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Determination of parameters of an autonomous source of a constant magnetic field
for a portable electromagnetic-acoustic transducer

Purpose. Determination of rational parameters of an autonomous source of constant magnetic field, ensuring the efficiency of using
portable electromagnetic-acoustic transducers (EMAT) for diagnostics of remote ferromagnetic objects. Methodology. An analysis of the
parameters of an autonomous magnetic field source consisting of a permanent magnet and a ferromagnetic screen magnetizing a
ferromagnetic object with a flat surface, providing a central magnetic field along the magnet axis above 0.3 T, was carried out. Results.
The results of experimental studies on a sample of an autonomous source, which contained 6 sections of a permanent magnet made of
NeFeB ceramics with dimensions of 50x50x10 mm’, correspond to the results of calculating the magnetic field on the surface of a
ferromagnetic sample with an error of up to 9 %. Experimental studies were carried out for EMAT with two magnetic field sources
containing rectangular permanent magnets of the same height but different widths. Novelty. It has been established that in order to select
rational parameters of an autonomous source of magnetic field, it is necessary to use an integral criterion that takes into account the
magnetic field in the surface layer of a ferromagnetic object, the magnetic scattering field, the volume of a permanent magnet, which
determines the mass and size indicators and cost of the source, and the force of attraction to the ferromagnetic object. Practical value.
For portable EMAT, increasing the magnetic field in a remote ferromagnetic object either by increasing the volume of a permanent
magnet or by decreasing the air gap between the magnetic field source and the ferromagnetic object provides increased EMAT efficiency
by increasing the ratio of the amplitude of the received ultrasonic bottom pulses to the noise amplitude. References 27, figures 14.

Key words: autonomous magnetic field source, permanent magnet parameters, magnetic field, remote ferromagnetic object,
integral criterion, electromagnetic-acoustic transducer, signal amplitude, noise.

Mema. Busnauenns payioHanbHux Rapamempie aGMOHOMHO20 OJicepend NOCMIUHO20 MASHIMHO20 NOJA, AKi 3a6e3nedyioms
ehexmugnicms BUKOPUCMAHHS NOPMAMUGHUX eleKMPOMACHIMHO-aKycmudnux nepemeopiosauie (EMAII) onsa diaenocmuxu 8idoanenux
Gepomacnimnux 06 ’exmis. Memoodonozia. [lposedeno ananiz napamempie amoHOMHO20 0dcepela MACHIMHO20 NOJIsl, WO CKIAOACMbCs
3 HOCMILIHO20 MA2HIMY ma epoMasHIMHO20 eKpana, Wo HAMASHIYYE hepomacHimuull 06 ekm 3 NIOCKOIO0 NosepxHero, 3abe3neyyiouu
yeHmpanvHe MacHimHe noae 63006dc oci macHimy nouwao 0,3 Tn. Pe3ynbmamu excnepuMeHmanbHux OOCTIONCeHb HA 3PA3KY
asmoHoMHO20 Odrcepena, sKuii micmus 6 cexyiii nocmitinozo maznimy 3 kepamiku NeFeB posmipamu 50x50x10 ma’, gionosioarome
pe3yemamam po3paxymky MAazcHimHo20 RO HA HOBEPXHi ghepomazHimnozo 3paszka 3 noxubkoio 0o 9 %. Excnepumenmanvhi
docnioncennss Oynu nposedeni ona EMAIT 3 0soma Ooicepenamu mMazuimuo2o nOJA, Wo MICMAMb NPAMOKYMHI NOCMIUHI MazHimu
oouaxoeoi’ eucomu, ane piznoi wupunu. Hosuszna. Bcmanoeneno, wjo ona eubopy payionanbHux napamempie agmoHOMHO20 O0dcepend
MASHIMHO20 NOJSL HEOOXIOHO BUKOPUCTNOBYS6AMU [HMeSPATbHUlL Kpumepitl, AKUll 6paXo8ye MAcHimHe None 8 NOBEePXHeEOMy wapi
Gepomaznimnozo 00 ’ckma, MazHimue noie poscilosants, 00’ em NOCMINHO20 MA2HIMY, AKUL 6USHAYAE MACO2AOAPUMHI NOKAZHUKY MA
eapmicmb Ooicepena, cuny npumseanis 00 gepomaziimnozo 06 ’ckma. Ipakmuuna 3snavumicmes. [lopmamuenuti EMAII 3a6e3neuye
30L1bUEHHs] BIOHOWEHHS AMIIIMYO THHOPMAYIUHUX OOHHUX IMUYIbCI8 00 WYMY WUISXOM HAPOUWY8aHHs 06 €My 1020 NOCMIUHO20
MazHimy ma 3MeHWeHHsA NOGIMPSAHO20 3A30PY MIXHC 0XHCePeloM MASHIMHO20 oA i pepomaznimuum o0 ‘exkmom. bion. 27, puc. 14.

Knwouoei cnoéa: aBTOHOMHE IKepejo MArHiTHOro moJisi, MapaMeTpH NOCTiIHHOrO MAarHiTy, MarHiTHe moJie, BifgaJjieHuUii
(epomarniTHuii 06’€KT, iHTerpanbHMii KPUTEPiii, €JIEKTPOMATHITHO-AKYCTHYHU NePEeTBOPIOBAY, AMILTITY/Ia CUTHATY, HIYM.

Introduction. Sources of constant magnetic field
(SMF) intended for magnetization of ferromagnetic objects
(FO) located at a considerable distance (up to 20—50 mm)
are used in various fields of science and technology. Thus,
electromagnetic-acoustic transducers (EMAT) are used for
monitoring and diagnostics of ferromagnetic products with
dielectric coatings or deposits on the surfaces. The coating
thickness of the products being monitored can reach up to
5 mm, and deposits, for example, on the internal surfaces of
pipelines, up to 20 mm or more. The efficiency of these
transducers depends on the degree of magnetization of the
FO surface layer, remote from the SMF [1].

The problem of creating a compact and powerful
SMF for magnetizing a FO located at a considerable
distance from it is relevant for various scientific and
technical tasks. Such sources of constant magnetic field are
necessary for magnetic separation, nanotechnology,
materials science, biomedical diagnostics, etc. [2—7]. At the
same time, in many practical applications they must operate
autonomously, without using an external power source as
part of a portable device performing various tasks, for
example, non-destructive testing of ferromagnetic products.

Features of SMF for EMAT. In non-destructive
testing of ferromagnetic products, EMATSs with SMF are

used, which magnetize the product, providing generation
of ultrasonic waves using a high-frequency coil [8].

In principle, the EMAT includes a SMF 1 and a flat
high-frequency inductance coil 2, which affect the FO 3

(Fig. 1).

Fig. 1. Scheme of a portable EMAT: 1 — SMF; 2 — inductance
coil; 3 — FO; 4 — electromagnetic field; 5 — eddy currents in FO
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The SMF forms the normal component of the
induction of the constant magnetic field B,, which acts on
the FO. A high-frequency current I flows in the
inductance coil, which, due to the high-frequency
electromagnetic field 4, induces eddy currents 5 in the
surface layer of the FO. When the eddy current /; interacts
with the magnetic field B,, an alternating elastic Lorentz
force acts on the conduction electrons, which is
transmitted to the crystal lattice of the FO. As a result,
ultrasonic pulses with a frequency f are excited. Eddy
currents in the FO, due to elastic oscillations of the crystal
lattice, induce an alternating current with a frequency fin
the inductance coil 2, which acts as a receiver of
ultrasonic pulses.

Thus, for diagnostics of a steel pipe, an EMAT is
used, containing an SMF of four permanent magnets
(PM), the same poles of which are separated by an angle
in the range from 30° to 60° [9]. This SMF provides
better homogeneity of the magnetic field in the surface
layer of the FO compared to configurations of two poles
facing each other or quadrupole geometry.

To generate ultrasonic waves in the FO, SMFs with a
periodic PM configuration are used in EMAT [10].
Compared to a single PM, a periodic configuration of
magnets increases the maximum induction, providing the
required value and distribution pattern on the FO surface,
especially under the coil generating high-frequency signals
[11]. To increase the magnetic field in the FO, both various
magnetic concentrators [12] and several PMs, such as
Halbach magnet configurations [13], are proposed.

A mobile robotic system designed to create internal
maps of the investigated FO and its structural elements
uses a movable EMAT. One of the main tasks of such a
system was the selection of PM parameters that take into
account the required magnetization of the FO and the
mass and dimensional parameters of the converter [14].

Problems arise during operation of PM due to
elevated temperatures and irreversible demagnetization
[15]. The degree of recovery of irreversible
demagnetization of PM depends on the choice of
magnetic material and the configuration of the system,
including the geometry of the magnet, its interaction with
other ferromagnetic materials and magnetic fields [16].
As an alternative to PM, long-acting electromagnets or
pulsed electromagnets are used, but their operation
requires external power sources [17, 18].

When magnetizing the FO from an autonomous
SMF, an attractive force arises between them, which must
be taken into account, especially when the source is used
in portable devices. Between cylindrical PM and FO, this
force is directly proportional to the residual magnetic field
of magnetization, the cross-sectional area of the PM, the
saturation magnetic field and the cross-sectional area of
the FO, and inversely proportional to the square of the
distance between them [19].

When testing a FO using an EMAT that uses
overhead SMFs, it is necessary to know the distribution of
the magnetic flux in the surface and internal layers of the
object being tested [20]. The gap between the SMF and
the FO changes the spatial distribution of the field inside
the tested object. Changing the gap under one of the
magnets affects the distribution of the magnetic field in

the entire volume of the tested FO, and not only in the
area located with a gap under this magnet.

By increasing the size of the autonomous SMF to a
certain level, a significant increase in the EMAT
performance is ensured. However, with an excessive
increase in the size of the source, the efficiency of the
converter increases insignificantly, and the weight and
size parameters become too large, which is unacceptable
for a portable device [21].

As is known, the efficiency of EMAT, diagnosing a
remote FO, is estimated by the conversion coefficient [22]:

n = k-I;-B.>-exp(-h/R),
where £ is a coefficient depending on the electrical, magnetic
and elastic characteristics of the FO material; /; is the high-
frequency current in the induction coil with an average
radius R; B, is the value of the normal component of the
induction of the constant magnetic field in the surface layer
of the FO; 4 is the distance from the SMF to the FO.

The efficiency of EMAT can be increased by both
increasing the current /; in the high-frequency coil and
increasing the magnetic field induction B, in the surface
layer of the FO. Since the efficiency of EMAT depends to
a greater extent on the value of B, than on I this
necessitates an increase in the induction of the constant
magnetic field in the surface layer of the FO to increase
the efficiency of EMAT [1].

Thus, the autonomous SMF of a portable EMAT
should maximally magnetize the FO located at a
significant distance from it (up to 50 mm).

Despite the significant amount of research on the
development of EMAT, the problem of choosing rational
parameters of an autonomous SMF, taking into account
the main indicators, remains unresolved. These are the
magnetization level of the remote FO, the dimensions of
the PM, which affect the weight and size indicators and
the cost of the device, the force of attraction to the FO and
the scattering field, which is important when operating the
converter [23].

The purpose of the article is to determine the
rational parameters of an autonomous source of a constant
magnetic field, ensuring the efficiency of using portable
EMATsS for diagnostics of remote ferromagnetic objects
with a flat surface.

Research object. Let us consider an autonomous
SMF as part of a portable EMAT. The SMF consists of a
PM 1 and a ferromagnetic screen (FS) 2, coaxially
installed on the upper end of the PM (Fig. 2). The lower
end of the PM faces the flat outer surface of the FO 3,
which is of considerable length and thickness. The
autonomous SMF is located at a considerable distance
from the FO, so that between the lower end of the PM and
the outer surface of the FO there is an air gap of height Z;,
in which a high-frequency inductance coil 4 is installed.
Figure 2 shows the boundary for calculating the average
value of the magnetic leakage field B,, 5 and the central
axis of the magnetic system 6, coinciding with the z axis
of the Cartesian coordinate system.

PM based on NeFeB ceramics with a coercive force
of 1114 kA/m [24] is made in the form of a square with a
side a and a height H, with axial magnetization. FS is
made of St10 steel in the form of a disk with a square
cross-section and a height #..
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Fig. 2. Schematic diagram of an autonomous SMF as part of a
portable EMAT (to the left of the 0z axis) and the distribution of
the magnetic field it creates (to the right of the 0z axis):

1 —PM; 2 — FS; 3 — FO; 4 — inductance coil;

5 — calculation limit B,,; 6 — central axis of the magnetic system

Influence of geometric parameters on SMF
indicators. Let us consider an autonomous SMF with a
permanent magnet intended for EMAT. The magnetic
field analysis will be performed in the plane (z0x) passing
through the central axis of the magnetic system. The
magnetic system is calculated using known mathematical
expressions using the FEMM program [25]. This program
solves a large system of algebraic equations, which are
formed based on the finite element method and a
differential equation describing the magnetic field in the
cross section of a magnetic system.

Autonomous SMF should magnetize FO so that the
central magnetic field By — magnetic field along the axis
of magnetic system 6 in its surface layer (Fig. 2) was
above B,;;=0.3 T. Such a field is necessary for portable
ultrasonic EMAT devices when performing thickness
measurement and diagnostics of ferromagnetic products.
PM is located at a distance of Z;=25 mm from FO and its
width a should not exceed 80 mm, which is important for
portable EMAT. FS has the same cross-section as PM,
and its height #,=10 mm.

We will calculate the average value of the magnetic
stray field B,, at boundary 5, located at a distance of 25 mm
from the outer boundary of the autonomous SMF.

Based on previous studies [1], we select the basic
version of an autonomous source with the PM parameters:
the square side a=30 mm, the height H1=40 mm. This SMF
at Z;=25 mm magnetizes the FO to the minimum required
value By=Bni, (more precisely By=0.299 T). In this case, the
magnetic stray field B,=0.106 T, and the source is acted
upon by an axial attractive force F, =37.44 N from the FO
side. Figure 2 shows the lines of force and the induction of
the magnetic field created by the basic version of the SMF
during magnetization of the remote FO.

Let us consider the influence of the parameters of the
autonomous SMF on the magnetic field in the surface layer
of the FO (along the Ox axis). With an increase in the height
of the PM A, and an unchanged cross-section with a side of

a=50 mm, the maximum magnetic field in it increases
(Fig. 3). The greatest value of the field occurs inside the
PM. However, in the FO, the magnetic field also increases
both in magnitude and in the area of influence.
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Fig. 3. Distribution of the magnetic field induction modulus
in the surface layer of the FO at different PM heights

If the PM is made of a small height (H,=20 mm),
then the required value of the central field B, on the
surface of the FO is not ensured. With a linear increase in
the height of the PM, the magnetic field in the FO
increases nonlinearly with a decrease. This shows the
inexpediency of increasing the height of the PM above a
certain value.

A more appropriate way to increase the magnetic
field in the FO is to increase the PM width (Fig. 4). In this
case, both the central field B, and the width of the
magnetization region increase in the surface layer of the
FO. When the PM width is increased by 2 times from 30
to 60 mm, the central field increases by 1.33 times, and
the magnetization area of the FO by a field higher than
By increases by more than 10 times.
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Fig. 4. Distribution of the magnetic field induction modulus
in the surface layer of the FO at different PM widths

Figure 5 shows the dependence of the relative values
of the central magnetic field B, in the FO (relative to the
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basic version of the SMF) on the geometric parameters of
the PM. With an increase in the volume of the PM, this
field also increases, but with a nonlinear decrease in
growth. Even with a significant increase in the dimensions
of the PM, the central magnetic field increases no more
than 2 times relative to the basic version of the SMF. In this
case, it is possible to determine the geometric parameters of
the PM that provide a magnetic field higher than B,,, and
the magnetization area of the FO by such a field.
B *

H|, mm 60 70 30

Fig. 5. Dependence of the relative value of the central magnetic
field in the FO on the geometric parameters of the PM

However, for a portable EMAT, when selecting the
geometric parameters of the PM, in addition to the
magnetization field FO, it is necessary to take into
account other indicators. These are the magnetic
scattering field B,,, the volume of the autonomous source
V and the force of attraction of the autonomous source to
the FO F.. The magnetic scattering field B, has a
negative effect on both the nearby electronic system of
the device and on the service personnel [26].

The volume ¥V determines the mass, dimensions and
cost of the autonomous SMF. The cost is mainly
determined by the high-coercivity PM. The attractive
force to the FO F, determines the operating conditions of
the portable EMAT. This force is calculated using the
well-known formula:

F, :L§zm(3, .B,)dS ,

where B,, B, are the radial and axial components of the
magnetic field induction in the volume of the SMF
covered by the surface S.

Figure 6 shows the force of attraction of the SMF to
the FO FZ* in relative form.

As follows from the presented graph, with an
increase in the volume of the PM V' (height H; or width
a), the attractive force increases. If the width of the PM is
insignificant (=30 mm), then the force from the height of
the PM increases insignificantly. With the maximum
parameters of the PM from the considered range
(H=a=70 mm), this force increases almost 14 times
compared to the basic version of the SMF.

As calculations show, the nature of the change in the
magnetic field scattering B, into the surrounding space
depending on the geometric parameters of the PM largely
corresponds to the nature of the change in the central
magnetic field By in the FO.

Since with the increase in the volume of PM V all
the indicators of SMF increase, the question arises about
the nature of these indicators with the same volume, but a
different combination of height A; and width a.

=3 40 a, mm
H;, mm 70 730

Fig. 6. Dependence of the relative values of the force of attraction of
the SMF to the FO on the geometric parameters of the PM

Figure 7 shows the dependence of the relative SMF
indicators on the width a for a small (F=125-10° mm?)
and large (V=216-10° mm’) volume of the PM. The small
value of V' is due to the choice of the basic version of the
PM with parameters H;=a=50 mm, and the large value of
V is due to the choice of the basic version of the PM with

parameters H;=a=60 mm.
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Fig. 7. Dependence of relative SMF indicators on the width
of the PM for a small (@) and large (b) volume V'
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With a constant PM volume, the maximum value of
the central field B, in the FO occurs at a certain width. For
a PM with a small volume, this is approximately =40 mm,
and for a PM with a large volume, this is approximately
a=50 mm. Note that these dimensions are smaller than the
width of the base PM. The nature of the scattering field B,,
largely corresponds to the central field B,.

The nature of the force of attraction of F, SMF to
FO is different. The maximum force occurs when the
width of the magnet is greater than the base one. For PM
with a small volume, this is approximately =65 mm, and
for PM with a large volume, =75 mm.

Let us consider the influence of the height FS he on
the SMF indices (Fig. 8). This screen slightly (up to 4 %)
increases the central magnetic field in the FO By. As a
result, the force of attraction of the SMF to the FO F.
increases to a greater extent (up to 8 %). At the same
time, the magnetic field of scattering into the surrounding
space1 Zziex decreases, but slightly (up to 3 %).

* * *
BU Be.\' FZ
1 mil
08 + z BT
04+ H os
02 T "8
0 I : f —
0 1.0 1.5 h; 20

Fig. 8. Dependence of relative SMF indicators on the height
of the ferromagnetic shield

The highest value of the scattering field B,, occurs in
the absence of FS, and the highest central field B, occurs
at its maximum height. Note that the location of FS on the
lateral sides of the PM is inappropriate, since such a
design reduces the central magnetic field in the FO with a
large air gap Z; [1].

Considering that increasing the height of the FS
leads to an increase in the height and weight of the
autonomous SMF, it can be assumed that the SMF variant
with 4,=10 mm, like the basic variant, is acceptable.

Thus, with an increase in the height H; and the width a
PM, all SMF indicators increase, although to varying
degrees. However, an increase in the central magnetic field
By in the FO is a positive indicator of an autonomous
source, reflecting its main purpose, and an increase in the
remaining indicators are negative factors.

Based on the above, the parameters of the
autonomous SMF, namely the geometric dimensions of
the PM, must be selected taking into account both the
positive indicator (the central magnetic field B, in the FO)
and the negative indicators (the scattering magnetic field
B,., the volume of the SMF J and the force of its
attraction to the FO F)).

The task of selecting the geometric parameters of the

PM can be considered as multicriterial. For this purpose,

we will reduce the above SMF indicators to one integral

criterion using the scalarization function — the canonical
additive-multiplicative objective function:

* * a a

K :ﬁ[al By +V—1+F—i+B—fJ+(1—ﬂ)x

z ex

a as a4 4
* 1 Y721 1
X (Boyzl (F\J [FJ [B* ] P Zal- = L
i=1

z ex

where ¢; are the weight coefficients of the objective
function; £ is the empirical coefficient.

Based on expert assessments, we set the coefficients
a=0.5; =0.2; =0.2; a=0,1; p=0.75. The integral
efficiency criterion from the geometric parameters of the
PM of an autonomous SMF is presented in Fig. 9.
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Fig. 9. Dependence of the integral criterion of SMF efficiency
on the geometric parameters of the PM

Based on the obtained dependencies, it can be
concluded that the most effective are SMFs, in which the
PM have the largest width and height from the considered
range. This is due to the fact that such magnets magnetize
the FO more strongly. However, PMs with a small width
and height can also be quite effective, provided that their
central field value By>By,;,. Such SMFs have small mass-
dimensional parameters and a relatively low cost.

Experimental studies. For experimental verification
of the magnetic field modeling results, a sample of an
autonomous SMF  was manufactured, providing
magnetization of a remote FO (Fig. 10). This sample
contained 6 flat PM sections with dimensions of
50x50x10 mm® each made of NeFeB ceramics. The
sections were arranged in a column so that the PM height
was 60 mm. On top of the PM there was an FS with
dimensions of 50x50x10 mm®, made of St10 steel.

An experimental sample made of St45 steel with
dimensions of 180x65x30 mm® was used as the FO, on the
surface of which measuring paper with divisions of 1 mm
was applied (to control the movement step of the Hall
sensor, which provided measurement of the axial
component of the magnetic field induction B, at a height of
0.5 mm above the surface of the FO). The measurement of
the magnetic field induction value was performed using a
pre-calibrated F4354/1 teslameter.
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Fig. 10. Scheme (a) and experimental sample (b) of an autonomous
SMF that provides magnetization of a remote FO: 1 — PM sections;
2 —FS; 3 — FO; 4 — electronic unit; 5 — insulating supports of
variable height; 6 — dielectric pads; 7 — housing; 8 — insulating
protector; 9 — Hall sensor; 10 — measuring ruler

A sample of an autonomous small-sized SMF was
installed on the FO with a non-magnetic gap Z,=25 mm
(the total height of the insulating supports 5 and the
protector 8). The axial component of the magnetic field
induction B, was measured by a Hall sensor on the FO
surface every 5 mm from the center at a distance of up to
40 mm along the long side of the experimental steel
sample. The measurement results are shown in Fig. 11. In
the presented distribution of the magnetic field, the FO is

outlined by a contour below the Ox axis.
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Fig. 11. Results of experimental (points) and calculated (line) values
of the axial component of the magnetic field induction B, and the
distribution of the magnetic field for the experimental sample

The experimental data correspond to the simulation
results with an error of up to 9 %, which indicates the
reliability of the results obtained. The difference between
the experimental results and the calculated ones is due to
the spread of the parameters of the PM sections due to the
manufacturing technology, as well as errors in the
location of the Hall sensor relative to the FO.

Practical implementation. Let us consider the use
of an autonomous SMF for a portable EMAT, providing
excitation and reception of ultrasonic pulses in the FO.
Figure 12 shows the diagram and layout of the converter
of electromagnetic energy into ultrasonic energy [27] with
an autonomous SMF and a system for measuring the
distribution of the magnetic field on the surface of the FO.

a b
Fig. 12. Scheme (a) and layout (b) of EMAP: 1 — SMF;
2 — gaskets; 3 — plate 3 with an inductance coil; 4 — FO;
5 — electronic unit; 6 — pulse generator; 7 — amplifier;
8 — synchronizer; 9 — oscilloscope; 10 — Hall sensor

The converter includes a DPMP 1, dielectric spacers 2
of adjustable height, a dielectric plate 3 with a built-in high-
frequency inductance coil, a FO 4, an electronic unit 5 with
a high-frequency current pulse generator 6, an amplifier of
received ultrasonic pulses 7 and a synchronizer 8. A digital
oscilloscope 9 records ultrasonic pulse signals in the FO,
and a Hall sensor 10 measures the axial component of the
magnetic field on the FO surface.

The converter was installed on the surface of the FO
through dielectric spacers of different thicknesses. The
efficiency of the SMF was estimated by the amplitude of
the received ultrasonic pulses using a SmartDS7202
oscilloscope [8].

Studies were conducted for EMAT with two
magnetic field sources: SMF-1 contained 6 PM sections
with dimensions of 50x50x10 mm?®, SMF-2 contained 4
PM sections with dimensions of 30x30x15 mm’. Both
sources contained FS with a height of 10 mm. These
sources have the same axial height H;=60 mm, but
different PM volumes. SMF-1 has V=150-10°> mm’, and
SMF-2 has /=54-10° mm’.

Figure 13 shows the time sweeps of the ultrasonic
pulses reflected in the FO volume, obtained at different
gaps between SMF-1 and the FO surface.

The oscillograms show the probing 1 and the
sequence of short bottom 2 ultrasonic pulses reflected in
the FO volume.

With a non-magnetic gap between SMF-1 and FO
Z,=25 mm, when the value of the central magnetic field in
FO By=0.44 T, the amplitudes of the bottom pulses in
relation to the noise are at least 10/1, which is sufficient
for thickness measurement of ferromagnetic products.
With a two-fold decrease in the gap Z;=12.5 mm, and
therefore an increase in the central field to B;=0.85 T, the
amplitudes of the bottom pulses in relation to the noise
increase to 30/1, which is applicable for monitoring and
diagnostics of ferromagnetic products.

Thus, due to the increase in the magnetic field in the
FO, the ratio of the amplitude of the first reflected ultrasonic
pulse to the noise amplitude increases by 3 times, which
makes it possible to increase the efficiency of EMAT.

Electrical Engineering & Electromechanics, 2025, no. 4

77



=)

&
—

20

1.8

1.6

14

1.2
1.0
08
0.6

04

_ !

Fig. 13. Oscillograms of the sequence of bottom ultrasonic
pulses reflected in the FO volume (left) and magnetic field
induction (right) at Z;: 25 mm (a) and 12.5 mm (b), obtained
using SMF-1: 1 — probing pulse; 2 — bottom pulses.

Figure 14 shows the time sweeps of the ultrasonic
pulses reflected in the volume of the FO, obtained with
similar gaps between SMF-2 and the surface of the FO and
the same magnitude of the probing ultrasonic pulse, as when
using SMF-1. These oscillograms, as in Fig. 13, show the
probing pulse and a sequence of short bottom pulses.
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Fig. 14. Oscillograms of the sequence of bottom ultrasonic

pulses reflected in the FO volume at Z;:
25 mm (a) and 12.5 mm (b), obtained using SMF-2

With a non-magnetic gap between SMF-2 and FO
Z,=25 mm (B;=0.34 T), the amplitudes of the bottom
pulses in relation to the noise are 5/1, and when the gap Z;
is reduced by half, the central magnetic field increases to
By=0.61 T, which increases the ratio of the amplitude of
the bottom pulses to the noise to 13.5/1.

When using SMF-2, which has a PM volume that is
almost 3 times smaller than SMF-1, the EMAT efficiency
decreases (Fig. 13). This is due to the fact that the
amplitudes of short bottom pulses reflected in the FO
volume decrease, and their sequence attenuates faster.
This indicates the influence of the SMF magnetic field on
the EMAT efficiency.

Thus, it has been experimentally confirmed that
increasing the magnetic field in the FO by a source with
permanent magnets with rational parameters increases the
efficiency of EMAT.

In the future, it is advisable to consider the use of
either a pulsed electromagnet or the joint use of a pulsed
electromagnet and a permanent magnet to amplify and
regulate the magnitude of the magnetic field in the surface
layer of the FO.

Conclusions.

1. As a result of the analysis of literary sources, the
need to select rational parameters for a source of a
constant magnetic field that magnetizes a ferromagnetic
object when converting electromagnetic energy into
ultrasonic energy was established.

2. An analysis was carried out of the parameters of an
autonomous source of magnetic field, consisting of a PM and
a ferromagnetic screen, which acts on the flat surface of a
remote ferromagnetic object, magnetizing it to a given level.

3. It has been established that in order to select rational
parameters of an autonomous SMF, it is necessary to use
an integral criterion that takes into account the magnetic
field in the surface layer of the FO, the magnetic
scattering field, the volume of the PM, which determines
the mass-dimensional indicators and cost of the SMF, and
the force of attraction to the FO.

4. The results of experimental studies on a sample of an
autonomous source, which contained 6 sections of PM made
of NeFeB ceramics with dimensions of 50x50x10 mm’,
correspond with an error of up to 9 % to the results of
calculating the magnetic field on the surface of a
ferromagnetic sample made of St45 steel with a thickness of
40 mm.

5. For a portable electromagnetic-acoustic transducer,
increasing the magnetic field in the FO either due to the
dimensions of the PM or due to a decrease in the air gap
between the SMF and the FO provides an increase in the
efficiency of the EMAP, increasing the ratio of the amplitude
of the bottom pulses to the amplitude of the noise.
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