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The design of the electrical part of the switchgear of 
substations is mainly carried out without taking into account the 
economic components and the projects in this case must comply 
only with regulatory documents. The exclusion of economic 
factors from consideration when designing switchgears for 
substations is also due to the lack of time for a design engineer 
involved in the development of large-scale project 
documentation and additional calculations under the conditions 
suitable for the end of the project execution period completely 
exclude the possibility of integrated accounting of all factors 
when choosing a switchgear circuit. The paper proposes an 
approach to determine some of the economic components of the 
costs for the design, construction, installation, commissioning 
and operation of switchgears for substations of 35 kV and 
above. The developed algorithm is adapted to the conditions of 
computer-aided design "ORU CAD", which allows for the 
development and documentation of the design of switchgear 
substations with the possibility of taking into account economic 
indicators. This article provides algorithms for calculating only 
economic indicators (capital investment, repair and 
maintenance costs) of substation switchgears. In the future, it is 
planned to develop an algorithm for determining the economic 
damage from the interruption of the power supply to external 
sources of load, which is powered by the designed substation, 
and its implementation in the specified CAD system. The 
developed algorithm for determining the economically viable 
options for the substation switchgear scheme meets the 
requirements of the norms and rules for the design of these 
power industry facilities. The results of the work are applicable 
as an automated workstation of the electrical engineer of a 
design organization. 

Keywords: computer-aided design, techno-economic 
justification, accounts, capital investment, supply interruption costs, 
escalation, objective function, optimization, discounted costs. 
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The paper presents an alternative approach to voltage 
stability boundaries evaluation. Voltage stability boundaries 
evaluation is necessary for assessment of minimum security 
margin. Minimum security margin is a basic criterion applied by 
System Operators to provide corrective actions for maintaining 
power system security. The proposed method is direct but has 
advantages over conventional direct methods. It is based on 
optimization technique and makes it possible to evaluate the 
distance to power system voltage stability boundary. The 
described approach is based on the use of the Newton's method 
and sum of square roots of power flow equations. The paper 
demonstrates the concept of the approach based on simple power 
system models (PV-node – swing-bus, 2PV-node – swing-bus). 
The issue of the proposed method convergence is given special 
attention to in the article.  

Keywords: power systems stability, stability criteria, voltage 
stability, stability margin, emergency control. 
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The realization relevancy of the unloading system with 
adaptive control of specialized training complex "Vyhod-2" for 
training of cosmonauts to work in zero gravity and low gravity is 
justified. The theoretical restrictions of the correcting device 
parameters on convergent rope length and current gravity mode 
are given. The hardware implementation of the horizontal 
movement control system is described. The key points of the 
separate unit of the system are designated. The experimental 
research results of the designated control system are presented. 

Keywords: unloading test bench, simulators, weightlessness 
imitation, control system, correcting device, adaptive. 
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In the electric drive designed on the basis of an 
asynchronous motor with a phase rotor it is proposed to regulate 
the rotor current using the rectifier-inverter unit. The input of the 
rectifier is connected to the terminals of the rotor winding of the 
motor and the output of the inverter performed on the basis of 
IGBT-transistors with reverse diodes is connected to the 
frequency-dependent inductive-active resistance. A capacitive 
filter is included in the DC link. In the electric drive system, the 
installed soft-start of the asynchronous motor with a phase rotor 
is implemented with the possibility of regulating and maintaining 
the constancy of the starting torque to ensure the required 
acceleration. It is proposed to use such an electric drive system on 
conveyors of metallurgical production, which often do not require 
speed control, but providing starting modes with a predetermined 
rate of acceleration including when the conveyor is fully loaded. 
The electric drive system combines some properties of 
asynchronous valve cascade and parametric control systems. The 
operation  of  the  inverter  control  system  is  described,  it  
implements stabilization of the rotor current of an induction 
motor by changing the frequency at the output of the voltage 
inverter as a function of the rectified current of the motor rotor. 
Frequency-dependent inductive-active resistance, referred to as 
induction resistance, contains a massive magnetic core with three 

tubular rods connected by a yoke and each rod has a single-layer 
phase winding. The wall thickness of the tubular rods does not 
exceed the depth of penetration of the electromagnetic field into 
the massive ferromagnetic material. The results of experimental 
studies of the frequency characteristics of the induction resistance 
are presented. The mathematical model of the electric drive 
system is developed, computer simulation of dynamic processes 
is carried out using the MATLAB Simulink application software 
package. The possibility of implementing the proposed method of 
controlling the process of starting an induction motor with the 
stabilization of the starting torque has been proven. 

Keywords: induction motor with phase rotor, starting torque, 
rectifier, inverter, filter, induction resistance. 
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This article considers the flow of mechanical power in the 
electric drive under the condition of vibration disturbances. The 
paper discusses two electric models mounted on a rigid base and 
shock absorbers. The transfer of mechanical energy in such 
systems causes oscillation as mechanical and electromagnetic 

nature. Viscoelastic elements create countervailing force 
preventing deviation from the equilibrium position of the system 
and substantially attenuating high frequency vibrations. Studies 
were conducted using the methods of simulation dynamic 
modeling and frequency analysis. The values of linear 
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displacements of the center of mass of the unbalanced rotor and 
the radial components of the forces acting on the engine bearings 
are obtained as a result of modeling. The action of the inertial 
force on the motor mounted on the rigid base is approximately 
1.5  times  greater  than  the  effect  of  this  force  on  the  system  
equipped with magnetorheological shock absorbers. The 
estimation of mechanical power fluxes is made according to the 
spectrum of inertial force acting on the bearings. Spectrograms 
show that many pronounced harmonics are suppressed by the 
action of dissipative and elastic forces created by 
magnetorheological shock absorbers. The comparison of the 
spectrograms of the two dynamic systems showed that the system 
with active shock absorbers absorbs up to 50% of pulsating 
mechanical energy of vibration perturbations of the electric drive. 

Keywords: electric drive, vibrations, damping, mechanical 
power flows, mathematical modeling, dynamic model of electric 
drive, vibration supports, viscoelastic base. 
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Solving of nonlinear transcendental equations with multiple 
solutions is a complex task of selective harmonic elimination 
pulse-width modulation (SHEPWM) technique for multilevel 
converters. SHEPWM technique making use of particle swarm 
optimization (PSO) is considered in this paper. PSO includes 
varied inertia weight in each iterative procedure in order to 
decrease falling into the local optimum and improve the 
algorithm robustness to achieve the global optimum of the 
solution space. The developed implementation makes it possible 
to calculate several combinations of switching angles, which is 
rather difficult to obtain by traditional methods of optimization. 
The article shows the results of offline calculation of the 
switching angles to exclude low order harmonics. Research 
results are simulated and tested by modeling for a three-level 
neutral point clamped converter. Simulation results show that the 
above mentioned approach effectively eliminates the specified 
lower order harmonics, whereas the switching angle trajectory 
and total harmonic distortion (THD) of output voltage are 
different. The research results can be used to design SHEPWM 
algorithms for three-level converters. 

Keywords: power electronics, selective harmonic elimination, 
particle swarm optimization, total harmonic distortion. 
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The article describes the methods of forming switching 
patterns of a three-level inverter with space-vector pulse-width 
modulation (PWM). Patterns are a combination of switching of 
the three nearest vectors from their set represented in the form of 
a well-known hexagon of basic vectors. The formation of the 
reference vector involving three basic vectors is known in the 
literature as NTV (Nearest Three Vectors). Depending on the 
magnitude of the modulation index taking values from 0 to 1, 
there  are  three  different  ranges.  The  aim of  the  research  of  this  
article is to optimize switching patterns in all ranges in order to 
reduce the number of commutation of inverter switches of high-
power electric drives. The analysis of the inverter output voltage 
harmonics is given for different values of the modulation index 
and an optimized switching algorithm. It is noted that the 
optimized vector PWM algorithms with a reduced number of 
switching makes it possible to reduce switching losses and 
preserve the acceptable harmonic composition of the inverter 
output voltage. The results of the study were obtained on the 
basis of simulation modeling in the Matlab Simulink 
environment. 

Keywords: Three-level NPC-inverter, space vector pulse-
width modulation, switching patterns, modulation index. 
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The article presents an approach to creating a system for 
estimating resource expenditure and predicting the induction 
motors windings insulation condition based on capacitive leakage 
currents. The approach is based on the measurement of capacitive 
leakage currents created by a continuous sequence of rectangular 
voltage pulses. A decrease in the magnitude of these currents 
indicates a decrease in the residual life of the winding insulation. 
Experiments show an exponential decrease in leakage currents 
due to the development of insulation degradation processes in the 
long term. It was proposed to estimate the residual resource value 
using a modeling exponent, whose parameters are determined in 
the current time mode using parameter identification methods 
such as the least squares method (OLS) or methods based on the 
Kalman algorithm. The advantage of the proposed method is the 
comparative simplicity of the technical means used and the 
ability to assess the residual life of the winding insulation relying 
only on the data experimentally obtained through measurement. 
The article describes the operation of the algorithm for the 
prediction of the insulation condition based on the parameters 
identification of the modeling exponent. The possibility of 
predicting the residual resource, expressed in units of time, as the 
difference between the predicted time of failure and the current 
point in time, where the current time here means the operating 
time is shown. The results of the proposed algorithm simulation 
with the identification of a modeling exponent based on OLS are 

given. The algorithm was simulated with a measurement interval 
of 100 hours with a Gaussian distribution law for the error of 
measured leakage currents with a standard deviation of 20%. It is 
shown that the values of the modeling exponent parameters agree 
quite well with the true values at this level of noise even without 
using prefiltration of the leakage current measured values 
sequence.  

Keywords: induction motor, stator winding, winding 
insulation, residual life, leakage currents, diagnostics, insulation 
condition monitoring, insulation condition prediction, parameter 
identification, least squares method. 
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The task of this  work is  to form the function of the poured 
bulk density of metal scrap fragments in melting facilities 
workspace. The object of research is the electric arc furnace 
(EAF). The subject of research is simulation process modeling of 
material charging into the electric arc furnace. The research was 
carried out in laboratory of Nosov Magnitogorsk State Technical 
University and Magnitogorsk Iron and Steel Works. The methods 
of systems analysis, cause-and-effect analytic and empirical 
investigation were applied. In this paper, the description of the 
group the techniques of metal scrap fragments function 
construction of the poured bulk density in melting facilities 
workspace were applied; the description of the technique of the 
simulation process modeling of material charging technique; the 
description of metal scrap fragments function construction of the 
poured bulk density in the electric arc furnace; the description of 
the algorithm of mechanically worked semaphore signaling to 
visualize the poured bulk density of metal scrap fragments in 
melting facilities workspace on the SCADA system at MMK arc-
furnace shop. The results of function construction of metal scrap 
fragments poured bulk density in melting facilities workspace 
(the bulk density value and properties of metal scrap fragments of 
melting facilities workspaces) are supposed to be used to create 
the metal scrap flow simulation modeling system. The metal 
scrap flow simulation modeling system will help decision making 
of the scrap fragments dimensions in electric arc furnace. 

Keywords: poured bulk density, metal scrap, electric arc 
furnace, modeling technique, melting facilities, the poured bulk 
density of metal scrap. 
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This paper describes basic CJSC “Konsom SKS” technical 
solutions overview for industrial equipment vibration protection, 
control and analysis systems, which can be mobile or stationary, 
and measure object vibration to determine its condition. The 
research group carried out analysis of known similar systems for 
diagnostics of electric motors, bearings and other units including 
those systems that use mechanism vibration analysis. It was 
shown that when the defect occurs in some part of the equipment, 
the vibration pattern there is changed. And not only overall 
vibration increases but also the vibration on specific frequencies 
is characteristic for a particular defect. Those frequencies depend 
on geometric and electric parameters of the mechanism. The 
automated vibration analysis systems developed by CJSC 
“Konsom SKS” are based on monitoring and analysis of those 
frequencies. On the other hand, vibration protection and vibration 
control systems are based on monitoring of the mechanism 
overall vibration. The automated vibration analysis systems are 
high end monitoring systems. These systems can diagnose defects 
in  a  roller  or  a  sliding  bearing,  an  AC  or  DC  electric  motor,  
gearbox, coupling, shaft etc. The paper also shows an overview 
of firmware that could be used interchangeably in vibration 
protection, vibration control and vibration analysis systems 
depending on the application. 

Keywords: vibration protection, vibration control, vibration 
analysis, bearing, electric motor, monitoring, accelerometer, 
smart sensor, signal lamp, noise meter, vibration, spectral 
analysis. 
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