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Study of the rotary cleaners of the holes of cylindrical sieves on 
a vibrocentrifugal separator 

 
 

Abstract. This document presents the results of research into the process of cleaning the holes of the vibrocentrifugal separator cylindrical sieves 
with rotary cleaners. The study of the nature of the movement of rotary sieve cleaners was carried out using electrooscillography methods. An 
original recording device with a sensor system was developed, which ensured the determination of the speed of the cylindrical sieve and the 
movement of the rotary cleaners of the sieve holes. The efficiency of the separator was confirmed experimentally  
 
Streszczenie. W dokumencie przedstawiono wyniki badań procesu oczyszczania otworów sit cylindrycznych wibroseparatora odśrodkowego za 
pomocą oczyszczaczy obrotowych. Badania natury ruchu oczyszczaczy sit obrotowych przeprowadzono metodami elektrooscylograficznymi. 
Opracowano autorskie urządzenie rejestrujące wraz z układem czujników, które umożliwiało określenie prędkości obrotowej sita cylindrycznego oraz 
ruchu oczyszczaczy obrotowych otworów sitowych. Skuteczność separatora została potwierdzona doświadczalnie. (Badanie obrotowych 
oczyszczarek otworów sit cylindrycznych na separatorze wibrowirówkowym) 
 
Keywords: Rotary cleaners, electrooscillography methods, vibrocentrifugal separator. 
Słowa kluczowe: Oczyszczarki rotacyjne, metody elektrooscylograficzne, wibracyjny separator odśrodkowy. 
 
 
Introduction 

In agricultural production, the separation of the grain 
mixtures into fractions is performed on machines of various 
types, the principle of operation of which is based on the 
difference in the physical and mechanical properties of 
impurities and various components of the grain material, 
such as size, weight, density, aerodynamic resistance, etc. 
Separation of grain material by an air flow has some 
advantages over other separation methods. This is a simple 
design, high specific productivity, minor grain injury, the 
possibility of removing inferior grain to the forage fraction. 

Pneumatic separating channels are used in all types of 
air grid separators to remove light impurities before feeding 
the grain to the sieve, which increases the productivity of 
sieve working bodies [1-3]. Vertical pneumatic channels [4], 
inclined air channels [5] and grain separators with horizontal 
air flow [6-7] are widely used in grain cleaning practice. In 
addition to cleaning, they make it possible to divide the 
grain material into several fractions according to 
aerodynamic characteristics.  

The efficiency of grain cleaning in pneumatic channels 
largely depends on the properties of the initial grain 
material, parameters of the grain flow [8], the thickness of 
the grain layer, its porosity and the distribution of impurities 
in the volume of the flow [9-10]. 

The operation of air separators is significantly 
complicated by the uneven air speed in the channels and 
the uneven supply of grain into the channels [11]. 

Existing methods of increasing the productivity and 
efficiency of air grain separation involve increasing the size 
of the channels, using additional devices that change the air 
velocity fields, tiered feeding of grain into the channels [12-
14], the application of an electric field [15-17], the use of 
preliminary pneumatic stratification of the grain flow before 
feeding into the channel [18]. 

However, most of the analyzed innovations, despite 
certain improvements in the material separation process, 
significantly complicate the design of separators and do not 
solve the main problem of ensuring complete separation of 
grain material due to the overlapping values of the signs of 
separation of grain and impurity particles [19]. They do not 

allow separating grain materials into more than two 
components: pure grain and light impurities. 

Fractionation of grain material by an air flow at the initial 
stage of post-harvest processing ensures the preliminary 
formation of grain flows, which with minimal energy 
consumption allow obtaining grain of different conditions 
[20-22]. 

A perspective trend in the development of the design of 
grain separating machines is the integration of several 
separating working bodies into one machine, which makes 
it possible to implement the entire complex of technological 
operations from the purification of grain material to its 
separation into commodity factions. The study of such 
combined grain-separating units has received insufficient 
attention. 

The use of sieves in separating machines increases the 
efficiency of the distribution of materials by size. But sieves 
have a number of disadvantages, such as low specific 
productivity, the ability to clog holes with granular material 
and impurities. 

The use of sieves in separating machines increases the 
efficiency of the distribution of materials by size. But sieves 
have a number of disadvantages, such as low specific 
productivity, the ability to clogging holes with granular 
material and impurities. 

An increase in the specific productivity of sieve 
separators is possible due to the use of the principle of 
vibrocentrifugal separation, that is, the use of cylindrical 
rotating sieve with a vertical axis of rotation. However, their 
use leads to an increase in the clogging of the sieve holes 
due to the more complex geometry of the movement of the 
cleaners compared to flat sieve separators. 

In this work, the authors tried, study the trajectories of 
movement rotary cleaners of cylindrical sieves in a 
combined vibrocentrifugal separator and evaluate their 
effectiveness experimentally. 

 
Purpose of research  

The purpose is to substantiate the rational structural and 
kinematic parameters of rotary cleaners of cylindrical sieves 
of the combined vibrocentrifugal separator by using 
methods of electrooscillography of their kinematics. 
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Materials and methods 
The study of the nature of the movement of rotary sieve 

cleaners, was carried out using electrooscillography 
methods. For this purpose, an original recording device was 
developed with a system of movement sensors, both of the 
material and of the sieve cleaners, which provided 
determination of the speed of the air flow in the aspiration 
channel of the separator, the speed of rotation of the 
cylindrical sieve, the speed of rotation of the rotary cleaners 
of the sieve holes and the movement of the latter around 
the axis of rotation in the vertical and horizontal planes on 
the condition of 100% copying of the surface of the 
cylindrical sieve. 

Automatic recording of the kinematic characteristics of 
movement of grain material, cylindrical sieve and cleaners 
was carried out on a Siglent SDS digital four-channel 
oscillator with a bandwidth of 200 MHz and a sampling rate 
of 1 Gbit/s. Setting the time of movement of the material, as 
well as the process of cleaning the cylindrical sieve, was 
carried out using the TFA "Triple Time XL" digital timer. It 
should be noted that the duration of automatic data 
recording corresponded to the duration of at least ten 
rotations of the cylindrical sieve. 

In the process of scientific research, the phenomenon of 
sliding of the cylindrical cleaner along the arc of the sieve 
surface was observed, which we characterized by the 
difference in the rotational speeds of the sieve surface and 
the cleaner at the point of their mutual contact. The sliding 
phenomenon was quantitatively estimated by the sliding 
coefficient KR according to the following dependence: 

(1)   
𝐾𝑅 ൌ

𝑣𝑆 െ 𝑣𝐶

𝑣𝑆 
 

 
 
where vS is circular velocity of the sieve surface, vC is 
circular velocity of the rotary cleaner. 
 

The stability of the contact of the rotary cleaner with the 
sieve surface was characterized by the stability coefficient 
KS, the value of which was determined according to the 
following relationship: 

(2)   
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where tC is the average total contact time of the rotary 
cleaner with the sieve surface for 1 revolution of the sieve, 
tR is sieve rotation period. 

Automatic recording with an oscilloscope was carried 
out under the established kinematic mode of the cylindrical 
sieve. The duration of the recording corresponded to 10 
revolutions of the sieve. The obtained experimental 
measurement data were processed by statistical methods. 

The research was carried out on an experimental 
device, the general view of which is presented in Fig. 1.  

To conduct research, a special recording device (Fig. 2) 
with a system of motion sensors was developed, which 
ensured the measurement and registration of the following 
parameters: the speed of sieve rotation ωS, the speed of 
cleaner rotation ωR, angular movement of the axis of the 
cleaner in the vertical plane α; angular displacement of the 
axis of the cleaner in the horizontal plane γ. 

Experiments were carried out with cleaners of three 
variants: nylon brush, rubber cleaner, polyurethane cleaner 
together with a sieve with rectangular holes measuring 
2.2x25 mm 

The force of pressing the cleaner to the surface of the 
sieve was set in the range of 2-5 kg with an interval of 
1±0.1 kg and was kept constant with the help of a spring 5. 

At the same time, the specific pressing force P of the 
following limits for cleaners was ensured: nylon brush is 
0.254–0.635 kg/cm; rubber cleaner is 0.129–0.322 kg/cm; 
polyurethane cleaner is 0.211–0.526 kg/cm. 

43 

 
Fig.1. Scheme of the experimental device: 1 is frame; 2 is grain 
cleaning unit; 3 is pneumocentrifugal fan; 4-7 are sieve; 8 is frame; 
9 is lever-hinged suspensions; 10 is bone; 11 is pulley; 12 is 
spreader; 13 is pneumoseparating channel; 15 is dispenser; 16 are 
adjustable shutters; 17 is conical surface; 18 are blinds; 19 is cone; 
20-22 are scales; 24-26, 30 are shoulder blades; 27-29, 31 are 
trays; 32 is inlet valve; 33 are blinds; 34 is outlet valve; 35 is air 
duct; 36 is pan chamber; 37 is air intake window; 38 is fairing; 39, 
40 are valves; 41 is connecting rod; 42 is vibrator; 43 are rotary 
cleaners. 

  
Fig.2. Scheme of the recording device: 1 is a sieve; 2 is a cleaner; 
3 is a movement sensor in the vertical plane; 4 is a movement 
sensor in the horizontal plane; 5 is a spring; 6 is a cleaner rotation 
sensor; 7 is a sieve rotation sensor; m1 – m4 are mode switches; C 
is control; r is recording; b is battery pack; O is oscillograph; R1 and 
R2 are balancing resistance of bridges; α and γ are angular 
coordinates, respectively; R3 – R6 are scale potentiometers. 
 

The kinematic parameters of the cleaner were recorded 
in the following variants: a is the established idling mode of 
the installation; at the same time, the force of pressing the 
cleaner changed within the specified limits; b is the 
installation mode is set with a sieve loading of 28.3 kg/hour. 
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The research was carried out on grain mass of natural 
granulometric composition as winter wheat with a moisture 
content of 11.6%, with a small fraction content of 7-8.5%. 

All recordings were made with the sieve's kinematic 
mode unchanged: eccentricity coefficient KC = 4.3; 
oscillation frequency n = 870 cycles/min; oscillation 
amplitude a = 6 mm. 

The position of the sieve and cleaner was fixed in the 
form of angular coordinates α and γ. 

Experimental studies were carried out on a laboratory 
bench made on the basis of an industrial separator BTSM-
50A (Fig. 1). Conical spreaders with radial blades are used 
as rotary spreaders. The air speed in the aspiration channel 
was 4-9 m/s; disk speed 100-160 rpm. The flow speed in 
the pneumatic gravity channel is 4-9 m/s. 

Changing the supply of the seed mixture was carried out 
by adjusting diaphragms with different cross-sections, which 
were installed at the base of the loader hopper and pre 
calibrate on the experimental material. 

The experimental material was an artificially prepared 
mixture of wheat and barley seeds in a ratio of 9:1 by 
weight and with up to 5% impurities. The air speed was 
changed by throttling the discharge section of the fan. 

The separation efficiency was determined depending on 
the speed of the airflow and the rotation frequency for the 
rotary spreader. 

The efficiency of pneumatic gravity separation was 
estimated by the mass of 1000 grains in each grain 
sampler. 

 
Results and discussion 

As result of the studies carried out in different modes, 
the dependences of the change in the relative movements 
of the rotary cleaners during rotation of the cylindrical sieve 
were obtained (Fig. 3-4). 
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1 
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Fig.3. Change in relative displacements γ, degrees (1) and h, mm 
(2) of the rotary cleaner (brush) during the rotation of the cylindrical 
sieve at idle speed of the experimental installation under the 
specific pressing force of the rotary brush P=0.495 kg/cm 
 

According to the research results, it was established that 
the average value of the movement of the cleaner relative 
to the surface of the sieve was 2.36–2.55 mm, and the 
amplitude of the movement to the axis of rotation of the 
sieve was 0.75–1.2 mm. 

It was established that the existing technological gap on 
the surface of the cylindrical sieve, formed as result of the 
coupling of two semi-cylindrical sieves, is an insignificant 
factor in the mechanical disturbances of the movement of 
the sieve. 

According to the research results, the optimal values of 
the specific clamping force for each cleaner were 
determined, provided the same quality of hole cleaning, 
namely: nylon brush – 0.495 kg/cm; rubber cleaner – 
0.285 kg/cm; polyurethane cleaner – 0.316 kg/cm. 

Rotary cleaners, made in the form of rubber rings with a 
diameter of 100 mm and a width of 10-12 mm and located 

at a step of 2-4 mm from each other, ensured a high-quality 
process of cleaning the sieve. 

 

 

α [deg] 

t [s]   
Fig.4. Change in relative displacements α, degrees of the rotary 
cleaner (brush) during the rotation of the cylindrical sieve at idle 
speed of the experimental installation under the specific pressing 
force of the rotary brush P=0.495 kg/cm 
 

This placement of the rubber rings of the cleaner brush 
ensures that during the rotation of the cylindrical sieve, the 
rectangular openings of the sieve are overlapped and 
thereby squeezes out the seeds stuck in the sieve in the 
opposite direction, thus cleaning it for the passage of other 
seeds, which are smaller in terms of their geometric 
dimensions. 

Figure 5 shows experimental graphical dependences of 
the efficiency indicators of the separation process on air 
speed and specific load of the separator. 

 

3 2 

 
Fig.5. Dependence of the output of the main fraction on the specific 
loading of the separator at different values of the rotation frequency 
of the rotary spreader, where 1 - ω = 80 rpm; 2 – ω = 100 rpm; 3 - 
ω= 120 rpm 
 

Dependence of the output of the main fraction on the 
specific loading (Fig. 5) is complex in nature. At a low 
specific load of 1.8-2.0 kg/(h dm2) at different values of ω, 
an increase in purity is observed from 69% to 80% 
depending on the rotor speed. This is explained by the fact 
that with a small specific supply of material, the thickness of 
the layer of seeds supplied to the aspiration channel for 
further separation is insignificant and the airflow penetrates 
the grain material from all sides and, accordingly, carries 
non-condensed seeds and the light fraction (impurities) into 
the waste fraction. 

It should also note that with an increase in the specific 
load, the thickness of the seed layer supplied for 
subsequent processing increases proportionally over the 
cross-sectional area of the aspiration channel. 
Consequently, the airflow passes rather compressed 
through the corresponding section of the seed layer, so the 
efficiency of the process of separating the mixture into 
heavy and light fractions decreases. With a further increase 
in feed to 4.7-5.0 kg/(h dm2), the thickness of the seed layer 
on the working surface increases so much that the intensity 
of the action of the spreading disk guide elements on the 
upper part of the seed layer decreases. At the same time, 
the amount of heavy grains coming from this part for 
unloading decreases, which causes a decrease in purity. 
The yield of the main fraction is reduced to 41-53%. 
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Conclusions 
1. Research has established that the smallest value of 

relative slip in the rational mode of operation of the rotary 
grate cleaner is KR = 0.03. 

2. It was established that the average value of the range 
of movement of the cleaner relative to the surface of the 
sieve was 2.36–2.55 mm, and the average value of the 
amplitude of movement towards the axis of rotation of the 
sieve was 0.75–1.2 mm. 

3. It should be noted that the existing gap on the surface 
of the cylindrical sieve in the area of the junction of two 
semi-cylinder sieves with a value of 3.5–4.0 mm is an 
insignificant factor in the mechanical disturbances of the 
movement of the rotary cleaner, and the radial beating of 
the surface of the sieve with a value of 1.5–1.6 mm at a 
length of 150–160 mm is clearly reflected in the stability of 
the contact. 

4. The results of experimental studies confirmed the 
possibility of dividing grain material into two fractions: heavy 
with a mass of 1000 grains of 36 g and light – 30.2 g with a 
percentage of fractions in the output of 39 % to 61%. 

 

Authors: D.Sc. Serhii Stepanenko, Institute of Mechanics and 
Automation of Agricultural Production, 11/1 Vokzalna St., Hlevakha, 
08631, Ukraine, E-mail: stepanenko_s@ukr.net; PhD. Vasyl 
Lukach, National University of Life and Environmental Sciences of 
Ukraine, Heroyiv Oborony st., 15, Kyiv - 03041, Ukraine; E-mail: 
vslukach@ukr.net; PhD. Iryna Demchuk, National University of Life 
and Environmental Sciences of Ukraine, Heroyiv Oborony st., 15, 
Kyiv - 03041, Ukraine; E-mail: okira@i.ua; PhD. Alvian Kuzmych, 
Institute of Mechanics and Automation of Agricultural Production, 
11/1 Vokzalna St., Hlevakha, 08631, Ukraine, E-mail: 
akuzmich75@gmail.com; PhD. Roman Kalinichenko, National 
University of Life and Environmental Sciences of Ukraine, Heroyiv 
Oborony st., 15, Kyiv - 03041, Ukraine; E-mail: 
rkalinichenko@ukr.net; PhD. Viacheslav Gerasymenko, National 
University of Life and Environmental Sciences of Ukraine, Heroyiv 
Oborony st., 15, Kyiv - 03041, Ukraine; E-mail: 
syavagvp@gmail.com; PhD. Volodymyr Vasylyuk, National 
University of Life and Environmental Sciences of Ukraine, Heroyiv 
Oborony st., 15, Kyiv - 03041, Ukraine; E-mail: dekan.ae@ukr.net. 

 

REFERENCES 
[1] Piven M., Volokh V., Piven A., Kharchenko S. Research into 

the process of loading the surface of a vibrosieve when a loose 
mixture is fed unevenly. Eastern-European Journal of 
Enterprise Technologies, 6(96) (2018), No. 1, 62-70. 
https://doi.org/10.15587/1729-4061.2018.149739 

[2] Adamchuk V., Bulgakov V., Gadzalo I., Ivanovs S., 
Stepanenko S., Holovach I., Ihnatiev Y. Theoretical study of 
vibrocentrifugal separation of grain mixtures on a sieveless 
seed-cleaning machine. Rural sustainability research, 46(341), 
(2021), 116-124. https://doi:10.2478/plua-2021-0023 

[3] Stepanenko S., Aneliak M., Kuzmych A., Kustov S., 
Lysaniuk V. Improving the efficiency of harvesting sunflower 
seed crops. INMATEH - Agricultural Engineering, 67, (2022) 
No. 2, 331-340. https://doi.org/10.35633/inmateh-67-34 

[4] Kroulík M., Hůla J., Rybka A., Honzík I. Pneumatic conveying 
characteristics of seeds in a vertical ascending airstream. 
Research in Agricultural Engineering, 62(2) (2016), 56-63. 
https://doi.org/10.17221/32/2014-rae 

[5] Kharchenko S., Borshch Y., Kovalyshyn S., Piven M., 
Abduev M., Miernik A., Popardowski E., Kiełbasa P. Modeling 
of aerodynamic separation of preliminarily stratified grain 
mixture in vertical pneumatic separation duct. Applied Sciences, 
11(10) (2021), 4383. https://doi.org/10.3390/app11104383 

[6] Olshanskii V., Olshanskii A., Kharchenko S., Kharchenko F. 
Analytical method for determining porosity in the layer of vibro 
separated grain mixture. Teka Komisji Motoryzacji i Energetyki 
Rolnictwa, 16(4) (2016), 51-55. 

[7] Tishchenko L., Kharchenko S., Kharchenko F., Bredykhin V., 
Tsurkan O. Identification of a mixture of grain particle velocity 
through the holes of the vibrating sieves grain separators. 
Eastern-European Journal of Enterprise Technologies, 2 (80) 
(2016), No. 7, 63-69. https://doi.org/10.15587/1729-
4061.2016.65920 

[8] Mykhailov Y., Zadosna N., Postnikova M., Pedchenko G., 
Khmelovskyi V., Bondar M., Ionichev A., Kozdęba M., 
Tomaszewska-Górecka W. Energy Assessment of the 
Pneumatic Sieve Separator for Agricultural Crops. Agricultural 
Engineering, 25(1) (2021), 147-156. 
https://doi.org/10.2478/agriceng-2021-0012 

[9] Bredykhin V., Pak A., Gurskyi P., Denisenko S., Bredykhina K. 
Improving the mechanical-mathematical model of pneumatic 
vibration centrifugal fractionation of grain materials based on 
their density. Eastern-European Journal of Enterprise 
Technologies, 4(112) (2021), No. 1, 54-60. 
https://doi.org/10.15587/1729-4061.2021.236938 

[10] Kaletnik H., Solona O., Kotov B., Stepanenko S., Shvydia V., 
Kalinichenko R., Tverdokhlib I., Polievoda Y. The usage of the 
elemental base of the vibratory mill with the spatial circulation 
movement of material to create drying rig. Przegląd 
Elektrotechniczny, 3 (2024). 232-237. 

https://doi.org/10.15199/48.2024.03.41 
[11] Volkhonov M., Bushuev I., Volkhonov R., Pashin E. 

Development of a technique to control and ensure the 
predefined porosity of a grain layer in the pneumo-separating 
channel at a grain heap cleaner. Eastern-European Journal of 
Enterprise Technologies, 4(100) (2019), No. 1, 46–53. 
https://doi.org/10.15587/1729-4061.2019.174390 

[12] Kolodiy A., Kyurchev S. Мathematical description of the 
behavior of sunflower kernels in the air flow separation units. 
MOTROL. Commission of Motorization and Energetics in 
Agriculture, 17(9) (2015), 13-18. 

[13] Nesterenko A., Leshchenko S., Vasylkovskyi O., Petrenko D. 
Analytical assessment of the pneumatic separation quality in 
the process of grain multilayer feeding. INMATEH - Agricultural 
Engineering, 53 (2017), No, 3, 65-70. 

[14] Haili Z., Zhanqi H., Qinglong Z., Qiang W., Xuan L. Numerical 
study on gas-solid flow characteristics of ultra-light particles in 
a cyclone separator. Powder Technol. 344 (2019) 784-796. 
https://doi:10.1016/j.powtec.2018.12.054 

[15] Farsi C., Amroune S., Moussaoui M., Mohamad B., 
Benkherbache H. High-Gradient Magnetic Separation Method 
for Weakly Magnetic Particles: an Industrial Application, 
Metallofiz. Noveishie Tekhnol., 41 (2019), No. 8, 1103-1119. 
https://doi.org/10.15407/mfint.41.08.1103 

[16] Kotov B., Stepanenko S., Tsurkan O., Hryshchenko V., 
Pantsyr Y., Garasymchuk I., Spirin A., Kupchuk I. Fractioning of 
grain materials in the vertical ring air channel during electric 
field imposition, Przegląd Elektrotechniczny 1 (2023), 100-104. 
https://doi:10.15199/48.2023.01.19 

[17]  Zagirnyak M. The Substantiation of the Calculation Expression 
for the Extraction Force of Magnetic Separators, Przegląd 
Elektrotechniczny 1 (2004), 264-268. 
https://doi:10.15199/48.2024.01.55 

[18] Zhou Y., Shen W. Numerical simulation of particle classification 
in new multi-product classifier, Chemical Engineering Research 
and Design, 177 (2022), 484-492. 
https://doi.org/10.1016/j.cherd.2021.11.012 

[19] Stepanenko S., Kotov B., Kuzmych A., Kalinichenko R., 
Hryshchenko V. Research of the process of air separation of 
grain material in a vertical zigzag channel. Journal of Central 
European Agriculture, 2023, 24(1), p.225-235. 
https://doi:10.5513/JCEA01/24.1.3732 

[20] Aliiev E., Gavrilchenko A., Tesliuk H., Tolstenko A., 
Koshul’ko V. Improvement of the sunflower seed separation 
process efficiency on the vibrating surface. Acta Periodica 
Technologica, 50 (2019), 12-22. 
https://doi.org/10.2298/apt1950012a 

[21] Stepanenko, S.; Kotov, B.; Kuzmych, A.; Shvydia, V.; 
Kalinichenko, R.; Kharchenko, S.; Shchur, T.; Kocira, S.; 
Kwaśniewski, D.; Dziki, D. To the Theory of Grain Motion in an 
Uneven Air Flow in a Vertical Pneumatic Separation Channel 
with an Annular Cross Section. Processes 2022, 10, 1929. 
https://doi.org/10.3390/pr10101929 

[22] Munder S., Argyropoulos D., Müller J. Class-based physical 
properties of air-classified sunflower seeds and kernels. 
Biosystems Engineering, 164 (2017), 124-134. 
https://doi.org/10.1016/j.biosystemseng.2017.10.005 

[23] Aneliak M., Kuzmych A., Stepanenko S., Lysaniuk V. Study of 
the process of threshing leguminous grass seeds with a drum-
type threshing device. INMATEH - Agricultural Engineering, 71 
(2023), No. 3, 83-92. https://doi.org/10.35633/inmateh-71-06 


