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Control of DFIG Wind Turbine With Direct-Current
Vector Control Configuration
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Abstract—The doubly-fed induction generator (DFIG) wind tur-
bine is a variable speed wind turbine widely used in the modern
wind power industry. At present, commercial DFIG wind turbines
primarily make use of the technology that was developed a decade
ago. But, it is found in this paper that there is a limitation in the con-
ventional vector control technique. This paper presents a direct-
current vector control method in a DFIG wind turbine, based on
which an integrated control strategy is developed for wind energy
extraction, reactive power, and grid voltage support controls of
the wind turbine. A transient simulation system using SimPower-
System is built to validate the effectiveness of the proposed control
method. The conventional control approach is compared with the
proposed control technique for DFIG wind turbine control under
both steady and gust wind conditions. The paper shows that under
the dc vector control configuration, a DFIG system has a superior
performance in various aspects.

Index Terms—DC-link voltage control, direct-current vector
control, doubly-fed induction generator (DFIG) wind turbine,
grid voltage support control, maximum power extraction, reactive
power control.

I. INTRODUCTION

A T THE present time, wind turbines based on doubly-fed
induction generators (DFIGs) are used in most large wind

power plants in North America [1]. There are several reasons for
using DFIG wind turbines; among those are possibilities to in-
crease turbine energy capture capability, reduce stresses of the
mechanical structure, diminish acoustic noise, and make the ac-
tive and reactive power controllable for better grid integration
[1], [2].
However, the energy captured and converted from the wind

by a DFIG wind turbine depends strongly on how the wind
turbine is controlled under variable wind conditions. Presently,
commercial DFIG wind turbines mainly use the technology that
was developed a decade ago [2]–[4] based on the standard de-
coupled vector control mechanism. This paper shows that
there is a limitation in the conventional vector control approach
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for the grid-side converter of the DFIG wind turbine. The weak-
ness is more evident when the converter operates beyond its
linear modulation limit. This situation has also been reported
recently by many studies in different applications. In [5], it is
found through both theoretical and experimental studies that the
conventional control technique is sensitive to model uncertain-
ties. In [6]–[8], it is reported that wind farms periodically ex-
perience high unbalance and harmonic distortions that have re-
sulted in a large number of trips. In [9], it is pointed out that it is
difficult to tune PI parameters for the conventional vector con-
trol technique in a STATCOM application. In [10], it is pointed
out that it is the critical to be able to estimate the grid system
parameter changes so as to enhance the performance of the con-
ventional control method for a microgrid application.
This paper develops a mechanism for improved control of a

DFIG wind turbine under a direct-current vector control config-
uration. Then, based on the proposed control structure, the inte-
grated DFIG system control is developed, including maximum
wind power extraction control, reactive power control, and grid
voltage support control. In the sections that follow, the paper
first introduces the general configuration of a DFIG system and
overall control structure in Section II. Then, Section III presents
the direct-current and conventional standard vector control ap-
proaches for a DFIG grid-side converter (GSC). The control
of the rotor-side converter (RSC) is presented in Section IV.
Section V shows the control integration of the GSC and RSC
for DFIG maximum power extraction, reactive power, and grid
voltage support controls. Simulation studies are conducted in
Section VI to compare the performance of DFIG wind turbine
using the direct-current and traditional vector control configura-
tions for steady and variable wind conditions. Finally, the paper
concludes with the summary of the main points.

II. DFIG MECHANICAL/ELECTRICAL SYSTEMS AND
INTEGRATED CONTROLS

A DFIG wind turbine primarily consists of three parts: a wind
turbine drive train, an induction generator, and a power elec-
tronic converter (Fig. 1) [2], [4]. In the wind turbine drive train,
the rotor blades of the turbine catch wind energy that is then
transferred to the induction generator through a gearbox. The in-
duction generator is a standard, wound rotor induction machine
with its stator windings directly connected to the grid and its
rotor windings connected to the grid through a frequency con-
verter. The frequency converter is built by two self-commutated
voltage-source converters, the RSC and the GSC, with an inter-
mediate dc voltage link.
The control in a DFIG wind power plant has three levels:

the generator level, the wind turbine level, and the wind power
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Fig. 1. Configuration of a DFIG system.

plant level (Fig. 1) [4]. At the generator level, the RSC con-
troller regulates the DFIG to achieve one of the following two
goals: 1) maximum energy extraction from the wind or 2) com-
pliance with a wind plant control demand; the GSC controller
maintains a constant dc-link voltage and adjusts reactive power
absorbed from the grid by the GSC. At the turbine level, there
are a speed controller and a power limitation controller. At a
low wind speed, the speed controller gives a power reference
to the RSC based on the principle of maximum energy extrac-
tion. At a high wind speed, the power limitation controller in-
creases or decreases the pitch angle of the turbine blades to pre-
vent the wind turbine from going over the rated power. At the
wind power plant level, the power production of the entire plant
is determined based on a grid requirement. The central control
system sends out power references to each individual turbine,
while the local turbine control system ensures that the power
reference from the central control level is reached.

III. CONVENTIONAL AND DIRECT-CURRENT VECTOR
CONTROL OF GSC

In a DFIG wind turbine, the GSC controls the dc-link voltage
and contributes to the reactive power or grid voltage support
control of the overall DFIG system as well.

A. GSC Transient and Steady-State Models

Fig. 2 shows the schematic of the GSC, in which a dc-link
capacitor is on the left and a three-phase voltage source, repre-
senting the voltage at the point of common coupling (PCC) of
the ac system, is on the right.
In the reference frame, the voltage balance across the

grid filter is

(1)

Fig. 2. Grid-connected converter schematic.

where is the angular frequency of the PCC voltage, and
and are the inductance and resistance of the grid filter.

Using space vectors, (1) is expressed by a complex (2) in which
and are instantaneous space vectors of the PCC

voltage, line current, and converter output voltage. In the steady-
state condition, (2) becomes (3), where and stand
for the steady-state space vectors of PCC voltage, grid current,
and converter output voltage

(2)

(3)

In the PCC voltage oriented frame [3], [11], the instant active
and reactive powers absorbed by the GSC from the grid are pro-
portional to grid - and -axis currents, respectively, as shown
by (4) and (5)

(4)

(5)

In terms of the steady-state condition, if the
-axis of the reference frame is aligned along the PCC voltage
position. Assuming and neglecting the grid
filter resistance, then, the current flowing between the PCC and
the GSC according to (3) is

(6)

in which stands for the grid filter reactance.



LI et al.: CONTROL OF DFIG WIND TURBINE WITH DIRECT-CURRENT VECTOR CONTROL CONFIGURATION 3

Fig. 3. Conventional standard GSC vector control structure.

Supposing passive sign convention is applied, i.e., power
flowing toward the GSC as positive, then, the power absorbed
by the GSC at the PCC is

(7)

B. Conventional GSC Control Mechanism

The conventional vector control method for the GSC has a
nested-loop structure consisting of a faster inner current loop
and a slower outer loop, as shown by Fig. 3 [3], [4], [11], in
which the -axis loop is used for dc-link voltage control and the
-axis loop is used for reactive power or grid voltage support
control. The control strategy of the inner current loop is devel-
oped by rewriting (1) as

(8)

(9)

in which the item in the bracket of (8) and (9) is treated as the
transfer function between input voltage and output current for
and loops, and the other terms are treated as compensation

items [3], [4], [11]. This treatment assumes that in (8) has
no major influence to and in (9) has no main effect to .
However, this assumption is inadequate as explained below.

According to Fig. 3, the final control voltages and , lin-
early proportional to the converter output voltages and
[12], include the and voltages and generated by the cur-
rent-loop controllers plus the compensation terms as shown by
(10). Hence, this control configuration intends to regulate and
using and , respectively. But, according to (7), (4), and

(5), -axis voltage is only effective for reactive power or con-
trol, and -axis voltage is only effective for active power or
control. Thus, the conventional control method relies mainly on
the compensation terms rather than the PI loops to regulate the
- and -axis currents via a competing control strategy. Never-
theless, those compensation terms are not contributed in a feed-
back control principle

(10)

The following issues are considered in the design of the con-
ventional nested-loop control system.
1) To prevent the converter from getting into the nonlinear

modulation mode, a saturation mechanism is applied to the
output voltage of the controller if the amplitude of the reference
voltage generated by the inner current-loop controller exceeds

the converter linear modulation limit. The general strategy is to
set a limitation on but keeps unchanged as shown
by (11) [13], [14], where and are the and
components of the modified controller output voltage and
is the maximum allowable voltage. It is found that any other
saturation mechanisms could cause more system oscillations
and unbalances

(11)

2) To prevent the GSC from exceeding the rated current, the
-axis current reference is adjusted if the amplitude of the ref-
erence current generated by the outer control loop exceeds the
rated current limit. The general approach is keeping the -axis
current reference unchanged to maintain dc-link voltage con-
trol effectiveness while modifying the -axis current reference
to satisfy the reactive power or ac bus voltage support control

demand as much as possible as shown by (12) [13], [14]

(12)

C. Direct-Current Vector Control of GSC

The theoretical foundation of the direct-current vector con-
trol approach for the GSC is (4) and (5), i.e., using - and -axis
currents for active and reactive power control. But, unlike the
conventional approach that generates a - or -axis voltage from
a GSC current-loop controller, the direct-current vector control
structure outputs a current signal at or current-loop con-
troller. In other words, the output of the controller is a or
tuning current while the input error signal tells the controller
how much the tuning current should be adjusted during the dy-
namic control process. The development of the tuning current
control strategy has adopted typical intelligent control concepts,
i.e., a control goal to minimize absolute or root-mean-square
(rms) error between the desired and actual - and -axis cur-
rents through an adaptive tuning mechanism [15]. This tuning
current is different from the actual measured or current.
For example, for a -axis current reference, the adaptive tuning
process would continue until the actual -axis current reaches
the -axis reference current. It is necessary to point out that a
fast current-loop controller is critical to assure the highest power
quality in terms of harmonics and unbalance for the GSC [16].
Thus, elimination of the current control loop [17] is not an op-
tion for the proposed control design.
But, due to the nature of a voltage-source converter, the - and
-axis tuning current signals and generated by the current-
loop controllers must be transferred to - and -axis voltage
signals and to control the GSC. This is realized through
(13), which is equivalent to the transient (1) after being
processed by a low-pass filter for the purpose of reducing the
high oscillation of and reference voltages applied directly to
the converter

(13)
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Fig. 4. GSC dc vector control structure.

The overall control structure of the GSC is shown by Fig. 4,
which consists of a -axis loop for dc-link voltage control and
a -axis loop for reactive power or grid voltage support control.
Signal processing technology is applied to the measured dc-link
voltage and - and -axis currents to prevent the high order
harmonics from entering the controllers. The current-loop con-
troller may integrate PI, fuzzy and adaptive control technologies
to improve the dynamic performance of the GSC. The PI part of
the controllers operates on a direct target control principle. The
fuzzy and adaptive parts of the controllers adjust the PI parame-
ters based on the error , between the controlled variable and its
target value, and the change in error [18]. The initial values
of the PI current-loop controllers are tuned according to the fun-
damental intelligent control principle, i.e., minimizing the rms
error between the reference and measured values [15].
In addition, a nonlinear programming strategy as shownbelow

is utilized to prevent the GSC from going over the rated cur-
rent and to avoid the converter getting into a nonlinear modula-
tion mode, where is the rated GSC phase rms current and

is the reference reactive power absorbed from the grid by
the GSC. The basic principle of the nonlinear programming for-
mulation is that under GSC rated current and linear modulation
limits, the system should operate to achieve the dc-link voltage
control goal while minimizing the difference between the refer-
ence and actual reactive power as much as possible

The nonlinear programming strategy is implemented in the
following way. If generated by the outer dc-link voltage
and reactive power control loops exceeds the rated current
limit, and are modified by (12). If generated by
the inner current control loops exceeds the converter linear
modulation limit, the - and -axis voltages are recalculated
by (14). As it can be seen, the recalculation does not change
the -axis control voltage so that the -axis control loop
is not affected. Hence, according to (7), the effectiveness of
active power or dc-link voltage control is maintained. But, the
recalculation makes the -axis control voltage does
not follow the control voltage generated by the -axis
current-loop controller. Thus, the effectiveness of the reactive
power or bus voltage support control, according to (7), would
be affected. Under such conditions, the reactive power control

Fig. 5. DFIG speed and reactive power control structure of RSC.

is actually decided by the constraint of the converter linear
modulation requirement but not the control rule

(14)

IV. RSC FOR DFIG SPEED AND REACTIVE POWER CONTROL

The RSC controls the induction generator of a DFIGwind tur-
bine for energy extraction from the wind and coordinates with
the GSC for reactive power or grid voltage support control of
the overall DFIG system as well. The control is implemented
through a nested-loop structure consisting of an inner current
loop and an outer speed and reactive power loop [3], [4], [19].
Similar to the GSC, the importance of the RSC current control
loop is to assure the highest power quality in terms of harmonics
and unbalance for the DFIG. Hence, eliminating the current con-
trol [5]–[7] is not an option in this paper.
Fig. 5 shows the standard RSC control structure using the

stator-flux oriented frame [2]–[4]. The direct-current vector
control mechanism is not used because the rotor electrical
frequency is near zero around the synchronous speed. In the
figure, the speed reference is generated according to the max-
imum power extraction principle [4], [19] while the reactive
power reference is generated based on a wind plant reactive
power demand as well as the coordination of the reactive
power control with the GSC (Section V). The reactive power
reference is transferred to rotor -axis current reference
through a reactive-power controller and the torque reference,
generated by the speed controller, is transferred to rotor -axis
current reference . The current-loop controllers generate -
and -axis voltages, and , based on the error signals
between the reference and actual rotor - and -axis currents.
The final - and -axis control voltage, and , consists of
the - and -axis voltage from the current-loop controllers,
or , plus the compensation items as shown by Fig. 5.
In addition, to prevent the RSC from exceeding the rated cur-

rent, the rotor -axis current reference is adjusted by (15) if the
amplitude of the reference current generated by the outer torque
and reactive power control loops exceeds the rated rotor current
limit. In fact, (15) represents a control rule of keeping un-
changed to maintain wind power extraction effectiveness while
modifying to meet the reactive power control demand as
much as possible. The over modulation for the RSC is not a pri-
mary issue, which mainly happens beyond normal DFIG speed
operating range [19]

(15)
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Fig. 6. GSC and RSC control of DFIG wind turbine in SimPowerSystems.

V. GSC AND RSC FOR INTEGRATED WIND TURBINE CONTROL

The key requirements for integrated DFIG wind turbine con-
trol include 1) maximum wind power extraction control, 2) re-
active power control, and 3) grid voltage support control.

A. Maximum Wind Power Extraction Control

For a given wind speed, the goal of the maximum power
extraction is to regulate the turbine rotating speed to an op-
timal speed so that the maximum power can be captured from
the wind. The existing commercial technology, adopted in this
paper, uses wind turbine output power and a lookup table
for maximum power extraction design in a DFIG wind turbine
[4]. This peak power tracking algorithm generates a speed refer-
ence to the speed-loop controller recursively until a maximum
power extraction speed point is reached [20].

B. Reactive Power Control

As shown in Sections III and IV, both GSC and RSC can
contribute to the reactive power control. In developing a coor-
dinated reactive power control mechanism under the direct-cur-
rent vector control configuration, the following strategies are
employed. 1) The GSC contributes a part of the reactive power
control demand while the RSC meets the rest reactive power
control requirement. 2) The control objective of the GSC is to
maintain a constant reactive power production while the con-
trol objective of the RSC is to assure that the overall reactive
power production of the wind turbine meets the grid reactive
power demand. 3) If the GSC reaches its physical constraints
due to a high power transferred from DFIG rotor to the grid via
the GSC, the converter is operated by maintaining the dc-link
voltage constant as the first priority while meeting GSC reactive
power control demand as much as possible as shown in Section
IV-C. Under this condition, the GSCmay absorb reactive power
so that the RSC must generate reactive power to meet both the
GSC and wind plant reactive power demand. But, this control
mechanism cannot be applied to the conventional GSC control

structure (Fig. 3), which could result in high oscillations and
unbalances of the overall system due to its competing control
nature (Section III-B).

C. PCC Voltage Support Control

A fault of the ac power system usually causes the PCC
voltage to drop. Like a conventional synchronous generator,
it is preferred that a DFIG wind turbine should have certain
voltage support ability. During a voltage sag of the ac system,
the GSC, similar to a STATCOM, should generate a reactive
power as much as possible. The design strategies for integrated
GSC and RSC voltage support control under the direct-current
vector control structure are the following. 1) The GSC, oper-
ating as a STATCOM [21], should provide the voltage support
control capability as much as possible. 2) The control objective
of the GSC is to contribute to a part of the voltage support task
while the control objective of the RSC is to meet the rest of
the voltage support requirement. 3) If the GSC and/or RSC
reach the physical constraints of the converters, the system
should operate by maintaining the dc-link voltage constant as
the first priority from the GSC standpoint and by preserving
the maximum power extraction control as the primary concern
from the RSC perspective.
Nevertheless, if using the traditional standard control struc-

ture for the GSC, the speed of GSC voltage support controller
must be much slower than that of the RSC voltage support con-
troller. Otherwise, it would be very easy for the GSC controller
to generate a control voltage that is over the converter linear
modulation limit and, therefore, influence the stability of the
overall DFIG system, as shown in Section VI-B. This situation
would limit the ability of the GSC to function as a STATCOM
during the voltage support control mode.

VI. CONTROL EVALUATION AND COMPARISON

To evaluate and compare the peak power tracking, reactive
power, and grid voltage support controls using the conventional
and direct-current vector control approaches, an integrated
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Fig. 7. GSC and RSC for maximum power extraction and reactive power con-
trols using conventional control method (steady wind).

transient simulation system of a DFIG system is developed by
using power converter average and detailed switching models in
MatLab SimPowerSystems, in which both steady and variable
wind conditions are considered. The average model is used for
an initial evaluation while the detailed switching model (Fig. 6)
is used formore practical investigation. For the switching-model
based DFIG system, losses within the power converters and
dc-link capacitor are considered. The system parameters are
shown in Tables I and II in the Appendix. The grid impedance
is the equivalent impedance referred to a DFIG wind turbine
by considering the effect of 100 wind turbines operating at the
same condition [22], [23]. The converter switching frequency
is 1980 Hz for both GSC and RSC. All the results presented in
this paper are based on the switching-model simulation.

A. Peak Power Tracking and Reactive Power Control

Figs. 7 and 8 present a case study of peak power tracking
and reactive power control under a steady wind condition using

Fig. 8. GSC and RSC for maximum power extraction and reactive power con-
trols using proposed control method (steady wind).

the traditional and proposed vector control approaches, respec-
tively. The -axis current reference of the GSC controller is
set to zero so that the wind plant reactive power demand is
met by the RSC control. Before s, the wind speed is
7 m/s and the reactive power reference is 0 kVar. After the
system is stable, the output power of the wind turbine is very
close to the maximum power that can be captured by the tur-
bine at this wind speed [Figs. 7(b) and 8(b)]. The net reac-
tive power is maintained at the reactive power reference, and
the dc-link voltage is stabilized at the desired dc voltage ref-
erence of 1500 V [Figs. 7(d) and 8(d)]. At s when the
grid reactive power demand changes to 200 kVar (generating),
the net reactive power of the wind turbine quickly gets to the
new reactive power reference [Figs. 7(b) and 8(b)]. At
s, as the wind speed changes from 7 to 10 m/s, the peak

power tracking strategy recursively generates reference gener-
ator speed [Figs. 7(a) and 8(a)] while the control of the RSC reg-
ulates the generator speed and turbine output power smoothly
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Fig. 9. GSC and RSC for maximum power extraction and voltage support con-
trols during a low voltage droop (conventional approach).

until the new maximum power point is reached. With more
power captured from the wind under a higher wind speed, the
instantaneous rotor -axis current increases [Figs. 7(c) and
8(c)] but the generator speed shifts closer to the synchronous
speed [Figs. 7(a) and 8(a)]. This causes the power absorbed by
the rotor to decrease [24], GSC -axis current to drop [Figs. 7(e)
and 8(e)], and the dc-link voltage to increase. Compared to the
traditional control method [Fig. 7(d)], the direct-current vector
control of the GSC stabilizes the dc-link voltage much faster
[Fig. 8(d)], showing the superior performance of the system
under the direct-current vector control configuration. For other
reactive power demand changing from 200 to 500 kVar at

s and from 500 to 300 kVar at s, and a
wind speed variation from 10 to 8 m/s at s, the in-
tegrated GSC and RSC control under the direct-current vector
control structure performs effectively for maximum power ex-
traction, reactive power, and dc-link voltage controls with the
three-phase current transferred between the grid and the DFIG
having a high power quality that is equivalent to the conven-
tional standard control method [Figs. 7(f) and 8(f)].

B. Peak Power Tracking and Voltage Support Control

In voltage support control mode, both - and -axis cur-
rent references of the GSC controller are variable, making

Fig. 10. GSC and RSC for maximum power extraction and voltage support
controls during a low voltage droop (proposed approach).

generated by the controller more possible to go over
the converter linear modulation limit. This situation presents
a challenge to the conventional GSC control method. In order
to make the DFIG system stable during the voltage support
control mode, the speed of the dc-link voltage controller must
be slow by retuning the PI coefficients. But, for the direct-cur-
rent vector control configuration, the PI coefficients remain
unchanged, showing superior adaptability of the direct-current
control mechanism to different control conditions. Figs. 9–12
present a PCC voltage support control study for low and high
voltage sag conditions, respectively. In all the figures, a voltage
droop is generated between 10 and 14 s. The wind speed is
7 m/s before 7 s, 10 m/s from 7 to 17 s, and 8 m/s after 17 s.
For a low voltage sag on the PCC bus, the integrated GSC

and RSC control under the direct-current vector control con-
figuration works properly for peak power tracking [Fig. 10(b)],
dc-link voltage [Fig. 10(c)], and the PCC bus voltage support
control [Fig. 10(e)]. At the start of the voltage sag, there is
a sudden change of the rotor current [25], which re-
sults in a sharp fluctuation of dc-link voltage, PCC bus voltage,
wind turbine output power, and the reference speed generated
by the - lookup table (Fig. 10). But, the integrated GSC
and RSC control under the direct-current vector control con-
figuration quickly stabilize the dc-link voltage and recover the
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Fig. 11. GSC and RSC for maximum power extraction and voltage support
control during a moderate voltage droop (conventional approach).

PCC bus voltage to the rated value. During the voltage support
control mode, the GSC, operating as a STATCOM, increases
-axis current until the rated current or linear modulation con-
straint of the GSC is reached [Fig. 10(d)]. When the voltage
sag is cleared at 14 s, there is another oscillation of the PCC
voltage. Again, the integrated GSC and RSC control under the
direct-current vector control configuration quickly recover the
DFIG system to the normal operation.
For the conventional control method, more oscillation of the

dc-link voltage is found as shown by Fig. 9(c) due to a slow
dc-link voltage controller that is necessary to assure stable DFIG
operation during the voltage support control mode. Even so, it is
found that the system is still very fragile to get into an unstable
state for any small disturbance using the conventional control
approach.
For a moderate voltage sag on the PCC bus, the direct-cur-

rent vector control strategy again is able to manage the con-
trol task properly as shown by Fig. 12. However, more oscil-
lations are found on the rotor current. Although the fluctu-
ation of the reference speed generated by the - lookup table
is higher, the change of the generator speed is small due to a
large wind turbine inertia. Compared to a low voltage sag con-
dition, more generating reactive power is needed to boost the
PCC bus voltage. But, due to the rated current or converter
linear modulation constraints of both the GSC and RSC, the
total reactive power generated by the GSC and RSC cannot
meet the reactive power demand for the voltage support control
[Fig. 12(b)]. Thus, the final PCC bus voltage after the voltage
support control is a little bit less than the rated PCC bus voltage

Fig. 12. GSC and RSC for maximum power extraction and voltage support
controls during a moderate voltage droop (proposed approach).

of 1 pu [Fig. 12(d)]. In general, under a moderate voltage sag
condition, the integrated GSC and RSC control performs well
for maximum power extraction, dc-link voltage, and PCC bus
voltage support control under the direct-current vector control
configuration.
For the conventional control method, however, the system

would get into amalfunction state when the output voltage of the
GSC controller exceeds the converter linear modulation limit,
during which high oscillations are found in the DFIG system
and the system losses its stability after the voltage sag is cleared
at s (Fig. 11). This situation has also been reported by
several recent studies in wind power, which indicates that wind
farms periodically experience high unbalance and harmonic dis-
tortions that have resulted in a large number of trips [21]–[23].
But, the study of this paper implies that those abnormal oper-
ations may be caused by the malfunction of the conventional
standard GSC vector control approach under special conditions.

C. GSC and RSC Control Under Variable and Gust Wind

In reality, wind speed changes constantly over time. Over pe-
riods shorter than an hour, wind speed can be approximated as
the superposition of a slowly varying mean speed plus
sinusoidal components having frequencies , amplitudes ,
and random phases , as shown by (16) [25]

(16)

In (16), is a random variable that has Von Karman distribu-
tion described by (17), where represents the roughness of the
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Fig. 13. Illustration of a variable wind speed.

Fig. 14. GSC and RSC for maximum power extraction and voltage support
controls during a moderate voltage droop (conventional approach).

area around the wind turbine and is the standard deviation of
the wind speed distribution. The amplitude of each discrete
frequency component, chosen to give it a power equal to that
contained in a certain frequency band, is calculated by (18) [25]

(17)

(18)

Using (16)–(18), a variable and gust wind condition is
generated as shown by Fig. 13. Before ms, the wind
speed is 8 m/s. The variable and gust wind starts at s
with m/s. Figs. 14 and 15 compare the performance of
the integrated GSC and RSC control for peak power tracking
and reactive power control using the traditional and proposed
control approaches under the variable and gust wind condi-
tion while the rest conditions are the same as those used in
Figs. 7 and 8. Due to the oscillating wind speed, the maximum
available power that can be extracted by a DFIG wind turbine
fluctuates sharply. However, the turbine rotating speed and the
net output power shift smoothly using the recursive lookup
table peak power tracking control strategy (Figs. 14 and 15).
The net output power of the wind turbine follows the maximum
available power properly while the influence of the gust wind is

Fig. 15. GSC and RSC for maximum power extraction and voltage support
controls during a moderate voltage droop (proposed approach).

restrained as shown by Figs. 14(b) and 15(b), demonstrating the
effectiveness and stability of the recursive peak power tracking
control mechanism in variable and gust wind conditions. The
variation of the wind speed causes a fluctuating active power
transferred from the rotor to the grid through the GSC. But,
using the direct-current vector control configuration, the dc-link
voltage is properly maintained around the reference voltage
with very small fluctuation [Fig. 15(c)]. Nevertheless, if using
the conventional standard control approach, the oscillation of
the dc-link voltage is more evident [Fig. 14(c)].

VII. CONCLUSION

This paper presents a DFIG wind turbine control study using
a direct-current vector control design. The paper compares the
proposed control scheme with the conventional standard DFIG
control method. The paper shows under the direct-current vector
control configuration, how the integrated GSC and RSC con-
trol is designed to implement the maximum power extraction,
dc-link voltage, reactive power, and grid voltage support con-
trol functions.
Comprehensive simulation studies demonstrate that the pro-

posed DFIG wind turbine control structure can effectively ac-
complish wind turbine control objectives with superior perfor-
mance under both steady and variable wind conditions within
physical constraints of a DFIG system. Beyond physical con-
straints of a DFIG system, the proposed control approach oper-
ates the system by regulating the RSC for maximumwind power
extraction as the first priority and by controlling the GSC to sta-
bilize the dc-link voltage as the main concern.
The direct-current vector current structure is also effective

for peak power tracking and grid voltage support control under
a low voltage sag condition. But, for a high PCC bus voltage
sag, it may be impossible to boost the PCC voltage to the rated
voltage because of the rated current and converter linear modu-
lation constraints.
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Compared to the conventional standard DFIG control ap-
proach, the proposed method is more stable and reliable, has
better dynamic performance, and demonstrates superior be-
havior particularly under the ac system bus voltage control
mode.

APPENDIX

TABLE I
PARAMETER OF DFIG WIND TURBINE

TABLE II
RELEVANT DATA OF A WIND POWER PLANT

Fig. A1. Illustration of a wind power plant.
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