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Abstract 
 
Modern ultrasonic testing methods use frequencies up to 10 MHz. This proven and tested 
technique is used amongst others for CFRP components for aerospace structures. Although it 
enables the detection of small impacts and pore areas, a detailed examination of single pores 
and their distribution is hardly possible. For such applications a high frequency ultrasonic 
technique of 50 MHz and more is necessary. 
  
High - frequency ultrasound testing is usually carried out in immersion technique in order to 
detect small defects such as pores or thin layers. The detection of a defect size starting at 50 μm 
(25 μm) is possible. 
 
For the mobile high-resolution test, the coupling of the ultrasound at high frequencies was 
realized by means of a new local immersion technique. The new test adapter LIUS (Local 
Immersion for Ultrasonic) for the mobile scanning mechanics MUSE Z400 enables the 
application of immersion transducers with frequencies of more than 50 MHz.  
 
The manipulation system reliably sucks to the component even on relatively rough surfaces. 
The immersion transducer guided over fast and precise linear axes has direct contact with the 
component via the water delay line, which prevents disturbing reflections and damping effects 
of a housing wall.  
 
 
1. Introduction 

 
High-frequency ultrasonic systems (HFUS) in immersion technique deliver high resolution 
because of the short wavelength (between 25 μm and a few 100 μm in the material) and of the 
short pulse widths (<100 ns).  
In order to display echoes of surface near reflectors broadband transducers are used which upper 
frequency is much higher than the center frequency. This upper frequency should be situated in 
the frequency band of the pulser (transmitter) and the receiver amplifier.  
Fig.1 exemplary shows the frequency spectrum of a 15 MHz transducer which has an upper 
frequency of 23.6 MHz (-6dB). 
 
It is illustrated that even single pores of some 100 µm can be detected reliably and separated 
from each other in high quality CFRP components. Beyond that it is shown that this technique 
can be used in order to separate investigation results of single layers. Essential differences of 
results between a 10 MHz, 15 MHz und 50 MHz transducer with the same component are 
compared and discussed to prove the advantages of the demonstrated high frequency technique. 
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Figure 1. Pulse responds and spectrum (7.01 to 23.6 MHz, -6dB) of a 15 MHz probe  

 
 
For the high frequency ultrasonic technique different systems with up to 200 MHz receiver 
bandwidth are available. Possible applications are the validated analysis of pore distributions 
and indication of fiber waviness, bond-testing (semi-conductors, relay contacts) or the 
ultrasonic-supported layer repair of thin CFRP components. 
 

2. Systems in an upper frequency range of 35-200 MHz 
 
Stationary or mobile test systems are available for testing with HF ultrasound (Fig. 2). The 
linear axes are equipped with precise recirculating ball screws or toothed belt drives so that 
scanning grids of 0.01 mm (stationary systems) and 0.05 mm (mobile systems) are state of the 
art.  
 
The systems can be combined with different pulser-receiver boards (Table 1), which are suitable 
for different applications according to frequency range and signal conditioning. 
 
The software Hillgus enables comprehensive signal conditioning, imaging and analysis of the 
signals. The findings in the form of A-, B-, C- and D-scans are standard, but the 3D-full-wave-
data-recording extends the possibilities of the post-processing. Frequency scans can be 
calculated from the FFT. The A-scans can be conditioned via software amplification, software 
time-controlled gain with support points and software filters. 
 

  
 

Figure 2. Ultrasonic Industrial HF-scanning system of series USPC 30XX (left) and the mobiel system 
MUSE for HF in-field-inspections (right) 
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 Table 1: Specifications and applications of HF ultrasonic pulser/receiver 

System Frequency range Signal condition  Applications 

USPC 3010 HF 

  
< 0.01  
to 35 MHz 

High-pass filters: 
 0; 1.0; 2.0; 5.5 MHz 
Low-pass filters:  
3.0; 6.0; 11.0; 35 MHz 

HFUS  imaging of defects in  
composites  
US-testing from 1 to 35 MHz 
Application of transducers up to  
25 MHz 

USPC 3010 VHF 

  
< 0.01  
to 65 MHz 

High-pass filters: 
 0; 1.0; 2.0; 5.5 MHz 
Low-pass filters:  
3.0; 6.0; 11.0; 65 MHz 

Imaging of small defects 
Transducer characterizations 
Testing in frequency range from  
1 to 65 MHz 

USPC 3060 UHF 

  
< 0.01  
to 200 MHz 

Band pass-filters with centre 
frequencies:  
10; 15; 25; 35; 50; 80 and 100 
MHz,  
Broadband:  
< 0.01 to 200 MHz -3 dB 

Imaging of very small defects 
Inspection of bonding’s  
Thickness measurements in thin parts, 
transducers 5 MHz to 150 MHz 
Transducer characterizations 
Integrated circuits 

 
The software Oculus provides a wide range of tools for presenting and evaluating test results. 
The measurement functions include extensive possibilities of amplitude evaluation (point 
measurement, echo dynamics), geometric measurement (location, line and area measurement) 
and the automatic defect area determination. Additional parameters, e.g. the ratio of defect area 
to total area or the largest connected defect area can be automatically evaluated for quality 
control of electrical contacts. 

The following chapter describes some of the applications which were achieved with the 
USPC3010 VHF along with 10, 15, and 50 MHz focused immersion probes mounted in the 
LIUS-Adapter (Local Immersion for Ultrasonic). 

The distance between probe and component is adjustable to make best use of focused 
transducers. The adapter is pressed elastically against the surface of the component and the 
housing slides over the surface of the specimen. 
 
 

3. Applications 
2.1 Thin CFRP test plate 
 
A 2 mm thick 16-layer CFRP component was scanned. Fig. 3 shows a large number of pore 
areas in a C-scan of the CFRP test specimen. The orange highlighted section is zoomed and its 
defect area is automatically evaluated. The left marked pore has a total area of only 1.40 mm². 
The individual pores could be clearly separated. This information is important for aircraft 
components. 
 
For the 10 MHz probe, the echo dynamics are 7 to 10 dB smaller than with the higher frequency 
probes. 
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Figure 3. C-Scan (50 MHz sample) of a CFRP specimen,  with marked section and echo dynamics for different 

probes at the pore on the left and also defect area determination of a pore area 
 

 

 

Figure 4. B-Scan along the scan axis at index = 30.56 mm from Fig. 3 with the display of pores in different 
depths. 

 

Fig. 4 shows a B-scan recorded along the scan axis at the index position index = 30,56 mm 
from the scan area of Fig. 3. In this scan even, small pores in different depths are clearly visible. 

50 MHz 15 MHz 10 MHz 

50 MHz 
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The A-scan on the right in Fig. 4 shows the interface echo, layer echoes and backwall echo. 
This very high axial resolution allows the display of near-surface reflectors and the exact depth 
of defects, such as necessary for repairs. The frequency spectrum of the input echo in the range 
between 5.7 and 24.7 MHz has amplitudes above -6 dB and shows the extreme bandwidth of 
this test technique of 19 MHz. As a result, individual layer echoes can be resolved. 

 

2.2 Tin plate specimen 
 
A 0.5 mm thick tin plate was fitted with test holes of 2.0 and 0.6 mm diameter at different 
depths. The ultrasound test of this specimen was performed with focused probes of frequencies 
at 10 MHz and 50 MHz. 
 

 
A-scans of a 10 MHz and a 50 MHz probe 

 
frequency spectrum of a 10 MHz and a 50 MHz 
probe  

Figure 5. A-scans and frequeny spectra of probes 
 

The time signals and spectra are shown in Fig. 5. The surface and back wall echoes of the 10 
MHz probe merge together, while the 50 MHz probe separates the echoes well. The center 
frequencies of the spectra are typically shifted to lower frequencies due to rough surfaces (e.g. 
composites). The upper 12 dB cut-off frequencies are still 15 MHz (10 MHz probe) and 63 
MHz (50 MHz probe) and useful for the system selection. 

Figure 6 clearly shows a C-scan of the intermediate echo with the two created flat bottom holes. 
The defect areas were determined automatically with the Oculus evaluation software to 3.60 
and 0.40 mm². Also, the echo dynamics along the dashed line in the C-scan are shown. It shows 
both holes with the same amplitude and a high signal-to-noise ratio of 18 dB.  
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Figure 6. C-scan and Echodynamic curve of a 0.5 mm thick tin plate combined with an automatic defect 
evaluation. 

 

4. Conclusions 
Test frequencies up to 200 MHz are possible with our HF-ultrasonic systems. The new probe 
adapter LIUS for local immersion technique enables the application of immersion probes with 
frequencies of more than 50 MHz even in mobile systems. As a result, high-resolution tests, 
which can otherwise only be carried out in the immersion tank and thus in the laboratory, are 
also possible on site directly on the component. The elastic fitted adapter enables testing also 
of curved aerospace components.  
 
The immersion probe in the LIUS-adapter and the water gap generated below have direct 
contact with the component surface, whereby disturbing reflections and damping effects of a 
housing wall can be avoided. The distance between the probe and the component is variable so 
that the probe focus can be adjusted. The water is returned via vacuum. A loss of water does 
not occur. 
 
An application of the new LIUS adapter is also applicable on an immersion system without an 
extensive water management. The advantage lies in a dry back wall, which produces a much 
higher backwall echo compared to the immersion test. 
 
Up to frequencies of 80 MHz it could be shown that local immersion technique results can be 
achieved as with conventional immersion technology. 
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