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ABSTRACT: Recently the main concern all over the world is carbon emission reduction and due to this renewable energy 

sources are the main point of attraction for the power generation. Especially wind energy into the electrical power grid is 

extensively increased, the influence of the wind turbine system on the voltage stability and frequency becomes more and more 

significant. Wind turbine rotor has different types of loads and these loads results in fatigue and vibration in blades. These loads and 

losses can overcome by using a good pitch controller. As we know that energy extracted is limited according to Betz law but with the 

help of good pitch angle controllers it is possible to get desired output in certain conditions. A maximum performance can be obtain 

by designing a good pitch angle controller. A system with wind turbine generator system connected with grid is designed and 

simulated in Matlab software with the PID control system and the results are evaluated and by analysing these results some future 

analysis can be planned. 

  

 

KEYWORDS: PMSG (permanent magnet synchronous generator), WECS (Wind energy conversion system) IGBT (Insulated 

gate bipolar transistor), THD (Total harmonic distortion), STATCOM (static synchronous compensator), SVC (static VAR 

compensator). 

 

1.INTRODUCTION 

In today’s era the major problem the world is facing is a lot of carbon emission due to lots of pollution sources but the major source 

of pollution is the power generation from fossil fuels and that sources are also in a limited stock all over the world. As many 

countries are in developing stage that’s why a lot of construction especially commercial, residential as well as industrial buildings 

have to be constructed and so the power consumption will increase by 40 to 50 percent in the next upcoming 20 years and the fuels 

used in all these generations mostly affect the environment badly. To overcome all these situation ministry of new and renewable 

energy (MNRE) proposed many incentive programs to promote renewable source of energy for generation of electricity like solar 

energy and wind energy etc. Many research and developments are going on these field right now to improve the system and to get as 

much energy as we can with the least cost of installation. 

 

 

In wind energy application variable speed wind turbines have much better performance due to its maximum power point tracking 

system (MPPT) Now a days doubly fed induction generator are widely used in a variable speed wind turbine but the main drawback 

is the requirement of gear box to match turbine and rotor speed. The gear box Many times suffers and requires regular maintenance 

making the system unreliable. [1]. 

In wind energy system variable speed wind turbine has much better performance due to its maximum power point tracking 

algorithm. The double fed induction generator which is widely used now a days in variable speed wind turbine has the main 

drawback of regular maintenance of gear box that makes system unreliable. The reliability of variable speed wind turbine can be 

improved by using direct drive permanent magnet synchronous generator. 

To extract maximum power from the fluctuating wind requires a sophisticated control strategy for the generator. Some control 

strategies reduce the reliability of the system. For maximum output from PMSG based wind turbine a control strategy has been 

developed. This design requires IGBT insulated gate bipolar transistor, which is used to control generator torque so as to extract 

maximum power from the wind. 
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2.MODELLING OF WIND ENERGY CONVERSION SYSTEM 

     1.Wind Turbine 

According to aerodynamics the aerodynamic power of wind turbine can be expressed as 

   
 

 
          

  …………. (1) 

When the rotor speed is adjusted to maintain its optimal value, the maximum power can be gained as 

            
 ……………… (2) 

Where K opt is decided by 

    =               
    … (3) 

     =      (      )2……. (4) 

The optimum power curve shown by the wind turbine characteristics from where we can get the maximum output power at various wind 

speed that varies according to wind speed. The optimum power curve shown by the wind turbine characteristics from where we can get 

the maximum output power at various wind speed that varies according to wind speed. [2] 

 

Fig. 1 modelling of wind turbine 

 

 

2.Two Mass Drive Train 

Here two mass drive train model used by wind energy conversion system is shown below in fig 1 
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Fig. 2 Two mass drive train 

 

The differential equation governing its mechanical dynamics are as follows [3] 

2   
   

  
            …..... (5) 

 

    
  

    

   
        ……… (6) 

 
    

  
          ………… (7) 

Where Ht is the inertia constant of the turbine, Hg is the inertia Constant of the PMSG, θtw is the shaft twist angle, wt is 

the Angular speed of the wind turbine in p.u., wr is the rotor speed of the PMSG in p.u., welb is the electrical base speed, 

and the Shaft torque Tsh is  

             
     

  
  Where Ksh is the shaft stiffness and Dt is the damping coefficient. 

 

3.Synchronous generator 

 

The permanent magnet synchronous machine operates as a generator .The electrical and mechanical parts of this machine is 

represented by second order state space model. The sinusoidal model assumes that the flux established by the permanent magnet is 

sinusoidal which implies that electromotive forces are sinusoidal. These equations are represented in rotor reference frame .All 

quantities in the rotor reference frame referred to the stator. [4]    
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   Represents the electrical angle 

Lq, Ld q and d axis inductances  

Lq, Ld q and d axis inductances  

R Resistance of the stator windings  

Iq, Id q and d axis currents  

Vq, Vd q and d axis voltages  

Wr Angular velocity of the rotor  

λ Amplitude of the flux induced by the permanent magnets of the rotor in the stator phases  

P Number of pole pairs  

Te Electromagnetic torque 

 

4.Control System of Inverter 

In this wind energy conversion system the output voltage is controlled through amplitude and frequency. Power from wind 
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turbines fed to converters to maintain the output voltage at certain values. The active and reactive power exchange are a 

function of amplitude and frequency at terminals of grid side converters. 

Phase voltages are converted to rms values and then compare it with reference values and supplying this rms value to PI 

controller. A particular value of voltage is given to reference voltage of PWM. This may be have a fixed reference value or 

calculate by peak detection method. The fig of control system shown below: 

 
Fig. 3 Control system of inverter 

 

 
Fig. 4 Overall Control system of inverter 

5.Pitch Control System 

 

The rotor speed of wind turbine can be controlled by PID controller, Such PID controller is given in figure 5. 

Where, Δωt(s): is the variance between actual rotor speed and reference rotor speed. 

 

 
Fig. 5 PID controller 
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Fig. 6 Block diagram of control system 

 

 

 
Fig. 7 PID control Parameters 

 

 
Fig. 8 Simulink diagram of PID control Parameters 

The Simulink model of wind turbine pitch control system with conventional PID Controller is shown in Fig. 8 
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3.SYSTEM MODEL  

 

Fig. 8 Overall model of wind energy conversion system 

Table-1: Parameters of turbine generator system 

 

Wind Turbine Parameters Values 

Density of air 1.225 kg/m
2 

Area swept by blades 1.06m
2 

Base wind speed 12m/s 

 

 

Table-2: Permanent magnet synchronous generator  

 

PMSG 

 

Values 

No of poles 

 

10 

Rated speed 

 

153 rad/s 

 

Rated current 

 

12 amp 

 

Armature resistance 

 

0.425Ὡ 

 

Magnetic flux linkage 

 

0.433 wb 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 9, September - 2021 Page-1246



4. RESULT AND DISCUSSION 
 

 

 
Fig. 1 Current before bridge 

 

 

 

Fig. 2 Voltage before bridge 
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Fig .3 Rotor speed and electromagnetic torque 

 

Fig .4 Modulation index 

 
Fig .4 Line to line voltage before filter 
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Fig .5 Voltage after filter 

 

 
Fig .6 Current after filter 

 

 
Fig .7 THD 
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Fig .7 Voltage THD 

 

 

Fig .8 Current THD 

 

5.CONCLUSION 

After modelling of wind energy conversion system has been done , recorded and results shown in the figure above and the major aim 

is to maintain a dc link voltage to maintain constant and with the help of inverter control system it has also been almost 

accomplished. The designed  pitch control system has he effects on harmonic distortion also e can see that Current THD is around 

37 % and voltage harmonics is around 14 %. As the voltage and current outputs have a smooth waveform we can work on harmonics 

in future with the help of FACTS devices like Statcom and SVC compensators to improve harmonic distortion as well as to reduce 

flickers and losses. After using filter of LC combination we can see that the output is smooth as well as in desired value to provide in 

the grid we can also work on filter configuration for the enhancement of output voltages and currents. 
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