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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 effi  ciency 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 diff erential 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 fl ux 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 effi  ciency of 

conversion of wind energy into electricity. According to the research, it is established that a more eff ective 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 

effi  ciency of conversion of mechanical energy of the wind turbine rotor into electrical energy.

Originality. The mathematical model developed for the fi rst 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 fl ux. The developed model also takes into account the change in the parameters of the electric 

generator with axial magnetic fl ux 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 fl ux generator, double stator, permanent magnets, excitation winding

Introduction. The axial fl ux synchronous magnetoelectric 

generator with combined excitation combines the advantages 

of permanent magnet generators with the simultaneous possi-

bility of controlling the magnetic fl ux 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 specifi c power of such a generator is quite low. The 

axial fl ux generator with permanent magnets (AFGPM) does 

not have this drawback. The use of a double stator allows you 

to increase the specifi c power and use the useful volume of the 

electric machine more effi  ciently [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 effi  ciency 

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.

To evaluate the effi  ciency 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 effi  ciency 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 

fl ux generator with a double stator and combined excitation to 

evaluate methods for increasing the effi  ciency of converting 

wind mechanical energy into electrical energy.

Basic material. An axial fl ux synchronous magnetoelectric 

machine with permanent magnets is an electromechanical en-

ergy converter in which the main magnetic fl ux is generated by 

permanent magnets. The change in the magnitude of the main 

magnetic fl ux is ensured by the magnetomotive force of the 

additional magnetizing winding. This design of the machine is 

also known as an axial magnetic fl ux generator, since the main 

magnetic fl ux 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 eff ective methods for 
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controlling the magnetic fl ux, 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 effi  cient 

way only at one, specifi cally determined value of the wind speed. 

When the wind speed changes, the effi  ciency 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 scientifi c and technical problem.

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 modifi ed 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 diff erential equations. When developing a 

mathematical model of an axial fl ux 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 Ls  Lq  Ld is stator inductance along the q and d axes; 

Rs is active resistance of the stator winding; iq, id are stator 

currents along the q and d axes; uq, ud are stator voltages 

along the axes q and d;  is angular speed of the generator 

rotor; 0 is fl ux linkage created by permanent magnets; Zp is 

the number of pole pairs; Lf, Rf  are inductance and active 

resistance of the additional magnetizing winding; uf, if  are 

voltage and current of the additional winding; Lm(if ) is the 

mutual inductance of the windings; M, Mc 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 Lm  f (if ). This depen-

dence was obtained in previous works [1, 2] as a result of fi eld 

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 s1 and 

s2 denote the parameters of the fi rst (a–b–c) and second (x–
y–z) stator winding, and the matrices Rs1 and Rs1 are 3  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 fl ux vectors.
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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 fi  gu-
re); 5 – additional magnetization winding; 6 – rotor core made of 
non-magnetic steel; 7 – permanent magnets; 8 – generator shaft 
made of ferromagnetic steel

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 V

3 The number of phases 3 –

4 Synchronous rotation frequency 500 rpm

5 The number of pole pairs 12 –

6 Permanent magnets NdFeBN38H:

Br  1.21 T,

Hc  939 kA

–

7 Power factor 0.9 –

8 Outer/inner diameters of the stator 

ferromagnetic core

135/85 mm

9 Axial length of the ferromagnetic 

core of the stator

23.0 mm

10 Axial length of the rotor disk 8.0 mm

11 The outer diameter of the 

generator

270.0 mm

12 Thickness of permanent magnets 7.0 mm

13 The value of the axial air gap 0.5 mm

14 Effi  ciency 92 %

15 The average value of the magnetic 

induction in the air gap

0.29 T
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In the complex vector form, the equations are the following

1 1 1 1;s s s su R i p  

2 2 2 2.s s s su R i p  

Complex vector variables fs1 and fs2 are calculated as fol-

lows
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The fl ux linkage of each of the stator windings is deter-

mined by the combination of component fl ux linkages

s1(if )  s1s1  s1s2  s1r  m(if );

s2(if )  s2s2  s2s1  s2r  m(if ),

where s1s1, s2s2 are the fl ux linkages of a–b–c and x–y–z 

stator windings; s1s2, s2s1 are mutual fl ux linkages of a–b–c 

and xyz stator windings; s1r, s2r are resulting fl ux linkages of 

a–b–c and x–y–z stator windings and fl ux linkage of perma-

nent magnets; m is fl ux 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 fl ux coupling be-

tween them is zero

s1s2  s2s1  0;

s1(if )  s1s2  s1r  m(if );

s2(if )  s2s2  s2r  m(if ).

In matrix form, the expressions will take the form
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The magnitude of inductances Lq and Ld 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

( )cos 2 ,
3

ab d q q d eL L L L L
 

      
 

where e is the electrical angle of the generator rotor position.

The block diagram of an axial fl ux 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 diff erential equations shown above. A feature 

of this generator model is the presence of an additional con-

trol channel for the excitation voltage uf, which is taken into 

account in the system of diff erential equations. With the help 

of voltage uf  it is possible to change the magnitude and direc-

tion of the magnetizing current if, which allows you to stabi-

lize the output power or voltage of the generator when the 

load or rotor speed changes. Block 1 implements the fi rst 

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 q coordinate 

system, forming the stator currents iq, id  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 P1, voltage U1, current I1 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:

Fig. 2. Block diagram of magnetoelectric synchronous genera-
tor with axial magnetic fl ux and double stator

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 rectifi ed DC voltage circuit; 3 – 
block of the system of automatic regulation of the rectifi ed 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 U1f, phase current I1f, full active power of the genera-
tor P1, parameters of the magnetization winding and effi  ciency 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 fi xation of the voltage, current and 

active power values U1ph, I1ph, P1. The values of the specifi ed 

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 F generator 

(block 6, Fig. 3);

6) points 1 and 4 are repeated when constant voltage ap-

plied to the magnetization winding uf (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 specifi ed 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 3f, 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 specifi ed 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.

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 F per phase. The value of 

the voltage of the additional winding uf  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 uf  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 n  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 specifi ed 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 eff ect improves, which is explained by the infl u-

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 uf 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 fl ux and the magnitude of the induced EMF in 

the armature winding, respectively. Since the magnetic fl ux 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 uf, and therefore 

the maximum value of the active power P1. Further increase in 

voltage uf  leads to saturation of the ferromagnetic core of the 

stator and the ferromagnetic system as a whole, which leads to 
Table 2

Characteristics of an uncontrolled wind turbine – electric 

generator system

Rotation speed of the 

turbine, r.u.

0.4 0.6 0.8 1 1.2 1.4

Output power of the 

wind turbine, r.u.

0.16 0.45 0.61 0.54 0.3 0.1

Generator current, A 0.32 0.59 0.59 0.4 0.19 0.1

Generator voltage, V 5.46 10.3 10.3 7.7 3.7 0.5

Active power of the 

generator 3f, W
5.1 18.2 18.1 8.8 1.83 0.5

Rotation speed of the 

generator rotor, rpm

17.5 31.6 31.6 24.5 11.6 1.4

Electromagnetic 

torque of the 

generator, N · m

0.43 0.78 0.78 0.5 0.4 0.3 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 
diff erent 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 fl ux. 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 5 m/s.

When applying voltage uf 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 fl ux, 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.

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 fl ux magnetoelectric gen-

erator with a double stator and a combined excitation system 

based on permanent magnets and a magnetization winding al-

lows increasing the specifi c 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 fl ux 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 effi  ciency 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 eff ectiveness 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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Мета. Розробка математичної моделі автономної 

вітроелектричної установки на основі торцевого елек-

трогенератора з подвійним статором і комбінованим 

збудженням для оцінки методів підвищення ефектив-

ності перетворення механічної енергії вітру в елек-

тричну.

Методика. Для проведення дослідження в роботі ви-

користовувались методи загальної теорії вітроелектрич-

них установок, методи математичного моделювання, в 

основі яких лежить чисельне розв’язання нелінійних ди-

ференційних рівнянь для оцінки способів корекції вихід-

ної потужності в середовищі Matlab-Simulink шляхом 

модифікації стандартних блоків.

Результати. У роботі розроблена чисельна імітаційна 

математична модель автономної вітроелектричної уста-

новки у складі із магнітоелектричним генератором з аксі-

альним магнітним потоком із комбінованим збудженням 

і подвійним статором. Модель створена з метою дослі-

дження параметрів і характеристик установки, а також 

оцінки методів і засобів підвищення ефективності пере-

творення енергії вітру в електричну енергію. За результа-

тами досліджень встановлено, що більш ефективним ме-

тодом регулювання вихідної потужності генератора у 

складі вітроустановки є використання додаткової обмот-

ки для підмагнічування, порівняно з використанням до-

даткової ємності. Остання забезпечує до 716 % зростан-

ня вихідної потужності, у той час як використання об-

мотки підмагнічування дозволяє підвищити вихідну по-

тужність до 3235 %. Отримані авторами результати до-

зволяють надалі розвивати ряд методів підвищення 

ефективності перетворення механічної енергії ротора ві-

трогенератора в електричну.

Наукова новизна. Розроблена вперше математична 

модель, на відміну від існуючих, ураховує наявність по-

двійного статора, додаткової обмотки для підмагнічуван-

ня магнітної системи та аксіального характеру замикан-

ня основного й додаткового магнітного потоку. Розро-

блена модель також ураховує зміну параметрів електро-

генератора з аксіальним магнітним потоком при зміні 

параметрів вітру, ротора вітрової установки й наванта-

ження. Модель розроблена для аналізу можливості регу-

лювання вихідної потужності електрогенератора при змі-

ні швидкості вітру.

Практична значимість. Результати моделювання свід-

чать про перспективність промислової реалізації вітрое-

лектричної установки на основі магнітоелектричного ге-

нератора для їх використання в якості автономних елек-

троустановок та у складі маневрених енергосистем.

Ключові слова: автономна вітроелектрична установ-
ка, торцевий генератор, подвійний статор, постійні магні-
ти, обмотка підмагнічування
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