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This paper proposes two novel (direct power control) DPC strategies for a doubly fed induction generator
(DFIG)-based wind energy conversion system based on a (fuzzy logic controller) FLC. At first, the
mathematical model of the DFIG in the synchronous reference frame is derived. Then, based on this
model, two novel FLC-based DPC strategies, called (fuzzy-based DPC) FDPC and (fully fuzzy-based DPC)
FFDPC are proposed. In the FDPC, the required rotor voltages to eliminate power errors within each fixed
sampling period are directly calculated based on the FLC, the measured active and reactive powers, the
stator voltage and some machine parameters. On the other hand, in the FFDPC, the rotor voltages are
directly calculated from the FLC. The control structures of proposed methods are very simple. Compared
to the conventional switching table-based DPC, in the proposed methods, the hysteresis comparator and
the switching table are replaced by a simple FLC and a PWM (pulse width modulation) modulator. The
converter switching frequency is constant which simplifies the practical implementation. Also the
proposed methods are robust against machine parameters mismatches and grid voltage disturbances.
Extensive simulations in Matlab\Simulink are performed to confirm the effectiveness of the proposed
methods under transient and steady state conditions.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

With increasing concerns about the world’s fossil fuel reserves
as well as CO2 emissions, renewable energy sources have found
more attention. Especially wind energy has become an important
source for electricity generation in many countries and it is
expected that wind energy will provide more electrical energy in
future [1e3].

Variable speed wind energy conversion systems are imple-
mented with either doubly fed induction generators [4] or full
power converters [5,6]. Nowadays, many wind farms are based on
the (doubly fed induction generator) DFIG technology with con-
verters rated at 20%e30% of the generator rated power. Compared
to the fixed speed induction generators, the DFIG offers several
advantages such as increased power capture, four-quadrant con-
verter topology which lets the decoupled and fast active and
reactive power control and reduced mechanical stresses [4,7,8]. The
schematic of a DFIG-based wind energy conversion system is
depicted in Fig. 1.
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While the rotor current vector control is known as the con-
ventional technique to control the DFIG [7,9e11], it suffers from
some major drawbacks such as the need for many transformations
among different reference frames in the control structure, the
requirement of an exact estimation of machine parameters and
stability problems if the rotor current PI controllers are not
designed wisely.

Nowadays, direct control techniques for the DFIG have found
a lot of interests due to their simplicity and high dynamic perfor-
mances. (Direct torque control) DTC was first introduced in the
middle of 1980s [12,13]. The DTC directly controls the developed
torque by the machine with the use of torque and flux information
and selects the best voltage vector using a switching table [12],
a direct self-control [13], a (space vector modulation) SVM [14],
a (discrete space vector modulation) DSVM [15] or a fuzzy logic
system [16]. In Ref. [17], the fuzzy and DSVM are combined and
gained a good performance for direct torque control of the induc-
tion machine.

Based on the DTC technique, the (direct power control) DPC was
proposed for three phase (pulse width modulation) PWM con-
verters and proven to have many advantages compared to the
conventional vector control technique. These advantages include
simplicity, fast dynamics and robustness against parameters
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Nomenclature

q phase angle between the rotor and stator flux
vectors.

us, ur, uslip synchronous, rotor and slip angular frequencies.
4s;4r stator and rotor flux vectors.
Is, Ir stator and rotor current vectors.
Lm mutual inductance.
Lss, Lsr stator and rotor leakage inductances.
Ls, Lr stator and rotor self-inductances.
Rs, Rr stator and rotor resistances.
Ps, Qs stator active and reactive powers.
Vs, Vr stator and rotor voltage vectors.

Superscripts
s synchronous reference frame.
r rotor reference frame.
* reference value.

ˇ

conjugate complex.

Subscripts
aeb aeb axis.
s, r stator, rotor.
d, q synchronous deq axis.
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variations and grid voltage disturbances [18e20]. In DPC, the con-
verter switching states are selected from a switching table, based
on the error between the reference and measured values of active
and reactive powers and the angular position of the ac voltage
[18,19] or the virtual flux [20]. Recently, the DPC is proposed for the
control of acmotors [21] andmore recently DFIGs [22,23]. Although
this technique is simple and robust against parameters variations,
but the converter switching frequencywidely varies as a function of
variations of the active and reactive powers, themachine speed and
the hysteresis bandwidth. Some solutions have been proposed to
fix the converter switching frequency [23,24]. However these
methods are based on the stator flux orientation and have complex
algorithms which make them inefficient for practical imple-
mentations. In Ref. [25], fuzzy and DSVM are combined tominimize
the power ripples, however this is also based on the stator flux
orientation not stator voltage orientation and uses a switching ta-
ble. Furthermore it has so much rules and a high switching fre-
quency is needed to effectively reduce the power ripples.
Wind

Turbine

Gear

Box

S

Ri

DFIG

Fig. 1. Schematic of a DFIG-based w
In this paper, at first, a descretized model for the DFIG in the
synchronous reference frame is derived. Afterwards, the (fuzzy-
based direct power control) FDPC and the (fully fuzzy-based direct
power control) FFDPC strategies for the DFIG are proposed. Power
errors and their integrations are used as (fuzzy logic controller) FLC
inputs. In the FDPC, the output of the FLC is added to proper feed
forward terms to generate the reference rotor voltages, while in
FFDPC, the rotor voltages are directly generated by the FLC. In both
techniques, the obtained reference values for the rotor voltages are
then fed to the PWM modulator.

Fuzzy logic controller has been used with success in wind en-
ergy conversion systems [26,27]. It is generally accepted that the
FLC has the following advantages:

� it does not require the exact model of the process,
� it does not require precise sensors,
� it is robust against noises,
� and it is simple to implement.

These advantages are also expected for the proposed control
strategies. The first proposed DPC technique, called FDPC, directly
controls the active and reactive powers based on the FLC combined
with the measured active and reactive powers, the stator voltage
and the rotor speed. Unlike the FDPC, the FFDPC only needs infor-
mation about the measured active and reactive powers which
makes it a simple control strategy. In the proposed methods, the PI
controllers, the hysteresis comparators and the switching table are
eliminated. Also they are based on the stator voltage orientation
which makes them simpler because the stator flux is the integra-
tion of stator voltage under normal grid conditions. The switching
frequency in the proposed methods is constant and low compared
to the switching table based DPC, which brings easier design and
practical implementation. Extensive simulations confirm the
effectiveness of the proposed control techniques.
2. Principles of the proposed active and reactive power
controls

2.1. Mathematical model of the DFIG in the synchronous reference
frame

The equivalent circuit of the DFIG in the synchronous reference
frame rotating at the speed ofus is depicted in Fig. 2, whereus is the
synchronous angular speed.

The stator and rotor voltage equations in the synchronous ref-
erence frame are as
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Fig. 2. DFIG equivalent circuit in the synchronous reference frame.
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Vs
s ¼ RsIss þ

d4s
s

dt
þ jus4

s
s (1)

Vs
r ¼ RrIsr þ

d4s
r

dt
þ jðus � urÞ4s

r (2)

4s
s ¼ LsIss þ LmIsr (3)

4s
r ¼ LmIss þ LrIsr (4)

From equations (3) and (4) the stator current in the synchronous
reference frame is given by

Iss ¼ Lr4s
s � Lm4s

r

LsLr � L2m
¼ 4s

s
sLs

� Lm4s
r

sLsLr
(5)

where Ls ¼ Lds þ Lm and Lr ¼ Ldr þ Lm and s ¼ ðLsLr � L2mÞ=L2m is the
leakage factor.

The active and reactive powers injected to the grid are given by

Ps þ jQs ¼ �3
2
Vs
s � Iss (6)

Under ideal grid voltages, the amplitude and the rotating speed
of the stator flux are constant, consequently d4s

s=dt ¼ 0: Accord-
ingly, by neglecting the stator resistance, the stator voltage vector
equation of (1) simplifies to

Vs
s ¼ jus4

s
s (7)

If the d-axis of the synchronous reference frame is aligned to the
stator voltage vector, equation (7) results in

4sd ¼ 0;4sq ¼ �Vsd=us (8)

Substituting equations (5) and (8) in equation (6) and doing
some simple manipulations, the stator active and reactive powers
are calculated as

Ps ¼ KsVsd4rd (9)

Qs ¼ �KsVsd

�
Lr
Lm

$
Vsd
us

þ 4rq

�
(10)

where Ks ¼ ð3=2ÞðLm=sLsLrÞ:
Since under balanced grid conditions, the stator voltage

amplitude remains constant, the power equations of (9) and (10)
imply that the active and reactive powers injected to the grid can
be effectively controlled by regulating the rotor flux components
4rd and 4rq, respectively.

2.2. Active and reactive power control by adjusting the rotor flux
vector

Equation (2) is rearranged and descritized in each small sam-
pling period Ts as follows
d4s
r

dt
¼ 4s

rðkþ1Þ�4s
rðkÞ

Ts
¼ Vs

r ðkÞ�RrIsrðkÞ� jðus�urÞ4s
rðkÞ (11)

After decomposing the above result into d and q components
and neglecting the rotor resistance effect, the rotor flux compo-
nents at the sampling point (k þ 1) are obtained as

4rdðkþ 1Þ ¼ 4rdðkÞ þ TsVrdðkÞ þ Tsðus � urÞ4rdðkÞ (12)

4rqðkþ 1Þ ¼ 4rqðkÞ þ TsVrqðkÞ � Tsðus � urÞ4rdðkÞ (13)

Equations (9) and (10) can be updated with above flux equations
to give the active and reactive powers at the sampling point (kþ 1).

Pðkþ 1Þ ¼ kdVsdðkÞ4rdðkþ 1Þ (14)

Qðkþ 1Þ ¼ �kdVsdðkÞ
�
Lr
Lm

$
VsdðkÞ
us

þ 4rqðkþ 1Þ
�

(15)

The aim of the control system is to bring the above active and
reactive powers to the reference values available at the sampling
point (k), i.e.

Pref ðkÞ ¼ Pðkþ 1Þ (16)

Qref ðkÞ ¼ Qðkþ 1Þ (17)

Substituting equations (12), (13), (16) and (17) into equations
(14) and (15), the reference values for the rotor voltages in the
synchronous reference frame are calculated as

VrdðkÞ ¼
Pref ðkÞ�PðkÞ
TsKdVsdðkÞ

þ us�ur

KdVsdðkÞ
QðkÞþðus�urÞLr

Lmus
VsdðkÞ (18)

VrqðkÞ ¼ �Qref ðkÞ � QðkÞ
TsKdVsdðkÞ

þ us � ur

KdVsdðkÞ
PðkÞ (19)

3. Proposed direct active and reactive power control
strategies

3.1. (Fuzzy-based direct power control) FDPC

Carefully considering equations (18) and (19), these equations
can be rewritten as follows

Vrd ¼ Urd þ Erd (20)

Vrq ¼ Urq þ Erq (21)

where

Urd ¼ kp
�
Pref � P

�
(22)

Urq ¼ �kq
�
Qref � Q

�
(23)

Erd ¼ uslip

�
QðkÞ

kdVsdðkÞ
þ LrVsdðkÞ

Lmus

�
(24)

Erq ¼ uslip
PðkÞ

kdVsdðkÞ
(25)

Based on equations (20)e(25), it can be concluded that the rotor
reference voltages are composed of two components. The first term
in equations (20) and (21), Urdq, is the output of the proportional
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power controller, where kp and kq are the controllers gains. The
second term, Erdq, represents the equivalent rotor back electro-
magnetic force which is proportional to the slip angular frequency
uslip ¼ us�ur.

In this paper and based on the above discussion, the (fuzzy logic
controller) FLC is used togenerate theUrdq term insteadof the simple
proportional controller, mainly because of two reasons. First, it does
not require any mathematical model of the system under control.
Second, it is widely accepted that the structure of FLC is simple and
easy for practical implementations. The Erdq term is added to the
output of the FLC to improve the controller performance in terms of
the required control effort and the transient performance. The
simplified structure of the fuzzy-based direct power control of
doubly-fed induction generator is depicted in Fig. 3.

3.2. (Fuzzy logic controller) FLC

As shown in Fig. 3, power errors (ep and eq) and the integration
of power errors (!ep and !eq) are used as inputs to the FLC. The
output of the FLC is the proper rotor voltage Urdq which is then
added to the equivalent rotor back emf, Erdq to generate the rotor
reference voltages. Two independent FLCs are used to control active
and reactive powers. For all inputs and outputs, seven fuzzy sets are
chosen which are (negative big) NB, (negative medium) NM,
(negative small) NS, (zero) Z, (positive small) PS, (positive medium)
PM and (positive big) PB. For example, the fuzzy set of the active
power is depicted in Fig. 4. The range of variations of these variables
is dependent on the operating point of the DFIG.

There are 49 rules that form the knowledge repository of the FLC
which are used to decide the appropriate control action. These rules
are presented in Table 1. A sample rule of the FLC can be written as

if
�
ep
�
eq
	
is x

	
AND

�Z
ep

�Z
eq

�
is y

�
then

�
Urd

�
Urq

	
is w

	
:

The performance of the fuzzy system is based on Mamdani’s
minemax rule [28,29]. When a set of input variables is read, each
rule is fired. For example, for the FLC of active power, the output of
ith rule is

ai ¼ min

8><
>:mp

�
ep
	
;mR p

�Z
ep

�9>=
>;

where mp and m!p are themembership functions of each input and ai
is the weighting factor (firing strength) of ith rule. Afterwards, this
value should be compared with the membership function of output
in the ith rule, thus

Oi ¼ minfai;mvig

where mvi and Oi are the output membership function and the final
membership value of ith rule, respectively. To complete the
Fuzzification Rule   Eva

Pref, Qref

Data b

Rule b

+-

epq(n)

Fig. 3. Structure of
Mamdani’s minemax rule, the maximum value of the final mem-
bership values of rules should be chosen. Based on this principle,
the output that has maximum possibility distribution is chosen as
the output. Thus we can write

mv ¼ maxfOig i ¼ 1;2; :::

Finally, the defuzzification method is used to generate the out-
put voltage. Basically, defuzzification is a mapping from a space of
fuzzy control actions defined over an output universe of discourse
into a space of nonfuzzy (crisp) control actions. It is employed
because in many practical applications, a crisp control action is
required. Consequently, the complete schematic of the proposed
FDPC is depicted in Fig. 5.

3.3. (Fully fuzzy-based direct power control) FFDPC

According to equations (20) and (21), the rotor voltages are
composed of two components. The second term in equations (20)
and (21), Erdq, is the equivalent rotor back emf which depends on
the active and reactive powers, the stator voltage and some ma-
chine parameters. In other words, it is like a feed forward term
which improves the overall dynamic performance of the DFIG.
Based on equations (24) and (25), since this term is proportional to
the slip angular frequency, it will become zero at the synchronous
speed. In the (fully fuzzy-based direct power control) FFDPC of
DFIG, this term is omitted and only the fuzzy logic controller is used
to produce the desired rotor reference voltages. The inputs and
outputs of the FFDPC are the same as the FDPC and only the range of
the output voltage in the horizontal axis is different. The schematic
diagram of the FFDPC is depicted in Fig. 6. As it can be seen, com-
pared to the block diagram of Fig. 5, the Erdq calculation block is
removed which makes it simpler to design and implement.

In both techniques, once the rotor voltages are calculated, these
voltages must be transformed to the rotor reference frame. This is
achieved by the following equation

Vr
r ¼ Vs

r e
jðus�urÞt (26)

It is worth mentioning that there is no need for a reference
voltage limiter or saturation block, since the FLC inherently limits
the generated reference voltages at transients. Once Vr

r is
luator Defuzzification DFIG
Ps, Qs

ase

ase

Urdq

++

Erdq

Vrdq

FDPC method.
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calculated, advanced pulse width modulation techniques such as
SPWM (sinusoidal pulse width modulation), SVPWM (space vector
pulse width modulation), etc. can be used to generate the gating
pulses with a fixed switching frequency.

4. Simulations

To investigate the performance of the proposed control strat-
egies under different conditions, extensive simulations are con-
ducted using Matlab/Simulink software. The basic configuration of
the simulated system is shown in Fig. 7.

The DFIG is rated at 2 MWand the system parameters are given
in Table 2. The (rotor side converter) RSC controls the DFIG’s stator
active and reactive powers. The (grid side converter) GSC is
SVM
modulator

Pref , Qref

( )−s rj te ω ω

r

rV

fuzzy logic 
controller

Erdq

calculation
+

+

Fig. 5. Schematic of the pr

SVM
modulator

Pref , Qref

( )−s rj te ω ω

r
rV

fuzzy logic 
controller

Fig. 6. Schematic of the pro
responsible for balancing the power exchange between the rotor
and the grid through maintaining a constant DC-link voltage. So,
the GSC is controlled by the same methods used in VSC (voltage
source converter) transmission systems [30] or grid-connected
rectifiers [31]. In this paper, the proposed method in Ref. [31]
with the switching frequency of 5 kHz is used for GSC. The DC-
link voltage is set to 1200 V. A high frequency RLC filter is con-
nected to the stator side to suppress the switching harmonics and
high frequency noises generated by the two converters. During the
simulations, the sampling period was set to 250 ms. To generate the
switching pulses, the (space vector modulation) SVM technique
with the switching frequency fixed at 2 kHz is utilized. The range of
DFIG

VsIs

Ps,Qs

calculation

PLL
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oposed FDPC for DFIG.
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Table 2
Parameters of the simulated DFIG.

Rated power 2 MW
Stator voltage 690 V
Stator/rotor turns ratio 0.3
Rs 0.0108 pu
Rr 0.0121 pu(referred to the stator)
Lm 3.362 pu
Lss 0.102 pu
Lsr 0.11 pu(referred to the stator)
Lumped inertia constant 0.2 s
Number of pole pairs 2

Table 3
The range of membership functions.

FDPC FFDPC

Min Max Min Max

ep �5e þ 5 5e þ 5 �5e þ 5 5e þ 5
!ep �5e þ 5 5e þ 5 �5e þ 5 5e þ 5
eq �5e þ 5 5e þ 5 �5e þ 5 5e þ 5
!eq �5e þ 5 5e þ 5 �5e þ 5 5e þ 5
Urd �170 170 �180 180
Urq �75 75 �80 80
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fuzzy sets in the horizontal axes for both proposed methods are
given in Table 3.

4.1. Steady-state and dynamic performances

During the simulations, at first, the grid side converter is acti-
vated to make and fix the DC-link voltage. Afterwards, the stator is
energized at constant rotor speed. Finally, the rotor side converter
is activated to bring the stator active and reactive powers to the
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Fig. 8. Steady-state performance of the propos
reference values. The final step is only shown in the following and
the two first steps are not displayed.

The performance of the proposed FDPC and FFDPC strategies in
the steady-state condition is shown in Fig. 8. For both strategies, the
active and reactive power references are set to 2MWand�0.5MVar,
respectively (‘�‘indicates absorbing the reactive power). The rotor
speed is set externally to 1.2 pu, where the synchronous speed is
defined as 1 unit. According to Fig. 8, the effectiveness of the pro-
posed strategies is confirmed with precise power control, minimum
current distortions, less harmonic noises and at the same time,more
accurate regulation and fewer ripples in the output active and
reactive powers. The THD (total harmonic distortion) of stator cur-
rent is 1.42% and 1.44% for FDPC and FFDPC, respectively.

In another study, various step changes in the active and reac-
tive power references are applied to evaluate the dynamic per-
formance of the proposed DPC strategies. The results for both
FDPC and FFDPC strategies are shown in Fig. 9 for rotor speed of
1 pu. Initially the rotor side converter is enabled with the active
and reactive power references at 0 MW and �0.5 MVar, respec-
tively. Then the active and reactive power references jumped from
0 to 2 MW at 0.2 s and from �0.5 to 0.5 MVar at 0.4 s, respectively.
After that, step fall of active power reference from 2 MW to 1 MW
at 0.6 s is applied to evaluate both rising and falling performances.
Both proposed control strategies exhibit a fast dynamic response
and the active and reactive powers track the reference values
within a few milliseconds with almost no coupling effects and
transient oscillations.

The transient performances of proposed strategies in terms of
rising and falling times of active and reactive powers are compared
inTable 4. As it was expected, while both techniques offer a very fast
transient performance, the FDPC can achieve a slightly faster tran-
sient response, mainly due to the feed forward path in its structure.
Due to the fast nature of bothDPCs, a decoupled control of active and
reactive powers is also achieved, which is obvious in Fig. 9.
0 0.1 0.2 0.3 0.4
1.9

2

2.1

0 0.1 0.2 0.3 0.4

-0.5

-0.4

0 0.1 0.2 0.3 0.4
-4
-2
0
2
4

0 0.1 0.2 0.3 0.4
-4
-2
0
2
4

time(s)

FFDPC

ed DPC strategies at rotor speed of 1.2 pu.



0 0.2 0.4 0.6 0.8
-1

0

1

2

3

A
ct

iv
e 

p
ow

er
 (

 M
W

)

0 0.2 0.4 0.6 0.8

-1

0

1

R
ea

ct
iv

e 
p

ow
er

 (
 M

V
ar

)

0.60.40.20 0.8
-4
-2
0
2
4

S
ta

to
r 

cu
rr

en
t 

( 
K

A
)

0 0.2 0.4 0.6 0.8
-4
-2
0
2
4

time(s)

R
ot

or
 c

u
rr

en
t 

( 
K

A
)

0 0.2 0.4 0.6 0.8
-1
0
1
2
3

0 0.2 0.4 0.6 0.8
-1

0

1

0 0.2 0.4 0.6 0.8
-4
-2
0
2
4

0 0.2 0.4 0.6 0.8
-4
-2
0
2
4

time(s)

CPDFFCPDF

Fig. 9. Transient performance of the proposed DPC strategies under various active and reactive power step changes at rotor speed of 1 pu.
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4.2. Impact of parameters mismatch

As mentioned above, since the FLC does not require any math-
ematical model of the controlled process, it is not almost affected
bymodel parameter variations. Based on equations (24) and (25), in
the proposed methods, only FDPC uses some DFIG parameters
which are ks and Lr=Lm ratio. Since the leakage flux magnetic path
is mainly in the air, so the variations of the leakage inductances (Lss
and Lsr) during the operation are not considerable and can be safely
neglected. These parameters can be simplified as

ksz
3
2

1
Lss þ Lsr

;
Lr
Lm

¼ 1þ Lsr
Lm

z1 (27)

Based on equation (27), it can be concluded that the effect of
DFIG parameters variations is negligible. To confirm the above
Vsa ¼ VmsinðutÞ þ k1Vmsinð5utÞ þ k2Vmsinð7utÞ
Vsb ¼ Vmsin

�
ut � 2p

3

�
þ k1Vmsin

�
5ut þ 2p

3

�
þ k2Vmsin

�
7ut � 2p

3

Vsc ¼ Vmsin
�
ut þ 2p

3

�
þ k1Vmsin

�
5ut � 2p

3

�
þ k2Vmsin

�
7ut þ 2p

3

Table 4
Comparison of transient performances.

Active power rising
time (ms)

Active power falling
time (ms)

Reactive power rising
time (ms)

FDPC 3.1 2 3.8
FFDPC 3.5 2 4
analysis, a simulation study with 40% mismatch in the mutual
inductance value is done. The results are depicted in Fig. 10 which
proves the analytical achievements.
4.3. Operation under network voltage distortions

Sometimes wind farms with DFIGs are connected to weak grids
at remote locations where voltage distortions are likely to happen.
This may result in deteriorated performance or even instability of
grid interfacing converters in some cases.

To examine the performance of the proposed control strategies
under grid voltage distortions, a simulation was done with 5th and
7th harmonic components injected into the grid voltages, as shown
in equation (28).
�
� (28)
For different values of k1 and k2, the power error and ripple,
calculated from equation (29) are reported in Table 5.

DSð%Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
DP2 þ DQ2

P2ref þ Q2
ref

s
� 100 (29)
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Fig. 10. Simulated results under various stator active and reactive power steps and rotor speed variations with 40% mismatch in Lm.
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Both control strategies maintain their normal operation. Since
the network voltage is harmonically distorted, the calculated
powers are not constant and have a ripple which is a little larger in
the case of FDPC. These results were expected, because the FDPC
technique includes the feed forward terms in its control structure
which are closely related to the quality of the measured grid
voltages.
4.4. Operation under imbalanced network voltages

Considering positive and negative sequence components, net-
work voltages are defined by

Vsa ¼ VmsinðutÞ þ k3VmsinðutÞ
Vsb ¼ Vmsin

�
ut � 2p

3

�
þ k3Vmsin

�
ut þ 2p

3

�

Vsc ¼ Vmsin
�
ut þ 2p

3

�
þ k3Vmsin

�
ut � 2p

3

� (30)

Under imbalanced network voltage conditions, the quality of the
(phase locked loop) PLL mainly determines the control strategy’s
performance. In this work, a simple arctan function is used to
Table 5
Power ripple Ds% as a function of 5th and 7th harmonic amplitudes and voltage
imbalance (Pref ¼ 2 MW, Qref ¼ �0.5 MVar).

k1 k2 k3 FDPC FFDPC

0 0 0 2.17 2.17
0.03 0.01 0 10.85 9.94
0.05 0.03 0 25.32 24.69
0 0 0.01 5.42 5.12
0 0 0.03 14.4 14.13
calculate the line voltage angular position from its ab components
for both methods. As shown in Table 5, the imbalanced voltages
increase the power ripples. It should be noted that since the FFDPC
does not need direct information of grid voltages, it is more im-
mune against the grid voltage disturbances as presented in Table 5.

5. Conclusion

Two new direct active and reactive power control strategies for
a DFIG-based wind energy conversion system, based on the (fuzzy
logic controller) FLC are proposed in this paper: the FDPC and the
FFDPC. The FFDPC directly calculates the rotor reference voltages
from the instantaneous power errors using an FLC, while in the
FDPC, proper feed forward terms are added to the FLC outputs to
improve the dynamic performance. The control structures of pro-
posed methods are simple and also these methods are based on
stator voltage orientation rather than stator flux orientation. The
harmonic filter and the converter design is easy because of the
constant switching frequency. Simulation results confirm the
effectiveness of the proposed methods under transient and steady
state conditions. Furthermore, the simulated performance of both
methods under harmonically distorted and imbalanced grid volt-
ages show that they can successfully maintain their normal oper-
ation, with just increased power ripples which are more evident for
the FDPC.
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