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Abstract: Doubly Fed Induction Generator (DFIG) based wind 
Energy System are very sensitive to grid disturbance such as 
Symmetrical voltage sag. In this paper the authors propose a new 
method for application of Dynamic Voltage Restorer for 
enhancing the low voltage ride through capability of wind turbine 
driven Doubly Fed Induction Generator. 
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I. INTRODUCTION 

The Doubly Fed Induction Generator (DFIG) is the most 
commonly used generator in wind power technology. A drop 
of one or more phase voltage can be especially damage the 
power electronic converter. For Symmetrical fault the drop is 
the same for three phases. The main drawback of the DFIG is 
that if a voltage sag occurs in the grid stator current will 
increase to a  very high value . Due to  magnetic coupling 
between stator and rotor ,according to law of conservation of 
flux this stator disturbance is further  transferred to rotor. Due 
to this rotor current increases in a very high manner and a 
large fluctuation occurs for  the dc link voltage. If a voltage 
sag occurs, the rotor of the Doubly Fed Induction Generator 
should be protected.  Now a days the method used is 
bypassing the high   rotor current through a resistor which is 
called crow bar, there by protecting the converters from the 
high current. The aim of this work  is to analyze the nature of 
DFIG under grid voltage variations. In This paper Section I 
gives the introduction, The working of DFIG and Dynamic 
Voltage Restorer (DVR), is given in section II. Section III 
gives the behavior of DFIG during Symmetrical voltage sag. 
Section IV gives control using Dynamic Voltage Restorer and 
analysis and the conclusion is given in section V. 

II. SYSTEM CONFIGURATION. 

                 The typical configuration of the DFIG -DVR wind 
turbine system is shown in Figure 1. Appendix-1 gives the 
parameters of DFIG used in this work. The Stator of the DFIG 
is directly connected to the grid, and rotor is connected 
through a bidirectional PWM converter.[1].  
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A Dynamic Voltage Restorer ,also known as series voltage 
booster mainly consists of three components.(a).Energy 
storage unit, here the energy from the input supply is rectified 
using shunt converter,(b)Inverter circuit, the voltage source 
inverter convert the dc voltage from the energy storage in to a 
three phase ac voltage which is controllable, and (c)Filter 
Circuit which avoid the ripple . The non lenier characteristics 
of the semi conductor device cause distortion in voltage wave 
forms . To overcome this high quality harmonic filtering is 
used. DFIG Control includes (a)Rotor side controller and(b) 
Grid side controller. 

 
Fig. 1. DFIG-DVR System. . 

(a) Rotor side controller 
 

Field oriented control is used for 
controlling the power electronic converter on the rotor 
side. Reactive power of the stator proportional to rotor 
direct axis current and  active power or torque is 
proportional to orthogonal axis component of rotor 
current. Figure 2 shows the block diagram of Rotor side 
controller. 

 
Fig. 2. Rotor side control of DFIG (b) Grid side 

controller 
 
   The dc link voltage has to be kept constant.  
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The Grid side controller does this function. Here also grid 
side field-oriented control is used. The control of the dc link 
voltage is accomplished through the proper selection of 
required direct axis current and the perpendicular component 
of current controls the reactive  power [2]. Figure 3 shows the 
block diagram of Grid side controller. For analysis purpose 
the equivalent circuit of DFIG is simplified as shown in 
Figure.4.[3]From the equivalent circuit shown  vector 
diagram is obtained as shown in Figure.5 

  
Fig. 3. Grid side control of DFIG 

 

 
Fig. 4. DFIG Simplified Equivalent circuit. 

 
Fig. 5. DFIG Voltage Vector diagram 

III. DFIG WITH SYMMETRICAL VOLTAGE DIP 

                                      (1) 

     (2) 

                  The equations 1 ans 2 shows the variation of stator 
flux and rotor voltage. The analysis is conducted by means of  
simulation using MATLAB,  based on 2MW Wind turbine 
based DFIG Wind turbine system. Here the Voltage dip 
occures at a time period equals 3 seconds,as shown in Figure. 
6,when the dip occures the grid voltage is only 10% of rated 
voltage. The crowbar is activated at the same time,connecting 
the additional resistance path in the machine.During the first 
instant of the dip,peak stator and rotor current and large 

torque occures as in Figure.8, Figure.7, and Figure.9. During 
sag period,entire high rotor current circulates through the 
crow bar,there by protecting the rotor side converter.           

 
Fig. 6. Grid voltage with Symmetrical voltage sag 

 
Fig. 7  DFIG Rotor current with Symmetrical voltage sag. 

 
Fig. 8  DFIG Stator current with Symmetrical voltage sag 

 
Fig.9 DC bus voltage with symmetrical voltage sag 
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Fig. 10  DFIG Torque developed with symmetrical sag.. 

IV. DFIG WITH SYMMETRICAL VOLTAGE SAG 

AND DVR CONTRO 

As Explained in the preceding section even though a 
protective resistor is used the magnitude of stator and rotor 
current is very high during sag period. Also a large fluctuation 
is their in the dc link voltage.[4] In this work Dynamic 
Voltage Restorer is used for operating DFIG under voltage 
sag conditions. Here  a three phase rectifier properly charges 
the capacitor . The losses in the single  phase injection 
transformer is not considered in this work 

 
Fig.11 DVR  Basic Circuit 

 
 Fig.12 DC  bus voltage with symmetrical voltage sag 

A basic circuit of Dynamic Voltage Restorer is shown 
in Figure 11. When the net work voltage reduces due to 
reason such as sudden increase in load etc, the DVR injects a 
voltage in such away that the desired network voltage can be 

maintained.      The vector diagram shows the required 
injected voltage for correcting a given amount of sag. The 
grid phasea angle can be found out using Phase locked 
loop.Fig.12 shows the vector diagram with series voltage 
injection. The magnitude of the injected voltage is given by 
Eqn.3,in which ‘Vs’represent the grid voltage,’Vdfig’ 
represent the DFIG terminal voltage.’Vdvr’ is the injected 
voltage by the DVR.The series  compensation is  achieved 
by injecting the required amount of voltage to the grid using 
the three single phase transformer. The monitoring of dc link 
voltage is very essential due t the reason that active power 
transfer is happening through dc link.. A phase locked loop 
is employed to obtain the phase angle for injecting the 
voltage at correct phase angle.. The control generates the 
‘dq’ reference which is transformed to the three  phase 

stationary reference frame value in order to generate  correct 
control signal for the PWM modulation. To verify the 
effectiveness of the proposed method of control of DVR 
simulation has been done using MATLAB on a 2MW DFIG 
system, by choosing a  wind speed of 11m/s. For simulation 
purpose maximum sag of 90% is given from 3 seconds to a 
time period of 1.2 seconds.Figure.13 shows the variation of 
grid voltage, after the sag, the voltage increases in a ramp 
manner.Figure14 shows the variation of DVR injected 
voltage. It is evident form the figure that as the grid voltage 
increases after the sag the injected voltage from the DVR 
decreases. Figure 15 shows the DFIG terminal voltage after 
compensation using Dynamic voltage restorer. Figures 16 
and 17 shows the variation in rotor current and dc bus 
voltage. .On comparison with the value of rotor current 
without compensation it is clear that the value of rotor 
current reduces due to compensation. 

 
Fig.13  Grid  Voltage. 

 
Fig.14 DVR Injected voltage with symmetrical sag 
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Fig.15  DFIG Terminal voltage with  symmetrical sag 

 
Fig.16  DFIG Rotor current  with  symmetrical sag 

 
 Fig.17  DFIG DC bus voltage  with  symmetrical sag 

 

                       (3) 

V. CONCLUSION 
 

This paper gives behavior of grid connected Doubly 
Fed induction Generator under symmetrical network unbalance 
voltage .Also here the Authors analyses the application of 
Dynamic Voltage Restorer to improve the fault ride- through 
capability of DFIG based wind Turbine system. To show the 
complete behavior of DFIG, during grid voltage disturbances, 
simulation result of 2 MW DFIG system are presented. From the 
various result obtained through MATLAB simulation it is under 
stood that the proposed control method is very effective. 

APPENDIX--I 

2 kW, 690V, 50Hz generator parameters  
Stator resistance, Rs = 0.19Ω  
Rotor resistance ,Rr = 0.39Ω 
Number of Poles ,P = 4 
Magnetizing inductance, Lm = 4 mH 
Stator leakage inductance, Lls = 0.21 mH. 
Rotor leakage inductance, Llr = 0.6 mH 
Stator inductances = 4.21 mH   
Rotor inductance = 4.6 mH 

        Moment of inertia J =0 .0226 Nm/(rad s)  
Damping constant = 0.2 Nm/(rad s

2
) 
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