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INTRODUCTION

In dielectric separating devices, electric fields can perform the function of both the main
working body and the auxiliary one. They must be heterogeneous, easily manageable and have a
sufficiently high tension [1]. The overlay method allows you to control the electric field in phase
and amplitude.

Fig-1a shows two electrode systems. The electrodes of the first system (1, 2, 3, 4) are round
wires covered with insulation; mounted on an insulating surface. Voltage U, is applied to them.
Electrodes of the second system of electrodes (5, 6, 7, 8). U,Voltage is applied to them.

DISCUSSION.

In the space where materials are separated, the electric fields of the systems are superimposed
on each other. As a result, the field at some points of the working space is enhanced, while at others
it is weakened (Fig. 1b). At the points of intersection of the electrodes 1-5, 1-7, 2-6, 2-8, 3-5, 3-7,
4-6, 4-8, the fields are added, at points 1-6, 1-8, 2- 6, 2-8, 3-6, 3-8, 4-5, 4-7 are subtracted. There is
a geometric addition of fields:

E=&+ &, B/m (1)

51, §2 are the strengths of the electric fields generated by the first and second systems.

As a first approximation, the field strength aof each electrode system can be calculated using

the formula:
u
= 2
x{’n% ( )
where: U — voltage between electrodes, V;
7 — wire radius, m;

x - distance from the middle line of the wire to the point under study, m.
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d - distance between electrodes, m.
Fig.1. Element of the working body of the
dielectric separating device with a double

system of electrodes:

a) electrode connection diagram;

b) the imposition of electric fields at the points
of intersection of the electrodes.

It can be seen from Fig.1 that over some
intersecting electrodes, the normal components
of the electric field intensity coincide in
direction and therefore add up, and subtract
under other intersecting electrodes.

In this way, a high degree of heterogeneity is achieved in the resulting electric field created
by the two electrode systems. It is more heterogeneous and more intense in its structure at relatively
low voltages applied to the electrode systems compared to the field created by one electrode system.

This has a very useful
£ EE £=0 practical meaning, since the
ponderomotive force acting

on particles is proportional to
the square of the electric
| field strength.

U, and U, can be

° the same or different, have

the same phase or different.
+ + + + When supplying electrode
systems  from  different
sources with an

autonomously  sinusoidal
voltage, the magnitude of the

I I

field strength can be calculated using the following formulas:

_ Ussinwt
€= —ongt (3)
xlt’nr—l
Us
8 — 2 sin(wt+ P) (4)
2 d
xlt’nr—l

where: 1, is the initial phase of the electric field strength of the second system of electrodes.

Analysis of (3) and (4) showed that the total field of the electrode system (Fig.1a) can be
smoothly adjusted provided that in one of the power sources (for example, U,) the initial phase

(y,)changes.
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The phase regulator (Fig.2) is a bridge circuit with resistances (R - variable, r - constant) and
capacitance C. A sinusoidal voltage U is supplied to one diagonal of the bridge (terminals 1-2), and
from the second diagonal (terminals 3-4 ) voltage is applied to the primary winding of the step-up
transformer Trl, which feeds one of the electrode systems.

T

Ui

Fig.2 Power supply circuit for one of the groups of electrodes with a phase regulator.

The voltage Uy supplied to Trl changes only in phase ¥ and does not change in absolute
value when the resistance R changes and U = const (Fig.2).

To prove this, we denote the currents on the corresponding elements of the bridge as J; J,
and (the primary current can be neglected due to its insignificance). Then for the upper and lower
branches we get:

hR-jL=1 (5)

hr+dr =1U (6)
When changing R from 0 to co U = const, equation (5) has a circular diagram, the
diameter of which is equal to U (Fig.3).

This diagram was constructed as follows: first, the vector AB was drawn, equal to the
network voltage U. Since the resistances of the lower branch of the bridge circuit (Fig. 2) are equal,
the vector AB is divided in half at point D. With a radius DC equal to U/2 , we draw a semicircle
ABC. We arbitrarily take point C on the circle. We connect points A with C and C with B. Chord
AC in the voltage scale will represent 7, R, and CB is the voltage on the capacitance j%. Angle
ACB is always right, since the chords forming it are based on the diameter of the circle.
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Fig.3. Pie diagram of the
phase shifter.

At any position of the

_ 3_1 point C, the vector DC ,
wC representing the voltage

Uy , will only rotate,
forming an angle ¥ with the

vector U and 7,.

Thus, depending on
the value of the resistance R,
the initial phase W of the
voltage U, = U,,, sin(wt + ) can be smoothly changed 0 to 180°.

It should be noted that the electric field strength changes only in phase W and does not change
in absolute value. The voltage &, will change modulo only if the supply voltage U, changes
modulo.

¥

RESULT.
The electric field created by the first system of electrodes will be called the main one, and the
electric field created by the second system of electrodes will be called the control field.
To determine the range of field strength values at the “points” of intersection of the electrodes,
we construct a circular diagram of the resulting strength £, which is determined by the sum of the
strengths €; and &, (Fig.4).

Fig.4. Pie chart of electric field
strengths at the intersection points of
the electrodes.

By changing the resistance R
in the circuit, you can smoothly
change € from &, + &, to

£ — &,

The greatest tension will take
place when the phases coincide (¥ =

0) and when it is equal to the OB’
| g vector equal to the sum &, + &,. Its
! smallest value is reached at ¥ =
180°, R = 0, and it is equal to the

vector OM or the difference 3_1) - 87.}.
The vectors OC,ON, 0D correspond to a number of intermediate field strengths &.
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CONCLUSION.

Thus, the control of the electric field by the method of superposition in dielectric separating
devices allows:

1) simply and quickly find the optimal mode of operation for each crop and achieve high
quality separation;

2) create favorable conditions for insulation and achieve the required technological effect at
relatively low voltages applied to the electrodes;

3) enhance the inhomogeneity of the electric field,

4) regulate the electric field by changing the voltage on the low side of the transformer.
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