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At present, great attention is paid to the problem of 
improving the accuracy of measurement information received in 
the electrical networks. The highest error is observed in currents 
obtained using instrumental electromagnetic current transformers 
(CT). It takes place due to CT saturation core during transient 
states including fault in the primary, costumer commutations and 
magnetizing–current inrush. The saturation process can start in 
the first cycle or in the following cycles of transient state. 

The article represents literature analysis of increasing data 
reliability received from CT during both transient state and 
steady-state mode. The techniques based on usage of distorted 
secondary current, CT core magnetization curve and magnetic 
flux  according  to  start  of  saturation  process  in  the  CT magnetic  
system. The sophistication of existing methods was revealed and 
their advantages and disadvantages are showed. 

In the beginning of the paper, the systematization of existing 
methods was performed on the basis of classical and modern 
methods. Classical methods are characterized using optimization 
of core absolute permeability. Modern techniques of secondary 
current compensation make use of the mathematic modeling 
using curve magnetization and prediction of the transient values 
of the distorted signal. Further, testing results of more effective 
existing techniques and their comparison analysis are performed. 
During testing, the accuracy of secondary current compensation 
is determined with sampling rate according to IEC 61 850 
standard i.e. 80 samples per cycle of commercial frequency (4 
kHz). In conclusion, the appropriateness of making use of the 

described techniques was proved and future work in this direction 
was proposed. 

Keywords: current transformer (CT), secondary current, CT 
core saturation, magnetizing current, magnetization curve. 
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Alexander N. Butakov  
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Tomsk, Russia. 

The work is dedicated to reaction wheel assembly automatic 
control system design as a part of spacecraft orientation system. 
The data processing algorithms for resolver-to-digital converter 
1310NM025 output signals are given in this paper. This chip is 
used as a feedback signal source in dynamic rotary torque control 
system. Two measuring channels of the chip are involved. They 
are configured to receive the same input resolver signals with 
different resolutions (fine and coarse ones). Thus, the algorithms 
are used for the maximum output signal resolution expanding by 
mixing fine and coarse channel measurement results. The first 
algorithm adds up the fine channel rotation speed value 
depending on its overflows number. The second algorithm is 
necessary for setting initial rotation speed measurement of the 
first  one  when  the  system starts.  It  is  also  needed  to  make  sure  
that rotation speed measurement is working correctly during 
reaction wheel assembly operation. Thus, the increased digital 
velocity signal resolution can be achieved without limiting 
rotation speed of resolver by using the above methods. The 
considered system is fully implemented by using domestic 
electronic components, which also includes the 1310NM025 chip 
developed by Milandr Inc. and field-programmable gate array 
5576 . Verilog HDL has been used for the above algorithms 
digital implementation. The designed rotation speed measurement 
prototype and the whole system positive experiment results were 
obtained. 

Keywords: rotation speed measurement, a static control 
system, reaction wheel assembly, field-programmable gate array, 
resolver-to-digital converter, dynamic torque control, acceleration 
control, 1310NM025 chip, spacecraft orientation and stabilisation 
system, resolver, rotor position detector, digital control system, 
measuring channels mixing, resolution increasing method. 
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APPLICATION OF GENETIC ALGORITHMS IN PROBLEMS OF PLACEMENT OPTIMIZATION OF 
COMPENSATING DEVICES 
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The article deals with the problem of improving the 
efficiency of open distribution networks through the optimal 
distribution of reactive power between the nodes of the network 
subject to compensation. A comparative analysis of optimization 
methods is carried out on the basis of which and in accordance 
with the purpose of the study, a genetic algorithm is chosen. The 
basic concepts and theoretical provisions of the genetic algorithm 
are adapted to solve the optimization problem of placing 
compensating devices in the nodes of the distribution network. In 
accordance with the proposed mathematical model for optimizing 
the placement of compensating devices, a block diagram of the 
genetic algorithm was programmatically implemented in Mathcad 
for various schemes of connection of power supply systems. The 
distinctive features of the developed modified genetic algorithm 
include the coding procedure that provides the solution of the 
optimization problem in non-negative discrete variables; the 
procedure for checking the limit on the value of excess reactive 
power. The results of the comparative analysis of the programs 
implemented by genetic algorithm and exhaustive search and 
testing program for the open distribution network businesses have 
shown expediency of application of the genetic algorithm in 
solving optimization problems in the field of site selection and 
placement of compensating devices. 

Keywords: compensating devices, reactive power, 
compensating devices, reactive power, genetic algorithms, 
genetic algorithms, Mathcad. 
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Modern automated systems of management of energy 
resources of premises (in particular, "Smart house" systems) 
contain in the structure of the device of switching of electric 
loadings which are mainly carrying out switching of the 
alternating current of network of power supply (~220 V, 50 Hz, 
16 A). This class of devices is designed to implement the 
possibility of remote control of electrical loads (on / off), as well 
as the implementation of automatic operation of the system 
according to a given script. The article deals with various 
methods of switching electrical loads of residential premises and 
electromechanical and semiconductor devices, which are most 
widely used at the present time. The comparative analysis is 
carried out and shortcomings of each type of switching devices 
are revealed. The process of formation of an electric arc in the 
moments of switching of electromechanical devices is 
considered. Modern variants of protection or reduction of 
influence from arc formation in electromechanical devices of 
commutation leading to erosion of contacts are presented. The 

influence of a particular type of electrical load on the life of an 
electromechanical relay is considered. Modern semiconductor 
elements for switching loads in AC networks as well as ways of 
reducing electromagnetic interference in the networks using them 
are presented. Promising solutions such as "Snabberless" series 
triac reducing the total cost of the final product and reducing its 
weight and dimensions are considered. A method for switching 
electrical loads of residential premises is proposed, which is 
based on combining the advantages of electromechanical relays 
and semiconductor devices. This solution makes it possible both 
to maintain the small size of the final device and to extend the 
electrical life of the switching device to a time interval 
corresponding to the period of major repairs or the entire life of 
the premises. 

Keywords: switching, electrical load, resistive load, induc-
tive load, electromechanical relay, triac, transient, smart home, 
control, automation. 
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In this paper, an improved control system of the active 
rectifier of powerful three-level frequency converters 
implemented on the basis of selective harmonics elimination 
method with pulse-width modulation (PWM) was proposed. The 
new control system selects one of the switching angle tables 
depending on the modulation coefficient. Making use of 
additional tables of switching angles can improve power quality 
on the input bus-bars of the electric drive by eliminating the 35th 
harmonic.  The  parameters  of  the  main  electric  drive  of  the  cold  
rolling mill 2000 “Sheet Rolling Shop no. 11” of the 
“Magnitogorsk Iron & Steel Works” were used for the simulation 
model.  On  the  basis  of  the  developed  simulation  model  of  a  
frequency converter with an active rectifier, a comparative 
analysis of the conventional and the advanced control system is 
carried out taking into account their influence on the harmonic 
distortion (THD) of the voltage on 10 kV bus-bars in the internal 
power supply system, which showed a decrease in the average 
value of the voltage THD by more than 5 %. 

Keywords: active rectifier, frequency converter, pulse-width 
modulation, power quality, active rectifiers control system.  
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A modern vessel is a complex system that includes many 
technical means with different functions and operating principles. 
Electromagnetic interference occurs in electrical power systems, 
which can cause electrical equipment failures. Ships are 

characterized by close proximity of highly sensitive equipment, 
power equipment and cable routes, which are subject to 
interference. Ensuring electromagnetic compatibility is 
complicated by the growth of energy saturation of ships, the 
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widespread use of digital technology in control systems and 
information processing. The paper demonstrates the results of 
electrostatic discharge for ship cable with the amplitude of 25 kV. 
The interference is simulated by the simulator ESR-25000 for a 
braided cable and a metal tube that simulates metal structures on 
the ship. ESR in the screen of the ship cable leads to the 
propagation of pulse voltage across the screen and the appearance 
of voltage on the internal veins. Attenuation of interference at the 
far end of the cable after 50 meters is not more than 10 % of the 
original voltage pulse. 

Keywords: electrostatic discharge, electromagnetic 
compatibility, testing, marine cable, pulse voltage, sensor of 
voltage, breakdown of the insulation, noise. 
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Methods for the exact determination of the surface waves 
velocity by the electromagnetic-acoustic method are proposed. 
The method is suitable for rectangular samples of ferromagnetic 
materials, in particular for structural steels. The velocities of 
ultrasonic waves in the material are shown to be related to the 
elastic moduli of the material. The determination of the elastic 
modulus values of the material is an important materials science 
problem. The best method for the determination of the speed of 
surface waves is that of electromagnetic-acoustic conversion, 

which combines both non-contact measurement and quick 
operation. Wire meander transducers are used as sensors, which 
can operate in two modes: a combined mode (one sensor 
generates a wave and receives its reflection) and a separate mode 
(one sensor generates a wave while the other one receives it). The 
main inaccuracies of the method have been analyzed. The main 
inaccuracy has been shown to be associated with   the 
determination of the time interval of the wave propagation. This 
is due to the difficulty of obtaining the reference point since the 
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probe pulse has a damped shape. A detuning from the probe pulse 
in determining the time interval of the wave propagation has been 
proposed. Another measurement inaccuracy is related to the 
accuracy of determining the base of the meander transducers (the 
distance between the centers) operating in separate mode. Simple 
formulas for calculating the surface wave velocity and the base of 
the meander transducers have been obtained. Technique testing 
was carried out using the sample of Armco iron. The accuracy of 
determining the surface Rayleigh wave was + 0.5 %. It has been 
shown that the use of modern digital detectors of time interval 
will allow one to obtain the accuracy of + 0.05 %. The velocity 
values obtained with the specified accuracy can be used to 
determine the elastic moduli as well as to assess the elastic 
properties of the material, for example, sheet metal anisotropy as 
an independent information parameter. 

Keywords: surface acoustic waves, Rayleigh waves, 
ultrasound, ultrasonoc velocity, elastic moduli, anisotropy, 
electromagnetic-acoustic method, ferromagnetic materials, 
accuracy of measurements. 
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The  aim  of  the  study  is  to  increase  the  efficiency  of  the  
operation of the technological data warehouse in the multi-stage 
metallurgical production control system with a consistent linkage 
along hierarchical levels and integration into a single system for 
collecting and processing of information. In the course of the 
study, an analysis was made of the number of records in the 
Technological Data Store; analysis of the prerequisites for the 
transformation of the structure of the technological data 
warehouse for a large metallurgical enterprise with a production 

full cycle; a concept was developed to transform the structure of 
the technological data storage including the definition of the main 
entity: the basic unit of production, which follows the specified 
processing paths; the principle of splitting the basic unit of 
production into elements during the trajectory of processing 
through metallurgical conversions; the definition of the main 
trajectories of the promotion of the unit of production and its 
elements in the divisions of the enterprise (workshops); 
increasing the information flow in real time while promoting a 
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unit of production and its elements along a selected trajectory. 
The study was conducted from 2017 to 2019 for the conditions of 
the PJSC “Magnitogorsk Metallurgical Plant” with the 
participation of Ausferr Research and Technological Center. In 
conducting the study, a conceptual modeling method was used to 
analyze material and information flows. The developed concept 
for the construction of a Process Data Storage Facility based on 
the Oracle DataBase 12c platform provides for the introduction of 
the main unit of production and its elements, which follow the 
specified processing paths and increase the information flow in 
real time. The new concept of building a technological data 
warehouse has improved the efficiency of access and extraction 
of the accumulated information for conducting analytical work 
with samples from large-scale arrays. 

Keywords: technological data warehouse, metallurgical 
enterprise, databases, database management systems, information 
systems, basic unit of production, elements of unit of production. 
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The goal of this research is the development of feasibility 
check of an electric drive non-contact diagnostic system that 
excludes sensor mounting and uses an industrial condenser 
microphone as a sensitive element instead. To verify this 
proposition, a commercial microphone was used, which was 
designed to measure acoustic noise, sound pressure and a 
frequency response in the hearing range. This paper covers the 
analysis of existing electric drive diagnostic systems; 
experimental obtainment of electric motor acoustic vibration 
spectrum and its comparison to the vibration spectrum of the 
same motor measured using accelerometers; specific defect 
frequencies calculation for contact bearing and gearbox; the 
principle of building the electric drive diagnostic system using 
condenser microphone is formulated. This research was based on 
empirical methods of problem solving. As a result of the research, 
the research group proposed the principle for electric drive 
diagnostic system functioning that uses condenser microphone as 
a  sensor.  The  results  of  this  work  can  be  used  for  the  
development of stationary or mobile diagnostic systems for rotor 
equipment that meet the requirement of the Industry 4.0. 

Keywords: diagnostics, acoustic vibration, bearing, electric 
motor, monitoring, condenser microphone, spectral analysis 
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The paper is concerned with the importance of investigating 
the influence of the operation life of transformers on their energy 
characteristics. This problem is really pressing for all the network 
transformers of the PJSC “Magnitogorsk Iron and Steel Works” 
(PJSC “MMK”) as a significant number of them have been in 
operation for 50 years of even longer. The literature review 
carried out by the research group revealed that in most cases the 
information about energy characteristics and about the 

transformer efficiency is obtained from the calculations based on 
the certified values of the idling losses and short-circuit losses. 
The research group noted the efficiency of experimental 
determination of the transformer efficiency on the basis of the 
idling losses and short-circuit losses. An experiment was carried 
out to calculate electric losses by power measurement using the 
two-wattmeter method. The connection diagram of the measuring 
device was considered. The assessment was given to the 
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influence of the power measurement accuracy on the calculation 
of the transformer efficiency, which has been in operation for 
more than 60 years. The results of experimental data processing 
are presented. The investigations confirmed the insignificant 
increase of iron losses and the decrease of the transformer 
performance by about 0.5%. This confirms the possibility of 
making use of transformers for longer periods then the normative 
period if timely maintenance work and scheduled repairs are 
provided. The authors carried out the analysis of the obtained 
results and compared them with the materials published by other 
scientists. They stressed the need to take into account the increase 
in iron losses when the service life exceeds 20 years. The paper 
also provides recommendations on improving of the maintenance 
service by means of installation of on-line state monitoring 
systems.  

Keywords: power transformer, service life, performance, 
electric losses, experiment, literature review, statistics, 
maintenance service, on-line monitoring, recommendations. 
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