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Abstract  

The paper presents selected results of defect detection in a multilayer CFRP composite structure. The tests 
were carried out on a sample consisting of three plates made of CFRP connected with resin, in which the inner middle 
layer is made of four non-adherent elements. The method of Eddy Current Thermography (ECT) was used in the 
experimental testing. The results of these tests were then compared with the results obtained from numerical 
calculations.. 

1. Introduction  

In recent years there has been a rapid development of non-destructive testing, especially methods of infrared 
thermography. Eddy current thermography is one of these methods and, as one of the non-destructive testing 
technologies, it has been used in many industries due to its high detection efficiency and non-contact method of 
measurement [1, 2, 3]. Eddy current thermography [4, 5, 7] is a combination of thermographic and eddy currents 
involving the use of electromagnetic induction to create heat flow in a material and thereby register its thermal reaction 
using an infrared camera. The detection of defects is based on changes in thermal decomposition on the surface of the 
tested objects. An internal defect in the material hinders the local propagation of the heat wave generated by eddy 
currents, causing changes in the distribution of the temperature field on the surface of the tested material. Images 
(thermograms) recorded by the infrared camera enable localization of discontinuities (defects) of the internal structure of 
the test object. This technology is mainly used to test metals; however, it can also be used in non-destructive testing of 
composites. Electrically conductive composite samples can be heated by induction-eddy currents. The density of 
absorbed thermal radiation power is lower than in the case of heating with optical radiation sources; however, induction 
heating does not cause disturbances due to reflected radiation [8]. A material that meets the requirements of for use of 
the ECT method is a carbon fibre-reinforced plastic (CFRP) composite [9]. When building a multi-layer composite 
structure with a large surface area, it may be necessary to configure layers consisting of several thin plates 
manufactured in standard dimensions. During the performance of the multilayer structure, the plates in contact with each 
other may separate, creating gaps inside the composite structure and, thus, weakening its effectiveness. 

2. Numerical calculation 

Numerical calculations were made to assess the possibility of using ECT in detecting air-filled gaps with 
ThermoEdCur [10] computer software. ThermoEdCur software was developed by prof. Vavilova from the Tomsk 
University of Technology. The unique numerical algorithm used in ThermoEdCur, unlike many commercial programs 
available, allows modelling of very thin defects in relatively thick materials without loss of computational accuracy. 
Another unique feature of the program is that heating can be performed by a movable heat source, thereby modelling 
infrared thermography by creating eddy currents. 

The ThermoEdCur program solves heat conduction equations using the numerical finite element method. The 
basis of the ThermoEdCur program development consists simulations of non-destructive testing processes, for which 
signals corresponding to transient states of surface temperature above subsurface defects are of fundamental 
importance. ThermoEdCur uses a unique algorithm that makes it possible to model very thin defects in thick materials 
without losing computational accuracy. 

The program assumes that both the tested sample and subsurface defects have the shape of parallelepipeds. 
The thermal parameters of both the sample and any defects can be determined independently in all three planes of 
space, so that these elements can be fully anisotropically characterized. The model assumes that the side surfaces of 
the sample are adiabatically isolated. In contrast, temperature continuity is maintained between the boundaries of the 
sample layers and between any defects and their surroundings. The program also includes capacitive defects, which 
means that, unlike many other models used in non-destructive testing, both diffusivity and thermal conductivity of defects 
are included in the calculations. Thanks to this, a more accurate description of thermal phenomena related to the defect 

and its surroundings is possible. 
In the case of heating with eddy currents, the stimulating thermal energy penetrates deeply, where the 

attenuation is described by the following formula [10, 11]: 
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dzdQ Q e =                                                                             (1) 

where dQ  is the energy absorbed within the dz distance, and   is the eddy current absorption coefficient 

defined by:   

0

2

f  
 =                                                                                                          (2) 

Here f  is the eddy current frequency,   is the electrical conductivity [S/m], 
0 =1.257.10-6 N/m is the 

magnetic permeability of free space [H/m],   is the material relative magnetic permeability. Therefore, eddy current 

energy absorption is characterized by the following parameters: , ,f   . 

A linear heat source (Fig. 1) with an even distribution of energy begins to move along the surface of the sample, 
from the edge of the sample, at a constant speed V. The movement of the source can be made along any coordinate of 
the X and Y surfaces. In this case, the result of the calculation is a synthetic image in which each of the following lines is 
recorded at a constant distance from the rear surface of the tested object. Within the heat source with a moving line, 
even distribution of heat energy is assumed. The sample is only heated in a specific strip-like area. Other areas are 
cooled according to Newton's law. 

Fig. 1 shows the principle of linear heating, which is often used in eddy-current heating to search the entire 
surface of the test object with even heating. Important parameters are the speed of heating line V and the width of line S. 

 

 
Fig. 1. Heating a sample with a heating line 

A composite structure model consisting of three 0.9 mm thick carbon-fibre layers connected by 0.1 mm epoxy 
resin layers was tested. The total thickness of the tested model was 2.9 mm, length 350 mm, and width 150 mm. The 
middle layer consisted of four elements between which there were three gaps D1 = 1, D2 = 2, and D3 = 5 mm wide 
(Fig.2). Table 1 shows thermal physical properties of materials used in model.  Heating was simulated by a heating line 
moving along the model at a speed of 2 cm per second. Figure 3 shows the temperature field changes on the opposite 
side to the heat source of the sample being tested. 

Table 1. Thermal physical properties of the sample and air [7,12, 13] 

 Properties  CFRP Air 

Density [kg/m3] 1500 1.3 

Specific heat [J/kgꞏK]  846 1010 

Thermal conductivity [W/mꞏK] 0.53 (⊥)* 

2.33  ()* 

0.026 

Electrical conductivity [S/m] 3ꞏ105 ** 0 

Relative magnetic permeability 1.26ꞏ10-6 1 
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*Values depend on a manufacturer and are supplied for orientation 
** The electrical conductivity of the CFRP is anisotropic, as it is made up of electrically conductive carbon fibres 
embedded in the nonconductive resin. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Model of sample. 

 

Fig. 3. Results of the simulation of eddy-current heating of a CFRP sample model. 

3. Experimental testing 

The experimental tests were carried out using the eddy current generator type EW030F from IFF companies 
[14]. Measurements and analysis were carried out using a FLIR SC-7600 thermal camera in conjunction with IrNDT 
software version 1.7.5.2 [15]. The generator head has the ability to move at a constant selected speed along the sample. 
The dimensions of the tested CFRP sample were the same as those used in the computer simulation. The tests were 
carried out by the transmission method, in which the camera and the head generating the eddy currents were on 
opposite sides of the tested sample. The set-up for experimental testing with eddy current IR thermography method is 
presented in Fig.4.  The obtained results of changes in the temperature field on the surface of the tested sample are 
shown in Figure 5.  

 

24

24,2

24,4

24,6

24,8

25

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76

Te
m

p
e

ra
tu

re
, °

C

Pixel

D1 D2 D3 

10.21611/qirt.2020.007



 

15th Quantitative InfraRed Thermography Conference, 6 – 10 July 2018, Porto, Portugal 
 

 

 4 
 

 
Fig. 4. Eddy current IR thermography – set-up  

 

Fig. 5. Profile of temperature changes on the surface of the tested sample. 

During further experimental tests, an additional 0.9 mm thick CFRP plate was glued to the tested sample from 
the unheated side using an epoxy resin  layer approximately 0.1 mm thick. The thickness of the tested sample was 3.9 
mm. After these tests, another tile was glued from the unheated side, increasing the thickness of the test sample to 4.9 
mm. The obtained results of experimental tests are presented in Table 2. 

Table 2. The results of experimental tests 

The number of  
CFRP layers 

D1   ΔT [°C] D2  ΔT [°C] D3  ΔT [°C] 

3 0.52 0.49 0.28 

4  0.39 0.37 0.19 

5 0.11 0.09 0.04 

4. Summary 

The experimental tests confirmed the results obtained from computer simulation and the possibility of using 
ECT to detect defects in the form of air gaps in CFRP composites. The slight differences occurring are caused by the fact 
that the simplified model used in the computer simulation could not fully correspond to the real sample of the composite. 

Experimental studies carried out on samples consisting of four and five layers of CFRP have shown that even a 
defect in the form of an air gap 1 mm wide can be detected in a sample consisting of 5 layers of CFRP. As can be seen 
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from the results presented, the gap width for D2 and D3 defects has no significant effect on the value of the temperature 
signal over these defects. With a narrow gap (D1 defect), this difference is significant. 

We plan that in our further work, we will better determine the possibilities and limitations of the ECT method in 
CFRP composite testing. 
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