
Suggested Citation:
Palamarchuk, P., Omelyanov, O.M., Mushtruk, M.M., Vasyliv, V.P., Sarana, V.V., Zheplinska, M.M., 
Burova, Z.A., Gudzenko,  M.M., & Filin,  S.O. (2021). Substantiation of amplitude-frequency 
characteristics and design parameters of the vibration exciter of the separator of volume vibrations. 
Animal Science and Food Technology, 12(2), 48-59.
*Corresponding author

UDC 664.643.1
DOI: 10.31548/animal2021.02.006

P. Palamarchuk*2, O.M. Omelyanov1, M.M. Mushtruk2, V.P. Vasyliv2, V.V. Sarana2,  
M.M. Zheplinska2, Z.A. Burova2, M.M. Gudzenko2, S.О. Filin3

1Vinnytsia National Agrarian University 
21008, 3 Sonyachna Str.,Vinnytsia, Ukraine
2National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
3Zachodniopomorski Uniwersytet Technologiczny
70-310, 17 Piastuv Str., Szczecin, Poland

Substantiation of amplitude-frequency characteristics and design 
parameters of the vibration exciter of the separator of volume vibrations

Abstract. Evaluation of the influence of amplitude-frequency and power parameters of external 
technological action on bulk products in the process of separation of the impact, the way of low-
frequency oscillations of the working bodies of the separator and the angle of inclination of the 
container during processing determines the main indicators of technical and economic efficiency 
of the explored process, which is the relevance of the research. The purpose of the study is to 
substantiate the operating parameters of the explored separator of volume vibrations by determining 
the patterns of change in the kinematic and power characteristics of the vibration drive. To determine 
the rational parameters of the vibration screening process, the equations of motion of the working 
bodies in the form of a conical sieve surface were obtained using the method of Lagrange equations 
of the 2nd kind. Using the solution of the Cauchy problem for linear inhomogeneous differential 
equations, the solution of the latter was obtained. Using the Math CAD mathematical environment, 
the dependences of the amplitude of oscillations, vibration velocity and vibration acceleration, and the 
intensity of oscillatory motion were obtained, which allowed performing a mathematical analysis of 
the power and energy characteristics of the vibration drive of the explored separator. The main effects 
of the developed design of the vibrating separator are an increase in the driving force of the process of 
separation of bulk solids in this work, which was achieved by providing the working cylindrically-conical 
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container with vibratory motion; improvement of the conditions for the passage of product particles 
through the perforations, which was achieved by providing the sieve surface with volumetric vibrations; 
reduction of energy consumption and improvement of the operating conditions of the supporting units 
during the operation of the designed vibrating screen, which was achieved by installing additional elastic 
elements between the separator body The inclined arrangement of the conical sieve surface allows for 
spatial gyratory or circular translational motion, which allows implementing of the advantages of bulk 
separation of bulk solids. The results of the analytical study allowed substantiation of the optimal angle 
of inclination of the working sieve surface. Based on the analysis, the design parameters of the vibration 
exciter were substantiated and specified and the design of this technical system was presented. The 
practical value of the conducted research can be attributed to using the designed kinematic combined 
vibration exciter of volumetric oscillations in the separator, which allows reducing the weight of the 
oscillating parts of the drive and, accordingly, the energy consumption for the separation process

Keywords: vibration separation, conical sieve surface, vibrating screen, volumetric oscillations, 
amplitude-frequency characteristics, energy consumption for the drive, vibration velocity, vibration 
acceleration, mechanical combined vibration drive, feed mixture, low-frequency oscillations

Introduction

Using low-frequency oscillations to intensify 
the separation processes in the processing ag-
ricultural and food industries becomes effec-
tive during the processing of solid bulk hetero-
geneous systems at minimum humidity, which 
eliminates the influence of adhesive and sorp-
tion factors. Such conditions determine the 
effective implementation of the processes of 
vibration separation of grain mixtures and 
seed material. 

The main distinguishing feature of me-
chanical vibrations as one of the types of 
mechanical impacts is the ability to transfer 
the energy of high specific power to the pro-
cessed products. Therewith, the possibility of 
adjusting the parameters of vibration in a wide 
range allows extending its effect to both signif-
icant volumes of products and its local layers 
(Palamarchuk et al., 2020a; Wei et al., 2020); the 
possibility of combining the process of material 
transportation with its technological process-
ing, and for products that vary significantly 

in their physical and mechanical properties; 
simplicity of machine design; no restrictions 
on the granulometric composition of the ma-
terial; possibilities of complex mechanisation 
and automation of several production processes; 
intensification of technological processes by 
establishing a vibrating fluidised layer during 
technological processing (Palamarchuk et al., 
2020a). These processes are accompanied by a 
rapid increase in the surface of the interaction 
of components or phases, an increase in the 
rate of convective diffusion, and a decrease in 
viscosity, which determines the effects of their 
intensification and ensuring the completeness 
of the flow. Thus, vibration can be considered 
as a universal form of mechanical impact on 
processed materials and is widely used in the 
implementation of separation of bulk tech-
nological masses, which is one of the most 
common processes of food production, in par-
ticular, primary processing of agricultural raw 
materials and products.
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The course of change of these processes, in 
turn, is determined by both the features of the 
physical and mechanical structure of the ma-
terial, and the laws of low-frequency techno-
logical action, namely the amplitude-frequency 
and force impact, the way of oscillations of the 
working body, the angle of its inclination to 
the horizon. The influence of these factors on 
oscillatory systems is understudied, and the 
design of the corresponding experiments does 
not reach sufficient accuracy, which substan-
tiates the relevance of this scientific work and 
has broad prospects for development. 

A large galaxy of scientists and engineers 
provided the development of areas of applica-
tion of vibration impact in the processes of sep-
aration of solid bulk heterogeneous systems.

In particular, I.I. Blekhman solved the 
problem of the motion of a material point 
and particles with a flat and rounded shape 
on a rough surface that performs periodic 
oscillations, and determined the optimal law 
of oscillations, substantiating the effective 
coefficient of friction during vibration trans-
portation. Goncharevich  I.F. (Palamarchuk, 
Tsurkan, & Kostenko, 2016) developed the 
classification, theory, methods of calculation 
and basics of design of vibrating transport and 
technological machines, established the ba-
sics of theory and methods for determining 
the optimal modes of vibration transportation 
of bulk solids, considering the dynamic loads 
of the machine. V.S  Bykov. (Palamarchuk, 
Tsurkan, & Kostenko, 2016) established the 
dependences between the structural and ki-
nematic parameters of the separation pro-
cess on flat oscillating sieves, substantiating 
the effective modes of implementation of the 
working processes of modern grain cleaning 
machines. Based on studies of the vibration 
movement of finely dispersed bulk products by 

V.V. Gortynsky (Bal-Prylypko, Palamarchuk, & 
Nikolaenko, 2019), the theoretical foundations 
of the layer-by-layer movement of masses on 
a vibrating surface were developed, the move-
ment of bulk bodies in a vessel with circular 
and translational oscillations was explored, 
and recommendations for the process of vi-
bratory separation of bulk mixtures were sub-
stantiated. The research on the mechanics of 
bulk material movement on the working body 
of vibrating machines allowed B.I. Kryukov to 
determine the resistance caused by aerody-
namic forces, the nature of the movement of 
individual particles, and the forces of their mu-
tual friction and collisions; to approximate the 
influence of these factors by linear functions 
of the absolute and relative velocities of the 
product layer. P.M.  Vasylenko (Palamarchuk 
et  al., 2020b) determined the value of the 
critical speed of sieving particles through the 
holes of the sieve, at an angle of inclination 
of the latter not exceeding 10° in particle de-
cent area, considering air resistance. The most 
complete theoretical studies of the operation 
of a flat sieve that performs longitudinal os-
cillatory movements were performed in the 
fundamental works of I.E. Kozhukhovskyi 
and P.M. Zaika (Palamarchuk et al., 2020a), in 
which the dependences of the quality of sepa-
ration of a flat sieve on such parameters as the 
angle of inclination of the sieve to the horizon, 
the oscillation angle, the shape and location 
of the holes, the sieve dimensions, their specific 
loading, moisture content and contamination 
of the grain material were obtained. P.M. Zaika 
(Palamarchuk et al., 2020a; Palamarchuk et al., 
2022) for the first time recorded a system of 
differential equations of spatial motion of the 
working body of a vibrating machine with sev-
eral mechanical vibrators, the axes of which 
are arbitrarily oriented in space; which allowed 



Animal Science and Food Technology. 2021. Vol. 12, No. 2

51Palamarchuk et al.

solving the problem of moving agricultural ma-
terials as discrete solids on the working sur-
faces of separators; to cover the mechanism of 
self-sorting processes, rumbling, to solve the 
problems of clogging and cleaning the holes of 
sieves. M.V. Bakum explored the possibility of 
sifting and post-cleaning grain material on se-
rial grain cleaning machines and grain clean-
ing machines with high-frequency modes of 
movement of working bodies. A.V. Zilbernagel 
developed a method for calculating the limit-
ing velocity of the relative movement of grain 
depending on the angle of the elongated sieve 
opening under the condition of particle pas-
sage through the opening. O.V. Chernyakov 
based on modelling the movement of grain 
material on the sieve established that bihar-
monic vibrations of the sieve are one of the 
effective ways to improve the technological 
process of grain separation. B.I. Kotov and 
S.P. Stepanenko confirmed that a promising 
area for further productivity increase, with a 
standardised quality of grain cleaning on vi-
brating sieve separators, is the intensification 
of loosening of the grain layer by braking ele-
ments-rippers, in particular when using grav-
itational-inertial, centrifugal, vibration-cen-
trifugal executive bodies. L.M.  Tishchenko 
(Rogovskii et al., 2020; Cherntongchai et  al., 
2019) has developed methods for calculating 
the intensification of vibrating centrifugal 
separation processes in terms of technical in-
dicators of productivity and quality. The study 
of the process of vibro-pneumatic centrifugal 
separation of seed mixtures by V.V.  Bredikhin 
allowed obtaining analytical dependences of 
the separation time and the speed of move-
ment of the mixture layer on the main oper-
ating and design parameters of the process. 
O.M.  Vasylkovsky received a model of the 
process of separation of the grain mixture on 

the inertial straight-through separator, which 
allowed establishing that the completeness of 
the separation of the grain mixture and the 
specific productivity of the separator simulta-
neously increase with the increase in the speed 
of movement of the material on the sieve, the 
maximum value of which is limited by the con-
ditions of possible degradation of the grain in 
interaction with the rotor blades. O.B. Kozya es-
tablished that the quality of the process of sepa-
ration of seed materials on non-perforated fric-
tion oscillating surface significantly depends on 
the structural and kinematic parameters of the 
vibrating grain cleaning machine: amplitude, 
frequency and angle of oscillation, and angles of 
inclination of the working body to the horizon 
in the longitudinal and transverse ways (Bazaluk 
et al., 2022; Barrero, Taiebat & Dafalias, 2020).

According to the results of the analysis, it 
can be concluded that the problem of exploring 
the influence of mechanical drive bodies of sepa-
rators on the dynamics of their work and energy 
consumption has not been practically performed.

The purpose of the study is to determine 
the mode parameters of the drive of volumetric 
oscillations of the conical working body of the 
separator of coarse grain products through the 
theoretical analysis of the amplitude-frequency 
and energy characteristics of this process. To 
achieve this purpose, the following main ob-
jectives of the scientific work were defined: to 
analyse the current state of analytical studies 
of the processes of vibration separation of bulk 
solids, to determine the patterns of change in 
the main parameters of vibration and to sub-
stantiate the design scheme of the separator 
being explored.

Materials and Methods

To perform the above objectives, a prototype 
model of the vibrating screen was developed, 
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and a set of special devices was manufactured 
that provide a measurement of amplitude-fre-
quency and energy characteristics and auto-
matic control of the drive shaft rotation speed 
of the vibrating exciter. During the analytical 
studies, the Lagrange method was used to com-
pile the equations of motion of the actuators, 
and the Delambert method to determine the 
main power and energy characteristics of the 
oscillating system. Processing of the obtained 
dependencies was performed in the mathemat-
ical environment of MathCAD.

Results and Discussion

The explored process of separation of a bulk 
heterogeneous system as a driving force con-
tains centrifugal alternating force and moment 
load on the technological environment, for the 
establishment of which the development of a 
vibration exciter of spatial oscillations was 
provided to set the sieve surface in motion. 
The developed mechanism rationally fits into 
the design of a vibrating screen with a conical 

sieve and can be used to generate both plane 
and spatial vibrations (Palamarchuk et al., 
2020c, Deng et al., 2019). This drive is char-
acterised by kinematic vibration excitation 
and the presence of spring-bearing units. 
The vertical arrangement of the drive shaft of 
this vibrating exciter with the horizontal ar-
rangement of the bearing surface of the con-
ical screen (Fig. 1, a) allows for establishing a 
gyratory, i.e. gradual movement of the work-
ing bodies of the machine in the horizontal 
plane. To increase the speed of movement of 
the loading mass, it is advisable to perform the 
sieve surface inclined (Fig.1, a,b), for which a 
sleeve with an inclined outer surface was used. 
Fixing the support sleeve on the drive shaft 
of the vibrating exciter and the presence of a 
spring-loaded sieve platform results in the gy-
ratory spatial movement of the working bodies 
of the vibrating screen (Fig. 1, a). The elastic 
elements of the support nodes partially elimi-
nate parasitic vibrations that can be transmit-
ted to the structure.
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Figure 1. Schematic diagram of the developed vibrating screen with the drive of volumetric 

vibrations at the straight and inclined arrangement of the working sieve surface: Mkr – torque 
on the drive shaft; ω – angular speed of rotation of the drive shaft; C1 and C2 – stiffnesses of 

elastic elements, respectively, of the conical working body and the drive shaft; θ – the angle of 
inclination of the sleeve for adjusting the inclination of the sieve surface



Animal Science and Food Technology. 2021. Vol. 12, No. 2

53Palamarchuk et al.

3
2
1
0

13
10

5
0

3

2

1

0

v, mm∙s-1

a, mm∙s-1

I, mm2∙s-3

0 20 40 60 80 100

0 20 40 60 80 100

0 20 40 60 80 100

rad
s

ω,

rad
sω,

rad
s

ω,

Using the Lagrangian method, the basic 
equations of motion of the working container 
were obtained (Palamarchuk et al., 2019, Zhu 

et al., 2019, Ashtiani, Salarikia and Golzarian, 
2017) and their solution using Cauchy solu-
tions:
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where ω2 is the angular velocity of the drive shaft 
of the vibration exciter;𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 = 𝐶𝐶𝐶𝐶𝑥𝑥𝑥𝑥

𝑚𝑚𝑚𝑚0
 and 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 = 𝐶𝐶𝐶𝐶𝑦𝑦𝑦𝑦

𝑚𝑚𝑚𝑚0
 – the 

natural frequencies of the system; 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥 = 2�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 𝜔𝜔𝜔𝜔22   
and 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦 = 2�1485− 𝜔𝜔𝜔𝜔22    – the dissipation coeffi-
cients of the system in the corresponding areas; 

𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚1
𝑚𝑚𝑚𝑚0
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒2

2  – the specific modulus of the forcing 
force; 𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 = �𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 0.25𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2   and 𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦 = �𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 0.25𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2   – the re-
duced frequencies of the system.

The following indicators were used as criteria 
for evaluating the developed vibration drive: the 
amplitude of oscillations of the working contain-
er for the nominal mode A; angular velocity of the 
drive shaft ω; power consumption for the drive 

of the oscillating system for the nominal mode 
N and its minimum value Nmin; vibration velocity 
υ=A∙ω and vibration acceleration, a=A∙ω2 of oscil-
latory motion; vibration intensity I=a∙υ=A2∙ω3. 

Using the composite equations of motion 
of the executive bodies of the vibrating screen 
and their mathematical analysis, graphical de-
pendences for the kinematic and energy param-
eters of the investigated vibrating drive of the 
separator for 50 positions of the support sleeve 
were obtained in the mathematical environ-
ment MathCAD, the average values of which are 
presented in Figures 2, 3, 4.

Figure 2. Dependences of the average values of the kinematic characteristics of the screen 
vibrating exciter on the angular velocity of the drive shaft: v – vibration velocity; a – vibration 

acceleration; I = a∙v – vibration intensity
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Figure 3. Dependence of the average values of the components of the vibration amplitude  
on the angular speed of the drive shaft

Figure 4. Dependence of average values of power consumption for the vibration separation 
process on the angular speed of the drive shaft: N – power on the drive shaft; Nmin – minimum 

power value on the drive shaft; Θ – the angle between the drive shaft axis and the OZ axis
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Exploring the changes in power on the 
drive shaft depending on the angle of rota-
tion of the support sleeve, a sinusoidal nature 
of the change in this value was noted (Fig. 3). 
It allowed determining the peaks of minimum 
energy consumption for specific angles of ro-
tation of the sleeve. The double peaks of the 
kinematic characteristics indicate the presence 
of two elastic couplings in the system.

As can be seen from Fig. 4, the envelope 
of minimum power values on the drive shaft 
changes according to a sinusoidal law with a 

period of change in the angle between the axes 
of the working container and the drive shaft 
equal to Θmin = 22°. Such a sufficiently large val-
ue of this design parameter is not appropri-
ate for technological and structural reasons. 
Therefore, when choosing the optimal angle Θ, 
the dependence can be used 

Θmin = 360 - zmax Θ� (3)

where zmax – the maximum integer to obtain a 
positive value in equation (3): it is obvious that 
for zmax = 16; Θmin = 14°

 

1 – elastic element
2 – vibrating plate
3 – shaft
4 – axis
5 – bearing support
6 – adjustable spring
7 – upper group of adjusting stops
8 – bushing
9 – bearing
10 – body
11 – lower group of adjusting stops

Figure 5. Structural diagram of the vibration exciter with the guide sleeve  
of the explored sieve separator
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Based on the theoretical studies, the design 
of the gyratory vibration drive of spatial oscilla-
tions was developed (Fig. 5), which presents the 
main structural components of the developed 
vibration exciter, in particular, the mechanism 
for adjusting the inclination of the working sur-
face of the support sleeve.

Conclusions 

1. Using the Lagrange equation of the second kind, 
the dependences for the main independent move-
ments of the executive bodies of the explored vi-
brating screen were compiled, and their solution 
was obtained using the Cauchy method, which 
allowed determining the patterns of change.

2. Based on the  obtained equations of mo-
tion of the executive bodies of the vibrating 
screen, the dependences of the main kinematic 
and energy parameters of the explored vibra-
tion excitation scheme of the separator were 
obtained.

3. The modes of minimum power consump-
tion on the drive shaft alternate approximately 
every 22° of rotation of the working surface of 
the support sleeve to the vertical; the optimal 
angle between the axes of the working contain-
er and the drive shaft for the technological and 
structural features for the explored machine is 
14°, which allowed clarifying the design scheme 
of the vibrating exciter of the developed screen.
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Анотація. Оцінка впливу амплітудно-частотних та силових параметрів зовнішньої 
технологічної дії на сипку продукцію у процесі її сепарації впливу, напрямку низькочастотних 
коливань робочих органів сепаратора та кута нахилу контейнера у процесі обробки 
визначає основні показники техніко-економічної ефективності досліджуваного процесу, 
що становить актуальність проведених досліджень. Метою дослідження є обгрунтування 
режимних параметрів досліджуваного сепаратора об’ємних коливань за рахунок 
визначення закономірностей зміни кінематичних та силових характеристик віброприводу. 
Для визначення раціональних параметрів процесу вібраційного грохочіння були отримані 
рівняння руху робочих органів у вигляді конічної ситової поверхні використовуючи метод 
рівнянь Лагранжа 2 роду. Застосовуючи рішення задачі Коші для лінійних неоднорідних 
диференціальних рівнянь було отримано розв’язок останніх. Використовуючи математичне 
середовище Math CAD, були отримані залежності амплітуди коливань, віброшвидкості та 
віброприскорення, інтенсивності коливального руху дали змогу здійснити математичний 
аналіз силових та енергетичних характеристик віброприводу досліджуваного сепаратора. 
Основними ефектами розробленої конструкції вібраційного сепаратору є збільшення 
рушійної сили процесу сепарації сипкої маси в цій роботі, що досягли через надання 
робочому циліндрично-конічному контейнеру вібраційного руху; поліпшення умов 
проходження часток продукції через перфорації, що досягли завдяки наданню ситовій 
поверхні об’ємних коливань; зменшення енерговитрат та поліпшення умов роботи опорних 
вузлів під час експлуатації проектованого віброгрохоту, що досягли внаслідок встановлення 
додаткових пружних елементів між корпусом сепаратора та підшипниковими вузлами 
вертикального приводного валу віброзбуджувача. Похиле розташування конічної ситової 
поверхні дає змогу здійснювати просторовий гіраційний або коловий поступальний рух, 
що дає можливість реалізувати переваги об’ємного розділення сипких мас. Результати 


