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MATHEMATICAL SIMULATION OF AUTONOMOUS WIND ELECTRIC
INSTALLATION WITH MAGNETOELECTRIC GENERATOR

Purpose. Development of a mathematical model of an autonomous wind power plant based on an end-generator with a double stator
and combined excitation to evaluate methods for improving the efficiency of conversion of mechanical wind energy into electricity.

Methodology. The research used methods of general theory of wind power plants, methods of mathematical modeling, which
are based on the numerical solution of nonlinear differential equations to evaluate methods for correcting the output power in
Matlab-Simulink by modifying standard units.

Findings. A numerical simulation mathematical model of an autonomous wind power plant consisting of a magnetoelectric
generator with an axial magnetic flux with combined excitation and a double stator has been developed. The model was created to
study the parameters and characteristics of the installation, as well as to evaluate methods and means to improve the efficiency of
conversion of wind energy into electricity. According to the research, it is established that a more effective method for regulating
the output power of the generator in the wind turbine is the use of additional winding for magnetization, compared with the use of
additional capacity. The latter provides up to 7—16 % increase in output power, while using the magnetizing winding can increase
the output power to 32—35 %. The results obtained by the authors allow further developing a number of methods to increase the
efficiency of conversion of mechanical energy of the wind turbine rotor into electrical energy.

Originality. The mathematical model developed for the first time, in contrast to the existing ones, takes into account the pres-
ence of a double stator, an additional winding for magnetization of the magnetic system and the axial nature of the circuit of the
main and additional magnetic flux. The developed model also takes into account the change in the parameters of the electric
generator with axial magnetic flux when changing the parameters of the wind, the rotor of the wind turbine and the load. The
model is designed to analyze the possibility of adjusting the output power of the generator when the wind speed changes.

Practical value. The simulation results indicate the prospects of industrial implementation of wind power plant based on mag-

netoelectric generator for their use as autonomous electrical installations and as part of shunting power systems.
Keywords: autonomous wind turbine, axial flux generator, double stator, permanent magnets, excitation winding

Introduction. The axial flux synchronous magnetoelectric
generator with combined excitation combines the advantages
of permanent magnet generators with the simultaneous possi-
bility of controlling the magnetic flux in the air gap using one
or more additional magnetizing windings [1, 2]. This design is
promising for use in wind power plants [3, 4], as it allows you
to abandon the multiplier and expand the limits of regulation
of the autonomous wind power system [5, 6]. A low speed of
rotation of the rotor is typical for electric generators working as
part of multiplierless installations. This leads to excessive
growth of the outer diameter of the rotor, its mass and dimen-
sions. The specific power of such a generator is quite low. The
axial flux generator with permanent magnets (AFGPM) does
not have this drawback. The use of a double stator allows you
to increase the specific power and use the useful volume of the
electric machine more efficiently [5]. In combination with an
additional magnetizing winding, such a generator has wide op-
portunities for adjusting the output parameters. This feature
makes it possible to use such a system to increase the efficiency
of converting wind energy into electrical energy and improve
the energy characteristics of an autonomous wind unit [7, 8].

Existing mathematical models of AFGPM [3, 6] are built
without taking into account the presence of an additional
magnetizing winding. In addition, when changing the param-
eters of the rotor of a wind turbine or electric generator in ex-
isting models [6, 7], it is necessary to reassign the parameters
and carry out new series of calculations.
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To evaluate the efficiency of the “wind turbine rotor — AF-
GPM?” system, it is necessary to develop a mathematical model
in the MATLAB/Simulink environment with further analysis
and comparison of the efficiency of various modes of operation
of the system: without output voltage control, voltage control us-
ing additional capacitors or an additional magnetizing winding.

The subject of the study is the nature of the change in the
output power of the generator operating as a part of the wind
turbine. At the same time, the traditional aim of regulating the
output voltage loses its principle role, because when the volt-
age drops to the limit (for example, in the absence of wind or
at low wind speed), the controller disconnects the generator
from the load (for example, charging the battery).

The purpose of the article is to develop a mathematical
model of an autonomous wind power plant based on an axial
flux generator with a double stator and combined excitation to
evaluate methods for increasing the efficiency of converting
wind mechanical energy into electrical energy.

Basic material. An axial flux synchronous magnetoelectric
machine with permanent magnets is an electromechanical en-
ergy converter in which the main magnetic flux is generated by
permanent magnets. The change in the magnitude of the main
magnetic flux is ensured by the magnetomotive force of the
additional magnetizing winding. This design of the machine is
also known as an axial magnetic flux generator, since the main
magnetic flux is closed through the shaft. The design of the
generator studied in this work is shown in Fig. 1.

Synchronous magnetoelectric generators of this type have
high technical and economic parameters. The main disadvan-
tage of these generators is the lack of effective methods for
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Fig. 1. Design of the studied generator:

1 — bearing shields; 2 — generator body; 3 — ferromagnetic core of
the auxiliary winding; 4 — ferromagnetic core of the generator ar-
mature winding, made of sheet electrotechnical steel, in the grooves
of which the stator windings are placed (it is not shown on the figu-
re); 5 — additional magnetization winding; 6 — rotor core made of
non-magnetic steel; 7 — permanent magnets; 8§ — generator shaft
made of ferromagnetic steel

controlling the magnetic flux, which limits the optimization of
the energy balance of the wind turbine [9]. The power supply
system based on an autonomous wind turbine consists of an
electric generator, a battery pack, a battery charge controller
and an inverter, which provides the necessary amplitude and
frequency of the consumer’s voltage.

In addition, it is advisable to use end generators in wind
power plants without multiplexers [10]. This is possible due to
the fact that generators of this type are manufactured for a
large number of pole pairs, due to a small axial length and a
larger outer diameter of the stator compared to traditional cy-
lindrical generators.

In real conditions, the wind speed is constantly changing. At
the same time, the wind turbine is operating in the most efficient
way only at one, specifically determined value of the wind speed.
When the wind speed changes, the efficiency of converting the
wind’s mechanical energy into electrical energy decreases. Con-
trolling the power of the generator when the wind speed changes
is an urgent scientific and technical problem.

Table 1
Main parameters and characteristics of AFGPM

No Parameter Size UOM
1 | Full nominal power 400 V-A
2 | Nominal phase generator voltage 50 \"
3 | The number of phases 3 -
4 | Synchronous rotation frequency 500 pm
5 | The number of pole pairs 12 —
6 | Permanent magnets NdFeBN38H: —

Br=1.21T,
Hc =939 kA
7 | Power factor 0.9 -
8 | Outer/inner diameters of the stator 135/85 mm
ferromagnetic core
9 | Axial length of the ferromagnetic 23.0 mm
core of the stator
10 | Axial length of the rotor disk 8.0 mm
11 | The outer diameter of the 270.0 mm
generator
12 | Thickness of permanent magnets 7.0 mm
13 | The value of the axial air gap 0.5 mm
14 | Efficiency 92 %
15 | The average value of the magnetic 0.29 T
induction in the air gap

Table 1 shows the main parameters and characteristics of
the AFGPM that was used to develop the mathematical
model.

MATLAB/Simulink software package was used to develop
a simulation model of the wind turbine rotor — AFGPM sys-
tem. This package contains mathematical models of the wind
turbine rotor, load, measuring devices, etc. However, there are
no AFGPM models to study their parameters and characteris-
tics. Therefore, in this paper, a modified model of a synchro-
nous machine with permanent magnets is used to develop a
simulation model of this magnetoelectric electric generator.
The block of the magnetoelectric electric generator allows you
to simulate the generator and motor operation modes. The
electrical and mechanical parts of the generator are represent-
ed by algebraic and differential equations. When developing a
mathematical model of an axial flux synchronous magneto-
electric machine with permanent magnets with a bilateral sta-
tor, the following assumptions were made: the air gap is uni-
form; the stator winding is distributed evenly.

The general system of equations describes the operation of
a synchronous machine with permanent magnets and an ad-
ditional magnetizing winding in the d-¢q coordinate system.
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where L= L,= L,is stator inductance along the g and d axes;
R; is active resistance of the stator winding; i,, i, are stator
currents along the ¢ and d axes; u,, u, are stator voltages
along the axes ¢ and d; o is angular speed of the generator
rotor; ‘P, is flux linkage created by permanent magnets; Z, is
the number of pole pairs; L, R, are inductance and active
resistance of the additional magnetizing winding; uj, i, are
voltage and current of the additional winding; L,,(if) is the
mutual inductance of the windings; M, M, are electromag-
netic moments of the generator and wind turbine; J is the
total moment of inertia.

An important feature of the model is taking into account
the saturation of the ferromagnetic system through the depen-
dence of the mutual inductance of the windings on the current
of the additional magnetizing winding L,, = f(i;). This depen-
dence was obtained in previous works [1, 2] as a result of field
mathematical modeling.

The windings of the double stator are connected in parallel
to the load, so the EMF of the generator and the voltage on its
terminals are determined by the parameters of the stator wind-
ings according to equations (2—5) of the system. Indices s, and
s, denote the parameters of the first (a—b—c) and second (x—
y—z) stator winding, and the matrices R,; and R, are 3 x 3 di-
agonal matrices of active resistances for a—b—c and x—y—z
windings, respectively. The f function is responsible for the
voltage, current, and flux vectors.
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In the complex vector form, the equations are the following

@:R i +p&;
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Complex vector variables f;; and f;, are calculated as fol-
lows

&%(fm%ﬁffa);

fo=3furdf+a's,)

il
where a=e 3.
The flux linkage of each of the stator windings is deter-
mined by the combination of component flux linkages

Wiilip) = Yo + Y + Yo + Ylip);
\psz(l'/') = l]"5252 + lysZsl + lIJsZr + \ym(lf)’

where Wy, ¥, are the flux linkages of a—b—c and x—y—z
stator windings; W, Wy, are mutual flux linkages of a—b—c
and xyz stator windings; Y¥,,,, ¥,,, are resulting flux linkages of
a—b—c and x—y—z stator windings and flux linkage of perma-
nent magnets; ¥, is flux linkage of the additional magnetizing
winding.

The number of pole pairs of both stator windings of the
electric generator is the same, so the mutual flux coupling be-
tween them is zero

le5132 = \PSZSI =0;
\[Jsl(l_.f') = WslsZ + \[Jslr + l‘Fm(l/)a
lIls2(if) = \I]SZSZ + \IJSZr + \Fm(lf)

In matrix form, the expressions will take the form
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The magnitude of inductances L, and L, is the result of the
relationship between the phase inductance and the position of
the rotor. For example, the inductance measured between
phases a and b (when c is opened) is described by the following
equation

Ly=L,+L,+(L, —Ld)cos(zee +73T],

where 0, is the electrical angle of the generator rotor position.

The block diagram of an axial flux synchronous genera-
tor with a double stator and a combined excitation system
based on permanent magnets and an additional magnetizing
winding in the MATLAB/Simulink software complex is
shown in Fig. 2. It is developed by modifying the standard
blocks with the differential equations shown above. A feature
of this generator model is the presence of an additional con-
trol channel for the excitation voltage u,, which is taken into
account in the system of differential equations. With the help
of voltage u, it is possible to change the magnitude and direc-
tion of the magnetizing current i, which allows you to stabi-
lize the output power or voltage of the generator when the
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Fig. 2. Block diagram of magnetoelectric synchronous genera-
tor with axial magnetic flux and double stator

load or rotor speed changes. Block / implements the first
three equations, and block 2 forms the variables to imple-
ment the electromagnetic moment. Block 3 provides indica-
tion and control of generator variables. The block diagram
also contains blocks for converting the generator voltage
from the abc coordinate system to the d and ¢ coordinate
system, forming the stator currents i,, i; and feedback on the
speed of rotor rotation.

Based on the model of the electric generator, a simulation
mathematical model of the autonomous wind power plant was
developed (Fig. 3).

The model is built in such a way that when the load of the
generator (block 2, Fig. 3) changes, the electromagnetic mo-
ment of the generator (block 4, Figs. 3, 2) changes, which
leads to a change in the operating point on the mechanical
characteristics of the rotor of the wind turbine, which is an im-
portant feature of the developed model. Conversely, when the
wind parameters change, the output parameters of the genera-
tor also change: its output power P,, voltage U,, current /, and
electromagnetic moment.

Simulation results. The study on the wind turbine was
carried out when the wind speed changed and when work-
ing on an active load in a DC circuit connected to the gen-
erator through an unregulated bridge rectifier. The influ-
ence on the process of electricity generation by the wind
turbine was considered, provided that an additional capac-
ity is connected to the output terminals of the generator in
the AC circuit and when controlling the current of the ad-
ditional magnetizing winding. The numerical experiment
program is as follows:

i ferd S BmBS . REE®

aaaaa

Fig. 3. Simulation mathematical model of autonomous wind
power plant:

1 — wind turbine rotor block with NASA 40 blade and wind param-
eter settings; 2 — load block in the rectified DC voltage circuit, 3 —
block of the system of automatic regulation of the rectified voltage of
the generator; 4 — AFGPM block, whose structure is shown in
Fig. 2; 5 — block of indication of simulation results, which includes
phase voltage Uy, phase current I, full active power of the genera-
tor P, parameters of the magnetization winding and efficiency of
the generator under current parameters; 6 — a block that allows
you to change the type of load connected to the clamps of the alter-
nating voltage generator, namely — active, inductive, capacitive or
any combination thereof
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1) the active load in the DC circuit is assumed to be con-
stant R = const and equal to the average value of the internal
resistance of the battery (block 2, Fig. 3);

2) the excitation voltage of the magnetization winding is
set equal to zero (block 3, Fig. 3);

3) the load in the alternating current circuit is disconnect-
ed (block 6, Fig. 3);

4) the study on the operation of the wind power plant un-
der variable wind speed in the range from 3 to 5 m/s was car-
ried out. In particular, the fixation of the voltage, current and
active power values Uy, I, P). The values of the specified
wind speed correspond to the values of the statistical average
wind speed for Kyiv region;

5) points 1 and 4 are repeated when connecting an addi-
tional capacitor to the clamps of the C = 30 puF generator
(block 6, Fig. 3);

6) points 1 and 4 are repeated when constant voltage ap-
plied to the magnetization winding u, (block 3, Fig. 3).

The results of calculations of the characteristics without
control of the wind turbine — electric generator system for a
wind speed of 5 m/s and a constant load are given in Table 2.

Table 2 shows:

- the speed of rotation of the turbine, r.u. — speed of rota-
tion of the turbine in relative units, which is selected from the
initial characteristics of the wind turbine;

- output power of the wind turbine, r.u. — the output pow-
er of the wind turbine, which is developed at the specified in-
put parameters of the wind turbine — generator system;

- generator voltage, V' — voltage on the generator clamps at
given input parameters of the wind turbine — generator system;

- generator current, A — generator phase current at a given
load;

- active power of the generator 37, W — full output active
power of the generator at the given parameters;

- generator rotor rotation speed, rpm — real generator shaft
rotation speed;

- electromagnetic moment of the generator, N - m is elec-
tromagnetic moment of the generator at the given initial pa-
rameters.

According to the specified characteristics of the wind tur-
bine, at certain values of the wind turbine rotation speed (at a
given wind speed), negative values of the output power of the
turbine and the rotation speed of the generator rotor are ob-
served. This results from the fact that at the given initial values
of the system, the generator switches to engine mode. At a
given electrical load of the generator, the power of the wind
turbine is not enough to maintain the active power of the gen-
erator, so the generator “overturns”. In real conditions, this
means that the electric generator will stop.

Table 2
Characteristics of an uncontrolled wind turbine — electric
generator system
Rotation speed of the | 0.4 0.6 0.8 1 1.2 1.4

turbine, r.u.

Output power of the 0.16 | 045 | 0.61 [0.54| 0.3 0.1
wind turbine, r.u.

Generator current, 4 | 0.32 | 0.59 | 0.59 | 0.4 [ 0.19 | 0.1

Generator voltage, V | 5.46 10.3 10.3 7.7 37 1 0.5

Active power of the 5.1 18.2 18.1 8.8 | 1.83 | -0.5
generator 3f, W

Rotation speed of the | 17.5 316 | 31.6 [ 245 | 116 | 14
generator rotor, rpm

Electromagnetic -0.43 | -0.78 | -0.78 | -0.5 | 0.4 | -0.3
torque of the

generator, N - m

Fig. 4 shows the dependence of the output active power of
the wind power plant for two wind speed values of 4 and 5 m/s
on the speed of rotation of the rotor of the wind plant for fol-
lowing three cases:

1) under the condition that additional capacity is discon-
nected and there is no excitation voltage;

2) under the condition of additional capacity adding;

3) under the condition that excitation voltage is applied to
the magnetization winding.

In the previous works by the authors, it was shown that for
this design and power of the end generator, the optimal value
of the magnetizing capacity is ~ 30 uF per phase. The value of
the voltage of the additional winding u, was selected so that the
value of the current in the additional winding was 1 A. At the
same time, the control power of the additional winding is no
more than 7.5 % of the useful power of the generator. In this
case uy=8V.

As can be seen from Fig. 4, the maximum output power of
the generator is obtained at a relative rotor rotation speed at n =
= 0.6 at wind speed of 4 m/s and at a rotor speed of the wind
turbine at » = 0.7 at wind speed of 5 m/s. The maximum pow-
er of the generator is correlated with the maximum mechanical
power of the rotor of the wind turbine at the specified param-
eters of the blade [1].

Connecting additional capacity to the stator winding of a
three-phase generator leads to appearance of additional reac-
tive power that magnetizes the ferromagnetic system of the
generator. This leads to an increase in the active power on the
generator clamps by 7—12 % for a wind speed of 4 m/s and by
8—16 % for a wind speed of 5 m/s, depending on the rotation
speed of the rotor of the wind turbine. As the wind speed in-
creases, this effect improves, which is explained by the influ-
ence of the aerodynamic characteristics of the rotor of the
wind turbine.

The drop in the active power of the generator with the fur-
ther increase in the rotation speed of the rotor of the wind tur-
bine is explained by the increase in mechanical losses, the ad-
ditional saturation of the ferromagnetic system, the increase in
active losses in the stator winding and the drop in voltage on
the active and reactive resistances of the stator circuit.

When a voltage of constant magnitude u, is applied to the
magnetizing winding, an increase in the active power of the
generator is observed. This is explained by an increase in the
main magnetic flux and the magnitude of the induced EMF in
the armature winding, respectively. Since the magnetic flux of
the additional winding is closed through the ferromagnetic
system of the stator, this circumstance limits the maximum
value of the voltage of the additional winding u;, and therefore
the maximum value of the active power P,. Further increase in
voltage u, leads to saturation of the ferromagnetic core of the
stator and the ferromagnetic system as a whole, which leads to

300
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Fig. 4. Dependence of the output active power of the wind power
plant on the rotation speed of the rotor of the wind plant at
different values of the wind speed
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a decrease in the useful power of the generator. By applying
voltage to the additional winding, it is possible to increase the
output of active power by approximately 32 % at a wind speed
of 4 m/s and by 35 % at a wind speed of 5 m/s.

Thus, the obtained research results show that it is possible
to adjust the output power of the generator when the wind
speed changes in the range of 3—5 m/s. This makes it possible
to ensure the operation of the generator at the maximum out-
put power of the rotor of the wind turbine (for each value of
the wind speed), and therefore the task of increasing the effi-
ciency of the conversion of mechanical wind energy into elec-
trical energy is solved.

One of the main functional parameters of the generation
system is the output voltage of the electric generator [2, 3].
The stability and reliability of the autonomous consumer de-
pends on it. Fig. 5 shows the dependence of the output voltage
of the generator of the wind turbine at wind speeds of 4 and
5 m/s on the speed of rotation of the rotor of the wind turbine
for following three cases.

When the speed of rotation of the rotor increases, the
amount of EMF induced in the armature winding increases,
and, therefore, so does the amount of the voltage, which
reaches its maximum at the relative speed of rotation of the
rotor of the wind turbine at n = 0.6 at wind speed of 4 m/s
and at the speed of the rotor of the wind turbine at n = 0.7 at
wind speed of 5 m/s. The further voltage drop at the genera-
tor terminals is associated with a decrease in the mechanical
power of the rotor of the wind turbine, the action of the de-
magnetizing reaction of the armature and the voltage drop
at the active and reactive resistances of the stator winding
circuit.

When the capacitor is connected to the armature winding
of the generator, a magnetizing reaction of the armature oc-
curs, which leads to an increase in the main magnetic flux. At
the same time, the voltage increase at the generator terminals
is 6—12 % at a wind speed of 4 m/s and 7—15 % at a wind speed
of Sm/s.

When applying voltage #, on the additional magnetizing
winding, the voltage on the generator terminals increases by
16 % at a wind speed of 4 m/s and by 17.5 % at a wind speed of
5 m/s. The increase in voltage is due to the increase in the
magnitude of the main magnetic flux, and therefore the EMF
induced in the armature winding.

The operation of the simulated mathematical model is co-
ordinated with the mechanical characteristics of the rotor of
the wind turbine. The dependence of the mechanical moment
on the generator shaft on the rotation speed of the rotor of the
wind turbine at constant load is given in Fig. 6.

100 ‘
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50 e |
70 /=N 1. 4ms
> 60 | i+2...4m/s
550 | ‘A‘<--._3...4 m's
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30 ' ' | ——2...5ms
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- a==3...5mfs

10 | w-h-_-i-f
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Fig. 5. Dependence of the output voltage of the wind turbine

generator on the speed of rotation of the rotor at different
values of the wind speed:
1 — under the condition that additional capacity is disconnected
and there is no excitation voltage; 2 — under the condition of ad-
ditional capacity adding;, 3 — under the condition that excitation
voltage is applied to the magnetization winding

0
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Fig. 6. Dependence of the mechanical moment on the shaft on
the speed of the rotor rotation

Negative values of the electromagnetic moment corre-
spond to the generator mode of operation of the electric ma-
chine. With an increase in the frequency of rotation of the ro-
tor, a gradual decrease in the magnitude of the electromagnetic
moment is observed. This is explained by the fact that the fre-
quency of remagnetization of the magnetic core increases, the
losses in the steel increase and the saturation of the magnetic
core increases. These factors lead to a further decrease in the
magnitude of the electromagnetic moment of the generator. At
the same time, feedback is implemented when the load param-
eters of the generator and rotor of the wind turbine are changed.

Conclusions. The use of an axial flux magnetoelectric gen-
erator with a double stator and a combined excitation system
based on permanent magnets and a magnetization winding al-
lows increasing the specific power of the wind generating in-
stallation, due to the rational use of the useful volume of the
electric generator. The use of an additional magnetization
winding allows us to widely adjust the output parameters of the
autonomous wind power plant.

A mathematical and numerical simulation model of an au-
tonomous wind power plant based on an axial flux generator
with hybrid excitation has been developed, which takes into
account the two-sided arrangement of the generator stator and
additional non-contact magnetization winding. The obtained
model allows conducting research on the efficiency of convert-
ing wind energy into electrical energy under conditions of
change in wind speed, type and amount of load.

Based on the results of numerous experimental studies,
comparative indicators of the effectiveness of the use of addi-
tional capacity on the output terminals of the generator and
the additional magnetization winding for changes in wind
speed and for constant active load were obtained. With addi-
tional capacity, the active power of the generator increases by
7—16 %, and the voltage by 6—15 %. The additional magneti-
zation winding provides an increase in active power by 32—
35 %, and voltage increases by 16—17.5 %.
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Mera. Po3pobka maTremMaTuyHOi Mojeadi aBTOHOMHOI
BiTPOEJIEKTPUUYHOT YCTAHOBKY Ha OCHOBi TOPLIEBOIO €JIeK-
TporeHepaTopa 3 MOABIMHUM CTATOPOM i KOMOIHOBaAaHUM
30yJKEHHSIM TSI OLlIHKY METO[iB MiABUIIEHHS €(EeKTUB-
HOCTi TIepeTBOPEHHSI MeXaHIYHOi eHepril BiTpy B ejleK-
TPUYHY.

Metoauka. 7151 mpoBeaeHHsI JOCTiIKEHHs B pOOOTi BU-
KOPHMCTOBYBaJIMCh METOIM 3arajbHOI TEOPil BiTpOEJEeKTpUU-
HUX YCTaHOBOK, METOAU MaTeMAaTMYHOro MOJETIOBaHHS, B
OCHOBI SIKHX JICXKUTh YMCEIbHE PO3B’I3aHHS HEJIIHIMHUX TH-
bepeHUiHUX PiBHSIHB [J15T OLIIHKY CIIOCO0iB KOPEKIIii BUXil-
HOI TOTYXHOCTi B cepemoBuili Matlab-Simulink nisixom
Moaudikailii craHgapTHUX 6J10KiB.

Pe3yabraT. Y po6oTi po3pobiieHa yrcelibHa iMiTaliiiHa
MaTeMaTUIHa MOJeJIb aBTOHOMHOI BiTPOEJIEKTPUIHOI yCTa-
HOBKH Y CKJIa/li i3 MarHiTOeJeKTPUYHUM F€HEPATOPOM 3 aKCi-
aJIbHUM MarHiTHUM MOTOKOM i3 KOMOiHOBaHUM 30yIKEHHSIM
i monBiitHMM cTaTopoM. Mojeab CTBOpeHa 3 METOI0 J0Ci-
ICKeHHST TTapaMeTpiB i XapaKTepUCTUK YCTAHOBKM, a TaKOX
OLIiIHKM METOMIB i 3aC00iB MinBUIICHHS €(PEeKTUBHOCTI TIepe-
TBOPEHHSI €HEPTii BiTPY B €JIEKTPUUYHY €HEprito. 3a pe3yJibTa-
TaMU JOCTiIKEeHb BCTAHOBJIEHO, 11O OiTbII e(heKTUBHUM Me-
TOIOM PEryJIIOBaHHS BUXiJIHOI TOTYXXHOCTi reHepaTopa y
CKJIa/li BITPOYCTAaHOBKU € BUKOPUCTAHHSI 10AATKOBOI OOMOT-
KU IUTS TIiIMAarHiyyBaHHS, TTOPiBHSHO 3 BUKOPUCTaHHSIM J10-
naTkoBoi emMHocTi. OcraHHs 3a6e3mneuye 10 7—16 % 3pocraH-
H$l BUXiTHOi MOTYXHOCTi, y TOI 4ac SIK BUKOPUCTaHHSI 00-
MOTKM MiIMarHiuyyBaHHS JO3BOJISIE MiABUIIATU BUXIAHY T1O-
TYXHiCTb 10 32-35 %. OTpuMaHi aBTOpaMu pe3yabTaTh I0-
3BOJISIIOTh Haaajli pO3BUBATH PSii METOMIB TMiABUILEHHS
e(eKTUBHOCTI MePeTBOPEHHSI MEXaHIUHOI eHeprii poTopa Bi-
TpOreHepaTopa B eJIEKTPUUHY.

HaykoBa HoBusHa. Po3po0GsieHa Brepiie MareMaTUyHa
MojeJb, Ha BiIMiHY Bill iCHyIOUMX, ypaXxOBY€ HasIBHIiCTh IO-
NIBifHOTO cTaTOpa, 10JaTKOBOI OOMOTKH JJIsI ITiIMarHiuyBaH-
HSI MaTrHITHOI CUCTEMM Ta aKCialbHOTO XapaKTepy 3aMUKaH-
HSI OCHOBHOT'O I JOIaTKOBOTO MAarHiTHOIro MoToKy. Po3po-
0sieHa MOJIe/Ib TAKOX YPaXOBYE 3MiHY MapaMeTpiB €1eKTPO-
reHeparopa 3 akcCiaJbHUM MAarHiTHUM IOTOKOM MpHU 3MiHi
MapaMeTpiB BiTpy, poTOopa BiTPOBOi YCTAHOBKM i HaBaHTa-
XKeHHs. Monenb po3po0iieHa yisl aHali3y MOXIIMBOCTI pery-
JIIOBaHHS BUXiIHOI ITOTY>KHOCTI €JIEKTpOreHepaTopa Ipu 3mi-
Hi ILIBUIKOCTI BiTpY.

IIpakTiyna 3HaYMMicTh. Pe3ynbpraty MomentoBaHHS CBill-
YyaTh MPO MEPCIEKTUBHICTh MPOMUCIIOBOI peaizallii BiTpoe-
JIEKTPUYHOI YCTAHOBKHU Ha OCHOBi MarHiTOEIEKTPUIHOTO Te-
HepaTopa IS iX BAKOPUCTAHHS B SIKOCTi aBTOHOMHUX eJIeK-
TPOYCTAHOBOK Ta y CKJIa[li MAHEBPEHUX €HEPTOCUCTEM.

Kmouosi cnoBa: agmonomna éimpoesexmpuuna ycmanoe-
Ka, mopyesuii 2eHepamop, NOOGIlIHUI cmamop, NOCMIiUHI MaeHi-
mu, 00OMomKa nioMaeHivy8anHs
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