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MODELLING OF THREE DIMENSIONAL ELECTROMAGNETIC FIELD
DISTRIBUTION IN THE ACTIVE PART ELECTROMECHANICAL DISINTEGRATOR

Developed three-dimensional finite element mathematical model of electromechanical disintegrator.
Obtained the results of the spatial distribution of electromagnetic field in its active portion. Identified
the features distribution of eddy currents and electromagnetic forces in the working conductive camera

of disintegrator.

Key words: electromechanical disintegrator, three-dimensional finite element model, eddy currents,

electromagnetic forces.

The problem and its relation to scientific
and practical tasks. One of the ways to im-
plement the various processes fine and super-
fine grinding, homogeneous mixing of liquid
and solid powder materials (preparation of
emulsions, suspensions, etc.), acceleration of
chemical reactions is the use of a fundamen-
tally new class of electromechanical energy
converters — electromechanical disintegrator
(EMD) multifactor impact [1, 2, 3]. Work area
EMD is an area in which are counter running
electromagnetic fields affecting workers fer-
romagnetic body (WFB), which in turn be-
come magnetic dipoles and interact with the
resultant field — the original source of energy.
This results in a number of effects which, in
addition to mechanical and thermal effects of
the WFB, acting directly on the material,
changing its physic and chemical properties.

With using the two-dimensional mathe-
matical modelling, given in [4, 5], determine
the complexity of the electromagnetic field
distribution in the active part of EMD taking
into account all the spatial components of the
eddy current in the conductive working cam-
era, i1s almost impossible. This problem
makes it necessary to develop a three-
dimensional mathematical model of EMD.

Statement of the problem. The objective
of this work is to create a three-dimensional
finite element model of EMD and determina-
tion based its features of electromagnetic field
distribution in the active part.

Presentation of the material and its re-
sults. The general form of the nonlinear dif-
ferential equation of the electromagnetic field
in the partial derivatives to the vector mag-
netic potential 4 can be represented as

1 - a4 .-
rot(—rot A) —y——-y(vxrot 4)=-J,,
1) ot
where pu = po -n, — absolute permeability;
vy — specific conductivity; v — vector veloc-
ity of the electroconductive medium relative

to the magnetic field source; J,, — density

extraneous current.

Algorithm for the numerical calculation of
electromagnetic fields EMD, the physical
properties of computational domains, as well
as boundary conditions similar to those con-
sidered in [4]. Material working camera —
nonmagnetic stainless steel with the conduc-
tivity — 1,1-10" S/m.

To reduce the design time calculations and
size of the needed amount of hardware re-
sources, three-dimensional electromagnetic
field calculation is made for a bipolar version
of EMD. To create a three-dimensional finite
element model was used software package
Comsol Multiphysics 3.5a. On figures 1 and 2
presents the three-dimensional geometry and
finite-element mesh of model, respectively.

It should be noted that the use of a PC
based 4-core processor, AMD Phenom II X4
955 vyielded good results for the three-
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dimensional model with a high degree of
sampling grid elements. Thus, for comparison
on figures 3 and 4 show the distribution
curves of the normal component of the mag-
netic induction in the middle of the air gap in
the yoke and along one pole EMD, respec-
tively, for the three- and two-dimensional
electromagnetic calculation options.

Figure 1 — Three-dimensional geometry
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Figure 2 — Finite-element mesh of model

Figure 5 shows the distribution of the
normal component of the magnetic induction
in the active part of the EMD in several cross
sections. The highest value of magnetic in-
duction is observed in narrow areas of mag-
netic teeth — 2 T, value insignificantly de-
creases as we move towards the middle of the
active part.
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Figure 3 — Distribution of the normal component
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of the magnetic induction in the middle of the air
gap (top) and in the yoke for three-dimensional
calculation of EMD
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Figure 4 — Distribution of the normal component
of the magnetic induction in the middle of the air
gap (top) and in the yoke for two-dimensional
calculation of EMD
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Figure 5 — Distribution of the normal compo-
nent of the magnetic induction in the active part
of the EMD in several cross sections

Three-dimensional graph of the distribu-
tion of the magnetic induction in the air gap
EMD is shown on figure 6. Distribution of the
vector magnetic potential in the active part of
EMD in a three-dimensional graph shown on
figure 7.

Calculation of the eddy currents in the
conductive camera EMD work is shown
on figure 8, distribution of instantaneous
z-component of the current density (left), as
well as a line current (right) corresponding to
the classic "contours" of eddy currents.

A consequence of the interaction between
the running magnetic fields of inductor and
eddy currents flowing in the conductive cam-
era walls (adjacent to the inductor), is the oc-
currence of the characteristic deflection of the
camera walls within each pole pitch under the
action of electromagnetic forces.

Distribution curve deflection depth along
the length of the wall of the working camera
EMD, built on the results of experimental
measurements [5] and the nature of the distri-
bution of electromagnetic forces obtained by
solving the three-dimensional field problem
by finite element method (figure 9), shown
qualitative agreement and confirmed the pres-
ence of localization of existing efforts within
the pole dividing inductors.

Comsol Multiphysics allows defining the
resultant force which acts on a conductive
working camera by integrating elementary
forces by volume, as well as efforts to sepa-
rate spatial components, we are interested
most. To deformation of the working camera
EMD causes efforts normal to the surface of
the camera wall. Numerical calculations
showed on the pole pitch in a conductive
camera distributed force action that reaches
25 newtons.

Max: 0.708
Surface: Magnetic flux density, norm [T Height: Magnetic flux density, norm [T] 07

Min: 0.0125

Figure 6 — Three-dimensional graph of the
distribution of the magnetic induction
in the air gap EMD

Figure 7 — Distribution of the vector magnetic
potential in the active part of EMD in a
three-dimensional graph
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Figure 8 — Distribution of eddy current in the working conductive camera EMD

Figure 9 — Three-dimensional distribution of electromagnetic forces
in the working conductive camera EMD
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Given the pulsatory character of the action
forces and impact load, to ensure the me-
chanical strength of the working camera, one
can recommend its manufacturing of non-
magnetic material (stainless steel, titanium)
with a minimum thickness of 4-5 mm.

Conclusions and directions for further
research. Developed three-dimensional finite
element mathematical model of electrome-
chanical disintegrator. Obtained results of the

spatial distribution of electromagnetic field in
its active portion. The features of the distribu-
tion of eddy currents and electromagnetic
forces in the working conductive camera dis-
integrator.

Further research should be aimed at a detailed
study of the influence of the geometric dimen-
sions of the active part of EMD on the power
characteristics of the electromagnetic field in
order to obtain needed operating properties.
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A.T.H. 3a0a0acbkuii M. M., k.T.H. I'puitox B. FO., 3a6nonceka T. IL. (Zou/[TV, m. Anuescok, Yrpaina)
MOJEJIIOBAHHSA TPUBUMIPHOI'O PO3IOALTY EJIEKTPOMAT'HITHOI'O I1OJISI B
AKTUBHIN YACTHHI EJJEKTPOMEXAHIYHOI'O JIE3SIHTETPATOPA

Pospobneno mpusumipny KiHyego-e1eMeHmMHYy MAMEMAMUYHY MOOeTb eNeKMPOMEXaHIUHO20 Oe3iH-
mezpamopa. Ompumano pesyabmamu npocmopo8o20 po3nooiLy eleKmpoOMAazHiMHO20 NOJIA 8 U020 AK-
MuUsHil yacmuni. Busnaueno ocobausocmi po3nooiny eUxpoeux cmpymie i e1eKmpoMacHimHux 3yCulv 6
PoOOUIL enekmponpoeionill Kamepi Oe3inmezpamopa.

Knrouoei cnoesa: enexmpomexaniunuii 0ezinmespamop, MpUusUMIpHa KiHyeso-eleMenmHda MoO0eb,
BUXDOBI CMPYMU, eIeKIMPOMASHIMHI 3YCUTLTIA.

A.T.H. 3a0aoackuii H. H., k.1.H. 'pumiox B. 0., 3a6aoackasn T. IL. (Joul TV, 2. Anuesck, Yrkpauna)
MOAEJUPOBAHUE TPEXMEPHOI'O PACIOPEJAEJEHUS DJIEKTPOMATHUTHOI'O
OJISI BAKTUBHOM YACTH SJIEKTPOMEXAHUYECKOT'O JE3UHTETPATOPA

Paspabomana mpexmepuas KoOHeUHO-dIeMEHMHAS MAMEMATMUYECKAsT MOOeb dNeKmpoMexanuye-
ckoeo Oesunmezpamopa. Ilonyuenvt pezyibmamsl NPOCMPAHCMEEHHO20 PACHPEOeNeHUs INeKmpoMas-
HUMHO20 NOJIA 8 20 akmuenol yacmu. Onpeodenenvl 0COOEHHOCMU PACnpedeenuss GUXPEGbIX MOKO08 U
ANEKMPOMASHUMHBIX YCUTUL 8 pabouell IAeKMPOnPosodsiuell Kamepe 0e3unmezpamopa.

Knwuesvie cnosa: snexmpomexanudeckuti Oe3uHmMezpamop, MmMpexmepHas KOHEYHO-3]1eMeHMHAs
MoOenb, UXPeBble MOKU, INEKMPOMASHUMHbBLE YCUTUSL.
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