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Structure of PMSG Wind Turbine.
The basic of PMSG wind turbine structure shown on Figure 1 is defined as 
T he wind turbine generates torque from wind power.
 The torque is transferred through the generator shaft to the rotor of the generator. 
The generator produces an electrical torque, and the difference between the mechanical
torque from the wind turbine and the electrical torque from the generator determines
whether the mechanical system accelerates, decelerates, or remains at constant speed.
The generator is connected to a three-phase inverter  which rectifies the current from the
generator to charge a DC-link 𝑈𝑑𝑐 capacitor .
 The DC-link 𝑈𝑑𝑐 feeds a second three-phase inverter which is connected to the grid
through a transformer.
 Through the control system, the information of wind speed, pitch angel, rotor RPM, and
inverter output is accepted to compare with the grid-side data.
this information is solved by using a digital signal processing to produce the correct signal to
control these components. 
The main goal is to synchronize with utility grid and to export power to it.



Model of Wind Turbine. 
The wind turbine is used for the conversion of
wind kinetic energy to mechanical work. 
On the basis of relationships for the
calculation, it is possible to express 𝑃𝑚 of the
aerodynamic wind turbine power

Here,

 �is the air density,
 A = ΠR² is the blades swept of the turbine,
 v is wind speed, and
 Cp( �, ß) is the power coefficient, which
expresses the relationship between the tips
peed ratio � and the pitch angle ß.

T he relationship between the wind speed and the rotor
speed is defined as tip speed ration 𝜆

 𝜆= 𝑅⋅𝜔 /V , 
where ω is the blades angular velocity and R is the
rotor radius.
From the value of the rotational motion performance,
itis possible to determine the value of the torque T,
acting on the shaft as follow:



These formulas are evident that the instantaneous values of the performance, respectively, of the mechanical torque, are
dependent on the wind speed very much. 
On the basis of these equations, it is possible to build the model, which structure is shown in Simulink Figure  of the wind
turbine  .
Figure 2 shows the curve of power wind turbine coefficient. 
It reveals that Cp achieves the maximum value at the particular �opt.
Figure 3 shows that the rotational speed is a function, in which the power captured in turbine blade obtains the maximum
output at the particular rotational speed, while the pitch angle is constant. 
Hence, A should be kept at � opt to maximize the wind energy.
In Figure 4, f(u) of Lambda, Gama, and Cp are defined in the order of equations (4), (3), and (2). 
If wind speed is in the range from 3 m/s to cut out 25 m/s, it is combined to form turbine torque f(u) as (1) and (5).





Generator-Side Inverter Controller.
The generator-side inverter is controlled to catch maximum power from
available wind power. According to (7), in order to control the
electromagnetic torque 𝑇𝑒,this study just controls the𝑞-axis current 𝑖𝑠 𝑞
with the assumption that the 𝑑-axis current 𝑖𝑠 𝑑 is equal to zero.
Further more show that,in order to catch maximum power, the optimum
value of the rotation speed is adjusted.
 The tip speed ratio 𝜆 is taken in



There, ω ref is the blades angular velocity reference and � opt is the
tip speed ratio optimum. From (6), it is calculated that

with Es = ω s .   p being the permanent flux linkages.
The generator-side inverter control schematic is illustrated in Figure 6.  
Through the MPPT in the error of  ref is produced. Therefore, the
error of ωref and ω s is rescued to PI controller to produce q-axis
current component isq-ref which put into space vector pulse width
modulation(SVPWM). 

The d-axis current isd ref is set to zero because the d-axis current
control is adopted. 
Consequently, through the SVPWM containing voltage feed-forward
compensation, the power factors of the generator are calculated and
controlled well.



Grid-Side Inverter Controller. 
The goal of the grid-side inverter is keeping the stability of the DC-line
voltage as well as controlling the active and reactive power For the
grid/transformer inductance, the model is given as follows:

Here, ed is the d-axis output voltage of the grid,
respectively,
 ω is the angular frequency in electrical degree
of grid, 
R is the resistance,
 L is the inductance, respectively, and id and iq
are the currents of d-axis and q-axis.
 it is easy to figure out that the current of d-axis
and q-axis can be controlled to moderate the
active and reactive power. 



Grid-Side Inverter Controller. 
In Figure 7, the loop voltage and the loop
current are illustrated. The inner current
loop is controlled through PI controller
similar to generator-side inverter
controller. 
The output voltage loop produces PI
controller for calculating the error
between Udc and Udc-ref to produce id-
ref. 
Therefore, q-axis current is set to be zero
to decoupling control of the active
power 𝑃 and reactive power 𝑄 by
moderating the 𝑑-axis current 𝑖𝑑 and the
𝑞-axis current 𝑖𝑞.



Pitch Angle Controller
. The system of aerodynamic control plays an important
role in regulating the mechanical power. 
Pitch angle controller is based on the principle which is
changing the blades angle at the revolutions over the
maximal generator speed as well as protecting the
generator before overloading at high wind speeds.
 The optimal angle for the wind speed below the nominal
value is approximately zero and then it increases with the
wind speed growing. 
It has considerable impact on the performance coefficient
and on the value of the turbine torque 
In this controller, illustrated in Figure 8, the speed of the
generator which is the input is compared with its
reference value through PI controller to have the output
value of the pitch angle of the blades, which changes the
performance coefficient of the turbine.



Maximum Power Point Tracking (MPPT). 
In the generator-side inverter, MPPT produces the 𝜔ref for the (10) comparative PI
controller. 
According to Figure 3  the wind turbine coefficient achieves the maximum for the tip
speed, when the pitch angle 𝛽 = 0. 
In terms of every wind speed, there exists a specific point to get the maximum output. 
Hence, in order to control the maximum power in every wind speed, the MPPT tracks the
continuous line and optimal line in Figure 9.
 The tip speed ratio is kept at constant value for all maximum power points, while the
relationship between the wind speed and the wind turbine generator speed is explained
as follows

 being the optimal rotation wind turbine generator at the wind
speed V.
The MPPT control strategy is based on monitoring the wind
turbine generator output power using measurements of the wind
turbine generator output voltage and current as well as directly
modelling the dc/dc converter duty cycle, which is



Model of wind turbine is in wind turbine; models
of control system of generator-side inverter and
grid-side inverter are included in Subsystem1
and Subsystem2.
The MPPT controller and PI controller are also
included in Subsystem 1and Subsystem2.
The pitch angle controller is completely
modelled in wind turbine. 
In this simulation, the wind turbine PMSG model
obtains the wind speed and provides an optimal
reference speed to control the system.
The simulation results are shown in Figures 11–
14. 



The main system parameters are listed in Table 1 according to the design consideration.
 The original states of the system are zero. 
When wind speed is 12m/s, optimal speed of PMSG is obtained.
 Pitch angle controller catches the optimum tip speed ratio at 8 and optimum power
coefficient at 0.4 through the maximum power point tracking.
 On the other hand, grid-side inverter models the output voltage with the DC-link voltage
1200V in accordance with DC link capacitor 15000𝜇F. 
After all, PMSG wind turbine with autonomous co r 15000𝜇F. After all, PMSG wind
turbine with autonomous control system produces the grid line voltage at 900V.
 Figure 11 shows the waves of DC-link voltage, the voltage is produced by grid-side
inverter and a phase voltage feeding to the grid.
 Through the results, it is admitted that DC voltage is well controlled in stabilizing
performance with the fluctuation being about 25%.
 When 𝑉𝑎𝑏 passes through the inverter, load voltage slightly fluctuates by the late
modelling during 0s to 0.08s.
 After that, the load voltage can be kept in stable output.
 Figure 12 shows the wave forms of 𝑑-current, voltage phase of PMSG, and 𝑑-voltage
reference.



 According to the results, it can be revealed that, despite the usual change of wind
speed, the 𝑑-axis current is still modelled to be maintained at zero level off. 
The voltage phase per unit (pu) of PMSG is decreased after the beginning stage;
however, it keeps constant value at that later time.
 Figure 13 shows the waves of three-phase voltage and current of the grid when
autonomous PMSG wind turbine is operated at stable state.
 Voltage phase almost opposes the current phase. Figure 14 performs the waves of
active power and reactive power decoupling control.
When the wind the pitch angle is controlled to catch the maximum coefficient at rate
13m/s wind speed.
 After 0.14s, the generator-side inverter and the grid-side inverter are cooperated to
control the voltage through controllers.
 The wind turbine gets the stable output power to the grid with standard voltage,
frequency, and phase.
 By the autonomous control, including pitch angle con troller, generator-side inverter,
and grid-side inverter, the wind turbine is able to achieve the highest efficiency.
 Through the MPPT strategy as well as pitch angle controller, it can catch the
maximum wind energy and operate at optimal speed ratio.















https://www.youtube.com/watch?v=fRIHhhcL7Fk&t=821s

https://www.youtube.com/watch?v=fRIHhhcL7Fk&t=821s
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