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The paper describes a new method of non-destructive testing 
of parameters of electrical cables and wires, which can be used to 
find and localize defects in electric conductors as well as to 
determine certain parameters of the discovered defect. In order to 
implement the suggested method, the quantum-mechanical 
characteristic of electrons is used, which consists in polarization 
of spin magnetic moments of mobile electrons in current-
conducting materials under the influence of an external 
alternating electric field. The specified field can be formed by a 
cylindrical capacitor consisting of two semicylindrical metal 
electrodes located coaxially to the controlled cable. The region of 
circulation of spin magnetic moments acting as a harmonic 
oscillator by means of spin-spin interaction excites a progressive 
polarization wave of spin magnetic moments in the conductive 
wire and this wave interacting with the coil of the induction 
transmitter generates a control signal in the form of alternating 
electromotive force on the coil ends. Parameters of this 
electromotive force (amplitude and phase) contain information 
both about the dimensional characteristics of the current 
conducting wires and about the physical and chemical properties 
of the material they are made from. The non-destructive testing is 
carried out by means of comparison of the control signal with the 
reference one. The process of the reference signal formation 
depending on the purposes of the testing is shown in the paper. 
The suggested method can be used to control the cables and wires 
made from any electrically-conductive paramagnetic and 
diamagnetic materials.  

Keywords: alternating electric field source, through-type 
induction transducer, travelling polarization wave of spin 
magnetic moments of mobile electrons, control and reference 
signals, data measuring system. 
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Asynchronous vibrating motors are widely used in practice 
but they have a significant drawback, a sharp increase in the 
amplitude of oscillations during the passage of the resonance 
zone during the start-up and run-out, which negatively affects 
their operation. Many researchers solved this problem: the use of 
engines with a significant power reserve (30-70%) or capacitor 
braking. However, the power reserve degrades energy 
performance (efficiency and power factor in the operating mode) 
and capacitor braking is very limited and may not coincide with 
the resonance zone. 

The purpose of the study is to examine and analyze the 
particular case in which the vibration of the rotor of a vibrating 
motor at a near resonance frequency occurs when the resonance 
zone travels by coasting in order to identify the method that makes 
it possible to exclude this phenomenon. To carry out the research, 
any serial vibration motor with passport characteristics can be 
applied. In the present work, the initial data for the study, the 
research group used the passport characteristics of the IV-105-2.2 
serial vibrator with a single-key reverse circuit and the main 
parameters of the vibration system with the minimum values of 
dissipative resistances. A mathematical model of the considered 
vibration system and a vibration motor is developed under the 
generally accepted assumptions (without taking into account losses 
in steel, higher harmonics of the magnetic field with uniform air 
gap and supply voltage, which are a symmetric system of 
sinusoidal stresses) in the software environment of the MVTU 3.7. 

A  method  for  applying  a  single-key  reverse  circuit  is  
proposed, which makes it possible to reduce oscillations in the 
resonance zone and to prevent a jamming of the rotor of the 
vibration motor at the near resonance frequency while passing 
through the resonance zone. Calculated oscillograms of transient 
processes were obtained. The correct application of the 
mathematical apparatus allows us to state that the results obtained 
coincide with the various serial vibrators which proves the 
effectiveness of using a single-key reverse circuit while 
increasing the reliability of vibrating machines and increasing the 
life of the electric drive. 

Keywords: vibration machines, asynchronous vibrating 
motor, resonance, start-up, braking, amplitude of oscillations, 
capacitor counter-induction. 
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OPTIMIZATION OF COMBINED ELECTRIC MOTOR DRIVE CONTROL WHEN LOAD CHANGES AS A FUNCTION 
OF THE POSITION OF THE WORKING ELEMENT 
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The choice of the electric drive control system is provided by 
various destabilizing factors due to the nonlinear characteristics 
of the controlled converters and electric machines, limited 
manufacturing accuracy and final stiffness of the elements of the 
kinematic circuits, the complex nature of technological processes 
as well as incomplete a priori information about the parameters 
and properties of the control object. In this regard, in most cases 
it is impossible to achieve the desired results using classical 
synthesis methods to build control systems for complex technical 
objects. In each case, a special approach is required to avoid a 
detailed analysis of the whole spectrum of destabilizing factors 
acting on the system, all the variety of which can be divided into 
parametric (internal) and coordinate (external) disturbances. The 
most complex electromechanical systems are multi-motor 
technologically interconnected electric drives. Such systems are 
used at the enterprises of a number of industries (metallurgical, 
mining, construction, printing, etc.) in the form of transport units 
in which the electric motors are mechanically connected through 
the processed product or transmission due to the friction forces of 
the driving moments to the general elastic traction body. In the 
first case, the control system is required to ensure the adjustable 
tension of the belt, in the second one, the drives must maintain 
optimal relations between the oncoming and escaping branches of 
the traction body. The article presents the results of studies of 
optimal control systems of positional electric drive. As a basic 
device in the combined control system, a multi-channel master 
model can be used, which forms the master actions that change in 
time in proportion to the desired change in the controlled 
coordinates and compensates for the tracking error. If, in addition 
to the master model, the monitoring unit is used to monitor the 
compliance of the actual mode with the specified one, the control 
system will have two degrees of freedom and, therefore, the 
accuracy of the specified mode will increase. 

Keywords: Electric drive, optimization, multi-motor, motor, 
load change, torque. 
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The main causes of deviation in the width of a transfer bar at 
a plate mill  are listed in the paper.  It  was shown that  one of the 
effective  ways  to  improve  the  sheet  shape  is  to  form  a  double  
conical profile at the ends of the transfer bar during rolling. The 
authors introduced the modes of rolling with automatic profile 
control as an advance technology applied at modern rolling mills. 
One of the disadvantages noted in the paper is the discrepancy 
between the speed of the metal leaving the rolls and the linear 
speed of the rolling table before the roll stand in the process of 
moving the screw-down structures. Another disadvantage is low 
accuracy of the skew compensation of the roll gap along the 
rolling sides, which is determined by the setting of the aligning 
control of rolling. The authors examined the mechanism and the 
operating principle of the system of automatic strip thickness 
control of the convertible stand of the plate mill 5000. A method 
of control is suggested, which adjusts the speed of rolls in 
proportion to the displacement of the screw-down structures. The 
mechanism implementing this method in the structure of the 
operating system of the automatic strip thickness control is shown 

in the paper. The authors justified application of the proportional-
differential RAC control and give some recommendations on its 
setting. Oscillograph records of rolling forces and correction 
signals on hydraulic screw-down structures are given and the 
decrease in the skew of the roll gap is confirmed. The research 
group considered the oscillograph records of screw-down 
structure coordinates and the velocity of electric drives in the 
process of forming inverted conic profile at the tail part of the 
transfer bar for the cases of design and recommended setting of 
the RAC control device. A conclusion was made about the 
decrease in the matching error of the gap at the side of the electric 
drive  and  at  the  side  of  the  control  pulpit.  A  number  of  
recommendations on practical implementation of the suggested 
technical solutions are given.  

Keywords: plate mill, grooved rolling, convertible stand, 
system of automatic thickness control, electric drive, adjustment, 
hydraulic screw-down structures, gap, RAC control device, 
setting, experimental studies, recommendations. 
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The paper presents the results of studies of changes in the 
nature of the load in cable lines of 6 (10) kV, feeding the 
industrial and household sector. Based on the results of these 
studies, the paper estimates the time and sections of the cable 
network where the maximum value of the magnetic field 
induction near the cable routes is expected. To assess the 
influence of the magnetic field from the standpoint of 
electromagnetic compatibility and safety, a technique of 
experimental research and a computer model of a three-core cable 
in  the  ANSYS  EM  (Maxwell)  program  were  developed.  The  

study of the distribution of the magnetic field was carried out in 
the operational and emergency modes of cable operation, taking 
into account the established load schedules in the operating 
modes and the adopted relay protection settings in the short-
circuit modes. The paper also estimates the allowable distances to 
cable lines in operational and emergency modes according to the 
electromagnetic compatibility criterion.  
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The article is devoted to the problem of reduction of electric 
energy losses of traction power supply system of alternating 
current (AC). The Strategic Development Programs of Russian 
Railways (RZD) provide for introduction of information 
technology. Information technology requires new approaches to 
estimation methods of traction power supply system operation. 
The formulas are offered to calculate power and electric energy 
losses within the traction power supply system, which make use 
of digital technology to ensure its proper operation. Proceeding 
from the methods of theoretical fundamentals of electrical 
engineering and theory of power supply of 25 kV AC traction 
loads new calculation formulas to determine power losses of 
transformers are obtained. Iron power losses are determined 
taking into account asymmetry of winding voltage. Coil power 
losses of power transformers of traction substations are 
determined taking into account asymmetry of current of 
transformer windings. Current asymmetry is represented by phase 
currents of windings. As initial data the research group takes 
discrete values of expected instantaneous current values of 
traction loads at a certain time interval as well as load values, the 
capacity of the given district traction power supply system is able 
to cope with. Expected instantaneous current values of traction 
loads are determined by the results of monitoring and statistical 
analysis. Calculation of power losses in power transformers of 
traction substations is performed both for one and two 

transformers in operation respectively. Electric energy losses are 
to be calculated considering power losses caused by occurrence 
of instantaneous current values of traction loads. The number of 
the transformers in operation is to be chosen for the minimum 
electric energy losses. 

Keywords: power transformer, traction substation, 
alternating current, power loss, loss of electrical energy. 
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iC dc A B C

U U S S S

U U S S S

U U S S S

, (2) 

 Udc –     -
  (   ); UiA, UiB, 

UiC –    (  -
 ). 

    2-   
  : 

1 2

1 2

3 4

1, 1, 0,
0, 0, 1,
1, 1, 0,

S S S
S S S
S S S

 (3) 

3 4

5 6

5 6

0, 0, 1,
1, 1, 0,
0, 0, 1,

S S S
S S S
S S S

, 

 S1, S2, S3, S4, S5, S6 –   -
; S , S , S  –    . 

     
 (    ) 

  : 

 *
sA setU U     SA=1, 

 *
sA setU U     SA =0, 

 *
sB setU U     SB =1, (4) 

 *
sB setU U     SB =0, 

 *
sC setU U     SC =1, 

 *
sC setU U     SC =0. 

   
  

   , -
  MatLab    (1) – (4), -
  .  3.   -

      
 ,       -

 ,     -
    : , -

, . 
  2-    -
   : 

–  ( . 4, ); 
–     ( . 4, ); 
–     ( . 4, ). 

 . 5    
     -

     3000 .  
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     -
   ,    -

   9 .   -
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3.     -
 . 

 .  8   -
       -

  . 
     -

   ,    -
   9 .    

    -
  ,     -
.  

 .  9    -
     -

   . 
 .  1    -

     . 

 
. 8.        

     

 
. 9.    

 (THD)     
 ( )  

 1 
     
    

R/L 8000 9000 10000 11000 12000 13000 14000 15000 
THDI 68,9 68,9 68,9 68,9 68,9 68,9 68,9 68,9 
THDdr 

(9 ) 
6,1 6,8 7,6 8,3 9 9,8 10,5 11,2 

THDdr 
(6 ) 

11,9 13,4 14,7 16 17 18,6 19,8 21 

 . 2–4    -
    -

      -
: 3, 6  9  . 

  ,     -
     

     -
  ,     -

   ,   
 .   , -

  ,  ,  -
       -

     . 

 2 
    

      
  3  

f f1=3  f2=6  f3=9  
 n    n    n    

0 60  – – – 120 – – – 180 – – – 
± 50 59/61 – 18 18 119/121 18 7 7 179/181 – 4 4 

± 100 58/62 32 31 31  118/122  – 10 10  178/182  6 5 5 
± 150  57/63  – – – 117/123 – – – 177/183 – – – 
± 200 56/64 2 10 10 116/124 – 10 10 176/184 15 6 6 
± 250 55/65 – 3 3 115/125 3 12 12 175/185 – 3 3 
± 300 54/66 – – – 114/126 – – – 174/186 – – – 

 

9

6

3

12

9

18

15

21

8 10 11 12 13 14 15 ×103

THD

L/R

6 

9

24
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 4 
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± 200 56/64 – – – 116/124 –  – – 176/184 2 10 10 
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± 300 54/66 – – – 114/126 –  – – 174/186 – – – 
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In order to identify the best control algorithm, studies were 
made based on the effect of modulation control algorithms on the 
energy characteristics of a two-level autonomous inverter of a 
frequency converter. The research was carried out using 
mathematical and simulation methods. The equations of 
mathematical description were formulated taking into account a 
number of generally accepted assumptions. An equivalent circuit 
of a two-level autonomous inverter, comparisons of the 
algorithms of pulse-width modulation with carrier signals of 
various shapes and frequencies were made. Three different forms 
of the carrier signal were used: triangular, sawtooth with a 
trailing edge and sawtooth with a leading edge. The studies were 
performed at frequencies of 3000, 6000 and 9000 Hz. The 
conclusions were made about the identity of the spectral 
composition of the leading and trailing edges of the sawtooth 
signal, it was also noted that with the triangular waveform the 
part of the harmonics present in the sawtooth form is removed, 
that is, the triangular shape provides the best result of the 
operation of the autonomous inverter.  Also, when the frequency 
of  the  carrier  signal  was  increased,  it  was  noted  that  the  pulse  
packets appeared on different harmonic numbers, shifted, and the 
magnitude and distortion coefficient decreased, that is, the best 
indicators were obtained at the maximum frequency under study. 
When examining the voltage at the output of the chokes at a 
different frequency of the carrier signal, it was noted that at a 
higher value the pulsation frequencies of the output voltage 
decrease. Chokes do not eliminate harmonics but only reduce 
their amplitude. On the basis on the obtained results, it is 
concluded that the algorithm with a triangular carrier signal and 
maximum frequency provides the best harmonic composition of 
the output voltage of the frequency converter. 

Keywords: Electric drive, frequency converter, autonomous 
inverter, pulse width modulation. 
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The article proposes an imitation model of an 
electrotechnical street lighting system, which includes the 
following components: a power supply model, a lighting network 
model, a lighting model of the lighting installation, a model of the 
street lighting control system and a model of changing 
environmental parameters. The Simulink program of MatLab 
mathematical package was chosen as simulation environment. 
The model of the lighting network based on the iterative method 
of calculation is realized, which allows calculating the steady-
state conditions of the electrical part of the street lighting system. 
The model is implemented in the form of an m-function in the 
MatLab language and in the form of a functional block of the 
Simulink environment. Likewise, the lighting model of a street 
lighting installation was implemented taking into account the 
external illumination and the dependence of the light flux of 
various  types  of  lamps  on  the  value  of  the  supply  voltage.  In  
addition, a model of various algorithms for controlling the street 
lighting system is implemented. The resulting simulation model 
allows analyzing the operation of electrotechnical street lighting 
systems over long periods through computer simulation thereby 
enabling the evaluation of the correctness of design solutions and 
the effectiveness of various energy efficiency measures. 

Keywords: Imitation modeling, electrotechnical street 
lighting system, MatLab, Simulink, street lighting. 
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Nowadays wind energy has an important role to participate 
in generating green and cheap electrical power. The countries 
increase the wind turbine potential along with the general 
renewable energy sources development. Scientists and engineers 
are improving the strategies for optimizing the utilization of this 
type of energy using different techniques. Doubly fed induction 
motor (DFIM) becomes the necessary part of wind turbine system 
generation since its good efficiency of using wind power and 
controlling of reactive power, so the wind systems are being 
developed more rapidly because of their advantages as friendly 
and renewable resources of energy. Due to the wind irregular 
obtainability, power system principle should be based on the 
extraction of as much power as possible from the wind. The 
purpose of this research was to introduce a control strategy for 
maximum power point tracking (MPPT) for a wind turbine and to 
study its steady state behaviour by using MATLAB/SIMULINK. 
This modeling algorithm gave us the possibility for asynchronous 
machine or alternator to track and follow the path of maximum 
power extraction and the optimal operation points of the power 
coefficient curve over different wind circumstances simulating 
the wind turbine model and studying the steady state condition 
for the reference value and actual value for the rotor speed, 
electromagnetic torque, the two components of rotor current, 
rotor voltage, stator voltage and the value of currents for the rotor 
side and stator side. 

Keywords: wind generation, wind turbine model, maximum 
power point tracking (MPPT), doubly fed induction motor, steady 
state analysis, indirect speed control mode. 
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During the present scientific research, instantaneous values 
of the electric arc voltage were obtained for the alternative 
current three-phase shaft electric arc furnace SF-125. The 
calculation of the electric arc voltage signal were provided for 
early melting stage on the base of designed mathematical model, 
measured signals of phase voltage and electric arc current and 
predetermined parameters of electric circuit. The obtained results 
made it possible to accomplish the comparative analysis of 
electric arc current and electric arc voltage harmonics fluctuations 
including analysis of the relative RMS values for odd, even and 
total harmonics. Consequently, it is clear that harmonic 
composition of  the electric arc voltage is more stable against 
non-symmetrical modes and random disturbances of electric arc 
length in comparison with harmonic composition of the electric 
arc voltage. Therefore, the method of heating stage diagnostic 
based on the data about harmonic composition of the electric arc 
voltage may be efficiently applied in electric modes control 
systems, providing the rise of energy efficiency for steelmaking 

complex. Nevertheless, at the late stages of melting heating stage 
diagnostic methods based on the data about harmonic 
composition of electric arc current and electric arc voltage have 
equal efficiency. Due to this fact, resource-intensive calculation 
of the electric arc voltage instantaneous values becomes 
unreasonable.   

Keywords: electric arc furnace, electric arc, Fourier 
transformation, harmonic data analysis, heating stage diagnostic. 
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The aim of the research is to develop a method for efficient 
organization of specialized information support for the automated 
process control system, which makes it possible to save only 
information about key elements of a complex structured image. 
When performing the research, the concept of a complex 
structured image is introduced, which includes the object of 
research and many elements that violate its continuity. To 
describe the image, a structural unit of information is introduced, 
which includes the following for the research object: belonging to 
the class, brightness histogram, starting point and description of 
the object boundary; for elements within the object of 
investigation: the starting point of the region of each element and 
the description of the element boundary. To implement the 
structural information unit, a functional diagram of the software 
product has been developed, which contains two blocks: a block 
for forming a mathematical description of the image for storage 
in the corporate Vault; a block of using the mathematical 
description for peer review with the requirement of restoring the 
original image. The developed method has been tested for images 
of sulfuric imprints of continuous-cast billets for the conditions of 
a large metallurgical enterprise in Russia. The initial materials 
were obtained during a passive experiment on a continuous 
casting machine of a curvilinear type. To study the behavior of 
the computational experiment, a software product has been 
designed and developed that provides the construction of a 
mathematical description of the image and its reconstruction. 
Using the array of retrospective information in 2011-2018 and the 
developed software product, an assessment of the efficiency of 
presentation of graphic information in the form of a structural 
unit of information without direct preservation of the image was 
performed. The average share of the stored information from the 
initial volume is 0.53%. The results of the research are applicable 
for automated control systems for technological processes and 
industries where expert evaluation of objects by images is 
necessary, for example, product quality, integrity of equipment, 
continuity of objects in the medical and consumer goods industry. 

Keywords: image, image structure, structural unit of 
information, mathematical description, data warehouse. 
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