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Improved Simulation Strategy for DFIG in Wind Energy Applications 
 

 
Ali M. Eltamaly1, A. I. Alolah1, M. H. Abdel-Rahman2 

 
 
Abstract – A detailed computer simulation for interconnecting wind energy system to electric 
utility is presented. The proposed system consists of four high rating wind turbines each one uses 
double fed induction generator (DFIG). Two back to back bidirectional PWM inverters are used 
in the rotor circuit of each DFIG to be interfaced with electrical utility. This computer simulation 
incorporates a flexible independent control for the active and reactive powers by using field 
oriented control technique. Also it introduces an effective technique to track the maximum power 
point of the wind energy system by controlling the pitch angle and rotational speed. Active power 
is controlled through the direct axis current of the rotor side converter in outer control layer. 
Reactive power is controlled by the quadrature axis of the rotor side converter. The dc-link 
voltage of the PWM converter is maintained constant by controlling the direct axis current of the 
grid side converter. The system shows a stable operation under different operating conditions. 
Copyright © 2011 Praise Worthy Prize S.r.l. - All rights reserved. 
 
Keywords: DFIG, Induction Generator, Modeling, Wind Energy 
 

 

Nomenclature 

mP  Mechanical power from WT 
ρ  Air density (kg/m3) 
R Radius of the swept area by the blades (m) 
u Velocity of the wind (m/s) 

PC  Power coefficient of performance 
Ω  The angular velocity of the shaft (rad/s) 
λ , β Tip speed ratio and blades pitch angle 

nomλ  Value of λ  at maximum coefficient of 
performance 

s lsR ,L  Stator resistance and leakage inductance 

r lrR ,L  Rotor resistance and leakage inductance 

mL  Magnetizing inductance 

s rL ,L  Total stator and rotor inductances 

qs qsv ,i  q axis stator voltage and current 

qr qrv ,i  q axis rotor voltage and current 

ds dsv ,i  d axis stator voltage and current 

dr drv ,i  d axis rotor voltage and current 

qs ds,φ φ  Stator q and d axis fluxes 

qr dr,φ φ  Rotor q and d axis fluxes 

mθ , rω
 Rotor angular position and angular velocity 

P Number of pole pairs 
eω  Electrical angular velocity ( P ⋅Ω ) 

eθ  Electrical rotor angular position ( mP θ⋅ ) 

eT , mT  Electromagnetic torque and shaft 
mechanical torque 

J Combined rotor and load inertia coefficient 

gP , gQ  Active and reactive power from WT 
*
gP , *

gQ  Reference values of gP , gQ  

sP , sQ  Stator active and reactive power 

gcP , gcQ  Active and reactive power from the GSC to 
utility 

dgci , qgci  d and q-axes of current from GSC 
*
dgci , *

qgci  Reference value of d and q-axes of current 
from GSC 

*
dgci , *

qgci  Reference value of d and q-axes of the 
controlled voltage of GSC 

gR , gL  Series resistance and inductance of GSC 
transformer 

dcV , *
dcV  Actual and refererence dc-link voltages 

msi  Stator magnetizing-current space phasor 

dqri , dqrv  Space phasor components of rotor current 
and voltage

dqsi , dqsv  Space phasor components of stator-current 
and voltage 

sv  The modulus of the stator-voltage space 
phasor 

I. Introduction 
Electrical energy generated from wind increased in the 

last decade and it takes a considerable part of the energy 
of many countries. Before, wind was not reliable energy 
source as conventional generation stations as steam and 
gas power plants. With mature technology introduced to 
wind energy systems, (WES) it behaves like 
conventional stations. Now, the reactive power from 
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WES can be controlled independent of active power as in 
conventional power stations. 

Two modes of operations can be used in the electrical 
generation from the wind namely, constant speed 
constant frequency (CSCF) and variable speed constant 
frequency (VSCF). VSCF becomes more attractive 
especially with the modern technology of power 
electronics and digital control systems because of its 
higher energy capture, higher stability, decoupling 
control of active and reactive power, lower mechanical 
stresses and acoustic noise, and improved power quality. 
DFIG is the recommended generator in the large size 
wind turbine, (WT) to achieve all the benefits of the 
VSCF systems. The stator of DFIG is connected directly 
to the electric utility and the rotor is connected to electric 
utility via two back-to-back PWM converters and step-
up transformer as shown in Fig. 1. Due to the presence of 
the converter in the rotor circuit, the rating of this 
converter is just a fraction of the main power transferred 
to electric system which is the main advantage of this 
configuration.  

The main objectives of the proposed controller are 
tracking of maximum power point, (MPP) and providing 
an independent control of active and reactive powers. 
Tracking MPP can be achieved by controlling the pitch 
angles of the WT's blades as an outer control loop to 
force WT to work around its maximum coefficient of 
performance (CP). The variation of pitch angle can be 
achieved by using the aerodynamic characteristics of the 
WT [1]-[4] or fuzzy controller [5]-[7]. Active power can 
be controlled in inner loop by controlling iqr while the 
reactive power is controlled by controlling idr [8], [9]. 
Modified response is introduced in this paper by using 
field oriented control (FOC). 

The proposed system contains four WTs each derives 
a DFIG.The system is connected to an electric utility via 
a step up and two-circuit transmission lines and step up 
transformers. The proposed FOC technique is aligning 
the d-axis of the reference frame along the rotor voltage 
position. In this case, active and reactive powers are 
controlled by using idr and iqr respectively [10]. The logic 
used in this strategy is explained in details below. 

II. Wind Energy System Model 
II.1. General Structure of Wind Energy System Model 

The simulation model is built depending on speed 
variation is assumed to be varied faster than usual for the 
purpose of simulation time. Models of the proposed 
energy system are shown in Fig. 1. Aerodynamic 
characteristics of the WT are used to calculate the shaft 
power and torque of the WT. This torque is fed to DFIG 
model. The electric utility voltages and currents are fed 
to active and reactive power calculation model to 
calculate active and reactive power Pg and Qg output 
from DFIG.Reactive power Qg is compared with the 
reference value, Q*g that required by the system operator 
from the WES. 
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Fig. 1. Schematic diagram of the proposed converter 
 
The error signal is fed to PI-controller to generate i*

qr. 
Rotational speed is fed to the aerodynamic model to 
determine the torque command depending on the 
aerodynamic characteristics of the WT. Torque 
command are fed to torque regulator model to determine 
the reference value of the direct axis current of the rotor 
side converter (RSC), i*

dr. The reference values of direct 
and quadrature axis of rotor current are fed to the current 
regulator of RSC to determine the reference value of the 
direct and quadrature reference values of RSC, v*

dr, and 
v*

qr respectively. Space vector modulation (SVM) model 
uses v*

dr, and v*
qr to generate the suitable switching 

pattern for the RSC. The grid side controller controls the 
DC-link voltage, Vdc by comparing the actual value of 
Vdc with its reference value and the error signal is used to 
generate i*

ds. Also i*
qs can be generated from comparing 

the grid reactive power Qg with its corresponding 
reference value to improve the tracking of the reactive 
power control. 

The pitch angle controller compares the rotational 
speed with the rated speed and feeds the error signal to 
PI-controller to determine the value of β which is 
required to the WT model. A detailed representation of 
each part is shown in the following sections. 

II.2. Aerodynamic Model of Wind Turbine 

Mechanical power generated by WT is given by [1]:  
 

 
2 30 5m PP . C R uρπ= ⋅  (1) 

 



 
Ali M. Eltamaly, A. I. Alolah, M. H. Abdel-Rahman 

Copyright © 2011 Praise Worthy Prize S.r.l. - All rights reserved                                 International Review on Modelling and Simulations, Vol. 4, N. 2 

527 

When wind speed changes, the angular velocity of the 
shaft, Ω should be adjusted to achieve the best value of 
CP. This means that Ω and the wind speed must be 
combined into a single variable so that the curve showing 
the relation between CP and Ω can be drawn. 
Experiments show that this single variable is the ratio of 
the turbine tip speed RΩ to the wind speed u. This tip 
speed ratio, λ is defined as [1]: 

 

 R / uλ = Ω  (2) 
 

From (2), it is important to note that the value of CP is 
a function of λ. The following equation is used to model 
the relation between CP, λ, and β [2]-[4], as: 

 

 ( ) ( ) 5
1 2 3 4 6

ic /
P iC , c c / c c e cλλ β λ β λ−= − − +  (3) 

 
where: 

 ( ) ( )3
7 81 1 1i/ / c c /λ λ β β= + − +  (4) 

 
The coefficients 1c  to 8c  are shown in [2]. 
A 3-D figure showing the relation between CP, λ, and 

β is shown in Fig. 2. 
 

 

pC

λ β  
 

Fig. 2. Areodynamic power coefficient variation against λ, and β 
 
The maximum value of CP is achieved for β=0o and 

for λ=8.1. This particular value of λ is defined as the 
nominal value, λnom. As shown in Fig. 1 the WT model 
has three inputs, Ω in pu, β in degrees and u in m/s.vTip 
speed ratio λ in pu of λnom is obtained from (2). Optimum 
value of CP is obtained from the characteristics of the 
WT by using (3) and (4), Pm is calculated from (1). The 
mechanical torque (Pm/Ω) will be used as an input to the 
model of DFIG. The block diagram used to implement 
the aerodynamic model of WT is shown in Fig. 3. 

II.3. Modeling of DFIG 

The state space modeling of DFIG in a synchronously 
rotating reference frame (dq-frame) has been used here. 
The model is represented by a fifth-order state-space 

model and the mechanical part by a second-order system 
[11], [12]. 

 
  u

Ω

R

β

λ
pC

3

2
1 Auρ

mP

wP

Ω

mT

pC

 
 

Fig. 3. Aerodynamic model of WT 

II.4. Rotor-Side Converter (RSC) Control 

The main task of RSC control system is to track the 
MPP of the WT and to control the reactive power 
required by the electric utility. RSC modeling contains 
four main parts which are presented in the following 
sections. 

A- Maximum Power Point Tracking 

Maximum power variation with rotation speed, ωr of 
DFIG is predefined for each WT. So, for MPP tracking 
(MPPT), the control system should follow the tracking 
characteristic curve (TCC) of the WT. Each WT has 
TCC similar to the one shown in Fig. 4. TCC is 
represented by the ABCD curve of Fig. 5. The actual WT 
speed, Ω is measured and the corresponding mechanical 
power of the TCC is used as the reference power for the 
power control loop [18]. TCC is divided into five regions 
summarized in Table I. 

The reference power in region-I is set to zero. In 
region-II, the TCC is a straight line. In region-III, the 
TCC is the locus of the maximum power of the turbine. 
The TCC of region-III can be approximated to second 
[14] or third [15] order polynomial. 

In the current simulation the TCC in region-III is 
characterized by third order polynomial. TCC in region-
IV is a straight line from C to D. 
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Fig. 4. Tracking characteristics of the turbine 
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The power at point D is 1 pu and the speed at D must 
be greater than that at C. In Region-V (Beyond point D) 
the reference power is a constant (1 p.u). Modeling of 
TCC in Simulink has been implemented in look-Up 
Table (LUT). Other researches implement as logical 
blocks [16] which is the case in this research as shown in 
Fig. 5. The time variation of reference value of power 
and speed Ω is shown in Fig. 6. 

 
  Ω

A>Ω D<Ω

B>Ω

C>Ω

 
 

Fig. 5. Block diagram of the logic of TCC 
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Fig. 6. Variation of reference value of power and speed Ω 
 

TABLE I 
PERFORMANCE CHARACTERISTICS OF TCC 

Region Limits Ω Power Limits TCC performance 
I 0 to A 0=gP  Constant 

II A to B 0 to )(BPg  Linear equation 

III B to C )(BPg  to )(CPg  Quadrature or 
Cubic polynomial 

IV C to D )(cPg  to )(DPg  Linear equation 

V D>Ω  )(DPg  Constant 

B- Stator-Flux-Oriented Control of DFIG 

Stator magnetizing-current space phasor can be 
derived in terms of the stator and rotor current space 

phasors expressed in the stator-flux-oriented reference 
frame as [17]: 

 

 
( )ms dqr s m dqsi i L / L i= +  (5) 

 
The above equation can be written as: 

 

 
( )m

dqs ms dqr
s

L
i i i

L
= −  (6) 

 From (19):
 

 

 
( )m

ds ms dr
s

L
i i i

L
= −  (7) 

 
and: 

 
( )qs qr m si i L / L= − ⋅  (8) 

 
Stator voltage equation is obtained in the special 

reference frame fixed to the stator-linkage space phasor, 
which rotates at a synchronous speed ωe: 

 

 
dqs s dqs s dqs m dqr

e s dqs e m dqr

d dv R i L i L i
dt dt

j L i j L iω ω

= + + +

+ +
 (9) 

 
Substitute from (6) into (9) yields: 

 

    ( )s m
dqs ms dqr m ms e m ms

s

R L dv i i L i j L i
L dt

ω= − + +  (10) 

 
The above equation can be rewritten as: 

 

 
1s s s

ms ms e dqs dqr
s s s m

L L Ld i i j v i
R dt R R L

ω
⎛ ⎞

+ + = +⎜ ⎟
⎝ ⎠

 (11) 

 
Above equation can be divided into real and 

imaginary parts as the following: 
 

 
s s

ms ms ds dr
s s m

L Ld i i v i
R dt R L

+ = +  (12) 

 

 
s s

e ms qs qr
s s m

L L
i v i

R R L
ω = +  (13) 

 
It is useful to express stator current, in terms of rotor 

currents in synchronously rotating reference frame. Thus 
it follows from (6) that by resolving it into its two-axis 
components, it follows that ids and iqs can be expressed in 
terms of the rotor current components established in the 
same reference frame as following: 
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m

qs qr
s

L
i i

L
= −  (14) 

 
and: 

 
( )m

ds ms dr
s

L
i i i

L
= −  (15) 

 
It follows from (14) that iqr is proportional to the 

torque-producing (active) stator current component (iqs). 
However, in (15) stator magnetizing-current space 
phasor is also present, and this depends on the stator 
voltage. 

This dependency can now be obtained. For this 
purpose, it is assumed that the stator resistance Rs of the 
induction machine is neglected. Also, in the steady state 
the modulus of the stator magnetizing current (which is 
defined in (15)), is constant ( msi  =constant). Thus, it 
follows from (10) that: 

 

 s e m msv L iω=  (16) 
 
or: 

 

s
ms

e m

v
i

Lω
=  (17) 

 
From (15) and (17), ids is as following: 

 

 

1 s
ds m dr

s e

v
i L i

L ω
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

 (18) 

 
The stator active power can be defined as [17]: 

 

 
( )3

2s ds ds qs qsP v i v i= +  (19) 

 
The stator reactive power as: 

 

 
( )3

2s qs ds ds qsQ v i v i= −  (20) 

 
and, the angle is: 
 

1
e e

v
dt tan

v
β

α
θ ω −= =∫

 
 

By aligning the d-axis of the reference frame along 
with the grid voltage position vqs=0 and vqs= constant 
because the grid voltage is assumed to be constant. Thin 
the active and reactive power can be obtained from the 
following equations: 

 

 
3
2s ds dsP v i=  (21) 

 
3
2s ds qsQ v i= −  (22) 

 
Substitute from (14) and (15) into (21) and (22) 

yields: 

 
( )3

2
m

s ds ms dr
s

L
P v i i

L
= −  (23) 

 

 

3
2

m
s ds qr

s

L
Q v i

L
=  (24) 

 
From (23) and (24) and since the machine parameters 

(Lm, Ls) and also |vs| and |ims| are constant, it follows that, 
the active stator power Ps can be controlled by idr and the 
reactive stator power Qs can be controlled by iqr. 

C- Torque regulator 

The relation between torque, stator flux and rotor 
current is obtained from the following equation: 

 

 
( )m

e qs dr ds qr
s

L
T i i

L
φ φ= −  (25) 

 
By aligning the d-axis of the reference frame along 

with the grid voltage position 0qsv = , then 0dsφ = . 

Substituting 0dsφ =  in the torque equation, yields: 
 

 
( )

( )( )
ore m s qs dr

*
dr e m s qs

T L / L i

i T / L / L

φ

φ

= ⋅

=
 (26) 

 
The value of qsφ  can be obtained from [11], [12] as: 

 

 ( ) ( )qs ds s ds ev R i /φ ω= − −  (27) 

 
So by using the reference value of the generated 

torque, the reference value of direct axis rotor current 
can be obtained from equations (26) and Fig. 7. 

D- Reactive Power Regulator 

Equation (24) shows a direct relationship between Qs 
and iqr. So, i*

qr can be used to produce the reactive power 
required by the system operator. The value of i*

qr can be 
obtained from comparing the actual and reference values 
of reactive power and feeding the error signal to PI-
controller. The reference values of the RSC voltages is 
obtained from i*

dr and i
*
qr in the current regulator of RSC 

as shown in Fig. 8. 

II.5. Grid-Side Converter Control 

The main function of the GSC is to control Vdc and to 
control active and reactive power from Vdc to the gird 
side. 
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The value of Vdc is controlled by vector control 
scheme with the reference frame oriented along the grid 
voltage vector position [12]. 

This scheme permits independent control of Vdc and 
reactive power. The active and reactive power from GSC 
to electric utility is obtained from the following 
equations: 

 

 ( ) ( )3 2gc ds dgc qs qgcP / v i v i= ⋅ +  (28) 

 

 ( ) ( )3 2gc qs dgc ds qgcQ / v i v i= ⋅ −  (29) 

 
Substituting for Vqs in (28) and (29) yields: 

 

 ( ) ( )3 2gc ds dgcP / v i= ⋅  (30) 

and: 

 ( ) ( )3 2gc ds qgcQ / v i= − ⋅  (31) 

 
It is clear from (30), (31), that the active and reactive 

powers can be controlled independently by idgc and iqgc 
respectively. The control of Vdc is obtained by double 
closed loop technique [12], [18]-[20]. The voltage at the 
leg of the GSC is obtained from the following equation: 

 

 

agc agc agcas

bgc bs g bgc g bgc

cscgc cgc cgc

v i iv
dv v R i L i
dt

vv i i

⎡ ⎤ ⎡ ⎤ ⎡ ⎤⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥= − −⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥⎣ ⎦⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 (32) 

 
Using Park's transformations, yields: 
 

 

dgc qgcds
e g

qsqgc dgc

dgc dgc
g g

qgc qgc

v iv
L

vv i

i idR L
i idt

ω
−⎡ ⎤ ⎡ ⎤⎡ ⎤

= + +⎢ ⎥ ⎢ ⎥⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦ ⎣ ⎦

− −⎡ ⎤ ⎡ ⎤
− −⎢ ⎥ ⎢ ⎥

⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 (33) 

 The cross coupling effect is represented by e g dgcL iω  

and e g qgcL iω . The voltages v*
dgc and v*

qgc that obtained 

from (33) are fed to space vector modulation (SVM) 
module.  
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Fig. 7. Torque regulator 
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Fig. 8. Current Regulator at rotor converter side 

III. Simulation Results 
Simulation has been carried out by using Simulink 

with Matlab. The system consists of four WT with rating 
of 2 MW which are connected to the electric utility via 
step-up tansformer, 20km transmission line, and step-
down transformer. The system contains 500kW local 
load. The speed variation and the required reactive 
power are changed in stiff way to see the response of the 
control system during these conditions. Fig. 9 shows the 
time variation of wind speed (m/s), rotational speed (pu), 
bitch angle, tip speed ratio, and output power. It is clear 
from this Fig. that the pitch angle is set to zero when the 
rotational speed less than the rated value (The value at 
point D of Fig. 4). It is also notable that when the output 
power exceeds the rated value the aerodynamic system 
increases the pitch angle to reduce the output power to 
the rated value. Fig. 10 shows the time variation of Qg 
and Q*

g
 
,  iqr, i*

qr, idr, i*
dr, Vdc, and idgc, i*

dgc. It is clear 
from the first curve (top one) that the system follows the 
reactive power required from the system even with 
highly change in the reactive power. Also it is clear from 
the second curve of Fig. 10 that i*

qr increase in negative 
direction with increasing the reactive power required and 
vice versa. Also it is clear from this Fig. that iqr follows 
exactly its reference value i*

qr. It is also clear from the 
third curve of Fig. 10 that the power going to electric 
utility follows the reference or calculated value. Also it is 
clear from fourth curve of Fig. 10 that idr follows exactly 
its reference value i*

dr. It is also clear from the fifth curve 
of Fig. 10 that Vdc is almost constant even in sever 
conditions. The last curve shows that idgc follows exactly 
its reference value, i*

dgc. 
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Fig. 9. Time variation of wind speed (m/s), rotational speed (pu), bitch 
angle, tip speed ratio, and output power 
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Fig. 10. Time variation of gQ , *
gQ (MVAR), qri , *

qri , gP , *
gP , 

dri , *
dri , dcV , and dgci , *

dgci  

IV. Conclusion 
This paper presents in details a complete simulation 

for interconnecting WT having DFIG with electric 
utility. The control technique permits a maximum power 

point tracking for the available energy from the wind 
independent of the control of the required reactive power 
from the wind energy system. The maximum power 
point tracker uses inner loop to control the blades pitch 
angle and outer loop uses vector control technique by 
controlling the d-axis of the rotor current. The reactive 
power has been controlled effectively using the q-axis of 
the rotor current. The grid-side converter is controlled 
with a vector control strategy with the grid voltage 
orientation. The d-axis voltage component is fixed with 
the orientation of grid voltage space vector, and the q-
axis voltage component is zero. So the active power and 
reactive power of the grid-side converter can be 
controlled independently using d and q-axes of grid side 
converter current respectively. Simulation results show 
the effective behavior and the superiority of the control 
system even with sudden change in the wind speed or 
sudden change in the required reactive power. 
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