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ABSTRACT 

To evaluate the out-of-plane displacement of surface acoustic wave, an air-coupled transducer is used 

to excite surface acoustic waves on an aluminium block, while another air-coupled transducer is adopted 

to record the leaky waves in association to the out-of-plane displacement. Measurements derived from 

the air-coupled ultrasonic method have good accordance as compared to the results attained by using a 

laser Doppler vibrometer. Considering the merits of low cost and safety, air-coupled ultrasonic method 

has good application prospects in future. 

 

1 INTRODUCTION 

Non-contact measurement techniques can be used in many complex testing environments because of 

their broad advantages, such as high precision, quick dynamic response and demanding no coupling 

agent [1]. Typical non-contact measurement techniques include the laser triangulation, eddy current 

method and ultrasonic measurement etc. Among them, the ultrasonic measurements have the merits of 

strong penetration ability, low cost and safety so that it is used in this paper.  

To reduce the loss of ultrasonic waves into air, traditional ultrasonic methods use coupling agent or 

water immersion so that ultrasonic transducers keep always in contact with the target object. This hinders 

their applications to certain extend. As an alternative choice, the air-coupled ultrasonic methods 

(ACUMs) is free from this, much thanks for the development of air-coupled transducers (ACTs) that 

are used to both generate and receive acoustic/elastic waves [2]. An impedance matching layer with a 

quarter-wavelength thickness is added to the outer surface of the conventional piezoelectric ceramic 

ultrasonic transducer, leading to the ACTs with high efficiency and high sensitivity that are ideal for 

non-contact measurement [3-5]. As the ACTs can be maintained in long distance with the studied object 

and have the characteristics of non-invasive, non-destructive and loser cost, ACUMs have good 

application prospects. In general, the configuration of ACUMs includes the pulse echo detection, 
transmission detection, oblique incidence ipsilateral /dis-side detection and etc.  

To validate the ACUMs, the optical measurement namely laser Doppler vibration measurements 

(LDVMs) is used as well. Based on heterodyne technique and doppler shift effects, LDVMs has high 

precision, high spatial resolution and high dynamic response, making it suitable for measuring the out-

of-plane displacement [6,7].  

In this paper, we firstly used ACUM to measure the out-of-plane displacement of surface acoustic 

wave. And the comparison is given later to the results using LDVM. Good agreement is found between 

the results derived from these two different methods. 

 

2 EXPERIMENTAL PRINCIPLE 

As shown in figure 1, an ACT is used to issue ultrasonic pulses over an oval region on the surface of 

solid matrix. Consequently, the longitudinal wave, Lamb wave or surface acoustic wave modes can be 

stimulated on adjusting the incident angle θI .  
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Figure 1: The schematic diagram of emitter and receiver. 

 To generate Rayleigh wave, one needs setting the incident angle θI to satisfy the relationship derived 

from Snell’s law that states  

 ,                                                     (1) 

where sx is the slowness of Rayleigh wave, and ca is the sound velocity in the air.  

Another ACT is used as a receiver to record the leaky waves accompanying the the out-of-plane 

displacement of Rayleigh wave as long as it propagates on the surface. Hence, the receive angle θR 

maintains the same relationship defined by the above equation but with different direction.  

The laser Doppler vibrometer (LDV) based on doppler shift effects is used as the receiver as well. In 

any form of wave propagation, the frequency is altered by the motion of the source, receiver, medium 

or the motion of scatterer. Austrian scientist Doppler firstly studied this phenomenon in 1842, and then 

in 1905 Einstein noted that light has similar Doppler shift effects [6,7]. As shown in figure 1, laser beam 

from LDV directly impinges the surface of the studied object, then the vibration amplitude and 

frequency can be obtained from the doppler shift of the reflected laser beam. When the incidence and 

reflection angle both equal to 0o, the doppler shift can be written as 

,                                                                (2) 

where  is the frequency of wave source, V is the velocity of the object and c is the velocity of laser 

beam. The frequency received by LDV shall be expressed as 

.                                                                 (3) 

Then the difference of frequency between the source laser beam and the reflected laser beam is 

.                                                              (4) 

Since V<<c, we can simplify the above equation into  

,                                                                     (5) 

where  is the wavelength of source laser beam. Since the integral of V is the displacement, the out-of-

plane displacement can be obtained by integrating the formula above. 
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3 EXPERIMENTAL SETUP 

From figure 2, one sees the schematic diagrams of the experimental setup used in this work. An ACT, 

labeled as ACT1, is used to excite surface acoustic wave for both ACUMs and LDVMs. It features the 

radius r=16mm, the central frequency f0 ≈ 180 kHz and the band width ~30%. ACT1 is attached to a 

high-power generator JPR-600C that generates the five cycle ultrasonic pulses. It is noted that JPR-600C 

has the ability of generating rectangular wave pulses with carrier frequency changing from 30 kHz to 

10 MHz and voltage varying from 10 V to 600 V. Then acoustic waves generated by ACT1 go to the 

surface of aluminum block, with an incident angle calculated by Snell’s low as shown in section 2.  In 

return, Rayleigh wave can be generated on the surface of aluminum block.  

 
(a)  

 
(b) 

Figure 2: Schematic diagrams of experimental setup: (a) setup using ACT; (b) setup using LDV. 

Firstly, we use ACT to measure the out-of-plane displacement of surface acoustic wave, and an 

amplifier between ACT2 and JPR-600C is necessary, as shown in figure 2(a). Then we use LDV 

(Polytec vibrometer OFV 2570) to measure that as well.  

Then the signals of reference and reflection waves are all connected to an oscilloscope (Digital 

Phosphor Oscilloscope, DPO 4102B). At each point, the average value of signals of 512 scans are 

recorded and finally digitized with a sampling frequency of 2.5 GHz. In this way, we obtained signals 

with good signal to noise (S/N) ratio on the surface of aluminum block free from any inclusions at the 

points the same distance far away from the ACT1.  

 

4 RESULTS 

We measured the out-of-plane displacement of surface acoustic wave using ACT and LDV 

respectively. The results measured using ACT with excitation voltage 600 V and excitation frequency 

200 kHz are shown in figure 3. It is clear that there are five peaks with good S/N ratio. The results 

measured using LDV with excitation voltage 300 V and excitation frequency 200 kHz are shown in 

figure 4, it also has five peaks but with more noises.  
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From these two figures, it is observed that the results measured using ACT have better S/N ratio. 

This may be due to the fact that the displacement measured using ACT is the average value of signals 

over an area that are comparable to the surface of ACTs here, so that the white noises can be balanced 

to certain extend; secondly the amplifier between ACT2 and JPR-600C has the function of filtering 

noises. It is also observed that the amplitude of the results measured using ACT is larger just due to the 

existence of the amplifier about ~60 dB before recording signals. There is also difference of the arriving 

time of primary pulses: in fact, the leaky waves have to go through the distance from the surface of 

aluminum block to the surface of ACT2 and the sound velocity in air in much smaller than light. The 

propagation of leaky waves in air need more time than laser in air, so that the arriving time is always 

later by using the ACT for the measurement. Anyhow, it is obviously that the shape of the waveform is 

almost the same, in other words, it is conserved.  

 

Figure 3: The response measured using ACT 

 

Figure 4: The response measured using LDV 

Furthermore, we described the frequency spectrum of the results derived from the measurements by 

using ACT and LDV respectively. Figure 5 shows the frequency spectrum of the signals in relate to 
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ACT. It is observed that the frequency is centered on 193kHz. Figure 6 shows the frequency spectrum 

of the signals measured using LDV, where the frequency centered on 174kHz, featuring a little 

frequency shift with respect to the excitation frequency. It is clear that the measured central frequency 

is between the central frequency of ACT 180kHz and excitation frequency 200kHz when using ACT. 

But it is below 180kHz when using LDV.  

 

Figure 5: The frequency spectrum of the signals measured using ACT. 

 

Figure 6: The frequency spectrum of the signals measured using LDV. 
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5 CONCLUSIONS 

We established an experiment setup with non-contact measurement technology to measure the out-

of-plane displacement of surface acoustic wave using air-coupled transducer, and compared the results 

with optical measurement using laser Doppler vibrometer. We found that measurement using air-

coupled transducer has good accuracy in comparison to optical methods. Air-coupled ultrasonic method 

using air-coupled transducer may has good application prospect.  
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