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Abstract- Traditional ultrasonic techniques always need the aid of couplant (water or gel) for transmitting of the ultrasound. 
In the nondestructive inspection of some materials and structures, water-coupled ultrasonic inspection is often not desirable 
due to contamination and property alteration concerns. Some examples include composite and foam structures in space 
applications and honeycomb sandwiches cannot tolerate water ingression. Therefore, air-coupled ultrasonic inspection is an 
attractive alternative for such applications. This paper describes the effects of different variables such as gain, scanning 
speed, averaging signals and scanning axis in air coupled C-scan imaging by signal analysis. Based on the results obtained 
from the study, the ultrasonic C-scanning process carried out at higher gain, higher averaging signals and lower speed can 
give better C-scan images which figure out the structure of tested materials more clearly. 
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I. INTRODUCTION 
 

HE destructive (DT), semi-destructive(SDT) and 
non-destructive testing (NDT) techniques are 
available for the complete characterization. These 
characterization techniques are the basic tool for the 
quality control and quality assurance of the materials. 
Non-destructive testing technique is a specific 
procedure whereby the service ability of materials or 
components is not impaired by testing process. 
Therefore, non-destructive characterization of 
material properties assumes a great significance 
during fabrication as well as service life of the 
component. Some of the non-destructive testing 
techniques that have been used to characterize 
material properties are visual testing, liquid penetrant 
testing, magnetic particle testing, eddy current 
testing, radiographic testing, ultrasonic testing, leak 
testing, and thermography etc. [1-4]. 
Ultrasonic testing (UT) is one of the most effective 
methods of nondestructive inspection of materials and 
structures. Traditional ultrasonic techniques are used 
in the inspection of metals, fibre-reinforced polymers, 
and many other materials. Traditional ultrasonic 
techniques always need the aid of couplant (water or 
gel) for transmitting of the ultrasound because high 
frequency ultrasound waves tend to attenuate rapidly 
when they are travelling through the air.  In water-
coupled or contact ultrasonics, one typically employs  

 
piezoelectric crystal transducers to generate sound 

waves because they are well suited to the generation 
of sound in water or especially in solids. However, 
use of water may not be suitable in the inspection of 
certain materials, that actually absorb water, or where 
contamination or damage would result.  
Air Coupled Ultrasonic Testing (AC-UT) presents 
inspectors and engineers engaged in materials 
characterization with a new and vital element to bring 

the properties of industrial materials under closer, 
more rapid, and more convenient examination. The 
great attraction of the method is itsover arching 
simplicity-air is all around us virtually all the time. 
We do not need to produce it or conserve it. 
Compared to the conventional ultrasonic scanning 
methods, the major advantage of airscanning lies in 
the elimination of external couplant media from the 
measurement process. The air as couplant approach is 
especially useful for highly damping / lossy materials 
like foams and certain polymer composites wherein 
the conventional C-scan methods become difficult to 
apply. The lower frequencies employed in this new 
method ensures improved transmission characteristics 
of the ultrasound through materials, which is 
especially beneficial for foams and composites. The 
use of such coupling media not only reduces the 
defect detectability in certain materials due to surface 
ingression (especially for porous structures like 
foams), but also may prove to be harmful to the 
properties of some materials which are sensitive to 
liquid couplants. The AC-UT is also more versatile in 
terms of scanning structures with complex 
geometries. As a result, the Non-Contact Ultrasound 
(NCU) mode is becoming increasingly desirable for 
Non-Destructive Evaluation (NDE) of plastics, 
rubbers, foams and similar materials [5-6]. 
 
Air-coupled ultrasound has obvious advantages over 
conventional ultrasonic techniques. The inherent 
advantages in non-contact transducers has increased 
interest in material characterization studies [7,8] and 
flaw detection [9-11]. Ultrasonic materials testing in 
air has been investigated for more than 30 years 
[9,10]. However, the acoustic impedance mismatch 
between most materials and air is a problem. The 
difference in order of magnitude between the acoustic 
impedance of air (420 Rayl) and that of typical 
structural materials (51 MRayl for steel and 4.8 
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MRayl for Carbon Fiber Reinforced Polymer) is the 
fundamental cause for the highly inefficient 
transmission of air-coupled ultrasound [12-14]. The 
large impedance mismatch implies that piezo-electric 
transducers are inherently inefficient. Therefore, the 
major challenge for using AC-UT had always been 
minimizing the acoustic impedance mismatch 
between most solid materials and air. The deciding 
factor for successful application of AC-UT for NDE 
of materials and structures is the penetrating power of 
the ultrasonic waves through the material. Because of 
such problems, the AC-UT C-scanning measurement 
should be carried out in the best conditions which 
give the best C-scan images. Therefore, the goal of 
this study is to figure out the best conditions for AC-
UT C-scanning measurements on the Carbon/Epoxy 
Composite sample by signal analysis. 
 
II. EXPERIMENTAL 
 
A. Air-coupled C-scan measurements 
The air-coupled ultrasonic test equipment (MISTRAS 
Group SA-EPA, France), Noncontact ultrasound 
(NCU) probes (Ultran NCG 500 D13) made from Gas 
Matrix Piezo (GMP) material by NCU Ultran®group 
probe were used. These unfocused air-coupled 
ultrasonic probes have a central frequency of 500 kHz 
with 25% bandwidth and have 12.50 mm in diameter. 
The most common air-coupled transducer 
arrangement methods are through-transmission and 
onesidedpicth-catch modes of ultrasonic waves which 
are used in air coupled ultrasonic testing[15] where 
both methods need two separate transducers for 
transmitting and receiving ultrasonic signals. 
Scanning was accomplished in through transmission 
mode with separate transmitting and receiving 
transducers on opposite sides of the sample (Fig.1). 
The C-scanning frequency was selected as 500 kHz. 
This frequency was defined as most suitable 
frequency for the carbon/epoxy composite sample. 
Because that scanning at this frequency was given the 
best signals. 
 

 
Fig.1. Air-coupled ultrasonic testing system using ultrasonic 

longitudinal waves in through transmission mode. 
 
III. RESULTS AND DISCUSSION 
 
If The principle of ultrasonic imaging is to monitor 
arrival times/amplitude of ultrasonic pulse through 
the structure to investigate. The presence of a defect 

will delay/diffract the wave. Representing different 
time of flights (TOF) or amplitudes within the 
selected gate will give the information about the 
presence of the defect in the structure. The quality of 
the signal depends on lot of experimental parameters( 
scanning speed, gain, averaging signals etc). The 
influence of these different parameters in order to 
obtain the best quantitative results about the presence 
of damage are investigated and the obtained results 
are given below(Figs.2-9). 
 

 
Fig.2. Air coupled C-Scan image of Carbon/Epoxy Composite 
obtained at different scanning speed, namely: (a) 3mm/sec, (b) 

5mm/sec and (c) 10mm/sec 
 

The C-scans were performed at a speed of 3 
mm/sec,5 mm/sec and 10 mm/sec. The C-scan of 
Fig.2a was produced using the 500 kHz unfocused 
transducer at 3 mm/sec, while the C-scan of Fig.2b 
and Fig. 2c were produced using the 500 kHz 
unfocused the same transducers but with 5 mm/sec 
and 10 mm/sec speeds, respectively.  As it can be 
seen on Fig. 2, the damaged area (the light green area 
in the center of figures) remains unchanged despite 
the sensitive increase in the speed. Furthermore, one 
can expect to have an image have a better resolution 
with a low speed. This is mainly due to the micro-
heterogeneous nature of the studied composite, since 
details given in the above mentioned figures show 
that the amplitude levels (in yellow and green) are not 
the same.   
 

 
Fig.3. Investigation of scanning speed effect on air coupled C-

scan images. 
 

As it is seen from Fig.3, the images obtained at 
different scanning speed (Fig.3.a-b) have not showed 
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a big difference. Therefore, if the scanning system 
has enough memory in fast scanning this will gain the 
time for scanning. Otherwise, the smaller speed will 
be helpful to be able to save data during the scan. 
 

 
Fig.4. Air coupled C-Scan image of Carbon/Epoxy Composite 

for Variation in Averaging at Speed 10 mm/sec: (a): Average 2, 
(b): Average 16. 

 
The averaging effect is seen in the Figures 4 and 5. It 
is seen an obvious difference between images in 
Fig.4. As it can be seen from the Fig.4a and Fig.4b, 
the average of image in Fig. 4b is 8 times of the 
average in Fig.4a. As a result of increase in 
averaging, the image in Fig.4b which has higher 
averaging, is absolutely well figured out the impacted 
area and structure of the carbon/epoxy sample. 
Averaging signals is an optimal tool to improve 
signal over noise ratio. 
 

 
Fig.5. Investigation of averaging effect on air coupled C-scan 

images. 
 
As it can be seen from the Fig.5, increasing the 
averaging have not changed the amplitude of the 
signals but has reduced the noise. (Fig.5b). As it was 
stated before the higher averaging will be beneficial 
for C-scan, if the scanning system’s properties 
(memory) are enough to save the data. 
 

 
Fig.6. Air coupled C-Scan image of Carbon/Epoxy Composite 
for variation in gain at speed5: (a)- Gain 2 dB 3, (b)- Gain 6 

dB. 
 
The influence of speed discussed above helped in 

chosing a reasonable speed. Indeed, the C-scans in 
Fig.6 and Fig. 7 were performed at a speed of 5 
mm/sec but at different gains. The C-Scan images of 
the Fig.6a and Fig.6b were obtained at gains of 2 dB 
and 6 dB, respectively. 
 

 
Fig.7. Investigation of gain effect on air coupled C-scan image. 
 
According to the Figs.6 and 7, one can easily expect 
the better sensitivity to small acoustic signatures 
since higher gains give higher amplitudes and hence 
more detailed images which have higher resolutions.  
However, one should keep in mind that the increase 
in the amplification rate increases the environmental 
noise as well. As it is seen in Fig.7a, the C-scan 
image with smaller gain has less noise on A-Scan. 
But, increasing the gain has also caused an increase in 
the amplitude of the signal and also has caused an 
increase of noise as well. To avoid this undesirable 
case, the signal averaging amount should be changed 
consequently according to the amplification rate and 
the chosen imaging speed. 
 
As it was found out from Fig.5 and Fig.7, the 
scanning gain and averaging signals have an 
important effect on the ultrasonic C-scan images and 
their resolutions. In conclusion, it can be stated that 
the suitable averaging and gain have a positive effect 
on getting high resolution C-scan images and 
definition of the flaws, cracks or discontunities in 
composites. 
 

 
Fig.8. Air coupled C-Scan image of Carbon/Epoxy Composite 
for variation in Scanning Axis at speed 10: (a): Scanning axis 
Y, (b): Scanning axis Z ( Sample lying down through axis Y). 

 
The images of carbon/epoxy samples obtained by 
different scanning axis is shown in Figure 8. The 
Fig.8a was obtained by scanning through Axis Y and 
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the Fig. 8b was obtained by scanning through Axis Z. 
As it is seen in Fig.8, the difference between Fig.8a 
and Fig.8b is only their orientation occured by 
scanning axis. 

 

 
Fig. 9. Investigation of scanning axis effect on air coupled C-

scan images. 
 
As it is seen from Fig.9, the scanning axis has not a 
big effect on the C-scan image obtained. Because that 
the amplitudes of two signals in A-Scans have almost 
the same amplitudes. However, the ultrasonic C-
scanning in different axis can be useful for some 
materials which have special discontinuities 
(delaminations, flaws, porosity or cracks). 
 
CONCLUSION 
 
The ultrasonic air-coupled C-scanning is so important 
in the quality control of the materials such as metals, 
composites(honeycomb, carbon/epoxy and 
glass/epoxy) and foams. According to the results of 
this work, the best condition for a succesful air-
coupled ultrasonic C-scan imaging should be carried 
out at higher gain, higher averaging and lower speed 
by choosing the suitable frequency for the tested 
materials.   
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