
ISSN 1814-4225 (print) 

Radioelectronic and Computer Systems, 2021, no. 3(99)               ISSN 2663-2012 (online) 

94 

UDC 629.735.33.028:621.884:620.179.1  doi: 10.32620/reks.2021.3.08 

 

A. VERTIY1, V. UCHANIN2, V. PAVLIKOV1, S. ZHYLA1, O. SHMATKO1, E. TSERNE1 

 
1 National Aerospace University “Kharkiv Aviation Institute”, Ukraine 
2 Karpenko Physico-Mechanical Institute of National Academy of Sciences of Ukraine,  

Lviv, Ukraine  

 

EDDY CURRENT TOMOGRAPHY FOR VISUALIZATION  

OF CRACKS IN AIRCRAFT RIVETED JOINTS 

 
The control of the subsurface areas of metal products is necessary in many technological processes. So, for ex-

ample, in aerospace technology it is essential to determine the presence of defects in aircraft engines. The 

same problems arise in chemical, power and other industries, which are letting out the highly technological 

equipment one of the widely known methods for inspecting metal products in the aviation industry is the eddy 

current method. This method is widely used to control small microscopic defects inside conductive materials. 

This method allows to ensure the safety of the operation of various products and devices in many areas of 

modern industry. An eddy current detector (probe) is a device, which induces eddy currents into metal objects 

and then detects the magnetic fields produced by these eddy currents. A magnetic field is created by a coil, or 

set of coils, through which a time-varying electrical current is driven. The frequency regime is sufficiently low, 

a few hertz to a few hundred kilohertz, so the targets of interest are within the near field of the transmitter. 

Considering the high conductivity of study samples, we can define that used waves in metals are located in the 

millimeter wave band. An eddy current imaging can be considered near-field imaging and a device allowing 

obtaining the eddy current images as a scanning near-field microscope. The obtained experimental results 

showed that the proposed tomographic method is effective for studying various complex inhomogeneities under 

the metal surface. 
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Introduction 
 

The control of the subsurface areas form of the 

metal products is necessary for many technological pro-

cesses. So, for example, for aviation technologies, it is 

very important to determine the presence of defects in 

the metal components of flying devices. The same prob-

lems arise in chemical, power, and other industries, 

which are letting out the highly technological equip-

ment. The various methods [1] are used for the detection 

of the subsurface defects (cracks, breaks, and other ir-

regularities) in the metal products. Among them, the 

important place is occupied by electromagnetic meth-

ods, in which a very wide range of signals (from X-ray 

to signals with frequency ~ of tens hertz) is used [2-4]. 

Widely used electromagnetic methods of the control of 

defects in the metal products now is the methods allow-

ing to restore unknown distribution conductivity in the 

researched area of metal from the measured electrical 

characteristics test (a frame, a coil), scanning space 

above a surface of a metal, in which the electrical cur-

rents (eddy currents) are exited [5, 7, 8]. Methods of 

calculation and analysis of the eddy currents behavior in 

the metal structures are considered in works [9-11]. 

Methods of inverse problems solution of in eddy current 

testing are presented in [12, 13]. 

An eddy current model for three-dimensional in-

version was considered in [12]. The model is presented 

for the inversion of the eddy current date to be used for 

the detection of flaws. This model is based on rigorous 

electromagnetic theory and uses a multifrequency ap-

proach to make it truly three-dimensional. The resulting 

integral equations are discretized and solved using least-

squares techniques [14-16]. The numerical problems 

involved in this algorithm are discussed and a solution, 

as well as examples of reconstructions of the computer-

generated flaws, is presented. 

Most widely eddy current flaw reconstruction 

strategies are based on the minimization of a nonlinear 

least-squares error functional. The theory of eddy cur-

rent inversion has been considered in [13]. Then where 

developed for problems with an arbitrary specimen, 

probe, and defect shapes. A fast 3D forward solver is 

created to rapidly predict eddy current signals in the 

inversion shell. The high speed of the signal evaluation 

comes by utilizing a reaction data set constructed before 

performing the inversion by a finite element electro-

magnetic field simulator. The same pre-calculated reac-

tion data set supports the quick evaluation of sensitivity 

information, thereby ensuring the efficient implementa-

tion of an optimization algorithm. Two general types of 

inverse problems are considered: the reconstruction of a 
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conductivity distribution and the reconstruction of the 

shape of inclusion or crack whose conductivity is 

known or assumed to be zero. 

Paper [14] presents inverse analysis by using 

Boundary Element Method (BEM) with Laplace trans-

form including the terminal voltage method. The meth-

od is applied to a simple problem in the eddy current 

testing (ECT). Some crack shapes in a conductive spec-

imen are estimated from distributions of the transient 

eddy current on its sensing surface and magnetic flux 

density in the liftoff space. Because the transient behav-

ior includes information on various frequency compo-

nents, the method applies to the shape estimation of a 

comparative small crack. 

The deconvolution algorithms applied to the 

measured data are described in papers [15]. In the 

work [15] was shown that the connectivity of surface-

breaking structures whose overall size is comparable to 

that of the transducer could be extracted from eddy cur-

rent data by the application of image processing tech-

niques. Specially designed probes and image processing 

can be combined for scanning at increased rates to cover 

greater areas for high-resolution scanning for automatic 

extraction of quantitative detail or the enhanced proba-

bility of flaw detection. The interaction of the eddy cur-

rent probe with the surface structure can be represented 

as a convolution of the point-spread function with the 

structure. Processing steps described in [15] involve:  

background removal to improve the signal to noise; 

smoothing or tapering of the image edges to reduce 

Gibbs’ phenomena; insertion of both the point spread 

function and the blurred image into large zero images to 

eliminate aliasing, and then restoring the shape of the 

surface structure with a Wiener filter. The point-spread 

function is found by scanning the probe over a small 

symmetrical artifact, such as a deep hole of 0.25 mm 

diameter. The data was obtained at 500 kHz. The re-

stored image is the inverse Fourier transform of the 

Wiener filter applied to the degraded image. Other im-

portant methods used in electromagnetic field inversion 

are described in [17]. 

Approach [18, 19] for imaging the anomaly (actu-

ally, the eddy currents induced within) can be made via 

almost straightforward application of a scalar, FFT – 

based diffraction tomography procedure, which was 

initially developed for microwave and ultrasonic imag-

ing of buried targets. Eddy Current Imaging Method via 

diffraction tomography procedure starts from the equa-

tion, which yields the anomalous field on the probing 

line as a function of the eddy currents induced within 

the anomaly. So the eddy current problem will be solved 

if it will be found the inverse transform of this equation. 

Authors of works [18, 19] suggest doing it by different 

methods. Some of the modeling results are presented in 

these works. They show possibilities and limits of the 

eddy current tomography using modeling.  

Scanning near-field microscopy was first demon-

strated at microwave frequencies in [20] with a resolu-

tion of ~ / 60 . Near-field imaging has been accom-

plished in a variety of instruments, which cover fre-

quencies spanning the microwave to optical regions. For 

example, authors of work [21] describe a novel type of 

scanning near-field millimeter-wave microscopy using a 

metal slit of the end of a tapered rectangular waveguide 

as a scanning probe and an image reconstruction algo-

rithm based on the computer tomography imaging. Ex-

periments performed at 60 GHz ( 5mm   ) show that 

two-dimensional near-field intensity images can be ob-

tained with a resolution of 82 m (~ / 60)  . In the case 

of strongly attenuating environments like a damaged 

metallic structure where eddy currents are generated 

there is one key question how to deal with evanescent 

waves. A similar question arises when the super-

resolution of a scatterer is aimed at by using the evanes-

cent spectrum of its near field. Most current diffraction 

tomography reconstruction methods have been devel-

oped for the far-field, ignoring the near-field phenome-

non of evanescent fields. These evanescent fields, which 

decay exponentially as the distance from the scattering 

object, carry high spatial frequency information. Thus, 

when operating in the near field, they can be included in 

a reconstruction algorithm to achieve higher resolution 

reconstructions. 

The results of electromagnetic simulation on imag-

ing of the subsurface objects are given in the paper [23]. 

Objects investigated are dielectric cylinders embedded 

into the dielectric homogeneous half-space lossy. It was 

supposed that objects have weak contrast. For image 

reconstruction of objects, a plane wave spectrum of 

back-scattered field is used.  

The present work demonstrates the experimental 

eddy current near-field microscopy results obtained for 

the metal samples by using the tomography imaging 

method.  

 

Detection of cracks on rivet junctions 

by using eddy current tomography 

 

The Eddy current tomography [22, 24, 27] is a 

unique technology for 3-D subsurface imaging of voids 

and cracks in metals. The main aim of the study is to 

show the eddy current tomography possibilities and 

detect cracks on the demo panel. It is well known, that 

the modern eddy current industry has many special 

techniques for detecting different cracks in complex 

metallic elements such as, for example, rivet junctions 

and others. It is necessary to take into account that the 

presented below experimental results have been ob-

tained using of standard “Nortec”- eddy current absolute 
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probe and 2-d linear scanner. But one feature is present-

ed in this method. The eddy current device works at 

multi-frequency mode. About 16 frequencies in the 

wideband are used for tomography processing. Moreo-

ver, no previous special filtration is used that takes place 

in the case of fast-rotating or moving of eddy current 

probes relative to the investigated specimen. 

Experimental eddy current tomography setup is 

presented in Fig. 1. The setup consists of a PC laptop, 

step motor control block, eddy current device (multi-

frequency mode), and slow 2-d linear scanner. PC lap-

top controls all measuring equipment. A demo panel is 

used as a specimen. Digitized raw data of 16 frequen-

cies come to PC laptop where eddy current tomography 

is processed. The principle of scanning is shown below 

in Fig. 2. Two-way scanning has been done. It minimiz-

es measurement time and data acquiring. The scanning 

field has been studied for each riveted joint. The scan-

ning area was 10 mm by following X-coordinate and 15 

mm by following Y-coordinate. Ways of eddy current 

probe symbolically are shown as a black dash line. Pho-

tos of the eddy current tomography experimental setup 

with the demo panel under investigation are presented in 

Fig. 3. The left side picture shows a common view of 

the setup. The right photo gives the eddy current probe 

that is moving over the rivet junction. Experimental 

measurements have been done in several stages. Firstly, 

the possibility of the presented eddy current tomography 

experimental setup for testing of the rivet type junction 

has been investigated using only tomography technolo-

gies. The simplified schematic diagram of the open rivet 

junction is shown in Fig. 4. As it is shown below, a 

truss-head type of rivet is used for assembling the two 

parts of the demo panel. Such kind of rivet has some 

part that goes over the panel surface. The part may 

cause additional local unnecessary parasitic signal dur-

ing the time while probe will pass near it. A special tip 

for the eddy current probe reduces a parasitic signal to a 

minimum. The next schematic diagram of the already 

covered rivet junction is shown in Fig. 5. 

 

 

Fig. 1. Scheme of eddy current tomography experimental setup 

 

  

Fig. 2. Two-way Eddy Current scanning of rivet junction 
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Fig. 3. Photos of Eddy current tomography setup with demo panel under investigation 
 

 
 

Fig. 4. Simplified schematic diagram of rivet junction 

 
 Fig. 5. Simplified schematic diagram of the covered rivet junction 
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Such subsurface condition of rivet junction is specified 

for eddy current tomography to reconstruct one as an 

obvious subsurface object. The open rivet junction with 

positioning number A12 has been tested. The procedure 

of the real scanning (the step-by-step depth slicing) is 

presented below in Fig. 6. 

When 2-d scanning was finished, we obtained the 

horizontal slices for different depths. The reconstructed 

images of the A12 rivet junction for different depths are 

shown in Fig. 7. In the pictures presented below, we 

marked depths by symbol H. 

As a result, the 3-D eddy current tomography im-

age of the A12 rivet junction with crack is presented 

below in Fig. 8. As one can see, the cross-section has 

been found along the detected crack. 

 
 

 
 

Fig. 6. Eddy current tomography imaging of rivet junction during the scanning 



Intelligent control and testing systems 
 

99 

 

 

Fig. 7. Reconstructed images of A12 rivet junction for different depths 

 

 
 

Fig. 8. 3-D cross-section along the crack that has been detected in A12 rivet junction 

 

A similar procedure has been carried out for the 

A12 rivet junction, which is covered by the 0.5 mm 

thick aluminum alloy sheet (see Fig. 5). For the step-by-

step scanning, the depth slicing is presented below in 

Fig. 9. 

After finishing the 2-d scanning the horizontal 

slices for different depths can be obtained. The recon-

structed images of covered A12 rivet junction for differ-

ent depths are shown in Fig. 10. In our pictures, the 

depth is denoted as symbol H. 

As a result, the 3-D eddy current tomography im-

age of covered A12 rivet junction with crack is present-

ed below in Fig. 11. As it is shown below, the cross-

section has been found along the detected crack. 
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Fig. 9. Eddy current tomography imaging of the covered rivet junction during the scanning process

As it is seen from Fig. 11 the rivet junction is hid-

den under the surface at the depth of approximately 0.5 

mm. Thus the eddy current tomography method recon-

structed the covered A12 rivet junction as a visible sub-

surface object. Results of testing of another rivet junc-

tions are presented in Fig. 12 – Fig. 19. Eddy current 

tomography reconstructed map of rivet junctions for  

5…50 kHz frequency range is presented in Fig. 20. Im-

ages have been obtained at the depth of 0.9 mm. Similar 

measurements have been carried out for 100-1000 kHz 

frequency range using of appropriate eddy current abso-

lute probe. Results of the measurements are shown in 

Fig. 21. The images have been obtained at the depth of 

0.2 mm. 

Also, it is possible to use imaging post-processing 

such  as  low-level’s  nulling  and  exclusive-or  logical  
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Fig. 10. Reconstructed images of covered A12 rivet junction for different depths 

 

 
 

Fig. 11. 3-D cross-section along crack that has been detected for covered A12 rivet junction 

 

computing. Low level’s nulling is used for obtaining the 

outline of the rivet’s junction. For example, the low 

level’s nulling is shown in Fig. 22, where image rivet 

A15 without crack before (Fig. 22, a) and its outline 

after (Fig. 22, b) low level’s nulling are presented. Fol-

lowing this way, the same processing has been applied 

to other rivets’ junctions with possible cracks. The out-

lines are presented in Fig. 23. Results of applying an 

exclusive or logical function to the outlines are present-

ed in Fig. 24. Outline image of rivet A15 (Fig. 22, b) is 

used as reference. Investigated images are outlines of 

rivets A9, A12 and A16. 
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Fig. 12. Reconstructed images of A19 rivet junction for different depths. No cracks are here 

 

Fig. 13. Reconstructed images of A16 rivet junction for different depths. 2 cracks are here 

 

Fig. 14. Reconstructed images of A15 rivet junction for different depths. No cracks are here 
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Fig. 15. Reconstructed images of A12 rivet junction for different depths. 1 cracks is here 

 

Fig. 16. Reconstructed images of A9 rivet junction for different depths. 1 cracks is here 

 

Fig. 17. Reconstructed images of A7 rivet junction for different depths. 1 crack 

 

Fig. 18. Reconstructed images of A5 rivet junction for different depths. 1 crack 
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Fig. 19. Reconstructed images of A2 rivet junction for different depths. No cracks 

 

Fig. 20. Eddy current tomography reconstructed map of rivets for 5-50 kHz frequency range 
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Fig. 21. Eddy current tomography reconstructed map of rivets for 100-1000 kHz frequency range 

 

Fig. 22. Applying of low level’s nulling for A15 rivet’s junction: a – image before processing; 

b – outline as a result of low level’s nulling 
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Fig. 23. After processing outlines of rivet’s junctions with possibly cracks: a – A16; b – A12; c – A9 

 

Fig. 24. Exclusive-or logical results of rivet’s junctions with possibly cracks: a – A16; b – A12; c – A9 

Using of low frequency range (50-50kHz) gives us 

more numbers of detected cracks that is a result of 

deeper penetration of the reactive field of the eddy cur-

rent probe into metal. Using of higher frequency range 

(100-1000kHz) gives the better resolution. And deter-

mination of the optimal frequency range with satisfying 

resolution and penetration requires more detailed study 

of possibilities for detecting such kinds of cracks. 

In conclusion, we would like to note one work that 

appeared quite recently, published by Ukrainian 

scientists [28], which, in our opinion, opens up a 

completely new direction associated with the inverse 

problems solution and which may have a serious impact 

on the development of methods for recovering the 

image of hidden defects. 

 

Subsurface imaging by deep penetrating 

eddy current tomography 
 

In this chapter new results of an experimental in-

vestigation on the object cross-section imaging by using 

the eddy current tomography technique are submitted 

for the case when the object is located far under the sur-

face of the metal. The eddy current measurement setup 

contains a measuring unit with the eddy current probe 

MDF 1201(LEOTEST, Lviv) with penetration depth up 

to 8 mm. 

The control of the subsurface areas form of the 

metal products is necessary for many technological pro-

cesses. So, for example, in aerospace technology, it is 

very important to determine the presence of defects in 

aircrafts' multiple layer constructions. The same prob-

lems arise in chemical, power, and other industries, 

which are letting out the highly technological equip-

ment. Defects and voids can be located far under a met-

al surface with residual depth up to 10 mm and more 

[27-29]. There is a problem with detection, identifica-

tion, sizing, and imaging of such type inhomogeneities 

if the information about residual depth is absent.  

Here it is offered to use the eddy current tomogra-

phy technique [28, 29] for imaging of deep subsurface 

defects in metal. 

 

Experimental results 
 

The eddy current measurement setup consists of a 

measuring unit with the low-frequency multidifferential 

EC probe of MDF 1201 type [29, 30], PC Notebook, 

two-dimensional scanner, and the programmed scanner 

control block. The main features of the used EC probe 

for EC tomography application are good penetration in 

connection with high special resolution. Another inter-

esting feature of this probe is a quasi-absolute signal 

response for prolonged defects used in these investiga-

tions. Fig. 25, Fig. 26 shows the scheme of conducted 

experiment with a slot. 

In this experiment, two aluminum alloy plates by 

the thickness of 5 mm were placed on a base metal plate 

in such a way that the slot at a width of 0.3 mm re-

mained between their flanks. Located in air EC probe 

scanned these plates and slot parallel to their surfaces 

along a direct line. The scanning length and step are 

39.6 mm and 0.6 mm, correspondingly. The plate gen-

eratrixes are perpendicular to this direct line. 
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Fig. 25. Scheme of conducted experiment 

 

Additional aluminum alloy plates of different thickness-

es could be located from above plates with slots to 

simulate a defect disposed of in a metal depth with dif-

ferent residual depth hr. The above-described tomogra-

phy method is used for the slot cross-section reconstruc-

tion in vertical to the metal surface plane (the image 

reconstruction plane) from the measured data. They 

have used 16 frequencies in the frequency band 

0.9…10 kHz. Figure 26 illustrates reconstructed the 

structure cross-section image for residual depth 

hr=6.5 mm. 

The rest of the experiments have been conducted 

free of defects and faulty rivets as well as with small 

holes located under the surface of a metal sample (alu-

minum alloy peace). The scheme of the experiment with 

rivets is presented in Fig. 27. In this study, the eddy 

current probe scans aluminum alloy sheets fastened by a 

rivet in the plane which is parallel to the sample surface 

(horizontal plane). Scanning lines are direct lines along 

X-axis. The image reconstruction planes are the vertical 

planes parallel to the XOZ plane. The set of the sample 

vertical cross-section images has been obtained by the 

additional scanning along Y-axis. The scanning area 

along X and Y-axes is 20 x 20 mm, the scanning length 

and step along X-axis is 14.7 mm and 0.3 mm, the scan-

ning length and step along Y-axis is 19.6 mm and 

0.4 mm. They have used 16 frequencies in the frequen-

cy band 1.2…0.5 kHz. The obtained sample vertical 

cross-section images allow building the sample cross-

section images in horizontal planes (horizontal slices) 

for the depth range. 

 

 

 
 

Fig. 26. Image reconstructed by using eddy current tomography for the structure cross-section shown in Fig.1 

 

 
 

Fig. 27. Scheme of the experiment with rivets 
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Some experimental results are presented in Fig. 28 

and Fig. 29. Figure 28 illustrates horizontal slices of the 

studied rivet at different depths H= 0, 1, 2, 2.5, 3, and 

4 mm in the case when the rivet crack is absent. 

Horizontal slices for the same depths in the case of 

the out head rivet crack are shown in Fig. 29. One can 

see significant disagreement between the horizontal 

slices structures in Fig. 4 and Fig. 5. The crack presence 

leads to perturbation of the eddy currents symmetrical 

structure existing around the defect-free rivet. As a re-

sult, the eddy current amplitude distribution on horizon-

tal slices in Fig. 29 is asymmetric. One of four spots is 

absent and it is possible to observe the crack trail on the 

place of the missing spot. 

An experiment with holes has been conducted on 

the same scheme as in the case of the slot studying 

(Fig. 25). But two plates composing the slot were not 

used. Instead of it, the small hole has been scooped in 

the base plate at a right angle to its surfaces. The diame-

ter of the hole is 0.8 mm and its depth size is 1.2 mm. 

The base plate thickness is 10.0 mm. The base plate was 

covered by aluminium alloy sheet of thickness hr from 

open side of hole for modelling of small cylindrical de-

fect located at residual depth hr in the metal. The eddy 

current probe scans the structure above aluminium alloy 

sheet around the hole as shown in Fig. 27. The scanning 

length and step along X-axis are 9.9 mm and 0.3 mm, 

the scanning length and step along Y-axis are 9.9 mm 

and 0.4 mm. They were used 16 frequencies in the fre-

quency band 2.0-20.0 kHz. The horizontal slices of the 

metal structure containing the hole have been built for 

different depth H = 0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mm at 

hr=0.7 mm.  One can see that pictures in Fig. 30 have at 

H  hr best contrast and brightness. 

 

 
 

Fig. 28. Horizontal slices of the studied rivet at different depth in the case when the rivet cracks are absent 

 

 

Fig. 29. Horizontal slices of the studied rivet at different depth in the case of the rivet crack presence 
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Fig. 30. Horizontal slices of the studied hole (drilling) at different depth in the case of the rivet crack presence 

 

The measurement setup and technology developed 

for the eddy current tomography imaging have been 

optimized for portability. This version of the system 

contains: 

­ Desktop or portable computer equipped with data 

acquisition board (DAQ-board); 

­ Small-sized and light-weighted vector measuring 

unit (1kHz-10MHz working frequency band); 

­ Eddy current probe; 

­ Scanning control block.  

Thus, the experiments were carried out to confirm 

the possibility of deep detection of defects in metals and 

the imaging of deep subsurface defects in metal. 

 

Conclusions 
 

In practice by the method of eddy current tomog-

raphy, it is received the 3D object images in conducting 

environments with the super-resolution. It is shown that 

the method of near (evanescent) field tomography al-

lows to receive obtained images of the subsurface de-

fects in highly conducting environments with the resolu-

tion in shares millimeters on the frequency a few kHz. 

The considered method of near-field subsurface tomog-

raphy has allowed receiving high-quality images of real 

subsurface objects. The received results can find appli-

cation for the control of dangerous cracks in avionics 

etc. 

 

Future research directions 
 

The results of the eddy current tomography pre-

sented here show a significant potential of the capabili-

ties of this method, in particular, for non-destructive 

testing in the aviation industry. One of the prospective 

directions of eddy current tomography development is 

spatial resolution improvement. The next stage of our 

program in the framework of the creation of high-

resolution tomographs will be the transition to the GHz 

frequencies range. 

It should be noted that a significant contribution to 

the development of the mathematical aspects of the 

method under consideration was made with S. Gavrilov. 
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ВИХРОСТРУМОВИЙ ТОМОГРАФ ДЛЯ ВІЗУАЛІЗАЦІЇ  

ТРІЩИН В АВІАЦІЙНИХ ЗАКЛЕПКОВИХ З'ЄДНАННЯХ   

О. О. Вертій, В. М. Учанін, В. В.  Павліков, С. С. Жила,  

О. О. Шматко, Е. О. Церне 

Контроль форми підповерхневих шарів металевих виробів необхідний у багатьох технологічних про­

цесах. Так, наприклад, в аерокосмічній техніці дуже важливо визначити наявність дефектів у двигунах літа­

ків. Такі ж проблеми виникають у хімічній, енергетичній та інших галузях промисловості, які випускають 

високотехнологічне обладнання. Широко використовувані електромагнітні методи контролю дефектів ме­

талевих виробів зараз є методами, що дозволяють відновити невідому розподільну провідність у досліджу­

ваній зоні металу за допомогою вимірювання електричних характеристик (рами, котушки), скануючи пове­

рхневу зону металу, на якій реєструються електричні струми (вихрові струми). Детектор вихрового струму 

(зонд) - це пристрій, який індукує вихрові струми в металевих предметах, а потім виявляє магнітні поля, що 

створюються цими вихровими струмами. Магнітне поле створюється котушкою або набором котушок, че­

рез які проходить електричний струм, що змінюється в часі. Робочі частоти досить низькі, від кількох герц 

до кількох сотень кілогерц, тому об’єкти, що представляють інтерес, знаходяться в ближньому полі переда­

вача. Враховуючи високу провідність досліджуваних зразків, можна визначити, що використовувані хвилі в 

металах розташовані в міліметровій смузі хвиль. Зображення за допомогою вихрового струму можна розг­

лядати як зображення ближнього поля та пристрій, що дозволяє отримувати зображення за допомогою ви­

хрового струму, як скануючий мікроскоп ближнього поля. Дана робота містить результати моделювання та 

експерименту, отримані під час мікроскопії металевих конструкцій з вихровим струмом у ближньому полі. 

Проведене моделювання показало, що описаний метод томографії дозволяє реконструювати зображення 

поперечних перерізів неоднорідностей розміщених під поверхнею металу. Частина ближнього розсіяного 

поля, що виходить на поверхню була використана в алгоритмі реконструкції в базовій формі. Оскільки про­

сторовий період (відстань між лініями нульової фази) у складових просторового спектра знаходиться в мі­

ліметровій смузі хвиль (P = 1 мм для максимальних значень), відновлені зображення мають дуже високі 

просторові частоти, хоча довжина падаючого поля дуже велика. 

Ключові слова: вихрострумова томографія; багаточастотний режим; підповерхневі зображення. 

 

ВИХРЕТОКОВЫЙ ТОМОГРАФ ДЛЯ ВИЗУАЛИЗАЦИИ  

ТРЕЩИН В АВИАЦИОННЫХ ЗАКЛЕПОЧНЫХ СОЕДИНЕНИЯХ  

А. А. Вертий, В. Н. Учанин, В. В. Павликов, С. С. Жила,  

А. А. Шматко, Э. А. Церне 

Контроль формы подповерхностных слоев металлопродукции необходим во многих технологических 

процессах. Так, например, в авиакосмической технике очень важно определять наличие дефектов в двигате­

лях самолетов. Такие же проблемы возникают в химической, энергетической и других отраслях промыш­

ленности, выпускающих высокотехнологичное оборудование. Широко применяемыми электромагнитными 

методами контроля дефектов в металлических изделиях в настоящее время являются методы, позволяющие 

восстановить неизвестную распределенную проводимость в исследуемой области металла по результатам 

измерения электрических характеристик (рамка, катушка), области сканирования на поверхность металла, в 

которой наводятся электрические токи (вихревые токи). Детектор вихревых токов (зонд) - это устройство, 

которое наводит вихревые токи на металлические предметы, а затем регистрирует магнитные поля, создава­

емые этими вихревыми токами. Магнитное поле создается катушкой или набором катушек, через которые 

пропускается изменяющийся во времени электрический ток. Рабочие частоты достаточно низкие, от не­

скольких герц до нескольких сотен килогерц, поэтому интересующие цели находятся в ближнем поле пере­

датчика. Учитывая высокую проводимость исследуемых образцов, можно определить, что используемые 

волны в металлах находятся в миллиметровом диапазоне. Вихретоковую визуализацию можно рассматри­

вать как формирование изображения в ближнем поле, а устройство, позволяющее получать вихретоковые 

изображения, можно рассматривать как сканирующий микроскоп ближнего поля. Настоящая работа содер­

жит моделирование и экспериментальные результаты, полученные при вихретоковой микроскопии метал­

лических конструкций в ближней зоне. Проведенное моделирование показало, что описанный метод томо­
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графии позволяет восстанавливать изображения поперечных сечений слабо рассеивающих неоднородно­

стей, размещенных под поверхностью металла. В алгоритме реконструкции в основном использовалась 

часть ближнего обратно-рассеянного поля. Поскольку пространственный период (расстояние между линия­

ми нулевой фазы) в компонентах пространственного спектра находится в диапазоне миллиметровых волн  

(P = 1 мм для максимальных значений), восстановленные изображения имеют очень высокие простран­

ственные частоты, хотя длина падающего поля очень большая. 

Ключевые слова: вихретоковая томография; многочастотный режим; подповерхностные изображе­

ния. 
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