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Abstract. A review of recent research in the field of vibration separation of bulk media has 
been done. It was found that the productivity of the separation process is influenced not only by the 
design characteristics of the vibrating separator, in particular the length, angle and capacity of the 
working housing, but also the dynamic processes that occur in bulk medium during separation. The 
efficiency of the separation process significantly depends on the mutual influence of the velocity of 
the bulk medium along the separator sieve and its amplitude-frequency characteristics. Based on the 
review, the relevance of further study of these parameters was established. Using the methods of 
nonlinear mechanics, a mathematical model of the motion of the layer of bulk medium on the sieve 
of the vibrating separator was built. The layer of bulk medium was modeled by an elastic beam, 
which is in contact elastically, rigidly, or as hinged. Graphical dependences of the influence of the 
frequency of external perturbation and the velocity of the bulk medium along the sieve of the 
separator on its oscillation amplitude were obtained. The obtained mathematical model and graphical 
dependences showed that small velocities of the medium layer lead to an increase in the amplitude 
of oscillations of the bulk medium and a decrease in its frequency of oscillations, which increases 
the permeability of medium particles and increases the productivity of the separation process. The 
obtained researches allow us to increase the efficiency of the separation process, to regulate the 
processes that take place in the bulk medium and to increase the speed of its passage through the 
sieve openings. The constructed mathematical model can serve as a basis for further studies of the 
influence of changes in the physical and mechanical characteristics of the bulk medium on its 
dynamic parameters in the process of vibration separation. 

Keywords: vibrating separator, bulk medium, amplitude-frequency characteristics, dynamic 
parameters. 

Introduction 
Processing of raw materials and semi-finished products is common in various production cycles. 

Intermediate stages of processing of bulk raw materials include separation, mixing, transportation, dosing, 
compaction, etc. The use of vibrating equipment in these processes and the direct impact of vibration on 
the processed raw materials, contribute to improving the quality of raw materials. In particular, due to 
constant shaking, the particles of raw materials are loosened and a high degree of their separation by 
physical and mechanical properties is achieved. The efficiency of the passage of bulk raw material's 
particles through the holes of the sieve is influenced by geometric dimensions, mass, structure of particles, 
their amplitude and frequency of oscillation, the interaction of particles with each other. Accordingly, the 
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productivity of the separation process is affected not only by the design parameters of the vibrating 
separator, but also listed above characteristics of the loaded raw materials. 

To date, a large number of studies and simulations of the movement of the bulk medium on the sieve 
of the vibrating separator. It was considered on the basis of many hypotheses, in particular, as the motion 
of a single particle, the motion of a set of particles, the motion of a solid body, the layering of layers of 
particles, etc. However, given that bulk raw materials perform complex spatial motion on the vibrating 
separator sieve, none of these hypotheses describes the process of the vibration separation in full. 
Therefore, the implementation of further research is still relevant. 

Problem Statement 
Modern industrial development requires constant research and improvement of production 

equipment. This applies to both light and heavy and processing industries. In all its branches, separation 
plays an important role in the initial and intermediate stages of raw material processing. Therefore, 
research is relevant to improve the design of separators and optimize separation processes. Quite often 
volume separators are used in production. Their use allows you to reduce the working area of production, 
separation time and material costs, due to the possibility of layering more sieves, and, accordingly, the 
separation of multicomponent mixtures in one operation. Previous research has shown that the productivity 
and efficiency of separation are influenced not only by the design parameters of the vibrating separator, but 
also the characteristics of the bulk medium. This includes the composition and shape of the bulk material, 
humidity, thickness of the layer on the sieve. All these indicators during separation determine the 
interaction of particles and layers of the medium, which affects the speed of particles passing through the 
sieve. These issues are poorly studied and need further study.  

It is determined that the efficiency of the vibrating separator depends not only on its dynamic and 
structural parameters, but also on the properties of the bulk media that are separated. It is established that 
during vibration separation of bulk cargoes the process of movement is significantly influenced not only by 
the nature of the separation organ, but also by the peculiarities of the interaction of constituent layers and 
particles with each other. The main disadvantage of separators with a fixed work surface is the scattering 
of the rebound range in the medium being separated. The reason is the incorrect shape of the lumps of 
material, which leads to oblique impact. In this case, the centre of gravity of the particle is shifted from the 
vertical at the point of contact of the particle and the sieve. As a result, the flight range of the particle 
decreases. The large variance of the rebound range of the particles makes it possible to use such separators 
only for components with significant differences in strength. More effective in this case is the separation 
by elasticity for minerals with a rounded shape of particles, such as gravel. Quite interest for research is the 
case of isolation of a set of such particles and modeling them in one common layer. In particular, the 
behavior of the material layer during separation and the interaction of the layers with each other. It is 
suggested to consider it below. 

Review of Modern Information Sources on the Subject of the Paper 
Current research shows that the physical and mechanical characteristics of bulk raw materials and its 

interaction with the sieve surface affect the efficiency of separation. Recent studies have focused on the 
dependence of productivity and quality of screening on the feed rate. It is established that the feed rate of 
bulk raw materials should be increased with increasing sieve surface length. Otherwise, increasing the feed 
rate will lead to clogging and sticking of the mixture in the separator container and reduce the separation 
efficiency [1, 2]. Also, by the method of mathematical modeling, it was found that increasing the feed 
capacity of bulk raw materials by more than 80 % leads to a complete loss of separation efficiency. It 
means that changes in the feed rate and its physical and mechanical properties directly affect the screening 
efficiency. Also, increasing the volume of the working body of the vibrating separator leads to a decrease 
in screening efficiency [3]. Based on the EDEM module, the behavior of the bulk material on the surface 
of the separator sieve was modeled. In particular, the velocity of the material, the change of the material 
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layer along the sieve, both at a constant and at variable oscillation amplitude are considered. It is 
established that the velocity of particles of bulk material decreases along the length of the sieve [4]. 
Also, reducing the length of the sieve, the thickness of the layer of bulk material and changing the 
shape of the material lead to sticking, difficulty in passing particles and reducing the efficiency of 
separation [5, 6].  Important factors that affect the interaction of bulk material with the working 
container of the vibrating separator are also the angles of the sieve, the amplitude and frequency of 
oscillations of the raw material. In particular, reducing the amplitude and angle of the sieve reduces 
the impact force of the bulk material and can prevent damage to the sieve in the case of separation of 
heavy and sharp materials [7]. Most studies give a partial idea of the movement of the bulk medium 
through the sieve of the vibrating separator [8–17], so it is proposed to consider the bulk material on 
the basis of an integrated approach, characterizing the material layer with some generalized 
parameters and taking it as a solid elastic body. Based on the above model, it is proposed to 
investigate the relationship between the velocity of bulk raw materials along the sieve of the vibrating 
separator wand its amplitude-frequency characteristics. 

Main Material Presentation 
During the separation of the bulk medium, the layer in contact with the working surface of the sieve 

receives power pulses from it. Pulses are transmitted from the lower layer to the layers located above. Due 
to the presence of friction forces and necessary deformations, the pulses during their transmission from 
layer to layer are gradually weakened, and the degree of their attenuation is determined by the properties of 
the bulk medium and the property and magnitude of force pulses generated by the working body. The 
energy of the oscillating motion of the working body is spent on accelerating the separating medium and 
restoring losses in the case of irreversible deformations. This process is influenced by the height of the 
bulk layer, the frequency and amplitude of oscillations of the layer on the sieve and the speed of movement 
of the bulk medium along the sieve. Modeling of the bulk raw material layer as a layer of flat, elastic-
plastic beams, the equation of it will look like: 
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where a  – function that describes the physical and mechanical characteristics of the layer of bulk raw 
materials; ),( txu  – movement along the sieve a section of the elementary layer of bulk raw materials with 
the coordinate x  in any period of time t ; n  – coefficient that takes into account the elastic properties of 
bulk raw materials; V  – the speed of movement of the bulk raw material's layer along the sieve; e  – some 
small parameter that indicates the deviation of the elastic integral properties of bulk raw materials from the 
linear law; f  – function that characterizes the nonlinear deviation of the narrow properties of the bulk raw 
material from the linear law. A small parameter e  indicates that the maximum value of the influence of 
nonlinear and periodic forces in the layer of bulk raw materials is small compared to the reducing force. 

The terms of equations (1) 
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raw materials along the sieve. 
As noted in previous studies, given that the layer of bulk raw material in contact with the walls of 

the working container of the vibrating separator is elastic, the boundary conditions will be as follows: 
0),(),( 0 == == lxx txutxu .

 (2) 

Given that the average elastic properties of bulk raw materials satisfy a close to linear law of 
elasticity, the basis for the mathematical model of the dynamics of bulk raw materials will be equation (1) 
with boundary conditions (2). 
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Fig. 1. Calculation scheme of the bulk medium layer and the forces acting on its particle 

 

 
Fig. 2. The scheme of movement of the bulk medium on the sieve of the vibrating separator.  

z  – elementary particle of bulk medium 

The speed of movement of the bulk medium along the sieve can be different and, accordingly it 
differently affects on the value of its amplitude-frequency parameters. 

If we consider the case of low velocity of bulk medium along the sieve, then by the method of 
Krylov-Bogolyubov the first single-frequency approximation will be obtained in the form: 
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where w , m  – respectively, the natural frequency of the loose  medium and the frequency of external 
perturbations; g  – phase of single-frequency process.  

+ 
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Then the first approximation of the amplitude and the phase characteristics  of the bulk medium's 
dynamic process is determined by the dependences: 
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In the resonant case, the amplitude and frequency of oscillations are related to the phase of external 

forces, so we introduce into the system of differential equations “phase difference” g
p

yj T
kk
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Taking into account the latter, the equation for the amplitude and phase of the dynamic process is written 
in the form: 

( ) ( ) ,,,,
,1,1

0
1 dxxaFxX

a

sa

dt
da l

k
T

k
k

k
T

ò ÷
ø
ö

ç
è
æ +

P

R

÷
ø
ö

ç
è
æ +

P
+

=
*

gjg
pw

jg
p

ne

 

( ) ( )
( )

( )

( ) ( )
2

2
1

0

2 1,1,*
*

2

, , , ,

T
k

kk

k

l
xT

k k k

cad ad a a
dt da a a

kX x F a x V aX x dx
l

e n n g f
wf p

w

e g f g
p

*

Pæ ö+ + +ç ÷
è ø= - + ´
R

é ùPP æ öæ ö´ + -ê úç ÷ ç ÷
è ø è øê úë û

ò
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where *a – the real root of the equation ( ) mpw ka Tk P= -1*  in the case of resonance at a frequency 
multiple of the frequency of external periodic perturbation. 

The study of solutions of mathematical models of different types of dynamic processes in a bulk 
medium, taking into account the whole set of forces, including periodic, allows you to design rationally 
vibration separation machines with maximum productivity. Obtaining in parametrized form, convenient for 
engineering calculations analytical ratios that describe the dynamic processes in the layer of material and 
are characterized by a constant speed of longitudinal motion, taking into account the full range of force 
factors, including periodic is an important task. It should be noted that the effect on the medium layer of 
periodic forces, the frequencies of which are close to the natural frequencies of the bulk medium, or rather, 
is in rational relation to the fundamental frequency of the whole, leads to a significant increase in 
amplitude. This leads to the occurrence of sufficiently large amplitudes of oscillations in the bulk medium, 
which improves the process of loosening and separation. Therefore, when building a mathematical model 
of the motion of the bulk layer, it should be borne in mind that the dynamic process is influenced not only 
by nonlinear forces, but also the relationship between the frequencies of natural and forced oscillations. 
This effect is best seen in the resonant case, when there is a relationship between the frequency of external 
periodic perturbations m and the natural frequencyw . 

Assuming that the frequency of natural oscillations of the bulk medium will approach the frequency of 
external perturbation, the amplitude and phase of oscillations are determined by the following dependences: 
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It is assumed that the length of the sieve l  = 1 m, the cross-sectional area of the layer of bulk raw 
materials S  = 0.00072 m2, the mass of the loading layer 12 kg/m2, the natural frequency of the loading 
layer w =31,46 c-1. 

Figure 3. shows graphs of the amplitude of oscillations of the bulk medium in the resonant case on 
the frequency of external perturbation, the velocity of the bulk medium along the separator sieve and the 
coefficient indicating the deviation of the elastic integral properties of the bulk medium 

 

        
(а)                                                                             (b) 

    
(с)                                                                                (d) 

Fig. 3. Graph of the dependence of the amplitude of oscillations of the bulk medium a   
on the frequency of external perturbation m and the coefficient n that takes into account  

the elastic properties of the medium layer. The speed of the medium along the sieve  
a) V= 0 m/s; b) V= 0.01 m/s; c) V=0.02 m/s; d)V = 0.03 m/s 

As can be seen from the graphical dependences, a slight increase in the velocity of the 
longitudinal motion of the bulk medium leads to increase in the amplitude of oscillations of the 
loading layer. For small values of the velocities of the longitudinal motion of the bulk medium, the 
resonant frequency is lower and the amplitude of oscillations is smaller. When separating hard bulk 
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media, the separation process will be more intense with larger amplitudes of oscillations of the 
medium layer. 

Conclusions 
The constructed mathematical model and the obtained graphical dependences make it possible to 

further adjust the amplitude-frequency characteristics of bulk raw materials depending on the physical and 
mechanical properties, the loading material, the angle of the separator sieve to the horizon and the loading 
speed of raw materials. It is established that the constant components of velocities affect the increase in the 
natural frequency of fluctuations of bulk raw materials, which accordingly impairs the efficiency of the 
passage of particles through the sieve of the separator. Low velocities of the bulk raw material layer lead to 
an increase in the oscillation amplitude and a decrease in the oscillation frequency, which helps to increase 
the possibility of raw material particles and increase the productivity of the separation process. The 
obtained researches allow you to improve the efficiency of the separation process, to regulate the processes 
that take place in the bulk raw material and to increase the speed of its passage through the sieve openings. 
The constructed mathematical model can serve as a basis for further studies of the influence of physical 
and mechanical characteristics of bulk raw materials on the efficiency and productivity of the separation 
process. 
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