially filled welds using Electromagnetic 
Acoustic Transducers (EMATs) utilising surface waves was 
introduced in [14]. Although implementing a non-contact UT 
method this was only demonstrated to work off-line after the 
welding passes were completed.  

Conventional UT requires that the transducer and material 
under test are in direct contact, with a thin layer of liquid 
couplant between the two, facilitating the transmission of 
sound waves [15]. This is effective for inspection of as-built 
components, however introducing such liquid compounds to a 
workpiece during welding could produce many flaws like 
porosity, lack of fusion and slag inclusion among others. 
Therefore a non-contact NDE approach that requires no 
couplant would be preferable for in-process inspection. 
Furthermore, such couplants have high thermal conductivity 
which would enable heat transfer from a hot workpiece to the 
transducer. Traditional commercial contact high-temperature 
wedges allow transducers to only resist up to 150°C for very 
short periods of time [16] making in-process inspection 

impractical, whereas traditional probes can only accommodate 
up to 60°C [16]. Another key challenge of in-situ welding 
inspection is the large amount electromagnetic interference 
(EMI), which is radiated from the high frequency switching of 
the arc welder power source [17].  

Given the outlined challenges of in-process weld inspection, 
non-contact ultrasonic testing proves to be favourable. Laser 
Ultrasonic (LU) systems generate soundwaves through the 
impact of photons on the test surface using pulsed laser beams 
and can be used to detect defects in thin metal sheets [18]. 
However, such high power laser systems are currently far 
more expensive than conventional UT systems and are 
cumbersome to implement, due to the beam enclosures and 
other health and safety measures that are required to be in 
place [19]. Non-contact gas-coupled UT on the other hand is 
rather inexpensive to implement, using air as the coupling 
medium between the transducer and test piece to transmit the 
sound waves as shown in Figure 1. There is, of course, a 
distinct disadvantage to such a concept, as due to the acoustic 
impedance mismatch, air is not as efficient as liquid couplants. 
The result is an expected 140dB reduction in signal amplitude, 
when comparing air-coupled to traditional contact based UT 
methods [15].  

This paper presents a novel in-process inspection approach 
for testing thin-plate (3 mm) mild steel GTAW butt welds 
using non-contact air-coupled ultrasonic transducers. A total 
of seven samples were created using different welding 
parameters in order to test the sensitivity of the proposed 
approach. The method developed here is suitable for testing 
other metals such as Stainless Steel and Aluminium and can 
be applied to different welding processes such as Gas Metal 
Arc Welding (GMAW), and Plasma Arc Welding (PAW).  

 

 
 
Fig. 1. Side view schematic of a non-contact air-coupled ultrasonic 
inspection of thin plates using guided Lamb waves. The transmitter and 
receiver are fixed at the specific angle Φ, calculated through the dispersion 
curves for the material of the specimen. a) Prior to welding the plates 
together, no all ultrasonic waves are internally reflected at the weld seam; b) 
after joining the ultrasonic Lamb waves propagate through the welded joint 
and are received by the receiving transducer. 
  

 

𝐴𝐴𝐴𝐴 = 60 * V * I
1000 * v

   (1) 
 

AE Arc energy [kJ/mm]  
V  Welding voltage [V] 
I  Welding current [A]  
v  Travel speed [mm/min] 
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II. NDE USING ULTRASONIC GUIDED WAVES 
Guided waves have been used since the 1980s to inspect 

composite structures [20], [21] and are currently also 
employed in Structural Health Monitoring (SHM) and NDE 
for oil and gas pipelines [22], [23] , railway tracks [24] and 
remote structural inspection platforms [25]. Lamb waves are 
guided ultrasonic plate waves which are made up of 
longitudinal and transverse waves and can detect 
discontinuities and flaws inside the material under test. As 
transverse waves can only propagate in solid media, Lamb 
waves can also only propagate through solids. Their nature is 
such that encountering a flaw in the specimen would result in 
reflection and scattering, reducing the amplitude of the signal 
propagating across to the receiving transducer. Therefore, by 
monitoring the amplitude of the received Lamb waves it is 
possible to detect any potential flaws in the test specimen. The 
proposed inspection approach could be used in-process as a 
screening tool to aid process control and thus provide an early 
indication of any flaws developing in the welded joint.  

Dispersion curves provide the phase velocity of the possible 
guided wave modes that can be excited in a material as a 
function of the Frequency-Thickness Product (FTP). The FTP, 
as the name suggests, is equal to the ultrasonic frequency 
multiplied by the thickness of the plate under test. The zeroth 
order asymmetric guided Lamb wave mode (A0) was selected, 
as it is suitable for generation by air-coupled transducers [26]. 
To do so, the air-coupled transducers have to be accurately set 
at an angle of incidence calculated using the phase velocity of 
the guided wave and the velocity of the incident wave in air 
(2) [15].  

Figure 2 shows the phase velocity of the A0 mode in S275 
mild steel as a function of the frequency-thickness product for 

a range of temperatures between 17°C and 1200°C, a suitable 
range of temperatures being encountered in fusion welding 
applications. The curves were calculated via the Disperse 
software package developed at Imperial College London [27] 
using experimentally acquired measurements of the velocity of 
sound in S275 mild steel at the different temperatures [28]. 
The results demonstrate that an increase in temperature of the 
workpiece would lead to a reduction of the propagation 
velocity of sound in the material and hence the optimal angle 
of incidence would be modified. An additional layer of 
complexity is added by the non-uniform temperature of the 
workpiece, inherently introduced by the welding process. As 
the effects of these temperature gradients on the Lamb wave 
propagation are yet to be explored, a decision was made to 
optimise the set-up using dispersion curves for the material at 
room temperature.  

III. EXPERIMENTAL SET-UP 

A. Ultrasonic Method 
Two ultrasonic non-contact 1-3 piezocomposite transducers 

[29] with a 30x30 mm element size and a 510 kHz centre 
frequency are laterally positioned on either side of the weld 
seam in a pitch catch arrangement, as shown in Figure 3. To 
maximise the amount of energy transmitted into the gas 
coupling medium, the transducers are fitted with a matching 
layer made up of silicone rubber and semiporous membrane as 
outlined in [30]. The plate thickness and transducer frequency 
used in the experiment provide an FTP of 1.53 Mhz.mm, 
which according to the calculated dispersion curves in Figure 
2. corresponds to an A0 phase velocity of 2560 m/s at room 
temperature. The angle of incidence is then  calculated to be 
7.7° by substituting the phase velocity and velocity of sound 
in air (344 m/s) in (2). 3D printed plastic wedges are used to 
accurately achieve this angle in practice. The transducers are 
not exposed to any high temperatures, due to their distance 
from the weld seam and the airgap insulating them from the 
workpiece.  

 
Fig. 3.  In-process non-contact ultrasonic inspection set-up; the transmitting 
and receiving transducers are located on either side of the weld interface with 
the inspection region shown between the dashed lines; the three permanently 
welded thermocouples are located in the inspection region at a distance of 
20mm, 60mm and 100mm from the weld interface. 

 
Fig. 2.  Zeroth order asymmetric Lamb wave dispersion curves for S275 mild 
steel. Different lines represent the A0 curve in the temperature range 17°C to 
1200°C.  

sin (𝛷𝛷) = 𝑉𝑉𝑖𝑖
𝑉𝑉

   (2) 
 

Φ  Angle of incidence [°]  
Vi  Phase velocity of induced Lamb wave mode [m/s] 
V  Velocity of incident ultrasonic wave in air [m/s] 
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The transmitting transducer is excited through a 510 kHz 10 
Cycle tone burst at a PRF of 200 Hz with a measured 
amplitude of 170 V. An A0 wave is excited in one plate with a 
travel direction perpendicular to the weld interface. As shown 
in Figure 1. a), the two plates are separated by a 3mm air gap 
and therefore prior to welding no guided waves can propagate 
across to the receiving transducer. Upon solidification of the 
weld joint however, the induced Lamb waves propagate 
through any subsequently welded joint and are received by the 
positionally aligned receiving transducer. The received signal 
amplitude when testing a reference plate of the same material 
and thickness is measured to be 200 µV, resulting in a total of 
119 dB amplitude loss, which is lower than the expected 140 
dB [15]. After reception by the second transducer, the signal is 
fed through two cascaded pre-amplifiers with hardware 
bandpass filters, giving a total of 200dB gain. Finally, the 
signal is digitised by a Peak NDT LTPA [31] low noise 
ultrasonic driver and acquisition system, using 128 averages. 
The averaging used by the acquisition system is cumulative, 
meaning that it returns one A-scan for every 128 samples it 
acquires, hence with the above configuration one sample is 
recorded every 0.64 seconds.  

B. Equipment and Procedure 
A JÄCKLE ProTIG 350 [32] power source and wire feeder 

unit and the GTAW process are used as illustrated in Figure 4. 
Automation of the welding process is provided through a 
KUKA KR5 Arc HW [33] 6 Degree Of Freedom robotic 
manipulator, externally controlled in real-time using the 
Robotic Sensor Interface (RSI) [34] at a 12ms interpolation 
cycle. Automatic voltage correction is used for closed loop 
adjustment of the welding torch offset. To measure the 
temperature gradient across the samples, three thermocouples 
are tack welded along the ultrasonic wave path at a distance of 
20mm, 60mm and 100mm away from the weld seam 
respectively as per Figure 3. The thermocouples were 
positioned on one side of the weld only, making use of the 
symmetry of the workpiece and were found to have no 
measurable effect on the propagation of the guided waves. 
Relevant welding parameters and ultrasonic A-scans are 
recorded and encoded using the positional information of the 
manipulator-held welding torch. System control and data 

logging is implemented using a National Instruments cRIO 
9038 real-time embedded controller [35], programmed in the 
LabVIEW environment.  

A 290mm butt weld is deposited between two 200x300x3 
mm S275 Steel plates along their long side, while continuous 
in-process ultrasonic testing is performed, as demonstrated in 
the video frames in Figure 5. A sensitivity study was 
conducted with a total of 7 samples (S1-S7) , welded using 
varying levels of arc energy from 0.59 kJ/mm to 1.03 kJ/mm, 
shown in Table 1. Appropriate wire feed rates were selected so 
that a stable weld pool could be developed in each sample and 
the two plates could be connected with a weld bead. Values of 
arc energy under 0.59 kJ/mm were found to be too low to 
create a stable weld pool and values above 1.03 kJ/mm were 
found to result in weld burnthrough. 

IV. SIGNAL PROCESSING 
All signal processing is performed offline in MATLAB, and 

can be replicated and performed on-line through LabVIEW. A 
bandpass filter around the transducer’s centre frequency 
(480kHz and 560kHz cut-off) in conjunction with a matched 
filter are used to remove noise from the environment and 
increase the system SNR. The maximum amplitude in the 
acquisition gate is recorded at each position of the welding 
torch and the resulting trace is denoised using a moving 
average of size 32 samples. Figure 6. shows the obtained 

 
Fig. 4.  Flexible welding and NDE cell showing TIG Power Source, Welding 
Torch, Weld Camera, 6 D.O.F Industrial Manipulator and PEAK LTPA 
phased array controller. 

 
Fig. 5.  Frames from video of welding trials: the welder is triggered at 0s; 
110s later the welding torch passes through the middle of the inspection 
region; the weld is complete in 220s. 

TABLE I 
UNITS FOR MAGNETIC PROPERTIES 

Sample Current 
(A) 

Voltage 
(V) 

Travel 
Speed 

(mm/min) 

Arc 
Energy 

(kJ/mm) 

Wire Feed 
Rate 

(mm/min) 
S1 66.5 12 80 0.59 1330 
S2 76 12 80 0.68 1520 
S3 85.5 12 80 0.77 1710 
S4 
S5 
S6 
S7 

90 
95 

104.5 
114 

12 
12 
12 
12 

80 
80 
80 
80 

0.81 
0.86 
0.94 
1.03 

1800 
1900 
2000 
2100 

Welding parameters for welding trials S1 through S7. Wire feed rates 
were selected so that a stable weld pool could be developed in each sample. 
Arc energy values are calculated from (2).  
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curve for samples S2, S5 and S6 which were welded using 
low, optimal and high arc energy respectively. As mentioned 
in Section III the ultrasonic transducers are in a fixed position, 
therefore the x-axis of the plots corresponds to the length of 
weld seam completed at the time of measurement.  

The low, optimal and high arc energy curves can be visually 
split into three regions as annotated in Figure 6. In region (1) 
only the background noise is observed at the receiver, as there 
is no weld present between the transducers and no guided 
waves could propagate across the gap. Region (2) resembles a 
Sigmoid (S shaped) curve with an approximate length of 
50mm. This amplitude increase occurs when the welding torch 
is in the inspection region between the transducers at the time 
of measurement and corresponds to the solidification of the 
weld seam, as the Lamb waves cannot propagate through the 
liquid weld pool. Although the element size of the transducers 
is 30mm, the inspection region is expectedly widened due to 
beam spread. Authors have previously calculated, that for 
transducers with the same element size, located at a similar 
distance from the inspection point, the width of the Lamb 
wave beam would be approximately 50mm [36]. 

 This phenomenon also explains the Sigmoid shape of the 
curve, as the sensitivity in both ends of the inspection window 
is reduced. The turning point in the curve at the end of region 
(2) occurs when the full weld in the inspection region is 
solidified. Any subsequent weld outside this region would not 
affect the amplitude of the ultrasonic wave, therefore this 
would be the point at which amplitude sizing should be carried 
out. However, the Lamb wave amplitude continues increasing 
at a steady rate in region (3). This can be explained by the 
sample cooling down and approaching the room temperature 
conditions for which the system is optimized. The temperature 
recorded by the thermocouples in Figure 7. confirms that this 
increase in amplitude is concurrent with the sample cooling 
down. The rate of change in region (3) also varies with the 
three samples, S2 with low arc energy has a higher slope than 
S5 and S6, as it cooled down quicker, and similarly S6 has a 
lower slope compared to S2 and S5 as it cooled down slower 
due to the higher arc energy used. 

The dynamic nature of the welding process and the different 
levels of arc energy used for the samples rule out amplitude 
sizing, as the signal amplitude is greatly affected by 
temperature and in order for the conditions to stabilize, the 
sample needs to fully cool down to room temperature. Instead, 
we can take advantage of the fact that all measurements are 
taken in the same position and instead follow the evolution of 
the Lamb wave amplitude over time.  

V. RESULTS  
The derivative of the Lamb wave amplitude with respect to 

time shown in Figure 8 reveals its maximum rate of change 
occurs when around 160mm of the weld has been completed. 
The peak of this derivative differs in the three samples S2, S5 
and S6 by amplitude and location. Further destructive testing 
of the ultrasonically tested weld seam is performed in order to 
quantify and evaluate the weld quality and correlate this to the 
ultrasonic inspection results. Tensile specimen sections are 
waterjet cut from the  weld seam in the inspection region 
directly between the two transducers and are put under tensile 
stress until failure. A second section measuring 40x20 mm is 
similarly cut from each sample for weld macrography and 
visual inspection. A weld macrograph is performed by cutting 
a cross section of a weld and then polishing and etching it 
using acid, in order to reveal the shape and size of the fused 
area.  

 
Fig. 7. Measured temperature at a distance of 20mm (solid), 60mm (dashed) 
and 100mm (dotted) away from the weld interface for samples with low 
(blue), optimal (green) and high (red) arc energy 

 
Fig. 6.  Maximum recorded Lamb-wave amplitude vs length of weld 
completed for samples with low (blue), optimal (orange) and high (yellow) 
arc energy. 

 
Fig. 8.  Lamb wave rate of change vs length of weld completed for samples 
S2 (blue), S5 (orange) and S6 (yellow). 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 

6 

The maximum Lamb wave amplitude rate of change for 
each sample is calculated and plotted against the arc energy 
used for the weld. Each point on the plot in Figure 9. 
corresponds to an individual sample, the macrograph of which 
is displayed underneath. The macrographs reveal that samples 
S1 and S2 observe a lack of root penetration due to the low arc 
energy used. On the other hand, samples S6 and S7 suffer 
from undercut and lack of weld crown due to the excessive arc 
energy used. The peak Lamb wave amplitude rate of change 
and the arc energy demonstrate a parabolic correlation, with 
the lack of penetration samples laying on the far left side of 
the plot, and the undercut samples laying on the far right. This 
is due to the geometry of the welds varying from the geometry 
of a continuous 3mm thick plate, resulting in the weld 
attenuating the Lamb waves. 

The location of the peak Lamb wave rate of change for each 
sample is also measured and plotted vs the arc energy. As 
samples S1 and S7 ae at the extreme levels of arc energy, the 
differential plots do not contain a clear peak and are therefore 
excluded from the graph. Figure 10. shows that the location of 
the peak Lamb wave rate of change varies linearly with arc 
energy, therefore this measure could be used to predict if the 
arc energy used for the weld section was insufficient or 
excessive.  

Results from tensile stress testing to failure in Figure 11 
confirm that the two samples with identified lack of root 
penetration have a lower failure point, compared to the rest of 
the samples. The samples with high arc energy however do not 
show a reduction in tensile strength. Although this is true at 
the time of manufacture, excessive welding power and 
undercut can lead to cracking of the weld when the 
components are exposed to fatigue loading [37].  

The temperature of the workpiece has a strong adverse 
effect on the propagation of the Lamb waves due to the change 
in speed of sound. As the transducers are static and are set at 
an angle for optimal transmission at room temperature, any 
heat introduced into the sample reduces the amount of energy 
inserted into the workpiece. Nevertheless, the proposed 
technique was found to be sensitive to changes in arc energy 
in the butt welded mild steel samples. By setting an adequate 
threshold for the peak Lamb wave rate of change and 

measuring the location of this peak, the demonstrated 
approach can indeed be used to predict whether lack of root 
penetration or undercut can be expected in the produced weld. 
The lack of couplant required for the air-coupled ultrasonic 
transmission provides a non-obtrusive method for in-process 
screening of the welded joint. Therefore, this method could be 
used to provide an early indication of flaws developing in the 
weld and can be used in-situ for process control.  

VI. FUTURE WORK 
Despite the low signal amplitudes involved, the main 

limitation of the outlined approach was the fixed location of 
the ultrasonic transducers, as only a small section of the 
welded joint was inspected. A more practical application of 
the UT method would involve transversal scanning the 
transducers along with the welding torch. The obtained 
ultrasonic B-scan would consist of multiple measurements and 
would represent a complete image of the weld seam. In an 
industrial environment, the welding parameters and arc energy 
used for all components would be the same and, therefore, the 
temperature and cooling rate would not change from sample to 
sample. This, along with maintaining the same distance from 

 
Fig. 11. Relationship between arc energy and maximum tensile stress at 
failure for samples S1 through S7. A decrease in tensile strength is observed 
in the samples with insufficient arc energy- S1 and S2  
 
 

 
Fig. 10.  Relationship between arc energy and Lamb wave amplitude peak 
rate of change location. Samples S1 and S7 at both extremes were excluded 
as they were outliers in the plot.  

     
Fig. 9.  Relationship between arc energy and Lamb wave amplitude peak rate 
of change. Macrographs of samples S1 through S7 are located under the 
corresponding datapoints on the graph. 
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the welding torch for all ultrasonic measurements, would 
remove the workpiece temperature as a variable. Contrary to 
the expectations, transducer misalignment was not the primary 
factor that influenced the amplitude of the Lamb waves. The 
exact effects of the high temperature inspection region should 
be further investigated using FEA simulations. A sensitivity 
study should also be carried out using realistic artificially 
induced defects including cracks, porosity and lack of fusion, 
in order to determine the probability of detection for each type 
of defect, which in turn would identify suitable applications 
for the proposed approach.  

VII. CONCLUSION 
An in-process non-destructive testing procedure using air-

coupled ultrasonic transducers was outlined and demonstrated. 
A total of seven butt welded mild steel samples with varying 
levels penetration between 0.59 kJ/mm to 1.03 kJ/mm were 
inspected and the results were analysed. The effects of 
temperature on the amplitude of guided Lamb waves was 
outlined and demonstrated through ultrasonic measurements 
of a section of the welded joints.  

The rate of change of the Lamb wave amplitude was found 
to be correlated with the specific arc energy used in each 
sample. The location and the amplitude of the peak Lamb 
wave rate of change can be used to determine if the final weld 
would exhibit lack of root penetration or undercut. 

Future work includes scanning the full length of the weld 
and optimising the parameters for the specific thermal gradient 
of the hot sample in order to maximise the transmission 
efficiency of the ultrasonic waves. Further studies including 
realistic defects would aid to identify suitable practical 
applications for the proposed approach.  
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