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INTRODUCTION

e mixing of loose material with lime to absorb
moisture with subsequent separation of lime
and material and a vacuum separator, the
drum of which rotates with the help of an
electric motor;

e drying of the material using superheated
steam; steam is prepared in a boiler, which is
heated by a gas boiler room;

e drying of containers with loose material with

The technology of processing loose substances, such
as grain, coal slurry, mixtures for fuel briquettes,
involves the performance of operations of mixing,
drying to a certain percentage of moisture, and
transportation to storage [1, 2].

In terms of functions and devices used, the fol-
lowing can be distinguished:

1) mixing: electric motor, mixer or screw con-
veyor [3, 4];

2) drying: electric motor, fan, lime, centrifuge,
thermoelectric heater, boiler, boiler room for
preparation of hot steam, etc. [5, 6];

3) transportation: electric motor, screw convey-
or [7].

If mixing and transportation is a fairly simple
process and requires only an electric motor and an
screw conveyor/mixer, then drying is implemented
in various ways. Installations for drying a large
amount of loose material can occupy quite large
areas of the production workshop, sometimes sev-
eral floors. Drying is carried out in the following
way:

the help of electric heaters, the material is
mixed with a mixer or screw conveyor, which
in turn is set in motion by an electric motor.

An alternative device that provides a reasonable
compromise between the implementation of the
functions of processing loose materials and the
amount of equipment involved is a drying unit
based on a multifunctional energy converter
(MFEC). In the works that were published earlier,
attention was paid to the design features of MFEC,
issues of design, mathematical modeling and simu-
lation of transient modes under load [8-11].

The main feature that distinguishes the MFEC
from other devices for the processing of loose sub-
stances is the combination of several technological
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operations due to their functional integration. It
should be noted that the combination of several
technological functions in one device is achieved in
the MFEC not due to a simple summation of the
component nodes, but due to the principle of opera-
tion of the MFEC itself.

The general efficiency factor (efficiency) of the
MEFEC is very high, which ensures the effective im-
plementation of the principles of energy and re-
source conservation. The creation of MFEC and
technologies based on them is based on the idea of
combining in one electromechanical device simulta-
neously heating, transporting, mixing (turbulence-
forming) functions, integration of thermal energy
and the direction of the latter to the processing area
of raw materials. The MFEC uses a design of a hol-
low ferromagnetic rotor (HFR), which simultane-
ously performs the functions of an induction motor
(IM) rotor, a heater, an executive mechanism, and a
protective case [12, 13]. At the same time, the HFR is
cooled by the processed raw materials. Air and low-
melting materials with high heat capacity and latent
heat of fusion can act as an additional cooling agent
in MFEC [14].

The significant advantages of technologies based
on MFEC are not only a high value of efficiency, but
also significant reductions in the production area,
the number of equipment units, and its payback
period. In this regard, an important scientific and
applied problem of electromechanics is the creation
of MFEC for the performance of new specific func-
tions of technological purpose, including hot press-
ing of plastics and technical air conditioning in the
casings of electric machines, autonomous heat-
generating systems [15, 16].

The main condition for effective use of the dissi-
pative energy of MFEC is the following [17, 18]:
thermal gradients along the lines of connection of
active parts with the processed material and addi-
tional cooling agent (for example, air) must have
directions towards the active parts. During the dry-
ing processes of loose substances, temperature and
humidity gradients in the MFEC-material system
should not have the opposite direction, and in the
path of movement of evaporated moisture in the

volume of MFEC, cold zones should be excluded, i.e.

surfaces with a temperature below the dew point.
MAIN PART

Since MFEC is a new class of electromechanical
devices, its creation raises a complex of unsolved
theoretical and practical problems. One of the main
features of the classification of MFEC is the mode of
conversion of electrical energy into thermal and
mechanical energy [19]. Based on the invariance of
the transformation, the duration of the process, the
share distribution between thermal and mechanical

energy, two possible modes of transformation can
be proposed:

e binary conversion mode - a simultaneous
continuous process of converting electrical
energy into mechanical and thermal energy
with the targeted use in the technological pro-
cess of each of the received types of energy
and, in the general case, with different
weighting coefficients of conversion;

e discrete-invariant mode - the mode of alterna-
tion of the processes of converting electrical
energy mainly into thermal or mechanical en-
ergy.

As an example of a discrete-invariant mode, the
following can be given: the operation mode of an
immersion heater with a solidified mass of low-
melting material (“parking” under the current) with
the receipt of only thermal energy with a gradual
transition to the mode of mixing of the molten ma-
terial (the majority of the mechanical energy at the
output of the converter).

For consideration, we take two structural and
technological schemes (Fig.1 and Fig.2), which
most fully reflect the integral properties and techno-
logical orientation of the MFEC.
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Figure 1. Structural and technological scheme of the screw
MFEC: 1 - stator of the motor (brake) unit; 2 - hollow
stationary shaft; 3 - external rotor-screw; 4 - the bottom of
the screw conveyor; 5 - body; 6 - bottom heating induc-
tors; 7 - axial channels of the rotor-screw; 8 - input of the
power supply voltage
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Figure 2. MFEC of the submersible type: 1 - stator; 2 -
external rotor; 3 - shoulder blades; 4 - internal rotor; 5 -
pressure nozzle; 6 - pump blades; 7 - reservoir
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The principles of the creation of MFEC can be
divided into the following groups: structural and
functional integration; integration of thermal pro-
cesses; self-regulation from the division into com-
ponents of full power; gearless provision of low
rotation frequency and multiple division of torque;
non-critical to the energy quality of the power
source according to the harmonic composition.

The conditions of placing the HFR MFEC in the
technological environment of the processed material
for the two analyzed structures (Fig. 1, Fig. 2) are
such that it will always have an inequality of specif-
ic active resistances and complex magnetic permea-
bility’s in individual elements of the array. This
inequality generates asymmetric currents in the
rotor, which, according to a well-known rule, can be
divided into two symmetrical component systems
with positive (direct magneto-motive force (MMF))
and negative (reverse MMF) orders of phase direc-
tion.

MEFEC, which includes at least two (conditionally
driving and braking) electromagnetic modules, con-
sisting of stators and active zones of the general
MEFR, work for a short time, periodically or continu-
ously in one of the following modes:

a) the corresponding direction of direct and re-
verse MMF rotating synchronous magnetic
fields of the modules, which create when in-
teracting with the eddy currents of the HFR,
which rotates according to the direct MMF
direction fields, the total electromagnetic
moment, multiple times increased in relation
to the nominal (forced mode) [20];

b) the opposite direction, respectively, of direct
and reverse MMF rotating synchronous
magnetic fields of the modules, which create,
when interacting with eddy currents of MFR
of different frequencies, determined by the
ratio of slips of driving unit and braking unit,
electromagnetic torques of opposite direc-
tions, which form, when the MFEC is loaded,
the frequency of rotation is 5...10 times lower
in relation to the synchronous without appli-
cation mechanical gearbox.

Thus, an alternative method of gearless obtain-
ing of low rotation frequencies of the MFEC is im-
plemented. The need to multiply the resulting
torque of the screw MFEC can arise in two cases:

o difficult start-up in conditions of solid mass of
material;

e forced mode by moment when the screw con-
veyor is fastened during the movement period.

At the same time, the braking module of the
MEFEC is either completely disconnected from the
network, or it is turned on according to the rotation
with the motor module for a time of no more than
0.2s.

In the course of the conducted research, the
modernization of the design of the MFEC was car-
ried out in order to eliminate the shortcomings of
the previous development. In particular, this applies
to the following structural changes:

1) recalculation of the geometry of the screw
conveyor blade, its outer diameter and angle
of attack (Fig. 3) [21, 22];

2) transition to a single-module design (Fig. 4)
with the possibility of increasing the length
of the screw conveyor (Fig. 5);

3) change in the design of the support frame

(Fig. 6).
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Figure 3. Drawing of the sweep of the screw conveyor pen
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Figure 4. The construction of one module of the MFEC

Figure 6. Two-module screw unit

In the previous modification, the loose material
experienced complications when advancing along
the length of the screw conveyor body. In this con-
nection, a revision of the configuration of the turns
of the screw was performed. Increasing the diame-
ter, reducing the pitch of the screw and recalculat-
ing the angle of inclination of the screw conveyor
pen should ensure the smooth passage of the mate-
rial along the body of the screw conveyor and its
uniform mixing.

The proposed design of the frame of the unit co-
vers the active zone of the screw conveyor and con-
tributes to the uniform advancement of loose mate-
rial. The side walls of the frame can be used either
to install thermal insulation or, if necessary, to place
electric heating elements in order to intensify the
reduction of humidity. Additional holes on the end
wall are designed to prevent the formation of gran-
ules of loose material and ensure its uniform com-
position.

CONCLUSIONS

During the design and construction work, a deep
modernization of the screw-type MFEC was carried
out in order to eliminate the shortcomings that were
discovered in the course of previous experimental
and production studjies.

Changing the size and configuration of the screw
conveyor pin helps to eliminate the problem of ma-
terial jamming between adjacent turns of the screw
conveyor screw. The transition to a single-module
design simplifies the process of manufacturing and
installation of the MFEC, allows you to perform an
arbitrary increase in length, as well as to switch to
independent control of each of the modules. Modifi-
cation of the frame of the unit allows for a more
uniform distribution of loose material along the
length of transportation, and also provides the pos-
sibility of more effective coverage of the side walls
by heating elements.

The following studies consist in the refinement
of the design methodology of MFEC, the determina-
tion of optimal parameters to ensure maximum
productivity, modeling in order to achieve a balance
between mechanical and thermal power, and the
production of experimental samples for the verifica-
tion of theoretical studies.
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BUTKaXx IITHeKa CUITy9oro MaTepiasdy. 3a3sHadeHi oIlepallii peasTi3yIoThcs 0e3 BUKOPVCTaHHS 30BHIIITHBOTO €IeKTPOIp-
BOJLy, HarpisadiB, a JuIre 3a paxyHOK npuHimiy poboru BDITE. Pawnirre mocstimpKyBasack JBOMOITYIIbHA KOHCTPYKILis
BOIIE, ajte excriepuMeHTaIbHI TOCITIIKEHHS BKa3aJIM Ha IIeBHi Hemosliku oOpaHoro minxony. Y maHivt poborti 3pobrieHa
crpoba T0Ka3aTy anbTepHaTMBHY KoHirypamio BAIIE, 3acHoOBaHy Ha BUKOHaHHI He3aJIeXXKHVX OOVMHOYHWX MOMIYJIB,
SKi MOXyTb OyTu 00’eHaHi B Oe3repepBHMV TBUHT 3aBISKM IepeXinHuM KpitvleHHs M. KpiM Toro, neperisHyTo mimxin
o OJIOKY JKMBJTEHHS Ta CVICTEMY YITpaBJIiHHA MOIyJIssMn. [laHa cTaTTs € OfHi€To 3 cepii pobiT, IPUCBIUeHNX AeTaTbHOMY
onmcy KoHcTpykiii BOIIE.

KirouoBi c10Ba: mepeTsoproBau eHeprii, eJIeKTpOMeXaHiUHMI arperar, IIHeKOBUM KOHBEEp, CYIIiHHs, 3MilllyBaHHS,
CUITyYMit MaTepiajl, CyIIbHUIT poTop, OaraTopyHKIIOHaIBHITL.
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