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INTRODUCTION 

Currently, at the global level, the rapid development of industrial 

production requires the improvement of processes for supplying industries 

with raw materials and processing them. In particular, achieving high 

efficiency in the screening of bulk materials, improving product quality, and 

reducing energy consumption are among the key scientific and technical 

challenges. From this perspective, research aimed at developing new types of 

screening devices, designing their structural solutions, and scientifically 

substantiating their main parameters is of great importance. 

In recent years, drum-type screening devices have been widely used in 

the processing of bulk materials and are distinguished by their high 

productivity and screening quality. However, existing devices are 

characterized by high energy consumption, structural complexity, and certain 

technological shortcomings, which necessitate further improvement. 

Therefore, developing new designs of drum screening devices with low 

energy consumption, simple structure, and high efficiency, as well as creating 

their calculation methods, is an important task. 

Extensive scientific research is being conducted in leading research 

centers and higher education institutions around the world on studying the 

operating processes of drum-type screening devices, improving their 

efficiency, developing modern calculation methods, and creating next-

generation technological machines. Particular attention is paid to improving 

the energy efficiency of the screening process, determining optimal operating 

modes based on the physical and mechanical properties of materials, and 

enhancing the operational performance of the equipment. 

In our country as well, large-scale reforms are being implemented 

aimed at industrial development, the introduction of energy-efficient 

technologies, and increasing production efficiency. In particular, the 

Development Strategy of New Uzbekistan for 2022–2026 sets priority tasks 
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such as increasing industrial production volumes, improving labor 

productivity, efficient use of resources, and reducing losses. In implementing 

these tasks, the development of new, highly efficient, resource-saving designs 

of devices for screening bulk materials is of great importance. 

This monograph considers the development of the design of a drum 

screening device and the scientific justification of its main parameters. In 

addition, the operating processes of the device are analyzed, and structural 

and kinematic solutions aimed at improving its efficiency are proposed. As a 

result, the developed device makes it possible to improve screening quality 

and productivity, reduce energy consumption, and enhance overall production 

efficiency. 
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CHAPTER I. STATE AND FORMULATION OF THE 

RESEARCH 

1.1. Analysis of research conducted on the screening of bulk 

materials 

The main purpose of studying the process of screening bulk materials is 

to determine the dependence of the kinematic and structural parameters of 

screening machines on the physical and mechanical properties of the material 

being screened. 

In the search for effective methods of screening bulk materials, 

considerable attention is paid to the use of centrifugal screeners. This is 

because, during the screening process, the bulk material is subjected to 

inertial forces that exceed the force of gravity. When the bulk material is 

within the influence of centrifugal force, the screening process intensifies. 

This ensures continuous interaction of the bulk material particles with the 

screening surface and increases the probability of passing through the screen 

apertures, while the high velocity of the bulk material contributes to an 

increase in the efficiency of the screener [1, 2]. 

A.N. Konoplin [1], V.P. Goryachkin [3], B.M. Drinch [4], Y.S. 

Goncharov [5], B.B. Gortinskiy [6], A.V. Zilbernagel [7], I.Y. Kojukhovskiy 

[8], B.T. Tarasov [9, 10], B.D. Papina [11], S.V. Lekanov [12], N.O. 

Kurinnaya [13], A. Akase [15], C. Harris [16], R.A. Zverkov [17], A.P. 

Slepov [18] and others have been engaged in studying the designs of 

screeners, the course of the process, and the types of particle motion. 

The general structure and operating principles of flat screeners have 

been extensively studied in many respects. Based on these studies, schemes 

for the arrangement of screens in working units have been developed and 

classifications have been compiled. The general scheme of existing 

centrifugal screeners can be presented as follows (Fig. 1.1) [19; pp. 12–14]. 
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Any centrifugal screener is considered a technical system consisting of 

interconnected parts and assemblies. In screeners, the preparation platform 

can be considered as a common element. On this platform, the material to be 

screened is layered, and the initial velocity and direction are imparted 

precisely at this point. 

 

 
Fig. 1.1. Classification scheme of a centrifugal screener with a mesh 

surface 

 

Next, a feeding platform is installed, which may be either stationary or 

rotating and consists of mechanisms for distributing the material uniformly 

across the width or surface area. 

The main working element of screening machines is a mesh of various 

shapes (cylindrical, conical, and parabolic), which directly separates bulk 

materials into fractions. Based on the size and shape of the mesh openings, 

bulk materials are divided into fractions from the total mass. 

An additional mechanism that promotes the agitation of bulk material 

may be installed inside the rotor in various forms (cylinder, plate drum, 

screw, spiral, etc.). In mesh-type centrifugal screeners, the mesh and rotor 

form a unified structure through various technical solutions. 
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The motion of the mesh-type centrifugal screener and its working 

elements is provided by an electric motor and various transmission 

mechanisms. 

To improve the efficiency of the mesh cleaning process, additional 

devices may be used, such as vibration generators (vibro-drives), air flow 

devices (blowers), and others. Particles of bulk material adhering to or 

clogging the mesh openings can also be removed using brushes. 

According to the studies of S.V. Tarasevich, during the screening 

process, bulk material moves in a layer of certain thickness along the mesh 

surface. During this movement, particles smaller than the mesh openings fall 

through it, while larger particles move along the mesh and are discharged 

from it. It should be noted that the law of particle movement along the mesh is 

not determined solely by the motion law of the mesh itself, since the 

interaction between the mesh and bulk material is a kinematically non-rigid 

dynamic connection. In addition, inertial and impulse forces from neighboring 

particles act on the particles of the material. The interaction between the mesh 

and particles occurs through friction forces that vary in direction and 

magnitude [20; pp. 8–9]. 

In vibrating meshes, the completeness of screening depends on the 

number of complete vibrations (from the initial position to an equal opposite 

horizontal direction and back to the initial position), as well as on the length 

of the zigzag trajectories of the bulk material particles along the mesh (Fig. 

1.2). 

The parameters of the relative motion of bulk material particles along 

the mesh significantly affect the quality of the screening process. Based on his 

research, M.N. Letoshnev concluded that “…the completeness of screening 

depends on the velocity of material movement along the mesh and the total 

path traveled by the particle” [21]. 
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N.G. Gladkov concluded that “…the degree of completeness of 

screening on a flat mesh depends on the number of successive displacements 

of each particle during its residence on the mesh” [22]. 

 

 

 Initial fractions 

 

Vibration trajectory 

 Past fractions 

 

Circular oscillation 

trajectory  Ejected fractions 

1-feeder; 2-mesh 

Fig. 1.2. Schematic diagram for determining the parameters of the 

movement of bulk material on a vibrating mesh 

 

The optimal regime of the screening process can be achieved under the 

following conditions: 

The bulk material must move along the mesh in such a way that it 

mixes along the mesh surface, while at the same time fine fractions have 

sufficient time to pass through the openings. 
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The resultant force acting on a particle of bulk material should be as 

close as possible to the vertical direction, i.e., normal to the mesh surface. 

The bulk material must be uniformly distributed along the mesh 

surface. 

1.2. Analysis of the operating processes of mesh drums 

The operating processes of mesh drums have been studied by R.A. 

Zverkov [17], N.Y. Avdeyev [23], V.I. Belyaev [24], N.I. Ivanov [26], S.V. 

Lekanov, N.I. Strikunov, S.A. Cherkashin [27], A.A. Sukhoparov [28], V.V. 

Tkachev [29], A.A. Khizhnikov [30], A.V. Chernyakov [31] and others. 

The results of studies on mesh drums show that hollow drums operate 

in the first type of kinematic motion regimes. This regime is characterized by 

the fact that the screened material is located in the lower part of the drum (in 

the I and IV quadrants), performs oscillatory motion, and the maximum lifting 

angle does not exceed 90°. In this case, the screened material inside the drum 

forms a moving layer along the arc αp in the IV and I quadrants (Fig. 1.3a). 

Approximately 1/4–1/6 of the mesh surface is used in the working process. 

This leads to inefficient utilization of the mesh area and a reduction in 

specific load on the mesh. 

The study of particle motion within the layer shows that particles 

located on the drum surface move at a velocity close to the surface velocity 

but do not reach it. Particles located on the upper open surface of the layer 

move in the opposite direction at approximately the same speed. Particles 

located in the center of the layer gradually move along the drum axis and 

practically do not participate in the rotational motion of the layer [32; pp. 25–

27]. 

In drums equipped with internal transporting devices, the screened 

material is intensively mixed by spirals or blades, creating conditions for fine 

particles to approach the surface. However, these mesh drums, like hollow 

drums, are effective only under first-type low-speed motion conditions. 

Attempts to increase efficiency by increasing the rotation frequency of such 
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mesh drums lead to the formation of an annular layer and disruption of the 

operating regime of the drum [33]. 

 

 
 

a b 

  
c d 

Fig. 1.3. Operating processes of mesh drums 

 

By installing a fixed inclined plate (1) inside the drum, it becomes 

possible to slightly increase the rotation frequency of the drum without 

disrupting the operating process (Fig. 1.3b). The screened material lifted 

along the drum surface into the II quadrant falls onto the inclined plate and is 

redirected back to the IV quadrant of the surface. In order to transfer the 

screened material onto the surface, a certain angle is selected, which ensures 

process continuity when increasing the drum speed. In this case, the second 

type of motion regime is used, where the screened material is lifted up to the 
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II quadrant, detached at an angle of 90°…180°, and moves freely inside the 

drum along a parabolic trajectory until it falls onto the inner surface. 

According to experimental data by B.G. Turbin, the efficiency of a mesh 

drum with an inclined plate is not significantly higher than that of a simple 

low-speed drum, while the structure of the screener becomes more complex 

and its stability decreases. 

The second type of operating regime is also used in drums equipped 

with an inclined plate and a semi-cylindrical baffle (Fig. 1.3c). This regime is 

characterized by the fact that the screened material is lifted up to the II 

quadrant, detached at an angle of 90°…180°, and moves freely inside the 

drum along a parabolic trajectory until it reaches the inner surface. The baffle 

receives particles leaving the drum surface in the II quadrant and redirects 

them again to the lower part of the drum, the IV quadrant. The installation 

angle of the baffle is selected in such a way that the lifting of the screened 

material up to the II quadrant is ensured. This makes it possible to increase 

both the rotation frequency of the drum and its productivity. According to 

[34; pp. 30–48], the productivity of baffle-equipped mesh drums is 2…2,5 

times higher than that of simple drums. 

Mesh drums equipped with a cleaner (1), brush (2), return baffle (3), 

and inclined plate (4) are used in cases where the screened material does not 

detach from the mesh surface (Fig. 1.3d). The material flowing from the 

inclined plate falls into the IV quadrant of the drum. The mesh induces the 

material to perform rotational motion and lifts it up to the III quadrant. In this 

process, the material is directed from the cleaner and brush to the return baffle 

and inclined plate. The disadvantage of this design is the accelerated wear of 

working elements at high drum speeds [32; p. 28]. 

A number of researchers have studied the motion of bulk materials 

inside rotating mesh drums. Among them are the works of Y.L. Ding, R. 

Forster, J.P. Seville, and D.J. Parker from the University of Birmingham, 

England [35; pp. 635–663]. In their study, a mathematical model describing 
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the motion of bulk material in a rotating drum was developed based on the 

Eulerian approach (Fig. 1.4). 

 

 
Fig. 1.4. Schematic diagram and model of a rotating drum 

 

Based on the studies, integro-differential mass and momentum 

equations were obtained, namely: 
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Here, L is the half-chord length, m; h is the shortest distance between 

the drum center and the layer surface, m; ω is the angular velocity of the 

drum, rad/s; δ is the depth of the active layer, m; ξ is the angle of dynamic 

deviation, degrees; β is the angle of internal friction, degrees. 

By solving equation (1.1) and using the schematic shown in Fig. 1.5, an 

equation describing the velocities of moving particles of bulk material has 

been derived 
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Here, Δ is a parameter characterizing the rheological properties of 

granular materials, rad/m. 
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Fig. 1.5. Schematic of the material layer in a rotating drum 

 

Researchers from China have studied the motion of bulk materials in 

three types of horizontal drums with different geometries, rotating at a 

constant angular velocity, using the finite element method. The studies were 

carried out in two circular and one elliptical drum, with angular velocities 

ranging from 0,01 rad/s to 21,9 rad/s. By varying the angular velocity, four 

flow regimes were identified (Fig. 1.6) [36]. 

 

 
Fig. 1.6. Two circular and one elliptical drum shapes 

 

In [37], the motion of material inside a drum was theoretically 

investigated, and differential equations describing the motion of a body along 

the surface of a rotating drum were derived, together with corresponding 



18 

computational schemes (Fig. 1.7). The differential equations of displacement 

and sliding motion of the body relative to the drum are expressed as follows: 

 

 
Fig. 1.7. Schematic for determining the sliding surface  
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Here, ω is the angular velocity of the drum, rad/s; ω₀ is the angular 

velocity of the body sliding relative to the drum, rad/s; β is the angle of the 

body position measured from the vertical diameter, rad; μ₀ is the coefficient of 

friction during sliding; R is the inner radius of the drum, m. 

The analysis of the operating processes of mesh drums shows that, in 

the screening of bulk materials, the geometric dimensions of the drums, 

rotation frequency, inclination angle relative to the horizontal plane, type of 

motion, and friction angles are of key importance. Therefore, in their design 



19 

and calculation, it is possible to develop energy- and resource-saving 

structures by taking the above parameters into account. 

1.3. Meshes and the screening processes on them 

The screening of bulk materials using meshes is considered one of the 

most complex and widely used technological processes [38, 39]. 

In the screening of bulk materials, the use of wire meshes with a 

circular cross-section is considered effective (Fig. 1.8). This is because, in 

wire meshes with a circular cross-section, particles of bulk material are in an 

unstable position on the wires, which facilitates their passage through the 

openings. Analyses have shown that the use of this type of mesh reduces 

screening time and increases specific productivity by up to 85% compared to 

flat wire meshes. Wire meshes have a sufficiently high open area coefficient 

μ. The value of this coefficient is determined as the ratio of the total area of 

all openings in the mesh S0 to the total surface area of the mesh Stot [32; pp. 

17–19]. 

0

tot

S

S
 = .      (1.4) 

When the wire diameter in wire meshes is (0.8…1.0) mm, the open 

area coefficient μ is in the range of 0,68…0,70. In such cases, the maximum 

screening capacity reaches 3,5 kg/(s·m2) [40; p. 15, 41; pp. 3–9]. 

The main disadvantage of wire meshes is the low strength of the 

interconnected joints (Fig. 1.8a). When bulk material is subjected to inertial 

forces and the gravitational load of the upper layers, particles may become 

jammed at the joints, which in turn leads to a reduction in the effective 

working area of the openings. In addition, the tension forces in the wires are 

relatively high, ranging from (150…300) N [32; p. 17]. 

Profiled wire meshes differ in that the steel wires are arranged in two 

parallel planes in the transverse direction (Fig. 1.8b). The specific feature of 

such meshes is that particles falling onto the upper row of joints first change 

their initial direction and then fall onto the joints of the lower row, becoming 
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unstable and subsequently passing through the openings. According to A.I. 

Klimk’s studies, the time required for particles of bulk material to pass 

through the openings in such meshes is 2,0…2,5 times higher than in ordinary 

wire meshes and 4,0…4,5 times higher than in flat meshes. In this case, the 

optimal specific productivity of profiled wire meshes is in the range of 

(1,6…1,8) kg/(s·m2) [40; pp. 10–15]. 

 

 
 

a b 

 
 

c d 

a – wire mesh; b – profiled wire mesh; c – welded wire mesh; d – woven wire 

mesh 

Fig. 1.8. Wire meshes with circular cross-section 
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The main advantage of welded wire meshes is their sufficient strength 

and the stability of the opening working area (Fig. 1.8c) [42, 43]. The 

invariability of the parameters is ensured by the rigid connection between the 

longitudinal and transverse joints. Due to the circular cross-sectional shape of 

the wires, the efficiency is high as a result of the unstable positioning of bulk 

material particles on them. Their main disadvantage is the perpendicular 

arrangement of the transverse wires relative to the longitudinal wires. 

Fig. 1.8d shows a woven wire mesh. In such meshes, square openings 

are formed by weaving wires together. These meshes operate intensively due 

to a larger open area compared to other types. However, the accuracy of the 

mesh openings is low, which may further reduce the quality of screening 

during operation. At the same time, in woven wire meshes, the diagonals of 

the square openings are 1,4 times larger than the sides, which increases the 

probability of particles passing through the openings [44]. 

The performance of meshes is usually evaluated by the screening 

efficiency coefficient or the discharge coefficient η of passing fractions. The 

discharge coefficient η is defined as the ratio of the mass m1 of fractions that 

pass through the mesh to the total mass m0 of all passing fractions and is 

determined as follows [19; p. 31]: 

1

0

m

m
 = .      (1.5) 

According to a large number of researchers, the main parameter 

affecting the screening quality and the productivity of screening machines is 

the relative velocity of bulk material particles [45; pp. 548–554, 46; pp. 205–

213, 47; pp. 139–141, 48; pp. 39–43, 49; pp. 49–54, 50, 52, 55; pp. 13–14, 

56; pp. 11–12]. 

The relative velocity of bulk material particles depends on so many 

factors that it is not possible to take all of them into account when 

mathematically modeling the process. Therefore, in modeling the screening 

process, particles are usually replaced with simplified models whose physical 
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and mechanical properties are close to those of the real material being 

screened [57; pp. 10–13, 58; pp. 33–36]. 

The conditions for particle passage through mesh openings during 

screening, as well as the dependence of kinematic and structural parameters 

on relative velocity, have been considered in detail in studies [59, 60]. 

M.N. Letoshnev, taking into account the forces acting on bulk material 

particles, derived the following differential equation describing the relative 

motion of particles [21] 
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here, ω is the angular velocity of the drive shaft, rad/s; r is the vibration 

amplitude of the mesh, m; α is the inclination angle of the mesh relative to the 

horizontal plane, degrees; σ is the angle of the vibration direction, degrees; γ 

is the angle of friction, degrees. 
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xd HB
- the acceleration of particles moving upward and 

downward along the mesh, m/s2. 

By integrating equation (1.6), expressions were obtained that make it 

possible to determine the distances traveled by particles during upward (xB) 

and downward (xH) motion.  
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here, ψ1 and ψ2 are the initial and final phases of the upward 

displacement; θ1 and θ2 are the initial and final phases of the downward 

displacement; ψ0 and θ0 are the phases corresponding to the maximum 

relative velocities in the upward and downward motions, respectively. 

The relative velocities of bulk material particles moving upward and 

downward on the mesh can be determined respectively as follows: 
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here, t and t1 are the initial and final times of the particle’s relative 

motion along the mesh, s. 

The final equation describing the particle velocity is as follows: 
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BHBH xx

T

xx
V

+
=

+
= ,    (1.11) 

here, T is the full vibration period, s. 

From the above equations, it can be seen that the relative motion of 

bulk material particles is influenced by friction, as well as the amplitude and 

frequency of vibration. 

In the screening of bulk materials, the limiting velocity of particles is 

also an important parameter (Fig. 1.9). 

X.A. Ksifilinov derived an expression that makes it possible to 

determine the limiting velocity of a spherical particle on a mesh inclined at an 

angle to the horizontal plane, namely [14]. 

( )
( )lim cos

2 sin

g
V D r

r D



= −


,    (1.12) 

here, D is the diameter of the mesh opening, m; r is the radius of the 

spherical particle, m; g is the acceleration due to gravity, m/s2; α is the 

inclination angle of the mesh relative to the horizontal plane, degrees. 
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Fig. 1.9. Computational scheme for determining the limiting velocity of 

particle motion along the mesh 

 

N.G. Gladkov derived an expression that makes it possible to determine 

the limiting velocity of an ellipsoidal particle on a mesh inclined at an angle 

to the horizontal plane, namely [22; p. 15]. 

1
lim

1

cos
2 2 sin

с g
V D

с D




 
= − 

+ 
,   (1.13) 

here, c1₁ is the distance from the center of gravity to the edge of the 

opening, m. 

In [63; p. 80], a design method for determining rational values of the 

structural and kinematic parameters of screening machines for bulk materials 

was proposed. In this approach, the vibrational displacement theory was used 

to develop a mathematical model of the motion of bulk material on the mesh 

and the passage of particles through mesh openings [64; pp. 35–36], as well 

as the individual motion of spherical particles within the openings [65]. 

The following assumptions were made in constructing the model: fine 

fractions with spherical particles were replaced by equivalent diameters; both 

the particle and the mesh were considered absolutely rigid bodies; the mesh 

openings were assumed to be identical in size and shape; and the collisions of 

particles with the edges of the openings were considered elastic. In the 

studies, the particle and the mesh were considered in a fixed XOY coordinate 

system (Fig. 1.10). 
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Fig. 1.10. Computational scheme of the motion of bulk material on the 

mesh and the passage of spherical particles through mesh openings 

 

The majority of studies on the operating processes of meshes are 

mainly devoted to increasing the screening capacity of the mesh, since the 

efficiency of the screening process and the specific productivity of the 

working elements are determined by this factor. The analysis of the conducted 

studies shows that the kinematic operating regime has a significant influence 

on the screening capacity of the mesh [66; p. 25, 67; pp. 28–32]. The passage 

or non-passage of particles through a mesh opening depends on the magnitude 

and vector direction of their velocity relative to the mesh. The duration of the 

passage process through the mesh also significantly depends on this velocity. 

Therefore, in calculating the screening capacity of a mesh, it is necessary to 

know the velocities at different cross-sections along its length [68; p. 73]. 

A.V. Fominikh and V.G. Chumakov, based on their studies of 

screening processes and devices, presented the following schematic 
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representation of the screening system on meshes (Fig. 1.11) [69; p. 77]. 

 

 
Fig. 1.11. Screening system in meshes 

 

Based on many years of operational observations of screening 

machines, it has been determined that the intensity of the discharge of 

fractions passing through mesh openings depends on the following factors 

[19; p. 31]: 

- the type of mesh motion (reciprocating, vibrating-reciprocating, 

rotational); 

- the design of the mesh; 
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- the kinematic parameters of the mesh (amplitude and frequency 

of vibrations, inclination angle relative to the horizontal plane); 

- the mesh cleaning device for removing clogged particles; 

- the length of the mesh; 

- the composition of the screened material and the loading of the 

mesh. 

Based on the above, the technological process of screening bulk 

materials can be represented schematically as follows (Fig. 1.12). 

 

 
Fig. 1.12. Schematic of the technological process of screening bulk 

materials 

 

Conclusions to Chapter I 

1. It is advisable to use centrifugal rotating mesh drums in order to 

increase the intensity of the screening process, ensuring that bulk material is 

subjected to inertial forces greater than gravitational force. 

2. In the screening of bulk materials, the geometric dimensions of 

drums, rotation frequency, inclination angle relative to the horizontal plane, 

type of motion, and friction angles are of key importance. Therefore, in their 
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design and calculation, it is possible to develop energy- and resource-saving 

structures by taking the above parameters into account. 

3. In developing an efficient design of a mesh drum, the use of wire 

meshes with circular cross-sections to ensure the instability of bulk material 

particles, as well as the study of additional vibration excitation methods, has a 

positive effect on screening efficiency. 
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CHAPTER II. DEVELOPMENT OF THE DESIGN OF A DRUM 

SCREENING DEVICE AND ITS THEORETICAL INVESTIGATION 

2.1. Development of the design of a drum screening device  

Based on the analysis of the literature, an improved design of a drum 

screening device was proposed (Fig. 2.1).  

 

 
Figure 2.1. Improved design of a device for screening bulk materials 

 

This device consists of the following components: a mesh cylinder 1 

and its shaft 2, which ensures its rotational motion, mounted on bearings 3. 

The rotational motion is transmitted from the electric motor 4 through a V-

belt drive 5 to the reducer 6, and from there through a coupling 7 to the mesh 

cylinder 1. To intensify the screening process of bulk materials, a blade shaft 

9 equipped with elastic blades 8 that exert periodic impact forces is mounted 

in bearings 3 in the upper part of the mesh cylinder 1. In this case, ribs 10 are 

provided on the mesh cylinder 1 to receive the impact forces. The rotational 

motion of the blade shaft 9 is transmitted from the mesh cylinder 1 through a 

chain drive 11. A feed hopper 12 is installed to supply bulk material into the 

mesh cylinder 1, a chute 13 is provided for discharging separated fine 
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fractions, and a chute 14 is used for discharging coarse fractions. To adjust 

the inclination angle α of the device relative to the foundation 15, the frame 

16 is equipped with an adjusting screw 18 with a rotating nut 17. 

The drum screening device operates as follows: During operation, bulk 

material is fed through the hopper 12 into the rotating mesh cylinder 1. The 

rotational motion is transmitted in the following sequence: from the electric 

motor 4 through the V-belt drive 5 to the reducer 6, and then from the output 

shaft of the reducer 6 through the coupling 7 directly to the shaft 2 of the 

mesh cylinder 1. In this way, the mesh cylinder 1 rotates with a constant 

angular velocity. Since the device is installed at an inclination angle α relative 

to the foundation 15, the material being screened moves both rotationally and 

axially along with the mesh cylinder 1 during operation. 

Fractions of bulk material smaller than the mesh openings of the mesh 

cylinder 1 pass through the openings sequentially and are collected in the 

chute 13 for fine fractions. To increase the efficiency of separating fine 

fractions passing through the mesh openings, the blade shaft 9 receives 

rotational motion from the mesh cylinder 1 via the chain drive 11, and its 

elastic blades 8 periodically apply impact forces to the ribs 10, causing 

additional vibration of the mesh cylinder 1. This intensifies the screening 

process. Coarse fractions, which are larger than the mesh openings, are 

discharged from the process through the chute 14. The inclination angle α of 

the device relative to the foundation 15 is adjusted by moving the frame 16 

using the adjusting screw 18 by rotating the nut 17. 

The proposed bulk material screening device ensures an increase in 

screening efficiency and productivity. 

2.2. Determination of the impact point of the elastic blade acting on 

the mesh drum 

In the force analysis of mechanical systems, the following aspects are 

mainly considered: based on the given law of motion of the driving link and 

the applied forces, the inertial forces, reaction forces in kinematic pairs, and 
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the balancing force or moment in the driving link are determined. In this case, 

the given forces include driving forces, technological resistance, and the 

weight of the link. In force calculations, the inertial force to be determined is 

reduced for each link to the resultant vector and the resultant moment of 

inertia forces, namely [1; pp. 78–79]. 

i sP ma= − ,      (2.1) 

i sM J = − ,      (2.2) 

Here, m is the mass of the link, kg; as is the acceleration of the center of 

mass of the link, m/s2; ε is the angular acceleration of the link, rad/s2; Js is the 

moment of inertia of the link about an axis passing through its center of mass 

and perpendicular to the plane of motion, kg·m2. 

The inertia force Pi and the moment of the force couple Mi can be 

reduced to a single force Pi (Fig. 2.2a and b), but not applied at the center of 

mass; instead, it is applied at a certain lever arm h. If, as shown in Fig. 2.2c, 

three forces act on the link, then when selecting the lever arm h, it is 

necessary to satisfy the condition                  Pi·h = Mi. In this case, two equal 

and oppositely directed forces Pi can be eliminated, and the force Pi and 

moment Mi acting on the link can be replaced by a single force Pi applied at a 

distance h from the center of mass, namely  

i s

i s

M J
h

P ma


= = .     (2.3)  

The resultant force is transferred to point S in such a way that the 

moment taken about the center of mass is directed opposite to the angular 

acceleration ε. At the same time, the force and moment can be replaced by 

two forces of equal magnitude applied at points A and B (Fig. 2.2d). 

i s

AB AB

M J
P

l l


= = .      (2.4) 
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Fig. 2.2. Scheme for the force analysis of a lever 

 

If the link performs rotational motion about a fixed center, then the 

resultant inertia force must be applied at the center of percussion (Fig. 2.2e). 

The distance between the center of rotation and the center of percussion is 

determined from the following expression known from the course of 

theoretical mechanics 

B s
BK BS

BS BS

J J
l l

ml ml
= = + ,     (2.5) 

Here, JB is the moment of inertia of the link about the rotation center B, 

kg·m2; lBS is the distance from the rotation center B to the center of mass S, m.  

Taking the above into account, theoretical studies are carried out to 

determine the impact point on the elastic blade. In a drum-type bulk material 

screening device, during the screening process, elastic blades periodically 

exert impact forces on the mesh drum in order to increase its operational 

efficiency. In this case, the occurrence of impact forces, while improving the 
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performance of the device, also has a negative effect on the working elements. 

For example, when the elastic blades interact with the mesh drum, stresses 

arise at the supports where the blades are fixed to the shaft. Therefore, 

determining the point of interaction between the working elements is of 

significant importance. 

In the conducted studies, the elastic blade is considered as a lever 

rotating with a constant angular velocity about its support, with its center of 

mass located at point S and with mass uniformly distributed along its length, 

while the mesh drum is considered as a curved surface (Fig. 2.3). 

 

 
Fig. 2.3. Lever with uniform cross-section rotating with constant angular 

velocity and mesh drum 

 

In order to reduce the reaction forces at point A of the elastic blade and 

ensure its reliable operation, the impact point is determined, and the inertia 

force is applied at this point. This is because determining the impact point and 

transferring the point of application of the force to this location is important in 

oscillating mechanical systems. Using Fig. 2.4, the impact point of the elastic 

blade is determined. 
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Fig. 2.4. Schematic for determining the impact point of the elastic blade 

 

According to [71; p. 296], the impact point is the point at which the 

resultant of all inertia forces acting on a link performing rotational motion is 

applied. The center of mass of the elastic blade is located at its midpoint, 

namely 

2

AB
AS SB= = ,      (2.6) 

here, AB is the length of the elastic blade, m.. 

To determine the impact point, first the moment of inertia of the elastic 

blade about point A is determined. 

( )
2

A s pJ J m AS= + ,    (2.7) 

or 

A pJ m AK AS=  ,     (2.8) 

Here, mp is the mass of the elastic blade, kg. 

The moment of inertia of the blade about an axis passing through its 

center of mass and perpendicular to the plane of motion is expressed as 

follows 

( )
2

12

p

s

m AB
J = .      (2.9) 
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By equating expressions (2.7) and (2.8), and taking into account 

relations (2.9) and (2.6), the following expression is obtained 

4 2

3 3
AK AS AB=  =  .     (2.10) 

Thus, the impact point of the blade is located at a distance equal to two-

thirds of its length from the axis of rotation. 

2.3. Investigation of the force exerted by the elastic blade on the 

ribs of the mesh drum 

As stated above, during the screening process, elastic blades 

periodically exert impact forces on the mesh drum in order to increase its 

operational efficiency. This, in turn, causes additional movement of the 

screened material. Figure 2.5 presents a schematic diagram for determining 

the effect of the elastic blade on the ribs of the mesh drum. 

 

 
Fig. 2.5. Schematic diagram for determining the effect of the elastic blade 

on the ribs of the mesh drum 

 

During the interaction process, according to [72; pp. 1–15], two types 

of deformation occur in the elastic blade, namely elastic deformation and 

deformation caused by changes in velocity. Therefore, in elastic deformation, 

the potential energy is expressed as follows (Fig. 2.6).  

2

zF x
П


= ,      (2.11) 



36 

Here, Fz is the impact (elastic) force, N; Δx is the deformation value of 

the elastic blade, m. 

 

 
Fig. 2.6. Schematic illustrating the deformation of the elastic blade 

 

On the other hand, as a result of the interaction and the induced motion 

of the screened material, it acquires kinetic energy, namely 

2

. 2

2

s mm v
W = ,      (2.12) 

Here, ms.m is the mass of a particle of the screened material, kg; v2 is the 

linear velocity of the elastic blade, m/s. 

According to [73; p. 12], the linear velocity of the elastic blade is 

expressed as follows 

2 2v l= ,      (2.13) 

Here, ω2 is the angular velocity of the shaft with elastic blades, rad/s.  

Using the equality of potential energy and kinetic energy, the impact 

force is expressed as follows 

2 2

. 2s m
z

m l
F

x


=


.      (2.14) 

If it is taken into account that the elastic blade acts on the mesh drum at 

the impact point, then equation (2.14) takes the following form 

2 2

. 24

9

s m
z

m l
F

x


=


.     (2.15) 
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To determine the variation range of the impact force exerted by the 

elastic blade on the mesh drum, the numerical solution of expression (2.15) is 

carried out using Microsoft Office Excel software at the following parameter 

values: ms.m = (0,001…0,005) kg, ω = (3…5) rad/s, l = 0,25 m, Δx = 

(0,002…0,004) m 

 

 
1- ω=3 rad/s; 2- ω=4 rad/s; 3- ω=5 rad/s. 

Fig. 2.7. Graph of the dependence of the impact force exerted by the 

elastic blade on the mesh drum on the deformation value of the elastic 

blade 

 

2.4. Determination of the axial velocity of the screened material in a 

rotating mesh drum 

The main purpose of studying the screening process of bulk materials is 

to determine the dependence of the kinematic and structural parameters of 

screening machines on the physical and mechanical properties of the screened 

material. 

In our studies, we consider the axial motion of the screened bulk 

material along the rotation axis of the drum. As is known, the mesh drum is 

installed at an inclination relative to the horizontal plane and performs 

rotational motion about its own axis. According to the computational scheme 

shown in Fig. 2.8 a, the motion is analyzed in a two-dimensional XOY 

coordinate system.  
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a- constructive,     b-technological 

Fig. 2.8. Computational scheme 

 

Let the mesh drum rotate about its axis with angular velocity ω; then 

the angular velocity of the screened bulk material moving together with the 

drum can be expressed as follows [1] 

k  = ,      (2.16) 

Here, k is the coefficient accounting for the slipping of the bulk 

material relative to the drum. 

If the effects of the elastic blades acting on the mesh drum are taken 

into account, then the screened bulk material also acquires an additional 

angular velocity ω0. Thus, the combined angular velocity of the screened bulk 

material together with the drum is rewritten as follows 

0k   = + .     (2.17) 

Denoting the axial velocity of the bulk material inside the drum as vx, 

and according to Newton’s second law, the equation of motion is written as 

follows: 

x
m r

dv
m F F

dt
= + ,     (2.18) 

here, m is the mass of the bulk material, kg; Fm is the force moving the 

bulk material along the length of the drum, N; Fr is the resisting force to 

motion, N. 
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The forces acting on the screened bulk material are expressed as 

follows 

mF gradU= − ,     (2.19) 

rF m v= ,      (2.20) 

Here, U is the value of the potential energy of the screened material at 

an arbitrary point “x” along the length L of the mesh drum, J.  

According to the computational scheme shown in Fig. 2.8b, the 

potential energy at an arbitrary point “x” is expressed as follows 

( ) ( )U x mgy x= ,     (2.21) 

here, g is the acceleration due to gravity, m/s2; y(x) is the function 

describing the height of the screened material at an arbitrary point “x”, m. 

According to Fig. 2.8 b, the function describing the height of the 

screened material at an arbitrary point “x” is expressed as follows: 

( )
( )h L x

y x
L

−
=

,
     (2.22) 

here, h and L are parameters characterizing the bulk material, m.  

If it is taken into account that ( )
h

tg
L

 =  and equation (2.22) is 

considered, then expression (2.21) takes the following form 

( ) ( ) ( )U x mg L x tg = − .     (2.23) 

Taking expression (2.23) into account, expression (2.19) is rewritten as 

follows  

( )mF mgtg i= ,     (2.24) 

here, i  is the unit vector along the OX axis. 

Taking expressions (2.20) and (2.24) into account, expression (2.18) is 

rearranged, and the following is obtained: 

( )x
x

dv
m m v mgtg

dt
 = − + .    (2.25) 

Dividing both sides of expression (2.25) by m, we obtain the following 
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)( gtgv
dt

dv
x

x +−= .    (2.26) 

We seek the solution of equation (2.26) in the following form  

( ) t

xv c t e −= .     (2.27) 

Here, the unknown function c(t) must satisfy the following differential 

equation, namely 

( ) ( ) tc t gtg e
 = .     (2.28) 

The solution of equation (2.28) has the following form 

0( ) ( ) tg
c t tg e C




= +


.    (2.29) 

Substituting expression (2.29) into expression (2.27), we obtain the 

following  

0( ) t

x

g
v tg C e 



−= +


.    (2.30) 

To determine the constant of integration in expression (2.29), the 

following initial conditions are introduced 

0; 0xt v= = .     (2.31) 

Taking expression (2.30) into account, expression (2.29) is evaluated as 

follows 

0 ( )
g

C tg 


= −


.     (2.32) 

Taking expression (2.32) into account, expression (2.30) is rewritten as 

follows 

( )(1 )t

x

g
v tg e 



−= −


.    (2.33) 

If it is taken into account that the mesh drum is inclined at an angle α 

relative to the horizontal plane, then the axial velocity of the screened bulk 

material along the drum axis can be expressed as follows: 

( ) ( )(1 )t

x

g
v tg соs e  



−= −


.    (2.34) 
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Here, taking expression (2.17) into account, expression (2.34) takes the 

following form 

0( )

0

( ) ( )(1 )
( )

k t

x

g
v tg соs e

k

  
 

− +
= −

+
.   (2.35) 

If, taking into account that  

0

0

( ) ( )
( )

g
v tg соs

k
 

 
=

+
,     (2.36) 

the discharge time of the unscreened bulk material from the drum can 

be expressed as follows 

0( )
( )

( ) ( )

k L
t L

gtg соs

 

 

+
= .     (2.37) 

To determine the laws governing the variation of axial velocity of the 

screened bulk material in the mesh drum and its discharge time, the numerical 

solution of equations (2.35) and (2.37) was carried out using Microsoft Office 

Excel software at the following parameter values: e = 2,7; k = 0,8; g = 9,81 

m/s2; β = 30°; α = 5°…25°; ω = (2…3) rad/s; L = (3…11) m.  

The graphs constructed based on the numerical solution of expression 

(2.35) are presented in Fig. 2.9. The curves in these graphs show that the 

velocity of the screened bulk material along the drum axis stabilizes after 

approximately 2 seconds, increases slightly within small intervals, and 

reaches a steady value after 7 seconds. For example, when the drum angular 

velocity is ω = 2 rad/s, within the first 2 seconds the velocity increases from 0 

m/s to 3,27 m/s, in the interval of 2…7 seconds it increases from 3,27 m/s to 

3,41 m/s, and after 7 seconds it reaches a stable velocity of 3,41 m/s (Fig. 

2.9). 

The graphs constructed based on the numerical solution of expression 

(2.37) are shown in Fig. 2.10. The curves in these graphs show that the 

discharge time of the screened bulk material from the drum increases linearly 

as the drum length increases. At the same time, an increase in drum angular 

velocity and inclination angle also leads to an increase in the discharge time 
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of the screened bulk material from the drum. For example, when the drum 

angular velocity is ω = 2 rad/s and the drum length increases from 3 m to 11 

m, the discharge time of the screened bulk material varies in the range of 

0,88…3,22 s; when the drum angular velocity is  

ω = 2,5 rad/s and the drum length increases from 3 m to 11 m, the discharge 

time varies in the range of 1,1…4,03 s; and when the drum angular velocity is 

ω = 3 rad/s and the drum length increases from 3 m to 11 m, the discharge 

time varies in the range of 1,3…4,8 s. 

 

 
1-ω=2 rad/s; 2-ω=2,5 rad/s; 3-ω=3 rad/s 

 

 
1-α=5o; 2-α=15o; 3-α=25o 

Fig. 2.9. Graph of the time dependence of the axial velocity of the bulk 

material in the drum 
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1-ω=2 rad/s; 2-ω=2,5 rad/s; 3-ω=3 rad/s 

 
1-α=5o; 2-α=15o; 3-α=25o 

Fig. 2.10. Graph of the dependence of the discharge time of the bulk 

material on the drum length 

 

In conclusion, it can be stated that in mesh drums used for screening 

bulk materials, the velocity of the screened material and its discharge time are 

considered important parameters. This is because these parameters form the 

basis for determining the productivity of the machine as well as its structural 

and kinematic parameters. 
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2.5. Dynamic analysis of the mesh drum of the screening device  

The main working elements of the bulk material screening device are 

the mesh drum and the shaft with elastic blades. In this study, the effects of 

the elastic blades are considered as a resistance force, and the mesh drum is 

analyzed dynamically. Figure 2.11 shows the computational scheme of the 

mesh drum. 

 

 
Fig. 2.11. Computational scheme of the mesh drum 

 

For the computational scheme shown in Fig. 2.11, according to [78; p. 

60], the mathematical model is formulated as follows 

0

1 0
2 2

0

dr dr c

c c c

red dr r

M M S

f M M i

J i M M





 


+ − + =


 − + =

,    (2.38) 

here, Mdr is the driving torque of the electric motor and Mc is its critical 

value, N·m; ω is the angular velocity of the mesh drum, rad/s; ε is the angular 

acceleration of the mesh drum, rad/s²; ω0 is the ideal angular velocity, rad/s; 

Sc is the critical slip; Jred is the reduced moment of inertia, kg·m²; Mr is the 

moment of resistance forces, N·m; fc is the system frequency, Hz; i is the 

transmission ratio; η is the efficiency coefficient of the transmission. 

To specify the moments of technological resistance forces, the forces 

acting on the mesh drum are considered separately. First of all, based on the 
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function of the screening device, the moment of resistance force from the 

screened material is formed, which is expressed as follows 

( ). . . 0 sins m s m d s mM G R h M nt= − + ,    (2.39) 

Here, Gs.m is the weight force exerted by the screened material, N; Rd is 

the radius of the mesh drum, m; hs.m is the thickness of the layer of screened 

material, m; M0 is the amplitude of the resistance force moment coming from 

the screened material, N·m; n is the frequency of variation of the resistance 

force moment, Hz 

Next, the moments of the frictional resistance forces are expressed as 

follows 

( ).i s m d sh shM G G G R = + + ,    (2.40) 

Here, Gd is the weight force of the mesh drum, N; Gsh is the weight 

force of the drum shaft, N; Rsh is the radius of the drum shaft, m; μ is the 

coefficient of friction between the mesh drum and the screened material. 

The moment of the resistance force exerted by the elastic blade is 

expressed as follows 

. 1 2sine e b dM zG R z t = ,    (2.41) 

here, Ge.b is the weight force of the elastic blade, N; z is the number of 

elastic blades acting simultaneously; μ1 is the coefficient of friction between 

the mesh drum and the elastic blade; ω2 is the angular velocity of the shaft 

with elastic blades, rad/s; t is time, s. 

Thus, taking expressions (2.39), (2.40), and (2.41) into account, the 

total moment of resistance forces is given as follows   

( ) ( ). . 0 . . 1 2sin sinr s m d s m s m d sh sh e b dM G R h M nt G G G R zG R z t  = − + + + + +

. (2.42) 

Taking the above into account, oscillograms for equation (2.42) were 

constructed using Microsoft Excel. The following parameter values were 

adopted: Gs.m= (1000…1500) kg; Rd = 0,5 m; hs.m = 0,1 m; M0= 5,5 N·m; Gd = 
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500 kg; Gsh = 80 kg; Rsh = 0,05 m; μ1 = 0,4; μ = 0,7; z = 2, 4, 6 pcs; Ge.b = 1 

kg; ω2 = 3,5 rad/s; n = 4 rad/s. 

If equation (2.42) is taken into account, then the second equation of the 

system (2.38) can be written as follows 

( ) ( ). . .

0 . 1 2sin sin 0

red dr s m d s m s m d sh sh

e b d

J i M G R h G G G R

M nt zG R z t

  

 

− + − + + + +

+ + =
. 

 (2.43) 

Taking the first derivative of the differential equation (2.43) with 

respect to time, we obtain the following: 

0 . 1 2 2cos cos 0red dr e b dJ i M M n nt zG R z t   − + + = . 

 (2.44) 

From the differential equations (2.43) and (2.44), we determine 
drM  

and drM  as follows  

( ) ( ). . .

0 . 1 2sin sin

red s m d s m s m d sh sh

dr

e b d

J G R h G G G R
M

i

M nt zG R z t

i

 



 



+ − + + +
= +

+
+

, 

 (2.45) 

hamda 

0 . 1 2 2cos cosred e b d
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J M n nt zG R z t
M

i

  



+ +
= .  (2.46) 

Taking expressions (2.45) and (2.46) into account, the first equation of 

the system of equations (2.38) is rewritten, and the following is obtained 
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If it is taken into account that  = ,  = , and  = , then 

expression (2.47) is rewritten as follows: 
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To simplify the solution of equation (2.11), the following notations are 

introduced: 
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Taking the above notations into account, expression (2.48) is written as 

follows 

tzLntKFtzEntDCBA 22 sinsincoscos1  −−−−−=++  .

 (2.49) 

Before obtaining the solution of differential equation (2.49), we first 

consider the characteristics of the induction motor in the drive system of the 

bulk material screening device. The parameters of the AIR 132S6 induction 

motor are given in [79; pp. 65–66].: 

rated power of the electric motor – N=5,5 kW; 

rated rotation frequency of the electric motor rotor – n=955 r/min; 

ratio of the starting torque of the electric motor to its rated torque  

2,4st

rat

М

М
= , 

ratio of the maximum (critical) torque of the electric motor to its rated 

torque  
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max 2,4
rat

M

M
 = = , 

ratio of the minimum torque of the electric motor to its rated torque 

min 1,8
rat

M

M
= , 

flywheel (moment of inertia) of the electric motor rotor – GD2=0,24 

N·m2; 

frequency of the electrical power supply – fc=50 Hz; 

number of pole pairs – p=3. 

The main parameters and coefficients of the electric motor are 

determined in the following order:  

rotational frequency of the system 

2 2 3,14 50 314 rad/sc cf = =   = , 

rated angular velocity of the electric motor rotor 

3,14 955
99,95 rad/s

30 30
rat

n



= = = , 

angular velocity of the electric motor rotor under ideal no-load 

conditions 

0

2 3,14 50
104,6 rad/s

3

cf

p





= = = , 

moment of inertia of the electric motor rotor 

2
20,24

0,06116 kg m
4 4 9,81

p

GD
J

g
= = = 


, 

rated torque of the electric motor 

9550 9550 5,5
55 N m

955
rat

N
M

n


= = =  ; 

critical torque of the electric motor 

2,4 55 132 N mc ratM M= =  =  ; 

rated value of slip 
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0

0

104,6 99,95
0,044

104,6

n
nS

 



− −
= = = ; 

critical value of slip 

2 2

1 1
1 1 2,4 0,044 1 1 0,202

2,4
k nS S



   
= + − =   + − =   

   
. 

Based on the above calculations and analysis of the literature, the 

numerical solution of differential equation (2.49) was carried out using the 

MAPLE 21 software under the following parameter values: Jred = 14,76 

kg·m2; fc = 50 Hz; Mc = 132 N·m; i = 30; η = 0,9; Sc = 0,25; ω0 = 104,6 rad/s; 

M0 = 5,5 N·m; z = 2, 4, 6 pcs; Ge.b = 1 kg; Gs.m = (1000…1500) kg; Gd = 500 

kg; Gsh = 80 kg; Rd = 0,5 m; hs.m = 0,1 m; Rsh = 0,05 m; μ1 = 0,4; μ = 0,7; ω2 = 

3,5 rad/s; n = 4 rad/s. 

Based on the numerical solution of expression (2.49), the laws of 

variation of the angular velocity of the mesh drum were constructed (Fig. 

2.12).  

 

 
a 
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b 

 

 
c 

a- Gs.m.=1000 kg; b- Gs.m.=1250 kg; c- Gs.m.=1500 kg 

Fig. 2.12. Law of variation of the angular velocity of the mesh drum 

 

From these laws it can be seen that with an increase in the resistance 

moment, the oscillation frequency of the angular velocity of the mesh drum 

remains unchanged. However, a decrease in the oscillation amplitude is 

observed. Analysis of the laws presented in Fig. 2.13 shows that with an 

increase in the mass of the screened material in the mesh drum, the oscillation 

amplitude of the angular velocity decreases according to a nonlinear law. For 

example, when the angular velocity of the elastic blade is 5 rad/s, the mass of 
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the screened material is 1000 kg, and the angular velocity of the mesh drum is 

3,5 rad/s, its oscillation amplitude is 0,6 rad/s, as can be seen from Fig. 2.13. 

At the same time, when the mass of the screened material is 1250 kg and 1500 

kg, and the angular velocity of the elastic blade is 5 rad/s, the average value of 

the angular velocity of the mesh drum remains constant, i.e., 3,5 rad/s, while 

its oscillation amplitude becomes 0,45 rad/s and 0,35 rad/s, respectively (Fig. 

2.13). 

 

 
Fig. 2.13. Graph of the variation of the oscillation amplitude of the 

angular velocity of the mesh drum depending on the mass of the screened 

material 

 

It should be emphasized that with an increase in the angular velocity of 

the shaft with elastic blades, the average value of the angular velocity of the 

mesh drum remains constant, while its amplitude decreases (Fig. 2.14). 
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a 

 

 
b 

 

 
c 

a- 3 3 /rad s = ; b- 3 4 /rad s = ; c- 3 5 /rad s =  

Fig. 2.14. Law of variation of the angular velocity of the mesh drum 
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The analysis of the laws presented in Fig. 2.14 shows that with an 

increase in the angular velocity of the mesh drum, the oscillation amplitude of 

the angular velocity decreases according to a nonlinear law. For example, 

when the angular velocity of the elastic blade is 4 rad/s, the mass of the 

screened material is 1250 kg, and the angular velocity of the mesh drum is 3,5 

rad/s, its oscillation amplitude is 0,65 rad/s. When the angular velocity of the 

elastic blade is 5 rad/s and 6 rad/s, the average value of the angular velocity of 

the mesh drum remains constant, i.e., 3,5 rad/s, while its oscillation amplitude 

becomes 0,45 rad/s and 0,3 rad/s, respectively (Fig. 2.15). 

 

 
Fig. 2.15. Graph of the variation of the oscillation amplitude of the 

angular velocity of the mesh drum depending on the angular velocity of 

the shaft with elastic blades 

 

Conclusions of Chapter II 

1. Based on the analysis of literature sources, an improved design of a 

bulk material screening device equipped with a mesh drum and a shaft with 

elastic blades was developed. 

2. Theoretical studies showed that the impact point of the blade is 

located at a distance equal to 2/3 of its length from the axis of rotation. 

3. A graph of the dependence of the impact force exerted by the elastic 

blade on the mesh drum on the deformation value of the elastic blade was 
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constructed, and it was found that with an increase in impact force, the 

deformation of the elastic blade decreases according to a nonlinear law. 

4. It was established that the velocity of the screened material and its 

discharge time are important parameters in mesh drum screening systems, 

since these parameters form the basis for determining productivity as well as 

structural and kinematic parameters of the drum. 

5. Since the main working elements of the developed bulk material 

screening device are the mesh drum and the shaft with elastic blades, the 

effects of the elastic blades were considered as a resistance force in the 

theoretical study, and a dynamic analysis of the mesh drum was carried out. 

Based on the dynamic analysis, the laws of variation of the angular velocity of 

the mesh drum were obtained. 
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CHAPTER III. RESULTS OF EXPERIMENTAL 

INVESTIGATIONS OF THE DRUM SCREENING DEVICE 

3.1. Aim and objectives of the experimental research 

Based on the results of the conducted theoretical studies, an 

experimental stand of the bulk material screening device was developed as the 

objective of the experimental investigations (Fig. 3.1). 

 

 
Fig. 3.1. Experimental stand of the bulk material screening device  

 

In order to study the influence of the device parameters on the 

screening quality of bulk materials and its energy performance, the following 

tasks were planned: 

– to investigate the effect of the rotation frequency of the shaft with 

elastic blades and the stiffness of the elastic blades on the force applied to the 

mesh drum; 
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– to study the laws of variation of the torque on the shaft of the mesh 

drum; 

– to optimize the parameters of the bulk material screening device 

using the method of mathematical design of experiments. 

3.2. Methodology of conducting the experimental research  

Fig. 3.2 shows the electro-tensometric scheme of the bulk material 

screening device.  

 

 
1 – electric motor, 2 – coupling, 3 – mesh drum, 4 – S-shaped strain gauge 

sensor, 5 – strain gauge sensor, 6 – slip ring (current collector), 7 – data 

processing unit, 8 – computer, 9 – chain transmission, 10 – shaft with elastic 

blades, 11 – elastic blade. 

Fig. 3.2. Electro-tensometric scheme of the bulk material screening device 

 

For measuring the force exerted by the elastic blade on the mesh drum, 

the drum was removed from the device. Instead, an S-shaped strain gauge 

sensor was installed. In this case, the S-shaped sensor was arranged in such a 

way that a single elastic blade acted on it. In the experiments, three different 

rotation frequencys of the shaft with elastic blades and three different stiffness 

values of the elastic blades were selected. The rotation frequency of the shaft 

was varied by changing the sprockets, while the stiffness of the elastic blades 

was adjusted by replacing the blades. 

To determine the impact force of the elastic blade, a YZC-516C strain 

gauge sensor with a maximum load capacity of 100 kg was used. Figure 3.3 

shows the YZC-516C sensor, its calibration process, and its mounted position 

on the experimental stand. 
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a 

 

 
b 

Fig. 3.3. YZC-516C strain gauge sensor (a), its calibration process (b) 

 

To study the variation of torque on the mesh drum shaft, the rotation 

frequency of the drum was selected in the range of 20 r/min to 30 r/min, the 

inclination angle of the drum relative to the horizontal plane from 5° to 20°, 
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the productivity from 1,2 t/h to 2,0 t/h, and the stiffness of the elastic blades 

from 200 N/m to 400 N/m. 

In this case, the rotation frequency was adjusted using an inverter (Fig. 

3.4) by changing the frequency of the electric motor. 

 

 
Figure 3.4. Inverter 

 

For measuring the torque on the mesh drum shaft, BUVNF1000-3NA 

strain gauge sensors were used. The strain gauges were bonded to the cleaned 

surface of the shaft at an angle of 45° relative to its axis using a bridge 

configuration. The scheme of bonding the strain gauges to the shaft is shown 

in Fig. 3.5. 

 

             
Fig. 3.5. Scheme of bonding strain gauges to the shaft 
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The process of measuring the torque on the mesh drum shaft is carried 

out in the following order. When motion is transmitted from the electric 

motor to the reducer and then to the mesh drum shaft, the strain gauges 

bonded to its surface detect the deformation of the shaft and convert it into an 

electrical signal. This signal is transmitted via a slip ring (Fig. 3.6) to the 

Arduino UNO (Fig. 3.7) microcontroller for data processing. The device 

processes the signals and transmits them to a computer, where the received 

data are converted into graphical form. 

 

 
Fig. 3.6. Slip ring  

 

 
Fig. 3.7. Arduino UNO microcontroller 

 

In order to verify the correct installation of the strain gauges and to 

check their data transmission capability, the mesh drum was operated under 



60 

no-load conditions, and the variation of numerical values on the computer 

screen was observed. In this case, the arrival of data and the proper operation 

of the strain gauges were confirmed. 

In order to improve the accuracy of the obtained results, the 

experiments were repeated three times under identical operating conditions. 

At the beginning and at the end of the experiment, the mesh drum shaft was 

calibrated in a static state. For this purpose, a special lever with a length of 0.5 

m was prepared; one end of the lever was rigidly fixed to the output part of 

the mesh drum shaft. A special hook for hanging loads was installed at  the 

other end of the lever. During calibration, loads were gradually applied to the 

lever in equal increments from 2 kg to 20 kg (Fig. 3.8), and based on the 

obtained data, the calibration graph was constructed (Fig. 3.9). 

 

 
Fig. 3.8. Calibration process of the torque on the mesh drum shaft 
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Fig. 3.9. Calibration graph of the torque on the mesh drum shaft 

 

3.3. Results of studying the influence of the rotation frequency of 

the shaft with elastic blades and the stiffness of the elastic blades on the 

force applied to the mesh drum 

In the conducted experimental investigations, the variation laws of the 

force exerted on the mesh drum by the elastic blade were obtained in the form 

of oscillograms (Figs. 3.10–3.12). Based on these laws, it can be stated that 

the force applied to the mesh drum by the elastic blade increases with the 

increase in both the stiffness of the elastic blade and its rotation frequency. 

It is known that an increase in the stiffness of the elastic blade leads to 

greater resistance to deformation. In other words, it responds more quickly 

and more strongly to external influence. As a result, when any impact occurs, 

the magnitude of the impact force increases. 

An increase in the rotation frequency of the elastic blade also leads to 

an increase in its linear velocity, which in turn increases momentum. The 

response time of the system to external influence decreases, resulting in a 

further increase in the impact force. 
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a 

 

 
b 

 

 
c 

Fig. 3.10. Variation law of impact force at a rotation frequency of the 

elastic blade of 50 r/min and stiffness coefficients of 200 N/m (a), 300 N/m 

(b), and 400 N/m (c) 

 

 
a 
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b 

 

 
c 

Fig. 3.11. Variation law of impact force at a rotation frequency of the 

elastic blade of 40 r/min and stiffness coefficients of 200 N/m (a), 300 N/m 

(b), and 400 N/m (c) 

 

 
a 

 

 
b 
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c 

Fig. 3.12. Variation law of impact force at a rotation frequency of the 

elastic blade of 30 r/min and stiffness coefficients of 200 N/m (a), 300 N/m 

(b), and 400 N/m (c) 

 

From Fig. 3.10a, it can be seen that when the rotation frequency of the 

elastic blade is 50 r/min and the stiffness coefficient is 200 N/m, the average 

value of the force applied to the mesh drum is 13,63 N, the maximum value is 

17,75 N, and the minimum value is 9,73 N. When the stiffness coefficient of 

the elastic blade is 300 N/m and 400 N/m, the average value of the force 

applied to the mesh drum is 15,75 N and 16,86 N, the maximum value is 21,0 

N and 23,56 N, and the minimum value is 10,75 N and 11,86 N, respectively 

(Figs. 3.10b and 3.10c). 

From Fig. 3.11a, it can be seen that when the rotation frequency of the 

elastic blade is 40 r/min and the stiffness coefficient is 200 N/m, the average 

value of the force applied to the mesh drum is 11,87 N, the maximum value is 

16,77 N, and the minimum value is 7,0 N. When the stiffness coefficient of 

the elastic blade is 300 N/m and 400 N/m, the average value of the force 

applied to the mesh drum is 10,9 N and 8,7 N, the maximum value is 13,77 N 

and 9,82 N, and the minimum value is 8,06 N and 6,84 N, respectively (Figs. 

3.11b and 3.11c). 

From Fig. 3.12a, it can be seen that when the rotation frequency of the 

elastic blade is 30 r/min and the stiffness coefficient is 200 N/m, the average 

value of the force applied to the mesh drum is 10,6 N, the maximum value is 

12,47 N, and the minimum value is 8,74 N. When the stiffness coefficient of 

the elastic blade is 300 N/m and 400 N/m, the average value of the force 

applied to the mesh drum is 9,81 N and 7,42 N, the maximum value is 10,04 
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N and 8,04 N, and the minimum value is 7,31 N and 6,74 N, respectively 

(Figs. 3.12b and 3.12c). 

Based on the analysis of the oscillograms presented in Figs. 3.10–3.12, 

graphs of parameter dependencies were constructed (Figs. 3.13 and 3.14). 

From Fig. 3.13, it can be seen that with an increase in the stiffness coefficient 

of the elastic blade, the impact force exerted on the mesh drum increases 

according to a nonlinear law.  

 

 
1, 2, and 3 – correspond to the rotation frequencys of the elastic blade of 30 

r/min, 40 r/min, and 50 r/min, respectively 

Fig. 3.13. Graph of the dependence of the impact force exerted on the 

mesh drum on the stiffness coefficient of the elastic blade 
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1, 2, and 3 – correspond to the rotation frequency of the elastic blade of 30 

r/min, 40 r/min, and 50 r/min, respectively 

Fig. 3.14. Graph of the dependence of the degree of screening on the 

stiffness coefficient of the elastic blade 

 

From Fig. 3.14, it can be seen that as the stiffness coefficient of the 

elastic blade increases, the degree of screening increases according to a 

nonlinear law when the rotation frequency of the shaft with elastic blades is 

30 r/min and 40 r/min. However, when the rotation frequency of the shaft 

with elastic blades is 50 r/min, it first increases and then decreases. As the 

stiffness coefficient of the elastic blade increases, the degree of screening of 

bulk materials changes differently depending on the rotation frequency; these 

variations are explained by the change in impact force. This is because, as the 

impact force increases excessively, the vibration of the mesh drum also 

increases, and the material inside the drum does not have sufficient time to be 

screened and passes through without being screened due to its axial velocity. 

3.4. Determination of the torque on the mesh drum shaft 

In the experimental investigations, in order to determine the laws of 

variation of the torque on the mesh drum shaft, the value of the resistance 

force moment was taken as 125 N·m, 150 N·m, and 175 N·m, the rotation 

frequency of the mesh drum shaft as 20 r/min, 25 r/min, and 30 r/min, the 
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rotation frequency of the shaft with elastic blades as 30 r/min, 40 r/min, and 

50 r/min, and the stiffness coefficient of the elastic blades as 200 N/m, 300 

N/m, and 400 N/m. In this case, the inclination angle of the mesh drum was 

kept constant at 10 degrees. 

In the conducted experimental studies, the measured results were 

obtained in numerical form, and in order to study the laws of variation of the 

torque on the mesh drum shaft, oscillograms were constructed using 

Microsoft Excel software (Figs. 3.15–3.19). Based on the literature, it can be 

stated that for rotating working organs and mechanisms of machines, it is 

sufficient to study the values of the investigated parameters over at least 6 

cycles of operating mode [81, p. 97]. 

Figures 3.15–3.17 present the laws of variation of the torque on the 

mesh drum shaft depending on the rotation frequency. 

 

 
a 

 

 
b 
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c 

a-n2=20 r/min; b-n2=25 r/min; c-n2=30 r/min 

Fig. 3.15. Law of variation of the torque on the mesh drum shaft 

depending on the rotation frequency (resistance moment 175 N·m) 

 

 
a 

 

 
b 

 

 
c 

 

a-n2=20 r/min; b-n2=25 r/min; c-n2=30 r/min 

Fig. 3.16. Law of variation of the torque on the mesh drum shaft 

depending on the rotation frequency (resistance moment 150 N·m) 
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a 

 

 
b 

 

 
c 

a-n2=20 r/min; b-n2=25 r/min; s-n2=30 r/min 

Fig. 3.17. Law of variation of the torque on the mesh drum shaft 

depending on the rotation frequency (resistance moment 125 N·m) 

 

Fig. 3.15 presents the laws of variation of the torque under the 

condition that the resistance moment is 175 N·m and the rotation frequency of 

the mesh drum shaft is 20 r/min (Fig. 3.15a), 25 r/min (Fig. 3.15b), and 30 

r/min (Fig. 3.15c). 

Fig. 3.16 presents the laws of variation of the torque under the 

condition that the resistance moment is 150 N·m and the rotation frequency of 

the mesh drum shaft is 20 r/min (Fig. 3.16a), 25 r/min (Fig. 3.16b), and 30 

r/min (Fig. 3.16c). 
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Fig. 3.17 presents the laws of variation of the torque under the 

condition that the resistance moment is 125 N·m and the rotation frequency of 

the mesh drum shaft is 20 r/min (Fig. 3.17a), 25 r/min (Fig. 3.17b), and 30 

r/min (Fig. 3.17c). 

 

 
1-M=175 N·m; 2-M=150 N·m; 3-M=125 N·m 

Fig. 3.18. Graph of the dependence of the oscillation amplitude of the 

torque on the mesh drum shaft on the rotation frequency 

 

 

 
a 

 

 
b 



71 

 

 
c 

a-n3=30 r/min; b-n3=40 r/min; c-n3=50 r/min 

Fig. 3.19. Law of variation of the torque on the mesh drum shaft 

depending on the rotation frequency of the shaft with elastic blades 

(resistance moment 175 N·m) 

 

The analysis of the above laws shows that with an increase in the 

rotation frequency, the oscillation frequency of the torque on the mesh drum 

shaft also increases. Based on the analysis of the variation laws presented in 

Figs. 3.15–3.17, a graph of the dependence of the oscillation amplitude of the 

torque on the mesh drum shaft on the rotation frequency was constructed (Fig. 

3.18). From this relationship graph, it can be seen that as the rotation 

frequency increases, the oscillation amplitude of the torque on the mesh drum 

shaft decreases according to a nonlinear law. For example, when the rotation 

frequency increases from 20 r/min to 30 r/min and the resistance moment is 

175 N·m, the oscillation amplitude of the torque on the mesh drum shaft 

decreases from 137,4 N·m to 104,7 N·m; when the resistance moment is 150 

N·m, it decreases from 113,65 N·m to 62,64 N·m; and when the resistance 

moment is 125 N·m, it decreases from 68,4 N·m to 40,3 N·m. 

Fig. 3.19 presents the law of variation of the torque on the mesh drum 

shaft depending on the rotation frequency of the shaft with elastic blades. 

According to it, it can be seen that as the rotation frequency of the shaft with 

elastic blades increases, the oscillation frequency of the torque on the mesh 

drum shaft decreases. This is explained by the fact that an increase in the 

rotation frequency of the elastic blade reduces the period of interaction of the 

elastic blades attached to it with the mesh drum. 
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Based on the analysis of the laws presented in Fig. 3.19, a graph of the 

dependence of the torque on the mesh drum shaft on the rotation frequency of 

the shaft with elastic blades was constructed (Fig. 3.20). 

 

 
Fig. 3.20. Graph of the dependence of the torque on the mesh drum shaft 

on the rotation frequency of the shaft with elastic blades 

 

From Fig. 3.20, it can be seen that as the rotation frequency of the shaft 

with elastic blades increases, the oscillation amplitude of the torque on the 

mesh drum shaft increases according to a nonlinear law. In this case, when the 

rotation frequency of the shaft with elastic blades increases from 30 r/min to 

50 r/min and the resistance moment is 175 N·m, the oscillation amplitude of 

the torque on the mesh drum shaft increases from 76,84 N·m to 118,06 N·m. 

Fig. 3.21 presents the laws of variation of the torque on the mesh drum 

shaft depending on the stiffness coefficient of the elastic blade. From these 

laws, it can be seen that with an increase in the stiffness coefficient of the 

elastic blade, the oscillation frequency of the torque on the mesh drum shaft 

decreases. This may have a positive effect on intensifying the screening 

process of bulk materials. This assumption will be substantiated in further 

studies on the optimization of the parameters of the screening device. 
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a 

 

 
b 

 

 
c 

a-k=200 N/m; b- k=300 N/m; c- k=400 N/m 

Fig. 3.21. Law of variation of the torque on the mesh drum shaft 

depending on the stiffness coefficient of the elastic blade (resistance 

moment 175 N·m) 

 

Based on the analysis of the laws presented in Fig. 3.21, a graph of the 

dependence of the torque on the mesh drum shaft on the stiffness coefficient 

of the elastic blade was constructed (Fig. 3.22). 

From Fig. 3.22, it can be seen that as the value of the stiffness 

coefficient of the elastic blade increases, the oscillation amplitude of the 

torque on the mesh drum shaft also increases according to a nonlinear law. In 

this case, when the resistance moment is 175 N·m and the stiffness coefficient 

of the elastic blade is 200 N/m, the oscillation amplitude of the torque on the 

mesh drum shaft is 92,41 N·m; when the stiffness coefficient is 300 N/m, the 
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oscillation amplitude of the torque on the mesh drum shaft is 114,8 N·m; and 

when the stiffness coefficient is 400 N/m, the oscillation amplitude of the 

torque on the mesh drum shaft is 118,6 N·m. 

 

 
Fig. 3.22. Graph of the dependence of the torque on the mesh drum shaft 

on the stiffness coefficient of the elastic blade 

 

The results obtained from the experimental investigations indicate that 

it is appropriate to determine the optimal operating parameters of the bulk 

material screening device by conducting multi-factor experiments using the 

method of experimental design in order to evaluate their influence on the 

operating mode and efficiency of the device. Therefore, the subsequent 

research will be focused on carrying out multi-factor experimental studies. 

3.5. Optimization of the parameters of the drum screening device 

based on multi-factor experimental design 

In order to increase the reliability of the results obtained from 

theoretical and experimental studies carried out to justify the parameters of 

the drum screening device, the method of mathematical design of experiments 

for multi-factor experiments was applied [81, 82, 83]. In this case, it was 

assumed that the influence of factors on the evaluation criteria is sufficiently 

described by a second-order polynomial, and the experiments were carried out 

according to the Hartley-5 (N₅) design. 

Soil was selected as the bulk material in the experiments. Based on the 
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results of theoretical studies and single-factor experiments, the following 

parameters were chosen as influencing factors of the screening process: the 

rotation frequency of the mesh drum, the inclination angle, the rotation 

frequency of the shaft with elastic blades, the stiffness coefficient of the 

elastic blades, and productivity. The degree of screening of soil was selected 

as the output parameter. The input factors were denoted as follows: X₁ – 

rotation frequency of the mesh drum, X₂ – inclination angle of the mesh drum, 

X₃ – rotation frequency of the shaft with elastic blades, X₄ – stiffness 

coefficient of the elastic blade, X₅ – productivity. Table 3.1 presents the 

designations, variation ranges, and levels of the input factors. 

In order to reduce the influence of uncontrolled factors on the 

evaluation criteria, the sequence of experiments was determined using a 

random number table. 

The experimental data were processed using the “PLANEXP” software 

developed at the experimental testing department of the Research Institute of 

Mechanization of Agriculture. In this case, the Cochran criterion was used to 

evaluate the homogeneity of variance, the Student criterion to assess the 

significance of regression coefficients, and the Fisher criterion to evaluate the 

adequacy of the regression models. 

 

Table 3.1. Designation, variation ranges, and levels of input factors 

Factors and their measurement 

units 

Symbol 

designation 

Variation 

range 

Levels 

lower 

(–1) 

basic 

(0) 

upper 

(+1) 

Rotation frequency of the 

mesh drum, r/min 
X1 5 20 25 30 

Inclination angle of the mesh 

drum, degrees 
X2 5 5 10 15 

Rotation frequency of the shaft 

with elastic blades, r/min 
X3 10 30 40 50 

Stiffness coefficient of the 

elastic blade, N/m 
X4 100 200 300 400 

Productivity, t/h X5 0,3 1,2 1,5 1,8 
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The experimental results were processed in the established order, and 

the following regression equations expressing the adequacy of the evaluation 

criteria were obtained: 

- degree of screening, %: 

1 1 2 3 4 583,130 1,740 4,244 3,230 1,691 1,917Y X X X X X= + − + − − −

 

2

1 1 2 1 3 1 4 1 51,917 1,904 4,139 0,381 6,266X X X X X X X X X− − − + − −  

2 2

2 2 3 2 4 2 5 33,477 2,973 0,793 1,118 2,055X X X X X X X X− − + − − +  

2 2

3 4 3 5 4 4 5 51,239 3,281 1,135 0,720 0,7118X X X X X X X X+ − − + + .

 (3.1) 

The analysis of the obtained regression equation (3.1) and the graphical 

relationships constructed based on it (Fig. 3.23) shows that all factors have a 

significant influence on the evaluation criteria. 

From Figs. 3.23a and 3.23c, it can be seen that with an increase in the 

rotation frequency of the mesh drum and the shaft with elastic blades, the 

degree of soil screening increases according to a nonlinear law. However, it 

can also be observed that as productivity increases, the degree of soil 

screening decreases. 

From Figs. 3.23b and 3.23d, it can be seen that with an increase in the 

inclination angle of the mesh drum and the stiffness coefficient of the elastic 

blade, the degree of soil screening decreases according to a nonlinear law. In 

these cases as well, an increase in productivity leads to a decrease in the 

degree of soil screening. 

The regression equation (3.1) was solved under the condition of 

maximizing the criterion Y1, i.e., the degree of soil screening, and the 

following values of the factors ensuring the fulfillment of this condition were 

obtained (Table 3.2). 
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a b 

  
c d 

1-X5=-1; 2-X5=0; 3-X5=1 

Fig. 3.23. Variation of the degree of screening depending on factors X1, 

X2, X3 and X4 

 

Table 3.2. Optimal values of the bulk material screening device 

parameters 

X5 X1 X2 X3 X4 

cod. real. cod. real. cod. real. cod. real. cod. real. 

1 1,8 0,1697 25,8487 0,34 11,72 0,2847 30,66 0,6522 265,22 

0 1,5 0,5018 27,5091 0,21 11,03 0,5515 35,33 0,6609 266,09 

-1 1,2 0,9996 29,9979 0,64 13,22 0,8536 40,95 0,8641 386,41 

 

To ensure the required operating quality of the bulk material screening 

device with low energy consumption at a productivity of (1,2 … 1,8) t/h, the 
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following optimal parameter ranges were determined: the rotation frequency 

of the mesh drum should be (25,84 … 29,9) r/min, the inclination angle 

(11°43' … 13°13'), the rotation frequency of the shaft with elastic blades (30,6 

… 40,95) r/min, and the stiffness coefficient of the elastic blades (265 … 386) 

N/m. 

At these parameter values, the degree of soil screening was (80,76 … 

82,26) %, and the torque on the mesh drum shaft was (165,9 … 177,39) N·m. 

Conclusions of Chapter III 

1. It was established that with an increase in the stiffness coefficient of 

the elastic blade, the degree of screening of bulk materials changes differently 

depending on the rotation frequency. These variations are related to the 

change in impact force. It was found that when the impact force increases 

excessively, the vibration of the mesh drum also increases, and the material 

inside the drum does not have sufficient time to be screened and remains 

unscreened due to its axial velocity. 

2. It was determined that in order for the proposed bulk material 

screening device to ensure the required screening quality at a productivity of 

(1,2 … 1,8) t/h with low energy consumption, the rotation frequency of the 

mesh drum should be (25,84 … 29,9) r/min, the inclination angle (11°43' … 

13°13'), the rotation frequency of the shaft with elastic blades (30,6 … 40,95) 

r/min, and the stiffness coefficient of the elastic blades (265 … 386) N/m. 

3. It was found that the screening efficiency of the bulk material 

screening device is (80,76 … 82,26) %, and the torque on the mesh drum 

shaft is (165,9 … 177,39) N·m. 
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CHAPTER IV. IMPLEMENTATION OF RESEARCH RESULTS 

AND CALCULATION OF ECONOMIC EFFICIENCY 

4.1. Research results of the proposed drum screening device under 

industrial conditions 

Based on the results of the conducted studies, an experimental 

prototype of the drum screening device equipped with a shaft with elastic 

blades was manufactured at “TEKNIK INNOVATSION” LLC located in the 

Altiariq district of Fergana region (Fig. 4.1).  

 

 
Fig. 4.1. Experimental prototype of the soil screening device 

 

The experimental studies on the implementation of the proposed drum 

screening device were carried out at “Ko‘shan” LLC in Chortoq district of 

Namangan region and at “WHITEBRICK” LLC in Kokand city of Fergana 

region (Fig. 4.2) (Appendices 3, 4). 

During the experimental trials, the soil screening device was 
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implemented in a brick production enterprise, and the productivity was set to 

70 t/h. In the tests, the rotation frequency of the mesh drum was selected as 30 

r/min, the inclination angle as 12 degrees, the rotation frequency of the shaft 

with elastic blades as 40 r/min, and the stiffness coefficient of the elastic 

blades as 300 N/m. 

During the tests, the proposed soil screening device operated without 

interruptions and performed its assigned functions with high quality. Due to 

the impact forces applied to the mesh drum by the elastic blades, the 

screening efficiency increased from 78% to 82%.  

 

  
Fig. 4.2. Process of implementation of the soil screening device 

 

4.2. Economic efficiency of the practical implementation of the 

drum screening device 

The expected economic effect from the application of the developed 

soil screening device is achieved due to the increase in operational efficiency 

compared to the soil screening equipment currently used in brick production 

enterprises. 
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The economic efficiency of new machines and mechanisms is 

determined by evaluating the magnitude of the economic effect calculated for 

the new variant in comparison with the base one. To assess the consumption 

of fuel and energy resources, energy efficiency indicators and specific energy 

intensity of technologies and machines are used [84]. 

The economic efficiency of the proposed soil screening device was 

calculated in accordance with [84]. 

The economic efficiency of certain types of new equipment that do not 

affect product processing quality, sales volume, price, or device performance 

is expressed through cost reduction, and the expected annual economic effect 

is determined by the following expression 

( )E PE R R K= −  ,     (4.1) 

where E is the annual economic efficiency of the soil screening device, 

in UZS; RE and RP are the total costs of the existing and proposed devices, 

respectively, in UZS; K is the annual operating load, in days. 

The calculation of economic efficiency was carried out by comparing 

the existing soil screening device with the proposed soil screening device 

equipped with a shaft with elastic blades in terms of electricity consumption 

during soil screening. In this case, both devices were operated under identical 

conditions. 

The test results showed that the existing soil screening device processed 

60 tons of soil per hour and consumed 4,8 kW of electrical energy, while the 

proposed device equipped with a shaft with elastic blades processed 70 tons 

of soil per hour and consumed 5 kW of electrical energy. In this case, an 

increase in productivity of the proposed device by 1,16% was achieved. In 

addition, an improvement in the soil screening degree was also obtained. 

Average daily operating time of the device: A = 12 h. 

Productivity of the existing soil screening device: BE = 60 t/h. 

Productivity of the proposed soil screening device with elastic blades: 

BP = 70 t/h. 
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Electricity price (for legal entities): H = 1000 UZS (as of 01.05.2025). 

Electricity consumption of the existing soil screening device: SE = 4,8 

kW·h. 

Electricity consumption of the proposed soil screening device: SP = 5 

kW·h. 

Thus, the electricity cost for the existing and proposed devices is 

determined as follows: 

12 60 1000 4,8 3456000E E ER A B H S=    =    =  UZS; 

12 70 1000 5 4200000P P PR A B H S=    =    =  UZS. 

In the proposed soil screening device, the annual savings obtained due 

to the reduction in electricity consumption were determined according to (4.1) 

as follows 

( )4200000 3456000 180 133920000E = −  =  UZS 

Thus, due to the 1,16% increase in productivity of the proposed soil 

screening device equipped with a shaft with elastic blades, the annual 

economic efficiency of a single unit amounts to 133 920 000 UZS. 

Conclusions of Chapter IV 

1. It was achieved that the proposed soil screening device equipped 

with a shaft with elastic blades operates without interruptions and performs its 

assigned functions with high quality. Due to the impact forces applied to the 

mesh drum by the elastic blades, the screening efficiency increased from 78% 

to 82%. 

2. When the soil screening device equipped with a shaft with elastic 

blades is used, an increase in productivity of 1,16% was achieved, and the 

annual economic efficiency of a single unit amounts to 133 920 000 UZS. 



83 

GENERAL CONCLUSIONS 

1. It was established that in the screening of bulk materials, the 

geometric dimensions of drums, rotation frequency, inclination angle relative 

to the horizontal plane, type of motion, and friction angles are of great 

importance. Therefore, by taking these parameters into account in design and 

calculations, it is possible to develop energy- and resource-saving 

constructions. 

2. Based on the analysis of literature sources, an improved design of a 

bulk material screening device equipped with a mesh drum and a shaft with 

elastic blades was developed. 

3. Theoretical studies showed that the impact point of the blade is 

located at a distance equal to 2/3 of its length from the axis of rotation. 

4. It was established that the velocity of the screened material and its 

discharge time are important parameters in mesh drum screening systems, as 

they form the basis for determining productivity as well as structural and 

kinematic parameters of the drum. 

5. Since the main working elements of the developed screening device 

are the mesh drum and the shaft with elastic blades, the influence of elastic 

blades was considered as a resistance force in the theoretical studies, and 

dynamic analysis of the mesh drum was carried out. Based on this analysis, 

laws of variation of the angular velocity of the mesh drum were obtained. 

6. It was found that with an increase in the stiffness coefficient of the 

elastic blade, the degree of screening of bulk materials changes differently 

depending on the rotation frequency. These changes are related to the 

variation of impact force. It was confirmed that excessive impact force 

increases drum vibration, causing the material inside the drum not to be 

screened properly due to axial velocity. 

7. It was determined that in order for the proposed screening device to 

ensure the required quality at a productivity of (1,2 … 1,8) t/h with low 
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energy consumption, the mesh drum rotation frequency should be (25,84 … 

29,9) r/min, inclination angle 11°43' … 13°13', rotation frequency of the shaft 

with elastic blades (30,6 … 40,95) r/min, and stiffness coefficient of elastic 

blades (265 … 386) N/m. 

8. It was achieved that the proposed soil screening device equipped 

with a shaft with elastic blades operates without interruptions and ensures 

high-quality performance of its functions. Due to the impact forces applied to 

the mesh drum by elastic blades, the screening efficiency increased from 78% 

to 82%. 

9. When the soil screening device equipped with a shaft with elastic 

blades was used, a 1,16% increase in productivity was achieved, and the 

annual economic efficiency of a single unit amounted to 133 920 000 UZS. 
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