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Abstract 
 

Compared to bulk waves, Rayleigh waves can propagate much longer distances with 
lower signal attenuation levels, which are nominally proportional to r/1  for a given frequency 
(r=distance). In addition to the small attenuation, Rayleigh waves are also non-dispersive and 
sensitive to surface-breaking defects. The surface penetration depth of Rayleigh waves is also 
approximately one wavelength, which can be beneficial for many NDT applications. However, 
one major drawback of using Rayleigh waves for nondestructive testing has been the difficulty of 
generating Rayleigh waves, where the most commonly used method involves the combination of 
a plastic wedge and a conventional longitudinal mode transducer. Unfortunately, a number of 
wedges with different angles are needed to generate Rayleigh waves in different materials or at 
different operating frequencies to satisfy the critical Rayleigh launch angle requirement.  In this 
study, instead of using wedge transducers, we have designed, fabricated, and tested narrow-band 
Interdigital Transducers (IDTs), where precision electrode patterns were etched on piezoelectric 
ceramic substrate materials using micro laser machining techniques. These IDTs can be directly 
applied to the surface of test specimens to generate Rayleigh waves in MHz range.  A laser 
interferometry system was used to characterize the IDT sensors, where a well-defined and 
directional Gaussian beam profile was observed. Investigations were also made for Rayleigh 
waves interacting with fatigue cracks in aircraft qualified metallic alloys. It was observed that 
some of the Rayleigh wave energy can propagate through a tight crack at both normal and 
oblique incidence. 
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1. Introduction 
 

The advantages of using Rayleigh surface waves for nondestructive testing over other types 
of wave are considered to be their high sensitivity to surface flaws and a longer propagation 
distance. There are many different ways of generating Rayleigh waves[1].  The most common 
method is using a wedge device that is made of plastic material.  A longitudinal mode transducer 
launches a compressional wave into the plastic wedge having a critical angle, θR, at which the 
energy converts into a Rayleigh surface wave which propagates with an elliptical particle motion.  
For different types of test material, the launch angle varies at a given operating frequency.  
Therefore, it is necessary to have multiple wedges having different launch angles.   

In this work, we have developed a standalone, single-element Rayleigh wave transducer that 
requires no secondary device such as wedges or combs to generate Rayleigh waves.  The basic 
concept is based on the interdigital electrode patterning on a piezoelectric substrate.  This type of 
interdigital transduction method has been used in designing surface acoustic wave (SAW) filters 



and signal processing devices for communication industry[2-4].  In communication SAW devices, 
Rayleigh waves propagate through the piezoelectric substrates from one end to another as 
illustrated in Figure 1(a).  Unlike communication SAW devices, we have shaped electrode 
patterns directly on the piezoelectric plates that are typically used as piezoelectric elements for 
bulk wave transducers. A schematic drawing of a simple IDT design is shown in Figure 1(b).  
The resonance frequency is determined by the widths of finger and gap spacing and the Rayleigh 
wave velocity of the sensor material[5]. The physical dimensions of the sensor are 3 mm x 7 mm 
with thickness of 0.18 mm.  
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Figure 1. Difference between the SAW device and the standalone interdigital transducer (IDT). 
 

2. Experiment 
 
2.1 Characterization of IDT 
 

Prior to the investigation for the interaction of Rayleigh waves with fatigue cracks, we have 
characterized fundamental wave properties of the ultrasound fields generated from the sensor by 
using a laser interferometry scanning system[6,7].  A block diagram of the setup is shown in 
Figure 2.  The laser head is attached to a two dimensional raster scanner which is mounted on an 
optical table.  The metal plate, on which the IDT is bonded, was kept stationary throughout the 
test. The surface of metal plate was prepared to have a mirror finish for a good reflection of the 
laser beam.   
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Figure 2. Block diagram of the laser interferometry scanning setup used to characterize IDTs. 



A 3.1 MHz sinusoidal tone burst signal, 5 cycles, was generated from the function generator 
and amplified through the power amp to drive the IDT.  The out of plane particle displacements 
were detected by the laser interferometry and recorded in terms of amplitude.  An image of 
Rayleigh waves produced by the IDT on the aluminum plate is shown in Figure 3 where peak-to-
peak amplitude is displayed.  It is clear that the IDT generates bi-directional beams with a total 
beam spread of 21o.   

 

    
 

Figure 3. Image of Rayleigh waves generated by IDT on an aluminum plate. 
 

A plot of the frequency response curve for the output signal from the IDT is shown in Figure 
4.  The laser interferometry was kept stationary at a location 1 cm away from the front tip of the 
IDT while the driving frequency was changed from 100 KHz to 5 MHz.  The resonance 
frequency was found to be at 3.1 MHz. This is slightly higher than the predicted resonance 
frequency of 3 MHz.  The pass band width, at which 50% of peak amplitude was measured, was 
1.1 MHz. Less than 20% of peak amplitude was measured at frequencies below 2 MHz and 
above 4 MHz.    

0

0.2

0.4

0.6

0.8

1

1.2

0 1 2 3 4 5 6

A
m

p
lit

u
de

 (
N

o
rm

al
iz

ed
)

Frequency (MHz)  
 

Figure 4. Frequency response of the output signal of the IDT at a distance 1 cm away from the sensor. 
  

At the same distance of 1 cm away from the IDT, the laser beam was scanned across the 
ultrasound field, perpendicular to the wave propagation direction, to measure the beam profile.  
The frequency was kept at 3.1 MHz, the resonance frequency of the IDT.  A graph in Figure 5 
shows the result of the beam profile.  The main lobe between ± 5 mm of the transverse distance 
exhibits a Gaussian shape.  No significant side lobes were observed. 
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Figure 5. Beam profile at a distance of 1 cm from the IDT. 

 
2.2 Interaction of Rayleigh wave with fatigue crack 
 

The same IDT was used to investigate the interaction of Rayleigh waves with a through the 
thickness fatigue crack.  An aluminum test specimen, that had a fatigue crack induced on an 
MTS frame, was used.  A magnified optical image of the crack is shown in Figure 6.     

 
Figure 6.  A magnified image of the fatigue crack (image is rotated 90 degrees). 

 
Three different locations were selected to observe the interaction of Rayleigh waves with the 

fatigue crack.  Figure 7 shows the three locations; one normal incidence and ± 30o launch angles.  
The sensor locations were chosen to be on a circle whose origin is the tip of the fatigue crack and 
the diameter of the circle is 11.5 cm.  That way the center line of the beam can be assured to pass 
through the crack tip at the difference launch angles.   

 

 
 

Figure 7. Three different beam launch locations for interaction of Rayleigh wave with fatigue crack. 



The images of ultrasonic fields interacting with the fatigue crack are shown in Figure 8.  For 
all three launch angles, it clearly shows that part of the Rayleigh wave goes through the fatigue 
crack.  Even though the fatigue crack we had on the aluminum block was a through crack, the 
images in Figure 8 suggest that there are regions contacting each other inside the crack so that 
the elastic energy can pass through.   
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Figure 8. Images of ultrasonic fields interacting with a tight fatigue crack at various launch angles with respect to the 

length of the fatigue crack. 



3. Conclusions 
 

A standalone single-element interdigital transducer has been designed, fabricated, and 
characterized. The electrode pattern was precisely etched off with a laser micro machining 
technique to form five pairs of fingers having 1 mm width on an ordinary PZT disk (180 µm 
thick).  The beam pattern and beam profile were characterized by using a laser interferometry 
scanning system.  The resonance frequency and pass band width were also measured with the 
same laser scanning system.  It is clear from the symmetrical electrode patterns that the 
ultrasonic beams launched by the IDT are bi-directional.  The beam spread is measured to be 
±10.5o.  The measured resonance frequency of 3.1 MHz is very close to the predicted resonance 
frequency of 3 MHz.  The pass band width is found to be 1.1 MHz and the signal output drops 
sharply at frequencies below 2 MHz and above 4 MHz.  The beam profile at the distance of 1 cm 
from the IDT shows a Gaussian amplitude distribution with small side lobes.  

The laser interferometry scanned images also permitted the visualization of the interaction of 
ultrasonic fields with a tight fatigue crack, where the results suggest that the elastic energy can 
go through a tight fatigue crack.  This means that determining length of cracks with a traditional 
ultrasonic NDT technique based on either pulse-echo or pitch-catch methods may underestimate 
the actual crack length due to the possibilities of elastic energy transferring through a crack. 
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