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Abstract—Using Lamb waves allows the identification of 

defects in materials and structures in real time and with low 

costs. In this work a study in Lamb waves is performed in 

the context of nondestructive testing. Two experimental 

works are realized with the objectives being respectively, 

better understanding of the propagation of a Lamb wave 

across an aluminum plate, and how it varies in the presence 

of a defect that gradually increases in length. These 

experimental works allow the conclusion that the best mode 

to use in the study of the propagation of a Lamb wave is 𝑆0, 
and when in presence of a defect that obstructs the line 

between the emitter and the receptor there is a considerable 

decrease in amplitude. In “Lamb Waves” there is a brief 

introduction to Lamb waves. Then, in “Experimental 

Work” the experimental works, along with their results are 

explained. Finally, a conclusion is given considering the 

obtained results. 

 
Index Terms—aluminum, defect, detection, Lamb waves, 

propagation. 

I. INTRODUCTION 

In today’s world it’s necessary to identify defects in 

components and structures as fast as possible, with lowest 

possible cost, in order to do repairs in the shortest span of time 

possible, so that these defects don’t translate into more serious 

flaws, maintaining an acceptable safety level.   

 One of the industries in which the identifications of defects 

in a short amount of time is critical is the aeronautical industry. 

A plethora of methods are used in the identification of defects, 

such as visual inspections, radiography, eddy current testing, 

optical methods or ultrasounds. All these methods are done in 

discrete time intervals, i.e. the inspection is made at the end of 

each trip, and it’s necessary that the aircraft is out of service 

during the process. Due to this fact, the methods above are slow 

and not lucrative, ideally inspections would be made 

continually without the need for interruptions. 

 The method demonstrated in this work is the utilization of 

Lamb waves. This type of wave propagates along plates 

throughout long distances and along the thickness of the plate, 

and it utilizes a minimum number of transducers. Utilizing 

Lamb waves one can obtain results in a minimal amount of 

time, and if the transducers are placed permanently, or even 

integrated in the structure, it allows for the continuous detection 

of defects, therefore it is a convenient method for inspections. 

 
. 

 In the context of the experimental work shown, the structures 

used will be plain aluminum plates.  

 

II. LAMB WAVES 

Lamb waves propagate throughout long distances in plate 

like materials, dimensions of the surface plane are much bigger 

than that of the thickness. They propagate along the thickness 

of a plate being guided by it’s lower and upper surfaces, and its 

propagation depends on the frequency of the wave, geometry 

and entry angle. A Lamb wave is a combination of a sheer 

vertical wave and a longitudinal wave. 

In an isotropic plate Lamb waves can be symmetric or 

antisymmetric. The symmetrical modes are also known as 

extensional modes and they propagate in the plane of the plate, 

the plate expands and contracts. The antisymmetric modes are 

known as flexural mode, propagating perpendicularly to the 

plane of the plate, the plate keeps the same thickness. For any 

frequency one can find symmetric and antisymmetric mode, 

although higher order modes only exist for higher frequencies, 

and at lower frequency there will be a less dispersive region 

where there will only be fundamental modes propagation at 

approximately constant velocities. 

In order to successfully apply this method only one mode 

should be excited. The most used modes are the fundamental 

modes, since they are relatively easy to separate due to the fact 

that both the S0 and A0 modes existing in a region where no 

other mode exist, and their velocities being significantly 

different.  

 The propagation of Lamb waves is affected by defects in the 

structure in which it propagates, which allows to obtain 

information on structure integrity. When this type of wave hit a 

defect, be it a cut or rarefaction in the material, there will be 

scattering, which results in part of the energy being reflected 

and the transmitted wave being modified, allowing for the 

detection and even characterization of defects using either 

reflected or transmitted wave. This method can also be applied 

for the detection of defects and delamination in composite 

materials. 

 The experimental work done in this thesis will be done in 

aluminum plates. 
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Fig. 1.  Position of emitter and receiver in the plate used in the first experimental 
work. 

 

III. EXPERIMENTAL WORK 

In order to better understand the propagation of Lamb waves 

and the interaction with defects in an aluminum plate two 

experimental works will be done. The first experimental work’s 

objective is to understand the propagation of Lamb waves in an 

aluminum plate by obtaining a signal that allows the 

observation of fundamental modes S0 and A0. The second 

experimental work’s objective is to observe the behavior of the 

signal when in presence of a defect that progressively increases 

in length. 

A. First Experiment 

This experimental work’s objective is to observe and 

understand the propagation of Lamb waves in an aluminum 

plate and observe the fundamental modes. In this work two 

transducers are placed in a 50x50 cm aluminum plate with 4 

mm thickness. The best frequency for this experimental work is 

50 kHz, since it will maximize S0 mode, it is possible to choose 

a frequency that maximizes A0 mode instead but, even though 

A0 has higher sensitivity, in practice it will suffer from noise 

interference and, since it has lower velocity will be subjected to 

reflections on the edges of the plate. 

In order to be able to observe the fundamental modes S0 and 

A0 the emitter and receiver must be at distance that allows for 

the arrival of A0 mode after S0 is fully received. On the hand the 

reflections with the edges must be considered, since the velocity 

of S0 is higher than A0’s reflections might be superimposed with 

A0. 

The distance used in order to get the best results is 25.5 cm, 

and the position of emitter and receiver are as shown in Fig. 1. 

The results obtained are shown in Fig. 2. It is possible to fully 

observe the fundamental modes S0 and A0, as well as reflections 

from the modes. After receiving the A0 multiple S0 reflections 

will arrive at approximately the same instant, which results in a 

higher amplitude than the original transmitted S0 mode.  

 

Fig. 2.  Applied and received voltage by PZT at a distance of 25,5 cm. Result 

from the first experimental work.  
 

The amplitude of the received signal is significantly lower 

than the transmitted signal, going from 10 V to approximately 

47 mV. 

B. Second Experiment 

The objective of this experimental work is to observe how a 

signal propagating in an aluminum plate is affected by a defect, 

in this case a through cut, and how the results change by 

increasing its length.  To achieve this a 50x25 cm plate with 2 

mm thickness is used. The plate will have a point that is 

favorable to creating defects, initially there isn’t a defect and 

then the defect will gradually increase from 1 cm to 2 cm, the 

geometry of the experiment, and the position the emitter and 

receivers can be observed in Fig. 3. In order to better observe 

the results three transducers are used as receivers 

Initially the received signals show the plate in its normal 

state. Afterwards a 1 cm cut is done, which increases gradually 

in 2.5 mm intervals until it reaches a length of 2 cm, obstructing 

the line between the emitter and receivers R1 and R2. For values 

lower than 1 cm S0 mode won’t change for R1 and R2. 

The results obtained throughout this experiment are 

observed, i.e. the signals obtained at every receptor every time 

cut is increased.   

 At last the evolution of the amplitude and time of flight of 

the S0 mode can be observed. The evolution of the amplitude 

and time of flight with the increase of the length of the cut for 

R1 and R2 can be observed in Fig. 4. and Fig. 5. The results for 

R3 are not particularly interesting, since the cut didn’t change 

R3’s situation in relation to the emitter.  
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Fig. 3.  Position of emitter and receivers to use in the second experimental work, 
the position of the 1 cm cut done is also represented. 

(a)  

(b) 
Fig. 4.  Changes in amplitude (a) and time of flight (b) of S0 in R1 as the length 

of the cut increases. 

 

The obtained results allow to conclude that, when in the 

presence of a defect gradually increasing in length between the 

emitter and the receptor the signal varies in both amplitude and 

time of flight. Time of flight increases gradually seen as the 

distance the signal must travel increases with the defect. The 

biggest variation is in amplitude when the signal intercepts the 

line between the emitter and the receiver. This variation is 

approximately 58% for R1 and 55% for R2.      

 

 

 
 

(a) 

(b) 

Fig. 5.  Changes in amplitude (a) and time of flight (b) of S0 in R2 as the length 
of the cut increases. 

 

When in a situation where a point that enables the growth of 

a defect, and this defect intersects the line between the emitter 

and the receiver there will be a gradual increase in the signals 

time of flight, and a significant drop in amplitude when the line 

is intersected. 

IV. CONCLUSION 

This work allows the conclusion that, in fact using Lamb 

waves in the context of non-destructive testing is advantageous, 

since its implementation is relatively easy and low cost, it also 

allows for continuous inspection of components and structures. 

This method can be applied for different materials and in 

defects with different origins, like for example delaminations, 

and different geometries, like for example curved surfaces. 

 When proceeding to the use of Lamb waves its necessary to 

take some aspects into account. The choice of the frequency 

depends on the product of frequency and plate thickness. 

Frequency also depends on the diameter of the transducers used 

in the experiment. 
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 Since S0 and A0 modes propagate at different velocities, 

velocity of A0 is significantly lower than of S0, and depending 

on the position of the emitter and receiver, A0 mode might be 

superimposed with S0 or reflections of S0. 

 In case of having a critical point that enables the growth of 

defects, transducers can be used to supervise it. When the defect 

intersects the line between the emitter and receiver there will be 

a significant drop in amplitude, and the signals time of flight 

will gradually increase.  
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