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Abstract 

 
This work proposes design of doubly fed induction generator based wind 

power generation unit and a control scheme which enables the wind power 

generation unit to operate in multi modes like where in the grid associated 

mode the system can be operated with or without battery to control both real 

and VAr powers and in standalone mode the system can be operated to 

control the frequency and voltage of the network. This work also proposes 

the analysis and performance comparison of doubly fed induction motor-

based wind power unit and PMSG based wind power unit with the proposed 

multimode control method. The design of the system and comparison of the 

results are verified using MATLAB 2013a.  
  
Keywords: Multimode control scheme, doubly fed induction generator, 

PMSG, grid associated mode, standalone mode. 
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1 Introduction 
 

The day to day performance of renewable energy sources encourages for 

developing power generating system utilizing the renewable energy sources. 

There are number of renewable energy sources like hydro, tidal, solar, wind 

etc. Also, these alternative energy sources [1-3] possess several advantages 

like freely available, environmentally friendly, pollutant free. Among these 

sources the utilization of wind has been enhancing from the past few decays 

[4]. Conversion of wind energy into useful electrical energy can be done with 

wind energy conversion system which involves wind turbines, generators, 

converters, gear systems.  

There are basically two types of wind energy conversion systems based 

on designing and control techniques namely variable and fixed speed wind 

energy [5] conversion systems, variable speed wind energy conversion 

systems. The fixed speed wind energy conversion systems operate around the 

synchronous speed and the systems are directly connected to grid. The 

generator that is generally utilised in the fixed speed wind energy conversion 

systems is squirrel cage induction generator (SCIG). This fixed speed wind 

energy conversion systems have advantages like robust in construction, low 

maintenance, low cost and simple in nature.  But these types of systems have 

their own disadvantages like high mechanical stress, requires larger gear 

boxes, no controlling of voltage transmitted to grid. The second classification 

of wind energy conversion system is variable speed wind energy conversion 

system [6-9] which operates at variable speed but within limited range. The 

generators that are used are doubly fed induction generators (DFIG) where 

the stator windings are directly connected to grid and rotor windings are 

connected through the back to back connected converters. These types of 

systems have advantages like high controllability of the grid parameters, 

extraction maximum power and and injection of both real and VAr into the 

grid using back to back connected converters utilizing 25-30% of rating. 

Within the variable speed wind energy conversion system there is another 

classification utilizing synchronous generators of which permanent 

synchronous generator is normally the choice utilizing full scale rating of the 

converter. But the disadvantage of this system is lack of full regulation [10-

13] of the system but have advantages like low cost, higher efficiency, robust 

compared to other synchronous generators.  

This work involves the design of DFIG based wind energy conversion 

system and PMSG based wind energy conversion system with the multimode 

control strategy employing DC link voltage regulation and torque control 

strategy. The system also utilizes battery to provide continuous power supply  

without interrupting the system. The pitch angle controller has been used for 

controlling the pitch angle thereby controlling the power during low and 

high-speed wind conditions. The comparison of the two generators-

basedwind energy conversion system has been performed in terms of DC link  
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voltage, active and reactive power, frequency of the network and battery 

power. The research work is organized as follows: I. Presents introduction to 

the proposed system, II. Deals with the proposed wind energy conversion 

systems and their mathematical modelling, III. Deals with the discussion of 

simulation work and results, IV.Deals with the conclusions drawn from the 

proposed work. 

 

2 Block Diagram Model and Mathematical Modelling of 
Proposed Work 
 

The Block diagram representation of the proposed research work is 

depicted in the below Figure 1 which consists of a wind turbine for 

converting wind energy into mechanical energy through the flow of wind. 

For converting the mechanical energy into useful electrical energy DFIG has 

been connected to the wind turbine. DFIG consists of stator and rotor 

windings where stator windings are directly fed to the grid through the three-

phase breaker. When the breaker is closed the system operates in grid 

connected mode and when the standalone mode is required, breaker is 

opened. The rotor windings are connected through the back to back 

connection of two VSC converters, a DC link capacitor, and battery through 

a breaker [14]. The battery can be connected or disconnected through the 

breaker in grid integration mode. In this system power can be flown from the 

system to grid or from to the system. Two controllers have been utilized to 

enable the gating signals of the converters there by controlling the system. In 

the grid connected mode, the electrical energy converted is fed to grid from 

stator and then the breakers of the converters are closed to enable the 

converters operation [15]. Then energy will be collected at the rotor windings 

RSC, then capacitor, then GSC converter. The DC link voltage across DC 

capacitor will be impress by the battery. 
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Figure 1 Block Diagram of Prposed DFIG Based Wind Energy System  



 

 

 
 

 

 

 

9331 K. Naresh et.al. 
 
2.1 DFIG Based Wind Energy Conversion System 
 
2.1.1 Wind Turbine 
 

The proposed system works on the principle of wind energy conversion 

which is performed by the wind turbine. When wind passes over the blades 

of the turbine, blades rotates and then starts converting the kinetic energy of 

the wind into mechanical energy of rotation. The kinetic energy which is 

present in the wind passage at a speed v, surface area A. 

The expression for the power in the wind [1] can be given as  

    
 ⁄      (1) 

The converted power of the wind by the turbine which can be called as  

mechanical power and can be given as  

    
 
 ⁄     (2) 

Where    is the power coefficient which determines the amount of wind 

power converted into mechanical power and can also be given as 

   
 

 
                      (3) 

Where   is the pitch angle of the blade and   is tip speed ratio of the turbine 

which can also be given as ratio of wind speed to the turbine angular speed. 

There are two types of control techniques for controlling the angle of 

rotation of blades and they are pitch angle control and stall control. The stall 

control is generally opted for constant speed wind power generation systems 

and as the proposed system is based on variable speed wind turbine system, 

pitch angle control is utilized for controlling angle between rotation plane 

and turbine blade. This method has advantages like efficient power control, 

faster method compared to stall control.  

The mechanical power generated by the turbine is fed to a machine for 

electrical energy conversion of which doubly fed induction generator has 

been chosen due to its advantages [16].   

 

2.1.2 DFIG 

 
The mechanical power obtained from the wind turbine is fed as input to 

the DFIG. DIFG consists of stator windings, rotor windings of which the 

stator windings are directly associated to the grid and rotor windings are 

connected to the grid through the back to back connected converters via slip 

rings which permits the system to operate at variable speeds depending on 

the changing wind speeds. The back to back connected converters are 

AC/DC/AC IGBT based Pulse Width Modulation converters. These are 

voltage source converters employing the forced commutation devices to 

generate AC voltage from the DC voltage. A capacitor known as DC link 

capacitor which acts as DC voltage source. When power transforms from the 

rotor windings the rotor side converter converts the AC voltage from the 

rotor windings into DC  
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voltage. The converted DC voltage is stored in the DC link capacitor due to 

its low cost, low maintenance. If the complete controlling of the grid is 

required, the voltage stored in the DC link capacitor is converted into AC 

voltage with the use of converter and fed to grid.  

In addition to DC link capacitor, a battery has been used in shunt with 

the DC link capacitor for reliability of supply. The entire system can be 

connected to grid with or without battery or the system can also be operated 

in standalone (islanded) mode with the disconnection of grid. The supply 

from the grid to the rotor then to stator can also be obtained with this 

configuration and it is called as back to back configuration. The two 

converters are gated with the two controlling techniques. Rotor converter 

control strategy controls the speed and power of the network generator and 

grid converter control strategy controls the DC link voltage in grid connected 

mode and strategy controls the voltage and frequency of the network.  

The dynamic equations of the DFIG [5] can be given as 

                (4) 

        (5) 

 
   

  
        (6) 

The below Figure 2 shows the equivalent circuit of DFIG having stator, 

rotor resistances and inductances. 

 

 
Figure 2 The Equivalent Circuit Representation of DFIG 

 

The set of modelling equations for the proposed work are 

represented as follows 
                  (7) 

                 (8) 

            (9) 

            (10) 
 

 



 

 

 
 

 

 

 
2.1.3 Control Strategy 
 
2.1.3.1 DC Link Voltage Controller 

 
Sometimes due to unbalanced power flow between grid and rotor, the 

grid voltage may not be equal to the turbine voltage and then DC link voltage 

fluctuates. In order to reduce the DC link voltage fluctuations, DC link 

voltage controlling has been proposed which controls the DC link voltage by 

tracking the reference values. The gating signals of grid side converter are 

produced with the DC link voltage controller there by controlling the 

parameters of grid side converter.  

The super capacitor [1] power equation can be computed as 
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Figure 3 Block Diagram Representation of DC Link Voltage Controller 

 

There occurs a change in the wind speed, the speed of the DFIG changes, 

there by the voltages, currents and other parameters of the stator, rotor 

windings of DFIG also changes. These output parameters of DFIG are fed as 

inputs to the Rotor side converter (RSC), there by the power, voltage, and 

current of the RSC converter changes. As the DC link capacitor is fed to the 

RSC and GSC back to back converters, the changes in the RSC converter 

causes changes in the DC link capacitor, GSC converter, there by the grid 

parameters gets unstable. To overcome this problem, a control technique for 

DC link capacitor has been used to enable the gating signals of GSC 

converter. The block diagram for the GSC control strategy is depicted in 

above Figure 3 where the reference DC link voltage is compared with the 

instantaneous DC link voltage and the error between the two values is fed to 

the PID controller, then the GSC d-axis reference current is acquired from 

the processed error. This reference current is compared with the actual d-axis 

current and the error is again fed to PID controller to generate d-axis 

reference voltage. The same process is done to generate the d-axis reference 

voltage by considering the reactive power in case of DC link voltage. These  
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d-q axes voltages are fed to gate signals generating block. So controlling the 

DC link voltage controls the GSC DC link voltage and frequency. 

 

2.1.3.2 Torque/ Current Controller 

 
When a fault occurs in the proposed system, the required power from the 

wind, power flowing into the grid may not be in balanced condition due to 

which the excessive currents flows in the stator, rotor circuits, there by 

resulting in uncontrolled torque, power and speed. To overcome this problem 

rotor side torque controller has been proposed which controls the torque in 

turn controlling the currents, real and reactive power of the system which is 

given in Figure 4. 
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Figure 4 Block Diagram of Torque/ Current Controller 

 

The electromagnetic torque generated from the DFIG [1] can be 

represented in terms of direct rotor current as 

   
        

         
  (13) 

The above equation can be rearranged as 

    
         

     
   (14) 

The reactive power generated at the stator terminals can be expressed as  

      
   

         
 

  

     
   ) (15) 

 

RSC control strategy is used to control speed and torque of the DFIG, 

both actual and VAr power. Hence the torque command is used to generate 

d-axis rotor reference current, reactive power is used to produce Q-axis rotor 

reference current and these parameters used for generating gate pulses for 

RSC converter. 

State voltage conditions of stator and rotor are exhibited in following 

condition. 
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2.2 PMSG Based Wind Energy Conversion System  

 
The PMSG based wind energy system is shown in below Figure 5. The 

entire structure and control strategy is same as the DFIG based system but 

the stator windings are not connected to the grid. It also consists of two 

control techniques named as DC link voltage controller and torque controller 

for controlling the parameters of the system. 
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Figure 5 Block Diagram of PMSG Based Wind Energy Unit 
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3 Simulation Results and Result Discussion  
 

The propose system has been developed with the help of MATLAB 

simulink and the results are discussed in below Figure 6, considering three 

different cases named as grid connected mode, grid connected mode with 

sudden disconnection of battery and standalone mode with the sudden 

disconnection of grid and the analysis has been performed for the DFIG 

based system and PMSG based systemto determine the performance for the 

better wind energy conversion system. 

 
3.1 DFIG Based System 
 

 
 
Figure 6 Waveforms of DC link voltage, battery power, power of converter, speed, 

Power generated, power transmitted, frequency, pitch angle with batteryandgird. 

 

Three test cases performed,  

Test Case 1: when operating system in grid connected mode with battery 

(t= 0sec to t=7sec) 
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This mode starts as start up of the system from t=0 sec to t=7sec. Initially 

the wind speed of 10m/sec is fed to the turbine from t=0 sec to t=7sec. From 

t=0 sec to t=3sec, the DC link voltage is maintained at initial capacitor 

voltage value. The breaker at GSC is enabled at t=3sec, then there is sudden 

transient in the output, then the DC link voltage controller turns on and 

maintains the voltage, frequency at the reference value. The breaker at RSC 

is enabled at t=3.5sec and the battery is closed from t=4 sec to t=7sec which 

shows there is continuous tracking action of the controllers there by 

maintaining frequency, speed, DC link voltage constant. 

In Figure 6 it is explained as follows,  (a). DC link voltage is kept 

constatnt upto t=3sec, from t=3sec to 3.5 sec (0.5sec) observed small 

disturbance because of sudden breakers enabled and after 3.5 sec voltage 

maintained constatnt. (b). Battery almost maintained constatnt except at 

t=4sec. (c). Power converters are successfully working after t=3sec. (d). 

Speed gradually decreased very less. (e). Power generated succefull after 

t=3.5sec. (f). Power transmission observed good at t=3.5sec. (g). Very less 

frequency disturbance observed between t=3sec to 3.5sec and it will be 

neglected. 

 

Test Case 2: when operating system in grid connected mode with  

Sudden disconnection of battery (t= 0sec to t=9sec) 

This mode is same as the start up case from t=0 sec to t=4 sec and at t=4 

sec the battery is suddenly disconnected from the system where the power of 

the battery shown in below figure fluctuates for a small period providing the 

stored energy if required and the battery is again closed at t=7sec settles at 

the constant value.  

In Figure 7 and Figure 8 the outsputs are explained as follows: (a). Dc 

link voltage decreased very less due to battery disconnected 

(b). Battery suddenly disconnected shown and maintained in operation at 

t=7sec. (c). Power of converter increased due to disconnection of battery. (d). 

Power generation is successful even under battery disconnection. (f). Power 

transmission also observed good. (h). frequency reduction is .005. 

 

Test Case 3: when operating system in standalone mode with sudden  

disconnection of grid. (t= 0sec to t=9sec) 

This mode is same as case 1 from t=0 sec to t=7sec and at t=7sec, the 

grid is suddenly disconnected from the system whose response is shown in 

below waveforms. When the grid is suddenly disconnected there is large 

droop in the parameters where the pitch angle increases to meet the reference 

values. 

 

3.2 PMSG Based System 
 

The system is simulated with the replacement of generator and the below 

waveforms are the responses of the system for the grid associated mode and 

standalone mode which is given in Figure 9,10 and 11.  
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Figure 7 Waveforms of DC link voltage, battery power, power of converter,   

speed, power generated, power transmitted, frequency, pitchanglewithsudden 

disconnection of battery. 
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Figure 8 (a). Dc link voltage decreased very less due to grid disconnected 

(b). No effect on Battery even suddenly grid disconnected shown(c). Power 

of converter increased due to disconnection of battery. (d). Power generation 

is successful even under grid disconnection. (f). Powertransmission also 

observed good. (h). Small effect on frequency observed but negligible. 
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Figure 9 (a). DC link voltage sudden peak observed at t=4sec and maintained 

constant. (b). Battery charging at t=4sec. (c). Power of converter 

fluctuationsobserved at t=4sec to t= 5.5 sec after that maintained stable. (d). Initially 

frequency variation observed only 0.8 sec after that maintained constant. (e). No 

effecton power generation. (f). Small fluctuation at the time of transmission at t=4 

sec 
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Figure 10. (a). DC link voltage sudden peak observed at t=4sec and maintained 

constant. (b). Battery dis connected at t=4sec. (c). Power of converter fluctuations 

observed at t=4sec to t= 5.1 sec after that maintained stable.    (d). Initially frequency 

variation observed only 0.6 sec after that maintained constant. (e). No effect on 

power generation. (f). Small fluctuation at the time of transmission at t=4 sec. 
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Figure 11 (a). DC link voltage sudden peak observed at t=4sec andmaintained 

constant due to grid disconnection. (b). Small change in batteryobserved after t=4sec. 

(c). Variation observed in power generation betweent= 3.5 sec to 4.5sec. (d). Less 

effect on power converter due to griddisconnection. (e). Less effect on power 

transmission. 
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Table 1 Comparison between DFIG and PMSG based wind energy unit 

 

 DFIG based 

system 

PMSG based 

system 

 

Response of 

the system in 

grid 

connected 

mode 

 Vdc-1150V 

 Speed-0.95pu 

 Frequency-1pu 

 Vdc-1100V 

 Speed-0.43pu 

 Frequency-

oscillating around 

1pu 

 

Response of 

the system in 

standalone 

mode 

 Vdc-1050V 

 Speed-1.001pu 

 Frequency-0.98pu 

 Vdc-1010V 

 Speed-1.002pu 

 Frequency-0.6pu 

 
From the above Table 1, frequency oscillations observed around 1pu in 

response of the PMSG based system with grid connected mode and 

frequency decreased to 0.6pu in response of the PMSG based system with 

standalone mode. Hence, it can be concluded that in case of voltage 

regulation and frequency regulation DFIG provides better performance than 

the PMSGbased wind energy system. Specifications of proposed wind 

energy is given in Table 2. 

 
Table 2 Specifications of the proposed wind energy unit 

 

S.No. Parameter Value 

1 DC link voltage 1150V 

2 DC link capacitor 10000uF 

3 Wind speed 10m/s 

4 Grid nominal voltage 120KV 

5 DFIG rated voltage 575V 

 
4 Conclusions 

 
The design of doubly fed induction generator based wind power 

generation unit and proposed control scheme has been presented. The 

proposed control scheme enabled the wind power generation unit to activities 

function in multi modes and controlling of active power, reactive power and 

DC link voltage in grid connected mode has been performed, there by 

controlling the frequency and voltage of the network in standalone mode. An 

analysis has been performed and performance comparison of doubly fed 

induction generator based wind  
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power unit and PMSG based wind power unit with the proposed multimode 

control strategy has been done hence that in case of voltage regulationand 

frequency regulation DFIG provides better performance than the 

PMSGbased wind energy system. The design of the system and comparison 

of the results verified using simulation. 

 

Nomenclature 
 
 : pitch angle of the turbine blade  
    tip speed ratio of the turbine 

Vds: direct axis component of stator voltage 

Vqs: quadrature axis component of stator voltage 

Vdr: direct axis component of rotor voltage 

Vqr: quadrature axis component of rotor voltage 

ids: direct axis component of stator current  

iqs: quadrature axis component of stator current 

idr: direct axis component of rotor current 

iqr: quadrature axis component of rotor current 

Ψs: stator flux linkages 

Ψr: rotor flux linkages 

Ψds: direct axis component of stator flux linkages 

Ψqs: quadrature axis component of stator flux linkages 

Ψdr: direct axis component of rotor flux linkages 

Ψqr: quadrature axis component of rotor flux linkages 

θ: pitch angle 

Tem: electromagnetic torque 

Qs: stator reactive power 

Vdf: direct axis component of GSC voltage 

Vqf: quadrature axis component of GSC voltage 

Vdc: dc link voltage 

Pr: rotor power 
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