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In this work, a computer Simulink model of a wind power plant has been developed, which uses a magnetic gearbox 
instead of a mechanical gearbox and also contains a synchronous permanent magnet generator. A separate Simulink 
model of a magnetic gearbox built on the basis of a modulated magnetic field in the air gap was developed, which al-
lows to study the stability of its operation both in steady-state and transient modes. Calculations of various dynamic 
modes of the wind power plant’s operation were carried out, based on the developed model, such as the starting mode, 
an instantaneous increase in the wind speed acting on the wind turbine, and an increase in the load of the electric gen-
erator. According to the results of the calculations, it is shown that in transient modes, when short-term overloads oc-
cur, both rotors of the magnetic gearbox can fall out of synchronous motion for a certain period of time and then, de-
pending on the parameters of the gearbox (as well as its other elements), the electromechanical system either reaches a 
certain operating steady-state mode or loses the ability to transfer mechanical power from the wind turbine to the gen-
erator. It has been shown that the use of a more powerful magnetic gearbox, with an increased value of the maximum 
magnetic torque, allows of a more overload-resistant operation of both: a gearbox and the wind plant as a whole. Ref-
erences 9, figures 10. 
Keywords: wind power plant,  magnetic gearbox, permanent magnet generator, computer modeling, plant operation 
modes, stability of magnetic gearbox.  
  

1. Introduction. Nowadays, the use of renewable energy sources is becoming more widespread due 
to the increasing obstacles to the use of energy obtained from the combustion of natural substances. The use 
of wind energy is a solution that helps to generate electricity in a rational way [1]. Any wind power plant 
consists of two parts: mechanical and electrical; the mechanical part includes a wind turbine and a mechani-
cal gearbox, and an electric generator with a semiconductor converter and a load make up the electrical part. 
As is known [2], the presence of a mechanical gearbox containing the contacting surfaces of two rotors rotat-
ing at different angular speeds significantly complicates the maintenance of such systems and prompts the 
search for other alternative circuit solutions for the structure of modern wind power plants. 
 Over the past decades, experts in the field of electrical machines have paid much attention to the 
creation and research of magnetic gearboxes (MG) [3, 4]. The peculiarity of their design is the absence of 
contacting surfaces, and the transmission of mechanical power between two rotors is carried out due to the 
contactless interaction between permanent magnets. At present, the best design is considered to be the MG 
design with a modulated magnetic field in the air gap, which was proposed in [5]. To determine the possibil-
ity of using such MG in wind power plants, it is necessary to conduct preliminary researches of the operation 
of such systems both in steady-state and transient modes. It should be noted that although electromechanical 
processes directly in the MG have been considered in many works, for example, [6, 7], the dynamic proc-
esses in the MG which is as an element of a complex electromechanical system - a wind power plants - have 
not been sufficiently researched. 
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 Сonsidering the above,the purpose of this work is to develop a computer model and research the 
related mechanical and electrical dynamic processes in the main elements of a wind power plant, which uses 
a magnetic gearbox instead of a mechanical gearbox.   
 2. Computer model of the wind power plant. Fig. 1 shows the structure of a wind power plant 
containing a wind turbine with a shaft connected to a low-speed rotor (LS) of a magnetic gearbox, a perma-
nent magnet synchronous generator connected to a high-speed rotor (HS) of a magnetic gearbox. The genera-
tor winding is connected to a rectifier with an active load. The developed Simulink model of such an installa-
tion corresponding to the above structure is shown in Fig. 2. Further, we present the mathematical models 
and show the internal structures of the main blocks of this model.  

 
Fig. 1     Fig. 2 

 
 2.1. Wind turbine. The mechanical power and mechanical torque of a wind turbine are calculated 
based on the following expressions [1]: 

3( , )0,5turbina P windP C AV    ,         /turbina turbina turbinaT P  ,           (1), (2) 

where  is an air density; 2A R  ( R is a outer turbine radius); turbina  is angular speed of the turbine shaft, 

dimensionless coefficient PС  calculated as 
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where turbina / windR V   ;  is an angle of the turbine blades, degrees. 
The results of calculating the mechanical torque of the turbine according to expression (2) as a func-

tion of the angular speed of the turbine turbina  at different wind 

speeds windV  and at =0 R 2,8 m, which corresponds to a 
nominal power of the turbine of -10 kW, are shown in Fig. 3. 
This figure shows that for each value windV  there is an optimal 

value turbina , when the mechanical power of the turbine reaches 

the maximum value max
turbinaP . 

On the basis of expressions (1), (2), a Simulink block was 
developed, shown in Fig. 2 in blue, which allows the input val-
ues located on the block on the left to calculate the output values 
– turbinaturbina P,T , located on the right. This block is further used 
as an element of the integrated model of the entire wind turbine. 

2.2. Magnetic gearbox. The schematic structure of the 
magnetic gearbox is shown in Fig. 4 and consists of a low-speed 

rotor 1 connected to the wind turbine shaft, a high-speed rotor 2 connected to the electric generator shaft, and 
a magnetic flux modulator 3. The rotors of the magnetic gearbox are equipped with permanent magnets 4. 
The mathematical model describing the dynamics of the rotational motion of the magnetic gearbox rotors is 
as follows [8]: 

 
                       Fig. 3 
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        Fig. 5 

 
Fig. 6 
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where ,l hJ is the moment of inertia of the LR (denoted by the index l is a low 

speed) and HR (denoted by the index h is a high speed); l,h, l,h are the angu-
lar speed and angular position of both shafts; ,l hp  is a number of pairs of 

poles; ,l hk  is a coefficient of viscous friction; maxT  is a maximum value of the magnetic torque acting on the 

LR; hl p/pG   is a reduction ratio of the magnetic gearbox. 
The developed Simulink model of the magnetic gearbox that implements the system of equations (3) 

is shown in Fig. 5. This model is 
constructed as an equivalent 
mechanical circuit consisting of a 
circle for the R and a mechanical 
circuit for the HR, which are 
interconnected by an information 
signal corresponding to the 
expression sin( )l l h hp p    in the 
mathematical model (3) and depends 
on the instantaneous position of both 
rotors. Two torques are used here as 
input values – genturbine T,T  and the 

angular rotation speeds l,h of both 
rotors are used as output values. 

2.3. Model of an electric generator and rectifier. The basic model from the Simscape library of a 
permanent magnet synchronous generator and a model of 
a rectifier, built on the basis of the Universal bridge 
block, were used in this work (Fig. 2). In the design and 
calculation of the permanent magnet electric generator 
(Fig. 6), the stator of a mass-produced AIR132MB8 
induction motor was used, the main technical 
characteristics of which are as follows: rated power Pr = 
5.5 kW, rated voltage when the stator windings are 
connected in a "star/delta" Ur = 380/220 V, rated current 
Ir = 8/14 A, rated speed n = 710 rpm, efficiency = 78.5%. 
The stator has the following dimensions: outer diameter 
Da = 225 mm, inner stator diameter Di = 158 mm, number 
of slots Zp = 48; height of slots hs = 17.6 mm, length of 
the active part of the core lFe = 160 mm. The air gap 
between the stator and rotor is equal to  = 1.5 mm. The 
rotor with permanent magnets has an outer diameter equal 
to Dra = 155 mm, in which 8 permanent magnets of size 

(160 × 40 × 10 mm) are placed. The magnets in the rotor have a tangential arrangement. Such an arrange-
ment of magnets in the rotor makes it possible to obtain the best specific characteristics [9]. Fig. 6 shows the 
general view and pattern of the magnetic field at a current density of J = 8 A/mm2. 

3. Calculation of steady-state and transient modes of operation of a wind plant with a magnetic 
gearbox. The developed Simulink model of the plant as a whole, shown in Fig. 2, consists of a model of a 
wind turbine, a magnetic reducer, a permanent magnet synchronous generator, and a rectifier connected to 
the generator output and to a resistive load. The following initial data were used for the calculations. 

– Wind turbine: rated power – 10 kW, rated speed – 400 rpm; 

 
              Fig. 4  
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– Magnetic gearbox: maxT 406 N∙m,  hl kk 0,008 N∙m∙s, lp 17, hp 3,  hl JJ 0,001 kg∙m2, re-

duction ratio  hl ppG / 5,67. To calculate these MG parameters, we used the finite element method of the 
field problem in the Simcenter Magnet package;  

– Generator: active phase resistance – 0,022  , phase inductance – 26.7 μH, number of pairs of 
poles – 4, flux cohesion from permanent magnets – 0.26 V∙s. To calculate these generator parameters, we 
used the finite element method of the field problem in the Simcenter MotorSolve package. The active load 
impedance is 20 . The following are the results of calculating the operation of the plant with the specified 
parameters in different modes. 

3.1 Startup mode of the wind turbine and steady-state operation. In this work, the starting mode 
of the wind turbine under the condition that the wind speed slowly increases from zero to 12 m/s and then the 

turbine operates in steady-state 
mode was calculated. The active 
load of the generator is 20 Ohms. 
The results of calculation the time 
characteristics of the MG – angu-
lar velocity, mechanical torque, 
and mechanical power for the LR 
and for the HR are shown in Fig. 
7. It can be seen that at the begin-
ning of the process (time interval 
2.3÷3 s), all characteristics on the 
LR shaft connected to the wind 
turbine have oscillations that re-
flect the process of entering the 
synchronism of the HR. After 
reaching the steady-state mode, the 

mechanical power on the turbine shaft and the LR shaft is 10 kW, and on the HR shaft and the generator shaft 
is 9.5 kW (average value). Hence, the calculated 
value of the gearbox efficiency is 95%. This 
figure also shows that the ratio of speeds and 
mechanical powers of the LR and HR is equal to 
a reduction ratio of 5.67. The electrical charac-
teristics of the generator in this mode of opera-
tion are shown in Fig. 8. It can be seen that 
when the HR is drawn into synchronism, the 
three-phase voltages and currents at the genera-
tor output increase to the steady-state value (Fig. 
8, a). The shape of these curves on an increased 
time scale is shown in Fig. 8, b, and Fig. 8, c 
shows the electrical characteristics of the resis-

tive load. 
3.2 Operation of the system in the event of a wind gust. The preliminary mode of operation of the 

wind plant is calculated with the difference that at a time point of 4 s, when the system has reached the 
steady-state mode of operation, the wind speed increases from 12 m/s to 20 m/s. The results of calculating 
the time characteristics of the MG are shown in Fig. 9, a. Here, all graphs show the same values as in Fig. 5. 
It can be seen that when a wind gust occurs (at a time point of 4 s), both MG rotors fall out of synchroniza-
tion and the gearbox loses the ability to transfer mechanical power from the turbine to the generator. At the 
same time, in the steady-state mode, the HR starts to rotate at a relatively high speed as a reaction to a strong 
wind, and the LR rotates at a low speed, which is not the normal mode of operation of the MG.  

To analyze the effect of the maximum torque of the MG on the stability of its operation, Fig. 9, b 
shows the results of similar calculations at a doubled value of the maximum MG torque, equal to 812 N∙m. 
As can be seen from this figure, when a wind gust occurs, the MG falls out of synchronism for a certain pe-
riod of time after the startup, but then the gearbox returns to normal operation. Thus, according to these cal-
culations, it can be noted that in transient modes, when an overload occurs, both rotors of the MG can fall out 
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                                            Fig. 7 
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of synchronous motion for a certain period of time and then, depending on the MG parameters, the system 
either reaches a certain operating mode or loses the ability to transfer mechanical power from the turbine to 
the generator. It should be noted that the process of falling out of synchronism is also affected by magnetic 
losses in the MG, but this issue is not sufficiently researched and presented in the scientific literature and will 
be investigated by the authors in the future.  

In order to establish the general conditions for the stable operation of the MG in dynamic modes, let 
us consider the system of equations (3). From the analysis of the first and second equations, which reflect the 
balance of moments on the shaft, respectively, of the LR and HR, it can be assumed that for stable operation, 
two conditions must be met simultaneously: 

                 max
l

turbine l l l

d
T J k T

dt


    ,    maxh

h h h gen

d T
J k T

dt G


    .                                         (4) 

From these two expressions, in the absence of the first components corresponding to the moments of 
inertia, the following conditions for the operation of the MG power plant in steady-state mode can be ob-

tained: max
max ,turbine l l h h gen

T
T k T k T

G
      . 

As noted in [3, 4], the use of a more powerful MG with an increased value of the maximum magnetic 
torque to Tmax ≥ (1.2÷1.5)Tturbine allows for a more stable operation of both the MG and the wind power plant 
as a whole. 

3.3 Operation of the wind power plant with increasing electrical load. This mode was calculated 
for the variant described in Section 3.1, pro-
vided that at a time of 4 s the active resistance 
of the generator's load decreases from 20 
Ohm to 10 Ohm. The results of calculating the 
time characteristics of the MG are shown in 
Fig. 10, where all graphs show the same val-
ues as in Fig. 7. It can be seen that the MG 
does not lose its stability under such an in-
creased load, while the rotational speeds of 
the LR and HR decrease monotonically, and 
the mechanical moments of both rotors in-
crease. This leads to an increase in the me-
chanical power consumed from the turbine 
and transmitted to the electric generator in 

normal operation. Such a stable operation of the MG in this mode is associated with the fulfillment of condi-
tions (4) in the dynamic mode. 
 Conclusions. In this work, the computer Simulink model of the 10 kW wind power plant has been 
developed, in which the magnetic gearbox instead of a mechanical gearbox, was used in pair with a synchro-
nous generator with permanent magnets. The Simulink model of the magnetic gearbox was developed, which 
allows to research the stability of its operation in dynamic modes. On the basis of the developed model of the 
wind power plant, researches of the related mechanical and electrical processes in its main elements, in dif-

a)  b) 

Fig. 9 

 
                                    Fig. 10 
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ferent operating modes, were carried out - starting mode, instantaneous increase of wind speed acting on the 
wind turbine and increase of the load of the electric generator.  
 According to the results of the calculations, it is shown that in transient modes, when short-term 
overloads occur, both rotors of the MG can fall out of synchronous motion for a certain period of time and 
then, depending on the parameters of the MG, the system can either reach a certain operating steady-state 
mode or lose the ability to transfer mechanical power from the turbine to the generator. It has been noted that 
using a more powerful MG with an increased value of the maximum magnetic torque to 
Tmax ≥ 1.2÷1.5)Tturbine allows for a more stable operation of both the MG and the wind power plant as a 
whole. 
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У роботі розроблено комп'ютерну Simulink-модель вітроенергетичної установки, в який замість механічного редук-
тора використовується магнітний, а також міститься синхронний генератор із постійними магнітами. При цьому 
окремо розроблено Simulink-модель магнітного редуктора, побудованого на основі модульованого магнітного поля в 
повітряному проміжку, яка дає можливість дослідити стійкість його роботи як в усталеному, так і в перехідних 
режимах. На основі моделі установки проведено розрахунки різних динамічних режимів її роботи – пускового, мит-
тєвого збільшення швидкості вітру, що діє на вітрову турбіну, та збільшення навантаження електричного генера-
тора. За результатами проведених розрахунків показано, що в перехідних режимах у разі виникнення короткочасних 
перевантажень обидва ротори магнітного редуктора на певний проміжок часу можуть випадати з синхронного 
руху і далі, в залежності від параметрів редуктора (а також інших її елементів), електромеханічна система або 
досягає певного робочого усталеного режиму, або втрачає можливість передавання механічної потужності від 
вітрової турбіни до генератора. Показано, що використання більш потужного магнітного редуктора із збільшеним 
значенням максимального магнітного моменту дає змогу отримати більш стійку до перенавантажень роботу як 
цього редуктора, так і вітроенергетичної установки в цілому. Бібл. 9, рис. 10. 
Ключові слова: вітрова електростанція, магнітний редуктор, генератор з постійними магнітами, комп'ютерне моде-
лювання, режими роботи установки, стійкість магнітного редуктора. 
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