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ABSTRACT This paper investigates the fault ride through (FRT) capability improvement of a doubly fed
induction generator (DFIG)-based wind turbine using a dynamic voltage restorer (DVR). Series compensa-
tion of terminal voltage during fault conditions using DVR is carried out by injecting voltage at the point
of common coupling to the grid voltage to maintain constant DFIG stator voltage. However, the control of
the DVR is crucial in order to improve the FRT capability in the DFIG-based wind turbines. The combined
feed-forward and feedback (CFFFB)-based voltage control of the DVR verifies good transient and steady-
state responses. The improvement in performance of the DVR using CFFFB control compared with the
conventional feed-forward control is observed in terms of voltage sag mitigation capability, active and
reactive power support without tripping, dc-link voltage balancing, and fault current control. The advantage
of utilizing this combined control is verified through MATLAB/Simulink-based simulation results using a
1.5-MWgrid connected DFIG-based wind turbine. The results show good transient and steady-state response
and good reactive power support during both balanced and unbalanced fault conditions.

INDEX TERMS Doubly-fed induction generator (DFIG), dynamic voltage restorer (DVR), fault
ride-through (FRT), low voltage ride through (LVRT), combined feed forward feedback control.

I. INTRODUCTION
The boom in wind energy growth worldwide has led to a large
penetration of wind energy into the power grid. This positive
momentum of growth in wind power sector is very good news
for climate change and clean energy developers [1]. Yet, for
the grid operators, this large growth in wind energy was not
a predicted phenomenon and therefore grid codes for grid
integration of renewable energy were altered to make the
renewable work in harmony with the grid. Among the new
grid codes for grid integration of wind energy, Fault Ride
Through (FRT) capability during transient conditions and
reactive power control during steady-state conditions pose
considerable challenges for variable speed wind turbines [2].
Wind farms are no longer allowed to disconnect during faults

and voltage sag conditions, instead are expected to oper-
ate like the conventional power plants, providing the reac-
tive power support and to remain connected during system
faults [3].

Doubly Fed Induction Generators (DFIG) are most popular
among the wind turbines for their capability of decoupled
active and reactive power control, partially scaled converters
and variable speed operation [4]. Even though DFIG based
wind turbines are the most dominant type of wind turbines,
they are very sensitive to grid voltage disturbances. During
the occurrence of fault, the voltage drops to zero and active
power generation reduces, this leads to rapid increase in the
rotor current in order to compensate the active power by the
rotor side converter (RSC). Hence, the converter increases
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the rotor voltage which leads to an overvoltage in the
DC-link. Conventionally, crowbars are engaged to protect the
power electronic converters from the flow of over-currents
from the rotor. But during the operation of crowbar, the
RSC is disabled and the rotor winding is short-circuited
by shunt resistors [5]. Thereby the DFIG starts absorbing
reactive power like an induction machine instead of offering
reactive power support to the grid. In order to limit the flow
of over-currents, other techniques are offered by crowbar
in combination with DC-link chopper [6], Series Braking
Resistor (SBR) [7], series R-L circuit [8] and STATCOM [9].
Several new methods are still being proposed to improve
the FRT capability in DFIG based wind turbines. The
updated grid code requirements established by Germany for
FRT capability are shown in Fig. 1(a) and Fig. 1(b). The
Figure 1(a) shows that for voltage sag the turbine should
stay connected within the marked curve. And also the fault
clearance should be at a gradient of 20% of the rated power
per second. And the wind turbines should support the grid
through reactive current support as shown in Figure 1(b)
and that should take place within 20 ms after the fault
occurrence [10].

FIGURE 1. (a) Fault Ride Through grid code. (b) Reactive Power
requirement grid code.

Static Synchronous Compensator (STATCOM) is a
shunt compensation connected at the Point of Common
Coupling (PCC) to provide high performance steady-state

and transient voltage control. But STATCOM cannot protect
the Rotor Side Converter (RSC) of DFIG from the flow of
over-currents and therefore require the assistance of crow-
bar [11]. STATCOM reduces the fault clearing time and
provides the generator with increased decelerating torque
when the voltage is recovered. This leads to an increase in
the stability margin of the generator, but also increases the
mechanical stress [12]. The application of a Dynamic Voltage
Restorer (DVR) is a good solution as it does not require any
other protective circuit during operation [13]. The general
schematic diagram of the DVR connected to the DFIG is
shown in Fig. 2. In comparison, DVR is more effective and
direct solution for ‘‘restoring’’ the quality of voltage at its
load-side terminals when the quality of voltage at its source-
side terminals is disturbed [14]–[16].

FIGURE 2. Schematic Diagram of DVR with DFIG.

The control algorithm utilized in the DVR for the FRT
capability in DFIG determines the effectiveness of the solu-
tion to overcome most of the faults in the grid. The control of
DVR is achieved in several steps and this includes detection,
reference generation, voltage and current control andmodula-
tion [17].When the reference voltage of the DVR is generated
it can be directly applied for a modulator to generate the
switching pulses for the VSI. This control scheme is known
as a feed forward open loop control [18]–[20]. Although this
control scheme has the advantages of simplicity and assured
stability, it has poor transient response and may have steady
state error due to voltage drop and phase shift on the series
branch of the filter and injection transformer [21], [23], [24].
To overcome these problems feedback or combined feedback/
feed-forward controllers are used [25]–[28]. In the feedback
control system, the measured output voltage of the DVR
(or load voltage) is fed back to a voltage controller.

This paper utilizes DVR with combined Feed-Forward
and Feed-Back (CFFFB) control using voltage control based
on PI controller. The improvement of FRT capability in
DFIG based wind turbines using this CFFFB based DVR
control is discussed in this paper for both balanced and
unbalanced fault conditions. The remaining paper is struc-
tured as follows: Section 2 discusses the modeling of DFIG
with DVR, Section 3 explains the DVR control, which
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explains the voltage sag detection, load voltage reference
generation and the operation of CFFFB control, Section 4
includes the simulation results and comparison of improve-
ment in FRT capability using CFFFB control instead of a
conventional Feed-Forward control and Section 5 ends with
conclusion.

II. MODELING OF DFIG WIND TURBINE AND DVR
The understanding of the operation of DFIG during steady-
state conditions and transient conditions are necessary to
discuss about the control techniques to implement the FRT
capability. The stator of DFIG wind turbine is connected
directly to the grid and rotor is connected to the grid via slip
rings through the RSC and GSC. The converter connected to
the rotor side is the RSC and connected to the grid side is
the GSC which together constitutes only up to 30-35% of the
total capacity of the machine. Fig. 3 shows equivalent circuit
of the DFIG.

FIGURE 3. ‘T-form’ equivalent circuit of DFIG.

The stator and the rotor voltage in the synchronous dq
reference frame are as given in Equation 1. The expressions
of flux, voltages and currents are as in [15].

vds = Rsids +
dλds
dt
− ωeλqs

vqs = Rsiqs +
dλqs
dt
+ ωeλds

vdr = Rridr +
dλdr
dt
− (ωe − ωr)λqr

vqr = Rriqr +
dλqr
dt
+ (ωe − ωr)λdr (1)

Here, vds, vqs are dq stator voltages and vdr , vqr are
dq rotor voltages. ids, iqs are dq stator currents and idr , iqr are
dq rotor currents. ωe is the supply angular frequency and ωr
is the rotor angular frequency. λds, λqs are the dq stator flux
linkages and λdr , λqr is the dq rotor flux linkages. Rs and Rr
are the stator and rotor resistance respectively.

The Ls and Lr are the stator and rotor inductance respec-
tively as given in Equation 2 and the flux linkages are given

in Equation 3.

Ls = Lls + Lm
Lr = Llr + Lm (2)

Lls and Llr are the stator and rotor leakage inductance
respectively and Lm is the magnetizing inductance.

λds = Lsids + Lmidr
λqs = Lsiqs + Lmiqr
λdr = Lmids + Lr idr
λqr = Lmiqs + Lr iqr (3)

In stator flux-oriented control, q-axis rotor current com-
ponent controls the stator active power (Ps) and rotor d-axis
current component controls the stator reactive power (Qs)
respectively are given in Eqn.4.

Ps =
3
2
(vqsiqs + vdsids)

Qs =
3
2
(vqsids − vdsiqs) (4)

The threshold values of rotor current and DC-link voltage
are essential to ensure efficient FRT capability. The threshold
value of the rotor current during fault is 1.5 pu to 2 pu values.
Also, the DC-link voltage rating is 1150 V and its threshold
value is 1.35 pu [29]. The DVR operation should maintain
the values of rotor current and DC-link voltage within these
safety limits.

A. MODELING OF DYNAMIC VOLTAGE RESTORER (DVR)
The DVR is a voltage source converter connected in series
to the grid and DFIG at PCC to inject the appropriate com-
pensating voltage to correct the voltage sag, swell or har-
monics and obtain the nominal stator voltage as shown in
Fig. 2. The switching signals to voltage source converter are
generated using PWM technique [30]. Conventional Phase
locked loop (PLL) which is also in the synchronous dq ref-
erence frame detects the grid phase angle and utilized for
synchronization. In-phase compensation method is utilized
for both Feed-forward and CFFFB control of DVR as shown
in Figure 4. Since, the grid codes demand compensation of
full voltage sag during fault conditions, DVR is rated for the
power of the wind turbine [31].

The power rating of DVR controlled by in-phase compen-
sation method is as follows,

SDVR =
∑

k=a,b,c
V ref
DVR,k ∗ IL (5)

V ref
DVR,k is the rms of DVR injected voltage in phase k and IL

is the rms of load current.
The exchanged active power between DVR and grid is

PDVR = PL − Pg (6)

= (3∗VL∗IL∗cos)−
∑

k=a,b,c
[V ref

DVR,k ∗IL∗cos9]

V ref
DVR,k =

√
2 ∗

∣∣∣VL − V ref
g,k

∣∣∣ and k = a, b, c (7)

Phase angle of injected voltage is the same as grid voltage.
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FIGURE 4. Compensation scheme of DVR based on in-phase
compensation.

9 is the phase angle difference between load voltage and
load current phasors, O is the phase jump of the grid voltage
during the voltage sag, Vg is the grid voltage, VL is the load
voltage and IL load current prior sag, V’g is the grid voltage,
V’L is the load voltage and I’L load current after sag, VDVR is
the DVR compensation voltage.

FIGURE 5. Feed forward control.

III. CONTROL TECHNIQUES OF DVR
A. FEED-FORWARD CONTROL STRATEGY
The operation of a conventional open-loop controller of DVR
in synchronous reference frame [32], which is also called as
a Feed-forward control is shown in Fig. 5. The VLdref = V0
(where V0 represents (V ∗La,V

∗
Lb,V

∗
Lc)), is the reference con-

trolled by the required magnitude of the load bus voltage
respectively.

V ∗La = V0 sinωt

V ∗Lb = V0 sin (ωt −
2π
3
)

V ∗Lc = V0 sin(ωt +
2π
3
) (8)

The primary control structure depends on the supply volt-
age and its phase angle to calculate the required amplitude
of compensation voltage. The operation of the control in the
synchronous dq-reference frame allows simpler clamping of

the injection voltage. Therefore, enables DVR to partially
compensate deep voltage sags and to maintain the sinu-
soidal injection voltage profile. The operation of control is
synchronized to the supply voltage through Phase Locked
Loop (PLL). The control generates the dq reference which
is transformed to three phase stationary frame value in order
to generate the PWM modulation signals [33], [34]. The
compensation voltages are injected by the transformer to the
grid at PCC.

B. COMBINED FEED-FORWARD AND FEED-BACK
CONTROL STRATEGY
DVR control includes the detection of the start and end of
the fault event, reference generation, transient and steady-
state control of the injected voltage and the system protection.
The Feed-Forward control includes the pre-sag voltage on the
grid side before DVR to detect the voltage sag during fault.
The Feed-Back control monitors the voltage mitigation on
the DFIG side after DVR. The DC-link voltage is monitored
for converter protection [35], [36]. This combined control
includes the feedbackwhichwill take into account the voltage
drop across the filter inductor and transformer [37].

FIGURE 6. Control Scheme of DVR using combined Feed-Forward and
Feed-Back control.

Voltage sag detection is an important part of the control
which requires fast detection of voltage sag during fault con-
ditions. The balanced and unbalanced sag is determined along
with the phase jump. The load voltage references are gen-
erated by PLL to create sinusoidal load voltage references.
These references are utilized for the dq co-ordinates of the
controller. The PLL response is expected to be slow in order
to avoid sudden changes in the phase angle. Combine Feed-
Forward and Feed-Back control is a combination of electrical
grid and load voltage respectively. Transient response based
on the DC-link voltage is carried out by the Feed-Forward
control to calculate the sag depth. But since Feed-Forward
does not take into account the drop across the filters and
series injection transformer, the Feed-Back control is utilized
for closed loop load voltage Feed-Back to avoid steady-state
errors. The control diagram of the combined Feed-Forward
and Feed-Back control is shown in Fig. 6.
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TABLE 1. Simulation parameters for DFIG and DVR.

IV. SIMULATION RESULTS AND DISCUSSION
The simulation results during balanced and unbalanced fault
conditions using DVR are discussed. The results of transient
active power control, reactive power support, transient volt-
age control, speed control, fault current control of RSC and
GSC, DC-link voltage control and harmonics performance
in terms of %THD are discussed in detail during various
fault conditions. The test system is simulated for DFIG of
1.5 MW wind turbine connected to electrical grid in MAT-
LAB/Simulink environment. The simulation parameters of
the DFIG and DVR are given in Table 1. The FRT per-
formance is evaluated for balanced and unbalanced sag of
35 % which lasts for 5 cycles between 0.7 s to 0.8 s, short-
circuit fault and harmonics. The FRT performance of the
wind turbine is evaluated and analyzed for the following
cases:

Case 1: Balanced sag of 0.35 pu
Case 2: Unbalanced sag of 0.35 pu (single line to ground

fault, 1LG)
Case 3: Short-circuit fault (three lines to ground fault, 3LG)
Case 4: Harmonics Spectrum analysis

A. CASE 1: BALANCED SAG OF 0.35 pu
The performance of the DFIGwhen the system is subjected to
balanced sag of 0.35 pu of the supply voltage. The measured
signals in response to the balanced voltage sag are shown
in Fig. 7 and Fig. 8. The fault is applied for 100 ms for
5 cycles at 50Hz frequency. When a grid fault occurs, DVR
injects series resistance and compensation voltage which
adds a voltage drop at the machine terminals as shown in
Fig. 7(b). DFIG wind turbine maintains normal operating
condition with constant terminal voltage consequently. The
Fig. 7(a) compensated using the combined Feed-Forward and
Feed-Back control (CFFFB) shows the load voltage in pu in
Fig. 7(b) and DVR injection voltage in Volts in Fig. 7(c).

FIGURE 7. DVR using CFFFB control: (a) supply voltage with 35 %
balanced sag in pu, (b) load voltage in pu, and (c) DVR injection voltage in
Volts.

Fig. 8(a) shows the active power during the .35 pu balanced
sag, Fig. 8(b) shows the reactive power, Fig. 8(c) shows the
rotor speed control, Fig. 8(d) shows the DC-link voltage,
Fig. 8(e) shows the stator current and Fig. 8 (f) shows the
rotor current after series compensation during balanced fault
condition.

Without any series compensation, the active power injected
into the grid with DFIG is almost zero and therefore mechan-
ical power cannot be converted into electrical power leading
to high stress in the mechanical system thereby increasing the
generator rotor speed. But utilizing DVR, the active power is
delivered to the grid as shown in Fig. 8(a) and rotor speed
is maintained as shown in Fig. 8(c), thereby maintain the
generator in equilibrium condition. Therefore DVR provides
smooth power evacuation during fault conditions.

DVR injects voltage in series as shown in Fig. 8(c) to
maintain the stator voltage of the DFIG during faults. As the
threshold values of rotor current and DC-link voltage are
mentioned to ensure efficient FRT capability. The threshold
value of the rotor current during fault is 1.5 pu to 2 pu values.
Also, the DC-link voltage rating is 1150 V and its threshold
value is 1.35 pu. The simulation results show a compliance
of these standards. The recovery time of these values are well
within the recovery limits as shown in the grid code curves of
Fig. 1(a) and Fig. 1(b). The simulation results shows that the
DVR based series compensation using CFFFB control works
effectively to prevent the DFIG wind turbine from transient
voltages and currents.

B. CASE 2: UNBALANCED SAG OF 0.35 pu (SINGLE LINE
TO GROUND FAULT, 1LG)
The performance of the DFIG when the system is subjected
to unbalanced sag of 0.35 pu of the supply voltage com-
pensated using the combined Feed-Forward and Feed-Back
control (CFFFB) is shown. The simulation is carried out when
the system is subject to single line to ground fault for 100 ms
between 0.7 to 0.8 sec for 5 cycles at 50Hz frequency. The
Fig. 9 (a) shows the unbalanced sag in voltage with single
phase to ground fault (1LG). The load voltage in pu is shown
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FIGURE 8. (a) Active Power of DFIG with CFFFB control DVR with 35 %
balanced sag in pu. (b) Reactive Power of DFIG with CFFFB control DVR
with 35 % balanced sag in pu. (c) Rotor speed control of DFIG with CFFFB
controlled DVR with 35 % balanced sag in pu. (d) DC-link voltage with
CFFFB controlled DVR with 35 % balanced sag in pu. (e) Stator current
(GSC current) of DFIG with CFFFB controlled DVR with 35 % balanced sag
in pu. (f) Rotor current (RSC current) of DFIG with CFFFB controlled DVR
with 35 % balanced sag in pu.

in Fig. 9 (b) and DVR injection voltage in Fig. 10 (c).
Fig. 10 (a) shows the active power during the .35 pu unbal-
anced sag, Fig. 10 (b) shows the reactive power, Fig. 10 (c)
shows the rotor speed control, Fig. 10 (d) shows the DC-link
voltage, Fig. 10 (e) shows the stator current and Fig. 10 (f)
shows the rotor current after series compensation during
unbalanced fault condition.

The active power injected into the grid during the fault by
DFIG, without series compensation, is almost zero, therefore,
the mechanical power cannot be converted into electrical
power leading to very high stresses on the mechanical system
and increasing the generator rotor speed. By employing DVR,

FIGURE 9. DVR using CFFFB control: (a) supply voltage with 35 %
unbalanced sag of Phase A (in red) in pu, (b) load voltage in pu, and
(c) DVR injection voltage in Volts.

the DFIG wind turbine is able to deliver active power to the
grid and keep the generator in an equilibrium condition, as
stated in Fig. 8 (a) and Fig. 10 (a). Thereby the active power
of DFIG is maintained constant at 1.5 MW even during fault
showing a smooth power evacuation of DFIG.

The voltages are injected in series to maintain the stator
voltage of the DFIG during the fault using the DVR based
series compensation. Overvoltage can be observed on the
DC-link of DFIG even up to 1.5 pu without employing DVR.
The simulation results in Fig. 8 (d) and Fig. 10 (d) shows
effective DC-link voltage control. Also the effectiveness of
the proposed series grid interface scheme to isolate the wind
turbine from the grid faults to prevent any transient currents
or voltages in the DFIG. The rotor speed in Fig. 10 (c)
is maintained at 1.2 pu. The series injection using DVR
isolated the wind turbine from the asymmetrical faults as
shown in Fig. 9 (c).

It takes minimum 4 cycles after the fault occurrence to
recover to stable condition. Also the stator and rotor current
do not have much over-current values and are well within the
threshold limits.

C. CASE 3: SHORT-CIRCUIT FAULT (THREE LINES TO
GROUND FAULT, 3LG)
Three phase to ground short-circuit fault between
0.7 to 0.8 sec and the supply voltage is shown in Fig. 11(a)
compensated using the combined Feed-Forward and Feed-
Back control (CFFFB) shows the load voltage in pu in
Fig. 11 (b) and DVR injection voltage in Volts in Fig. 11 (c).
Fig. 12 (a) shows the active power, Fig. 13 (b) shows the
reactive power, Fig. 12 (c) shows the rotor speed control,
Fig. 12 (d) shows the DC-link voltage, Fig. 12 (e) shows the
stator current and Fig. 12 (f) shows the rotor current after
series compensation during unbalanced fault condition.

The injection of reactive power in Fig. 12(b) shows that the
DVR injects 0.5 to 0.3 MVar of reactive power during faults.
The DVR uses a voltage source converter to inject series
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FIGURE 10. (a) Active Power of DFIG with CFFFB control DVR with
35 % unbalanced sag in pu. (b) Reactive Power of DFIG with CFFFB control
DVR with 35 % unbalanced sag in pu. (c) Rotor speed control of DFIG with
CFFFB controlled DVR with 35 % unbalanced sag in pu. (d) DC-link voltage
with CFFFB controlled DVR with 35 % unbalanced sag in pu. (e) Stator
current (GSC current) of DFIG with CFFFB controlled DVR with
35 % unbalanced sag in pu. (f) Rotor current (RSC current) of DFIG with
CFFFB controlled DVR with 35 % unbalanced sag in pu.

controlled voltage through series transformer. In other words,
the DVR system does not change its control structure during
differentvoltage dips. Furthermore, it allows the active and
reactive supporting currents to be injected from wind farm
to the grid during fault conditions which makes it flexible to
fulfill different grid codes. The combined Feed-forward and
Feed-back (CFFFB) control is a combination of Feed-forward
and PI based Feedback control. The PI regulator is employed
to calculate the difference and to compensate the voltage drop
through the DVR components.

FIGURE 11. DVR using CFFFB control: (a) supply voltage with short circuit
three phase to ground fault in pu, (b) load voltage in pu, and (c) DVR
injection voltage in Volts.

TABLE 2. Harmonic mitigation using feed forward and CFFFB control.

TABLE 3. Performance comparison of feed forward and CFFFB control.

The DC-link voltage control in DVR shows that the sudden
peak occurring in the dc-link due to sudden voltage drop is
below the threshold value of 1.35 pu as shown in Fig. 12 (d).
The Fig. 12 (e) and Fig.12 (f) shows that the stator current
and rotor currents do not have any over currents above the
threshold limits. They take 4 cycles to settle down after slight
oscillations due to sudden removal of DVR. Thereby these
results confirm the effective operation of DVR using CFFFB
control.

The three phase to ground fault or the short-circuit fault is
the worst condition during faults and requires the maximum
support. DVR can also provide steady-state operations like
the load flow control and voltage control. It can also provide
additional operations like SSR damping and power system
oscillation damping. The parameters of the DFIG and DVR
utilized in the simulation are given in Table 1.
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FIGURE 12. (a) Active Power of DFIG with CFFFB control DVR with short
circuit three phase to ground fault in pu. (b) Reactive Power of DFIG with
CFFFB control DVR with short circuit three phase to ground fault in pu
(c) Rotor speed control of DFIG with CFFFB controlled DVR with short
circuit three phase to ground fault in pu. (d) DC-link voltage with CFFFB
controlled DVR with short circuit three phase to ground fault in pu.
(e) Stator current (GSC current) of DFIG with CFFFB controlled DVR with
short circuit three phase to ground fault in pu. (f) Rotor current (RSC
current) of DFIG with CFFFB controlled DVR with short circuit three phase
to ground fault in pu.

D. CASE 4: HARMONICS SPECTRUM ANALYSIS
Harmonics have great negative impacts to the system and
most grid disturbances are accompanied with harmonics.
Fig. 13 shows the harmonic spectrum of DVR using conven-
tional Feed Forward control and the harmonic spectrum of
DVR with CFFFB control is shown in Fig. 14. The CFFFB
control based DVR shows lower harmonic distortion within
the IEEE 519 standards [35]. The comparison shown in
Table 2 shows a significant improvement in the performance
of DVR using the PI feedback based CFFFB control. DVR
complies to operate within the acceptable limits of THD%.
The THD% of DVR without any control is 15.65%, whereas

FIGURE 13. Harmonic spectrum of DVR Load voltage with Feed Forward
control shows THD=5.24 %.

FIGURE 14. Harmonic spectrum of DVR Load voltage with CFFFB control
shows THD=4.47 %.

using Feed Forward control it is 5.24% and it is improved
by using CFFFB control to 4.47%. The comparison of the
harmonic mitigation using the conventional Feed Forward
control and the Combined Feed Forward and Feed Back
control (CFFFB) is shown in Table 2.

The results and discussion conclude that the improvements
in terminal voltage, stator current, rotor current, DC-link volt-
age are analyzed. Smooth active power evacuation of 1.5MW
power of DFIG is analyzed. Reactive power support during
balanced, unbalanced and short-circuit fault conditions are
observed. Improvement in harmonic mitigation using the
CFFFB control and the operation of DVR for effective FRT
capability operation of DFIG based wind turbines during
fault is analyzed. The improvement in harmonic mitigation
is observed in the harmonic spectrum analysis shown in
Fig.13 and Fig.14. The comparison of the performance of the
conventional Feed Forward control and the Combined Feed
Forward and Feed Back control (CFFFB) is shown in Table 3.

V. CONCLUSION
This paper investigates the performance of DVR with
combined Feed-Forward and Feed-Back control for the FRT
capability improvement in DFIG based wind turbines. Series
compensation scheme using DVR proves to be very effec-
tive with good reactive power compensation scheme, voltage
control and power flow control. The performance compari-
son suggests that the operation of DVR is a good suit for
improving FRT capability in DFIG based variable speed
wind turbines as per grid code standards. The investigated
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combined Feed Forward and Feed Back (CFFFB) control has
many advantages like simplicity with limited controller com-
plexity. The controller is used to investigate the improvement
in performance of FRT capability operation in DFIG wind
turbine while modifying the voltage control of a DVR. The
DVR proves to deliver very good transient voltage control,
fault current control and reactive power support. The con-
troller contributes in better harmonic compensation compared
to conventional control as per IEEE 519 standards. The sim-
ulation results performed using a 1.5 MW DFIG based wind
turbine connected to electrical grid show better performance
of DVR with the combined Feed-Forward and Feed-Back
control for improving the FRT capability of DFIG based wind
turbines.
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