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Summary. It is proved that to achieve a high-
quality seed that has no impurities and substandard weeds
(various damaged, shrunken) and biologically inferior (no
germs) seeds of receipt is impossible without secondary
postharvest treatment, and in many cases, additional
cleaning.

This can be achieved using the separator with
working units, which would provide a selective effect on
the power components of the separated mixtures. One of
these is proposed as a vibro electric bowl separator, which
implements the combined effect on the particles of seed
mixtures by vibrations, electric field and gravitational
forces.

Theoretical studies of the impact of installed
power adjustable parameters that affect the angle of
separation of particles from the surface of the cylindrical
bowl vibro electric separator makes the main feature of
divisibility. They were the parameters of the electric field
oscillating motion of the bowl, its size and speed. In order
to achieve the greatest effect of separation of the
components of seed mixtures becomes possible by
optimization of these parameters that would provide the
greatest difference of angles of the separating working
surface.

Key words: seed mixture, vibro electric bowl
separator, vibrating oscillation, the electric field
separation, divisibility feature, the angle of breakaway
from the separating surface.

FORMULATION OF THE PROBLEM

The structure of sowing acreage in Ukraine a
significant percentage is given to small seeded crops
(vegetable, technical, forage grasses, oil, etc.). Their yield
is largely determined by the quality of seed. Only seeds
with high sowing and fruitful qualities without weed
impurities and substandard (damaged, shrunken) and
biologically inferior (without germ) particles are able to
provide high productivity of these crops. Obtaining such
material is not possible without the second post-harvest
handling, and in many cases further purification. However
the available seed purifying machines are not always
effective in terms of quality cleaning. Promising areas of
improvement and development of new researches is the
design of such working units, which would provide a
selective power effect on the divided components of
mixtures. To achieve this is possible by obtaining the
cumulative effect on the particles of seed mixtures by
vibrations, electric field power, and gravitational forces
and so on. But separation under such conditions,
especially in cylindrical working bodies has not been

studied well enough and needs some further theoretical
and experimental studies.

ANALYSIS OF KEY STUDIES AND
PUBLICATIONS

The issue of separation of seed mixtures on the
surface of the bowl is undertaken in the works of many
scientists. Some of them studied the separation of seed
mixtures in external cylindrical surfaces [14; 16; 17].
They obtained the equations of motion of a particle on the
surface of the bowl, the conditions of its descending and
analytically determined the angle of separation, which is
the main feature of its divisibility on coupling cylindrical
planes [1; 2; 7; 20]. Its value depends strongly on the
components of separated mixture force determined by a
combination of gravitational and centrifugal forces [3; 9;
13]. These forces, in turn, depend on structural and
technological parameters of bowl separator [4; 11; 14; 16;
17].

In order to intensify the process of separation of
seed mixtures on the friction surfaces we use the power of
action of different nature. This significantly increases the
efficiency of separation, especially hard-to-divide mixes
through the imposition of high voltage electric field on
them [6; 12; 15; 18; 19]. Under these conditions the
particles apart gravitational forces will be influenced by
electrical power.

Other researchers propose to extend the
functionality of separators, giving their working bodies
oscillating movement. Under such conditions, the power
to effect a particle of seed mixture is the sum of
gravitational, electric power and inertia. This option is
implemented in separators which use in their working
body a moving in an electric field oscillating inclined
plane [5; 8; 10].

Regarding bowl separators, the ongoing studies [4;
8; 16; 17] justify the expediency imposition on their
working surfaces and electric field. They theoretically
justify the basic technological and design parameters of
electric separation on rotating in electric field cylindrical
surfaces [12; 15; 18].

Regarding quite a positive impact on separation
efficiency of hard-to-divide mixtures we provide a
friction inclined plane with an applied electric field an
oscillating movement, which makes it possible to predict
a similar effect of separation in a bowl vibro electric
separator. To confirm this it is necessary to investigate the
trajectory of movement and conditions of the particles’
breakaway of a separator’s surface.
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THE MAIN STUFF PRESENTATION

As the object of research aimed to determine the
resolution of seed mixtures in a vibro electric cylindrical
separator we selected a bowl radius R rotating around a
horizontal axis of symmetry at a constant angular velocity
w and performs oscillatory motion in a plane which is
inclined to the vertical with angle o (Fig. 1). Movement of
the seed particles therein mixture, which we accept as a
material point of mass m is carried out under the action of
combined forces - gravity, electrical and inertia.

Fig.1. Power performance on a particle of a seed
mixture on the cylindrical surface vibro electric separator:
N — normal reaction; F. — electrical power; G — the force
of gravity; T — friction

For the mathematical description of the behavior
of particles on the surface of the bowl, we introduce a
coordinate system due to which they are moving.

As a beginning of a fixed coordinate system we
choose a point O, around which the oscillatory motion
occurs. The coordinate system x,0;y; is moving forward

according to the law of the vibrational motion of a given
function:
00, = asin(pt) (1)

where: a — oscillatory amplitude; p — angular frequency of
oscillatory movement.

Other mobile coordinate system ngzconnected
with the moving material point (axis 4, directed along the

main normal, and y, — at a tangent to the trajectory of the

relative motion of the point).

According to Newton's second law an equality
can be written:

m§:N+ﬁe+é+f, (2)

where @ — the vector of absolute acceleration relative to
the fixed frame of reference.
The material point is in a complex motion. It moves with
the bowl, which carries a plane-parallel motion and can
move relative to it (moving relatively to bowl is set by arc
coordinate s(t) ).
When moving, the point of absolute acceleration vector
can be represented as a geometric portable power &,

of relative &, and Coriolis acceleration a_,, :

a=apgrttdre tdgor;
8o = @RI —apsin pt(cos ai =singj) ;

2
- _oav,, -
e = Viel ., DVrel ; (3)

R dt
é’cor = 2w\/relﬁ )

where: T, ],ﬁ,f — the unit vectors directed along

respective axes; V.

rel = % — relative speed point.

The positions of the moving point on the bowl

determines the angle ¢, positive readout is conducted

from the axis counterclockwise. This moving point can be
calculated by the formula:

S
(p:goo+a)t+ﬁ 4

where: t — alternating time, 0 <t <t ; ¢, — initial value
of angle ¢ .

Let us project the vector equation (2) on the axes
un and g7 taking into account the expressions (3) and

directions of forces acting on the point:

2

m(w*R —ap? sin pt(cos & c0s180° + ) +sin & cos(90 + ¢)) +%+ 20V ,) =mgcos g+ F, —N, (5)

m(%—ap2 sin pt(cos a(90+ @) +sina cos ) =mgsingp—T .

From the first equation (5) we determine the normal reaction N:

N =mg cos @+ F, = m(w”R +ap?sin ptcos(¢ - a)) - — (—)? — 2me

ds
R “dt dt -

m ,ds

(6)

On the basis of the second equation (5) we obtain the differential equation of the relative motion of a

point, relative to the cylindrical surface:

2

d zs=Sin¢—ap25in pt((o—a)—l. @)
dt m
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If the relative speed point is nonzero
(Vre, =i—? # Oj , then under the law Coulomb the friction
reaches its maximum and equals to:
. ds
T = —fNsign(—) , 8
gn( Olt) (8)
where: f — coefficient of friction;
1:x>0
and function sign(x) =<0:x=0 .
-1:x<0
If for some period of time relative motion is absent

ds . d% _ .
(—=0; —-=0); when the formula (6) is somewhat
dt dt?
simplified:
N = F, +m(g cos ¢ — w’R —ap?sin pt)cos(p—a) . (9)
From equation (7) we can determine the friction
force:

T =m(gsing—ap?sin ptsin(p—a)). (10)
In this case, please note that:
T|< faanN | (11)

where: f,4, — coefficient of adhesion ( f g4, > f).

Once inequality [T|< fuqyN is executed, the

relative motion of the point starts again and it will be
needed to solve a system of equations (6) and (7).

Note that the electric force Fe is large enough, that

F, >m(g +o’R+ap?). (12)
Under these conditions, the particle "sticks" to the
bowl (N >0) and do not break away from it at arbitrary

values of the angle ¢ . Otherwise, in some moment of
time t=t;a normal reaction becomes a negative value
(N >0) and a particle is separated from the surface of the
bowl and further moves only by gravity. At this angle ¢

affects the electric force, which depends on the electric
field and charge of the particle. Since particles
components of separated mixtures belong to different
species, their electrical properties are different. As a
result, they possess different charges and different
interacting with the electric field. The other adjustable
parameters of the process vibro electric separation on
cylindrical bowl is in rotation frequency @ and frequency
of the vibrational motion p. Optimizing their values we
can achieve a situation in which the angles of adhesion
@, Which are the basic sign of divisibility in electric

frictional bowl separator will be different for each
component of separated mixture and they will be a
defining condition of their effective separation.

CONCLUSIONS

1. One of the promising ways to improve the
quality of seeds is to use cylindrical separators in which in
order to improve the efficiency of separation of seed

mixtures an oscillating bowl movement is provided, and
on its cylindrical surface an electric field of high voltage
is imposed.

2. Theoretical studies of forces’ action on a
particle of the seed mixtures on the surface of vibro
electric bowl we set adjustable parameters that affect the
angle of its separation from the cylindrical surface ¢,

which is the main feature of divisibility. They are the
parameters of the electric field of oscillating motion of the
bowl, its size and frequency of rotation.

3. In order to obtain the greatest effect of the
mixture components separation we need to optimize the
parameters of vibro electric separation on the cylindrical
surface that would provide the greatest difference of
angles of adhesion ¢ of separation surface.
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TEOPETUYECKUE OCHOBBI OIIPEJIEJIEHU
PO3AEJIEHVS CEMEHHBIX CMECEU B BUBPO
SJIEKTPMYECKOM BAPABAHHOM CEITAPATOPE

C. KoBamumun, B. Cokomox

Ansortanus. JlokazaHo, 4TO JUIsl JTOCTHXKEHUS CeMs
BBICOKOTO KayecTBa, KOTOPBI HEe HMeeT IpuMmeceil u
HEKaYeCTBEHHBIE COPHSKH (pa3iIM4yHbIC IOBPEKICHHBIE,
ycoxiiue) M OHOJIOTHYECKH ycTynaeT (He MHKpOOBI)
CeMeHa TMOJyYeHHs HEBO3MOXKHO 0€3  BTOPHYHOI
00paboTKK TOCIeyOOpPOYHOH, W BO MHOTHUX CIIydasX,
JOTIOJTHUTEIEHON OYUCTKH.

310 MOXEeT OBITh [JOCTUTHYTO C IOMOIIBIO
cemapatopa ¢ pa0OYMMH  EOWHUNAME, KOTOpBIC
obecrieumsii OBl CEJICKTHBHOE JACHCTBHE Ha CHJIOBBIX
9JIEMEHTaxX OTAENCHHBIX cmeceil. OnuH M3  HUX
mpelylaraeTcs B KadecTBe BHOPO  3IEKTPHYECKOrO
cemapaTopa 4amla, KOTOpas pealu3yeT COBMECTHOE
JICUCTBHE HAa 4YacTUIBI CEeMSH cMeced BUOpaiuH,
AJIEKTPUYUECKOTO IOJISI U TPABUTAIL[IOHHBIX CHJI.

Teoperuueckue UCCIeI0BaHUs BIIMSTHUS
YcTaHOBIEHHAS! MOIIHOCTD PETyIHPYETCs MapamMeTpamH,
KOTOpBIE BIMSIOT HA YroJ pa3iesieHus dYacTHll ¢

TOBCPXHOCTHU LIPIJ'II/IHZ[pPI‘ICCKOﬁ Hanumm BI/I6pO
DJICKTPHUICCKOT'O cenaparopa JACIacT OCHOBHYIO
0COOEHHOCTh JACITUMOCTH. Ouu  ObLIH napamMeTpbl

AIEKTPHYECKOTO OIS KOJIeOATeThbHOTO JBMKCHUS YalllH,
€€ Pa3MePOB U CKOPOCTH. J[JIs1 JOCTHKEHUST HAnOOIBIIIETO
a¢ddexta paszmesicHHsT KOMIIOHCHTOB CMECH  CEMSH
CTAaHOBHUTCA BO3MOXHBIM 34 CYET OITHMH3AIIUU DOTUX
apaMeTpoB, KOTOpBIE 00eCHeunBalOT HAUOOJBIIYIO
pasHoCTh YIiI0B paboyeil MOBEpXHOCTH Pa3AeIUTeIbHbIM.

KmroueBpie  cimoBa:  cMech  ceMsH,  BHOpO
ANIEKTPUUYECKUIA CerapaTop daria, BHOpHUPYs KoJeOaHMIA,
paszeneHue ICKTPUISCKOTO MO, PYHKIUS ISTUMOCTD
YTOJI OTPEIBA OT MMOBEPXHOCTH pazjena.
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