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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. 

  

Problem formulation. Classification 
processes (separation, division, sorting) of different 
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, 

hydraulic pulse, pneumatic, electromagnetic, 
centrifugal drive. In the food and processing 
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 

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. 

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 vp under 
impact of the force Fp. 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]: 

- I stage – movement of the sieve from the 
lower position into the upper position; 

- II stage – movement of the sieve from the 
upper position into the lower position; 

In course of the I stage the driving force Fd, 
created by the unbalanced vibro-exciters 8, is 
directed upwards, i.e., against of the movement of 
the particle, so the speed vp and the force Fp will 
have minimal values, so there is no necessary to 
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determine them for evaluation of the drive’s 
efficiency. 

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

       𝑣𝑝 = 𝑣𝑠.𝑚𝑎𝑥𝑠𝑖𝑛𝛼 = 𝜔𝑢𝑟𝑢𝑠𝑖𝑛𝛼,              (1) 

where 𝜔𝑢– circular frequency of rotation of 
the executive elements of the unbalanced vibro-
exciters 6; 𝑟𝑢- radius of installation of the executive 
elements; α – angle of the sieve working surface to 
horizontal surface. 

With consideration of the known formula 

                      𝜔𝑢 =
𝜋∙𝑛𝑢

30
,                            (2) 

where 𝑛𝑢– linear frequency of rotation of the 
executive elements, the formula (1) can be also 
presented as 

                𝑣𝑝 =
𝜋∙𝑛𝑢𝑟𝑢𝑠𝑖𝑛𝛼

30
.                         (3) 

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

            = 𝑚𝑢𝑘𝑢𝜔𝑢
2𝑟𝑢𝑠𝑖𝑛𝛼 =

𝑚𝑢𝑘𝑢𝜋2𝑛𝑢
2 𝑟𝑢𝑠𝑖𝑛𝛼

900
,         (4) 

where 𝑚𝑢  – mass of one executive element; 
𝑘𝑢- number of the executive elements. 

The speed 𝑣𝑠.𝑚𝑎𝑥  and the force 𝐹𝑑.𝑚𝑎𝑥   are 
related with power of the electric motor 9 - 𝑁𝑚of the 
sieve’s drive by the ratio 

                 𝑁𝑚 =
𝐹𝑑.𝑚𝑎𝑥𝑣𝑠.𝑚𝑎𝑥

𝜂𝑚𝜂𝑐𝜂𝑏
2 ,                    (5) 

where 𝜂𝑚 , 𝜂𝑐 , 𝜂𝑏  – 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 

𝑣𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑏

2𝑠𝑖𝑛𝛼

𝐹𝑑.𝑚𝑎𝑥
=

900·𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑏
2𝑠𝑖𝑛𝛼

𝑚𝑢𝑘𝑢𝜋2𝑛𝑢
2 𝑟𝑢

;       (6) 

𝐹𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑏

2𝑠𝑖𝑛𝛼

𝑣𝑠.𝑚𝑎𝑥
=

30·𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑏
2𝑠𝑖𝑛𝛼

𝜋∙𝑛𝑢𝑟𝑢
.         (7) 

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]: 

- I 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 p2 
to the maximal value p1, movement of the cylinder’s 

rods and the sieve 2 from the lower into the upper 
position [11]; 

- II 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 p1 to the minimal value p2, movement of the 
cylinder’s rods and the sieve 2 from the upper into 
the lower position. 

The maximal values of the speed vp and the 
force Fp will take place in course of the I stage of 
the drive’s working cycle 

        𝑣𝑝 = 𝑣𝑠.𝑚𝑎𝑥𝑠𝑖𝑛𝛼 =
𝑄𝑝𝑠𝑖𝑛𝛼

𝑆𝑝𝑛𝑐
;               (8) 

    𝐹𝑝 = 𝐹𝑑.𝑚𝑎𝑥𝑠𝑖𝑛𝛼 = 𝑝1𝑆𝑝𝑘𝑐𝑠𝑖𝑛𝛼,           (9) 

where 𝑄𝑝 – pump 15 capacity; 𝑆𝑝 - cross-

section area of the drive’s hydraulic cylinder; 𝑘𝑐  - 
number of the cylinders [13]. 

The capacity 𝑄𝑝 and the pressure 𝑝1 are 

related with the power of the electric motor 13 by 
the formula [11] 

              𝑁𝑚 =
𝑄𝑝𝑝1

𝜂𝑚𝜂𝑝𝜂𝑐𝜂𝑐𝑙𝜂𝑏
2,                    (10) 

where 𝜂𝑚 ,  𝜂𝑝, 𝜂𝑐 ,  𝜂𝑐𝑙 , 𝜂𝑏  – 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 

         𝑣𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑝𝜂𝑐𝜂𝑐𝑙𝜂𝑏

2𝑠𝑖𝑛𝛼

𝑆𝑝𝑛𝑐𝑝1
;                (11) 

        𝐹𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑝𝜂𝑐𝜂𝑐𝑙𝜂𝑏

2𝑆𝑝𝑘𝑐𝑠𝑖𝑛𝛼

𝑄𝑝
.             (12) 

Under realization of the scheme on the fig. 1, 
c 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 I 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 II 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 𝜈𝑑  up to 100 Hz and the 
amplitude 𝐴𝑑  up to 4 mm (in most cases under 
utilization of standard industrial electromagnetic 
vibro-exciters 𝜈𝑑  = 50 Hz and 𝐴𝑑 = 2 mm). 

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

       
𝑚𝑠𝑣𝑠

𝑡𝑤𝑚
= 𝐹𝑑𝑛𝑑 + 𝑚𝑠𝑔 + 𝑐𝑠𝑛𝑠𝐴𝑑,        (13) 

where 𝑚𝑠 − mass of the sieve 2 with portion 
of processed material and mass of the armatures 
21; 𝑡𝑤𝑚 − duration of the I stage (movement of the 
sieve from the upper into the lower position); 𝑐𝑠 −
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 elasticity of the springs 3; 𝑛𝑠- number of the 
springs; 𝐹𝑑 − driving force, creating by one 
electromagnetic vibro-exciter (one can consider 
that the value of 𝐹𝑑 is constant in course of the I 
stage); 𝑛𝑑 − number of the electromagnetic vibro-
exciters [15]. Considering durations of the I and the 
II stages of a working cycle are approximately 
equal, one can calculate 𝑡𝑤𝑚  by the formula 

              𝑡𝑤𝑚 =
1

2
𝑇𝑑 =

1

2∙𝜈𝑑
,                     (14) 

where 𝑇𝑑  – duration of a working cycle of the 
electromagnetic vibro-exciter. 

Then the maximal providing speed 𝑣𝑝 of a 

particle of processed material with using of the 
formulas (13, 14) can be determined as 

𝑣𝑝 = 𝑣𝑠 𝑠𝑖𝑛𝛼 =  
𝑡𝑤𝑚𝑠𝑖𝑛𝛼(𝐹𝑑𝑛𝑑 + 𝑚𝑠𝑔 + 𝑐𝑠𝑛𝑠𝐴𝑑)

𝑚𝑠

= 

         =
𝑠𝑖𝑛𝛼(𝐹𝑑𝑛𝑑+𝑚𝑠𝑔+𝑐𝑠𝑛𝑠𝐴𝑑)

2∙𝜈𝑑𝑚𝑠
.                 (15) 

And the maximal providing force 𝐹𝑝 for the 

particle, depending from the driving force 𝐹𝑑  is 
                     𝐹𝑝 = 𝐹𝑑𝑛𝑑𝑠𝑖𝑛𝛼.                  (16) 

Necessary power of the electromagnetic 
vibro-exciter we can find as 

                      𝑁𝑚 =
𝐹𝑑𝑣𝑠

𝜂𝑑
,                        (17) 

where 𝜂𝑑   – 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 vp changes from 0 up to 
the maximal value 𝑣𝑝.𝑚𝑎𝑥. So, its average value we 

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

  𝑣𝑝 =
𝑣𝑝.𝑚𝑎𝑥

2
=

𝑣𝑠.𝑚𝑎𝑥𝑐𝑜𝑠𝛼

2
=

𝜋∙𝑛𝑠𝑟𝑠𝑐𝑜𝑠𝛼

60
,       (18) 

where 𝑣𝑠.𝑚𝑎𝑥– maximal peripheral speed of 
sieve’s rotation; 𝑛𝑠- frequency of sieve’s rotation; 𝑟𝑠- 
radius of the sieve. 

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

       𝐹𝑝 =
𝐹𝑑.𝑚𝑎𝑥𝑠𝑖𝑛𝛼

2
=

𝑚𝑚𝜋2𝑛𝑠
2𝑟𝑠𝑠𝑖𝑛𝛼

1800
,         (19) 

where 𝑚𝑢  – mass of the portion of processed 
material on sieve’s surface. 

The speed 𝑣𝑠.𝑚𝑎𝑥  and the force 𝐹𝑑.𝑚𝑎𝑥  related 
with power of the electric motor 27 - 𝑁𝑚of the 
sieve’s drive with the ratio 

                   𝑁𝑚 =
𝐹𝑑.𝑚𝑎𝑥𝑣𝑠.𝑚𝑎𝑥

𝜂𝑚𝜂𝑐𝜂𝑟𝜂𝑏
4 ,               (20) 

where 𝜂𝑚 , 𝜂𝑐 , 𝜂𝑏  – 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 

   𝑣𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑟𝜂𝑏

4𝑐𝑜𝑠𝛼

2·𝐹𝑑.𝑚𝑎𝑥
=

450·𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑟𝜂𝑏
4𝑐𝑜𝑠𝛼

𝑚𝑚𝜋2𝑛𝑠
2𝑟𝑠

;      (21) 

      𝐹𝑝 =
𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑟𝜂𝑏

4𝑠𝑖𝑛𝛼

2·𝑣𝑠.𝑚𝑎𝑥
=

15·𝑁𝑚𝜂𝑚𝜂𝑐𝜂𝑟𝜂𝑏
4𝑠𝑖𝑛𝛼

𝜋∙𝑛𝑠𝑟𝑠
.      (22) 

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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ВИБІР РАЦІОНАЛЬНОГО ТИПУ ПРИВОДУ 

ДЛЯ РЕАЛІЗАЦІЇ ПРОЦЕСІВ КЛАСИФІКАЦІЇ 

ЗЕРНОВОЇ СИРОВИНИ 

Установки для механічної класифікації 

зернової сировини з дебалансним, 

гідроімпульсним, пневматичним, 

електромагнітним, відцентровим приводом 

мають надійну конструкцію, значне поширення 

та забезпечують досить стабільний та 

ефективний робочий процес. На нашу думку, 

основними робочими параметрами механічної 

класифікації зернової сировини, що визначають 

її ефективність (продуктивність, питомі 

енерговитрати, якість фазового поділу) є 

максимальні швидкість руху частинок 

матеріалу відносно поверхні сита та зусилля, 

що створюється виконавчим елементом 

установки в середовищі оброблюваного 

матеріалу. Відомі диференціальні рівняння руху 

та балансів енергії для визначення даних 

робочих параметрів, є складними і 

непридатними для розробки на їх основі 

інженерної методики проектного розрахунку 

відповідного обладнання. У зв’язку із цим, у 
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статті представлені алгебраїчні залежності 

для визначення основних робочих параметрів 

механічної класифікації при використанні 

основних типів приводів. На основі цих 

залежностей може бути складена нескладна 

комп’ютерна програма для отримання та 

аналізу графічних діаграм, що дозволяють 

визначити найбільш ефективний варіант 

приводу. 

Ключові слова: класифікація, зернова 

сировина, дебалансний, гідроімпульсний, 

електромагнітний, відцентровий привод. 
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