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INFORMATION IN ENGLISH 

MODELING OF SWITCH RELUCTANCE GENERATOR WITH CAPACITOR EXCITATION 

Sergey G. Voronin 

D.Sc. (Engineering), Professor, Department of Aeronautical Engineering, South Ural State University, Chelyabinsk,  
Russia. E-mail: voroninsg@susu.ru 

Aleksey D. Chernyshev 

Engineer, Electric Drive Design Department, Rezonans plc., Chelyabinsk, Russia. E-mail: ad.chernyshev@icloud.com 

The switch reluctance generator is one of the types of 
electric machines for autonomous power plants. The creation of a 
switch reluctance generator with a new method of excitation and 
switching phase winding in natural mode is the result of the study 
of electromagnetic processes of the switch reluctance generator. 
The new principle of exciting phase windings is based on the 
operating features of such electrical machines. One of them is the 
trapezoidal form of phase voltages. That is, this technical solution 
eliminates the need for tracking and switching phase currents 
depending on the position of the rotor. The winding is excited by 
switching capacitors of the idle phase. This can greatly simplify 
and reduce the cost of electronic control equipment of the switch 
reluctance generator. Due to the novelty of the design, neither 
foreign nor domestic scientists have ever investigated the 
considered technical solution. This article presents a 
mathematical model of a valve-inductor generator with capacitor 
excitation and thyristor control of the excitation current. The 
regulation of the excitation current is carried out by changing the 
ratio between the half-periods of the current transmitted by the 
thyristors and half-periods of the voltage applied to them. The 
mathematical model is created in a dynamic combination of 
ANSYS Maxwell and ANSYS Simplorer. The authors conducted 
an interdisciplinary calculation. The calculation results are given 
in the article in the form of time dependences of currents and 
EMF of windings and capacitors of excitation. As a result of the 
research, an experimental sample of a switch reluctance generator 
with capacitor excitation and microprocessor control was 
designed and manufactured at the enterprise NPP Resonance 
LLC. The oscillograms recorded on the test bench to a large 
extent coincide with the calculated dependences of currents and 
voltages, which confirms the adequacy of the model. 

Keywords: autonomous power plant, switch reluctance 
generator, computer model, finite element model, electric 
machine, electric current, EMF. 
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APPLICATION OF ANSYS ELECTRONICS DESKTOP SOFTWARE FOR ANALYSIS OF COMBINED EXCITATION 
WATER SUBMERSIBLE HYDROGENERATOR  
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The article analyzes the energy potential of small rivers of 
Russia and neighboring countries.  It is concluded that the energy 
consumption  of  small  rivers  is  many  times  higher  than  that  of  
large rivers. This provides a basis for the development of this 
energy sector. However, the development of small hydropower is 
constrained by a number of problems. These are environmental 
requirements, the need for large financial costs for the creation of 
small hydroelectric power plants, obtaining high-quality 
electricity with seasonal fluctuations in water consumption. To 
overcome these contradictions, it is proposed to develop a 
flexible design system that would make it possible to calculate 
hydro generators for a particular river in a pre-selected location. 
At the same time, it is possible to obtain the most efficient 
conversion of river energy into electrical energy. Amo ng a large 
number of types of generators as a hydrogenerator of small and 
medium power, it is proposed to use a generator of the original 
design. The electric machine in question is a submersible type 
generator with combined excitation. The resulting magnetic field 
of the generator is formed from two sources: permanent magnets 
and the excitation winding. At the same time, the hydrogenerator 
has a small size, thanks to the use of powerful permanent magnets 

and a winding for regulating the magnetic flux. As a result, it is 
possible to adjust the magnetic flux through a low-current 
excitation circuit. This simplifies the electronic control system of 
the generator making it small and reliable. The generator has a 
complex magnetic system, so for electromagnetic analysis, an 
accurate electromagnetic field calculation program based on the 
finite element method Ansys Electronics Desktop is used. The 
task is complicated by the fact that the proposed design is not 
included in the database of standard designs. There was a need to 
develop a three-dimensional model based on the primitives 
embedded in the program. The rectifier and voltage regulator 
were modeled in the Citrix electronic circuit editor. The 
characteristics of the generator were studied together with the 
operation of electronic components. The developed digital model 
of the generator showed good convergence with the real 
generator on the main parameters and characteristics. The results 
of the study are presented. 

Keywords: alternative energy, hydrogenerator, combined 
excitation generator, reversed design, contactless current supply, 
digital double. 
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One  of  the  most  urgent  tasks  nowadays  is  to  carry  out  
fundamental research of fundamental processes in highly reliable 
electromechanical energy converters for the aerospace industry in 
order to find new physical principles to ensure maximum fault 
tolerance and energy efficiency. As a result, it is necessary to 
solve scientific problem in the field of improving the reliability, 
energy efficiency and fault tolerance of electromechanical energy 
converters by studying the fundamental processes in highly 
reliable electromechanical energy converters in order to find new 
physical principles to ensure maximum failure resistance and 
energy efficiency. It is necessary to develop a theoretical 
knowledge base for the transition to the technological 
development of highly reliable electromechanical energy 
converters for the aerospace industry.  

This paper presents the calculations of the main parameters 
of a 90 kW high-speed synchronous starter-generator with the 
rotational speed of 65,000 rpm for gearless auxiliary power 
plants. A two-dimensional model of a high-speed synchronous 
starter-generator in the generator and starter modes is given. 
Formulas are given for calculating the power of a high-speed 
starter-generator  in  the  starter  mode.  The  characteristics  of  a  
high-speed synchronous starter-generator in the generator and 
starter modes are analyzed. 

Keywords: high-speed synchronous starter-generator, 
auxiliary power unit, gearless auxiliary power unit, synchronous 
starter-generator, modeling, computer simulation, Ansys 
Maxwell, software package, two-dimensional computer model, 
research of high-speed synchronous starter-generator. 
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When designing dowstep substations, the designer is forced 
to perform a large volume of routine calculations. These 
calculations require the designer to be able to navigate in a large 

volume of regulatory documents, instructions and GOST, as well 
as catalogs of manufacturers of electrical equipment. The use of 
CAD for this purpose significantly reduces the time spent by the 
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designer on the part of the project. However, existing CAD either 
automate one or several stages of the project or are based on 
norms and standards not in force in the Russian Federation. The 
authors of this paper have developed an algorithm of automated 
selection and checking of rigid buses of rectangular cross-section 
made from one strip. The algorithm described in the work allows 
to select the section of the bus according to the condition of its 
heating  with  the  heavy  mode  current,  as  well  as  to  carry  out  its  
check for thermal and electrodynamic withstand. The algorithm is 
characterized by the presence of a mathematical description of 
the nomogram of the dynamic coefficient, which reduces the 
possibility of error in its definition and greatly facilitates the work 
of the designer. The algorithm is based on the current guidelines 
for calculation of short-circuit currents and selection of electrical 
equipment. The developed algorithm is implemented in the 
original CAD of downstep substations, in which the database of 
electrical equipment is integrated. This approach automates the 
development of the project in complex. When selecting electrical 
equipment in this CAD, the designer at any stage has access to 
the database only those sets and conductors that satisfy the 
conditions of their operation in prolonged and emergency modes. 

Keywords: computer-aided design, thermal withstand, 
electrodynamic withstand, busbars, switchgear, substation. 
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The problem of network current distortion and high power 
consumption by lifting valves with frequency-controlled 
asynchronous electric drive and industrial complexes of lifting 
and transport equipment is considered. The technology of 
increasing energy indices of the energy-intensive electrical 
complex characterizing efficiency of electric power consumption 
and use is proposed. In order to increase the efficiency due to 
redistribution of energy of generator braking between electric 
drives and the complex of lifting cranes are all individual, for 
each asynchronous motor, independent voltage inverters with 
input C-filters are connected to common rectifying substation 
similar to standard DC traction substation. A substation consists 
of a power converter transformer, a diode rectifier unit and an 
output reactor. To increase the power factor of the power 
transformer and network, correction of input current of diode 
rectifier unit is applied by means of an active filter of network 
current. In addition, an algorithm is proposed and a control 
system is developed, which makes it possible to maintain 
sinusoidality of current at the input of the rectifier unit, to switch 
the transistor PWM of the switch of the active current filter of the 
network to the transistor recuperator according to the information 

on  the  sign  of  current  in  the  DC  voltage  link  and  the  state  of  
diodes  of  the  rectifier  unit.  The  results  of  research  in  Matlab  
environment of physical processes of rectifier-inverter unit as part 
of electrical complex of lifting and transportation equipment are 
given. 

Keywords: frequency-controlled electric drive, diode 
rectifier unit, network current distortions, active network current 
filter, recuperator, electric power consumption, complex of lifting 
cranes. 
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Evolution of power electronics and microprocessor 
technology has contributed to the situation when an adjustable 
electric drive based on synchronous and asynchronous motors has 
become predominant in metallurgical industry. However, a large 
number of nonadjustable powerful synchronous motors (SM) are 
still in operation. With the existing technology of metallurgical 
industry, most powerful synchronous motors will remain in the 
near future and the issues of their effective use as energy-
intensive consumers as remain relevant and practically 
significant. The article discusses the unrealized reserves for 
power saving of powerful SM for rolling production. The paper 
states the requirements to the automatic excitation control system 
of synchronous motors of rolling mills; these requirements 
include provision of stable, rapidly damping character of the 
transient process during impulse loads and minimization of total 
electric losses in the stator and in the motor field. The paper 
considers different options for design of the excitation systems of 
synchronous motors with a force-measuring transducer as well as 
excitation by the indirect method, by the signals of the voltage 
and the current of the converting unit. Assessment of electric 
energy saving was carried out for operating modes, for on-load 
operation and for idle running. The practice was justified when 
the unit with the unmotivated idle operation of the motor during 
long operational delays of the capital equipment was equipped 
with soft starters to reduce power losses.  

Keywords: synchronous motor, automatic excitation control, 
rolling production. 
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One of the ways to increase the competitiveness of domestic 
products on the world market of ferrous metallurgy is to increase 
the efficiency of steelmaking units and the quality of products or 
product by minimizing the amount of furnace slag in a steel 
pouring ladle. The latter is achieved through continuous 
monitoring, mainly visual, of the melt flow at the stage of its 
release from the bath of the oxygen converter into the steel 
pouring ladle. The work presents the results of experimental 
studies and statistical processing of data sets of the intensity of 
infrared radiation from the melt flow on existing steelmaking 

units in various technological ranges of steel production. It has 
been proved that as a diagnostic sign of the presence of slag in 
the produced melt, one can apply the mathematical expectation of 
infrared radiation of the melt. Diagnostic conditions for observing 
slag in the produced melt are determined by the change in the 
radiation intensity. A technique and an algorithm for calculating 
the diagnostic conditions for observing slag in the melt for 
domestic oxygen converters are proposed. The results of 
industrial testing of the research results are presented. 
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Modern trends in the development of science and technology 
are increasingly using monitoring systems for objects from 
images that are captured from the video stream. To make a 
decision about the state of the object, it becomes necessary to 
obtain a library of images obtained using automated scientific 
research systems. The aim of the proposed work is to justify the 
use of automated systems for scientific research of discontinuity 
on a plane moving surface.  The main feature of the study is  the 
appearance on the surface of objects of an irregular shape and the 
occurrence of classifier conflicts when identifying objects. 
During the study, the block-modular structure of the system was 
determined and two implementation options were proposed. The 
proposed solutions differ in the number of drives that implement 
the movement of the coils and the structure of the control system. 
The implementation of one of the proposed solutions makes it 
possible for trial operation using the “Video Stream” software, 
which makes it possible to capture images from a video stream. 
The results of the trial operation of the system proved the 
sufficiency of using an automated research system to build a 
library of images captured from a video stream to study its 
structure and individual parts. The implemented automated 
system of scientific research is planned to be used to eliminate 
conflicts of classifiers in identifying defects in a metal strip, in 
particular, shells. 

Keywords: violation of surface continuity, flat surface, 
image in a stream, research automation, software and hardware 
complex. 
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The paper deals with the methodology for the design of load 
simulators for ground testing of power supply systems for various 
autonomous objects using a boost converter as a current wave-
forming electrical complex. The structure of the power unit and 
control system of the boost converter block is considered. The 
modern methodologies of design of electrical complexes are 
analyzed. It is suggested to take into account the allowable 
variation in the parameters of power electronic components 
(resistors, capacitors and inductors) when modeling the 
complexes under development using modern software such as 
Matlab Simulink. The created methodology makes it possible to 
identify the peculiarities of the load simulator operation during 
the development stage, to take into account the variation of the 
parameters of the power circuit components, to adjust the 
regulators using simulation models, to analyze a set of design 
options for power circuits and control systems of the electrical 
complex. This significantly reduces the time and cost of the 
simulator design process as well as controller tuning. Numerical 
and laboratory-scale experiments showed good correlation, which 
gives grounds for applying the developed methodology to create 
new electrical complexes for various purposes and their 
components. The convenience of saving the results of 
experiments in the form of arrays of variables and the availability 
of simulation models of electrical complexes in Matlab Simulink 
for the developer allows application of the created methodology 
for further analysis of the load simulator operation at the stage of 
ground testing of power supply systems for autonomous objects 
in order to improve circuitry solutions and to additionally adjust 
the regulators if necessary. 

Keywords: methodology of design, electrical complex, load 
simulator, ground tests, power supply system, autonomous object, 
boost converter, parameter variation, controller, simulation 
model. 
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