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SELECTION OF A RATIONAL TYPE
OF A DRIVE FOR REALIZATION OF
CLASSIFICATION PROCESSES OF
GRAIN RAW MATERIALS

Classification processes (separation, division, sorting) take an
important place in food industry where they are used, in particular, for
selection of some fractions of grain raw materials (wheat, barley, rye,
corn, sunflower, groats) by form, sizes, density or aerodynamic
properties of particles of the material or for removal from grain of
pollution particles (soil, sand, stones, metallic shaving). The
separation processes are quite wide spread in other branches of
economy (in chemical, processing, machine building, building,
agricultural, metallurgy enterprises), so a task of improvement of
classification processes and equipment for their realization is enough
actual. Different installations for mechanical classification with
unbalanced, hydraulic pulse, pneumatic, electromagnetic, centrifugal
drive have reliable design, provide quite stable and effective working
process. By our notion, the main working parameters of the
mechanical classification of grain raw materials, that determine its
efficiency (productivity, specific energy outlay, quality of phase
separation) are the maximal speed of movement of the material
particles relatively sieve surface and a maximal effort created by the
executive element of the installation in the middle of the processed
material. Known differential equations of movement and energy
balances for determination of these working parameters are complex
and unsuitable for elaboration of the engineering method of design
calculation of corresponding equipment. So, there are algebraic
dependencies for definition of the main working parameters of the
mechanical classification under using of basic drives types presented
in the article. On the basis of these dependencies, a simple computer
program can be compiled to obtain and analyze graphic diagrams that
allow to determine the most efficient drive option.

Kee words: classification, grain raw material, unbalanced,
hydraulic pulse, electromagnetic, centrifugal drive.

Classification  hydraulic pulse, pneumatic, electromagnetic,

centrifugal drive. In the food and processing

dispersive materials are wide spread in food [1],
processing, chemical, machine building industry
and also in metallurgy, building, agro-industrial
complex. There are several methods of
classification: by form, sizes, density,
electromagnetic or aerodynamic properties of
particles of the processed material and
corresponding equipment with  unbalanced,

industry the classification processes are used for
selection of some fractions of grain raw materials
(wheat, barley, rye, corn, sunflower, groats) or for
removal from grain of pollution particles (soil, sand,
stones, metallic shaving) [2 — 7]. By source of an
effort, that provides the working classification
process, there are mechanical, pneumatic,
hydraulic, electro-physical and combined methods
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[2 — 7]. One from the most effective by productivity,
specific energy outlay, quality of phase separation,
reliability of using equipment is the mechanical
method. So, the actual problem is an improvement
of mechanical classification processes and
installations for their realization in direction of
decrease of expense of time and energy and
provision of necessary qualitative characteristics of
the processed material.

Analysis of last researches and
publications. Let us more detail examined known
theories and approaches for examining of the
classification processes, that allow to determine
their working and efficiency parameters.

In the works [1, 2] as the main efficiency
parameter of a classification process is proposed a
ratio of the mass of particles of the processed
material with certain dimensions to their mass in the
initial mixture. There are experimental data, so this
ratio can’t be used in a design calculation of an
equipment for classification. Also, the work [1]
contains formulas for determination of the main
working parameters of a sieve with a crank drive
and a centrifugal sieve without connection with any
efficiency parameters.

Processes of classification of wheat and
polystyrene granules with help of a vibration
horizontal stepped sieve are researched in the work
[3]. In order to determine the main efficiency
parameter of the classification process — the speed
of vibro-movement of particles of the processed
material — the author proposes to use differential
equations of movements of the sieve executive
element or experimental data. There are more
accurate but quite labor-consuming methods.
Author researches a classification process in a
drum rotating sieve, installed under small angle to
the horizontal surface in a field of vertical vibrations.
The work contains differential movement equations
and formulas for calculation of a hill climbing ability
and axial speed of the processed material in the
drum sieve, but for definition these parameters
there are used experimental data and complex
computer programmed means. The same approach
there was used for definition of a radial speed of
fruits, moving over the surface of a rotating disk of
a calibrating machine and a speed of movement of
loose material particles over the working surface of
rotating conical sieve under additional impact of
vertical vibrations. By our notion, the proposed
methods of determination of the main working
parameters of classification processes demand of
improvement for their using as a base for creation
of an engineering design calculation method of
corresponding equipment.

In the work [4] are presented results of
researches of movement of particles of grain row
material along of the surface of a horizontal or an
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inclined vibrating sieve with consideration of its
structural mechanical characteristics and value of a
driving force (a drive of the equipment was not
examined in course of this analysis). The
corresponding  differential equation of the
movement and the rheological equation are used
for elaboration STAR-CCM+-program, providing
receipt of the 3D-diagram for the main efficiency
parameters of researched process — classification
productivity, distribution of the processed material
by fractions, its concentration. The method provides
high accuracy the data, that are proved by
corresponding experiments, but it characterized by
significant labor content. The elaborated equations
do not contain working and design parameters of a
sieve drive, so the method can’t be effectively used
in engineering praxis.

Authors of the works [5, 6] propose a
resonance structural theory of vibro-transportation
processes that by mechanism, main foundations
and parameters of efficiency are quite similar with
the classification processes [7]. The proposed
theory is based on equations of free fluctuations of
particles of moving materials under periodical vibro-
blowing impacts from the installation’s executive
element. The theory provides receipt of accurate
data about of character particles movement, but
demands specialized computer programmed
means for realization. Besides, there is absent a
connection of the working process parameters with
the parameters of the installation drive.

A method presented in the work [8] is
realized with help of an experimental installation —
a prototype of industrial equipment. The method
allows to receive data about of distribution of
particles of processed material by mass and sizes,
efficiency of the separation depending from particle
sizes, but all these experiments demand of
significant capital expenses.

The authors of the article [9] conducted
researches of efficiency of different schemes of
loading of particles of processed material in course
of its classification. In order to determine the main
efficiency parameter — specific energy consumption
for movement of a particle of material in course of
the classification process there were used
differential equations of movement and energy
balances. The method is simpler, than the previous
ones, but demands for realization of corresponding
universal software (Mathcad, Mathlab Similink ets)
and significant expenses of time. So, the task of
improvement of theory and research methods for
classification processes of dry grain raw materials
is quite actual.

Purpose formulation. elaboration of an
engineering calculation method for definition of
main working parameters of the mechanical
classification of grain raw materials — the maximal
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movement speed of particles of processed material
relatively sieve’s surface and the maximal effort
created by the executive element of the installation
in the middle of the processed material — under
using of various drive types. The method will allow
to determine most effective type of drive for
realization of classification process in conditions of
a concrete production.

Presentation of main material. The main
stages of the proposed method are:

- elaboration of structural-calculating
schemes of the sieve drives, that will be compared
by efficiency;

- receipt of dependencies that connect the
main working parameters of the mechanical
classification of grain raw materials with drives
power;

- calculation of graphic diagrams of the main
working parameters of classification depending
from design parameters of the drives;

- definition of the most effective type of drive
by provided values of the main working parameters.

There are structural-calculating schemes of
the sieve with various types of drives presented on
the fig. 1.
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In case of using of a vibration sieve with the
unbalanced drive (fig. 1, a) processing material is
fed from the bunker 1 on the surface of the sieve 2,
that is hung on springs 3 and makes reciprocal
vertical movements, created by the unbalanced
vibro-exciters 6. The last are brought into rotation
from the electric motors 9 through the elastic
couplings 8. As a result, particles of the processed
material make movement with the speed v, under
impact of the force F,. Particles that have less
dimensions (fine fraction) go through the sieve 2
and fall in the container 4. Particles with larger
dimensions (coarse fraction) move along all of the
sieve surface and are unloaded in the container 5.

A working cycle of the sieve 2 fluctuations
one can divide into two stages [9]:

- | stage — movement of the sieve from the
lower position into the upper position;

- Il stage — movement of the sieve from the
upper position into the lower position;

In course of the | stage the driving force Fq,
created by the unbalanced vibro-exciters 8, is
directed upwards, i.e., against of the movement of
the particle, so the speed v, and the force Fp will
have minimal values, so there is no necessary to

Fig. 1. Structural-calculating schemes of the sieve with various types of drives: a — unbalanced; b
— hydraulic pulse; ¢ — electromagnetic; d — centrifugal; 1 — bunker with processed material; 2 —
sieve; 3 — springs; 4 — container with fine fraction; 5 — container with coarse fraction; 6 — unbalanced
vibro-exciters; 7, 10, 11, 14, 24, 25 — bearings; 8, 12, 26 — couplings; 9, 13, 27 — electric motors; 15 -
pump; 16 — generator of pressure impulses; 17, 20 — hydraulic cylinders; 18 — waste tank; 19 —
hydraulic line; 21, 22 — armature and limb of electric magnet; 23 — reduction gear unit; 28 - shaft
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determine them for evaluation of the drive’s
efficiency.

In course of the Il stage the maximal value of
the speed v, we can determine depending from the
maximal value of the sieve speed vs, that can be
calculated as

Vp = VsmaxSINA = Wy, T, Sina, (1)

where w,— circular frequency of rotation of

the executive elements of the unbalanced vibro-

exciters 6; r,- radius of installation of the executive

elements; a — angle of the sieve working surface to
horizontal surface.

With consideration of the known formula

TNy
Wy = =0’ 2
where n,— linear frequency of rotation of the
executive elements, the formula (1) can be also
presented as
Up — nnu?r),(;sma. (3)

We can determine the maximal value of the
force Fp depending from the maximal value of the
driving force Fgq, that, with taking into account of the
formula (2), can be calculated as

E, = FymaxSina =

, mykym?ndry,sina
= myk,wir, sina = e 4)

where m, — mass of one executive element;
k.- number of the executive elements.

The speed v;,,., and the force F,;,,., are
related with power of the electric motor 9 - N,,,of the
sieve’s drive by the ratio

FamaxVs.max
N,, = =72—=== 5
m 77m77c7712; ’ ( )

where n,,,1.,1, — coefficients of efficiency of
motor 9, coupling 8 and bearings 7, 10.

So, with consideration of the formula (5) the
dependencies (1) and (4) can be presented also as

- Nmnmncnf,sina _ 900-Nmnmncnlz,sina_ (6)
4 Famax mukuﬂznaru

F o= Nmnmncnf,sina _ 30-Nmnmncnlz,sina (7)
p Vsmax TNy )

Reciprocal vertical movements of sieve 2
with a hydraulic pulse drive (look fig. 1, b) provide
hydraulic cylinders 17, 20. Their rods are connected
with the sieve 2 and the head ends through the
hydraulic line 19 — with the pump 15. The drive of
the pump provides the electric motor 13 through the
coupling 12. The generator impulses of pressure
(GIP) 16 is linked up to the head cavity of the pump
15 by the scheme “in exit” [10] and provide an
automatic periodical connection of the cavity with
the waste tank 18. The working cycle of the
hydraulic pulse pressure drive of the sieve can be
divided into two stages [10]:

- | stage under closed GIP (left position by the
scheme): increase of pressure in head ends of the
hydraulic cylinders 17, 19 from the minimal value p;
to the maximal value p;, movement of the cylinder’s
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rods and the sieve 2 from the lower into the upper
position [11];

- Il stage under opened GIP (right position by
the scheme): decrease of pressure in head ends of
the hydraulic cylinders 17, 19 [12] from the maximal
value p; to the minimal value p., movement of the
cylinder’s rods and the sieve 2 from the upper into
the lower position.

The maximal values of the speed v, and the
force F, will take place in course of the | stage of
the drive’s working cycle

3 Qpsina
v, =71 sing = ——; 8
D s.max Spnc ’ ( )
E, = FgmaxSina = p;Spk sina, 9

where @, — pump 15 capacity; S, - cross-
section area of the drive’s hydraulic cylinder; k. -
number of the cylinders [13].

The capacity Q,and the pressure p, are
related with the power of the electric motor 13 by
the formula [11]

QpP1
™ mnpnenan?’ (10)
where 1, 1, Me, N,  —  COefficients  of
efficiency of motor 13, pump 15, coupling 12,
hydraulic cylinder 17 and bearings 11, 14.

With consideration of the formula (10) the

dependencies (8, 9) can be presented also as

NmTmTplcnecinpsina
v — m'Imiip'ic’lcl’lp ; (11)
Spnceb1
Nmn nnnlnzsksina
Fp=mmchcbpc : (12)
14

Under realization of the scheme on the fig. 1,
¢ reciprocal movements of the sieve 2 with
processed material provide electromagnetic vibro-
exciters. As a result of feeding of voltage the limbs
22 of the electric magnets armatures 21 move down
together with the sieve 2, stretching the springs 3
(the | stage of the working cycle of the vibro-
exciters) and after cessation of the feeding the
armatures 21 with the sieve 2 under impact of the
compressed springs are returned in the initial upper
position (the Il stage of the working cycle of the
vibro-exciters) [14]. In case of the periodical voltage
feedings the sieve makes reciprocal movements
with the frequency v;up to 100 Hz and the
amplitude A; up to 4 mm (in most cases under
utilization of standard industrial electromagnetic
vibro-exciters v; = 50 Hz and A; = 2 mm).

There is obvious that in the end of the | stage
in the lower point of the sieve movement the value
of v, will be maximal. This value we can find with
use of the movement equation

g = Fyng + mgg + csn Ay, (13)

where m, — mass of the sieve 2 with portion
of processed material and mass of the armatures
21; t,,m — duration of the | stage (movement of the
sieve from the upper into the lower position); ¢, —
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elasticity of the springs 3; n,- number of the
springs; F; —driving force, creating by one
electromagnetic vibro-exciter (one can consider
that the value of F; is constant in course of the |
stage); n; — number of the electromagnetic vibro-
exciters [15]. Considering durations of the | and the
Il stages of a working cycle are approximately

equal, one can calculate t,,,,, by the formula
1 1
twm = ETd =S

v (14)
where T,; — duration of a working cycle of the
electromagnetic vibro-exciter.

Then the maximal providing speed v, of a
particle of processed material with using of the
formulas (13, 14) can be determined as
tymsSina(Fyng + mgg + csngAy)

v, = Vg sina =
14 S ms
__sina(Fgng+mgsg+csnsAg)

(15)
2:vgmg
And the maximal providing force F,for the
particle, depending from the driving force F; is
E, = Fyngsina. (16)
Necessary power of the electromagnetic
vibro-exciter we can find as

m = o, )
wheren, — coefficient of efficiency of the
electromagnetic vibro-exciter.

In the scheme with the centrifugal drive (look
fig. 1, d) the electric motor 27 through the elastic
coupling 26 and the reduction gear unit 23 provides
continuous rotation of the driving shaft 28 and the
sieve 2 with processed material. As a result, its
particles move in a direction from axle to periphery
of the sieve and that promotes to intensification of
the classification process.

In course of movement of a particle of
processed material from axle to periphery of the
sieve the particle’s speed v, changes from O up to
the maximal value v, ,,,4,- SO, its average value we

can calculate as (look also the formulas (2, 3)

Up.max V. cosa T'NgrsCOSA
Up — p — smax — S'S , (18)

2 2 60
where v, ,,,— maximal peripheral speed of

sieve’s rotation; ng- frequency of sieve’s rotation; r,-
radius of the sieve.

We can also determine an average value of
the force Fyp depending from the driving force Fq as
(look also the formula (4)

FqmaxSina _ mpm?nZrssina

k= 2 - 1800 ! (19)
where m,, — mass of the portion of processed
material on sieve’s surface.
The speed v, .., @and the force Fj .., related
with power of the electric motor 27 - N,,of the

sieve’s drive with the ratio

FamaxVs.max
N, =R =T2% 20
m nmncnrng ’ ( )
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where n,,,1.,1m, — coefficients of efficiency of
motor 27, coupling 26, reduction gear unit 23 and
the bearings 25, 24.

So, with consideration of the formula (20) the
dependencies (18) and (19) can be presented also
as

_ NeTlmlcrnpeosa _ 450-Nmlm T Mpcosa 21
- - ) ( )

Mmpm2n2rs

1%
4 2:'Fgmax

F o= Nplmncnengsina

15Ny i TN Sine
) )

(22)
2'Vsmax T NgTs

Conclusions. 1. In order to select a rational
type of drive for sieves and screens and ensure
high efficiency of the processes of classifying grain
raw materials, engineering methods are needed to
calculate the main parameters of efficiency (the
speed of a particle of grain raw materials and the
force created on it by the executive elements of the
equipment) depending on its main design and
operating parameters.

2. Known methods for calculating of sieves
and screens with the main types of drives
(unbalance, hydraulic impulse, electromagnetic,
centrifugal) are quite laborious to implement (they
require the compilation of complex computer
programs and the use of experimental data). In this
regard, these methods cannot serve as a basis for
creating appropriate engineering calculation
methods for choosing of the optimal drive option.

3. The article proposes analytical
dependencies to determine the indicated
parameters of the efficiency of the processes of
classifying dry grain raw materials, depending on
the design and operating parameters of sieves and
screens with unbalance, hydraulic impulse,
electromagnetic, centrifugal drives, which allow
with using of simple software tools to calculate the
optimal load parameters of grain raw materials for
implementation of classification processes and
determination of the most efficient option for the
equipment drive for classification.
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BUBIP PALIIOHAIIBHOIO TUMY NPUBOAY
AN PEANI3ALIT NPOLECIB KNACU®IKALLIT
3EPHOBOI CUPOBUHU

Ycmaroeku Onisi MexaHidHOI  Knacugikauii
3epHOBOI CUPOBUHU 3 OebarnaHCHUM,
2i0poimyrIbCHUM, rnHesMamu4HUM,
efiekKmpomagHimHuMm, 8idueHmMpPosuM MpPUEOIOM
marompb HadiliHy KOHCMPYKUi0, 3HaYHe MoWUpPEHHS
ma 3abesnedyromb Oocumb cmabinbHUl ma
egekmusHuli poboyuli npouec. Ha Hawy OyMKy,
OCHOBHUMU poboyuMu napamempamu MexaHiHHOI
Knacugikauji 3epHO80I CUPOBUHU, W0 8U3Ha4Yatomb
i egpbekmusHicmb  (MPodykmusHicmb,  NUMOMI
eHepeosumpamu, sikicmb ¢a3zoeoeo nodiny) €
MaKkcumarsbHi  weudKicmb  pyxy — 4acmuHOK
Mamepiarny 8i0HOCHO MOBEPXHI cuma ma 3yCuslsis,
Wo CmeoprEMbCS BUKOHaBYUM  €51eMEHMOoM
ycmaHosku 8 cepedosuwi  06pobriroeaHo20
Mmamepiany. Bidomi dughepeHuiarnibHi pieHSIHHS pyXy
ma 6anaHcie eHepeii 0nsi 8u3Ha4YeHHsT OaHuX
poboyux  napamempis, €  cKknadHuUMmu i
HernpudamHumu Onsi po3pObKU Ha iX OCHO8I
iHXEeHepHOI MemoOUKU MPOEKMHO20 PO3paxyHKy
8i0rnogidHo20 obnadHaHHA. Y 368’A3Ky i3 uum, y
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cmammi npedcmasreHi anzebpaidHi 3anexHocmi
Oris 8U3Ha4YeHHsI OCHOBHUX poboyux napamempig
MexaHIYHOT  Knacucbikauyii  npu  8ukopucmaHHi
OCHOBHUX murnie rpueodis. Ha ocHosi yux
3anexHocmel Moxe bymu ckradeHa HecknadHa

2022 ma mexHoJsio2isax
gusHayumu Halbinbw eghekmusHUll  8apiaHm
rnpueody.

Knroyoei crnioea: knacucpikauyisi, 3epHosa
CUpPOBUHa, OebanaHcHUU, 2i0poimnynbcHUU,
efiekmpomazHimHul, gidueHmposul rnpueod.
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