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Abstract. A double-fed induction generator (DFIG)
has been frequently utilized in wind turbines due to
its ability to handle variable-speed operations. This
study investigates the real parameters of the Mitsubishi
MWT 92/2.4 MW wind turbine model. It performs
and implements grid-connected variable-speed turbines
to control the active and reactive powers. Moreover,
it presents a vector control strategy for DFIG for con-
trolling the generated stator power. The unique fea-
ture of the approach proposed in the study is the com-
parison between two control techniques - the Maxi-
mum Power Point Tracking (MPPT) algorithm and
the Proportional-Integral (PI) controller - for regulat-
ing DFIG based wind turbine systems. Thus, the result
demonstrates that the performance of the MPPT tech-
nique provides strong robustness and reaches steady-
state much faster than the PI controller with variable
parameters. To the contrary, a typical PI controller
gives a fast response when tracking the references of
DFIG magnitudes. The effectiveness of the overall sys-
tem is tested by MATLAB simulation.
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1. Introduction. Problem
Definition

Wind energy is a popular renewable source of en-
ergy, and its use is increasing steadily across the
world. Wind technology is promoted in several na-
tions through different government programs and mar-
ket mechanisms. An alarming advancement have been
observed in the wind power system across the world in
the last decades with increasing rotor diameters and
utilization of advanced power electronics that operate
at a variable speed [1]. In comparison to other forms
of wind power system, DFIG is found to be the most
extensively /studied machine. The study in [2] demon-
strates an overview of grid-connected wind energy con-
version system (WECS) in details. Precise detection of
the grid voltage angle has been noted to be an essential
task in most of the control techniques in the GSC [2]
and [3]. Furthermore, it has been recommended that
all advanced wind turbines must include a faster and ef-
ficient tracking equipment to determine the frequency
and stator voltage of DFIG during the grid synchro-
nization.

The study in [3] provides a review on the issue of
effective estimations of wind speed (EEWS). The main
EEWS strategies and their implementations are thor-
oughly addressed. The study demonstarted that an ac-
curate estimations of the wind speed is important for
energy capture. Improving the effectiveness of vector
control (VC) strategy has attracted many researchers.
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In several studies [4], [5], [6], and [7], the authors
presented that wind turbine-based DFIG provides de-
couple control of active or reactive power of the sys-
tem, resulting in good dynamic performance, higher
efficient energy output, and good power quality. Re-
call that DFIG is more difficult to control compared
to the typical induction generator. Hence, the rotor
currents are regulated by the power electronics con-
verter in the rotor circuit, which results in the control
of DFIG [8]. VC is a popular strategy for controlling
DFIG-based wind turbines [9] and [10]. The technique
presented in [11] introduces a new integrated frequency
control technique that dynamically integrates inertial
and pitch angle control to enhance the performance
of DFIG in power system frequency control. Differ-
ent studies have been conducted investigating DFIG
control; for instance, a novel controller has been intro-
duced that allows the DFIG system to positively con-
tribute to grid operation [12]. Further, a comparative
analysis between robust sliding mode control (SMC)
and typical PI controller in DFIG based WECS has
been presented [13]. Their simulated results demon-
strate that the proposed SMC provides a faster re-
sponse with very little steady state error in compar-
ison with the PI. Moreover, comparing PI and fuzzy
control based DFIG wind turbine, it is obvious that
fuzzy control is more robust against machine paramet-
ric perturbations and delivers faster convergence [14].
According to the study in [15], by using a fuzzy-PI
controller, the settling time and the value of peak over-
shoot have reduced, and variations are damped down
faster compared with the typical PI controller. Besides,
the transient response given by fuzzy-PI controller has
also proven to be better than typical PI controllers.
The study in [16] introduces a dual-loop control tech-
nique to enhance the dynamic performance of DFIG
that may be subjected to grid disturbance. This tech-
nique can quickly deteriorate the fluctuations of stator
flux and successfully mitigate the impact of stator tran-
sient flux on the performance of the DFIG. Further, in
[17] the comparative investigations of control strategies
have been considered in DFIG system. It states that di-
rect torque control (DTC) is quicker than VC in terms
of transient response, that can be very beneficial and
provide a lot of capacity when specific control manip-
ulations are required. The research in [18] investigates
a coordinated control approach for DFIG with a DC
connection. The experimental findings suggest that a
control approach is available for the proposed power
grid configuration. It concludes that the DC/DC con-
verter is the most important component in WECS for
the integration of the DFIG system. From [19], it can
be realized that the study places a PI controller before
the conventional DTC or direct power control (DPC)
blocks to improve the dynamic performance. Conse-
quently, the study shows that DTC has higher operat-

Fig. 1: Typical block diagram of wind turbine system.

ing performance than DPC since DTC directly controls
the torque.

Numerous control techniques for DFIG, such as
DPC, VC approach, and DTC, have been suggested
throughout the years [20]. The VC strategy has ad-
vantages among other control techniques; for example,
it gives reduced harmonic distortion and fewer power
ripples [1], [10], and [21]. However, VC has been ap-
plied only for PI control strategy in the literature [22]
and [23]. But, in our study PI controller and MPPT
techniques has been performed. Moreover, none of
the aforementioned literature analyzes the performance
and control of the magnitudes of grid-connected DFIG
system using PI and MPPT controller in terms of set-
tling time. Here, the DC-link capacitor is used to sep-
arate RSC and GSC. The DC link stores the energy
in the capacitor and the purpose of this capacitor is to
keep the voltage terminals constant.

This study assesses the real parameters of the Mit-
subishi MWT 92/2.4 MW wind turbine model inte-
grated with a grid connected DFIG system using the
VC strategy. This study is organized into several sec-
tions. Section I briefly presents the overview of the
wind turbine-based DFIG system. Wind turbine mod-
eling has been developed in Section 2. . The VC
strategy of both sides - RSC and GSC are given in
Section 3. . Two types of control method schemes -
PI controller and MPPT for DFIG have been demon-
strated in Section 4. . The simulation result has been
discussed in Section 5. , and finally, conclusions are
drawn which are stated in Section 6. .

2. Wind Turbine Model

Normally, wind turbines generate electricity by con-
verting mechanical energy provided by the kinetic en-
ergy of the wind [21]. Here, the wind turbine model
comprises several parts: a wind speed, an aerodynamic
system, a mechanical or drive train system, and a gen-
erator. A typical block diagram of a wind turbine is
given in Fig. 1.
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2.1. Wind Speed Model

Wind speed tends to vary depending on the nature of
the environment and it fluctuates randomly over time.
This explains the fact that it has a significant impact on
the electromagnetic torque and hence it seems to have
a major impact on the power generated by the three
blades [24]. Thus, to simulate the dynamic perfor-
mance of wind turbine model, the wind speed should be
taken into consideration. In this work, wind speed can
be modeled by adding the following four constituents:

vw (t) = vwa (t) + vwt (t) + vwr (t) + vwg (t) , (1)

where vwa(t), vwr(t), vwg(t) and vwt(t) are the con-
stant, turbulence, ramp, and gust constituents, respec-
tively. The gust constituent can be modeled to repre-
sent unusual transient increases in wind speed and can
be formulated as follows:

vwg (t) =
0 , for : t < Tsg

Ag

(
1 − cos

[
2π

(
t− Tsg
Teg − Tsg

)])
, for : Tsg 6 t 6 Teg

0 , for : Teg < t

,

(2)

where Tsg and Teg are start and end time of gust con-
stituents andAg is gust amplitude. Eventually, the tur-
bulence constituent can be indicated by a signal with
the following power density [24].

PDt (f) =
lvw

[
ln
(
h
z0

)]2
[
1 + 1.5 fl

vw

]5/3 , (3)

where l is turbulence scale, h is the height and l =
20h, that has maximum height of 300 meter; z0 is the
raggedness length value for different landscape type as
it can be seen in Tab. 1 [24].

Tab. 1: Values of zo for various landscape type [24].

Types of landscape Scale of zo in (meter)
High seas 0.001-0.01

Snow surface 0.01-0.05
Mown grass 0.01-0.03
Rocky ground 0.02-0.1
Mountainous 2-6

Since we know all the other values, the next stage is
to generate a signal with power spectrum. Consider-
ing that the PDt is close to the responses of first-order
filter, then the suggested transfer function is as follows:

H (s) =
K

s+ p
, (4)

Fig. 2: Aerodynamic system of wind turbine.

Fig. 3: Drive train system of wind turbine.

Where p and K are formulated as follows:

p =
2π
((
K2

1

)3/5 − 1
)

K2

√
K2

1 − 1
, (5)

K = K1p, (6)

And K1 and K2 are expressed as:

K1 = lvw

[
ln

(
h

z0

)]−2

, (7)

K2 = 1.5
1

vw
. (8)

The calculated signal of the power spectrum is de-
fined as:

Pfilter =

k2

p2

1 + 4π2

p2f2

. (9)

2.2. Aerodynamic Model

Normally, the aerodynamic system of a wind turbine
calculates the electromagnetic torque as shown in Fig.
2 and is given as [20].

Tt = 0.5ρπR3V 2
wCt, (10)

Where, ρ, R, Vw, and Ct are air density, radius (me-
ter), wind speed and torque coefficient of wind turbine,
respectively.
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Fig. 4: The proposed power circuit.

The power coefficient is given as:

Cp = 0.77

(
151

λi
− 0.58β − 1

500
β2.14 − 26.4

2

)(
e−18.4/λi

)
,

(11)

with

λi =
1

λ+ 0.02β
− 0.003

β3 + 1
. (12)

The tip step ratio can be obtained as:

λ =
RΩt
Vw

. (13)

2.3. Drive Train System

In some literature [25] it is possible to model the drive
train system in a 2-mass where the stiffness of the shaft
links the rotor of DFIG to the turbine mass as it can be
seen in Fig. 3. Drive train contains of a turbine, low-
speed shaft, generator, gearbox, and high-speed shaft
[26] and [27].

For instance, the torque (Tm) and stator reactive
power (Qs), can be formulated as follows:

Tm =
3

2
PM (isqird − isdirq) , (14)

and

Qs =
3

2
PM (vsqisd − vsdisq) , (15)

Where: θt, θm, ωt and ωm are turbine angle, genera-
tor angle, turbine and generator angular speed, respec-
tively; τt is torque supplied to rotor shaft, and τm is
generator torque; P is number of poles; M is magne-
tizing inductance.

2.4. Generator Model

For a proper understanding of the behaviors of a gen-
erator or DFIG system, it is important to use a basic
and special model such as rotating 2-phase dq which
is provided by Park transform technique [28]. Fig. 4
represents the power circuit of DFIG. The dynamic

equation of the system is given as a fourth order state
space based synchronous dq representation, stator and
rotor voltage equations can be given [22]:

vds = rsids +
dψds
dt

− ωsψqs,

vqs = rsiqs +
dψqs
dt

+ ωsψds,

vdr = rridr +
dψdr
dt

− ωrψqr,

vqr = rriqr +
dψqr
dt

+ ωrψdr. (16)

The stator and rotor fluxes are determined:
ψds = Lsids + Lmidr,

ψqs = Lsiqs + Lmiqr,

ψdr = Lridr + Lmids,

ψqr = Lriqr + Lmiqs.

(17)

Stator active and reactive powers are given:
Ps =

3

2
(vdsids + vqsiqs)

Qs =
3

2
(vqsids − vdsiqs)

(18)

3. Vector Control Strategy

Controlling alternating current (AC) machines may be
generally categorized into two, namely scalar and vec-
tor controls. The implementation of scalar control is
simple and may produce an approximate steady state
response, especially when the dynamics are slow. For
this purpose, to achieve a higher accuracy and better
dynamics and also good response during steady state,
VC strategies have to be applied [23]. The VC strategy
focuses on RSC and GSC control.

3.1. Rotor Side Converter Control

The main idea behind the control of RSC is to keep ro-
tational speed constant regardless of wind speed. The
rotor voltage can be defined as:

vdr = rridr + σLr
didr
dt

− ωrσLriqr, (19)

vqr = rriqr + σLr
diqr
dt

+ ωrσLridr + ωr
Lm
Ls

ψs. (20)

The voltages in dq references can be written as:

V ∗
dr = Udr − ωrσLriqr, (21)

V ∗
qr = Uqr + ωrσLridr + ωr

Lm
Ls

ψs. (22)

The vector control of the RSC design is represented
in Fig. 5.
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Fig. 5: Vector control for the RSC design.

Fig. 6: MPPT stability curve [20].

3.2. Grid Side Converter Control

The function of GSC is to keep the DC-bus voltage
(Vbus) referred to the stator constant. In our work
Vbus is given 1150 V. The dynamics of the voltage in
the grid side can be represented as follows:

vd = rid + L
did
dt

− ωeLiq + vd1, (23)

vq = riq + L
diq
dt

+ ωeLid + vq1. (24)

The voltages in dq references may be given as:

v∗d1 = ωLiqs + vds, (25)
v∗q1 = −ωLids. (26)

Vector control for the GSC design is indicated in Fig.
7.

4. Proposed Control Approach

This section presents two types of control method of
DFIG that has been implemented in the system simu-
lations.

4.1. MPPT Technique

A MPPT control strategy is significant since it assures
a variable speed system, which maximizes power pro-
duction throughout a particular wind speed. Consider
the curve shown in Fig. 6, the variable speed system
is operating at a level. Once the value of wind speed
changes from V v1 to V v2, then operating point and
torque change to b and Tt−b, respectively. The regu-
lator produces torque that corresponds with the max-
imum power curve (level c), which is less than Tt−b.
Thus, this increases the rotor speed of the turbine un-
til it reaches level c (equilibrium point).

Rotor speed reference at optimum lambda is given
by:

ωref (u) =
λoptv

R
. (27)

The electromagnetic torque (Tem) can be given:

Tem =
1

2
ρπR3 R

2Ω2

(λopt)
2

(Cp)max

λopt
. (28)

Simplifying Equation (28) gives:

Tem = −koptΩ2. (29)

Equation (29) leads to Fig. 8
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Fig. 7: Vector control for the GSC design.

Fig. 8: MPPT control strategy.

Fig. 9: Simulink model of MPPT control strategy.

4.2. PI Controller

It is very important to create PI regulators. Fig. 10 il-
lustrates the turbine coefficient as a function of lambda
and power curve. Here, the suggested power curve
(Fig. 10) is verified by comparing the values of power
of the DFIG system with different wind speed.

The specifications of wind turbine system are given
in Tab. 2.

5. Result and Discussion

In this study, the real parameters of MWT 92/2.4
MW wind turbine of the Mitsubishi have been imple-
mented for simulation study. Hence, the overall system
has been verified by MATLAB/Simulink environment.
Furthermore, the grid voltage and switching frequency
are constant throughout the simulation, i.e., voltage is

Tab. 2: Values of zo for various landscape type [24].

Nominal power (Ps) 2.4 MW
The Rated torque (Tem) 12732 Nm.

Rotor speed I (n) 157.08 rad/sec
Rotor speed II (n) 188.49 rad/sec

DC-bus voltage 1150 V
Bus capacitance 0.08 F

Stator resistance (Rs) 0.0026 Ω
Stator inductance (Ls) 0.002587 H

Rotor resistance (Rr) 0.0261 Ω
Rotor inductance (Lr) 0.002587 H

690 V, and frequency is 4000 Hz. Fig. 11 represents
the Simulink model of PI controller.

The DFIG system operation is first conducted using
typical PI and MPPT controller, then the compari-
son of the overall system with the two controllers is
performed in terms of settling time in Tab. 3. For
instance, the reference speed is set to be 1500 rpm
(157.08 rad/sec) the simulation of PI controller started
with 90% of reference speed (see Fig. 12), the rotor
speed is operating as sub-synchronous (motor mode)
up to 4 sec, then at 4 sec the operation is changed
to synchronous mode (100% of the reference speed),
later at the simulation time (ts = 6s) the opera-
tion is changed to hyper-synchronous (generator mode)
with the same rated torque. Similarly, the electromag-
netic torque is controlled according to the synchronous
speed. Fig. 14 presents the quadrature rotor current
iqr that is changing according to the electromagnetic
torque, because torque is proportional to the quadra-
ture rotor current.

One DFIG system is found to be sensitive to the
grid disturbances. Normally, the rotor side of DFIG
is connected to the grid via converter. Thus, when a
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Fig. 10: Torque coefficient versus lambda and power curve.

Fig. 11: Simulink model of MPPT control strategy.

Fig. 12: Rotor speed of DFIG.

Fig. 13: Electromagnetic torque of DFIG.

grid fault occurs the converter will be damaged. How-
ever, this can be addressed through the use of some
hardware protections such as crowbar protection and
DC choppers. One of the mainy, advantage of DFIG
system integrated with the wind turbines is that the
stator voltage and frequency remain constant, regard-
less of how the speed of the wind blows on the tur-
bine rotor. At this point, the wind speed profile is set
to be 8.5 m/s. Furthermore, the wind speed model
is designed by adding four constituents such as con-
stant, turbulence, ramp, and gust constituents. The
gust constituents are used to describe the unusual sud-
den changes in wind speed. Equation (4) leads to the
wind speed profile represented in Fig. 15. Taking the
RSC into consideration, the rotor speed is set to 136.5
rad/sec at steady state and the wind speed is modified
to 11.5 m/s at 4 seconds, As a result, the rotor speed
increased to 196.4 rad/sec, as shown in Fig. 16. Sim-
ilarly, Fig. 17 presents the electromagnetic torque at
wind speeds of 8.5 m/s and 11.5 m/s, resulting -5500
Nm and -11500 Nm of generated torque, respectively.
Accordingly, the generated power is modified to -0.75
MW and -2.25 MW, respectively.

The generated torque and power are negative be-
cause the machine is operating as a generator conven-
tion. Fig. 18 represents the quadrature rotor current
(iq), and Fig. 19 shows the stator active power which
modifies according to iq. Fig. 20 indicates the direct
rotor current idr, which is set to 850 A at 6 seconds
and reactive stator power is controlling and modifying
according to idr as shown in Fig. 21.

In GSC, the DC-bus voltage is set to be 1150 V, as
shown in Fig. 22, DC bus voltage is maintaining con-
stant at 1150 V at the steady-state with the change
in torque. Fig. 23 represents grid reactive reference
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Fig. 14: Quadrature rotor current of DFIG.

Fig. 15: Wind speed profile at 8.5 m/s.

Fig. 16: Rotor speed at different wind speed.

Fig. 17: Generated torque of DFIG based wind turbine.

Fig. 18: Quadrature rotor current.

Fig. 19: Active stator power.
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Fig. 20: Direct rotor current.

Fig. 21: Stator reactive power.

Fig. 22: Reperesentation of the DC-bus voltage.

Fig. 23: Represents the grid reactive power reference.

Fig. 24: Performance of the quadrature grid current.

Fig. 25: Direct grid current.
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Fig. 26: Three phase stator voltage.

Fig. 27: Steady state response of rotor speed with MPPT and
PI controller at 8.5 m/s.

Fig. 28: Steady state response of torque with MPPT and PI
controller at 8.5 m/s.

(Qg_ref ), which, for instance, is set to be zero up to
ts = 6s. and changed to -400 kVAR and is maintaining
and tracking the desired value. Furthermore, Qg_ref
can be changed according to the desired grid code. In
Fig. 24, the quadrature grid current is changing ac-
cording to the change in Qg_ref . Fig. 25 and Fig.
26 represent direct grid current (idg) and three phase
stator voltages, respectively. As shown from the ro-
tor speed (by MPPT) in Fig. 16, as the wind speed
increases, torque and generated power also increases.
However, in this work the wind speed doesn’t go be-
yond 11.8 m/s. For instance, in case it exceeds that
value, the pitch controller will take place to limit the
maximum extracted power. Even though, pitch con-
troller is not implemented, instead parameters of Mit-
subishi MWT 92 have been carried out in MATLAB
(see Fig. 10). Thus, the result shown in Fig. 27, Fig.
28, Fig. 29 and Fig. 30 has been compared and verified
with Fig. 10.

Tab. 3: Summary of the best results from three study cases by
running Simulation data inspector.

Settling Time (%5)
Wind
speed

DFIG
magni-
tudes

PI con-
troller

MPPT
control

Unit

8.5 m/s

Rotor
speed

4.5 1.4 second

Torque 4.9 2.1 second
Iq 5.1 1.8 second
Id 1.1 0.891 second

9.5 m/s

Rotor
speed

3.71 1.35 second

Torque 3.914 1.94 second
Iq 4.476 1.76 second
Id 1.03 0.81 second

11.8 m/s

Rotor
speed

3.218 1.33 second

Torque 3.64 1.7 second
Iq 4.1 1.613 second
Id 0.91 0.705 second

In this study, the rotor speed response, generated
torque, quadrature rotor current and direct rotor cur-
rent were mainly investigated. In the literature, opti-
mum control of a DFIG system using differential evo-
lusionary strategy are presented to improve the perfor-
mances of DFIG systems during perturbation [29] and
[31]. Accordingly, by using fuzzy-PI controller in [15]
and [30], the settling time and the value of peak over-
shoot have reduced, and variations are damped down
faster when compared with typical PI controller. Be-
sides, the transient response given by fuzzy-PI con-
troller has also proved to be better than typical PI
controller. Compared to the aforementioned literature
with this work, as illustrated in above results (Fig.
27, Fig. 28, Fig. 29 and Fig. 30), it can be seen
that there is higher overshoot/undershoot in the PI-
controller representation. Further, this higher over-
shoot and undershoot can be ruduced by tunning the
PI-gains and current loops until the desired values are
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Fig. 29: Steady state response of quadrature rotor current with
MPPT and PI controller at 8.5 m/s.

Fig. 30: Steady state response of direct rotor current with
MPPT and PI controller at 8.5 m/s.

obtained. Meanwhile, the performance of DFIG based
wind turbine with the MPPT control improves in terms
of settling time as given in Tab. 3. Moreover, it can be
observed that the MPPT control has less perturbations
and provides strong robustness and reaches the steady
state faster with variable parameters. Additionally, ac-
tive power of the DFIG system matches with the power
curve shown in Fig. 10.

6. Conclusion

The VC approach has been designed to control the ro-
tor and grid sides of the DFIG system independently.
This control strategy reduces harmonic distortion and
produces fewer power ripples. The overall system con-
sists of two cases. In Case I, PI controller is applied

to the rotor side of DFIG system. Hence, the ro-
tational speed is operating from sub-synchronous to
hyper-synchronous mode with a constant input torque.
Therefore, a constant rotor speed and constant elec-
tromagnetic torque are obtained for a constant refer-
ence speed. In case II, MPPT closed loop strategy has
been considered. In this strategy, constant rotor speed
and generated torque are obtained for a variable wind
speed, as a result, the generated power is obtained, and
confirmed by comparing it with the extracted power
(Fig. 10). Further, the rotor side is able to control
the stator’s active and reactive power. On the other
hand, the grid side controls grid reactive references,
which can be controlled according to the grid codes.
The grid side is also used to keep the DC bus volt-
age constant. Thus, PI controllers are effective for fast
tracking of current references, and the current loops
have been tuned until the desired value is obtained.
On the other hand, MPPT control has fewer perturba-
tions, provides strong robustness, and reaches a steady
state faster with variable parameters. From the re-
sults, it is clearly obvious that the designed MPPT is
efficient, reliable, and gives better performance than PI
controller.

In the future, the researchers can focus on design-
ing the pitch controller to achieve good performance
at much higher wind speeds.
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