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Abstract Non-contact air-coupled technique has been applied to measure ultrasonic velocities in two planar 

samples, Plexiglas and mortar. Longitudinal waves and mode-converted shear velocities were obtained by three 

approaches. The obtained velocities were compared with that measured by contact method. The results 

demonstrate that non-contact air-coupled technique has great potential for the comparatively accurate 

measurement of velocity in ‘difficult’ materials, such as mortar. 
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1. Introduction

Ultrasonic velocity is an important parameter to characterize the material in nondestructive 
testing (NDT). Traditional methods such as Pulse-echo and through-transmission are two 
widely used in NDT to measure the ultrasonic velocity. They are both contact methods, which 
means a coupling medium must be added between the transducers and the surfaces of the 
material to ensure a good transmission of ultrasonic wave into the material. Another way to 
improve the transmission is to immerse both the material and the transducer in water. 
However, the use of coupling medium (e.g. fluid gel or water) may not be suitable in many 
cases. For example, textiles, fibers and other porous material absorb coupling medium and 
thus their characteristics may be modified. The indispensability of a fluid gel or water
confines the application of ultrasonic testing methods [1].  

During the past two decades, a great effort has been made to develop the air-coupled 
ultrasonic transducers and non-contact ultrasonic testing systems [2-7]. Thanks to these 
progresses, the non-contact air-coupled technique has become realistic.  

In this contribution, non-contact air-coupled experiments are performed on two planar 
samples: Plexiglas plate and mortar sample. The experimental set up is similar to that of 
immersion technique, but the principle of immersion method cannot be directly applied to 
non-contact air-coupled technique, because the velocity in air is unstable and the transmission 
coefficient is very small. In order to improve the transmission, wide bandwidth swept-
frequency (chirp) technique is applied [1, 8]. Three approaches, referred to as ‘Direct’, 
‘Multiple’ and ‘Shift’ respectively, are proposed to calculate the velocity. The obtained results 
are compared with those measured by means of contact method. The accuracy of the 
calculation is discussed and the factors which affect the precision of those approaches are also 
analyzed.  
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2. Theory

  A non-contact air-coupled experimental setup has been developed to measure ultrasonic 
velocities. Fig. 1 shows the configuration of the system. It consists of a PC, a motor controller, 
a power amplifier, a preamplifier and a pair of air-coupled transducers. The transmitter is fixed 
while the receiver is connected to the motor controller. It enables the receiver to be moved in 
three dimensions. The principle is to record the signal at a series of points in y direction and 
then to find the signal which has the strongest amplitude. By signal processing it is able to 
obtain the time difference, and then velocities can be calculated by using different approaches. 

Figure 1. The configuration of the experiment system 

2.1 Calculate Vair

  Fig. 2 illustrates the experimental scheme for Vair measurement. The transmitter was 
successively placed at positions 1 and 2. The receiver moves in y direction which is 
perpendicular to the transmitter’s axis. The signal received for two positions are correlated, 
thus the time difference can be obtained, and Vair is calculated using Eqs. 1. 

Figure 2. Experiment scheme for Vair 
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where ΔL is the distance between positions 1 and 2; Δta is the time difference of propagation 
between positions 1 and 2. 

2.2 Calculate VL

  In this step, a planar sample was inserted between the transmitter and the receiver. Two 
approaches were proposed to calculate the longitudinal velocity. They are referring to as 
‘Multiple’ and ‘Direct’ respectively. ‘Multiple’ means the calculation based on the signal’s 



multiple reflections before arriving at the receiver, see Eqs. 2. ‘Direct’ means the calculation 
consists in the arriving time’s difference with and without the sample, sees Eqs. 3.  

Figure 3. Experiment scheme for VL 
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where d is the thickness of mortar sample; Δtp is the time difference between the first two 
reflections; tp is the arrival time of the first reflecion; ta is the travel time in air; Δtpa is the 
difference between tp and ta. 

2.3 Calculate VT

In this step, the sample is rotated to have an incident angle which lies between the first and 
the second critical angle of mortar, so as to generate mode-converted shear waves into the 
sample (see Fig. 4). ‘Multiple’ and ‘Direct’ can also be applied to calculate shear velocity, see 
Eqs. 4 and Eqs. 5, respectively. Another approach referring to as ‘Shift’ was figured out to 
calculate VT. This approach employs the principle of Snell’s law, see Eqs. 6.  

Figure 4. Experiment scheme for VT 
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where α and β are the incidence angle and the refraction angle, respectively; ts1 and ts2 are the 
arrival time of the first and the second reflections, respectively; Δy is the shifted distance of 
the second reflection, see Fig. 4. 

3. Experiments

  The following figures (see Fig.5, Fig. 6 and Fig. 7) show the recorded signals and the 
corresponding amplitude curves for each of the three steps. 

Figure 5. Experiment for Vair. 

(a) Gray-scale map of recorded signals for position 1 (b) Amplitude curve for position 1 

Figure 6. Experiment for VL 

(a) Gray-scale map of received signals (b) Amplitude curves for the first and the second reflections, respectively 

Figure 7. Experiment for VT 

(a) Gray-scale map of received signals (b) Amplitude curves for the first and the second reflections 

4. Experimental results

  The experiment was performed on Plexiglas (see Fig. 8 (a)) with thickness 4cm. Plexiglas 
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is considered as homogenous material that usually has a relatively high transmission
coefficient. Then, the new system was applied to perform measurement on a mortar sample 
(see Fig. 8 (b)) which is usually considered heterogenic.  

Figure 8. (a) Plexiglas plate and (b) Mortar sample 

4.1 Validation with Plexiglas plate

Fig. 9 shows the results obtained by contact method (green bar) and non-contact method 
(other bars). The uppercase ‘NC’ on the bar graph stands for the ‘Non-contact’. Comparing 
with the velocity obtained by contact method, we found that for longitudinal velocity, the 
‘Multiple’ approach is more precise than the ‘Direct’ approach, because the velocity in air 
wasn’t used, and the standard error of ‘Multiple’ is smaller. For shear velocity, the results of 
‘Multiple’ and ‘Shift’ approaches are also more precise than the ‘Direct’ approach.  

Figure 9. (a) Longitudinal and (b) shear velocities obtained using different methods and approaches 

4.2 Results for mortar sample 

Fig. 10 reveals the results for a mortar sample. For longitudinal velocity, the ‘Multiple’ 
approach gives an advisable value which possesses only 0.7% discrepancy with the reference 
value (contact method), while the ‘Direct’ approach produces an unreasonable value which 
has 43.8% difference with the reference value. As for shear velocity, the ‘Multiple’, ‘Direct’ 
and ‘Shift’ approaches produce respectively 26.5%, 38.3% and 2.3% difference with the 
reference value.  
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Figure 10. (a) Longitudinal and (b) shear velocities obtained using different methods and approaches 

5. Discussion

 In the previous section, we have recognized that certain approaches proposed for the 
calculation of velocity didn’t meet the expectation. For ‘Direct’ and ‘Multiple’ approaches, 
the main source of error relates to two factors, i.e. Δt and Vair. It is reported that velocity in air 
is sensitive to the ambiance, such as temperature and airflow etc. Generally, a completed 
experiment should be finished as soon as possible because, during this period, the indoor 
temperature may vary slightly and consequently arouse the error in the calculation. The 
influence of airflow seems to be more austere because it affects the propagation of ultrasonic 
waves. This influence is expressed by mean of Δt. Δtp and Δts were obtained by the cross-
correlation operation of two echoes in a signal stream, respectively. While Δtpa and Δtsa were 
the results of the cross-correlation between two signals, respectively. Since tp, ts and ta were 
obtained at different moments, Δtpa and Δtsa may affected by both temperature and airflow. 
Although the variations of Δtpa and Δtsa are in the order of 10-5 s, such a small difference may 
arouse a significant difference in the final results.  

6. Conclusion

  This study is an attempt to perform non-contact air-coupled measurements in two planar 
samples: Plexiglas and mortar sample. Contact measurements were also performed to serve as 
reference. Three approaches have been proposed for the calculation of velocity. The ‘Direct’ 
approach which comes from immersion method always gives a high error when compared  
with contact method. The ‘Multiple’ approach for longitudinal velocity and the ‘Shift’ 
approach for shear velocity provide respectively higher accuracy which is comparable with 
the contact method. The results demonstrate that non-contact air-coupled method has great 
potential for the comparatively accurate measurement of velocity in ‘difficult’ materials, such 
as mortar. Moreover, the proposed approach can be easily automated and used in high speed 
automatic NDT systems. 
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