
JAES
ISTRAŽIVANJA I PROJEKTOVANJA ZA PRIVREDU

www.engineeringscience.rs JOURNAL OF APPLIED ENGINEERING SCIENCE

Indexed by

KINETIC ENERGY OF THE SWINGING SEPARATOR 
DRIVEN BY A LINEAR ELECTRIC MOTOR

Key words: generalized coordinate, kinetic energy, linear asynchronous motor, mechanism, 
separator, swinging sieve 
doi:10.5937/jaes18-25761    

Online aceess of full paper is available at: www.engineeringscience.rs/browse-issues

Nafi kov M., Aipov R., Akchurin S., Akhmarov R., Akhmetyanov I., & Zagirov, I. [2020]. Kinetic energy 
of the swinging separator driven by a linear electric motor. Journal of Applied Engineering Science, 
18(3) 378 - 386..

Cite article:

Marat Nafikov
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

Rustam Aipov
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

Salavat Akchurin
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

Ramzid Akhmarov
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

Ilshat Akhmetyanov
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

Ilnur Zagirov
Bashkir State Agrarian 
University, 
Ufa, Russian Federation   

https://www.scopus.com/sourceid/4100151613
https://doaj.org/toc/1821-3197?source=%7B%22query%22%3A%7B%22filtered%22%3A%7B%22filter%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%221451-4117%22%2C%221821-3197%22%5D%7D%7D%2C%7B%22term%22%3A%7B%22_type%22%3A%22article%22%7D%7D%5D%7D%7D%2C%22query%22%3A%7B%22match_all%22%3A%7B%7D%7D%7D%7D%2C%22size%22%3A100%2C%22_source%22%3A%7B%7D%7D
https://search.crossref.org/?q=1451-4117
https://portal.issn.org/resource/ISSN/1821-3197#
https://kobson.nb.rs/servisi/pretrazivanje_casopisa.84.html?words=&issn=1451-4117&cat=0&service=0
http://scindeks.ceon.rs/journaldetails.aspx?issn=1451-4117
https://scholar.google.com/scholar?hl=sr&as_sdt=0%2C5&q=%22journal+of+applied+engineering+science%22&oq=


Istrazivanja i projektovanja za privredu
Journal of Applied Engineering ScienceOriginal Scientifi c Paper

doi:10.5937/jaes18-25761                                                                          Paper number: 18(2020)3, 703, 378 - 386

 KINETIC ENERGY OF THE SWINGING SEPARATOR DRIVEN 
BY A LINEAR ELECTRIC MOTOR

Marat Nafi kov*, Rustam Aipov, Salavat Akchurin, Ramzid Akhmarov, Ilshat Akhmetyanov, Ilnur Zagirov
Bashkir State Agrarian University, Ufa, Russian Federation

The goal of the given study is to develop a gearless mechanism driven by a linear electric motor that can reproduce 
and adjust sieve oscillation modes of large amplitude (more than 0.01 m) and low frequency (less than 10-12 rad/s). 
The authors developed a test sample of a swinging separator driven by a linear electric motor and its kinematic 
scheme. There is a design scheme used to determine motion geometric and kinematic characteristics of the drive 
mechanism units as a function of the generalized coordinate h – the stroke of a rotor relative to a stator in the linear 
electric motor ∂/∂t. The paper provides kinetic energy expressions that are convenient for further development of a 
mathematical model for the mechanism movement based on Lagrange equations of the second kind. Most mechani-
cal and technical systems are studied with Lagrange equations being the scientifi c basis for the analysis and synthe-
sis of a wide variety of machines and devices. This paper relies on the Lagrange equations to give a mathematical 
description of the sieves' movement in a grain cleaner. The paper presents kinetic energy expressions for the studied 
mechanism that are convenient for further development of a mathematical model of its motion based on Lagrange 
equations of the second kind. The results of the performed analytical studies can be used not only in the design of 
drive mechanisms for swinging sieves, but also in the design, upgrade and optimization of different industrial and 
agricultural machines driven by linear asynchronous motors. 

Key words: generalized coordinate, kinetic energy, linear asynchronous motor, mechanism, separator, swinging sieve

INTRODUCTION

Current economic and technological requirements of 
grain production require highly adaptive resource-and 
energy-saving cleaning facilities [1, 10-12].
Grain mixtures are commonly separated with swinging 
sieves [4, 5]. This cleaning scheme is used in well-known 
grain cleaners Westrup (Denmark), Alvan Blanch, Pet-
kus (Germany), Lithuania (Lithuania), Taiho, ZYY (Chi-
na), MGS (Russia), etc. In the drives of the executive 
units of known devices, electric rotation motors are used. 
Wide use of these cleaning schemes is explained by 
their easy technological process, the simple device de-
sign, the convenient layout of the machine, and its low 
energy consumption [5-8, 35]. 
Swinging sieves are widely used for separating grain 
mixtures [1,2]. Traditionally, swinging sieves are driven 
by asynchronous electric motors in combination with in-
ertial vibrators [5]. 
The widespread use of such machines is explained by 
the simplicity of the cleaning process carried out on a fl at 
sieve, the simplicity of the machine's design, and its con-
venient layout. These separators are less energy-con-
suming compared to air cleaning systems and Trier units 
[4,5]. Such a drive with a frequency-controlled asynchro-
nous rotation motor makes it possible to change the fre-
quency of vibrations of the sieves quite simply, continu-
ously and without stopping the machine [5-8]. However, 
in traditionally used devices the vibration amplitude can 
be changed by manual replacement of the imbalance 
mass (stepwise) after the separator shutoff [6].

It's very diffi cult to adjust the angle of the sieves without 
stopping the grain cleaner. 
Changing the design of grain cleaners driven by an elec-
tric rotation motor to address the noted shortcomings re-
sults in a heavier weight of the machine due to the need 
to ensure its strength. The cleaning device turns out to 
be complex, bulky and expensive.
The grain material to be separated has different impuri-
ties. There can be up to 15% of foreign matter [9]. Cur-
rently, each type of impurity can be separated on a spe-
cifi c type of machine [4,7].
Modern economic and technological requirements of 
grain production require to create highly adaptive re-
source-and energy-saving technical means of cleaning 
[6]. Analysis of the technical literature and experience in 
creating grain cleaners with fl at sieves shows that there 
is insuffi cient data to solve problems to increase their 
adaptability and effi ciency while reducing the specifi c 
metal content and energy intensity of the equipment.
A working hypothesis is that the use of a linear asynchro-
nous electric motor in the drive mechanism of a swing-
ing separator will provide higher technical and economic 
characteristics of the device being developed [7-9]. This 
assumption is based on the following.
Grain mixtures separation is the most favorable when the 
oscillating movement of the executive link is of lower fre-
quency (less than 2-3 Hz) and larger amplitudes (more 
than 0.01 m) [1, 10-12]. A similar and easily adjustable 
oscillating process can be implemented directly from the 
rotor of a linear motor [7]. This simplifi es the design and 
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reduces the specifi c metal content of the developed ma-
chine as there is no need for a reducer and converting 
the rotation movement into a translational one. 
Linear motors have a simple and multi-option design. 
They are easy to install, have a wide range of modes, 
and are relatively inexpensive [13,14]. They provide 
higher mixing intensity of the separated material's layers 
and more passing particles on the surface of the sieve to 
pass through its gaps for a short time [13].
All these positive aspects of grain cleaning can be real-
ized by using a linear asynchronous motor in the drive of 
the swinging separator. 
The purpose of this study is to develop a more ad-
vanced mechanism of the swinging separator by using 
a direct gearless drive of a linear electric motor. The mo-
tion of the moving part of the latter (the rotor) is set by a 
switch-an electronic control unit. The electronic control 
unit provides the necessary stator motion law of the lin-
ear motor. It must ensure the required rotor kinematics 
and create the necessary force to enable the operation 
of the drive mechanism. To create, confi gure and control 
such an electronic device is an engineering challenge, 
solved by developing a mathematical model of the move-
ment of the machine drive. Such a mathematical model 
can be created on the basis of Lagrange equations of the 
second kind.
The subsequent analytical study involves modeling the 
movement of the mechanism being developed on the ba-
sis of Lagrange equations of the second kind.
To achieve this goal it is necessary to solve the following 
specifi c research tasks:
1. Select the kinematic scheme of the sieve drive 

mechanism.
2. Determine its rational geometric and kinematic pa-

rameters, while taking as a generalized coordinate 
the stroke   of the rotor of a linear motor relative to 
its stator.

3. Determine the kinetic energy of the swinging separa-
tor as a function of the selected generalized coordi-
nate and generalized speed. 

MATERIALS AND METHODS

Analytical research methods are used to develop a 
mathematical model of the mechanism using Lagrange 
equations of the second kind [8].
Lagrange equations are the scientifi c basis for analyz-
ing and synthesizing a wide variety of machines and 
devices. They are widely used not only in the design of 
transmission mechanisms [8, 11-13], but also in various 
fi elds of Engineering, Physics, and Economics. For ex-
ample, the equations were used in research of under-
water robots [14] (Canada), transmissions of machines 
and mechanisms [20-22], (USA, Russia, Belarus, Roma-
nia), machine mechanics [23] (Russia), Economics [24] 
(Ukraine), etc.

The most commonly used Lagrange equations (also 
known as equations of motion of a mechanical system in 
generalized coordinates) has the form 

(1)

Where is the index (number) of the equation;  qj - j - the 
generalized coordinate;  - the generalized velocity; 
T - the kinetic energy of the system; Qj - the generalized 
force with respect to j - the generalized coordinate. The 
kinetic energy of the system in the equations must be 
expressed in terms of generalized coordinates and gen-
eralized velocities. 

Design scheme 

The subject of these specifi c studies was a test sample 
of the mechanical sieve drive mechanism based on a 
cylindrical linear asynchronous electric motor, designed 
and manufactured at the Bashkir State Agrarian Uni-
versity (BSAU) [18]. Fig. 1 shows its kinematic design 
scheme. 

Figure 1: The drive mechanism diagram of the swinging 
separator operated by a linear electric motor

The mechanism consists of fi ve movable units and a 
frame: 1-rocker arm; 2-connecting rod, made as one unit 
with the motor rotor; 3-rocker arm; 4-slider, being one 
unit with the engine stator; 5-rod. Rocker arms 1 and 
3 make rotary movement about fi xed axes O and C re-
spectively; connecting rod 2 moves plane-parallel; slider 
4 also moves plane-parallel. It rotates together with rod 2 
and moves against it translatory; stator 4 is fi xed on the 
translatory moving rod 5; 6 – stationary rack (mechanism 
frame). The mechanism of the swinging separator is driv-
en by a linear motor in accordance with the law set by the 
switch (electronic control unit). 

Geometric dimensions of the mechanism and 
the law of motion of the leading unit

The geometric dimensions of the fl at fi ve-unit mechanism 
with one degree of freedom shown in Fig. 2, defi ned by 
preliminary calculations, are equal to: OA=L1=0.56m; 
AB=L2=1m; BC = L3= 0.59m; OC=0.28 m; c=0.14m [25].
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Figure 2: Dependence of the mechanism geometric 
parameters on unit 1 positions

The gravity center position of the swinging sieve S2 is 
set by the parameters AS2=0.5 m, φS2=20° specifi ed in 
the diagram. 
The intersection point Р of the OA and BC lines is the in-
stantaneous center of the connecting rod 2. The angular 
coordinates of the units φ1, φ2, φ3 and the positive direc-
tions of their reference are shown in Fig. 1, the instanta-
neous center of unit 2 is indicated in the diagram as P. 
The oscillation frequency and stroke of the linear motor 
rotor relative to its stator are provided by setting up the 
switch – the electronic control unit of the machine. The 
switch sets the harmonic oscillatory law of the motor ro-
tor motion in accordance with the dependence 

(2)
where  aa is  is the amplitude of the oscillatory motion of the 
rotor; k is the frequency of its oscillations. 
In subsequent calculations, the values of a= 0.1m,
k=12 rad/s were taken.
In our research, we are primarily interested in the depen-
dence of the kinematic parameters of the lever mecha-
nism on the generalized coordinate and the generalized 
speed. 

RESULTS 

Calculation of geometric parameters of 
the mechanism

Using the above given dimensions of the mechanism, 
we will determine the geometric parameters that defi ne 
the positions of its moving parts. In further studies of the 
mechanism it is planned to develop a mathematical mod-
el based on Lagrange equations of the second kind [15-
17, 26]. In our case, when the mechanism is driven by a 
linear motor, the output of its stator is correctly selected 
as the generalized coordinate. Therefore, geometric pa-
rameters defi ning the position of the drive mechanism 

units were used as a function of angle φ1 position of the 
rocker arm 1, as well as the rotor stroke h relative to the 
stator of the linear motor depending on the generalized 
coordinate.
Using the calculation scheme in Fig. 2, we get the fol-
lowing ratios.

(3)

The ordinate of a point D belonging to units 4 and 5 is 
equal to 

(4).

The results of calculations for dependencies (3,4) are 
summarized in table 1.
As a result of the calculations Fig. 2 presents graphs of 
the dependence of the swing angles of units 2 and 3, as 
well as the position of the hinge D on the connecting rod 
ABrelative to the angular coordinate φ1 of the rocker arm 
OA.
Analyzing the results of calculations, we select the oper-
ating range of the test mechanism. At values of the stator 
stroke relative to the rotor h=±0.1m, the oscillation angle 
of unit 1 changes within the limits 40° ≤ φ ≤ 65.6°, which 
provides favorable pressure angles in the hinge A. The 
pressure angle at the hinge B has a satisfactory value as 
well. In the selected operating range, the oscillation an-
gle of the separator sieves φ2 varies from 9.23 to -9.23o, 
that corresponds to the literature recommendations [3, 
etc.]. These sources show that the rational values of the 
sieve inclination in traditional grain cleaners depend on 
the type of grain and are about 6-8 degrees. Therefore, 
the designed machine allows you to sift almost all types 
of seeds of agricultural crops.
In the mechanism, the amplitude of the linear oscillatory 
motion of the executive second unit corresponds to the 
rotor h stroke of the electric motor.
The calculations of the geometric parameters of the 
mechanism confi rm the correct choice of the scheme 
and the above-mentioned dimensions of the sieve drive 
mechanism. 
In our research, we are primarily interested in the depen-
dence of the geometric parameters of the mechanism 
not on the angle, φ1 but on the generalized coordinate h. 

Marat Nafi kov, et al. - Kinetic energy of the swinging separator driven by a linear electric motor
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No. φ1, degr φ2, degr φ3, degr PS2, mm YD, mm AP, mm BP, mm AD, mm h, mm Notes

1 30 16.05 70.59 774.79 459.80 828.67 732.43 650.32 - -

2 40 9.23 61.88 788.58 452.43 812.36 773.92 576.45 -100.00 The 
operating 

range3 45 5.76 57.27 792.30 450.05 801.06 792.62 538.70 -62.25

4 50 2.24 52.49 793.64 448.50 787.48 809.69 500.34 -23.89

5 53.073 0.0370 49.452 793.21 447.98 777.95 819.29 476.45 0

6 55 -1.36 47.51 792.44 447.81 771.50 824.94 461.33 15.12

7 60 -5.03 42.23 788.53 448.02 753.02 838.22 421.62 54.83

8 65 -8.80 36.94 781.81 449.23 732.00 849.38 381.15 95.30

9 65.574 -9.24 36.306 780.86 449.84 729.42 850.52 376.45 100.00

10 70 -12.69 31.31 772.19 451.60 708.40 858.33 339.83 - -

11 75 -16.71 25.43 759.60 455.37 682.26 865.01 297.50 - -

12 80 -20.90 19.27 744.04 460.89 653.63 869.40 253.96 - -

13 90 -29.91 5.97 704.14 479.46 589.27 871.53 161.51 - -

14 100 -40.04 -8.96 653.15 515.56 516.39 865.79 55.85 - -

15 110 -51.82 -26.13 592.30 591.75 436.00 854.63 -83.36 - -

16 120 -66.15 -46.73 523.40 801.60 347.10 843.21 -346.2 - -

The desired dependence of the oscillation angles of the 
units on the parameter h is illustrated by the graphs in 
Fig. 3. The graphs are based on the calculation results 
shown in the Table 1. 
The graphs show that oscillation angles φ1, φ2, and φ3 
of the units within the mechanism performance range 
change linearly. The dependencies can be expressed by 
equations: 

Figure 3: Mechanism unit position angle dependencies 
on the rotor h stroke of the linear motor

Table 1: Geometric parameters of the investigated mechanism

(5)

In equations (5), that will later be called empirical, the 
stroke h is in meters, the angles φ are in radians.
Similarly, according to the results shown in table 1, the 
linear geometric dimensions of the mechanism within its 
operating range are determined: 

(6)

The values h, PS2, yD are given in meters.
The values of the geometric parameters of the mecha-
nism calculated from the dependencies (5,6) do not differ 
from the data in Table 1.
Variable PS2 – the distance to the instantaneous center 
of unit 2 within the operating range of the mechanism 
changes slightly (less than 1%). 

Determination of linear and angular velocities

Based on the empirical equations (5,6), the linear and 
angular velocities of the mechanism are found as func-
tions of the generalized speed, time, and generalized 
coordinate. 
The dependence of unit speeds on the generalized ve-
locity  is obtained by differentiating the empirical rela-
tions (5,6): 

(7)

Here, the generalized coordinate is equal to, 

.
the generalized velocity 

Speed equations (7) are copied as a time function:

(8)
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The mechanism unit velocities are expressed as a function of the generalized coordinate h: 

(9)

Equations (7-9) to fi nd the linear and angular velocities of 
mechanism units are obtained by differentiating the em-
pirical geometric relations (2-5). The resulting kinematic 
equations are simple due to the fact that the mechanism 
unit velocities are expressed in terms of a generalized 
coordinate and a generalized speed. However, it is nec-
essary to assess their accuracy.
To check the obtained expressions (7-9) for angular ve-
locities to be correct and accurate, these parameters are 
also determined in the traditional way. The latter involves 
building speed plans and drawing up gear ratios [16,17]. 
We use the calculation schemes in Fig 4a, 4b. 
Velocities of the mechanism points are associated with 
vector equations: 

Fig. 4. To fi nd transfer relations for the angular velocities of units: 
a – kinematic scheme of the drive mechanism; b – speed plan

(10)
Equations are solved (10). By designing the velocity vec-
tors on the axis Ox, we get:

(11)

from which 

(12)

According to the diagram in Fig. 4, a we connect the 
speeds of the unit 2 points: 

(13)

We take into account that  and . 
There are expressions from (13) for the transfer relations 
between the angular velocities:

(14)

The values found according to the transfer relations (12) 
and (14) angular velocities of the units are shown in table 
2, where they are indicated ω1π, ω2π, ω3π. The parameter 

(15)

values a=0,1 m and k=12 rad/s are used for calculations. 
Table 2 presents the values of angular velocities to be 
compared calculated from empirical dependencies (6,8) 
as well. 
Speed ratio (7-9) are expressed via the generalized 
speed and generalized coordinate. It enables to express 
the kinetic energy of the mechanism as inner function    
h and . Imprecision of angular velocities by empirical 
ratios (6-8) from the angular velocities found in the tradi-
tional way does not exceed 2-3%. Calculations based on 
the obtained empirical equations (7-9) are simpler and 
more convenient. 

Determination of the kinetic energy of 
the mechanism

Taking into account the motion nature of the mechanism 
units, an expression for calculating its kinetic energy is 
compiled: 

The calculation results of the kinetic energies of the units 
and the entire mechanism are shown in Table 3. 
Calculations have shown that the kinetic energy of the 
mechanism is mostly affected by the kinetic energy T2 
of the executive unit and the terms T1, T3, T4 and T5 in 
expression (15) are negligible. Their total kinetic energy 
does not exceed 1% of the total kinetic energy of the 
entire mechanism. 

(16)

(17)
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No. t,s h,m , m/s ω1π, rad/s ω2π, rad/s ω3π, rad/s ω1, rad/s ω2, rad/s ω3, rad/s

0 0 0 1.200 2.690 -1.928 -2.687 2.672 -1.936 -2.689

1 0.044 0.050 1.039 2.262 -1.693 -2.377 2.314 -1.676 -2.329

2 0.087 0.087 0.600 1.273 -0.992 -1.390 1.336 -0.968 -1.345

3 0.131 0.100 0 0 0 0 0 0 0

4 0.175 0.087 -0.600 -1.273 0.992 1.390 -1.336 0.968 1.345

5 0.218 0.050 -1.039 -2.262 1.693 2.377 -2.314 1.676 2.329

6 0.262 0 -1.200 -2.690 1.928 2.687 -2.672 1.936 2.689

7 0.305 -0.050 -1.039 -2.386 1.686 2.268 -2.314 1.676 2.329

8 0.349 -0.087 -0.600 -1.397 1.007 1.281 -1.336 0.968 1.345

9 0.393 -0.100 0 0 0 0 0 0 0

10 0.436 -0.087 0.600 1.397 -1.007 -1.281 1.336 -0.968 -1.345

11 0.480 -0.050 1.039 2.386 -1.686 -2.268 2.314 -1.676 -2.329

12 0.524 0 1.200 2.690 -1.928 -2.687 2.672 -1.936 -2.689

Table 2: Values of angular velocities of the mechanism units depending on the generalized coordinate h 
and the generalized speedυ  found by different ways

No. h, m , m/s T1, J T2П, J T2В, J T3, J T4П, J T4В, J T5, J T, J

1 0 1.200 0.014 116.58 3.747 0.018 0.003 0.187 0.001 120.6

2 0.050 1.039 0.011 86.896 2.810 0.014 0.003 0.140 0.001 89.86

3 0.087 0.600 0.006 28.835 0.937 0.005 0.005 0.047 0.003 29.83

4 0.100 0 0 0 0 0 0 0 0 0

5 0.087 -0.600 0.006 28.835 0.937 0.005 0.005 0.047 0.003 29.83

6 0.050 -1.039 0.011 86.896 2.810 0.014 0.003 0.140 0.001 89.86

7 0 -1.200 0.014 116.58 3.747 0.018 0.003 0.187 0.001 120.6

8 -0.050 -1.039 0.011 86.896 2.810 0.014 0.003 0.140 0.001 89.86

9 -0.087 -0.600 0.006 28.835 0.937 0.005 0.005 0.047 0.003 29.83

10 -0.100 0 0 0 0 0 0 0 0 0

11 -0.087 0.600 0.006 28.835 0.937 0.005 0.005 0.047 0.003 29.83

12 -0.050 1.039 0.011 86.896 2.810 0.014 0.003 0.140 0.001 89.86

13 0 1.200 0.014 116.58 3.747 0.018 0.003 0.187 0.001 120.6

Table 3: Dependences of the kinetic energies of the units and the mechanism as a whole on 
the generalized coordinate and the generalized velocity

Hence, the dependencies of kinetic energies on the gen-
eralized coordinate h and the generalized velocity  will 
have the following simpler form: 
Using the expressions (16,17), multiple calculations 
were performed and graphs of the mechanism's kinetic 
energy dependences on the generalized velocity and the 
generalized coordinate were constructed (Fig. 5). 
The following values of the inertia characteristics of 
the units are used for calculations: I1A=0.004kgm2, 
I2S=2.0kgm2, I3C=0.005kgm2, I4S=0.1kgm2, m2=100kg, 
m4=20kg, m5=10kg.

Figure 5: Dependences of the kinetic energy of the 
drive mechanism on: a – the generalized coordinate h, 

b – the generalized speed h = 
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DISCUSSION   

Analysis of Russian and foreign technical literature and 
experience in creating grain cleaners with fl at sieves 
show that there is insuffi cient information to meet the 
challenges of increasing their adaptability and effi ciency.
In order to increase the effi ciency of swinging separa-
tors while reducing the specifi c metal content and ener-
gy intensity of the equipment, it is necessary to provide 
controlled oscillatory movement of the executive unit 
with low frequencies (2-3 Hz) and amplitudes larger than 
0.01 m in comparison with traditionally used devices with 
periodic changes in the inclination angle of the sieves. All 
these positive aspects of grain cleaning are realized by 
using a linear asynchronous motor in the drive [1, 10-12].
Some diffi culties in using linear electric motors in differ-
ent fi elds are related to the need to develop an electron-
ic control unit [30-34]. Such a device must provide the 
required motion law of the linear motor stator in accor-
dance with the technological conditions of the machine 
[35-38]. 
In turn, the control unit creation is based on a mathemati-
cal model of the movement of the developed machine. In 
many cases, differential equations of motion of a system 
with one degree of freedom in generalized coordinates 
(Lagrange equations of the second kind) are used to 
model the motion of a machine [19]. 
The given research was aimed to develop a gearless 
grain cleaner that gave the following results. 
The authors propose a kinematic scheme of the mecha-
nism of a swinging separator with such an electric motor. 
A test sample of a grain cleaner was made. The dimen-
sion ratio of the mechanism with one degree of freedom 
is determined by preliminary calculations. 
Since the mechanism is driven by a linear electric motor 
and the profi le of the motor's thrust force is determined, 
the stroke of the h rotor of a linear electric motor relative 
to its stator is chosen as a generalized coordinate in the 
Lagrange equation. The Lagrange equation (1) for the 
selected generalized coordinate takes the form 

(18).

In the equation (?), the kinetic energy of the mechanism 
had to be expressed in terms of a generalized coordinate 
h and a generalized velocity . 
The calculation scheme is shown in Fig. 1. Geometric 
calculations were performed in accordance with the 
scheme (2,3). The positions of all fi ve units of the mech-
anism (including the stroke h of the rotor of a linear elec-
tric motor) were expressed in terms of the angular co-
ordinate φ1 of the crank 1, which performs a rotational 
oscillatory movement around its axis O. 
The calculations made it possible to choose a rational 
course of the leading unit h = ±0,1 m. 
The choice of the stator stroke of the electric motor is 
illustrated by the graphs in Fig. 2. In the selected range 

of the generalized coordinate, the pressure angles in the 
hinges A and B have satisfactory values, and the oscilla-
tion angle φ2 of the separator sieves varies in the rational 
range from 9.23 to -9.23o, corresponding to the literature 
recommendations [3]. 
Based on the results of geometric calculations after sta-
tistical data processing, there are linear equations (5) 
that are more convenient for modeling dependences of 
the angular coordinates of the mechanism units on the 
generalized coordinate h. Similarly, according to the re-
sults shown in table 1, the linear geometric dimensions 
of the mechanism (6) are determined depending on the 
parameter h. 
The results of calculating the geometric parameters of 
the studied mechanism based on empirical dependen-
cies (5, 6) do not differ from the values in table 1.
Then, by differentiating the geometric dependencies 
(5, 6), equations (7) for center-of-mass velocities of the 
mechanism units and their angular speeds relative to the 
generalized velocity are compiled . Similarly, depen-
dences (8) of kinematic parameters of solids 1-5 on time 
and dependences (9) on the generalized coordinate are 
obtained h. 
The accuracy of empirical equations (7-9) is confi rmed 
by more precise methods of the theory of mechanisms 
and machines to fi nd velocities of the drive mechanism 
units [20]. 
The discrepancy between angular velocity calculation 
results based on empirical ratios (7-9) and the values 
found by the traditional method does not exceed 2-3%. 
The expression (15) of the kinetic energy of the mech-
anism under study is obtained as the sum of the kinetic 
energies of all its fi ve units. The results of calculations 
using the formula (15), shown in table 3, showed that 
the kinetic energy of the mechanism is most affected by 
kinetic energy T2. The kinetic energy of the remaining 
units 1, 3, 4 and 5 together make up no more than 1% of 
the kinetic energy of the entire mechanism.  Therefore, 
we assume that the summand T1,T3, T4 and T5 in the ex-
pression (15) are negligible. 
Accordingly, there are the expressions (16, 17) of the ki-
netic energy of the mechanism under study as a function 
of the generalized coordinate h and the generalized ve-
locityh , respectively. These expressions accept draw-
ing up a necessary differential equation of partial deriva-
tives (18) ∂T/∂h∂T/∂ [35-38]. 
The conducted research on the development of a control 
mechanism for a grain cleaner driven by a linear electric 
motor is not complete. 
After completing the mathematical model of the move-
ment of the developed machine, it is planned to design 
and manufacture an electronic control device for a lin-
ear asynchronous electric motor. Such a device should 
provide a profi le of the thrust force of the linear engine, 
which ensures the rational movement of the machine 
links in accordance with the established laws.
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The advantages of drives with linear asynchronous 
electric motors are the simplicity of the machine design, 
reduced weight and energy consumption, the ability to 
continuously control the frequency of the technological 
process, etc. Therefore, such drives can be more widely 
used not only for swinging sieves of grain cleaners, but 
also in a number of other industrial and agricultural ma-
chines. 

CONCLUSION

The paper provides a kinematic scheme and a test sam-
ple of the swinging separator mechanism for dressing 
the grain mixture. As a result of using an asynchronous 
linear electric motor for its drive, there are more favor-
able conditions for the grain mixture cleaning in compar-
ison with existing machines driven by rotation motors. 
The advantages of the developed mechanism are the 
possible non-stop regulation of oscillating plane-parallel 
movement of the sieves (amplitude, frequency and os-
cillation angles), fewer energy costs of the grain mixture 
separation, no need to apply energy-consuming, bulky 
drive components (reducer, a device converting rotation-
al motion into linear motion, etc.). 
The movement of the rotor of a linear electric motor rela-
tive to its stator is offered to be used as a generalized co-
ordinate that determines the positions of the mechanism 
units. There are found linear and angular velocities of 
the lever mechanism units depending on the generalized 
coordinate h and the generalized velocity . There are 
expressions of the kinetic energy of the mechanism in 
the form of equations (16,17), being convenient to make 
partial derivatives ∂T/∂h and ∂T/∂  that are included in 
the Lagrange equations.
The further research is to compile and analyze a math-
ematical model of the grain cleaner performance to de-
velop an electronic control unit for a linear electric motor.
The methods and results of the conducted analyti-
cal studies can be used not only in the design of drive 
mechanisms for swinging sieves, but also in the design, 
upgrade and optimization of different industrial and agri-
cultural machines driven by linear asynchronous electric 
motors. 
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