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Annotation. The results of numerical calculation of the eddy current distribution and electromagnetic
forces in the working electroconductive chamber walls of the electromechanical disintegrator are obtained.
The results are agreement with the experimental data, which makes it possible to use the model to improve

the design of electromechanical disintegrator.
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Introduction

Today the processes of crushing and grinding of
solid materials for enrichment, allocation of a useful
part, and increase of rheological activity, increase of
contact surface and intensification of a number of
physicochemical processes are the most common
technological operations of industrial production of
various materials. One of the methods allowing to
carry out various technological processes of thin and
ultrafine grinding, homogeneous mixing of liquid

and solid powder substances (preparation of
emulsions, suspensions), acceleration of some
chemical Reactions, is the application of a

fundamentally new class of electromechanical
converters of energy -  electromechanical
disintegrators (EMD) of multifactor action [1, 2].

The topical direction of application of such
devices can be processing of wastes of human
activity, neutralization and utilization of industrial,
household and agricultural waste. Existing
traditional technologies of neutralization and
utilization of industrial and domestic effluents are
technically imperfect, consume large amounts of
energy, occupy huge areas and are environmentally
dangerous [3]. Despite the fact that the devices with
the vortex layer have already found application in
various industries, the complex physical and
mechanical-chemical phenomena occurring in the
vortex layer, remain poorly studied. In addition, the
existing papers [3-6] deal with the efforts and
moments arising in devices whose vortex layer is
created by a rotating magnetic field, and some
works [7, 8] are devoted to disintegrators created on
the basis of axial induction motors with massive
rotor that is also a working body.

Fig. 1,a shows the general view of the
experimental sample of EMD, manufactured in
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Donbass State Technical University. EMD consists
of the upper 1 and the lower 2 flat inductors with
three-phase windings 3 and 4, which form the
running magnetic fields with the opposite order of
alternation of phases, and working chamber 5 with
ferromagnetic working bodies (FWB) which is
located in the interinductors gap (fig. 1,Db).
Technical data of the experimental sample EMD are
given in table 1. Counter running fields form within
each pole division of the inductor local zones with
intensive vortex movement of FWB (for example,
needle type), with the use of which the treatment of
the original substance occurs. The vortex layer of
FWB can be created both at pressure, and in
vacuum, in liquid, gaseous or heterogeneous
environment. In addition to the direct mechanical
impact of FWB and the electromagnetic field, the
processed substance also has a number of
concomitant effects: heating, mechanical activation,
electrization, a wide range of local acoustic
pressures and under certain conditions also
cavitation and electrolysis (for liquid materials).

An important issue in the design of EMD is the
gualitative and quantitative assessment of the
distribution of eddy currents and electromagnetic
forces in the walls of the working chamber.

The nature of the distribution of the eddy
currents determines the value of the active resistance
of the secondary part, which plays an important role
in the formation of the working properties and the
character of the thermal regime of the EMD. At the
same time, the degree of deformation of the working
electromotive chamber EMD is determined by the
magnitude and duration of the action of
electromagnetic forces on its walls.

The goal of the paper is to investigate the
distribution of eddy currents and electromagnetic
forces in the walls of a working electroconductive
chamber of an electromechanical disintegrator of
multifactor action.
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Fig. 1. Experimental sample of EMD:
1, 2 — inductors of running field; 3, 4 — three-phase windings; 5 — working chamber.

Table 1
Technical data of EMD

Parameter name Value
Source of power AC network
Supply voltage 380V
Frequency 50 Hz
Number of phases 3
Active power 4 kW
Consumption current 26,5 A
Consumption current
(work without FWB) 27,1 A
Power factor 0,23
Volume of the active zone 2.82 dm’
of electromagnetic
The \{olume of the 2,68 dm’
working chamber
Operating mode Short-time
Maximum start-up time 7 mi

min

followed by a pause for
Cooling Forced air

Mathematical model

Calculation of the real distribution of eddy
currents and electromagnetic forces in the walls of a
working electroconductive chamber is possible
when using a three-dimensional mathematical
model that takes into account the features of
geometry and the factor of finite length. FWB in the
vortex layer perform complex motion — translational
with a frequent and abrupt change in speed and
direction and rotational with a variable angular
velocity. The nature of the FWB movement, a large

number of factors that significantly affect the
processing of material, complicate the theoretical
consideration of this issue. Accounting for the
presence of FWB in the working chamber without
taking into account their complex trajectory and the
nature of the motion does not make sense. However,
a sufficiently small mass of working bodies in
relation to the occupied volume of the EMD
electromagnetic interference zone causes a very
slight change in the current consumption (1,9-
2,3%) when the FWB is extracted from the
working chamber. Taking this into account, we can
assume that the pattern of the distribution of the
electromagnetic field in the EMD does not change
significantly.

In general, the non-linear differential equation
of the electromagnetic field in private derivatives
relative to vector magnetic potential A can be
represented as

rot(1 I’OtA)—y%—y(VX rotA)=—Jqy,
u ot

where x4 — absolute magnetic permeability;

y — specific conductivity;

v — vector velocity of the electroconductive
medium relative to the magnetic field source;

Jext — density extraneous current.

Algorithm  of numerical calculation of
electromagnetic field EMD, physical properties of
calculation parts, as well as boundary conditions
similar to those considered in the work [9].

The material of the working chamber is non-
magnetic stainless steel with specific electrical
conductivity — 1,1-10" S/m. To reduce the estimated
time of the model and the amount of hardware
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resources  required, the  three-dimensional
calculation of the electromagnetic field was
performed for the bipolar variant of the EMD.

To create a three-dimensional finite-element
model was used software complex Comsol
Multiphysics. Fig. 2, 3 shows the three-dimensional
geometry and the finite element grid of the model,
respectively.

The presentation of the material and its
results

When analyzing electromagnetic processes
with the use of three-dimensional finite element
models, the requirements to the accuracy of the
solution essentially increase.
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Fig. 3. Finite-element mesh of model

Therefore, at the first stage of the research, the
measurement of magnetic induction in the gap of
the experimental sample of EMD and subsequent
comparison with the numerical calculation of
induction for a three-dimensional model were
performed. For experimental determination of local
values of induction, we used measuring coils made
in accordance with the recommendations of [10]. A
general view of one of the coils is shown in fig. 4.

Fig. 4. General view of the measuring coil

The number of turns of the measuring coil is
120, the external diameter is 14 mm, the inner
diameter is 9 mm. The magnitude and shape of the
measured EMF were recorded using a digital
oscilloscope RIGOL DS5062M. Based on the
results of measurements of the local values of
magnetic induction in the middle of the gap in the
pole division of the EMD, the largest induction
value was 0,11 T. The induction value near the
inductor (at a distance of 1,5-2 mm) reaches a value
of 0,14 T.

The motion of working bodies begins at a
magnetic induction of 0,06 T. When the induction
reaches 0,08..0,1 T, practically in the entire
working volume of the EMD the regime of
intensive movement of the FWB begins.

The spatial graph of distribution of the
magnetic induction in the EMD gap, obtained from
the calculation of the finite-element model, is
shown in fig. 5. The greatest local values of
magnetic induction (on the graph are shown in dark-
red color) correspond to the gap points, which are as
close as possible to the narrowest parts of the
crowns of the inductor teeth. The character of the
induction distribution in the middle of the EMD gap
in the pole division showed good agreement with
the data of the physical experiment (fig. 6).

Magnetic flux density, norm [T] 0,7
0,6

|
SR T
10,4

10,3

0,2

Fig. 5. Spatial graph of distribution
magnetic induction in the air gap of the EMD
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Fig. 6. Magnetic induction distribution in the
middle of the EMD gap in the pole division

Calculation of eddy currents in the walls of the
working electroconductive chamber EMD is shown
in the form of a picture of the instantaneous
distribution of the z-component of the current
density (fig. 7), and also in the form of streamlines
(fig. 8) corresponding to the classical "contours™ of
eddy currents.

8,92x10° _
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Fig. 7. Distribution of eddy currents in the wall of
the chamber in the form of a picture of the
instantaneous distribution of the z-component of the
current density

The result of interaction of running magnetic
fields of inductors and eddy currents flowing in the
walls of the working chamber (adjacent to the
inductors) is the appearance of characteristic flexure

of the walls of the working chamber on each pole
division (fig. 9). Fig. 10 shows curves representing
the distribution of the deflection depth along the
length of one of the walls working chamber after
10, 15, and 20 minutes of EMD operation. The
figure shows that after 20 minutes of work
disintegrator depth of deflection, at the thickness of
the wall of the camera 0,8 mm, reaches 10 mm.

o e

s =

% /{///: Rt

Fig. 8. Distribution of eddy currents in the wall
of the chamber in the form of streamlines (contours)

Fig. 9. Deformation of the working chamber EMD

The curves of the distribution of the depth of
deflection along the length of the wall of the EMD
working chamber, constructed from the results of
experimental measurements and the character of the
distribution of electromagnetic forces obtained by
solving the three-dimensional field problem by the
finite element method (fig. 11), qualitatively agree
and confirm the presence of localization of the
acting forces on the chamber walls on the pole
division of inducers.
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Fig. 10. Distribution of the deflection depth along
the length of the walls working chamber

Numerical calculation shows that in the limits
of pole division into a nonmagnetic electrically
conducting chamber, distributed forces operate, the
value of which reaches a value of 25 N.

The software package Comsol Multiphysics
allows to define the resulting force which acts on
the working conductive chamber by integration of
elementary forces on volume, and to separate spatial
components of efforts which we interested most.

Deformation of the working chamber EMD is
caused, first of all, efforts which are directed
normally to a surface of a chamber wall. The use of
a working chamber with an increased wall thickness
will lead to a significant decrease in the magnetic
induction in the active part of the EMD due to an
increase in the screening coefficient, and may also
lead to overheating of the device due to an increase
of the eddy current density in the walls of the
chamber.

Fig. 11. Three-dimensional distribution of electromagnetic forces in the wall of the EMD working chamber

Conclusions

The results of a numerical calculation of the
eddy current distribution and electromagnetic forces
in the walls of the working electroconductive
chamber of the electromechanical disintegrator are
obtained. Calculation confirms the presence of
localization of the acting electromagnetic forces in the
walls of the electroconductive chamber on the pole
division of the inductors. Taking into account the
impulsive nature of these forces and shock loads, it
is recommended that a working chamber be made of
a non-magnetic material with walls having increased
rigidity. The results obtained using the numerical
model is agreement with the experimental data,
which makes it possible to use the model to improve
the design of the electromechanical disintegrator.
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JOCJII)KEHHS EJIJEKTPOMATHITHUAX IPOLECIB ¥ CTIHKAX POBOY0I KAMEPU
EJIEKTPOMEXAHIYHOT'O JE3IHTEI'PATOPA

M. M. 3a6a0achknii’, B. YO. Tpumiox’, O. O. Tumodeena®
1Haui0HaﬂbHuL7 YHigepcumem biopecypcie i npupoOoKopucmyseans Yxpainu
2Cxionoykpaincokuii Hayionanshuil ynisepcumem imeni Bonooumupa Jans

Anomauin. Oonum i3 cnoco6is, wo 003601410mb 30IUCHIOBAMU PI3HI MEXHONO02IUHI NPoYecu MOHK020 i

HAOMOHKO20 NOOPIOHEHHs, NepemMiy8ants PIOKUX I MEepOUx NOPOUKOBUX PEUOBUH, NPUCKOPEHHSA XIMIYHUX
peaxyil, € 3acmocy8ants eleKmpoMexaniunux Oe3inmezpamopis. AKMyarbHumM HANPAMOM 3ACMOCYB8ANHSA
MaxKux npucmpois modxce dymu nepepobra 6i0xo0ié OislIbHOCMI JHOOUHU, HeUmpanizayiss ma ymunizayis
NPOMUCTOBUX [ CIIbCHKO2OCHOOAPCLKUX 8i0X0018. Po3nodin euxposux cmpymie y cminkax poboyoi xamepu
BU3HAYAE AKMUGHULU ONIp 6MOPUHHOI HACMUHU  eleKMPOMEXaHiuno2o oeszinmezpamopa. Cmyninb
Oepopmayii  pobouoi  enekmponposioHoi  Kamepu SUHAYAEMbCS  GEAUNUHON | mpueanicmio  Oil
ENEeKMPOMASHIMHUX 3YCUNb HA iT CMIHKU. 3ACMOCO8AHO MAMeMAamuyHe MOOeTO8AHHS eJIeKIMPOMACHIMHO20
noJis 3 GUKOPUCTNIAHHAM MemOOy CKIHYEHHUX eleMeHMi8 PileHHs HelIHIIHUX PIGHAHb 6 NPUBAMHUX HOXIOHUX
Y MPpUBUMIPHOMY POPMYNIOBAHHI, WO 8PAXOEYE 0COOIUBOCMI 2eomempii ma ghakmop Kinyegoi 0osacunu. Ak
IHCMpYyMeHm 07151 NONbOBO20 AHANIZY 8UKOpUCcano npoepamuuil komnaexc Comsol Multiphysics. Ompumano
pe3yIpmamuy  YucenbHo20 PO3PAXYHKY PO3N0OITY GUXPOGUX CMPYMIE Mda eneKmpOMASHIMHUX 3YCUlb 6
CmiHKax pobo4oi  eneKmponposioHoi Kamepu —elekmpomexaHiunozo Oesinmezpamopa. Pospaxynok
niomeepolcye HAAGHICMb NOKANI3AYIL OioYUX eNeKMPOMASHIMHUX 3YCUb HA CMIHKU eleKmpOonpogioHoi
Kamepu 8 Medcax noaocHo20 noodiny iHOYKmopis. Bpaxogyiouu imnyascuull xapakmep Oii 3ycuib i yOapHUux
HABAHMAJCEND, PEKOMEHOYEMBCS BULOMOBNICHHS PODOYOI Kamepu 3 HEMACHIMHO20 Mamepiany 3i CIMIHKaMu,
wo marome nioguwjeny dcopcmkicmob. Ompumani pe3yibmamu  y3200H#CYIOMscs 3 OAHUMU  DI3UUHO20
excnepumenmy, W0  00380JAE  3ACMOCO8Y8AMU  MOOeNb 01  B0OCKOHANEHHS  KOHCMPYKYID
eeKMPOMEXaHIUHO20 de3inmezpamopa.

Knrouosi cnosa. enexmpomexaniunuii Oezinmezpamop, pobdoua xamepa, HuceibHe MOOeN08aAHHS,
BUXPOBI CIMPYMU, POZNOOIN ELEKMPOMASHIMHUX 3VCUTD.
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HCCJIEJJOBAHUE JIEKTPOMATHUATHBIX ITPOIIECCOB B CTEHKAX PABOYEN
KAMEPBI JIEKTPOMEXAHUYECKOI'O JE3UHTEI'PATOPA

H. H. 3a6aoackuii’, B. ¥O. Tpumiok?, O. A. Tumogeena’
'Hayuonansnslii ynusepcumem 6uopecypcos u npupodonons308anis Ykpaumnbl
2Bocmotmoyxpamtcxml HAYUOHANbHBIN YHUGepcumem umeHu Braoumupa /lana

Annomauusn. I[lonyyenvl pesyrbmamel YUCTIEHHO20 pACYemMd pAcnpeoeneHUsi BUXPesblX WOK08 U
NeKMPOMACHUMHBIX YCUIUL 8 CMeHKAX pabouell 21eKmponpogoosuell Kamepsbl 1eKMpOMeXaHuiecko2o
desunmezpamopa. Pacuem noomeepicoaem Hanuuue NOKATUIAYUU OelCMEYIOWUX INeKMPOMASHUNHBIX
VCUUL Ha CMEeHKU 3AeKMPONpo8odsiuell Kamepvl 8 npedenax nOIOCHO20 OeleHus uHOYKkmopos. llonyuennvie
Pe3VIbMampl CO2NACYIOMCA ¢ OAHHbIMU DUSULECKO20 IKCHEePUMEHMA, YMO NO360JIAen NPUMEHAMb MOO0elb
07151 COBEPULEHCTNBOBAHUSA KOHCIPYKYUU IJIEKINPOMEXAHUYECKO20 0e3UHmMezpamopd.

Knwuesvie cnoea: onexmpomexanuueckuil — oezunmezpamop, pabouydas — Kamepd, — YUCIEHHOe
MoOenuposanue, 8uxpegvle MoKU, pacnpeoeieHue INeKmpOMAZHUMHbBIX YCUTULL.
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