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The article is devoted to the development of methodological approaches for solving design problems of
electromagnetic mechanical activators EMMA, providing selective grinding materials. Selective grinding is
provided by the introduction of an innovative method for forming a dispersing loads in magnetic liquefied
layer ferromagnetic elements — grinding machine bodies. A feature of computational methods is expounded
them to the challenges of reducing energy intensity of the processed products while improving quality indi-
cators of finished products. Analyzed the effectiveness of the process control in the formation of the given
technology of shear deformations in magnetic liquefied layer grinding elements. A method for the design of
structural parameters of EMMA. In general, presented in the article the results of research are applied na-
ture of the fundamental theory of the electromagnetic method of mechanical activation and provide practical
recommendations for improving the characteristics of EMMA, the introduction of which in the production
lines allow a priori increase the energy efficiency of production of the domestic industry.
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Electromagnetic mechanical activators
with magnetic liquefied layer can be imple-
mented in various constructive forms [1, 2, 3].
EMMA design covers a range of problems, the
solution of which should be to strive for the
optimal ratio of parameters such as the effec-
tiveness of the product dispersion process, eco-
nomical design of the device, selective disper-
sion and energy efficiency of production lines
processing industries.

In the development of EMMA put the prob-
lem of optimal use of materials, reduced energy
costs, simplify design and improve reliability.
EMMA model features due to the technologi-
cal requirements for carrying out the process
of grinding the product, taking into account the
change in its physic-chemical and organoleptic
properties in the mechanical, physical and ther-
mal treatments [4, 5, 6] .. Of great importance in
the design, challenges become associated with
study the adjustment capacity and performance
management. The ability to fine and safe man-
agement of physical and mechanical processes
in magnetic liquefied ferromagnetic elements
layer allows you to create devices with high se-
lectivity materials grinding process [7, 8, 9].

The aim of the study is to develop a meth-
odological approach to solving design prob-
lems of electromagnetic mechanical activators
EMMA providing selective grinding materials.

Material and research methods

Object of research are methods of designing EMMA
design parameters based on the analysis of the magnetic
state of the system.

Results of research and their discussion

Fig. 1 shows the structural form of an
electromechanical device that implements the

method of forming the electromagnetic force
in dispersing magnetic liquefied layer ferro-
magnetic elements. The design concept and
principle of action of the device are the sub-
ject of the invention (RF patent Ne 1457881).
EMMA comprises actuator, the container 1
for placing the product treated with the load-
ing and unloading two nozzles 3, the grinding
elements 4, permanent electromagnets 5 and 6
with adjustable current windings 7 and 8 con-
trols. The magnet 5 is placed in the container 1,
fastened with the possibility of rotary motion
to the shaft 9 and has barbs on the outer sur-
face 10. The magnet 6 is fixedly fastened out-
side the container 1. Inside the container 1 in-
stalled partition 11, which are placed between
the grinding elements 4 are made as cylindrical
ferromagnetic cores designed for forming the
outer surface of the magnet 5. The height of the
teeth 10 smaller in diameter than the rods 4. to
supply the coil 7 are installed on the shaft 9 of
the brush contacts 12.

The device operates as follows: in the
working volume of the reservoir 1 is pumped
through the pipe 2 to be processed product.
Drives the shaft 9, which is mounted on the
magnet 5 with the teeth 10. At the same time
through the sliding contact 12, power is sup-
plied to the coil control 7. Power is also sup-
plied to the coil 8. The electromagnetic forces
cause arisen grinding elements 4 are attracted
to the surfaces of the magnets. From the grind-
ing elements 4 are formed various spatial con-
structions in the intervals between which re-
ceives the processed product.

The magnitude of induction in the gap
between the magnets 5 and 6 depends on
the current in the control windings 7 and 8
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and determines the degree of exposure of the
grinding elements on the treated product. Avail-
able on the magnet surface 5 tines 10 provide
a secure grip elements 4 with the surface. The
drive motor as applied three-phase motor with
wound rotor (P=3 kW, n= 1470 rev/ min).
The regulation of high-speed modes of opera-
tion carried out by a speed variator, controlled
strobotuners ST-5 having the basthic error of
not more than — 0,5% of reading. Power con-
trol windings is made from the switchboard via
the contacts for automatic switch and bridge
rectifiers, diodes built D-245A. magnetic in-
duction of constant magnetic field produced
using the milliteslametr portable universal
(TPU). To measure the speed used by a digital
tachometer AKIP-9201.

After filling the working volume processed
product and the grinding elements include a
drive motor, set the inner cylinder speed EMMA
and the current in the control windings. When
power is applied to the winding current arise
electromagnetic force under the influence of

which the ferromagnetic grinding elements
form the spatial construct, carrying a mechani-
cal connection in the form of strikes and friction
each other and surfaces of the product layer by
electromagnets. The product passes through the
working volume of the container is exposed to
various deformations: compression, abrasion,
impact and shear. Grain size distribution and the
degree of comminution of the material was de-
termined the device “FRITSCH-4M”.
Assuming concentrated winding control
device on the stationary part and on the basis of
the above, for each x-th section of the magnetic
circuit K, dispersion ratio is determined from

PX,
the following expression:

()
D, =D, +D,, Z(H—q)i):q))(l Ky, (1)

X-1

where @ — the magnetic flux in the x-1 site;
@, —magnetic leakage flux;

K, — magnetic flux leakage coefficient as it

moves from site x to site 1-x (K, > 1).

Fig. 1. Electromechanical device EMMA (RF patent No 1457881): 1 — capacity; 2.3 — feed and discharge
pipes; 4 — grinding elements; 5.6 — electromagnets; 7.8 — adjustable current winding; 9 — shaft;

10 — teeth

EUROPEAN JOURNAL OF NATURAL HISTORY Ne 3, 2017



Technical sciences

/R
ge[ A R12
1 T
R ke, R12
L | Ryt |}

e g’_ f
rie[ e, , ® [ |RE
LT ™ R, a
£ ':,'_— d
Rzl e, , % R 12
| "% &, "2 ||
a [} b
R2| ke, @ [ |RZ

Fig. 2. The equivalent circuit of substitution
magnetic circuit EMMA

The magnitude of the magnetic flux @, is
determined by the difference of magnetic po-
tential and magnetic resistances between points
on the magnetic path of the respective streams
scattering. In engineering calculations (in or-
der to simplify their permissible) presence of
stray magnetic fluxes into account by using a
correction factor of K, which is calculated as
a ratio of @, magnetic flux produced by the
magnetizing force control winding to the mag-
netic flux in the working volume @,

D@,y
()

K, size ranges from 1.1 to 1.3.

Methods of calculating the magnetizing
force F, x-th area of electromechanical de-
vices:

1. It determines the value of @,, taking into
account the scattering of magnetic flux.

K,=

P

2. B, = ?—X is calculated by the formula B,
X
on the magnitude of induction stations (here —
the S this magnetic sectional area portion).

3. For the induction of values B, to
B = ¢(H) graphical dependencies defined nu-
merical value of H,. Tension in the individual
sections of the magnetic circuit may also be

calculated by the formula:

— B 0 SCP ,
Tony S,
here, p, — magnetic permeability of the section.

4. Taking in to account the values of the
average length of the magnetic field lines are
calculated values [, F, F,=H,l, separate
sections.

In the calculation of the magnetic circuit
must be considered that the cross-sectional area
portions with a radial direction of the magnetic
field lines substantially changes along their
length. Calculation magnetomotive force re-
quired for the magnetic flux in these areas is
performed as follows.

If the value for induction station B, var-
ies sectional diameter D to B, . in section
on a diameter of D, then x unsaturated portion
B, andis located on the characteristics of
the Tinear part B = ¢(H). The calculation is car-
ried out according to the formulas:

q)X &
—— ? " Xmin >
e pl, DI,
HXmax +HXmin
Hyep =f’

here [, — sectional area x length in the axial di-
rection; H, ., — the average value of the mag-
netic field strength, H, and H, . —the maxi-
mum and minimum value of the tension at the
site of the values of B, and B,

If the dependence of B, and | H on the cur-
rent plot is linear, it is necessary fo determine
the value of H,, for the greatest possible num-
ber of sections spaced at equal distances from
each other. The average value of tension is de-
termined by the formula
H

Xi

Hyep = . 2
m

where m — number of sections.
N F=Fy+Fy,+..+F,,

M

Thus, by setting the shape and constructive
geometric dimensions EMMA properties and
filler materials for manufacturing the magnetic
core portions can determine the total or resultant
magnetomotive force (M.M.F.) to be established
by the current flowing through the winding (or
windings) Control to allow passage of magnetic
flux calculation value. To do this, we calculate a
value of the magnetic field strength on selected
portions H, of the magnetic circuit EMMA:

LW, = BOSCPKPEZ

X=1 XSX

3)
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For structural shapes EMMA shown in Figure 1, the following expression for the calculation

of the resulting M.M.F.:

28,¢

l 21
N F=IW,=BS,K,| ——+—=

wherel, 1,1, 1,1, [ —length sections L, II, IV,
V, VI, VII;

0, 0, — structural gaps; - .

K, Mo, M, M, U, — permeability magnetic ma-
terial portions at certain values of induction;
u, — permeability working volume filled with
a working ferromagnetic bodies and milled
product, for given values of the induction;

u, — magnetic permeability of air;

S,,..., 8y — cross-sectional area of the magnetic
areas;

S, = L,L — area through which magnetic flux
passes current in the working volume;

L —working volume length in the axial direction;
L, — length of the working volume along part
of'its circumference within the area of the mag-
netic field EMMA.

On the basis of the calculation of the total
M.M.F. (And calculating the winding or con-
trol winding) specified dimensions of the win-
dow (or windows) to accommodate the control
winding. The magnetic sketch amended sub-
sequently clarified total M.D.S. winding (or
windings) control.

Methodology to evaluate the magnetic
state of the magnetic EMMA:

Assuming the next induction values in the
working volume B, =K,B, (K,=0,2...1,25),
in each case calculated value M.M.F. Control
windings necessary for the magnetic flux of
the magnetic circuit portions @ ,. According to

the calculations it is plotted @, = (])( F ),
characterizing the state of the magnetic device.
This relationship defines the characteristics of
EMMA to the extent that the current manage-
ment. Using the values dependencies P_= ¢(B,),
P_values determined for a number of values de-
fined by the induction in the working volume [9,
10, 11]. EMMA, which has a magnetic operat-
ing point (nominal value in the working volume
induction) on the linear part of characteristic

D, = q)(ZF ) is magnetically unsaturated. At
the same time the degree of saturation of the
magnetic steel has a significant influence on the
properties of the device. The saturation state
violated the conditions of formation of regulat-
ed power contacts in the system “particle layer
magnitoozhizhennogo — particles of processed
product”. Those. violated conditions for effec-
tive selective crushing of materials.

(B 20,2 20 2
WS WSy WSy WSy MeSep, MeSs ;S RS

G

Conclusion

Presented in the article are techniques ap-
plied in nature and contain practical recom-
mendations for improving the characteristics
of EMMA, the introduction of which in the
production lines can improve the energy ef-
ficiency of domestic industry production by
producing products with a given technology,
particle size distribution (given selective grind-
ing) [11, 12, 13].
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