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ABSTRACT

The work is devoted to the development of a control system for a wind generator with the use of a switched reluctance motor.
The search for new structures for the construction of the power unit and control system of electromechanical systems of wind power
complexes is an urgent task of today. The most common construction options for such systems include double-fed induction motors
and permanent magnet synchronous generators. In the first case there is no possibility of full control of the flow of power transmitted
to the network, and in the second case the main disadvantage is the high cost of such an electric machine, which is explained by the
use of rare earth materials in its design. The use of a switched reluctance motor as a generator has significant differences compared to
similar use of electric machines based on torque generation due to the Lorentz force. A mathematical model of the electromechanical
system of a wind generator with a switched reluctance motor in the Matlab / Simulink environment was developed. It was shown by
mathematical modeling that when changing the sign of load torque, the machine does not go into braking mode independently, as is
the case with other electric machines. This creates considerable difficulties in the operation of such a system, since the transition to
brake mode requires a change in control effects on the switched reluctance motor. Features of functioning of the switched reluctance
motor in the mode of regenerative braking have been stated. The limits of change of control angles which allow to receive the
maximum amount of the generated electric energy and reduction of pulsations of brake torque of the machine have been defined. The
structure of the control system of a switched reluctance motor has been developed, which involves the use of a modified speed
controller, which divides its output signal into a sign function, which is subsequently used to select the converter control angles, as
well as the absolute value used in the operation of the modulation algorithm of the required current magnitude .
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machines  emerge, with some advantages over
existing ones. Typical wind turbines include the use
of double-fed induction machines or permanent
magnet synchronous machines. The paper proposes
to consider the structure and principle of control of
an electromechanical system of a wind turbine with
switched reluctance motors.

The purpose of this work is to investigate
ways of constructing the structure of a control
system for a switched reluctance motor in the
structure of a wind generator and to study the means
of optimal calculation of control angles in order to
obtain the maximum amount of electrical energy.

To achieve this goal in the work, we must solve
the following tasks:

— to analyze the mathematical description of the

INTRODUCTION. FORMULATION OF
RESEARCH OBJECTIVES

The development of technologies has helped to
reduce the cost of developing and implementing
wind turbines, which has created conditions for
making this area more competitive with respect to
the use of fossil fuels. Offshore wind energy is
currently more competitive per kilowatt compared to
new coal / gas plants across most of the EU,
Australia, Brazil, Chile, Mexico, New Zealand, also
in some Indian and US territories. This trend results
in a high proportion of energy generated by wind
installations (> 30 %) that are integrated into the
grid. At the same time, the main tasks and problems

that need to be addressed relate to the efficient and
reliable use of the existing grid, provided that it is
integrated into its structure of renewable energy
sources. As wind energy increases, the structure and
dynamics of the grid will change significantly in the
coming decades. At the same time, the structure of
wind turbines is also undergoing
significantdevelopment as new types of electric
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switched reluctance motor in order to obtain an
analytical relationship between its state variables
and the input electrical power;

— to develop a mathematical model of a
switched reluctance motor that would allow to study
energy performance in the motor and generator
mode of operation;

— synthesize an approach to the optimum choice
of converter control angles in order to maximize the
amount of electricity received.

This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/deed.uk

230

DOl:https://doi.org/10.15276/aait.03.2019.5

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)



Applied Aspects of Information Technology

2019; Vol.2 No.3: 230-242

ANALYSIS OF EXISTING STRUCTURES
OF WIND TURBINES

Recent trends indicate that wind energy will
play an important role in meeting future energy
needs in order to reduce dependency on produced
fuels and minimize the adverse effects of climate
change. The use of wind energy is the technology
that is most actively developed among renewable
energy technologies. In the last two decades, wind
energy use has been the most promising renewable
energy technology through the development of wind
turbines, aerodynamics, variable speed generators,
power electronics, and microprocessor technology
used in control.

Fig. 1 presents a structure of a wind turbine for
a constant speed that uses an induction generator
with a squirrel-cage rotor connected directly to the

Wind Induction generator
turbine with squirrel-cage
rotor

grid through a matching transformer. Capacitors are
needed to compensate for the reactive power
consumed by the induction generator. The main
disadvantages of using induction generators with a
constant speed of rotation are the consumption of
reactive power, considerable mechanical loads and
poor quality of the generated electricity. In a wind
turbine with a constant speed of rotation,
fluctuations in wind speed lead to mechanical torque
oscillations and lead to fluctuations in electrical
power. Thus, power fluctuation data can lead to
significant voltage fluctuations in a weak power
system. This system does not provide any speed
stabilization, it requires considerable power to the
power supply, and its mechanical design must be
able to withstand high mechanical loads.

Capacitor Transformer

C Gear :© va

grid

T 2 e
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Fig. 1. Structure of a wind generator with a constant speed
Source: compiled by the author

Currently, wind turbine structures with variable
speed are quite popular due to their numerous
advantages such as: increasing the amount of
electricity generated, maximizing power output,
improving efficiency and improving the quality of
electricity. Most modern installed turbines use a

Wind Double-fed
turbine induction
generator

C Gear

double-fed induction generator as a variable-speed
wind turbine using a gearbox, as shown in Fig. 2.
The advantage of this technology is that a reduced
power converter (30 % of full power) can be
connected to the rotor circuit instead of the stator
circuit.

Transformer

o [

Bi-directional
power converter

i

Fig. 2. Structure of variable speed wind turbine based on double-fed induction machine
Source: compiled by the author

In this configuration, the stator is directly
connected to the power grid and the rotor is
connected to it through a semiconductor converter to

control the rotor speed and electrical frequency.
Depending on the size of the frequency converter
(which is typically rated at 30% of the rated power
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of the generator), this circuit is capable of operating
over a wide range of speeds. As a rule, the angular
velocity range is £ 30 % of the synchronous speed,
which  makes this concept attractive and
economically popular. When the generator is
operating at supersynchronous speed, -electrical
power is transmitted to the power grid through the
stator and rotor. When the generator is running at
sub-synchronous speed, electricity is transferred to
the rotor from the grid.

Wind
turbine Permanent magnet

Consider a gearless wind turbine based on a
permanent magnet synchronous generator with
variable speed. In this configuration, the generator’s
rotor is directly connected to the turbine’s rotor
without the use of gearbox, and the generator is
connected to the power grid / load via a power
converter that is rated at full power, as shown in
Fig. 3.

Bi-directional

synchronous generator ~ _ power converter Transformer

- O QEZ §§ o

Fig. 3. Direct-drive gearless generator based on permanent magnet synchronous generator
Source: compiled by the author

This configuration is most suitable for full
power control since it connects to the power grid
through a power converter. The permanent magnet
synchronous generator used in this scheme is a low-
speed generator with a corresponding number of
pole pairs capable of producing high torque at low
speed. The power converter is designed for the full
power of the generator and can transmit power to the
electrical power grid throughout the speed range.
The power semiconductor converter used in this
scheme has two main tasks: to operate as an energy
buffer (DC link) for power fluctuations caused by
the wind installation, and to smooth transients
coming from the power grid. This structure enables
the synthesis of active and reactive power control
systems.

The main properties of wind turbines based on
a permanent magnet synchronous generator:

» gearless operation and increased reliability;

* simple structure, smaller size and cost;

* Jow mechanical and electrical losses;

» higher power factor and efficiency;

* absence of any requirements for the supply of
reactive power;

* higher cost and higher power converter losses;

« there is no need for any external excitation.

This type of wind turbine has better reliability
than the system based on double-fed induction
generator, has better efficiency and is simpler. At the
same time, the requirements for generating reactive
power can be met by appropriate control of the
power converter, both for the double-fed induction

generator and for the direct drive wind turbine with
the full-rated power converter.

As already mentioned, the most popular types
of electric machines used in the structure of wind
turbines are double-fed induction machines and
permanent  magnet  synchronous  generators.
However, switched reluctance motor can also be
considered as a good alternative because they have
high energy efficiency when changing angular speed
over a wide range. However, it is important to note
the significant advantages of such a generator, which
are the majority of mechanical strength and
reliability, high efficiency, low cost of manufacture
due to the absence of permanent magnets in the
structure of the machine. The disadvantages of such
a system can be attributed to the presence of torque
oscillations, acoustic noise, the need to install a
position sensor, as well as the development of a
system that is able to provide high efficiency and
reliability of the wind generator in a wide range of
changes in its angular speed. This is the solution to
the last question.

SYNTHESIS OF MATHEMATICAL
MODEL OF ELECTROMECHANICAL
SYSTEM WITH SWITCHED RELUCTANCE
MOTOR

The difficulty of solving this question is that the
switched reluctance motor is a significantly
nonlinear object, and therefore it is impossible to
obtain an analytical equation that would link the
power generated by the machine to the parameters of
motion of the mechanical part, as well as the signals
of the control system.
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In [5], mathematical modeling was performed
using a number of design parameters of the
generator and control system signals to determine
the output power. The authors formulated
requirements for the operation of the maximum
power tracking system, which allows optimizing the
operation of the generator.

In [6] authors investigated the influence of
control angles in order to stabilize the voltage in the
DC link of the converter. An algorithm for
optimizing generator power when operating at high
angular speeds is presented in [7]. In [8], a study of
this question was performed when the voltage in the
DC link was changed. Changes in efficiency, copper
losses of the machine and generator power output
are presented.

The system of optimization of operation of the
switched reluctance generator at low and high
speeds, which allows to obtain angles of turning on
and off the phases of the machine, was presented in
[9, 10]. However, the practical implementation of
such an algorithm requires the presence of a very
powerful digital signal processor in the control
system structure to determine the on and off angles
in real time. However, the study of generator
efficiency at variable wind speed has not been
addressed in this paper.

In [11] authors presents a system for controlling
the power of a switched reluctance generator at low
speeds by changing the values of control angles.

All of the presented research combines the fact
that the switched reluctance machine in them is
considered as a source of alternating voltage with
constant amplitude without taking into account the

influence of the characteristics of the wind generator
and changes in wind speed. It is known that for each
operating wind speed there is a certain maximum
value of power that can be obtained by the
generator. And that should be a tactic in developing
a control system for a switched reluctance machine.
Therefore, the task of the control system is to
calculate the control angles of the inverter that feeds
the machine, both in the case of operation at low and
at high angular speed, to maintain its operation at the
point of maximum power generated.

A mathematical model in the Matlab / Simulink
environment was developed to investigate the modes
of regenerative braking of a valve jet engine. The
general appearance of the model is presented in
Fig. 4.

Its main components are:

» switched reluctance motor — model of
switched reluctance motor with 6/4 stator and rotor
pole configuration;

» power converter — a subsystem of the power
semiconductor converter that feeds the motor
(Fig. 5);

» current Reg — motor current control subsystem
that controls a semiconductor converter in order to
maintain a given current value in the winding of a
switched reluctance motor during its active state
(Fig. 6);

* CPUg S-Function — a switched reluctance
motor control subsystem implemented in the form of
an S-file and generates, in accordance with the set
angles, the active state signals of the corresponding
phase of the engine.
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Fig. 4. General view of mathematical model of electromechanical system with switched reluctance

motor in Matlab / Simulink environment
Source: compiled by the author
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Fig. 5. A subsystem of a semiconductor converter for powering a

switched reluctance motor
Source: compiled by the author
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Fig. 6. The current control system of the phases of the switched reluctance motor
Source: compiled by the author

INVESTIGATION OF REGENERATIVE
BRAKING MODES WHEN CHANGING
CONTROL ANGLES

We perform simulation of transition to
regenerative braking mode without changing the
power parameters. As is known, any electric
machine based on the use of Lorentz force is able to
enter the mode of regenerative braking automatically
when the sign of the load torque is changed due to
the fact that the value of the EMF generated by the
motor becomes greater than the magnitude of the
applied voltage. However, the functioning of the

switched reluctance motor is based on other
principles, which leads to differences in the
implementation of the transition to brake mode.

The simulation of the generator has been
conducted with load increasing at t = 0.25 s and change
the sign of the load torque at time t = 0.5 s. As it can be
seen from the graphs (Fig. 7), when switching to
regenerative braking, the motor speed starts to increase
infinitely. This is due to the fact that the torque created
by the machine drops to zero, and under the action of
static torque created by the load, there is an increase in
the speed. Consider the principle of current control of a
switched reluctance motor.
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Fig. 7. Graph of switched reluctance machine speed at load increasing at t = 0.25 s and change of sign

of load torque at timet=0,5s
Source: compiled by the author
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Fig. 8. Graph of switched reluctance machine current at load increasing at t = 0,25 s and change

of sign of load torque at timet=0,5s
Source: compiled by the author

From the graph of current (Fig. 8) it is visible  zero, despite the connection to the windings of the
that when the torque sign changes, the current in the  corresponding voltage. At the same time there is a
windings of the switched reluctance motor drops to  fall of the motor torque to zero (Fig. 9).
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Fig. 9. Graph of switched reluctance motor torque at load increasing at t = 0,25 s and change of

sign of load torque at timet=0,5s
Source: compiled by the author

For the phase of the switched reluctance
motor, the equation made by Kirchhoff's second
law has the following form [12]:

. dy
l(em)R +E=u,
where: R — active winding resistance, ¢ =

f (i, 8,,) — the flux of the winding, which depends
on the current flowing through it and the angle of
rotation of the rotor by the so-called magnetization
curve of the machine.

Consider the processes of energy conversion
in switched reluctance motor. In view of such a
simple design, it may seem that the processes of
torque generation and energy conversion are also
quite simple, but unfortunately this is not true.
Energy conversion processes are analyzed using a
single-phase machine to establish the connection
between the power source, the magnetic field
energy in the air gap, and the mechanical energy
on the shaft of the machine. It is necessary to take
into account the saturation of the magnetic system
at the desired level. At the same time, losses in
copper and steel can be neglected, as they will,
although they affect the overall efficiency of
energy conversion processes, but do not make a

significant impact on the principles of torque
generation and energy conversion.

When neglecting losses in copper machines,
the previous equation can be written in the
following form [13]:

dy
dt
Analyzing the derived equation, we obtain:

=Uu.

W_ W

d(L)  di  dL
a “a0 " “ae

= E+a)lﬁ.

The last component can be referred to as the
engine's EPC [14]:

dL
e = a)l@.

Multiplying both parts of the equation by
Kirchhoff's second law by the amount of current
yields instantaneous electrical power at the input of
the circuit:

ui = i®R +Li£+ wizd—L.
dt do

The rate of change of energy stored in the
machine can be estimated as follows [15]:

236

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)



Applied Aspects of Information Technology

2019; Vol.2 No.3: 230-242

dw,, d (Li i2dL  di

dt dt< >:75 Yar
i“wdL di
=7%+LLE.

In accordance with the law of energy
conservation, the mechanical power on the motor
shaft M,w is equal to the power consumed by the
network minus the power losses on the active
resistance i*R and the energy stored in the
magnetic system of the machine. So,

d (Li?
._.2 _ Y e
p ui —i“R dt(Z)

Me —_ —= =
w w
(12R+ng;+wlzdL)— ZR—(l “wdL di
@2 dL
- 2do
Therefore, the switched reluctance motor

torque moment is proportional to the square of the
current and the rate of change of the inductance

profile ar

= From the same equation we can

conclude that the torque sign does not depend on
the direction of current flow, since the value i? is
always positive. Nevertheless, a reversal of the
winding voltage is still necessary in order to return
the coupling level to zero at the end of each pulse.
To implement this, a back voltage must be applied
to the winding to ensure dy / dt < 0. Therefore, the
possibility of reversing the direction of torque
exists if the current is supplied at the stage of
reducing the value of inductance.

Let's change the control angles of the
switched reluctance motor in the mathematical
model under study. To do this, we will make some
changes to the structure of the control system (Fig.

> a8 T Li dt) 10) so that, depending on the output signal of the

speed controller, the operating mode of the motor
is determined: motor or generator. In the future, the
system will use the absolute value of this signal to
perform the functions of receiving key control
signals in order to modulate the required current
value.
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Fig. 10. Modified mathematical model of the current control of a switched reluctance motor
Source: compiled by the author

The complex of mathematical modeling The conducted researches made it possible to

allowed to develop an algorithm that calculates the
angles of turning on and turning off the
corresponding phases of the switched reluctance
motor in order to optimize the amount of generated
electricity (Fig. 11).

establish the relationship between the angle of
turning on and turning off the corresponding
phases of the switched reluctance motor and the
speed of rotation of its shaft (Fig. 12 and
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Fig. 11. Structure of the algorithm of optimization of the angles of turning on and turning off the
corresponding phases of the switched reluctance motor during its operation in the mode of

regenerative braking
Source: compiled by the author

Fig.13), which ensures maximization of the
amount of electricity received, and is an important
scientific and technical result for the functioning of
such systems.
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Fig. 12. The relationship between the angle of
turning on the corresponding phases of the
switched reluctance motor and the speed of

rotation of its shaft
Source: compiled by the author
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Fig. 13. The relationship between the angle of
turning off the corresponding phases of the
switched reluctance motor and the speed of

rotation of its shaft
Source: compiled by the author

CONCLUSIONS

In this work, a theoretical generalization and
solution of the actual scientific and technical
problem of synthesis of a control system of a
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switched reluctance motor in the composition of a
wind turbine installation has been made.

The most significant scientific and applied
results, conclusions and recommendations are as
follows:

1. Features of functioning of the switched
reluctance motor in the mode of regenerative
braking are stated. The limits of change of control
angles which allow to receive the maximum

reduction of pulsations of brake moment of the
machine has been defined.

2. The structure of the control system of a
switched reluctance motor has been developed,
which involves the use of a modified speed
controller, which divides its output signal into a
sign function, which is subsequently used to select
the control angles of the converter, as well as the
absolute value used in the operation of the

amount of the generated electric energy at
current.

modulation algorithm required magnitudes of
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AHOTALIS

PoGota mpucBsiueHa po3poOLi CHCTEMH KEpyBaHHS BITPOTEHEPATOPOM 3 BHKOPHUCTAHHSAM BEHTHJIBHOTO PEAKTHBHOTO
nuryHa. IIOmIyK HOBHX CTPYKTYp MHOOYZOBM CHJIOBOI YaCTHHH Ta CHCTEMH KEpYBaHHS CJIEKTPOMEXaHIYHHX CHCTEM
BITPOT€HEPATOPHUX KOMIUIEKCIB € aKTyalbHOIO 3aJadyelo ChorojieHHs. Jlo HaiOimbII pO3MOBCIOPKEHNX BapiaHTIB MOOYIOBH
TaKUX CHCTEM BiIHOCATBCS BITpOreHepaTopyu Ha 0a3i aCHHXPOHHOI MAIlMHU 3 TTOJBIHHUM >KUBJICHHSIM | CHHXPOHHI T'€HepaTopH 3
MOCTIMHUMH MarHitTamu. Y TMepHioMy BHIAAKY BIJICYTHS MOJKJIMBICTh TOBHOTO KEPYBaHHS IIOTOKOM MOTYXHOCTI, IO
HepelaeThecs 0 MEpexi, a y IPYroMy BHIIAJKY OCHOBHHM HEJOJIKOM € BHCOKa BapTiCTh Takoi ENEKTPHYHOI MAIIMHHM, IIO0
MOSICHIOETHCSI BUKOPUCTAHHSIM PiIKO3eMeIbHUX MaTepianiB y ii KOHCTpYKIii. BukopucTaHHs BEHTHIBHOT PEaKTUBHOI MalllMHK Y
SIKOCTI TeHepaTopa Ma€e CYTTEBI Bi]MIHHOCTI Y MOPIBHSHHI 3 aHAJIOTIYHUM BHKOPHCTAHHSAM €JIEKTPUYHHUX MAIIHH, 0 0a3yI0ThCs
Ha CTBOPCHHI KPYTHOTO MOMEHTY 3a paxyHOK cwin JlopeHua. Bymo po3po0iieHO MaTeMaTHyHy MOJeNb eIeKTPOMEXaHIuHOT
CHCTEMH BITpPOTeHepaTopa 3 BEHTHJIBHHM PEaKTHBHHM IBUTYHOM y cepenosuini Matlab/Simulink. Hlnsixom MareMaTHYHOTO
MOJIENIOBaHHs 0yJI0 MOKa3aHo, II0 NMPHU 3MiHi 3HAKy MOMEHTAa HaBaHTA)KEHHS MalllMHA HEe MePEeXOAUTh CAaMOCTIHHO B rajbMiBHHI
peXUM, K 1€ BinOyeThCS Y BHUIAKY IHIIMX €IEKTPHYHHX MammuH. Lle cTBOproe 3HauHi cKiamgHOm y (pyHKIIOHYBaHHS TakKoi
CHCTEMH, OCKUIBKH MepeXill y ralbMiBHUH PEXMM BHMara€ 3MiHHM KEpYIOUHMX BIUIMBIB Ha BEHTHJIbHHH PEaKTHBHHI JBUTYH.
BcraHoBieHO 0COOIMBOCTI (DYHKLIOHYBaHHS BEHTHJIBHOTO PEaKTHBHOTO JIBUT'YHa B PEXHMI PEKYNEpPaTHBHOTO rajJbMYBaHHS.
Bu3HaueHo Mexi 3MIHM KyTIB KepyBaHHs, IIO JJO3BOJISIIOTH OTPHMYBAaTH MAaKCHMAallbHY KiJIbKICTh T€HEpPOBAHOI €IEKTPHYHOT
SHepril P 3MEHIICHH] MyJbCalliii raJbMiBHOTO MOMEHTY MAaIlHHU. PO3POOICHO CTPYKTYpY CHCTEMH KepPYBaHHS BEHTHIbHUM
PEaKTHBHUM JIBUT'YHOM, IO Mepeadadyae BHKOPHCTAHHS MOAM(IKOBAHOTO pEryisTopa IIBHAKOCTI, IO BHKOHYE PO3JIiICHHS
CBOTO BHXIJHOTO CHUTHAJIy Ha 3HAKOBY (YHKIIIO, 110 B MOJAJbLIOMY BHKOPHCTOBYEThCS JUIs BHOOpPY KYTIB KepyBaHHSI
HEepeTBOPIOBAaYEM, a TAKOXK Ha aGCOIOTHY BEIMYMHY, IO BUKOPHCTOBYETHCS NMPU POOOTI aaropuTMy MOIYJSLIl HEoOXimHOT
BEJIMYUHH CTPYMY.

Keywords: BeHTHWIBHHI pEaKTHBHHI JBHTYH; BITPOTGHEpaTop; CTPYMOBE KEPYBaHHS;, CHCTeMa KepyBaHHS,
eJIEKTPOMEXaHiuHa CHCTEMa; TIEPEXiqHUIN MPOIIeC
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AHHOTAIMA

Pabora mocasiena pa3paboTKe CHCTEMbI YIIPABICHUSI BETPOrEHEPATOPOM C HUCIOJIb30BAHHEM BEHTUILHOTO PEAKTHBHOTO
nBuraress. [IOMCK HOBBIX CTPYKTYp IOCTPOEHHS CHJIOBON YacTH W CHCTEMBI YIPABJIEHHS DIICKTPOMEXAHUYECKHX CHCTEM
BETPOTEHEPATOPHBIX KOMIUIEKCOB SIBIISIETCS CETOIHS aKTyalbHOW 3amadveir. K Hambosiee pacmpoCTpaHEHHBIM BapHaHTaM
MOCTPOCHUSI TAKUX CHCTEM OTHOCSITCSI BETPOTCHEPATOPHI Ha Ga3e aCHHXPOHHOW MAIIMHBI C IBOMHBIM MUTAHUEM W CHHXPOHHBIE
reHepaTopbl C MOCTOSHHBIMH MarHuTamu. B TepBOM cilydae OTCYTCTBYET BO3MOYKHOCTH TOJHOTO YIIPABICHHS MOTOKOM
MOII[HOCTH, KOTOpasi MepelaeTcsi B CeTh, a BO BTOPOM CIIydae OCHOBHBIM HEIOCTATKOM SIBJISETCSI BBICOKAs CTOMMOCTBH TaKOM
AIIEKTPHYECKOM MAIIMHBI, YTO OOBSICHACTCS UCIIOIb30BAHUEM PEIKO3EMENBHBIX MATEPUAJIOB B €€ KOHCTPYKIHHU. Mcrons30BaHme
BCHTWJIBHON PEAKTHBHOM MAIIMHBI B KAa4eCTBE TEHEpPAaTopa MMEET CYLIECTBCHHBIC OTJIMYME B CPABHECHHH C AHAJIOTHYHBIM
HCITOJIb30BaHUEM DJIEKTPUYECKMX MAIIMH, KOTOpble 0a3sHUpYIOTCs HA CO3JAHWM KPYTAIIEr0 MOMEHTa 3a cueT Cuiibl JlopeHia.
Bbut0 pa3zpaboTaHo MAaTEMaTHYECKYIO MOJENb DIIEKTPOMEXaHMYECKOH CHCTEMBI BETPOTCHEPATOPA ¢ BEHTHIIBHBIM PEAKTHBHBIM
nsurareneM B cpere Matlab/Simulink. TIyrem mMareMaTH4ecKOro MOJeIMPOBaHMs ObLIO TOKAa3aHO, YTO MPH W3MEHEHHH 3HAKa
MOMEHTa Harpy3Kd MallliHa HE MEePEXOIUT CaMOCTOSATEILHO B TOPMO3HOM DPEXHM, KaK 3TO NMPOMCXOMUT B Cilydae IPYrux
AIIEKTPHYECKHX MAIIKMH. DTO CO3/aET 3HAYUTENbHbIE TPYAHOCTH B QYHKIMOHUPOBAHUM TAKOM CHCTEMBI, TIOCKOJIBKY MEPEXO0] B
TOPMO3HOW PeXHM TpeOyeT U3MEHEHHS YIPABISIOMINX BO3ACHCTBUN Ha BEHTHWJIBHBIM PEAaKTHBHBIM ABUrateib. OmpeneneHbl
0COOEHHOCTH (DYHKIMOHHPOBAHKS BEHTHJIBHOTO PEAKTHMBHOTO JBHrareis B PEKUME PEKYIEPATHBHOIO TOPMOKCHHS.
OrmpejiesieHO Tpesiesibl M3MEHEHHs YIJIOB YIPABJICHHS, YTO MO3BOJISIET MOJNYYUTh MAKCHMAIbHOE KOJMUYECTBO T'€HEPHPYEMOit
DJIEKTPUYECKON SHEPIHU IPU YMEHBIIEHUH ITyJIbCAllMii TOPMO3HOTO MOMEHTa MAIIMHBI Pa3paboTaHO CTPYKTYPY CHCTEMBI
VIpPaBJIEHUs BEHTWIBHBIM PEAKTUBHBIM JIBUTATENIEM, KOTOpPas IPEIyCMAaTPUBAET HCIIOJIb30BaHHE MOIU(DUIIMPOBAHHOTO
peryisitopa CKOPOCTH, KOTOPBIA BBINOJHSET pa3lelieHHe CBOEr0 BBIXOJHOIO CHI'HANA Ha 3HAKOBYIO (DYHKIHIO, KOTOpas B
JaJbHEHIIIEM UCIIOIB3YETCsI sl BRIOOpA YIJIOB yIpaBJIEHUs Mpeobpa3oBarelieM, a TakkKe Ha abCONIIOTHYIO BEJIHYUHY, KOTOpas
HCIIOJIB3YETCs NP PaboTe alropuT™Ma MOIYIISIUE HEOOXOIUMOM BETHYUHBI TOKA.
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