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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.

Keywords: eddy current tomography; multi-frequency mode; subsurface imaging.

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].
Methaods 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 ~ A/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 (A =5mm ) show that
two-dimensional near-field intensity images can be ob-
tained with a resolution of 82um (~ A /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

Step motor control —»

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.

block
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Fig. 1. Scheme of eddy current tomography experimental setup
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Fig. 2. Two-way Eddy Current scanning of 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

0

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

5

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
Al12 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
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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 Al6.
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Fig. 12. Reconstructed images of A19 rivet junction for different depths. No cracks are here
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Fig. 14. Reconstructed images of A15 rivet junction for different depths. No cracks are here
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Fig. 16. Reconstructed images of A9 rivet junction for different depths. 1 cracks is here
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Fig. 18. Reconstructed images of A5 rivet junction for different depths. 1 crack
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Frequency range: 100 -1000 kHz
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Fig. 21. Eddy current tomography reconstructed map of rivets for 100-1000 kHz frequency range
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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. 24. Exclusive-or logical results of rivet’s junctions with possibly cracks: a — A16; b — A12; ¢ — 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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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

The slot cross-section
image

20 30

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

H = Ocm

H =0.1cmn

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 h; from
open side of hole for modelling of small cylindrical de-
fect located at residual depth h; 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
h=0.7 mm. One can see that pictures in Fig. 30 have at
H = h, best contrast and brightness.
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Fig. 28. Horizontal slices of the studied rivet at different depth in the case when the rivet cracks are absent
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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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BUXPOCTPYMOBHUIA TOMOT'PA® J1JIS1 BI3YAJI3ALIL
TPIILUH B ABIAIIHUX 3AKJENKOBHUX 3'€ THAHHSIX

O. O. Bepmiii, B. M. Yuanin, B. B. Ilaenikos, C. C. Kuna,
0. O. LlImamko, E. O. I]epne

Kontponb ¢opmu miamnoBepxHeBUX IIapiB METAIEBUX BHPOOIB HEOOXINHHMH y 0araThOX TEXHOJOTIYHUX IPO-
necax. Tak, HAPUKIIAL, B aePOKOCMIUHIHN TEXHiIi Ty’e BaXKIMBO BU3HAYUTH HAsBHICTH NE(EKTiB Y ABUTYHAX JIiTa-
kiB. Taki x mpoOIeMn BHHUKAIOTH y XIMIYHIH, CHSPTETHYHIHN Ta 1HIIHMX Tary3sSX MPOMHUCIOBOCTI, SKi BUITYCKAIOTh
BHCOKOTEXHOJIOTIUHe oOnagaaHHs. [IIMpoko BUKOPUCTOBYBaHI €JICKTPOMATrHITHI METOAH KOHTPOIIO Ae(eKTiB Me-
TaJeBUX BHUPOOIB 3apa3 € METOAaMH, IO JO3BOJIIOTH BiTHOBUTH HEBIAOMY PO3MOAUIBHY MPOBITHICTE Y MOCTIIKY-
BaHiil 30HI MeTay 3a IONOMOI'OI0 BUMIPIOBAHHS €JICKTPUYHHX XapPaKTEPHUCTUK (paMy, KOTYIIKH), CKAHYIOYH MOBE-
PXHEBY 30HY METaly, Ha SIKiif peeCTpYIOThCS SICKTPUYHI CTpyMH (BUXPOBI CTpyMH). JIeTEKTOpP BUXPOBOTO CTPyMY
(30HN) - e IPUCTPIH, AKUH IHAYKYE BUXPOBI CTPYMH B METAJIEBUX MPEAMETAaX, a MOTIM BUSBIISIE MArHITHI TI0JIS, IO
CTBOPIOIOTHCS [IMMHU BUXPOBUMHU CTpyMaMH. MarHiTHe IoJjie CTBOPIOETHCS KOTYIIKOIO abo HaOOpOM KOTYIIOK, de-
pe3 sIKi MPOXOJUTh SNEKTPUYHHUIA CTPYM, 1110 3MIHIOETBCS B yaci. PoOoui 4acToTH TOCUTH HU3BKI, BiJl KIIBKOX repiy
JI0 KUIBKOX COTEHB KiJIOTepl], TOMy 00’€KTH, 10 NPEACTABISIOTH IHTEPEC, 3HaXOIAThCsl B OMDKHBOMY TI0JIi Iiepe/ia-
Baya. BpaxoByrouu BUCOKY IIPOBIAHICT JOCIIIXKYBaHHUX 3pa3KiB, MOKHA BU3HAYUTH, 1110 BUKOPUCTOBYBaHI XBHJI B
MeTallax pO3TalloBaHi B MITIMETPOBIil CMy3i XBHMJIb. 300pakeHHs 32 JOIIOMOTOI0 BUXPOBOTO CTPYMY MOXKHA PO3T-
JSIOATH SIK 300paXKeHHs OJNIVDKHBOTO OIS Ta MPHUCTPIM, IO T03BOJISIE OTPUMYBATH 300paXkeHHs 3a TOTIOMOTOI0 BH-
XPOBOTO CTPYMY, K CKaHYFOUHH MiKPOCKOII OJIMDKHBOTO 1moJis. JlaHa poOoTa MICTUTh pe3ysIbTaTH MOJCTIOBAHHS Ta
eKCIIEPUMEHTY, OTPUMaHI IiJl 9aC MIKPOCKOIIil MeTaJeBUX KOHCTPYKIiH 3 BUXPOBUM CTPYMOM Y ONMKHBOMY IOJI.
[IpoBeneHe MoOJEMIOBaHHS MOKa3ajo, IO ONHMCAHUA MeTox ToMorpadii JO3BOJILE PEKOHCTPYIOBATH 300pakeHHS
MIOTIEPEYHNX TIepepi3iB HEOTHOPIAHOCTEH PO3MIIICHUX IIiJ MMOBEPXHEI0 MeTary. YacTHHa ONMKHBOTO PO3CISTHOTO
T0JIs1, 1110 BUXO/UTH Ha IMOBEPXHIO OyJia BUKOPHCTaHA B AJITOPUTMI PEKOHCTPYKIIT B 0a30Bii opmi. OcKijbKkH Mpo-
CTOpOBHH Iepiof] (BiACTaHb MiX JIIHISIMU HYJIbOBOI (pa3n) y CKIIaIOBHX MPOCTOPOBOTO CIIEKTPa 3HAXOIUTHCS B Mi-
JiMeTpoBiid cMy3i xBuib (P = 1 MM a8 MakCMManbHUX 3HA4€Hb), BIJHOBJIEHI 300pa)KeHHsI MalOTh JIy)Ke BHCOKI
MIPOCTOPOBI YaCTOTH, X04a JIOBXKHMHA MAJIAF0YOT0 IOJIS Iy’KEe BEJIUKA.

KarouoBi ciioBa: BuxpoctpymoBa ToMorpadist; 6araTo4acTOTHUI PeXKKM; ITiJIIOBEPXHEBI 300paXKeHHsL.

BUXPETOKOBBII TOMOI'PA® /1151 BU3YAJIM3ALIAA
TPEIIIUH B ABUAITMOHHBIX 3AKJIEITIOYHBIX COEJJUHEHUAX

A. A. Bepmuii, B. H. Yuanun, B. B. Ilaénukos, C. C. Kuna,
A. A. lImamrxo, 3. A. llepue

KonTpons GpopMBI MOAMOBEPXHOCTHBIX CIIOEB METAIUIONPOIYKIIMH HEOOXOIUM BO MHOTHX TEXHOJIOTHYCCKIX
mpoueccax. TaK, HanpuMmep, B aBHAKOCMHMYECKON TEXHUKE OYEHb BAXKHO ONpPECACIIATL HATTUYHC }Ie(beKTOB B ABUT'aTC-
JIX camojeToB. Takue ke mpoOJIeMbl BOSHUKAIOT B XUMHUYECKOH, YHEPTeTHUECKOW U APYTHX OTPACISX MPOMBIII-
JICHHOCTH, BBIIYCKAIOMINX BBICOKOTCXHOJIOTHUYHOC 060py}103aHHe. U_II/IPOKO MPUMEHACMBIMHU BJICKTPOMArHUTHBIMU
METOAaMH KOHTPOJIA HC(I)CKTOB B MCTAJINIMYECKUX UBACITNUAX B HACTOALICSC BPEMA ABIAKOTCA METO/bI, ITO3BOJIAIOIINEC
BOCCTAHOBHTH HEHM3BECTHYIO PACHpEAETICHHYIO MPOBOAMMOCTD B HCCIEAyeMON 00JacTH MeTauia Mo pe3yiabTaTaM
M3MEPEHHUS HIIEKTPUIECKUX XapaKTePHUCTHK (paMKa, KaTyIlKa), 00IacTH CKaHUPOBAaHMS Ha TIOBEPXHOCTh METAllIa, B
KOTOPOH HaBOJATCS JCKTPUYECKUE TOKU (BUXPEBBIC TOKHU). Jl€TEKTOP BHXPEBBIX TOKOB (30HI) - 3TO YCTPOICTBO,
KOTOpPOE HAaBOJUT BUXPEBBIE TOKM HAa METAJIMUECKHE MIPEIMETHI, a 3aT€M PErUCTPUPYET MarHuTHBIE MOJIs, CO3/1aBa-
€MBIC 3TUMH BUXPEBBIMU TOKaMH. MarHUTHOE TIOJIE CO3JAeTCs KaTYIIKON MM Ha0OpOM KaTyIIeK, Yyepe3 KOTOpPEIC
MIPOIYCKACTCS U3MEHSIOIIUICS BO BPEMECHH JJIEKTPUYECKHHA TOK. Pabodne 4acTOTHI TOCTATOYHO HU3KHE, OT He-
CKOJIBKHX TEepII IO HECKOJIBKUX COTEH KHIIOTEPI], [I03TOMY UHTEPECYIOIIHE eI HAXOIATCS B OJNIMKHEM TIOJIE Iepe-
JaTYMKa. YUYUTHIBAs BBHICOKYIO MPOBOJUMOCTBH HCCICAYEMBIX 00pa3IoB, MOKHO OIPEIEIIUTh, YTO UCIIOIb3YEMbIe
BOJIHBI B METaJlJIaX HaXOJATCS B MWIIMMETPOBOM JHala3oHe. BUXpETOKOBYIO BU3yalU3alUl0 MOKHO paccMaTpu-
BaTh Kak (hopmupoBaHHMe M300pakeHUs B OIMIKHEM I0JIe, & YCTPOWCTBO, TIO3BOJISIONIEE MOTy4aTh BUXPETOKOBBIE
n300pakeHNs, MOKHO PacCMaTpHBaTh KaK CKaHUPYIOMNH MUKpOCKOI OmrpkHero noist. Hacrosimas paborta comep-
KHUT MOJENHMPOBAHNE W HKCIEPUMCHTAIBHBIC PE3YNIbTAThl, TOIyUYeHHBIE TP BUXPETOKOBON MHKPOCKOIMH MeETa-
JIMIECKUX KOHCTPYKIUH B OnrkHel 30He. [IpoBeneHHOE MOJEIMPOBaHNE TIOKA3AJI0, YTO OTMMCAHHBIA METOJT TOMO-
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rpadguu Mo3BOJISIET BOCCTAHABIMBATh M300pa)KCHHUS MOMEPEUYHBIX CEUCHHH €ad0 pacceMBAaIOLIMX HEOIHOPOIHO-
CTeH, pa3sMEeILIeHHBIX MOJ MOBEPXHOCThIO MeTajula. B anropurMe peKOHCTPYKIMHM B OCHOBHOM HCIOJB30Bajach
9acTh ONMMKHETO 00paTHO-paccessHHOTO moist. IT0CKoIbKY MPOCTPaHCTBEHHBIH MEPHOA (PACCTOSHUE MEXIY JTHHHS-
MU HyJEBOH (ha3bl) B KOMIIOHEHTaX MPOCTPAHCTBEHHOTO CIIEKTPa HAXOAWTCS B JMANa30HE MUIIMMETPOBBIX BOIH
(P =1 MM m1a MakcHMamnbHBIX 3HAYEHHH), BOCCTAHOBJIECHHBIE M300pakKCHHSI MMEIOT OYEHb BBICOKHE IPOCTpPaH-
CTBEHHBIE JaCTOTHI, XOTS JJIMHA MAaJAIOIIETO OIS OYEHb OOJIbIIas.

KnroueBble cioBa: BHXpETOKOBas TOMOTpadus; MHOTOYACTOTHBIN PEXHMM; MOATOBEPXHOCTHBIE H300paxe-
HUSL.
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