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I. INTRODUCTION 

Due to decrement in non-renewable energy sources like coal and oil etc. power generation is mainly 

concentrated on renewable energy sources. In renewable energy sources wind power conversion system is 

fastest growing technology due to some of advantages like eco-friendly and low cost per unit. Synchronous 

speed generators are not so economical and technically beneficial for the high power applications of wind 

energy conversion system (WECS) due to variable wind speed. So in order to have better performance of 

generator, induction (asynchronous) generators are used. DFIG is the most popularly used generator in the 

WECS. A grid connected wind power generation using DFIG has been presented along with modelling and 

simulation of DFIG operating in two quadrants (torque-speed) employs a stator flux VC [1]. Stator flux oriented 

VC is applied to decouple the control of active and reactive power generated by the DFIG based WT [2]. The 

vector scheme is embedded in control loops which enable optimal speed tracking for maximum energy capture 

from the wind [3]. An experimental work has been presented along with simulation, the VC of rotor current is 

carried out using a commercial PWM inverter equipped with VC as standard [4]. A switch-by-switch 

representation of the PWM converters with a carrier-based Sinusoidal PWM modulation for both rotor- and 

stator-side converter has been proposed. Stator-Flux Oriented vector control approach is deployed for both 

stator- and rotor-side converters to provide independent control of active and reactive power and keep the DC-

link voltage constant [5]. In this paper rotor flux oriented VC scheme is presented for both GSC and RSC by 

different conditions rotor currents and its effect on grid are measured. Results obtained enlighten the 

effectiveness of controller. 

II. SYSTEM DESCRIPTION 

The general diagram of grid connected WECS with DFIG is illustrated in fig: 1 basic working of GSC and RSC 

with speed variation is described here.  

 
Fig. 1: Block diagram of WECS 

Abstract: This paper presents a novel methodology for compensating harmonics in the grid connected 

doubly fed induction generator (DFIG). A vector control (VC) scheme has been proposed in order to 

maintain minimal harmonic content in the line and to enhance the power quality of the line. A Simulink 

model of grid connected DFIG with and without VC scheme has been presented. Introducing different types 

of faults in the line and DFIG, the harmonic compensation is analysed with the incorporation of VC and the 

obtained results are compared with pulse width modulation (PWM) controlled DFIG. Simulations are 

performed in MATLAB by connecting different types of loads and the variations in the performance of 

controllers are examined. Simulation results illustrate the effectiveness of the proposed controller and its 

impact on the load variations as well as grid faults. Results obtained enlighten that VC is the best method. 
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As the wind blows turbines will be rotated which will rotate the shaft of the generator. Turbine and shaft are 

connected via gear box. This mechanical energy received from the shaft is converted to electrical energy and it 

is collected from the stator which is connected to the grid.  

As the wind speed is not constant the shaft of the generator is variable and generates a variable voltage at the 

stator terminals. This voltage fluctuations introduces power quality problems in to the line which leads to 

distortions in line voltages and currents. As long as the distortions are in the specified limits there will be no 

affect to DFIG and grid. If these distortions are out of limits then it will cause hazardous damage to the grid and 

DFIG. So in order to achieve lower harmonics, rotor field oriented VC is proposed in this paper, control 

techniques are illustrated as follows. 

 

III. VECTOR CONTROL APPROACH 

Power electronic switches used in the converters are basically insulated bi-polar transistors (IGBTs). They are 

consists of three terminals namely gate, emitter and collector these switches are turned ON and turned OFF by 

single gate pulse. There are plenty of power electronic switches like bi-polar junction transistors (BJTs), metal 

oxide semiconductor field effect transistors (MOSFETs) and thyristors etc. due to some advantages over other 

switches, IGBTs are employed in power converters in this report. Some advantages are its lesser conduction 

losses, lesser on-state losses and most importantly no additional commutation circuit is needed to switch it OFF. 

A power electronic converter can be controlled by many control approaches like single pulse width modulation 

(PWM), multi PWM, sinusoidal PWM and hysteresis control. Controllers proposed have some disadvantages 

like more harmonic content at its output, some of them causes more switching losses etc. but coming to VC it 

has advantage of having lower harmonics at the output and have moderate switching losses. 

A. Vector control for RSC 

As discussed earlier RSC is responsible for constant rotor speed and to provide harmonic less voltages at stator. 

Controlling the stator mmf both in amplitude and phase angle this control is named as VC. This is the way to 

control three phase induction motor as separately excited DC motor. Advantage of this method is, in DC motor 

torque is a function of both armature current and field current. By knowing components of field current and 

armature current independently, we can directly control the armature current component because with field 

current component delay will be associated so we control the armature current component. By the same 

principle 3-phase induction motor is controlled as separately excited DC motor. To achieve this type of control 

we have moved to space vector control. 

By Park’s transformation a 3-phase induction motor can be modelled as a steady state two winding motor. Later 

this two phase motor is assumed as DC motor and the control has been initiated. 

𝜑dr
e
, 𝜑qr

e
 are rotor flux of d and q axis respectively and are given by following equation. 

𝜑dr
e 
= 𝜑r            (1) 

𝜑qr
e 
= 0            (2) 

Here DFIG is designed under one condition that the wind turbine is rotating under sub-synchronous speed. It is 

assumed in such a way because in practical oriented applications speed of the wind will be always lesser than 

the synchronous speed sometimes it exceeds the synchronous speed. So for sub-synchronous speed DFIG acts as 

induction motor. 

In motoring action rotor voltages are short circuited and d-axis rotor voltage is expressed as 

𝑉dr
e 
= 0 = rr idr

e
 + p 𝜑dr

e
 - 𝜔sl 𝜑qr

e 

0 = rr idr
e
 + p𝜑dr

e  
from equation (2) 

0 = rr idr
e
   

since we kept flux constant p𝜑dr
e 
= 0 

Or idr
e
 = 0             (3) 

Therefore d-axis current has no effect on machine performance. 

q-axis rotor voltage given as 

Vqr
e 
= 0 = rr iqr

e
 + p 𝜑qr

e
 + 𝜔sl 𝜑dr

e
 

0 = rr iqr
e
 + 𝜔sl 𝜑dr

e 

𝜔sl = - rr iqr
e
/ 𝜑dr

e
 

𝜑qr
e
 = 0 = Lr iqr

e
 + Lm iqs

e
 

Or iqr
e
 = - (Lm/ Lr) iqs

e 

Where Lr and Lm are rotor inductance and mutual inductance respectively, idr
e 

and iqr
e 

are d and q axis rotor 

currents rotating in synchronous reference frame. 

Suffix s in place of r in above equations represent stator components 

𝜔sl = slip speed = (rr/ Lr) Lm (iqs
e
/ 𝜑dr

e
) 

= (Lm/Tr) (iqs
e
/ 𝜑dr

e
) 

𝜑dr
e
 = Lr idr

e
 + Lm ids

e
 

From equation (3), Lr idr
e
 = 0 

𝜑dr
e
 = Lm ids

e
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𝜔sl = (1/Tr) (iqs
e
/ ids

e
) 

Torque for induction motor:  

Te = (3/2) (P/2) Lm [iqs
e
 idr

e
 - ids

e
 iqr

e
] 

= (3/2) (P/2) Lm [- ids
e
 (- (Lm/ Lr) iqs

e
)] 

Te = (3/2) (P/2) Lm
2
 ids

e
 iqs

e 

Where P is number of poles of the machine 
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Where 
1  = 𝜃 - 2𝜋/3 

  
2  = 𝜃 + 2𝜋/3 

Evaluation of flux vector angle 𝜃  

𝜃 =  𝑤e dt =  (𝑤r + 𝜔sl) dt 

𝜔sl = 
1

rT
 

qsi

dsi
 

where Tr = Lr/rr 

 
Fig. 2: Vector control for RSC 

B. Vector control for GSC 

As discussed earlier GSC is responsible for maintaining constant coupling capacitor voltage. For super 

synchronous and sub synchronous speed of the shaft, capacitor voltage varies so as to maintain a constant value 

VC approach is used. A VC approach is used with reference frame oriented along the grid side voltage vector 

position, with d-axis current used to regulate DC link voltage while q-axis current used to regulate reactive 

power. 

Fig: 3 illustrates schematic arrangement of grid side VC voltage source converter, where ugabc are grid side three 

phase voltages, ugcabc are grid side converter voltages, igabc are three phase grid side converter currents, Rg, Lg 

are the inductor resistance and inductance, idcg, idcr are grid side and rotor side currents, C is DC link capacitor.  

 
Fig. 3: Grid side VC voltage source converter to grid 
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 The balanced voltage across inductor is 
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             (4) 

Using abc-to-dq transformation matrix, the corresponding equation in the dq- reference frame rotating at we is 

ugd = Rg igd + Lg 

gddi

dt
 - we Lg igq + ugcd 

ugq = Rg igq + Lg 

gqdi

dt
  - we Lg igd + ugcq 

Where ugd, ugq are grid voltages in d and q axis, ugcd, ugcq are grid side converter voltages in d and q axis, igd, igq 

are grid side currents in d and q axis and we is the electrical angular velocity of grid voltage. 

The angular position of grid voltage 𝜃 is calculated as 

𝜃 =  𝑤e dt = tan
-1 βgu

αgu

 

Where, 
αgu and 

gu 
 are stationary dq-axis grid voltage components. 

 
Fig. 4: VC for GSC 

 

From equation (4), the plant for current control loops are given by 

( )gdi s

' ( )gdu s
 = 

( )gqi s

' ( )gqu s
 = 

1

gsL +
gR

 

Where 

u
*

gcd = -u
1

gd + (we Lg igq + ugd) 

u
*

gcq = -u
1

gq – (we Lg igd) 

u
1

gd = Rg igd + Lg

gddi

dt
 

u
1

gq = Rg igq + Lq 
gqdi

dt
 

With the plants of current control loop and the DC-link voltage control loop, PI controllers may be designed 

conveniently. 



Uttla and Kaur, American International Journal of  Research in Science, Technology, Engineering & Mathematics, 10(4), March-May, 2015, 

pp. 323-329 

AIJRSTEM 15-430; © 2015, AIJRSTEM All Rights Reserved                                                                                                        Page 327 

IV. SIMULATION RESULTS 

The system described above is simulated using MATLAB, Simulink obtained results are illustrated as follows. 

  

 

 
 

 

Fig. 5: VC & PWM for different voltages and currents 

 

Grid connected DFIG has been loaded with different types of loads and the variation in THD when controlled 

by PWM and VC are illustrated as follows. 

  
 
 

Fig. 6: Behaviour of DFIG for PWM control with different types of loads adding for every 0.5sec 
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Fig. 7: Behaviour of DFIG for vector control with different types of loads adding for every 0.5sec 

 
Fig. 8: Grid directly connected to non-linear load without any DFIG configuration in middle of the 

transmission line 

 

The fig: 8 illustrate results of the source voltage and currents with no DFIG configuration in the middle of the 

transmission line. Here grid is directly connected to the non-linear load and the effect on grid has been 

measured. The results obtained have voltage THD of 25.35% and current THD of 4.55%. 
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V. Conclusion 

A grid connected DFIG controlled by vector control scheme supplying a non-linear load is presented in this 

paper. The variations in THD levels when controlled by PWM and VC is illustrated in results. By the results it 

can be conclude that when converters are controlled by PWM technique, source voltage, current, and stator 

voltage and rotor currents contains higher harmonics, than those converters controlled by VC. And also when 

grid connected DFIG is controlled by the proposed control scheme, then there no need of any FACTS 

controllers for maintaining voltage stability in the line. Hence vector control is the best control for grid 

connected DFIG. 
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