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ABSTRACT

Purpose. Creating a three-dimensional mathematical model of the electromagnetic field of an auger electromechani-
cal converter with the external solid rotor, taking into account the geometry peculiarities and the finite length factor.

Methods. Calculation of the electromagnetic field distribution has been performed with the use of the computational
solving the differential equations by the finite element method in a three-dimensional statement.

Findings. It has been set that in the air gap the values of magnetic induction vary in the range of 0.7 — 0.8 T, in the
flanks of the stator teeth they reach the value of 2 T. Induction in a hollow ferromagnetic rotor varies mainly in the
range of 1.3 -2.0 T, and in a thin layer with a thickness of 1.0 — 1.5 mm, facing the stator surface, it reaches the
value of 2.3 T. Within one pole pitch, the z-component maximum of the eddy currents density is 18-10° A/m? on the
inner hollow rotor surface. It has been determined that, with the exception of the ‘edge’ rotor sections, where the
transverse component of eddy currents prevails, as well as the sections of the magnetic flux “input” into the rotor, the
eddy currents are mainly axial. A comparison of the results of measuring the electric field intensity on the rotor sur-
face evidences a data difference of not more than 4%. The proposed model enables to optimize the design of the
converter, in particular, to reduce the magnetic induction in the stator teeth.

Originality. Numerical results have been obtained in the form of spatial patterns of distribution and graphical de-
pendences that take into complete account the axial and tangential components of the electromagnetic field.

Practical implications. The considered finite element model can be used when analysing the electromagnetic fields
in electromechanical converters with a complex secondary part. This will give a possibility to consider the real three-
dimensional field character, caused by the design peculiarities and the final axial dimensions.

Keywords: coal concentrate, auger electromechanical converter, computational studies, magnetic induction, eddy

currents distribution

1. INTRODUCTION

The majority of all processed coals is enriched by wet
milling methods in the processing plants. Therefore, along
with the ash content, sulphur content, calorific value, the
moisture content of the shipped coal is one of the most
important quality indicators. Reduce in the moisture con-
tent of coal concentrates and mud coal is associated with a
decrease in the ballast transportation volumes in the form
of excess moisture, the prevention of freezing in winter
time, and leads to an increase in the efficiency of heat
power plants and industrial boiler facilities.

The use of electromechanical converters as the links in
the technological chain for the processing of bulk and
viscous materials is among the current trends in the field

of scientific research of the 21 century. A promising class
of Polyfunctional Electromechanical Energy Converters
(PEEC), designed for the direct technological processes
implementation, is distinguished by an enhanced concen-
tration of functional and energy properties, as well as the
almost complete use of electric energy coming from the
electrical power network (Zablodskiy, Plyugin, &
Gritsyuk, 2014; Zablodskiy, Plyugin, & Gritsyuk, 2016).
Creation of PEEC and technologies based on them is
grounded upon the idea of combining in one electrome-
chanical device simultaneously heating, transporting,
mixing functions, integrating and directing of the heat
energy to the raw material processing zone. PEEC uses a
hollow ferromagnetic rotor design, which performs sim-
ultaneously the functions of the asynchronous motor
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rotor, heater, actuator, and protective casing. Moreover,
the rotor is cooled by raw materials, which are processed.
Air and free-melting materials with high heating capacity
and latent heat of melting can act as an additional cooling
agent in PEEC. PEEC of the auger type (Fig. 1) consists
of two modules operating in the opposite connection
mode. Two stators located on a common hollow shaft
create  counter-directed electromagnetic = moments,
providing the necessary rotation velocity of the common
rotor hollow cylinder without the use of a mechanical
gear reducer. A rotor having an auger winding, in addi-
tion to the function of moving the working material,
provides simultaneously the heating of working material.
PEEC have no analogues in the world, which makes it
possible to create competitive technologies.
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Figure 1. Constructive-and-technological scheme of the auger
PEEC: 1-stator of the drive (brake) module;
2 — hollow fixed shaft; 3 — external rotor — auger;
4 —auger bottom; 5 — casing; 6— bottom heating

inductors; 7 — axial channels of the rotor-auger;
8 — supply voltage input

Figure 2 shows a general view of the experimental
auger PEEC sample, manufactured at the K. Marx Elec-
tromechanical Plant in Pervomaisk. Provided a minimum
heat transfer to the environment, the efficiency of the
auger PEEC reaches a value of 0.98. Significant ad-
vantages of the PEEC-based technologies are not only a
high value of efficiency, but also significant reductions in
the production area, the number of equipment units and
the pay-back time.

Figure 2. A general view of the auger PEEC with removed
upper part of casing

Among the existing devices, the electromechanical
converters that combine the functions of transporting the
substances and generating the heat energy are similar in
their ideology creation. The important results obtained by
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the authors (Kim & Ivanov, 2009) include the theoretical
substantiation of the design principles of electromechani-
cal pumping over devices. Such devices are represented
in the form of asynchronous motors with rotating sec-
ondary elements having pressure blades or screw-type
winding. Among recent foreign publications there are
works devoted to the development of two-stator rotation-
al-linear electromechanical converters that are able to
perform rotation and movement along its axis (Amiri,
2014; Szczygiet & Kluszezynski, 2016). Such devices
are of increasing interest and can be usually found in
such processes as drilling, mixing, thread cutting, screw-
ing, activating the robot devices. As a rule, the ferromag-
netic element with cylindrical shape functions as a rotor
of a two-stator rotational-linear converter.

Researchers (Dobzhanskyi & Gouws, 2013) have
shown the advantages of an energy-efficient industrial
mixer constructed on the basis of a synchronous electric
motor with a solid rotor having permanent magnets. Such
converters perform both rotational and linear motion.
They can have a multimodule design with any number of
modules with a common three-phase winding (Zhao,
Xinhui, Xin, & Han, 2009; Bentia & Szabd, 2010; Bolo-
gnesi, Bruno, Papini, Biagini, & Taponecco, 2010).

Significant achievements of foreign scientists include
the results in the physical processes study in such con-
verters. A large number of works, including (Aho, Nerg,
& Pyrhonen, 2007; Gieras & Saari, 2012; Papini &
Gerada, 2014), are devoted to electromagnetic and ther-
mal fields study in the active zone of electromechanical
converters with a ferromagnetic rotor by means of nu-
merical techniques. In the works of authors (Amiri,
Gottipati, & Mendrela, 2011; Amiri, Jagiela, Dobzhan-
ski, & Mendrela, 2013), the results are presented of
three-dimensional finite element modelling of a rotation-
al-linear motor. A three-dimensional analysis of a rota-
tional-linear converter, which considers the longitudinal
and transverse edge effects, the current displacement
effect, the influence of the thickness of the core outer
sheets, and which practically has no restrictions on the
magnetic circuit configuration, is presented in the publi-
cation (Alwash & Qaseer, 2010). In the works (Men-
drela, 1978; Fleszer & Mendrela, 1983; Cathey, 1985;
Mendrela & Geirczak, 1987; Rabiee & Cathey, 1988),
the analysis of an asynchronous converter with spiral
motion is given. The authors use the Fourier method of
series, which takes into account edge effects.

The optimization of PEEC design to perform the spe-
cific technological functions, such as drying and pro-
cessing of coal concentrates and mud coal, is an im-
portant scientific and applied problem of electromechan-
ics. The calculation of real distribution of magnetic in-
duction, eddy currents and electromagnetic forces in the
active part of an electromechanical converter is possible
with the use of a mathematical model which takes into
account the peculiarities of geometry, surface effect,
finite length factor, and non-linearity of the electrophysi-
cal and magnetic properties of materials. A superpreci-
sion approach to modelling, based on three-dimensional
numerical analysis, will allow to better understand and
predict phenomena that are difficult and sometimes im-
possible assessed experimentally.



M. Zablodskiy, V. Gritsyuk, Ye. Rudnev, R. Brozhko. (2019). Mining of Mineral Deposits, 13(4), 99-106

2. DETERMINING THE THREE-DIMENSIONAL
ELECTROMAGNETIC FIELD DISTRIBUTION

The rotor of the converter under study is made in the
form of an external hollow ferromagnetic cylinder. In the
general case, the non-linear magnetic system of the auger
PEEC consists of several ferromagnetic bodies with non-
linear physical properties of materials surrounded by a
magnetic-linear medium. The electromagnetic field at
each point of the studied area is determined by the
magnetic induction vectors B of the magnetic field inten-
sity H of the electric displacement D and the electric
field intensity E.

The system of Maxwell’s equations for the
electromagnetic field vectors in all areas of the auger
PEEC is a mathematical model of non-linear magnetic
system with a current densities distribution.

In the practice of electromechanical converters (EC)
fields calculations, to bring the Maxwell's equations
system to a form more convenient for solving, the vector
magnetic potential 4 is often used, which is determined
by the expression:

r0t2=§. (H

Based on the Maxwell’s equations, in media with
non-linear magnetic characteristics, when using the
vector magnetic potential, an equation can be written,
which describes the electromagnetic field for randomly
time-varying distributed alternating currents, including
eddy currents in massifs.

Ampere’s circuital law with account of (1) and the
properties of the media:

rot [lrot 2) = 7eddy + .7ext S 2)
Yl

where:
U = uour — absolute magnetic permeabilty;
o — magnetic permeability in vacuum;
U — relative magnetic permeability;

J eddy —eddy currents density;

J ext — €Xtraneous currents density.

Using the scalar magnetic potential ¢, the expression
for the eddy currents density can be written:

- 04
Jeddy = 7(—¥+grad¢J , 3)

where:

y — specific electrical conductivity.

Having substituted the expression for the eddy
currents density into equation (2) and accepting the
calibration conditions div 4 = uyp, let us perform the
vector transformations and obtain the differential
equation of the electromagnetic field in the partial
derivatives according to the vector magnetic potential:

rot[lrotZJ—ya—A—7(;xrot2)=—jexu )
U ot

where:

v —velocity vector of the electrically conducting
medium movement relative to the magnetic field source.

For the case when the magnetic field varies in
harmonic law, the equation (4) takes the form:

rot(lroth—ja)}/:‘i—}/;'(I'O'[Z)=_¢_jexta (5)
U

where:
w — angular frequency of the magnetic field changes.
For non-conducting areas, the Poisson's equation is
valid:

rot [l rot Zj = —jex; . (6)
Y7,

The solution of lengthy equations of the field in the
numerical calculations of three-dimensional models is
accompanied by significant difficulties. From the point of
view of optimizing the hardware costs, it is expedient to
perform the numerical calculation of a quasi-stationary
electromagnetic field using the equation for the rotor
coordinate system, since there is no convection component
related to the rotor rotation relative to the coordinate
system. Simplification of the equation (5), through the
exclusion of the convection term, does not affect the
approach to solving the problem, however, it contributes to
the solution convergence, which enables to implement
practically the algorithm of numerical calculation.

In the case of using a rotor coordinate system, the
rotor remains motionless. Then, in the equation (5), it is
necessary to accept the conditions:

wo=aps; 0op=0;v,=v,=0, 7

where:

w1 — angular frequency of the stator field rotation;

s — rotor slip;

wpr — angular frequency of the rotor rotation;

vy, —components of the velocity vector of the
electrically conducting medium relative to the magnetic
field source.

Finally, the equation (5) can be written as:

rot (iroth—ja)lsyZ = —jex; . 8)
Y7,

If in two-dimensional problems one component of A
vector describes two components of the magnetic field,
then, all three components should be considered in three-
dimensional problems. The vector equation (8) for a three-
dimensional magnetic field is equivalent to three equations:

9194, 2 104, 9104

- —jaoysyA, =—J.;
o ox oyudy ozm oz T ATARTTx
04 04 04
81_y+81_y+81 y—j(()ls}/A :_Jy;
Ox i dox dy M dy Oz M Oz Y
ilaﬁ+ilaﬁ+ilaﬁ_]a)lsyjqz :—JZ R

ox 4 ox dypu dy Odzp Oz

where:
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Jy,,-—components of the vector of extraneous
currents density.

Equation (8) 1is supplemented by boundary
conditions. At the external boundaries of the
computational domain (the three-dimensional model
shell), a zero value of the vector magnetic potential is set
(Dirichlet condition):

A=0. 9)

The boundary condition (9) stipulates the accepted
assumption that there are no magnetic fluxes leakage into
the outer space through the considered boundaries. At the
interface between media with different magnetic
properties, the condition of normals equality to the
boundary of the components of the magnetic induction
vector and the tangent components of the magnetic field
vector intensity is used (Neumann condition):
an = an, HTI = HTZ' (10)

Let us set the dependences of the media parameters
on the spatial coordinates. Magnetic permeability as a
function of magnetic field intensity for ferromagnetic
media of the studied system in a matrix form:

My 00
[.]=] 0 Hyy 0 (1)
0 0 4,

where:

U, 1y, r- — relative magnetic permeability along the x,
v, z axes, respectively.

The conductivity matrix for conducting media has the
form:

7» 00
[/Ur] =0 7 01, (12)
0 0 7
where:
sy, — €lectrical conductivity along the x, y, z axes,
respectively.

The basis for the numerical calculation of the three-
dimensional quasi-stationary electromagnetic field of the
auger PEEC is the partial differential equation (8), which
is reducible to the algebraic equations system with
respect to the target values of the vector magnetic
potential at the nodes of the finite element mesh. The
vector magnetic potential is calculated based on the
condition of the minimum of energy functional:

0104

9104 0194
F=[|———+———+———""ldxdydz+
yloxwox dyudy dzu oz
(13)
+[ joy A? dxdydz + | J Adxdydz
V V

According to the calculation results of distribution of
the vector magnetic potential, values of the magnetic
induction, intensity of the magnetic and electric fields are
determined. The calculation of currents, losses and forces
is carried out by integration over the volumes and the
surfaces of the computational domains of a model.
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The practical implementation of the mathematical
model has been performed within the Comsol
Multiphysics 5.2 software and computer complex.

The initial data for calculating the electromagnetic
problem are: geometric parameters of the model; angular
frequency of the rotor rotation; current density in stator
slots; electrical and magnetic properties of materials.

The calculation of three-dimensional distribution of
the electromagnetic field has been performed for the
drive module of the auger PEEC experimental sample.
The model geometry does not contain an auger winding,
rotor ventilation holes and bearing shields. The main
assumptions are conditioned by the idealization of
physical and geometric characteristics of the auger con-
verter design and include the following:

1. The anisotropy of the physical properties of
materials is not taken into account.

2. The relative magnetic permeability of the non-
ferromagnetic medium is assumed to be unity.

3. The specific electrical conductivity of the stator
core is assumed to be zero.

4. The current density in the conductors of the slotted
area of the stator winding has only one axial component
S (Ji=J,=0).

The angular frequency of the rotor rotation is set in the
form of the field sources frequency in accordance with the
conditions (7) for the rotor coordinate system. The
specific electrical conductivity of the rotor material was
accepted in accordance with the reference data, taking
into account the averaged temperature of 230°C (a
physical experiment data) with working slip s = 0.88 for
the drive module. The non-linearity of the magnetic prop-
erties of the solid rotor and stator core is taken into ac-
count by setting the corresponding magnetization curves.

The field sources on the right side of equation (8) are
set by the extraneous current density in the slotted areas
of the stator according to the three-phase scheme of
winding connection. The complex values of the current
density in the phases of the stator winding:

Fa=inle,
Sg
i (— 7[) . (—27[)
=1, | cos| —— |- jsin = ‘U
Jp = - -—; (14)
Sg
I I —4r . (—4x)]
_ —1yy COS| — —jSln T ~ug
Jc= - —,
Sg
where:

I, — current amplitude in stator phase (physical model
data);

ug — the number of effective conductors in the slot;

Se — sectional area of the slot.

In the considered electromagnetic problem, the field
distribution immediately in the ferromagnetic rotor, as
well as in the air gap zone, is of the greatest interest.
The requirements by the discretization degree are
specified to the conducting structural elements in which
the eddy currents are calculated. The mesh spacing in
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them, as indicated in the literature, should be no more
than 1/4 of the field penetration depth. At the same
time, to ensure the solution accuracy, the ratio of the
maximum spacing to the minimum one should not be
more than 8 — 10.

The greatest influence on the calculation time (the
number of iterations), alongside with the presence of
non-linearities, is made by the finite elements dimensions
and the degree of the corresponding approximating
functions determined by the number of nodes of finite
elements. The final choice of parameters and
optimization of the mesh structure are carried out in the
course of numerical experiments by establishing a
compromise between the modelling accuracy and the
time spent on the calculations. A three-dimensional finite
element mesh of the model is represented in Figure 3.
The finite element mesh of air areas located outside the
ferromagnetic rotor, inside the fixed shaft, and also along
the ends of the active part, is not shown.

Figure 3. Three-dimensional finite element mesh of the model

3. RESULTS AND DISCUSSION

The result of solving the problem of three-
dimensional distribution of the electromagnetic field is
shown in Figure 4 in the form of several longitudinal and
transverse cuts of the active part of the drive module of
the auger PEEC at s = 0.88. By colouring with different
colors and intensities, the value of the z-component of
the vector magnetic potential 4. is determined.

Figure 5 shows the distribution pattern of a normal
component of magnetic induction in the active part of the
auger PEEC in the form of a set of longitudinal and
transverse cuts of the model with the same slip for the
drive module s = 0.88. While Figure 6 shows the magnet-
ic induction distribution in the hollow rotor wall in the
form of a longitudinal cut.

In the air gap, the values of magnetic induction vary
in the range of 0.7 — 0.8 T, in the flanks of the stator teeth
they reach the value of 2 T. Induction in a hollow ferro-
magnetic rotor varies mainly in the range of 1.3 -2.0 T,
and in a thin layer with a thickness of 1.0 — 1.5 mm,
facing the stator surface, it reaches the value of 2.3 T.
The proposed model can enable to optimize the converter
design, in particular, to reduce the magnetic induction in
the stator teeth.
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Figure 4. Distribution of a z-component of the vector magnetic
potential in the form of longitudinal and transverse
cuts of the drive module active part at s = 0.88

Figure 5. Distribution of a normal component of magnetic
induction in the form of longitudinal and transverse
cuts of the drive module active part at s = 0.88

Figure 6. Distribution of a normal component of magnetic
induction (T) in the hollow rotor wall in the form of
a longitudinal cut

Consider in more detail the distribution of eddy cur-
rent density (z-component) in the wall of the outer hollow
rotor at s = 0.88 (Fig. 7). It can be seen from the Figure 7
that the eddy currents component, which is perpendicular
to the plane of the rotor section, flows in two opposite
directions, thereby forming path for current flow.
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Figure 7. Distribution of a z-component of eddy currents
density (A/m?) in the wall of the outer hollow rotor
(in the form of transverse cuts)

At the same time, there are rotor sections, where, on
its surface, the currents of one direction flow, and, at a
certain depth, the damped currents of opposite direction
flow. In this mode, the current frequency in the rotor is
44 Hz, while within the limits of one pole pitch, the
z-component maximum of the eddy current density was
18-10° A/m? on the inner hollow rotor surface. With the
exception of the “edge” rotor sections, where the trans-
verse component of the eddy currents prevails, as well as
the sections of the magnetic flux “input” into the rotor,
the eddy currents are mainly axial.

The results obtained using the proposed model have
revealed high convergence with the experimental studies
results presented earlier in the work (Zablodskiy,
Zhiltsov, Kondratenko, & Gritsyuk, 2017). A comparison
of the results of measuring the electric field intensity on
the rotor surface evidences a data difference of not more
than 4%. The proposed model enables to obtain the nu-
merical results in the form of spatial patterns of distribu-
tion and graphical dependences that take into complete
account the axial and tangential components of the elec-
tromagnetic field.

This, in turn, enables to increase the adequacy of
calculations in comparison with existing models
developed in the form of a part (three-dimensional
sector) of the converter and requiring the use of a
symmetry coefficient.

4. CONCLUSIONS

The presented three-dimensional mathematical
model of the electromagnetic field of the active part of
auger electromechanical converter with an external
solid rotor takes into account the peculiarities of ge-
ometry and the finite length factor. The studied finite
element model can be used when analysing the electro-
magnetic fields in electromechanical converters with a
complex secondary part. This will give a possibility to
consider a real three-dimensional field character
(caused by the design peculiarities and the final axial
dimensions) and, accordingly, to obtain more adequate
project information.
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3D MOJAEJIb EJIEKTPOMATHITHOI'O ITIOJIA HIHEKOBOI'O
EJEKTPOMEXAHIYHOI'O HEPETBOPIOBAYA
I3 30BHIIIHIM MACUBHHUM POTOPOM

M. 3a6moncekuit, B. I'pumtok, €. Pynues, P. Bpoxko

MeTta. CTBOpEeHHS TPUBHMIPHOI MaTeMaTHYHOI MOJEINI €JIeKTPOMArHiTHOTO IOJISI ITHEKOBOTO €JIeKTPOMEXaHIqHOTO
MIEpETBOPIOBAYA 13 30BHIIIHIM MAaCHBHAM POTOPOM, II[0 BPAXOBYE OCOOIMBOCTI reoMeTpii i (hakTop KiHIIEBOT JOBXKUHH.

Metoauka. Po3paxyHOK po3MOIiTy eIeKTPOMArHiTHOTO ITOJII BUKOHAHWH 13 BUKOPHCTAHHSIM YHCEIFHOTO PIlIeHHS
IuQepeHITiaTb-HIX PiBHIHD METOJIOM KiHIICBHX €JIEMECHTIB B TPUBUMIipHiil TOCTAHOBIII.

PesysabTaTn. BcTaHOBICHO, 1II0 Y TOBITPSAHOMY 3a30pi 3HAYSHHS MATHITHOI IHAYKII 3MIiHIOIOTHCS B Jialla3oHi
0.7 — 0.8 Tn, B HiXKKaX 3yOIIiB CTaTOPa AOCATaIOTh BeaMYrHU 2 Ti. I[HAYKIiS B TOPOXKHUCTOMY (epOMarHiTHOMY poTOpi
MepeBaKHO 3MIHIOEThCS B fiana3oni 1.3 — 2.0 Tu, a B ToHKOMY 1napi ToBIuHOIO 1.0 — 1.5 MM, 3BepHEHOMY 110 IOBEPXHI
craTopa, focsrae BenuunHy 2.3 Ti. B Mexax oHOTo IOJIIOCHOTO MOy MAaKCUMYM Z-KOMIIOHEHTH I'yCTHHH BUXPOBUX
cTpyMiB cTaHoBHTE 18-10° A/M? Ha BHYTpILIHI{ MOBEPXHi MOPOKHUCTOrO poTopa. BH3HaueHO, 10 32 BUHATKOM “Kpa-
HoBUX” NUISHOK pOTOpa, Je IepeBaXkae MoMepevHa CKIIal0Ba BUXPOBHX CTPYMIB, a TAKOXK JUISHOK “BXOJy” MarHiTHOTO
HOTOKY B POTOP, BUXPOBI CTPYMH B OCHOBHOMY € akciaJbHUMH. [10piBHSHHS pe3yJIbTaTiB BUMIPIOBaHHS HAIIPYKEHOCTI
€JIEKTPUYHOTO TIOJIS1 Ha TIOBEPXHI pOTOpa MOKa3aJio BiIMIHHICTE JaHUX He Oinbiie 4%. 3anponoHoBaHa MOJIENb JO3BO-
JISIE OTITUMI3YBAaTH KOHCTPYKIIiIO TIEPETBOPIOBaYa, 30KpeMa, 3MEHIINTH MarHiTHy IHAYKIIIO B 3yOLsIX cTaTopa.

HaykoBa HoBu3Ha. OTpUMaHO YHCENBHI Pe3yIbTAaTH y BUTJIII POCTOPOBUX KAPTHUH PO3IOALTY Ta rpadidHHuX 3a-
JISKHOCTEH, SKi TOBHICTIO BPaXOBYIOTh aKCIaIbHY Ta TAaHTEHIIAIbHY KOMIIOHCHTH €JIEKTPOMAarHiTHOTO TIOJIS.

IpakTH4Ha 3HAYUMICTh. PO3TIITHYTa KiHIIEBO-€JIEMEHTHA MOJIENTh MOXKe OyTH BUKOpPHCTaHA MPH aHaNTi31 eJIeKTpoMa-
THITHHX TIOJNIB B €IEKTPOMEXaHIYHHX IIEPETBOPIOBaYaX 3i CKJIAJHOI0 BTOPHHHOI YacTHHOIO. lle M03BOJMTH BpaxyBaTH
peabHUI TPUBUMIPHHUI XapakTep MoJisl, BUKIUKAHUH 0COOINBOCTAMH KOHCTPYKIIIT 1 KIHIIEBUMH OCHOBUMH PO3MipaMHu.

Kntouosi cnosa: gyzinbHuii KoHYyeHMpam, WHeKOBULl eleKMPOMEXaniyHull nepemsaoproéay, YuceabHi 00CTi0ONCeHHS,
MAZHIMHA THOYKYIS, PO3NOOLL BUXPOBUX CIMPYMIG

3D MOJAEJIb 2JIEKTPOMAT'HUTHOI'O ITOJISI HITHEKOBOT'O
SJNEKTPOMEXAHHNYECKOI'O IIPEOBPA30OBATEJIA
C BHEITHUM MACCHUBHBIM POTOPOM

H. 3abmonckwii, B. ['pumtok, E. Pynanes, P. bpoxko

Heanb. Co3nanne TpexMepHOH MaTeMaTHYECKOW MOJENHN 3JIEKTPOMAarHUTHOTO TI0JISI IITHEKOBOT'O AJIEKTPOMEXaHHYe-
CKOTO IpeoOpa3oBaTelsi ¢ BHEITHIM MAacCHBHBIM POTOPOM, YUHTHIBAIOIIEH 0COOEHHOCTH TeOMEeTpHHU U (pakTop KOHEed-
HOH JIJTMHEI.

Metoauka. Pacyer pacnpeneneHns 3JIeKTPOMarHiTHOTO TI0JIS1 BBITIOJIHEH ¢ MCIIOJIb30BaHNEM YHCIEHHOTO PEIIeHNUS
Qg epeHnaIbHbIX YPAaBHEHHH METOIOM KOHEUHBIX DJIEMEHTOB B TPEXMEPHON IIOCTAHOBKE.

Pe3ysbTaThl. YCTaHOBIICHO, YTO B BO3AYIIHOM 3a30pe 3HAUECHUS MAarHUTHOW MHIYKIIMM M3MEHSIOTCS B JHAIlla30HE
0.7 — 0.8 T, B HOXKaX 3yOIOB CTaTopa AOCTUTArOT BenuIuHBI 2 Tin. UHAyKIusa B oJIoM (hepoMarHuTHOM pOTOpe Tpe-
HMMYIIECTBEHHO u3MeHsercs B auanasone 1.3 —2.0 Tn, a B ToHkoM cnoe tommuuoi 1.0 — 1.5 MM, oOpatieHHOM K 10-
BEPXHOCTH CTaTopa, AocTuraeT BeanuuHsl 2.3 Ti. B npeaenax oHOTO MOMIOCHOTO JIENEHUSI MAaKCUMYM Z-KOMITIOHEHTHI
IUIOTHOCTH BUXPEBBIX TOKOB cocTaBiseT 18:10% A/M? Ha BHyTpEeHHEH MOBEPXHOCTH MOJIOTO poTopa. ONpeneseHo, uro
3a UCKIIIOYCHHUEM “KPaeBbIX’ YYaCTKOB POTOPA, IJIe MPeobdaanacT MOoMepeyHas COCTABIISIONIAS BUXPEBBIX TOKOB, a TaK-
)K€ YYaCTKOB “BX0/1a” MarHMUTHOTO TIOTOKA B POTOP, BUXPEBbIE TOKM B OCHOBHOM SIBIISIIOTCS akcHalbHbIMU. CorocTas-
JIHWE PEe3yJIbTaTOB M3MEPEHMs] HANPSDKEHHOCTH 3JIEKTPUYECKOrO IMOJIsl Ha TMOBEPXHOCTH POTOPA MOKA3al0 pazinyue
JaHHBIX He Oonee 4%. IpennokeHHas MO/ENb TO3BOJSET ONTHMHU3HPOBATh KOHCTPYKIHUIO Mpeo0pazoBarelsi, B 4acT-
HOCTH, CHU3UTh MarHUTHYIO HHIYKIMIO B 3yOlLlax craTopa.

Hayunas HoBu3Ha. [loydeHbl YnCIICHHBIE PE3YJIBTATH B BUJE MPOCTPAHCTBEHHBIX KAPTHUH paclpeleJIeHuUs U Tpa-
(udecKknx 3aBUCHIMOCTEH, KOTOPBIE MOJTHOCTHI0 YYHTHIBAIOT aKCHAIBHYIO M TAHTCHIMANGHYI0 KOMIIOHEHTHI 3JIEKTPO-
MarHATHOTO TIOJISL.
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IpakTHyeckasi 3HAYAMOCTb. PaccMOTpeHHasi KOHEYHO-3JICMEHTHAsE MOJICITh MOXKET OBITh HUCIOJIb30BaHa TPH aHa-
JIU3€ DJIEKTPOMArHUTHBIX TOJIEH B AIIEKTPOMEXAHUYECKUX MPeoOpa3oBaTelisiX CO CIOKHOW BTOPUYHOM 4acThio. JTO
MO3BOJIUT YYECTh PEalbHbIA TPEXMEPHBIA XapakTep OIS, BhI3BAHHBIN OCOOCHHOCTSIMH KOHCTPYKIIMU W KOHEYHBIMHU
OCEBBIMH Pa3MeEpaMH.

Knrouesvle cnoea: yeonvuvlii KOHYeHMpam, WHEKOBbI 91eKMPOMEXanudeckull npeobpazoeamend, HUCIEHHbIE
UCC1e008aHUsL, MASHUMHAS, UHOYKYUSL, pachpeoeieHUe BUXPEBbIX MOKO8
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