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Abstract 

Since more than 20 years the air-coupled ultrasonic technique already exists. Problems caused by the large 
acoustic mismatch between solids and air are solved with special transducers, a powerful excitation as well as a 
hard- software signal processing. Our USPC 4000 AirTech includes a powerful burst-pulser, an ultralow noise 
preamplifier and a band pass filter amplifier. The combination of hard- and software filters increases the signal-
to noise ratio up to 50 dB. The software imaging Hillgus for Windows enables an easy control of the system and 
of the different manipulators as well as evaluation and measuring functions of the C-scans. Air-coupled 
ultrasonic testing requires separate transducers as a sender and receiver on opposite sides of the component. 
Pitch and catch technique require only a single sided access. Because of critical adjustments this method is only 
preferable for laboratory applications. However, a robust inspection requires a two sided access. This paper 
presents details of automated scanning systems for tube-shaped- and flat CFRP- and CFRP honeycomb 
components. Usually ultrasonic testing of complex aerospace components is carried out with squirter technique. 
However, water coupling delivers disadvantages like pressure variations, air-bubbles, lime scales, algae and 
corrosion of the mechanics. Therefore a non-contact technique is preferable which avoids these disadvantages. 
Because of the coaxial alignment of the transducers on opposite sides of a complex component a ten axes robot 
scanning system is necessary. This paper presents first results and details of the automated air-coupled robot 
ultrasonic imaging system which is in operation by Airbus Helicopters in Donauwörth/Germany since 2011. A 
larger device is currently installed in Zurich/Switzerland for sandwich space components. The 10 axes scanning 
system has a mass of 18 tons.  These projects have been a co-operation between Robo-Technology, Dr. Hillger, 
and Eugen Ostertag. New developmens are focused on the one-sides access of air-coupled ultrasonic. The project 
is called BUC which means non-contact ultrasonic testing. We would like to thank the German Government 
(BMBF – KMU innovative) for their support.   
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1.  Introduction 
 
Ultrasonic inspections require an acoustic coupling media. For ultrasonic imaging of 
composites water is an ideal media because the acoustical impedances are in the same 
dimension which enables an excellent sound penetration of the component. On the other hand  
it is not easy to provide a constant coupling of large components because of air bubbles and 
lime scales. Water also causes corrosion of the scanning mechanics. The squirter technique 
requires a constant water pressure and a precise adjustment in the case of through-
transmission technique. A lot of inspections are not possible with coupling liquids (water) 
because of incoming water. Using air-coupled techniques (ACT) no coupling liquid like water 
is necessary. These advantages are dearly paid by an acoustical mismatch between solids 
(transducers, test component) and air (coupling) [1, 2]. The acoustical mismatch of the 
transducers can be reduced by a matching layer (from 80 to 90 dB down to 40 dB amplitude 
loss). The acoustical mismatch caused by the test component (70-80 dB) cannot be reduced. 
Therefore special equipment is necessary. ACU have mostly been used for laboratory 
applications because the echo technique cannot be applied. First papers of ACU are published 
in the 70th [3, 4]. For more than 14 years the company Dr. Hillger Ultrasonic techniques is 
developing systems for this special coupling technique for laboratory as well as industrial 
applications [5]. Because of the frequency attenuation in air increases exponentially with the 
frequency ACU is carried out in the frequency range below 1 MHz.  
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2. Ultrasonic Imaging System 
 

2.1 Overview 

 

The imaging system consists of transducers, transmitter for a powerful pulse excitation, an 
ultra-low preamplifier, a receiver amplifier and a digital to analogue converter and a computer 
for setting and evaluation. On the other hand a mechanical scanning system adapted to the 
design of the component and -of course- software for the system control, data acquisition and 
imaging are required. A block diagram of the complete system USPC 4000 AirTech is shown 
in Figure 1. 
  

 
 

Figure 1. Block diagram of the air-coupled ultrasonic system USPC 4000 AirTech 

 
2.2 Transducers 

 
It is not possible to use standard transducers for air-coupled ultrasonic technique because of 
the large acoustical mismatch between the transducer and the surrounding air. Immersion 
transducers would produce decrees of up to -90 dB in amplitude [6].  
 
Besides the frequency the most important parameter of transducers for air-coupling is their 
sensitivity S given by:  
 
S = 20 log (VR/VT ) , VT = excitation in volts, VR = receiver signal amplitude in volts, (1) 
  
which is measured in through-transmission-technique with air-coupling and without a 
specimen. In order to get a VR of several volts in transmission technique (without a test 
specimen), the sensitivity should be larger than -40 dB. With a test specimen in between the 
receiving voltage VR drops to a few 100 µV.  
 
Within an MNPQ-Project together with the BAM in Berlin (sponsored by the German 
Government BMWi) special ferroelectric foil transducers are under investigations. The small 
pores which are embedded in the foil produce a very low acoustic impedance. Therefore 
matching layers are not required [7]. On the other hand the high electrical impedance (some 
10 pF) of this kind of transducers needs a high transmitter voltage (>2 kV) and a special 



design of the preamplifier in the receiver. Figure 2.1 demonstrates the defined pulse built-up 
and the die down.  Because of possible high voltage flashovers these transducers cannot be 
used for industrial equipment and are currently in development. 

 
 

   
2.1: pPP-transducer (BAM) 2.2: Transducer with a matching layer  2.3: Transducer with 3 matching layers 

 
Figure 2. Pulses responses of different transducers 

 
Piezoelectric transducers are mostly used for ultrasonic testing and are distinguished by a high 
degree of effectiveness between electric and acoustic energy. The high acoustic impedance of 
the piezo requires a λ/4 matching layer which generates a narrowband frequency filter so that 
long ultrasonic pulses are generated (Figure 2.2). In order to obtain high amplitudes a 
damping unit is not used. Using several matching layers the bandwidth can be increased and 
the pulse width shortened [8]. Figure 2.3 shows a typical pulse consisting of three wave 
packages. The post-pulse oscillation is generated by different wave modes. The production of 
these kinds of transducers is very complex and the reproducibility is difficult. 
 
For robust industrial applications Dr. Hillger has developed piezoelectric transducers with one 
matching layer in frequency range from 50 to 300 kHz (Figure 2, Tab. 1). These relative low 
frequencies compared with standard ultrasonic testing are necessary because of the frequency 
dependant attenuation in air. Using a tone-burst signal excitation with a voltage of 190Vss for 
the AirTech 120 transducer the receiver transducer generates a voltage of 4.2 V! Equation (1) 
delivers in this case -33 dB, which is a value of the best air-coupled transducers. Tab. 1 
resumes all important data. The transducer provides a relative bandwidth of ~10 %.  
  

 
   

Figure 3. AirTech transducers with frequencies from 50 to 300 kHz 

 



Table 1. Technical data of AirTech transducers 

 
 AirTech50 AirTech75 AirTech120 AirTech200 AirTech300 

Frequency 50 75 125 200 300 

Bandwidth [kHz] 5 9 13 21 68 

Active element Ø [mm] 44.5 30 19 11 7.1 

Max. voltage [Vpp] 1500 1000 800 500 400 

Near field length [mm] 73 50 32 18 12 

Sensitivity [dB] -33 -31 -32 -33 -52 

 

 

Figure 4. Prototype of an eight element 200 kHz-array 

 
In order to reduce the time for scanning a multi-channel system is useful. Figure 4 shows a 
prototype of an eight-element transmitter array. An active receiver array is in development 
which contains the preamplifiers and frequency filters. 
 
We have carried out a long-term test of our AirTech 120 and AirTech 200 transducers during 
18 months in order to see any degradation. We used a pulse repetition frequency of 100 to 
200 Hz and a number of bursts of 11 (about 9,3x109 tone burst pulses) by the max. pulser 
voltage (see Table 1). We could not measure any loss in sensitivity (variation only 2 dB, can 
be caused by different humidity and pressures of the air). This test shows the high reliability 
of our transducers. However we recommend a check (calibration) after an operation of 12 
months. 
 
2.3 Ultrasonic System 

 

The USPC 4000 AirTech shown in Figure 1 consists of a scanner with controller, two 
transducers with fixtures (one as a transmitter, the other one as a receiver), an ultra-low noise 
preamplifier, a pulser unit and the components built in an industrial PC with WindowsTM 

operating system. The main amplifier and the programmable pulser unit are situated on PC-
boards.  
 
The programmable pulser AirTech 4100 provides a peak power of up to 1.2 kW. This board 
does not only produce quartz-controlled tone-burst pulses (from n = 1 to 15 in the frequency 
range from 10 kHz to 1 MHz) but also free programmable pulses generated by a digital 
arbitrary generator. Therefore, chirp and coded signals can be used in order to increase the 
signal to noise ratio and for research and development. An internal overload protection 
reduces the actual power in order to secure the transducer. The pulser module is situated on a 
PC-board, can also be built in a separate case for standalone operation. 



The receiver of the USPC 4000 AirTech consists of an ultra-low noise preamplifier AirTech 
4028-1-BB (matched to the receiver transducer) with remote controlled amplification, a main 
amplifier AirTech 4032 with digital gain control and frequency high and low pass filters and a 
14 to 16 bit analogue to digital converter board (ADC). The separate preamplifier provides a 
short cable to the receiver transducer which prevents the reception of electromagnetic noise 
and additional signal attenuation by the capacity of a long cable. A cable length up to 50 m 
from the preamplifier to the UCPC 4000 AirTech system is uncritical because of the 50 Ohms 
technology. The gain setting of the preamplifier is software controlled (6 to 46 dB). In order 
to reduce the time for scanning the system can be upgraded to eight channels with parallel 
data recording (array see Figure 5). 
 
The UCPC 4000 AirTech is assembled in a 19-inch case. The hardware is situated in a 19” 
inch rack together with a scanner controller. 
 
Figure 5 gives an impression of the easy to handle software Hillgus for Windows which 
provides scanner and ultrasonic parameter settings, data recording (including full wave), real-
time A-scan display, B- , C- (amplitude) and D- (time of flight) scans. The software enables 
calculations of A-, B-, C- and D- scans with different parameters out of full-wave data. The 
Oculus software provides the evaluation of all scans including automatic measurements of 
defects. 

 

Figure 5. User interface Hillgus for Windows 
 

2.4 Ultrasonic methods 
 

In any application a separate transmitter transducer and a receiver transducer are necessary. 
Figure 7 shows the different arrangements of the transducers. The transmission technique 
with separate transducers on opposite sides of the component (1) is a standard method and 
useful for standard testing. The transducers are adjusted at right angle to the component. 
Using angular intromission (2) given by Snell´s Law the longitudinal waves can be converted 
in transversal waves in order to increase the resolution. Pitch and catch (3) enables a one 
sided access of the component. Pitch and catch requires a high precision alignment of the 
transducers and cannot be achieved for large and complex curved components. Usually the 
testing is carried out in through-transmission technique with separate receiver and transmitter 
transducers on opposite sides of the component.  

 



 

Figure 6. Arrangement of transducers 

 

3. Practical Application of Air-coupled UT 
 

The applications of air-coupled ultrasonic technique lay in materials with a high degree of 
inhomogeneity and a high sound attenuation such as CFRP-sandwich components with CFRP 
and GFRP layers and foam, honeycomb or metallic core materials and even concrete which 
can only be tested with low frequencies. In spite of the acoustical mismatch using air coupling 
the indication of defects can be much clearer in comparison with water coupled testing. 
Figure 7 [xx] presents two C-scans of a honeycomb sandwich specimen with artificially 
inserted defects such as debondings between skin and core. The C-scans are recorded with 
800 kHz in echo-technique (water coupled) and with 120 kHz (transducer AirTech 120) with 
air-coupling. The C-scan recorded with air-coupled technique clearly indicates the defects. 
The reason for the darker background in the lower part of the C-scan is a larger thickness of 
the skins which deliver a higher sound attenuation. The water coupled echo technique better 
indicates the two defects on the top because of the smaller wavelength. On the other hand the 
defects near the back surface (lower part of the C-scans) are clearer displayed with air-
coupled technique. 
 

4. Special Multi-Axial systems 
 
Inspection of large complex curved aerospace components is totally different from laboratory 
investigations of flat specimens [9]. These components require a 10 axes scanning system. 
The required ultrasonic resolution for the special component has to be defined which also 
defines requirements of the scanner. A too high resolution means a too cost of a ten axes 
system.  
 
Using a robot instead of a XY-scanner for the ultrasonic system USPC 4000 AirTech a high-
precision three dimensional and temporal synchronisation between all axes and the ultrasonic 
system is required. In co-operation with the company Robo-Technology GmbH a hard- and 
software interface for this synchronisation has been developed. 
 
This was the pre-condition for the test facility of the EC 145 helicopter tail-boom in 
Donauwörth, Germany which has been designed in co-operation with Airbus-Helicopters, 
Airbus Group Innovations, Robo-Technology, Ostertag und Dr. Hillger (Figure 8) [10]. This 
equipment with dimensions of 5,3 m x 4,9 m and a height of 10,6 m fulfils all requirements 
for the inspection of the honeycomb part of the tail boom [11]. 

  

     



  

Figure 7. C-Scans recorded with water- (left) and with air-coupled technique 

 
Another air-coupled ultrasonic system with travelling distances of is 5.7 x 4.0 x 2.5 m has 
been started up in 2014 at the company Ruag Space in Zürich, Switzerland, also in co-
operation with Robo-Technology and Ostertag (Fig. 9). An addition facility for Ruag with 
travelling distances of 20 x 6 x 4 m is in development.  

 

 

  
Figure 8. 10-axes-scannig  system for non-
contact inspection of the EC 145 Tail 
Boom  

Figure 9. 10-axes-scannig  system for non-contact inspection of 
sandwich space-structures  

 
 



5. Mobile Scanning System 
 
An example for one sided access with pitch and catch is given in Fig. 10. For the inspection of 
flags a mobile scanning unit has been developed. The two transducers are adjusted in an angle 
of incidence so that a transversal wave is generated in the component. The reflection at the 
backwall is received. In order to prevent a direct reception without travelling through the 
component, two plates for the shielding are used. Fig. 11 shows a C-scan with an indication of 
cracks. 
 
 

  

Figure 10. Mobile scanning system using pitch and catch  Figure 11. C-scan recorded with pitch and 
catch  

 

6. Conclusions 

 
Air-coupled ultrasonic imaging prevents all disadvantages of coupling water like corrosion 
and air-bubbles in the coupling path. In spite of the large acoustical mismatch inspections of 
composites deliver excellent results thanks to the optimized ultrasonic equipment like 
USPC 4000 AirTech. For industrial applications the robust transmission technique with 
separate receiver and transmitter transducers on opposite side of the component provides a 
good solution. In dependence of the application the scanning systems require up to 10 axes. 
For complex components two synchronized robots can be used. 
 
Components with a high degree of sound attenuation like sandwich components with 
honeycomb cores and even with foam core which can penetrate only low frequencies this 
technique delivers a better resolution than the squirter technique. In spite of all optimizations 
the application of echo technique is not possible for the detection of internal defects. 
Therefore complex geometries require a two sided access for the inspections. In this there is a 
demand of research which we will carried out in project called BUC (which means ultrasonic 
imaging for Components) sponsored by the German government. 
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