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Abstract— Renewable energy sources are environmental friendly 
compared to non renewable energy sources. The integration of 
renewable energy sources such as wind energy system with utility 
grid is an important issue in the present power system. Doubly Fed 
Induction  Generator has been widely used in Wind Energy 
Conversion   Systems  due to its various advantages over Permanent 
Magnet Synchronous Generator (PMSG) and Fixed Speed Induction 
Generator (FSIG).In this paper a grid connected doubly fed induction  
generator based wind energy conversion  system is proposed during 
varying wind speed conditions. The machine side converter  and grid 
side converter  along with battery storage device and capacitor in DC 
link reduces the power fluctuations in the  grid due to varying nature 
of wind. The control method in this paper is based on the theory of 
controlling the ‘d’ and ‘q’ axis components of current for both MSC 
and GSC.The overall proposed strategy is simulated in MATLAB-
SIMULINK software and is analyzed. 

Index terms—Wind Energy Conversion System(WECS),Doubly Fed 
Induction Generator(DFIG),Battery Storage Device(BSD),Machine 
Side Converter(MSC) and Grid Side Converter(GSC). 

1 INTRODUCTION 

 

The renewable energy has many advantages over the non 
renewable energy because of its non polluting and 
environmental friendly nature. The main renewable energy 
sources are solar,wind,tidal and geothermal .From these 
sources, the wind energy receiving much interest all over the 
world. Among the all the available technologies for 
WTGSs,the DFIG based Wind turbine(WT) is most accepted. 
Variable speed operating wind turbine is much better than the 
fixed speed operating wind turbine. There are mainly three 
types of  generators are used in the WECS.Doubly Fed 
Induction Generator (DFIG) based WECS, Squirrel Cage 
Induction Generator (SCIG) based WECS and  Permanent 
Magnet Synchronous Generator(PMSG) based WECS. A 
DFIG based WECS has many advantages over SCIG and 
PMSG based WECSs. Improved efficiency,Ability to control 
electrical torque,Ability to Control active and reactive power 
by the integration of power electronic converters,Reduced 
losses and Easy power factor correction [1]. 

The Wind turbine use a DFIG consist of a wound rotor 
induction generator and an AC/DC/AC, IGBT based back to 
back converters. The stator winding of wound rotor machine is 
directly connected to the grid while the rotor is fed at variable 
frequency through AC/DC/AC converter [2].A capacitor 
connected in the DC link acts as the DC voltage source .Back 
to back converters consist of a machine side converter (MSC) 
and a grid side converter (GSC).The MSC takes the variable 
frequency and voltage and converts into a DC voltage. The 
GSC has the voltage conversion from the DC link as input and 
AC voltage at the grid as output.  
The grid connectivity is a major problem due to the varying 
nature and unpredictability of wind speeds [3].An effective 
method is presented here to maintain the grid power 
constant. In the proposed model a battery storage device 
(BSD) is introduced in the DC link along with a capacitor. 
Here three modes of operations are possible.When the wind 
speed is greater than the rated wind speed, the stator and 
rotor of DFIG machine is capable of injecting active power 
to the grid.When the wind speed is less than the rated wind 
speed, the stator is only capable of supplying the power. The 
additional amount of power required to the grid is supplied 
by the battery storage device(BSD). When the wind is in 
rated condition, the rated power(the power which has to be 
maintained constant in the grid) is supplied by the stator 
itself. Thus the grid is always supplied with constant power 
irrespective of varying wind speed . 

2.DFIG BASED WTGS WITHOUT BATTERY 
STORAGE D EVICE (BSD) 

 
                Fig.1 Block diagram of DFIG -WECS without BSD 
 
In a DFIG, both the stator and rotor are able to supply active 
power, but the direction of this power flow through the rotor 
circuit is dependent of the wind speed and accordingly the 
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generator speed.In this proposed DFIG based WECS,a wound 
rotor asynchronous generator,its stator winding is directly 
connected to the grid and rotor windings connected to the grid 
via sliprings and voltage source converters(VSC).Here an 
AC/DC/AC,IGBT based PWM converters act as voltage 
source converters. The voltage source converters consist of 
machine side converter (MSC) and grid side 
converter(GSC).A capacitor connected in the DC link is used 
in order  to remove the  ripples and keep the DC voltage 
constant. 
 
3. DESIGN OF WIND TURBINE 
Wind turbine converts the kinetic energy of the wind into 
mechanical energy [4]. 
The Wind power Pw=0.5ρairπR2V3

wind   (1) 
Where, 
ρair - Air density (kg/m3)-1.225kg/m3. 
R-rotor  radius (m) 
Vwind- Wind speed (m/s) 
Then the mechanical power of wind turbine captured from the 
wind power can be calculated as, 
Pmech=Cp(λ,β)*Pw  (2) 
ie, Pmech=0.5 Cp(λ,β)* ρairπR2V3

wind    (3) 
The value of ‘Cp’ is dependent on Tip speed ratio(λ) and 
blade pitch angle(β).Practically the value of  Cp lies between 
(0.52 to 0.55) 
The Tip speed ratio is defined as ( λ)=ω.R/Vwind  (4) 
Where, 
ω.-Rotational speed of the generator. 
From equation(4) it is clear that the Tip Speed Ratio(TSR) 
can be adjusted by controlling the (ω) rotational speed of the 
generator , leading to the control of power coefficient (Cp) as 
well as generated output power of the wind turbine. To get 
the maximum power coefficient (Cp) ,blade pitch angle(β=0) 
should be zero .In this paper ,wind turbine model for different 
wind speeds and fixed pitch angle at β=0. 

 
Fig.2Wind Turbine Power Characteristics. 

 
Fig(2) shows the characteristics between the Wind turbine 
output power and  the turbine speed for different speeds at 
zero degree pitch angle(β=00).From the characteristics it is 

clear that maximum power at base wind speed 14m/s at pitch 
angle  β=00 with 1.2p.u base rotational speed. 
 
 
4. CONTROL STRATEGY 
 
4.1 Control of Machine Side Converter 
 
The control principle used is Two axis current vector control 
method. The MSC is used to extract maximum power from 
the wind turbine also for maintaining low reactive power in 
the DFIG.The Proportional-Integral(PI)  controller is used for 
the regulation of reactive power and rotor  speed. Initially, 
reference direct axis(d-axis)rotor current –Ird.ref and 
reference quadrature axis(q-axis) rotor current-Irq.ref  are 
generated using the equation. 
             Ird.ref=(Kp.msc+Ki.msc/s)(Qgrid-Qgrid.ref)     (5) 
             Irq.ref=(Kp.msc+Ki.msc/s)(ωr-ωr.ref)              (6)  
Where, 
             Kp.msc-Proportional gain of  machine  side 
converter(MSC) 
             Ki.msc-Integral gain of machine side converter 
(MSC)      
             Qgrid-Instantaneous  grid reactive power. 
             Qgrid.ref-Reference grid reactive power.(For 
maintaining reactive power of grid to zero,Qgrid.ref is       
taken  as  zero) 
            ωr-Instantaneous rotor speed. 
          ωr.ref-Reference rotor speed. 
These reference rotor currents are then compared with the 
actual rotor currents and the error is processed with a PI 
controller and finally clock pulses are generated with the help 
of a Hysteresis Current controller. 

 
Fig 3. Simulink model of MSC 

 
 4.2 Control of Grid Side Converter 
 
The GSC has important role to ensure the active and reactive 
power delivered to the grid effectively. The grid power 
should be maintained at a constant value  and this is given as 
the reference power. This is then compared with the actual 
grid power at any instant. 

 The PI controller is used to generate q-axis component of 
reference grid current(Igq.ref) 
                Igq.ref=(Kp.gsc+Ki.gsc/s)(Pgrid-Pgrid.ref)   (7) 
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d-axis component of reference grid current,Igd.ref=0   (8) for 
unity power factor operation. 
 
 
Where, 
              Kp.gsc- Proportional gain of  grid  side  
              converter(GSC). 
              Ki.gsc-Integral gain of grid side converter (GSC). 
              Pgrid –Instantaneous active grid power. 
              Pgrid.ref-Reference active grid power. 
The three phase PLL is used to extract the grid side phase 
angle. Finally the reference grid current is then compared 
with instantaneous value grid current and using a Hysteresis 
Current controller corresponding clock pulses are generated. 
 

 
Fig.4  Simulink model of GSC 
 
5. SIMULINK  MODEL  FOR DFIG BASED WECS     
    WITHOUT BSD. 
 

Fig 5 .Simulink  model of DFIG-WECS  Without BSD 
 
 
6.SIMULATION RESULTS OF  DFIG BASED WECS   
WITHOUT BSD. 

 
6.1 Wind Speed. 

 
During the simulation the wind speed is varied above rated 
wind speed (20m/s), rated wind speed(14m/s) and below  
rated wind  speed (10m/s).The wind speed is kept 10m/s up to 
2.5Sec and then the wind speed is changed to 20m/s.At 4Sec  
the wind speed is reduced to 14m/s.Finally the wind speed is 
reduced to zero at 6Sec.Thus a varying wind speed is applied 
to the wind turbine. 

 
Fig.6 Wind Speed Variations 

 
 6.2 Active Power in the Grid 
 
Initially the wind speed is 10m/s then power injected to the 
grid is nearly 300W.If the wind speed is increased to 20m/s,at 
this time power supplied by the DFIG is 1200W .When wind 
speed is 14m/s  the machine is capable of producing 500W 
only .At  time  6Sec  the wind speed is reduced to zero, 
during this time the power injected is only  zero watts. Thus 
it is clear that active power in the grid is varying with 
respect to wind speed. 

 
Fig.7 Active Power in the Grid 

 
7.DFIG BASED WECS WITH BATTERY                         
STORAGE DEVICE (BSD). 
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Fig.8 Block diagram of DFIG –WECS with BSD. 

In this proposed DFIG based WECS,a battery storage 
device(BSD) is placed in between the MSC and RSC. 

    7.1 Design of Battery Storage Device. 

Lead acid batteries are used in many electrical systems to 
store or deliver electrical energy .There have been many 
proposals for lead-acid battery models. One of these is the 
Thevenin  equivalent circuit [5].Thevenin battery model is 
used in this work , which consists of no load voltage 
(Vo),internal resistance (R1),parallel combination of  C  
and R2. ‘C’represents the capacitance of parallel  plates 
and ‘R2’  represents  the non linear resistance contributed  
by the resistance of  plate to electrolyte.R2 in parallel with 
C represents self discharging of the battery. The battery is 
an energy storage device. So it is represented in kilo watt 
hour(kWh) . 

C=kWh*3600*103/0.5(V2max-V2min)                  (9). 

Where Vmax and Vmin are the maximum and         
minimum no load voltage  of the battery under fully 
charged and discharged condition. 

 
Fig.(9) Thevenin circuit for battery model. 

7.2 Simulink Model of DFIG based WECS with BSD.  

 
Fig .10 Simulation model of DFIG-WTGS  With  BSD 

 
8. SIMULATION RESULTS OF DFIG BASED       
      WTGS WITH BSD 
8.1 Grid Frequency 
Efficient voltage control and power management, both are 
required for system reliability and power transfer across the 
transmission network.Practically,it seems that frequncy 
deviation from the standard frequncy causes appreciable 
change in both active and reactive power.So,to have a good 
voltage profile,frquncy should be 50Hz. 

 
Fig.11 Grid Frequncy characteristics. 

8.2 DC link/BSD voltage. 
 
The wind sources are characterized by irregularity and 
unpredictability. It is very important to make DC link voltage  
constant for DFIG based WTGS [6].In this model DC link 
voltage is regulated at 1200V . 

 
 

Fig.12 DC link/BSD Voltage 
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8.3 Active Power Supplied by the DFIG. 
  
During starting, the wind speed is 10m/s .At this time, the 
DFIG supplied power is nearly  400W that is less than rated 
power of the grid. Then wind speed is increased to 20m/s at 
this time the machine will inject nearly 1300W that is greater 
than rated power of the grid. When the wind speed is reduced 
to 14m/s(rated wind speed) power supplied by the machine is 
1000W(rated grid power). At time 6Sec the wind speed is 
reduced to zero during this time the power injected is only 
zero watts. 

 
 

Fig.13 Active Power Supplied by the DFIG Machine 
 
8.3 Active Power of the Battery storage Device 
 
During starting, the wind speed is 10m/s at this time battery 
injected power is nearly 600W in order to  maintain constant 
power in the grid. When the wind speed is raised to 20m/s at 
this time the excess power(300W)  produced by the DFIG is 
stored in the battery. When time t=4 Sec the wind speed is 
rated wind speed ie, 14m/s.At this condition battery neither 
inject nor store the active power. Then at time t=6Sec the 
wind speed is reduced to zero during this mode the whole 
rated power (1000W) to the grid is supplied by the battery 
storage device (BSD). 
 

 
 

Fig.14 Active Power Supplied by the Battery. 
 

8.3 Active Power in the Grid. 
 
During starting, the wind speed is less than the rated wind 
speed at this time the DFIG injected power is nearly 400W. 

The additional amount of power 600W supplied by the  
battery in order to maintain constant power in the grid. When 
the wind speed is increased to 20m/s, at this time the DFIG 
produced nearly 1300W, the excess 300W is stored in the 
battery. When time t=4Sec the wind speed is rated wind 
speed (14m/s), at this time the machine is capable of injecting 
1000W.Then at time t=6Sec the wind speed is reduced to zero 
during this time the whole power 1000W to the grid is 
supplied by the battery .Thus the proposed system is capable 
of maintaining constant power (1000W) in the grid 
independent of wind speed fluctuations. 
 

 
Fig.16  Active Power in the Grid 

 
CONCLUSION 
 
During the operation of Conventional DFIG based 
WTGS(without battery storage device in DC link),grid power 
is fluctuating due to the varying nature of wind speed. So here 
introduce a battery storage device (BSD). A DFIG based 
WTGS with battery storage device (BSD) and a capacitor in 
DC link has been simulated at different wind speeds The 
Proportional-Integral (PI) controller and Hysteresis Current 
Controller are used in the control strategy of this proposed 
model. When the wind speed is above rated speed condition, 
the excess power produced is stored in the battery storage 
device. During the lower wind speed condition the stored 
energy is utilized to maintain grid power constant. Thus it has 
been observed that the grid power is levelled with the help of a 
battery storage device and a capacitor in DC link. 
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