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Abstract. A variety of lightweight composite materials are used in aerospace 

construction. Most common are multiple layers of aluminium with adhesive 

interfaces of different thicknesses, GFRP sandwich structures with and without 

honeycomb cores and glass fibre reinforced aluminium. The material properties of 

all materials are highly dependent on the integrity of all adhesive and matrix 

structures. These can be impaired by impacts, production problems, physical stress 

or aging.  

 Air-coupled ultrasonic testing (ACUT) can be a method for non-destructive 

quality control for semi-finished composite materials as well as products. 

Additionally, it can be applied for maintenance testing of parts to find impact and 

stress damage. 

 We will present a case study on the detection, measurement and evaluation of 

delamination in multi-layered aluminium bonds with up to 4 sheets of aluminium in 

various thicknesses. The aviation-specific specimen is measured in through-

transmission with ACU with multiple frequencies, filters and averages with classic 

piezocomposite as well as phased-array ACU transducers. Delamination and flaws 

can be found in every adhesive layer. Depending on the composite thickness, 

different frequencies have to be applied. 

Introduction  

Air-coupled ultrasonic testing (ACUT) is an aerospace proven technology for inspecting 

FRP-components. Based on continuous improvements in converter technology, 

transmitting and receiving electronics and advanced evaluation algorithms, we have been 

working intensively on the development of new fields of application for air-coupled 

ultrasonic systems. These efforts are aimed in particular at testing high-damping materials 

as well as materials with multiple boundary layers of different properties. Even inspection 

tasks that could previously only be covered by conventional ultrasound, such as the testing 

of sheet metal welds, can now be partially replaced by air-coupled ultrasonic tests. 

(Compare [1]) 

Due to the need for lightweight construction in all areas of life, composite materials 

are rising in popularity. In the process of construction, the lightweight potential of the 

individual composite parts is increasingly being exploited. For this reason, the focus in 
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quality control even with simple materials such as insulation sheets or sandwich structures 

is more placed on the structural integrity. The proof of the complete adhesion of cover 

layers to honeycomb cores and laminar bonds can be performed in the same way as the 

verification of the consolidation of pressed insulation boards. Delamination, air and foreign 

body inclusions as well as impact damage can be detected with the imaging air-coupled 

ultrasound technology. [1], [2] 

The hybrid design, which is prevalent in many areas with a multi-material mix of 

metals, reinforced and unreinforced plastics as well as ceramics, is causing a change in the 

established joining technologies. Areal bonding is increasingly being used in these areas, 

posing new tasks for materials testing. A major challenge for non-destructive testing are 

"Kissing Bonds", touching but non-adhesive areas in bonds. One approach to detect these 

flaws is the one-sided test in pitch / catch arrangement. (see [3], [4]) 

In this paper, we will describe the application development of the ACUT on multi-

layered adhesive bonded aluminium sheet metal. The development was performed on an 

aerospace specific calibration specimen with build in test flaws. Additionally to the 

multiple bonding layers, an increase in standoff distance was required on the transmitter 

side.  

 

Measurement Equipment 

The measurements in this article were performed using the High-End SONOAIR 

ACUT System. With four default input and output channels, this enables the operation of 

the SONOTEC Phased-Array ACUT transducers and the simultaneous measurement with 

four conventional transducers. Each channel allows a free configuration of the transmitter 

characteristics up to a voltage of 800 V. The combination of a preamplifier at the receiver 

and an internal amplifier in the electronics achieves an extremely low inherent noise of <1 

nV / √Hz. The possible amplification dynamics of 120 dB is necessary to generate 

sufficient signal-to-noise ratio (SNR) for a meaningful and reproducible measurement even 

with highly attenuating materials. The excitation and detection of the air-coupled 

ultrasound is carried out with the CF series transducers listed in Table 1. 

 
Table 1Overview ACUT-Transducers 

Transducer Frequency Type Focal distance Sensitivity 

CF 075 75 kHz planar 30 mm -34 dB 

CF 200 200 kHz planar  15 mm -35 dB 

CF 400 400 kHz focused 50 mm -31 dB 

CF 400 3E 400 kHz Phased-Array 20 mm -31 dB 
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Test Specimen 

The test specimen is an aviation-specific step wedge consisting of multiple 

adhesively bonded aluminium plates of various thicknesses as seen in Fig.1. The bottom 

two sheets, 1.7 mm respectively 1.5 mm thick, spread out over the full area of the 

specimen.  The rest of the steps are build up by smaller pieces of varying size and 

thicknesses. The value for each step can be seen in table 1. Each step contains 2 – 4 sheets 

of aluminium.  

 

 
Figure 1: Test Specimen 

There are two types of test flaws. The rectangular flaws are Teflon sheets in 

between the bottom two layers. These 20 x 20 mm areas simulate delamination or kissing 

bonds in the adhesive. Additionally, there are for drilled holes in the top sheet of the first 

two steps. These holes are filled with a composite filling material and simulate repaired 

damages in the aluminium sheet. 

 
Table 2: Step sizing of the test specimen 

 Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 

1
st
 Sheet    10.5 mm 8.7 mm 6.0 mm  

2
nd

 Sheet  1.5 mm 5.7 mm 1.9 mm 1.9 mm 1.9 mm 1.9 mm 

3
rd

 Sheet 1.5 mm  1.5 mm 1.5 mm 1.5 mm 1.5 mm 1.5 mm 1.5 mm 

4
th

 Sheet 1.7 mm 1.7 mm 1.7 mm 1.7 mm 1.7 mm 1.7 mm 1.7 mm 

Total 3.6 mm 5.2 mm 10.0 mm 17.2 mm 14.7 mm 12.5 mm 6.0 mm 

Inspection task specific restrictions 

 The inspection task is to perform a contactless inspection of adhesively bonded 

aluminum. Because of interfering contours on the top side of the test object, a minimum 

standoff distance of the transmitter of about 115 mm is required during the scan. The 

sampling distance is set at 2 x 2 mm with a measuring speed of 600 mm/s, resulting in 

300 kHz PRF. Because of the high scan speed, no averaging is possible. Data-processing is 
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limited to online filtering of the acquired data. No additional post-processing like data-

converting, interpolation or mean value filtering was allowed. The primary measuring 

frequency is 200 kHz. 

The SONOTEC CF200 transducer is the choice for the required mean frequency of 

200 kHz. However, as can be seen in table 1, the focal distance of this transducer type is 

15 mm. In trough transmission measurement, the best results are obtained if the standoff 

distance of the transducers is the focal distance or near field length. It is well known, that 

this distance is a function of the frequency and the aperture size. It is possible to reduce the 

focal distance by applying a mechanic focus like a lens or to focus the sound beam 

electronically with multi-element, phased-array transducers [2]. But for this application, it 

was necessary to increase the focal distance. For any given frequency, this can only be done 

by increasing the aperture.  

The method of choice to increase the aperture was a circular array of multiple 

CF200 piezo-ceramic transducers because of its high sensitivity combined with the long 

lifetime of the CF200 ceramic. The array was built with a center transducer and several 

others in a circle surrounding it. This circle was calculated to have the aperture creating the 

required 115 mm near field length. Additionally, the surrounding transducers were slightly 

angled, so that the sound axis of all individual sound beams crossed in the aspired focal 

spot. The resulting sound beam of the array can be seen in Fig. 2. Please note, that an 

additional 20 mm need to be added at the left side of the figure. 

 

 
Figure 2: Sound Beam of the 200 kHz "far-standoff” Transducer 

Measurement Results 

 The first assessment of the specimen was done with focused 400 kHz transducers at 

normal standoff distance and with a slow scanning speed. For a maximum defect 

resolution, a stepping of 1 x 1 mm was chosen. Because of the high attenuation of 400 kHz 

ultrasound, an average of 8 was applied to improve the SNR. The result of the scan can be 

seen in Fig. 3. It is apparent that all flaws could be detected. The rectangular flaws could 

not be transmitted. This is shown by the black color in this area. You can also notice, that 

the permeability of the steps varied with step 4, a four sheet step with the maximum sheet 

size of the test object being the one with the highest drop in amplitude. The circular flaws, 

marked with the circle a, did not affect the transmission signal as much. They appear as a 

round shade but are well detectable. So are some round shades in Step 3, which are 
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expected to be air bubbles in the adhesive layer. At the lower edge of the specimen, marked 

with the circle b, an edge induced interference pattern is visible. 

 

 
Figure 3: 400 kHz scan of the test specimen 

 The next step in the assessment of the application was a detailed look into the 

regions of interest of Step 1 and 2. For this measurement, the frequency was changed to 

200 kHz and the standoff distance reduced to 15 mm on the transmitter as well as the 

receiver. Fig. 4 shows that all flaws can be detected as well as resolved at this frequency as 

well. Due to the lower attenuation of 200 kHz, the measurement could be performed at a 

satisfactory SNR level without averaging. The rectangular flaws are not detected as 

rectangles but have amplitude maxima at the corners of the rectangle. This effect is 

expected to be caused by interference of ultrasonic waves propagating around the flaw.  

 

 
Figure 4: 200 kHz detail scan of the upper left corner of the specimen. left: linear scale right dB-scale 

 The third measurement was done with the customer specific boundary conditions 

and the newly developed transducers with a standoff distance of 115 mm. To achieve the 

high PRF of 300 kHz with the maximum laboratory scan speed of 100 mm/s, the stepping 

in scanning direction had to be reduced to 0.3 mm. The result of this scan is shown in Fig.5. 

Comparing this results with the detailed scans in Fig 4, it is apparent that the newly build 

transducer is capable of producing a focal diameter in 115 mm comparable to the focus spot 

of the CF200 in 15 mm. All significant spots of the detail scans can be found in this result. 

 Once again the ultrasound is attenuated differently by the steps, as observed in Fig. 

3. However, the step 3, which is a 4 layer step, has the second highest amplitude even 

though it has more layers than step 1 and is thicker than step 2. The highest amplitude can 
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be observed in step 7. This is a different behavior than with 400 kHz. This is a sign, that the 

transmission of ultrasound is frequency dependent. 

 

Figure 5: 200 kHz scan with customer specific scan settings of 2 x 0,3 mm resolution and 300 Hz PRF 

 Another indication of the influence of the frequency and wavelength on this 

measurement is the intensity distribution throughout each step. Especially in the low 

amplitude steps 4 and 5, strong interference pattern are apparent. This effect was also 

detected in the 400 kHz scan but with less intensity, more maxima and a smaller 

wavelength in the pattern.  

Conclusion 

 The presented application shows that the detection of delamination in multilayered 

adhesive bonded aluminum with air-coupled ultrasound is possible. The challenge of the 

implemented customer specific restrictions on the inspection task was solved with a newly 

developed transducer. The influence of the frequency on this inspection task will be the 

subject of further investigations. 
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