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ABSTRACT 
   
The modern aerospace, renewable energy and transport constructions are made from the 
various kinds of multi-layered composites. In order to detect the manufacturing defects during 
the quality control or operational defects different ultrasonic methods are used. However, the 
most attractive are techniques which requires only one side access, enable to use relatively big 
scanning steps and can be used on different types of structures without complicated changes in 
the set-up. 
Therefore, the contact-type ultrasonic technique based on application of guided waves is very 
promising as such waves can propagate along the overall structure of multi-layered object. 
However, in the case when internal structure of the multi-layered material is not uniform and not 
strictly defined, the excitation and interpretation of the received guided waves becomes very 
complicated and very sensitive to the adjustment of operating parameters during the test. 
The objective of the presented work is to develop the contact type ultrasonic guided wave 
technique, which is relatively simple, uses single-side access and non-sensitive to the adjustment 
of operating parameters. For this purpose the ultrasonic pitch-catch technique exploiting the 
effects of guided waves propagation is proposed. It is presented and proved that different types 
of the internal non-homogeneities, give the effects of amplitude, phase velocity and group 
velocity deviations which can be detected with accuracy reasonable for practical applications.  
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1. Introduction 
 
The modern aerospace, renewable energy and transport constructions are made from the various 
kinds of multi-layered composites. In order to detect the manufacturing defects during the 
quality control or operational defects during the maintenance different ultrasonic methods are 
used. Unfortunately, the foam type and the honeycomb type structures can not be inspected using 
a coupling liquid due to possibility to be damaged by water ingress. Also, the air-coupled 
methods, which are based on through-transmission and pitch-catch configurations, have the main 
shortcomings such as significant mismatch of acoustic impedances between ultrasonic 
transducers, surrounding air and the material under the test. Therefore, the contact-type 
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ultrasonic technique based on application of guided waves is very promising as such waves can 
propagate along the overall structure of multi-layered object. However, in the case than internal 
structure of the multi-layered material is not uniform and not known, the excitation and 
interpretation of the received guided waves becomes very complicated and very sensitive to the 
adjustment of operating parameters during the test [1-6].  
Therefore, the objective of the presented work is to develop the contact type ultrasonic guided 
wave technique, which is relatively simple, single-side access and non-sensitive to the 
adjustment of operating parameters.   

 
 

2. Selection of the appropriate NDT technique 
  

In order to select the appropriate NDT technique to be used for inspection of multi-layered 
composites and honeycombs it is necessary to answer the following questions: 

1. What guided waves modes are generated and propagate in different multi-layered 
composites? 

2. Are they affected by presence of the defects? 
The following features of the inspection techniques should ne taken into account also:  Air-coupled approach - possess big losses due to mismatch of the acoustic 

impedances and usually is slow due to the need of the averaging in order to increase 
the signal to noise ratio (SNR) [2];  Immersed/ water jet approach – in some case it is not suitable for application on 
composites, because some of them are sensitive to water ingress [7];  Contact technique requires more complicated scanning due to need follow the surface 
of the sample  and special requirements for the tip of the transducers.  

Taking into account all these considerations it seems that the most promising approach is 
application of the contact type transducers generating ultrasonic guided waves [3-6, 8]. 
 
 
3. Description of the contact type testing technique 
 
For contact type scanning of the composite materials the ultrasonic pitch-catch technique 
exploiting the properties of the guided waves propagation is proposed. Usually, the multimodal 
behaviour of propagating wave modes complicates analysis of the informative signal. Therefore, 
the fact that at least some of modes will interact with the internal non-homogeneity in the 
wavepath and the consequences will enable detection of it, was exploited. The measurement set-
up based on simultaneous scanning of pair of contact type transmitting and receiving transducers 
positioned at fixed distance from each other was proposed as well. The principle of application 
of the point type contact transducers for investigation of the composite sample is presented in 
Fig.1. 
 

 
 

Fig.1 The pitch-catch principle of application of the point type contact transducers for 
investigation of the composite sample 
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Actually, the shortest distance between the transducers should be selected not less than a few 
wavelengths of the fastest modes in order to enable complete formation of complete set of 
guided waves in the defective regions. Generation of the multiple modes was achieved using the 
developed contact type and wideband transducers with special wear-proof conical protectors [3-
6], with diameters of the contacting area smaller than the shortest wavelength of interest. Due to 
the small diameter of the contacting area (<0.2 mm) of the conical protector, the transmitter 
operates as point type source and generates several guided wave modes at once, which propagate 
along the particular object and are received by the second transducer (receiver). If the internal 
non-homogeneities exist between transmitter and receiver, it will affect at least some of the 
propagating modes and it will lead to the changes in the waveforms of the received signals. So 
the unexpected changes of the waveform will be the indication of the presence of the defect 
inside the structure. 
 
4. Investigation of the honeycomb sample 
 
As the object for investigation the aluminium honeycomb sample covered by the CFRP skin 
from both sides was selected. The skin consists of 10 CFRP layer skins with total thickness 
2.5 mm. The total thickness of the sample is 21mm. The first task is to estimate approximately 
dispersion curve of the guided waves which propagates in the sample under investigation. The 
dispersion curves in the CFRP skin of the sample were calculated using semi-analytical finite 
element (SAFE) method [9] and are presented in Fig.2.  

 
 

Fig. 2. The calculated dispersion curves of honeycomb sample possessing the upper and the 
lower CFRP skin, and the aluminium core (2.5/16/2.5 mm) 

 
However, the most important for theoretical estimation of the dispersion curves is the correct 
selection of the elastic constants which usually are not strictly defined in the case of composite 
materials. So, the experiments were carried out in order to indicate the modes propagating in the 
sample and to determine their parameters at least in some frequency ranges. For this purpose the 
linear scanning of the one of contact type transducer (receiver) was used. The experimental set-
up is presented in Fig.3. The experiments were performed using the low frequency ultrasonic 
measurement system combined with mechanical scanner and tandem transducers. All 
components of the experiment set-up were developed at the Ultrasound Institute of Kaunas 
University of Technology, Lithuania. Investigation of the composite materials such as CFRP, 
GFRP and metal honeycombs using the contact method requires the ultrasonic transducer with 
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protection layer on the active surface. However, the acoustic contact should be sufficiently good 
also. For that purpose the wide band (bandwidth up to 300 kHz at -6 dB level) ultrasonic 
transducers with convex protectors were used in the experiments [3-6]. The receiver was scanned 
away from the transmitter with a scanning 0.5 mm step , up to the distance of 200 mm. The 
transmitter has been excited by 3 period burst of 200 kHz. 
In order to reconstruct the segments of dispersion curves the obtained B-scan data was processed 
using two dimensional Fourier transform (2D FFT) [10-11]. The two modes can be observed in 
the obtained results (Fig.4): the asymmetric A0 mode with phase velocity approximately in 
ranges of 1200-1300 m/s and the S0 mode with phase velocity of 5500 m/s. The velocity of the 
S0 mode differs slightly from theoretical (6100-6200 m/s) estimation. This may be explained by 
the fact that theoretical dispersion curves were calculated using the set of material properties 
which are slightly different from the real sample. 
 

 
 

Fig. 3 Tandem contact type transducers with fixed distance of 50 mm 
 

 
Fig. 4. Reconstructed dispersion curves using 2D FFT (from the experimental data) 

 
The analysis carried out demonstrated that the most suitable technique for inspection of the 
composite components should be based on measurements using the pitch-catch approach. The 
tandem holder (Fig.3) was used to carry the both two low frequency transducers during the 
simultaneous scanning over the object. The low frequency transmitter and receiver were 
mounted in the same moving unit and at the fixed distance between them have been perfectly 
acoustically insulated from the housing in order to avoid the effect of acoustic cross-talk. The 
distance between centres of ultrasonic transducers was of 50 mm. In order to obtain the uniform 
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acoustic contact between convex surfaces of the ultrasonic transducers and the sample the 
glycerol has been used as a coupling medium. The transmitting transducer was excited by 2.5 μs 
pulse with amplitude of 50 V. At each scanning position the received signals were averaged 
(number of averaging 4) and stored for further analysis.  
The special samples with different types of the defects were used for estimation of the detection 
possibilities of proposed technique. The C-scan image of the impact defects (4J and 6J) of 
honeycomb sample (up-p amplitude of the A0 mode of guided waves) is presented in Fig.5. The 
C-scan image obtained on area of the sample with the delamination type defects of honeycomb 
sample is presented in Fig.6, correspondingly. The sizes of the delamination type defects varies 
from 10x10 mm down to 1x1mm and are situated in different depths of the skin. 
 
 

 
Fig. 5. The C-scan image of the impact type defects (4J and 6J) of honeycomb sample (up-p 

amplitude of the A0 mode of guided waves) 
 
The experiments demonstrated that in general defect presented in the sample were detected and 
are observed in the obtained C-scan images. It is necessary to underline that even so small 
delamination as 1x1 mm insertion was detected which is essentially smaller than the shortest 
wavelength of the propagating guided waves. The elongated patterns of the defects in the C-scan 
images (ellipse like in Fig.5 and Fig.6) are defined by the distance between the transducers and 
orientation of the tandem pair of the transducers.  
It is presented and proved that different types of the internal non-homogeneities, such as changes 
of internal multi-layered structure (impact damages), delaminations in skin or disbonds between 
the skin and the core, give the effects of amplitude deviations (also phase velocity and group 
velocity deviations) which can be detected with accuracy reasonable for practical applications. 
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Fig. 6. The C-scan image of the delamination type defects of honeycomb sample (up-p amplitude 

of the A0 mode of guided waves) 
 
5. Conclusions 
 

1. It was demonstrated that the most simple and the reliable technique for inspection of 
different multi-layered composite samples is the contact type pitch-catch technique with 
application of guided waves; 

2. It was shown that the delamination and the impact type defects in the skin, also the 
disbond between the skin and the aluminium core of honeycomb may be efficiently 
detected. It was demonstrated that even small delamination defects with dimensions - 1x1 
mm are detectable; 
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