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ABSTRACT— As the conventional sources of power 

generation are reducing every day there is a strong need 

for a sustainable and clean source of power which could 

supply the need. Wind energy conversion systems play a 

very vital role in production of clean and sustainable 

energy. In this paper, a DFIG based wind energy system 

employing DFIG as the power generator is modeled. To 

improve the transient and steady state performance and 

the power factor of generation, a stator flux oriented 

vector control scheme is used in this work. The vector 

control structure employs conventional PI controllers for 

the decoupled control of the stator side active and reactive 

power. This paper emphasizes only on the control of the 

rotor side bidirectional converter. The whole system is 

modeled and simulated using Matlab/Simulink and the 

results are analyzed. 

 

KEYWORDS—  Doubly-fed induction generator, Rotor-

side inverter, stator flux oriented vector control, P- I 

controller, SPWM inverter. 

I. INTRODUCTION  

 With the development of power electronic equipments 

variable speed wind power generation has become simpler 

and more efficient. In variable speed wind energy systems 

efficient power capture from wind has always been a 

subject of great concern. To capture wind power 

efficiently the speed of the wind turbine and generator has 

to be continuously changed so as to maintain the power 

coefficient at its maximum value. Doubly fed induction 

generators are efficient and robust machines and are 

widely used as modern wind power generators.  DFIG 

based wind turbines have several advantages like cost 

 

effectiveness, easy pitch angle control, reduction in torque 

and power pulsation and most importantly improved 

power quality. The greatest benefits of using DFIGs as 

power generators are that the control of DFIG is done 

from the rotor side. So the rotor converters have to deal 

with less power and hence are less power rating and size. 

Again as the ratings are less the switching losses are also 

less and the control structure is more reliable and efficient 

[1, 2, 3, 5, 7]. Induction generators have an inherent 

coupling between active and reactive power which makes 

the response active and reactive power sluggish. But, this 

disadvantage can be overcome by the use of advanced 

control strategies such as vector control[1-5,7,10-14], 

direct torque control[12] and direct power control[8, 9] 

strategies. For the control of DFIGs most often stator flux 

oriented vector control [2, 3, 5, 7] strategy is used. This 

strategy provides independent control of active and 

reactive power of the DFIG by coupling them. In the 

above mentioned scheme along with conventional PI 

controllers many type of advanced controllers are 

implemented such as sliding mode controller[15], fuzzy 

logic controllers[7] etc, for the performance improvement 

of the scheme. 

In this paper a DFIG based WECS is considered. The 

DFIG is controlled from the rotor side by a stator flux 

oriented vector controlled scheme employing PI 

controllers. Only the control of rotor side bi-directional 

converter is emphasized in this paper. The RSC is a PWM  

converter for which the switching pulses are generated 

from a sinusoidal PWM strategy. The whole scheme is 

simulated with MATLAB/SIMULINK environment and 

the results are analyzed. 
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II. MODELING OF DOUBLY-FED INDUCTION 

GENERATOR 

The dynamic model of DFIG is derived after the three 

phase quantities were transformed to two phase direct 

quadrature axes quantities. The concept of power 

invariance was used to determine the equivalence between 

the three phase and two phase machine models. The stator 

and rotor equations of voltage in synchronously rotating 

reference frame [4] are as follows 

 

 

Where, Vds = VdI, Vqs = VqI, VdI and VqI are the direct and 

quadrature axis voltages respectively. 

 

 

The stator flux linkages are given as: 
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The rotor flux linkages are given as: 
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The torque balance equation for generator is given below. 

 

 
 

        Fig.1 Block diagram of vector control scheme for generator control 

 

 

Where, 

 Te= electromagnetic torque, 

 J= Inertia of rotor, 

m = mechanical speed. 

The electromagnetic torque generated by DFIG is given 

as:  

 

 

 

 

The active and reactive powers of the DFIG are given as 

in equations (11) and (12). 

  

 

 

 

 

III. INVERTER MODEL 

The control structure of a DFIG consists of two back to 

back bidirectional PWM inverters connected by a DC 

link. The converters are namely RSC rotor side converter 

and GSC grid side converters. The rotor side converter is 

used for the vector control of the DFIG for performance 

improvement and stator power flow control, and the GSC 

is used for keeping the DC link voltage constant and 

power factor improvement of the rotor side. In this work 

the RSC control is done and the results are analyzed 

assuming DC link voltage to be constant.  

 

A simplified pwm inverter model diagram [6] is shown in 

the Fig. 2 
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Fig. 2 Inverter model 
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Where: asV , bsV , csV are the phase voltages,T1 to T6 are 

switching states of the switches which can be either 1 or 0 

depending on whether they are on or off respectively. 

dcV : DC supply voltage. 

am : 2T1-1, bm : 2T3-1, cm : 2T5-1. 

IV. PI CONTROLLER DESIGN 

The vector control strategy employs three conventional PI 

controllers for the fats and precise control of DFIG. PI 

controllers are simple but have some drawbacks. 

Normally the controllers should be simple, fast, accurate 

and robust so that they control the system quickly with the 

change in the parameters. The mathematical equations of 

PI controller are as follows. 

  )16(             dtekeku ip

)17(                      rre  
 

 

Where,  

r : Reference electrical speed, 

r : Actual electrical speed, 

pk : Proportional gain, 

ik is the Integral gain. 

The trial and error method is used to tune the PI 
controller in order to get the near optimal output. 

V. CONTROL STRUCTURE 

The DFIG is controlled by a vector controlled scheme 

which provides a decoupled control of active and reactive 

power. The vector control scheme is implemented on the 

rotor side of the DFIG, the stator being connected directly 

to the supply. Here the reactive power is controlled by the 

direct axis loop and the active power is controlled by the 

quadrature axis loop. The equations related to the scheme 

are as follows. 

 

 

 

 

 

Where, „ims‟ = stator side magnetizing current 
The direct and quadrature axis reference control voltages 

are given below. 

 

 

 
 

The direct and quadrature axis reference control voltages 
are then converted to three phase quantities and are 
compared with a triangular carrier and the switching pulses 
are generated. The modulation index is set to 0.8 and 
switching frequency to 10 kHz. Then the switching pulses 
are given to the bidirectional inverter which supplies to the 
rotor of the DIFG.  

VI. SIMULATION  AND  RESULT  ANALYSIS 

The DFIG control structure was modeled and simulated in 

Matlab Simulink. The PWM scheme is sinusoidal PWM. 

The simulation results are obtained as follows. 

 

 Step change in reference speed 

 Step change in reactive power 

 Step change in torque 

 

A. Change in speed: 

The speed is changed from 1400 rpm to 1700 rpm at 3 

seconds keeping torque and reactive power constant. The 

values of torque and reactive power are -20 Nm and -

1000Var respectively. 

 

The figure (e) shows the speed graph in which the speed 

switches to 1700 rpm from 1400 rpm at 3 seconds. As the 

speed increases the reactive power remains the same but 

the active power increases little after the step change as 

shown in the figure (a). But, there is a decrease in the 

active and reactive power on the rotor side. The reactive 

power becomes negative after the step change as the new 

speed is super-synchronous as shown in Fig. (c). Power 

factor is around 0.9 on the stator side as shown in Fig. (b). 

But, the power factor on the stator side after the step 

change falls becomes nearly zero as shown in Fig. (d). It 

is because of the reason the active power falls to zero. The 

torque as shown by the figure (f) is zero throughout 

except in the transient stage. 
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Fig. 3: Responses for change in Speed with Time. (a) Active and 

Reactive Power of stator side. (b) Power factor of stator side. (c) Active 

and Reactive Power of rotor side. (d) Power Factor of rotor side. (e) 

Speed. (f) Torque. 

 

 

B. Change in Reactive Power: 

The reactive is varied in steps while the torque and speed 

are kept constant. At 3 seconds the reactive power 

changed from -1000VAR to -3000VAR. The values of 

torque and speed are -20 Nm and 1400 rpm. The figures a, 

b, c represents for the stator side and the figures d, e, f 

represent for the stator. The outputs are as follows. 
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Fig. 4: Responses for change in Reactive Power with time. (a) 

Active and Reactive Power of stator side. (b) Power factor of 

stator side. (c) Active and Reactive Power of rotor side. (d) 

Power Factor of rotor side. (e) Speed. (f) Torque. 

 

The figure (a) shows the change in reactive power from  

-1000 VAR to -3000 VAR at 3 seconds. There is no 

change in the power. It is -2000 W before and after the 

step change. The power factor on the stator side drops 

from 0.9 to 0.57 after the step change as shown in the 

figure (b). The active power increases from 450 W to 655 

W and reactive power increases from 450 VAR to 605 

VAR as can be seen in the figure (c). The figure (d) shows 

how the power factor on rotor side increases from 0.65 to 

0.8. The figure (e) shows that speed is constant i.e. 1400 

rpm throughout, except in the transient period. Torque is 

constant i.e. -20 N-m as shown in the figure (f). 

 

C. Change in Torque: 

 

The torque is changed from -20 Nm to -40 Nm at 3 

seconds. The speed and reactive power are kept constant. 

The reference values for speed and reactive power are 

1400 rpm and -1000VAR respectively. 
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Fig. 5: Responses for change in Torque. (a) Active and Reactive 

Power of stator side. (b) Power factor of stator side. (c) Active 

and Reactive Power of rotor side. (d) Power Factor of rotor 

side. (e) Speed. (f) Torque. 

 

The figure (f) shows the change in torque from -20 Nm to 

-40 Nm at 3 seconds. As, the torque increases the active 

power increases from -2000W to -4000W. The reactive 
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power remains unaffected .i.e. -1000VAR on the stator 

side as given in the figure (a). The active power increases 

on the rotor side from 450W to 700W whereas the 

reactive power increases from 450VAR to 465VAR as 

can be seen in figure (c). The power factor is seen to 

increase on both rotor and stator side. The rotor side 

power factor increases from 0.7 to 0.8 as shown in the 

figure (d) and the power factor increases from 0.9 to 0.95 

on the stator side as shown in the figure (b).The speed 

before and after the step change are same as that of 

reference speed .i.e. 1400 rpm as can be seen in the figure 

(e). 

VII. CONCLUSION 

 

The rotor side control of DFIG using PI controller with 

SPWM inverter was successfully modeled and discussed 

in the paper. The outputs related to the model were 

analyzed. The transient, steady state performance and 

power factor were found to be improved. It is also evident 

from the results that the power can be fed to the grid at 

any desired power factor. High performance control of 

power can be achieved by the proposed scheme as the 

vector control scheme facilitates the decoupled control of 

active and reactive power.  

 

APPENDIX 

DFIG parameters: 
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Poles (P) = 4 Rated hp: 3.5 hp 

Rated Current: 6.4 A Rated voltage: 340 V 

Rated speed, 

 N= 1500rpm 

Stator resistance, 

Rs=0.435 Ω 

Rotor resistance, 

Rr=0.816 Ω 

Inertia of  rotor, 

J=0.089kg-m 

Rotor Inductance, 

Lr=0.07132H 

Mutual Inductance, 

Lm = 0.069347 H 

Stator Inductance, 

Ls = 0.07132 H 

Damping Factor, 

B= 0.001 N-rad/sec 


