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Abstract: In present-day power generation systems, the integration of many renewable energy
sources creating more sustainable hybrid energy network can be witnessed. The Hybrid
energy system regulates the escalation in the cost of the energy that are linked with currently
established energy resources. One such predominantly used Hybrid energy system happens to
be Wind / Photo Voltaic (PV) integrated system which is a viable alternative to meet the
rising energy demands.Fault Ride Through (FRT) is one of the cardinal essentialities that is
perceived as an indispensable grid code because the effect of faults may propagate to a larger
geographical area if FRT is not achieved. In a Hybrid system the ability of the generator to
remain connected at the time of short electric fault like voltage dip is identified as Low
Voltage Ride Through (LVRT) and voltage swell is known as High Voltage Ride Through
(HVRT). When fault occurs at the point of the grid, LVRT or HVRT depending on the fault
has to be determined and a pertinent compensation should be carried out. This paper
proposes a compensation technique based on Dynamic Voltage Restorer (DVR) employing
fuzzy controller for LVRT and HVRT in hybrid systems. The disparityin the voltage at PCC
is traced and is used to inject the necessary deficit voltage in case of sag or suppress the
excessive voltage in case of swell in the hybrid system by means of DVR. This compensation
in turn enables the parameters like DC link and stator voltage to stay within the admissible
limits in the event of fault at the point of grid.
Index Terms - Hybrid Energy System, Fault Ride Through, Dynamic Voltage Restorer, Point
of Common Coupling (PCC), Rotor Side Converter (RSC) and Grid Side Converter (GSC)
I.

INTRODUCTION

Hybrid system with wind and Photo Voltaic (PV) system is becoming a very commendable
arbitrament for stand-alone applications providing better reliability.Also, the hybrid system proves
to be an efficient one, since the fragility of one system can be complemented by the vantage of the
other. As claimed by the global wind energy council, 20% supply of total global electricity can be
provided by wind power by 2030 [1], while the global solar power can provide generation in the
order of terawatt capacity level by 2022 [2]. The integration of PV and wind systems with that of
the grid can help in constricting the comprehensive cost and improving reliability of power
generation to supply the load. An independent PV or wind system will not be able to provide a
sustainedpower generationowing to the fact that PV and wind system are capable of generating
electricity only during the course of sunny and windy days respectively. Hence, anintegration of
both these systemsenhances the overall output when connected to grid. Grid codes in many

countries have been modified in the span of last few years to meet the technical requisites needed
for a grid integrated system. The grid codes considered in India are, active and reactive power
control, FRT Capability, communication requirements. Among them, the most demanding one is
the FRT capability. This phenomenon denotes the capability of a Hybrid system to stay connected
for a short time in the event of any fault. This ensures that for the faults that can be normally
cleared, there is apparently no loss in the generation of power.In hybrid systems, there are two
main topologies of grid-connected PV and wind hybrid system. They are DC common bus system
and AC common bus grid integrated system. The first topology is depicted in Figure 1 which
shows that the voltages obtained at DC outputs from individual PV, wind and battery sources, are
all integrated to the DC side and are connected to one shared DC/AC converter which acts as an
interlinkconnecting the power sources and the grid.

Figure 1. Grid integrated Hybrid System with common DC bus
The second topology as shown in Figure 2 shows that all the individual outputs from the sources
are converted to AC and fed to the common grid point. Of these two topologies the first topology
has an advantage that each source has individual DC bus interface. Hence, bus interfaces need not
be operated at constant frequency and synchronism.

Figure 2. Grid integrated Hybrid System with common AC bus
Figure 3 depicts the characteristics of FRT as per grid code in India [3]. As it can be can be
seen from the characteristics, Vfis 15% of nominal voltage and Vpf is the minimum rated Voltage.
Hence the duration where the wind turbine and PVpanel continues to remain in the system as the
output voltage drops from the rated value to its 15% of its value at the onset of fault is only 3
seconds. Hence, voltage compensation is very much essential to restore the voltage sag within this
time limit. During HVRT there arises a sharp voltage swell between the range of 1.1 to 1.25 p.u
which should be suppressed within 0.2 seconds from the onset of the fault, failing which proves to
be very destructive than that of the voltage sag. This paper mainly focuses on this concept of
voltage compensation during fault with intelligent control which balances the voltage sag as well as
swell in all the three phases.

Figure 3 Fault Ride through Characteristics
A succinct review of Wind PV hybrid system is detailed in [4].This paper elaborately
discusses the various challenges like Fault Ride Through (FRT), frequency and voltage
fluctuation of hybrid PV and wind energy integration systems. In [5] Grid Side Converter
(GSC) is operated as aStatic Synchronous Compensator (STATCOM) which injects reactive
power when a grid fault occurs. Even though FRT is achieved successfully in this paper,
since GSC operates as compensating device during fault the stator voltage control is not
satisfactorily achieved.In [6], a coordinativeapproach for LVRT control scheme for the windPV Hybrid Systemis proposed where it exploits the maximum energy inertia of the Hybrid
System to counter the power imbalance that occurs between the grid and the renewable
generators during faults.

Muyeen [7] proposed a compensating device called STATCOM combined with a
dynamic braking resistor in series to strengthen the stability of a grid integrated Wind Energy
System. A Doubly fed Induction Generator (DFIG) with an energy storage called flywheel
was focused in [8] where the grid power is separated from wind power output during voltage
fluctuations. In [9] Rashid and Ali, proposed a control scheme using a bridge type fault
current limiter (NCMBFCL) to enhance the LVRT performance of a DFIG based wind
energy systemin the event ofvarious symmetrical and unsymmetrical faults. In [10], such
DVR control with PI regulator as feedback control is discussed. But, the tracking of error in
voltage due to various faults is not included in the paper. [11] describes control of DVR with
proportional + resonant controller for voltage compensation during fault. This control fairly
yields good voltage compensation but the stator outputs are distorted.
In [12] a fuzzy controller has been introduced with DVR to regulate the value of the
injecting voltage, depending on the voltage sag level due to the fault. But this system has not
been introduced in WECS. [15] investigates the improvement of fault ride through capability
using PI controlled DVR with feed forward and feedback control during fault conditions.
Though this control scheme assures stability the transient response is not very good which
may lead to steady state error.AbdelkrimBenaliet all, in [13] proposes Dynamic Voltage
Restorer (DVR) to augment the power quality issues and enhance the LVRT capability of a
hybrid distribution generation system. In all the above discussed papers only LVRT
characteristic of the grid code has been considered and compensation techniques have been
analysed. In [17]different topologies, schemes of modulation and control of converters at the
point of grid for both PV and wind power applications are extensively discussed.
In [18], during LVRT different process control like DC link control and PV energy
management curtail has been carried out in PMSG based Hybrid system. But the DFIG based
Hybrid system is more pro- active system when it comes to Hybrid Energy management.The
general grid codes to be followed when using renewable energy sources in an hybrid system
is detailed especially with a PV / Wind based Hybrid system [19]. Taking these constraints
into consideration, in this proposed paper, the fuzzy controlled DVR compensates for voltage
sag as well as voltage swell for various faults. The highlight of this proposed method is that
the compensation is carried out and validated for different wind speeds of Wind System and
for different temperature and irradiance of solar radiation for both voltage sag and swell.
Thus, ride through characteristic of both LVRT and HVRT has been successfully identified
and compensated in this paper.
II. Wind / PVHybrid System
Wind turbines and PV module are integrated together to form a Hybrid system as
shown in Figure 4. There are two types of controller involved namely RSC and GSC. The
voltage that connects RSC to GSC is called DC link voltage denoted as V dc. The outputs
from both the sources are linked together at the point of DC link [20]. The RSC mainly
controls and regulates the rotor voltage and current whereas the main job of GSC is to
maintain the DC link voltage constant. The total generated output is connected to the grid.

Figure 4. Wind / PV Hybrid System
III. Modelling of DFIG
In DFIG, the grid voltage is directly linked with the stator. There are two converters
namely RSC and GSC while the RSC controls the output power of the generator, GSC
keeps track of the DC link voltage at any point of time [14]. The DFIG equivalent circuit is
depicted in Figure 5.

Figure 5. DFIG Equivalent circuit in dq synchronous reference frame

Descriptive equations of DFIG are [15],
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Vds, Vqs are the dq axes stator voltages,
Vdr, Vqr are the dq axes rotor voltages,
ids, iqs are the dq axes stator currents,
idr, iqr are the dq axes rotor currents,
λds, λqs are the dq axes stator flux linkages,
λdr, λqr are the dq axes rotor flux linkages,
Rs, Rr are the stator and rotor resistances.

The stator and rotor dq axes flux linkages are,
𝜆𝑑𝑠 = 𝐿𝑠 𝑖𝑑𝑠 + 𝐿𝑚 𝑖𝑑𝑟
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The stator inductance and rotor inductance are,
𝐿𝑠 = 𝐿𝑙𝑠 + 𝐿𝑚

𝐿𝑟 = 𝐿𝑙𝑟 + 𝐿𝑚

(3)

where,

Lis, Llr and Lm indicates the stator leakage reactance, rotor leakage reactance and
magnetizing inductance

Stator active and reactive powers are,
𝑃𝑠 =

𝑄𝑠 =

3
2

3
2
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IV. PV Modelling
The PV array consists of 45 series and 88 parallel strings tied together. The PV
module used in this paper is single cell model shown in Figure 6. This model comprises of a
current source connected in parallel to a diode D. The equations defining the equivalent
circuit of the single cell model are described in equations 5 – 9. The parameters that
describes the equations are short circuit current (Isc), open circuit voltage (Voc), and diode
ideality factor (a) [16].

Figure 6. PV single cell module
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where,
Gref= Irradiance at STC= 1000W/m2
∆T = Tc-Tc.ref (kelvin)
μsc= Temperature Coefficient of short circuit current (A/K)
Tc.ref = Cell temperature at STC = 25+ 273 =298 K
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Eg = Material band gap energy
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V. Modelling of DVR

N𝑝 ∗V+I∗R𝑠 ∗𝑁𝑠

(8)

𝑁𝑠 ∗𝑅𝑝

Dynamic Voltage Restoreris mainly made up of a DC power source, a converter and
an injection transformer. The triggering pulses for the converter are generated based on
PWM technique. DVR is introduced at the PCC in series with that of the grid to inject or
repress the deficit voltage or excess voltage due to sag or swell. Thus, DVR provides
compensation for the voltage sag / swell due to fault thereby protecting the grid from any
potential damage.
The power delivered by the DVR is [14],
𝑟𝑒𝑓
𝑆𝐷𝑉𝑅 = ∑𝑘=𝑎,𝑏,𝑐 𝑉𝐷𝑉𝑅,𝑘 * 𝐼𝐿

(9)

IL represents the RMS value of load current,

𝑟𝑒𝑓

𝑉𝐷𝑉𝑅,𝑘 represents the RMS value of the voltage injected,
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The active power delivered by the DVR is,

𝑃𝐷𝑉𝑅 = 𝑃𝐿 − 𝑃𝑆
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=

where, ψ represents the phase angle. The angle is between the load voltage (V L) and load
current (IL).

Figure 7. Hybrid System with DVR compensation
When fault occurs, DVR detects the voltage sag due to fault and generates the deficit
AC power. The voltage swell is also mitigated by determining the rise in the voltage during
fault by the DVR. The power generated is dispensed to the PCC which recuperates the
voltage to its original value as shown in Figure 7.
VI.

DVR control strategy
The DVR control scheme is depicted in Figure 8. This control scheme detects the
fault from start - to - end of the event and controls the injected voltage as well. PLL
generates the references of the load voltages which are used as the co-ordinates for the dq
axes of the Fuzzy Logic Controller (FLC).

Figure 8. Control Block Diagram of DVR
When fault occurs at the grid, the change in voltage is collated with the existing system
voltage. The resulting difference in voltage is used by DVR to inject or suppress the excess or
deficit voltage. Also, this difference in voltage acts as input to the fuzzy controller which in
turn provide gating signals to the DVR. The amplitude as well as the phase angle of the
voltage injected can also be varied which allows the control and exchange of real power and
reactive power exchange between the DVR and that of the grid.
A.

Fuzzy Logic Controller

In general, PI controller is taken as a conventional controller in control systems. But it
has a biggest disadvantage that it does not provide satisfactory and desired performance when
the environment is variable or noisy. In many cases of controller an excessive proportional
action leads to unsteady output and asuperfluous integral action leads to overshoots. Hence, a
fuzzy based DVR control is introduced in this paper in this Hybrid system. FLC is a
controller where, the final output depends on input and the change in the input. In FLC, since
the original input and its corresponding variations at different states are taken into
consideration unlike PI controller the output obtained is much precise in terms of the value of
the voltage restored which is equal to the nominal value.
In the proposed method two fuzzy logic controllers are used.One of the controller is for
d-axis and other for q-axis. An error signal is obtained from the original d and q components
of stator voltage and a reference voltage of the corresponding axes. Hence there are two input
membership functions one being the actual voltage and the other the error voltage in both
direct and quadrature axes respectively.

B. Membership Functions
In both fuzzy controllers, there are eight input membership functions designated for
error and three input membership functions designated for change in error. The output
membership function varies from negative to very large positive with thirteen linguistic
variables. The membership functions for the inputs and output are indicated in Figures 9, 10
and 11 respectively.
As depicted in the Figures 9, 10 and 11 the parameter range membership functions are
normalized to vary between 1 and -1. The input membership function of error is basically the
difference in the voltage between the actual rated voltage and the digressed value of the
voltage at PCC during fault in both direct and quadrature axis of the stator. The other input
membership function namely change in error varies between three values of positive, zero
and negative which relates with the difference in the voltage value of the first membership
function.

Figure 9. Vde and Vqe - Input Membership Function of error

Figure10. ΔVde and ΔVqe - Input Membership Function of change in error

Figure 11. Output Membership Function
The membership functions of error voltage in d and q axes are Negative (N), Zero
(Z), Very Small Positive (VSP), Small Medium Positive (SMP), Medium Positive (MP),
Large Medium Positive (LMP), Large Positive (LP), and Very Large Positive (VLP).
Table 1. Rule Base for Fuzzy Logic Controller

For change in error there are three membership functions namely, Negative (N), Zero
(Z), and Positive (P). Hence the output membership function clearly indicates the wide
range of error that is caused by the difference in voltage at stator due to voltage sag in the
event of fault. This wide range of output membership function is mainly chosen so that the
restoration of voltage during fault is equal to the nominal value in all the three phases
irrespective of any type of fault. The rules relating to the membership functions are listed in
the Table 1.

Figure 12. Rule Viewer for Vd

The Rule viewer for fuzzy controller is given in Figure 12 and 13 where Vd and Vq
represents the error voltage respectively and DelVd and DelVq represents the change in error
voltage respectively. The outputs of the two FLCs are obtained as Vd* for direct axis and
Vq* for quadrature axis.

Figure 13. Rule Viewer for Vq

VII.

Discussion of Simulation Results

The test system that is simulated is a Hybrid Wind / PV system with 2.5 MW Wind
Energy system and 1 MW PV system connected to the grid. The system parameters used for
simulation of DFIG, PV and that of DVR are furnished in Table 2, Table 3and Table 4
respectively.

Table 2 DFIG Parameters
DFIG
Power
Stator Voltage
Stator Current
Frequency
Stator connection
Rotor Connection
Poles
Rs
Ls
Lm
Rr

Value
2.5 MW
690 V
1760 A
50 Hz
Star
Star
2
2.6 e-3 Ω
0.087 e-3 H
2.5 e-3 H
2.9 e-3 Ω

Table 3PV cell Parameters
PV Parameters

Value

Power
Parallel Strings
Series strings

1 MW
88
45

Table 4 DVR Parameters
DVR Parameters
Power
L
C
Switching Frequency

Value
2.5 MVA
0.1 mH
1 μF
1000 Hz

With the DFIG parameters as listed in Table 2, the grid integrated Hybrid PV/Wind
system has been simulated for multiple wind speeds like 8 m/s, 10 m/s and 12 m/s keeping
irradiation constant as well as with different irradiance such as 300 W/m2, 600 W/m2, 1000
W/m2 at a constant wind speed. Further various types of faults have been inculcated in the
above said system for variable wind speed and variable irradiation and DVR compensation
has been successfully achieved. The wind power curve and the PV curve for the system is
portrayed in Figure 14 and 15 respectively.

Figure14. Wind Power Curve

Figure15. PV Curve

The output power curve for various wind speeds with constant irradiation is shown in
Figure16. Likewise the power curves for different irradiation with constant wind speed is
shown in Figure 17. The system has been tested for both the condition wherein wind speed
varies with constant irradiation and irradiance varies with constant wind speed.

Figure 16. Active Power for different wind speeds and constant irradiation

Figure 17. Active Power for different irradiance and constant wind speed of 8 m/s
The Hybrid System was tested with various faults effecting voltage sag and swell for
various speeds and various irradiance. Fuzzy based DVR injects the sag voltage and curbs the
swell voltage thereby restoring the voltage to its nominal value. Different faults like three
phase faults, two phase fault and single-phase fault were inculcated in the system and the
ensuing voltage variation was compensated with DVR employing initially PI controller and
subsequently a FLC. The voltage and current compensation provided by the DVR for

different faults are indicated in the Figures 18 to 20 for a wind speed of 8 m/s and irradiance
1000 W/m2.
A. Low Voltage Ride Through
The attainment of LVRT is determined for a balanced voltage sag of 30 % for three
phase, two phase and single-phase fault. Figure 18 (a) indicates three phase symmetrical fault
at grid. The voltage compensation for three phase fault using DVR is indicated in Figure
18(b).

(a)

(b)
Figure 18 (a) Three Phase Symmetrical Fault (b) Voltage Compensation using DVR for
three phase faults.
The fault occurs at 3 sec. During the three-phase fault the voltage reduces to 30 % of its
original value that is compensated using DVR which restores the value voltage at PCC to its
original value. Two Phase fault (Phase B and Phase C) is depicted in Figure 19 (a) and its
corresponding voltage compensation using DVR is shown in Figure 19 (b). Phase B and C
are only provided with the compensation voltage.

(a)

(b)
Figure 19. (a) Two Phase Fault {Phase B and C} (b) Voltage Compensation for phase B
and C using DVR for two phase faults.
Similarly, the single-phase fault with its voltage compensation is indicated in Figure 20.
Figure 20(a) and Figure 20(b) respectively shows single phase fault (Phase A) and its
compensation using DVR.

(a)

Figure 20. (a) Single Phase fault {Phase A} (b) Voltage Compensation for phase A
using DVR for single phase fault
The current at PCC during various faults is depicted in Figure 21. During fault due to
the sag in voltage in the faulty phases, the current shoots to a higher value than the nominal
value. The sharp increase in the current during the event of various faultsare shown in
Figures21(a), (c) and (e) correspondingly for three phase, two phase and single-phase faults
consecutively. The DVR compensates and brings the over shoot to the nominal value
quickly as shown if Figures 21(b), (d) and (f).

(a)

(b)

(c)

(d)

(e)

(f)
Figure 21. Stator Current (a) Three phase without compensation (b) Three phase with
DVR compensation (c) Double phase without compensation (d) Double phase with DVR
compensation (e) Single phase without compensation (f) Single phase with DVR
compensation.
The control of DVR is done in such a way that the voltage produced by the DVR
supplies compensatory voltage only for the phase which is faulty. This is indicated in the
Figure 22 (a), (b) and (c) respectively where it can be seen that the DVR is switched on only
at the instant of occurrence of fault.

(a)

(b)

(c)
Figure 22. (a) DVR compensation voltage for 3 phases (b) DVR compensation voltage
for 2 phases (c) DVR compensation voltage for 1 phase.
The power curves as shown in Figure 23 emphasizes that the DVR compensation with
fuzzy control caters a very good compensation and maintains constant active power at PCC.
This DVR compensation has been tested for various wind speeds and the resulting power
waveforms are shown in Figure 23 (a), (b) and (c) sequentially. As observed from Figure 23,
the fuzzy control-based compensation proves to be very effective thus providing an excellent
low voltage ride through maintaining the power steady and constant under various conditions
of faults. The power output shown in Figure 23 is for different speeds of 8 m/s, 10 m/s, 12
m/s at constant irradiation of 1000 W/m2.
Similarly at constant wind speed and varying irradiation, power output with DVR
compensation has been observed to be maintained constant. The power curves in Figure 24
depicts the DVR compensation at an irradiance of 300W/m2 at constant wind speed.

(a)

(b)

(c)
Figure 23. Comparison of power curve during fault with and without compensation for
a wind speed of (a) 8m/s (b) 10m/s (c) 12m/s

Figure 24. Comparison of power curve during fault with and without compensation for
an irradiance of 300W/m2 and wind speed of 8m/s
The DC link voltage plays a very important role in maintaining a constant output
voltage to the grid. When there is a fault at grid, due to its associated voltage sag, there is a
sudden decrease in DC link voltage too. With DVR compensation using fuzzy controller
shifts the sudden drop in the DC link voltage and restores it back to the nominal value as
shown in Figure 25. The fuzzy controller clearly reduces the dip in DC voltage during the
period of fault. When compared to that of PI controller the settling time of fuzzy controller to
reach the original value is very small making fuzzy control very effective with respect to fault
ride through.

Figure 25. DC Link Voltage without and with fuzzy based DVR compensation

Table 5 summarizes the DVR voltage compensation values for various faults in per
unit values with PI as well as fuzzy controller. As indicated in Table 5, Fuzzy based DVR
control provides a restoration voltage close to its nominal value in all three phases
uniformly unlike PI based DVR compensation. During three phase faults as it can be seen
from the table that all the three phase voltages drops to 30 % of the nominal value which is
compensated close to its nominal value. In all the three cases of the faults, the recovered
voltage is close to the nominal value with fuzzy based DVR controller as compared with PI
control. This competently shows that fuzzy provides a finer control with respect to
compensating voltage during fault.
Table 5. DVR Voltage Compensation table for various faults
DVR
Control
Method

Uncompensated voltage in p.u
Phase A

Phase B

Phase C

Compensated Voltage in p.u.
Phase A

Phase B

Phase C

Three Phase Fault
PI
Controller
Fuzzy
Controller
PI
Controller
Fuzzy
Controller
PI
Controller
Fuzzy
Controller

0.3601

0.3614

0.3505

0.9565

1.186

0.9792

0.3601

0.3614

0.3505

1.055

1.015

1.021

1.021

Double Phase Fault
0.3863
0.3264
1.021

1.168

1.089

1.021

0.3863

1.021

1.028

1.023

1.028

Single Phase Fault
1.011
0.3104
1.028

1.011

0.8847

1.028

1.011

1.011

1.045

0.3264

0.3104

1.028

B. High Voltage Ride Through
The Hybrid system was also tested for the compensation of voltage swell where the
voltage suddenly shoots somewhere between 1 to 1.2 p.u. of the nominal value. The fuzzy
based DVR proposed in this paper provides effectual voltage compensation while
repressing the overvoltage occurring during fault. The effect of voltage swell is shown in
the power curves in Figure 26. The voltage swell occurs at 3.5 seconds and lasts for 0.02
seconds. In this duration the DVR clamps down the voltage to its nominal voltage using
fuzzy control.

(a)

(b)
Figure 26. (a) Voltage swell due to fault (b) DVR compensation for voltage swell
VIII.

Conclusion

This paper investigates the effectiveness of DVR with fuzzy controllerin providing
compensation in the event of grid fault in aHybrid PV / Wind System. DVR is basically
connected at PCCand it corroborates to be a very effectual compensation technique for
different types of faults such as three - phase fault, two phase fault and single-phase fault.
The DVR output voltage is modified based on the fuzzy controller and is injected at PCC,
inevitablyrestoring of the stator voltage to its nominal value during fault as soon as it is
turned on. Without any compensation, the DC link voltage during the period of fault reduces
to a very low value. Fuzzy based DVR compensation effectively regulates the DC link
voltage amid the period of fault and maintains it as well, unlike the conventional PI
controller. During the period of restoration of fault the settling time taken by fuzzy controller
is the smallest as compared with that of PI controller. Thus, DVR employed using a fuzzy
controller supplements for the voltage during voltage sag and swell as well as restores it to
the original value in a very short duration of time effectively. The variation of power during
voltage sags or swell is seen to be neutralized with the fuzzy controller coherently under
different faulty conditions and different wind speeds and irradiation as well. Thus, the fuzzy
based DVR is found to give credible voltage compensation and fault ride through during
faults. The simulation carried out with a 2.5 MW / 1 MW Wind / PV Hybrid grid connected
system substantiates good low voltage and high voltage ride through compensation capacity.
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Figure 1
Grid integrated Hybrid System with common DC bus

Figure 2
Grid integrated Hybrid System with common AC bus

Figure 3
Fault Ride through Characteristics

Figure 4
Wind / PV Hybrid System

Figure 5
DFIG Equivalent circuit in dq synchronous reference frame

Figure 6
PV single cell module

Figure 7
Hybrid System with DVR compensation

Figure 8
Control Block Diagram of DVR

Figure 9
Vde and Vqe - Input Membership Function of error

Figure 10
ΔVde and ΔVqe - Input Membership Function of change in error
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Output Membership Function

Figure 12
Rule Viewer for Vd
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Rule Viewer for Vq
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Wind Power Curve
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PV Curve

Figure 16
Active Power for different wind speeds and constant irradiation

Figure 17
Active Power for different irradiance and constant wind speed of 8 m/s

Figure 18
(a) Three Phase Symmetrical Fault (b) Voltage Compensation using DVR for three phase faults.

Figure 19
(a) Two Phase Fault {Phase B and C} (b) Voltage Compensation for phase B and C using DVR for two
phase faults.

Figure 20
(a) Single Phase fault {Phase A} (b) Voltage Compensation for phase A using DVR for single phase fault

Figure 21
Stator Current (a) Three phase without compensation (b) Three phase with DVR compensation (c) Double
phase without compensation (d) Double phase with DVR compensation (e) Single phase without
compensation (f) Single phase with DVR compensation.

Figure 22
(a) DVR compensation voltage for 3 phases (b) DVR compensation voltage for 2 phases (c) DVR
compensation voltage for 1 phase.

Figure 23
Comparison of power curve during fault with and without compensation for a wind speed of (a) 8m/s (b)
10m/s (c) 12m/s

Figure 24
Comparison of power curve during fault with and without compensation for an irradiance of 300W/m2
and wind speed of 8m/s

Figure 25
DC Link Voltage without and with fuzzy based DVR compensation

Figure 26
(a) Voltage swell due to fault (b) DVR compensation for voltage swell

