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Abstract

The complete assessment of the various strategies used to decorate the skills of
Low Voltage Ride Through (LVRT) of Double Fed Induction Generators (DFIG)
primarily based Type-Ill wind turbine systems (WT) explained in this research
paper. In this paper, simulation results in MATLAB show that a DFIG based
Type-111 wind turbine system do not have the LVRT capacity due to insufficient
reactive power support during disturbances using conventional PI controller.
Hence using proposed Mode 4 Type-1 fuzzy logic controller in associated with
series connected FACTS devices can improve the LVRT capacity of DFIG based
WECS, with DVR providing better VAR compensating capacity than other series
connected FACTs devices. Type-Ill wind turbine system with DFIG based
WECS has better LVRT capacity and voltage stability due to its real and reactive
power control ability using proposed controller technique. Therefore, unique
LVRT approaches based at the implementing additional active interface
technologies had been proposed in this paper. Many techniques are developed
nowadays to overcome the issue of this low voltage due to faults. This paper tries
to define such active methods to short the gap by presenting a complete analysis
of these LVRT strategies for DFIG based WECS in terms of overall adaptive
performance, complexity of controllers, and cost effectiveness using fuzzy logic
controller. Here characteristic of this paper is to highlight the methods for
increasing the ability of LVRT relying on the configuration of the relationship
into 3 major areas according to its grid integrations. In this paper smooth and
simple series connection of FACT devices are used in WECS to study its
effectiveness and benefits. The mathematical models of the whole system are
simulated through MATLAB Simulink and results are discussed. In this paper all
the types of wind turbine systems (Type-l and Type-1l) are implemented by
FACT devices with comparison to previous works and the faster FACT device is
used on new proposed Type-1Il wind turbine system with fully control
mechanisms (aerodynamic, mechanical, electrical and drive train system) are
introduced to get more stability in the power system operation and control.
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1.Introduction

The objective of this paper is decreasing ozone depleting substance discharges is
the vital issue which related with the development and entrance of sustainable
power sources [1, 2]. Introduced wind turbines (WTSs) are focused on power system
stability using grid integrations to enhance the power quality during faults.
However, grid integration into the wind energy system of large WTs can cause
serious side effects in poor or weak grids. The inclination towards more WT
integration is to build the present degree of the unbalancing just as decline the
voltage over the wind generators system, which can prompt the fault clearances of
the WT. As of late, many power system techniques are in everywhere throughout
the world have started to grow and alter their correspondence prerequisites for wind
cultivates by specialized models, known as grid codes which is one of the
significant necessities with respect to grid voltage control is the capacity of the Low
Voltage Ride Through (LVRT), which is remembered for a few new grid codes.
Figure 1 delineates the LVRT bend in activity for grid associated WTs [3].
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Fig.1. LVRT curve.

Depending on this principle, the WT must be connected to the grid if the voltage
stays at a level more than 20 m/s than the nominal value for length less than 0.5 m/s
[4]. WTs can be disconnected from the grid only on instance of voltage profile
dropped in region B, close to the LVRT requirements where grid codes additionally
need huge WTs to reply throughout error and retrieval. Inject strength of the
machine to contribute to the protection of the voltage of the energy devices. The
blue line and the orange line signify the LVRT requirement line of grid code which
defines the voltage sag condition during the grid unbalance and voltage swell
conditions during transients due to rapid variations in wind speeds [5, 6]. This
LVRT curve represents the operating regions during normal and abnormal
condition of the wind speed.

The literature reviews on the recent research hybrid FACTs devices are
implemented for the LVRT capability enhancements using adaptive control
techniques [2-7, 9-12]. Comparing with the hybrid; series compensating techniques
can show faster steady state and reactive power compensations using adaptive
techniques for the controlling the error in the system gains[13, 14]. Previously
connectional PI controllers are used for the transient analysis [15, 16, 18]. Then it
switches over to the adaptive techniques like genetic algorithm based and other
meta heuristic techniques [17, 19, 20]. These techniques are very complex and
needs more optimizations [20]. Hence in this paper Mode-4-Type-I fuzzy logic
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controller is implemented to get faster response during the transients due to sudden
change in wind speeds [2-5].

2. Wind Energy Conversion System

There are three forms of machines utilized in wind energy conversion structures
which can be stated in preceding section. The model of WECS contains three key
differentiators, they are aerodynamic core, mechanical system and electrical as
shown in Fig. 2. In the electrical component of WECS can similarly be divided into
three main component systems, which can be utility grid, power electronics
converters (PECs) and wind turbine generators (WTGs) [1, 2].
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Fig.2. Wind energy conversion system.

The captured aerodynamic power shown below in Eq.(1) calculates for the wind
turbine is given by:

Pu= % prRAVE @

where, p defines the air density [kg/m?], V shows the wind speed [m/s], R is the
blade radius [m], Pwt is the power. The mechanical power for the turbine can
extract maximum power depends on power coefficient Cp can be given in Eq.(2)
shown below:

Pme(;= CpPM: ]/2 Cppﬂ,'szs (2)

From Egs. (1) and (2) it is obvious that the energy generated increases with
blade area, wind speed, air density and power coefficient.

3. Double Fed Induction Generator

The recent study on wind turbine with DFIG is used where back-to-back voltage
source converter feeds the rotor winding. A gearbox is vital to couple the rotor to
the generator just like the preceding case, because of the difference within the rotor
and generator pace stages. The mathematical modelling of wind turbine system
using DFIG is used as it can be fully controlled during variations in wind speed.
The mechanical drive train system can be associated with the electrical system to
make this system fully control [3, 4].
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The stator winding of the DFIG is coupled to the network, the rotor winding is
coupled to rotor side converter (RSC) and the scientific notations appeared in Fig.
3. Then the rear side of consecutive voltage source converter specifically grid side
converter (GSC) that takes care of the rotor winding is coupled to the grid network.
A DC link is connected to decoupled frame of RSC and GSC [2].
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Fig.3. Wind energy conversion system.

4.Type-111 Wind Turbine Electrical Model

Type | DFIG system is based on fixed speed rather a Type Il DFIG wind system is
operated under partial variable speeds. In Type Il DFIG system it can work under
variable wind speed in partial scale control action shown in Fig. 4. The Type IV
DFIG system is variable speed of operation in full scale controller. The Type-Iil
DFIG equations according to axis d and g scheme can be expressed as [2, 3].
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Fig.4. Type 111 DFIG-based wind generator.

The model shown in the Fig. 4 depicts the control action of Type-Ill DFIG
under the transients and the rotor side, grid side control operations using the stator
voltage control mechanism. The control is also using a conventional Pl controller
of control system for the steady state and transient actions of settling time during
fault clearances [3].

Vgs = —RsXigs + (Xs + Xmm) X igs + X Xigy ?3)

Vgs = —RgXigs — (Xs + Xm)Xigs + XmXigy 4
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Var = —RpXigr + (1 — 0)x (% + X ) Xigr + X Xigs (5)
Vgr = —RpXige + (1 — 0)x((xy + X)Xy + X Xigs (6)

where: vds, vgs are d and g axes of the stator voltages; vdr, vgr, d and g axes of the
rotor voltages; ids, igs, d and q axes of the stator currents; idr, igr, d and g axes of the
rotor currents; Ra, Rr, stator and rotor resistance; xs, stator self-reaction; xr, rotor self-
reaction; xm, rotor speed. The inserted active and reactive forces in the network can
be expressed as given below [2, 3]:

P = vgsXigs + VgsXigs + VarXigy + VgrXigr @)
i 2
XmVl v
Q= _tmPldr Y (8)
Xs+Xm Xm

Here v is the magnitude of grid voltage.

The Type-111 DFIG has the mechanical motion system associated with the wind
gear box and coupled to the blades [3, 4].The motion equation of the wind turbine
system derives the torque due to electromagnetic effect and the mechanical torque.
The equations are shown as follows:

dwm
J=RE =T~ Tn
3P LD ok 3P - (9)
Te =7Re(]2-s ls ) = _7Re(]lslr)

where Here J = MI-moment of inertial of the rotor (kgm?), P = number of poles,
Tm = Mechanical Torque (N.m), Te = Electromagnetic Torque (N.m), and wm =
Rotor Mechanical Speed (rad/s)

The mathematical modeling of Type-lll base on dq frame of reference
conversion in dq axis representations. The modeling equations are present below:

Us = Vgs +]vqs

U = Vg + jUgr (10)
Z)s = icls +jiqs

L = gy +jiqr (11)
/TS = Ags +j/1qs

Ar = Adr +jlqr (12)

Voltage equations for stator and rotor in dq axis frame are:

Vgs = Rslgs + DAgs — qus
Vgs = Rslgs + DAgs + Wiy

; 13
Var = Relgr + plgr — (W — W‘r)lqr ( )
Vgr = Rriqr + plqr + (W - Wr)ﬂ-dr
Flux linkages to stator and rotor in dq axis reference frame are:
Aas = (Lis + L)ias + Linlar = Lgigs + Lipiar
Ags = (Lis + Lip)igs + Lyplgr = Lsigs + Liplgr (14)

ldr = (Llr + Lm)idr + Lmicls = Lridr + Lmicls
Agr = (Lir + Lin)igr + Limigs = Lyigr + Linigs
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Motion due to mechanical rotation is shown in equations in dq reference frame are:
3P ,. .
T, = 2 (lqslds - ldslqs)
3P . . ..
Te = 7 (lqslqr - ldslqr) (15)
T, =

3P ,. .
o (lqsﬂ-dr - ldslqr)

5. Type-111 Wind Turbine Mechanical Drive Train Model

The wind turbine mechanical torque can be presented as T,,is [1, 3, 4]:

T, =2 (16)

w
The wind turbine system can extract the as Pw is:
1
Pw = EpCpA * VM; (17)

where: ¢, - power coefficient, w - rotor speed, p - air density (kg/m?), A - rotor area

(m?) and ¥, (m/s) - wind velocity. Thus, the electrical torque T, and the
mathematical link between T,,, and T, results:

Te = xm(iqricls - iclriqs) (18)
d 1
2= (Tn—T.) (19)

Here H is denoting rotor inertia.

Mathematically wind speed V;, (t) is characterized by four components of its
controls: i) Initial and average value of wind speed V,,, (m/s); ii) Ramp component
Vor (1); i) The gust component V,, (t) iv) Turbulence of wind speed V. (t).
Therefore, the mathematically wind speed V,,(t) represented as follows:

Vw(t) = Vwa+ Vwr (t) + ng (t) + th (t) (20)

Figure 5 represents the generation of wind speed in artificial manner through
the Gaussian noise generator using ARMA (autoregressive moving average)
technique taking unity delay function [4].
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Fig.5. Typical configuration of ARMA wind speed model.

6.Mode 4 Type-1 Fuzzy Logic Controller

Using conventional PI controller in the wind turbine system during grid integration it
shows sluggish steady state and transient analysis [1]. Hence new adaptive techniques
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are implemented for faster transient response during faults. Sugeno-Takagi Type-I
fuzzy logic controller can use to enhance the stability during grid integration when
faults arise due to sudden changes in wind speeds. This proposed technique Mode 4
Type-I FLC can incorporated with FACTSs devices and conventional Pl controller to
enhance low voltage ride through capabilities and can control the reactive power. This
reactive power can be use during sag and swell of voltage due to the transients. The
propose technique controls both sag and swell with considering constraints of weather
conditions [1, 2].

The proposed controller outputs during operation are more reliable and efficient
because here the effect of unwanted aspects or parameters like noise, harmonics
and cause due to range of wind speed control and the area are taken into
consideration. Sugeno-Takagi Type-l fuzzy set model developed here shown in
Figs. 6 and 7 and initiated to control the reactive power (Q) and stator active power
(P) of the WECS.
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Fig.6. Control scheme of P and Q with error
and integration of error as input with PI controller.

The membership function for active and reactive power input and output is given as:

NL NM NS ZE ps PM PL

-3 -2 -1 0 1 2 3

Fig.7. Triangular membership function for
error, change in error, integration of error and output.

7.Low Voltage Ride Through Methods

The LVRT methodologies are classified into series, shunt and hybrid system
associated with wind energy system. Some series connected flexible AC
transmission system (FACTS) devices shown in Fig. 8 are: dynamic voltage restore
(DVR), thyristor-controlled series compensation (TCSC), magnetic energy
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recovery switch (MERS), series dynamic braking resistor (SDBR) and fault current
limiter (FCL). In this paper three important series connected solutions are discussed
and comparisons based on the implementations are also highlighted. A suitable
series connected device taken which used during grid integration with proposed
controller (Mode 4 Type-1 FLC) [1].

Series Connected

TCSC « FACT Devices for DVR
LVRT
SDER MERS FCL

Fig.8. Classified LVRT capability enhancement methods.

8. FACT Devices in WECS
8.1. Thyristor controlled series compensation (TCSC)

The fundamental standard of the TCSC is to control power stream of the grid lines,
increment the dynamic steadiness of intensity transmission and adequately limit the
power transients [1].

Figure 9 shows a common TCSC module introduced surroundings of the wind
system along the essential control mechanism. This FACT device (TCSC)
comprises of three segments: bypass sidestep inductor L, capacitor banks C and
forward biasing thyristors T1 and T2. In this control mechanism the operation on
variation in voltage are reported in this paper. This innovation might be valuable
for wind ranches situated a long way from the PCC, for example, offshore farms of
wind system [5].

Fig.9. Circuit diagram of TCSC.

8.2. Dynamic voltage restorer (DVR)

Grid fault identified with WT generators is a promising way to deal with adequately
to clear the issues and incrementing ride through capacity shown in Fig. 10. This
should be possible utilizing power electronic chargers integrated with the system,
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called dynamic voltage restorers (DVVRs) which put a sensible voltage on the PCC
and on the grid bus to keep up generator voltage [1, 6].
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Fig.10. Circuit diagram of DVR.
8.3. Series dynamic braking resistor (SDBR)

SDBRs were developed to directly contribute to the equalization of active power
between the mechanical and electrical side of the WT framework during the fault,
conceivably diminish the requirement for reactive power compensation (RPC) and
pitch angle control devices appeared in Fig. 11 [1].
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Fig.11.Types of SDBR (a) Stage 1 normal scheme
(b) Stage 2 switching scheme (c) Stage 3 variable resistor scheme.

It is achieved through dynamically adding a series resistor between the WT and
the grid to assist the voltage at the generator terminals, thus the reliability issues
regarding electrical torque and power throughout the time frame of fault [1].
9.Steady State Analysis

The WT discharges power from the air through sharp edges fabricated by aerodyne
and changes it into mechanical quality. In steady state analysis under high-
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speedwind variations and power provided by WT can surpass its rated parameters.
The aerodynamics of the accelerated wind turbines control and operated by
uninvolved slow down, active slow down and pitch control mechanisms intended
for low, medium, and enormous wind turbines [8].

10. Transient State Analysis

In transient analysis at the point when the fault happens at the WT terminals drops,
hence lessening the power yield from the electromagnetic torque and induction
generator. In any case, the mechanical information torque stays steady during the
fault, which makes the rotor's speed surpass its well-being limit with the goal that
greatest vitality can be put away precisely [1, 8].

11. MATLAB Simulink Model

The models are designed using MATLAB Simulink. The system is associated with
the PI controller and adaptive Mode 4 Type-I fuzzy logic controller for the steady
state and transient analysis the settling time after fault clearance also reported from
the simulations. The systems are discussed with all three FACT devices
implemented with the wind energy conversion modelling.

The Simulink diagram Fig. 12 shows the TCSC action in reactive power control
during faults. Figure 13 associateswith the DVR action and Fig. 14 highlights the
action using SDBR device connected in series with the system.
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Fig.12. TCSC module installed in wind turbine.
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Fig.13. Dynamic voltage restorer with wind turbine.
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Fig.14. Wind turbine with SDBR.

12. Simulink Results, Performances Comparison and Discussion

Figurel5 shows the simulation results of the DFIG system under grid voltage
unbalance fault (a) stator grid voltage(W), (b) electromagnetic torque (W), (c)
stator flux (W), (d) active & reactive power, (e) stator current, (f) rotor current, (g)
modulated voltage, (h) DC-link voltage.
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Fig.15. DFIG transient analysis using TCSC, DVR and SDBR.
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The above Simulink results have shown in Fig. 15 highlights the control action
of FACT devices as given in the design model to control the reactive power during
low voltage transient analysis. Here both steady state and transient analysis are
done to know both the virtual and direct effects of low voltages due to the unwanted
faults. From the above Simulink result it is clearly indicating the control actions
during the faults during 0.4 sec to 0.9 sec the wind turbine parameters are changes.
In case of DVR shown in Fig. 15,Section B highlights the transient time duration
of 0.4 sec to 0.9 sec, it clears the fault before the 1sec rather in Section A it is 1.2
sec and in Section C it is found that about 1.5sec. With comparison to other flexible
ASC transmission devices as controller DVR shows faster response among series
connected devices. Hence it can be used further with the proposed control technique
(Mode 4 Type-I fuzzy logic) to control the reactive power to achieve faster steady
state and remove transients due to sudden change in wind speeds.

The Simulink model shown in Fig. 16 below depicts the control model and
control strategies of the PI-Type-1 fuzzy logic controller.

Figure 16 shows that the mathematical modelling of Type-Ill wind turbine
system. In uses DFIG as the induction generator as it can use for both variable speed
with modified full controller. In Fig. 17, it is the shot view of GSC of the grid where
the Mode 4 Type-I fuzzy control with conventional PI controller is used to get faster
response during transients to make the system more stable. As grid integration brings
more transients and instabilities during speed variations this proposed technique can
be help full to make the grid integrated wind energy system more stable.
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Fig.16. DFIG with WECS showing Type-I111 WT using controller.
Figure 18 shows the control action of series connected FACT devices with
different wind speed variation on stator active power and reactive power. His result

based on Fig. 15. Here both steady state and transient state analysis are done to
know the better control action with exact settling time after fault clearance in a
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single frame of graphical representations taking active and reactive power into
consideration.

P
Ilﬁiﬂ_- Fuzzy : Uge p
I Au,
i, ”:.l : Ko gk :.! u
dcref ey dref dref
> PI PI = —
\—/i _____ L] O O d-q Grid-side

SVPWM —»

] u
i gref converter
. ? - -
. te(- . >
+
Q < n ‘
j S

Active and reactive
Power calculation

Fig.17. DFIG with WECS showing application of Type-I fuzzy logic controller.
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Fig.18. DFIG transient analysis using TCSC, DVR and SDBR (comparison).

Figure 19 illustrates that the variations of parameters with reference to (a)
(without DVR), (b) (with DVR and PI) and (c) (DVR with Mode 4 Type-1 FLC).

Below results are illustrating the proposed control (Mode 4 Type-I FLC) action
of without using DVR and with DVR. Figure 20 shows the active power variations
during different operating conditions and Fig. 21 illustrates the reactive power
variations during the transients.

The numerical analysis of the Simulink results is shown in Table 1. The active
power increased and reactive power decrease per unit to maintain the stability of
the grid during faults. A phase and line faults (line to line and 3 phase faults) are
taken for the transient study. The settling time is more in proposed technique clearly
shown in Table 1.
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Fig.20. Active power control using DVR with control techniques.
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Fig.21. Reactive power control using DVR with control techniques.
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From Table 1 shown below illustrates that the comparison between PI-FLC
conventional Mode and PI-FLC proposed model. From Table 2 the total
comparisons of all FACT devices are shown, and the performances are
demonstrated. In Table 3 the parameters of the whole wind energy conversion
system are shown and implemented in the Simulink.

Table 1. Comparison of DVR with proposed control technique.

Controller PI-FLC Type-1 PI-FLCType- |
Parameters (Conventional) Mode 4
Active Power 9.17 pu 9.8 pu
Reactive Power 9.50 pu 8.8 pu
Settling Time

(3 Phase Fault) 0.1229sec 0.0777sec
Settling Time

(Line Fault) 0.57212sec 0.5420sec

Table 2. Comparison of FACT devices.

Techniques/

SDBR TCSC DVR MERS FCL
Parameters
Complexity - .
and wind Simple and Simple Simple and Simple and Simple
: and not : - and not
speed required . required not required .
required required
measurement
Sezzdl oy High Low High High Medium
convergence
Sensitivity More Less More More Less
Tolerance to
fast Medium Low High High High
transitions
'V'e”?ory Recommend N(.)t N(?t Vary N(.)t
requirement required required required
Ozl Recommend N(.)t Recommend  Recommend N(.)t
Knowledge required required
Efficiency Medium Low Very Large Large Large

Table 3. Parameters of wind energy conversion system model.

Parameters Value
Wind Turbine Parameters

Wind turbine rating 1.5 MW
Air density 1.225 kg/m?
Rotor radius 30.66 m
Gear ratio 71.28

Wind cut-in speed 4 m/sec
Wind cut-out speed 25 m/sec
Rated wind speed 12 m/sec
Optimum TSR 5.7
Generator Parameters

Capacity 1.5 MW
Voltage (L-L) 690 V
Frequency 60 Hz
Speed 2100 rpm
Reference Torque att=0 -6631.45 Nm
Inertia constant 18.7 kg m?

Control Parameters
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DC link voltage 1200 V
DC link capacitor 60 mF
Grid side Filter Parameters

Filter resistance 0.002 ohm
Filter inductance 0.02

13. Analogy of Enhancement and Functional Approaches for WECS

Table 4 summarizes the effectiveness of the FACT devices.
Table 4. Series LVRT capability enhancement methods.

Methods Conclusions Limitation Summary
o Capacitive reactance ¢ High o Offshore wind
®) variations resonance farm applicable
8 e Useful for fault current e Heavy e Per unit
= limitation and voltage harmonic application is
unbalance injection medium
4 ¢ Quick voltage recovery e Faster phase e Compatible and
‘§ o * Controlled reactive angle high power
a 5 power e Faster usability
— absorption of e More stable
2 active power
L ¢ Quick voltage recovery e No control on e Per unit
e Controlled reactive reactive power application is
& power e High voltage better
9) damping o Less power

e Poor low poor system stability
factor usage

Table 5 highlights the control action over faults during 8 m/s and 12 m/s wind speed
variations. The Type-I fixed speed induction generator (FSIG) on using FACT devices
gives voltage sag by 5% enhancements. This can be concluded that control action on
wind turbine system FACT devices voltage sag by 0.06 sec and 0.8 sec.

Table 5. LVRT capability settling times (in sec).
Type IWT-  Type I WT-  Type |l WT-DVR (Mode

Controller

TCSC SDBR 4 Type-1 FLC)
Wind Variation 0.13 0.12 0.06
8ml/s
Wind variation 0.16 0.15 0.08
12m/s
Remark Slow Medium Faster

Table 6 highlights the control action over faults during 8 m/s and 12 m/s wind
speed variations. The Type-II variable speed induction generator without control
action on using FACT devices gives voltage sag by 15% enhancements. This can
be concluded that control action on wind turbine system FACT devices voltage sag
of 0.7 sec and 0.8 sec pu sag condition.
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Table 6. LVRT capability settling times (in sec).

Type ITWT-  Type Il WT- Type Il WT-DVR
Controller TCSC SDBR (Mode 4 Type-1 FLC)
Wind Variation 012 0.11 0.7
8m/s
Wind variation 0.15 0.14 0.8
12m/s
Remark Slow Medium Faster

Table 7 highlights the control action over faults during 8 m/s and 12 m/s wind
speed variations.

Table 7. LVRT capability settling times (in m/sec).

Type I11 Type I WT- Type 11 WT-DVR
Controller WT-TCSC SDBR (Mode 4 Type-1 FLC)
Wind Variation 13.6 13.3 12.1
8m/s
Wind variation 15.7 141 13.9
12m/s
Remark Slow Medium Faster

The Type-IlI variable speed induction generator with control action on using
FACT devices gives voltage sag by 25% to 35% enhancements. This can be
concluded that control action on wind turbine system FACT devices voltage sag of
0.7 sec and 0.8 sec pu can be reduced by settling the fault by 12.1 millisecond and
13.9 millisecond for different wind speeds. In this research using Type-Ill1 wind
turbine system it is conclude that the DVR is faster and better efficient as voltage
enhancement during transients.

14. Conclusion

The activity of FACT devices and advancements for LVRT ability improvement
of Type-111 WTs using double fed induction generator presented in this research.
The proposed controller Mode-4 Type-I fuzzy logic control technique associated
with DVR gives more reliability to the grid during transients. At that point, all
the control approaches of series connected arrangements are simulated and results
are compared. It is concluded that rather than using conventional PI controller to
DVR to control the grid profile, adaptive techniques can be implemented. Hence
adaptive Type-l fuzzy logic controller is used to maintain the grid stabilities
during transients. The dynamic and effective performance using different
controllers the paper gives idea about complexity, cost economic and application
reliabilities summarized in the comparison tabulations. Tables 5 and 6 summarize
the proposed technique action on Type-1 WT system (FSIG) and Type-1l WT
system, respectively. Table 7 illustrates the application of proposed control
technique on Type-I11 WT. The simulations are generated using the programming
software and the MATLAB/Simulink model. In this way, this operation on wind
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energy system enables the analysts to comprehend the overall viability of the
proposed auxiliary devices by controlling the active and reactive power during
grid integrations. Due to rapid variation in wind speed this analysis in this
research gives more impact to go for the proposed technique to maintain the
stability of the system during transients.

Nomenclatures

Cp Power coefficient

J Moment of inertia, kg.m?

P Active power, W

Pwt Wind power, kW

Q Reactive power, KVAR

Te Electromagnetic torque, N.m
m Mechanical torque, N.m

Vw Wind speed, m/s

- -

Vs, Uy Stator and rotor voltage, V

W, Reference rotor speed, rad/s
Wy Actual rotor speed, rad/s
Greek Symbols

B ref Reference pitch angle, deg.
[ Stator and rotor current, A

A Tip speed ratio

ZS,Zr Stator and rotor total flux linkage, Wb
p Air density, kg/m®

x Inductance, H

Abbreviations

DFIG Double Fed Induction Generator
DVR Dynamic Voltage Restorer

FLC Fuzzy Logic Controller

GSC Grid Side Controller

LVRT Low Voltage Ride Through

Pl Proportional Integral
RPC Reactive Power Compensation
RSC Rotor Side Controller

SDBR Series Dynamic Braking Resistor
TCSC Thyristor Controlled Series Compensation
WECS Wind Energy Conversion System
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