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Abstract. Main objectives of the study are to progress a dual independent doubly fed induction generator
(DFIG)-based wind energy conversion system (WECS) for stable and efficient power delivery to an AC
microgrid while ensuring grid stability and compliance with power quality standards. In order to achieve
the set goals, the following tasks were accomplished: integration of a Pulse Width Modulation (PWM)
rectifier for AC to DC conversion, implementation of a SEPIC converter for voltage boosting, tuning of
proportional integral (PI) controller parameters using whale optimization algorithm (WOA) for dynamic
DC voltage regulation, and design of a 3® Voltage Source Inverter (VSI) for efficient management of
active and reactive power to the grid. The scientific novelty of the proposed work is the inclusion of
dual independent DFIG system with SEPIC converters and optimized PI controllers. The most important
results are the demonstration of consistent DC voltage stabilization, improved power quality under
varying wind conditions, and an overall system efficiency of 97%, verified through MATLAB
simulations. These attained outcomes are found to be more efficient when compared to other existing
converters and optimized controllers thereby satisfying the objectives of meeting desired voltage
demands of grid and achieving highly stabilized output power. The significance of obtained results is
the establishment of an advanced DFIG-WECS-based wind energy system capable of enhancing grid
performance, ensuring reliable integration of renewable energy, and maintaining power quality and
stability in compliance with modern grid standards.
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Sistem de turbina eoliana duala integrata in retea care utilizeaza controler PI optimizat Whale cu
convertor SEPIC
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Abstract. Obiectivele principale ale studiului sunt de a promova un sistem de conversie a energiei eoliene (WECS)
bazat pe un generator cu inductie dublu alimentat independent (DFIG) pentru livrarea de energie stabila si eficienta
catre o microretea de curent alternativ, asigurand in acelasi timp stabilitatea retelei si conformitatea cu standardele
de calitate a energiei electrice. Pentru a atinge obiectivele stabilite, au fost indeplinite urmatoarele sarcini:
integrarea unui redresor cu modulatie in latime a impulsurilor (PWM) pentru conversia AC la DC, implementarea
unui convertor SEPIC pentru cresterea tensiunii, reglarea parametrilor controlerului integral proportional (PI)
folosind whale algoritm de optimizare (WOA) pentru reglarea dinamica a tensiunii continue §i proiectarea unui
invertor de sursa de tensiune de 3@ (VSI) pentru gestionarea eficientd a puterii active si reactive la retea. Noutatea
stiintifica a lucrarii propuse este includerea unui sistem DFIG dual independent cu convertoare SEPIC si controlere
PI optimizate. Cele mai importante rezultate sunt demonstrarea stabilizarii consecvente a tensiunii continue, a
calitatii imbunatatite a energiei in conditii variate de vant si a unei eficiente generale a sistemului de 97%, verificata
prin simuldari MATLAB. Aceste rezultate obtinute se dovedesc a fi mai eficiente in comparatie cu alte convertoare
existente si controlere optimizate, satisfacand astfel obiectivele de a indeplini cerintele de tensiune dorite ale retelei
si de a obtine o putere de iesire foarte stabilizata. Semnificatia rezultatelor obtinute este stabilirea unui sistem
avansat de energie eoliana bazat pe DFIG-WECS, capabil s sporeasca performanta retelei, sa asigure integrarea
fiabila a energiei regenerabile si sd mentina calitatea si stabilitatea energiei in conformitate cu standardele moderne
de retea.

Cuvinte cheie: sursa de energie regenerabila (RES), DFIG-WECS, Convertor SEPIC, Controler WOA-PI, Sistem
de retea.
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HWnTerpupoBanHasi B ceTh IBOIiHAS BeTpsiHAA TypOMHA ¢ HCNOJIb30BAHHEM IpeodpasoBaTelisi ¢
HeCHMMETPHYHO HATPY:KeHHO! NepBUYHON HHAYKTHBHOCTBIO (SEPIC) ¢ onTHMH3HPOBAHHBIM MO
anaropurmy onTumuszanuu kutos (Whale Optimization Algorithm) ITN-koHTpo/LIEpOM
'"Kumope JI.P., 2Cpasanu K., 2Can Kymap B.H., 2IIlpuram U.I'., *Benrty B.

'Tno6ansuelii yausepcutet ['ogasapu, Pamxaxmysapu, Uagus
ToaBapcKuii MHCTHTYT MHKEHEPUH M TEXHOJIOTHMH, Pamkaxmynapu, Maaus
Annomayun. OCHOBHBIMU TESIMH HCCIIEOBAaHUS SIBISIOTCS pa3paboTKa CHUCTEMBI MPeoOpa3oBaHUs dYHEPTHUH
Betpa (WECS) Ha oCHOBe ABYX HE3aBHCHMBIX WHAYKIIMOHHBIX TeHEpaTOpoB ¢ ABOoMHBIM nutanueM (DFIG) mms
cTaOMIbHON 1 3P PEeKTUBHON MMOJauM SJIEKTPOIHEPTUU B MHUKPOCETh NIEPEMEHHOTO TOKa, o0ecIieunBast Ipyu 3TOM
CTaOMJIBHOCTh CETH M COOTBETCTBHE CTaHAApTaM KadecTBa 3JEKTPOdIHEepruu. s JOCTHMIKEHHS MOCTaBICHHBIX
esel ObUIM BBITIOJIHEHBI CIEAYIOIINE 331a4i: BHEAPCHUE BBIIPSMHUTEIS C IMUPOTHO-UMITYJILCHOH MOIYJISIIUEH
(IIUM) nns mpeoOpa3oBaHHs MEPEMEHHOTO TOKa B IOCTOSIHHBIHM, peanu3anus npeobdpasosarens SEPIC mis
TIOBBIIICHHUS] HANPsDKEHMs, HAacTpoiika MapaMeTpoB IponopuuoHanbHo-uHTerpansHoro (IIM) perymstopa c
MOMOIIBIO KUTa alropuT™ onTuMuzanuu (WOA) U1t AMHAMHYECKOTO peryInpoBaHus HalIPsLKEHHUSI HOCTOSHHOTO
TOKa W MPOEKTHPOBaHUe Tpex(azHoro nHBepTopa HanpsokeHus (VSI) anst s dextuBHOTO yrpaBieHUst aKTHBHON
Y PEaKTUBHOI MOIIHOCTBIO B ceTH. HaydHas HOBM3HA npearaeMoii paboThI 3aKITI0YaeTCsI BO BKIIOUCHUHN B HEe
nBoiiHOW HezaBucuMmon cucteMbl DFIG ¢ mpeoOpazoBaremssmu SEPIC um  ontmmmsupoBanHBIME [1M-
perymsaropamu. Hanbonee BaKHBIMU pe3yIbTaTaMH SIBISIFOTCS IEMOHCTPALHS MOCJIEA0BATEILHON cTa0MIN3annu
HAIpSDKEHUS TOCTOSTHHOTO TOKA, YIYYIICHHE Ka4eCTBa AJICKTPOIHEPTHH TPH W3MEHEHHH BETPOBBIX YCIOBHH H
o011ast 3 PeKTHBHOCTE CUCTEMBI 97%, MoATBEpKAeHHAs ¢ ToMoIIsI0 Moaenpoanus MATLAB. JlocturayTsie
Pe3yNBTaThl OKa3alnuch Oonee 3¢ GHEKTUBHBIMU IO CPABHEHHUIO C IPYTHMMU CYLIECTBYIOIIMMHE IIPE00pa3oBaTeIsiMu
U ONTUMHU3UPOBAHHBIMM KOHTPOJIJIEpAMH, YTO TO3BOJISET JOCTHYBL IeJIel YIOBJIETBOPEHUS TpeOyeMbIX
TpeOOoBaHMI K HANIPSKEHUIO CETH U TIOCTHKEHHUS BEICOKOCTAOMIN3UPOBAHHOM BBIXOAHOM MOITHOCTH. 3HAYMMOCTh
MOJIyYE€HHBIX PE3yNbTaTOB 3aK/II0YAETCS B CO3AAHUU IIEPEIOBON BeTpOIHEpreTHIecKon cucteMsl Ha 6a3e DFIG-
WECS, criocoOHO TOBBICUT IPON3BOAUTENIEHOCT CETH, 00ECTIEYNTh HAJEKHYIO HHTETPALINI0 BO30OHOBIISIEMbIX
HCTOYHHMKOB JHEPTUH, a TAKXKE ITOJIAEPKHBATH KaYeCTBO MW CTaOMIBHOCTH JJIEKTPOIHEPTUH B COOTBETCTBUH C

COBPEMCHHBIMH CETEBBIMHU CTaHAAPTAMH.
Kniwouesvie cnosa: BozobOHOBisieMble ncrounuku sHeprum (BUD), DFIG-WECS, npeobpazosarens SEPIC,
kxoHTposiep WOA-PI, ceteBas cucrema.

I. INTRODUCTION components [12-13]. Therefore, a DC-DC SEPIC
converter is deployed in this study to overcome
the above-stated drawbacks. The introduction of
SEPIC converter raises the output voltage
obtained from DFIG-based WECS and provides
consistent output voltage with reduced current
ripples.

Additionally, to regulate and stabilize output
voltage, PI controller is most widely utilized [ 14].
However, to attain augmented controller
performance, parameter tuning plays a crucial
part. Thus, several conventional parameter tuning
algorithms along with their demerits are listed in

Electricity turned into one of the prominent
and essential needs along with the technological
development of humankind [1-2]. Depletion and
environmental impacts due to the excess usage of
fossil fuel evolved people’s concern towards RES
[3-4]. Amongst, various RES, wind power
generation offered significant improvement in
terms of clean, sustainable energy with reduced
carbon  emission[5]. Thus, the instant
development of wind energy assisted to DFIG
added up to the leading power generation wind
forms [6-7]. Moreover, due to the dependence on -
the environmental aspects, power converters are Table 1 below, Henceforth, this research proposes

required for the WECS [8]. Various converters & WOA-based  optimization algorithm that
such as Boost converter [9] and Cuk [10-11] are outdraws the above-listed uncertainties. WOA

achieves higher convergence rate with better
Boost converter produce high-level output Problem-solving ability, —thereby providing
voltages but still cannot reach the desired ©nhanced voltage with better output quality.
performance. Thus, to further raise the output Thus, the incorporation of both DC-DC converter
voltage, a Cuk converter is introduced. Though ~ with WOA optimized PI controller ensures to
the Cuk converter provides consistent input and  provide high regulated and stabilized output
output current with reduced ripples, it is not  voltage to attain desired output level for the grid
completely relia.ble as it produces high curr.ent applications.

stress and requires higher number of reactive

considered for enhancing the output voltage.
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Table 1

Demerits of Parameter Tuning Algorithms

Reference Conventlonal. optimization Demerits
algorithms
Particle Swarm Optimization PSO s@uggle.s with slow convergence rate during
[15] (PSO) high diemensional spaces which makes it hard for
them to find the global optimum.
[16] Ant Colony Optimization ACO suffers from high complexity issues and
(ACO) acquires high space complexity along with time.
[17] Grey Wolf Optimization GWO is not applicable due to its minimized solving
(GWO) accuracy with slow convergence rate.
[18] Gravitational Search Algorithm | GSA struggles with slow processing time with high
(GSA) computational difficulty
Antlion Optimization Algorithm | ALO requires longer processing time with slow
[19]
(ALO) convergence rate

The overall outline and contributions of the

proposed work is enlisted as follows,

e Dual DFIG-based WECS is implemented o
to meet the desired voltage demands of the
grid which produces clean and sustainable

energy generation.

e The deployment

of DC-DC

converter boosts the output voltage

_________________________________________

SEPIC

e obtained from the DFIG-WECS and
provides higher output voltage levels with
reduced losses.

Integrating WAO-optimized PI controller
to attain enhanced parameter tuning to
provide highly stabilized output power
quality.

II. PROPOSED SYSTEM DESCRIPTION

A parallel wind power system illustrated in
Fig. 1, is developed to address the challenges in
traditional WECS.
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The system comprises two independent DFIG-
based wind turbine systems, labeled as WT#1 and
WT#2, which perform the parallel operations. The
turbines capture the wind energy and then

Fig. 1. Block diagram of the developed work.

converts it to electricity via DFIG system. This
AC voltage is rectified into DC by a PWM
rectifier, and fed to SEPIC converter for boosting
of DC voltage suitable for transmission.
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The SEPIC converter is regulated using WOA-
PI controller, ensuring stabilized DC link voltage
by dynamic adjustment of controller parameter.
Both WT#1 and WT#2 feed a common DC bus,
which collects power from both wind turbines.
The voltage from DC bus is supplied to grid via a
30VSI. The inverter converts the DC voltage
back into AC, making it well-matched with the
requirements of grid. On the grid side PI
controller is incorporated to control the power
flow by adjusting active and reactive power
outputs based on reference for optimal grid
integration. The control strategy ensures that the
power from the wind turbines is dynamically
adjusted to meet grid demands while maintaining
system stability and power quality.

III. MODELLING OF SYSTEM
COMPONENTS

A. Modelling of DFIG-WECS

(a) Modelling of WECS

The main function of WECS is to convert
kinetic energy obtained from the rotational torque
of wind turbine to electricity. Power contained in
wind is given by the equation,

B =2 pAV! (M

2
Where, 4  denotes Area covered by turbine
blades, p indicates the air density and 7,

represents the wind speed. The power obtained
from the wind by the turbine is given as,

L

% p RV C, (2, ) @)

Where, R indicates radius of turbine rotor,
C,(A,p)implies  the  power  coefficient

respectively. The acquired mechanical energy
from the WECS is converted into electricity by
the use of DFIG.
(b) Modelling of DFIG based WECS

WECS utilizes DFIG to convert wind energy
to electrical energy, the DFIG stator is directly
attached to isolated load and rotor is attached to
the battery with the help of the Rotor Side
Converter (RSC). The structure of the DFIG
based WECS is shown in Fig. 2.

— - - -—

LTI

Rioap  Lioap
|

I
w.|'s

F 3

PWM CONTROLLER

Fig. 2. Structure of DFIG based WECS.

The DFIG stator and rotor flux are given as
follows,

3

l//sd =Ly ]sd +M1rd
l//sd :Ls Isd +erd

{l//rd :Lr Ird +M [sd (4)

l//rq :Lr Irq + M Isq

The electromagnetic torque is given by,
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3 M
C, = SPT (Ird v, 1, l//.vd) (%)

s

The DFIG electromechanical equation is given
as,

do, p
=L (Cc - C 6

The stator voltage of DFIG based WECS is
evaluated as follows,

d .
I/sd :RLP" sd +LLP Elsd _a)l LLP lsq
(7
V,=R, +L

LP' sq LP E

However, WECS power production is
dependent on the wind pattern and environmental

l.&'q - a)l LLP l.&'d

L, Cs

Vin ﬂ

impacts such as sudden wind changes affect the
efficacy of the system performance along with
reduced voltage generation. Thus, DC-DC
converters are implemented, SEPIC converter is
utilized to achieve enhanced voltage gain.

B. Design of SEPIC Converter

SEPIC converter structure shown in Fig. 3,
comprises two inductors L ,and L, which are
wound to the same core as they are powered using
the same voltage throughout the switching cycle,
two capacitors C, and C,, and a single diode D, .

ut

The capacitor C, separates the input from output,

thereby, preventing shorted load circumstances.
SEPIC converter works based on two operating
modes (a) Mode 1 and (b) Mode 2.

D,

Cout R,

Fig. 3. Structure of SEPIC converter.

(a) Mode 1 : The circuit diagram displaying
the operation of mode 1 is depicted in Fig. 4. In
this mode, Switch S is turned ON while diode D,

is turned OFF, thus, the inductor L, gets charged
from the source and L, gets charged from

capacitor.

Fig. 4. SEPIC converter-Mode 1 Operation.

(b) Mode 2: The operational flow of mode 2
is shown in Fig. 5, In which switch S is turned
OFF whereas, diode D, is turned ON, thus, output

capacitor gets charged using both the inductors Z,
and L, .
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Fig. 5. SEPIC converter- Mode 2 operation

The waveform of the SEPIC converter is
shown in Fig. 6. The duty cycle of the SEPIC
converter operating in continuous conduction
mode is given by,

Where, Vj, denotes the forward voltage drop of
the diode and the maximum duty cycle attained is
calculated using,

D — I/nuz + VD (9)
D= Vout + VD (8) " V;n(m[n) + Vout + VD
V;n + V'out + VD
&
VintV,
VS IN"YOUT
/ Iintlout
IS'
It
Ip v+ourt
ICS | >
\ \ _[OUT
ILl
IIN
I
IL2 /\/\ ouT

Fig. 6. SEPIC converter waveform.

The inductor value is evaluated using,

V.. .
le LZZLMXDWLV (10)
IL>< F;w

The voltage gain obtained is given by,

V== v (11)
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The output produced by the converter contains
certain instability and deviations, thus, to remove
these fluctuations and to regulate the converter
performance controller plays a crucial part.
Hence, this paper utilizes WAO optimized PI
controller which is described in the below section.

C. Whale Optimized PI Controller

WOA is a meta-heuristic optimization
algorithm that is developed from the inspiration of

hunting pattern of humpback whales. The hunting
behavior of humpback whales is considered the
most interesting strategy, as they prefer to prey on
swarms or large group of small fish and this
behavior is termed as Bubble-Net Feeding
method, which is detailed in Fig. 7. This method
is exhibited by whales in circular motions or “9”
shaped patterns in which they release specific
bubbles that help them to establish the hunting

process.

NET
U4 ——
‘—'—_.- -~
’><:— rAQ) - !
” h-.a‘--——-___——‘_——
’ 5D ELLIPTICAL PATH
]
\
HUMPBACK
WHALE

Fig. 7. Bubble-Net Feeding method of humpback whales.

The hunting pattern of humpback whales
comprises three main strategies which are

e Encircling Prey

e Bubble-Net Attack

e Searching for prey.
(i) Encircling Prey

During this phase, whales locate the position
of their prey to encircle them, similarly, in search
phase the selected position is encircled as the
finest position. The mathematical representation
of this phase is given as,

A=Y (3)-7 (i) (12)

Y(i+1)=Y" (i)- D.H

(13)

Where, i denotes the present iteration, Y
indicates the present best position vector and Y’
represents the finest position vector respectively.
The vector coefficients D and E are evaluated
using,

1577:2}’2 (14)

D=2d.r1- d

(ii) Bubble-Net Feeding Method

In this phase, two feeding strategies are
exhibited by the humpback whales, which are the
shrinking encircling method and spiral position
updation method. The shrinking method is

(15)

executed by minimizing the value of d whereas,
the spiral method is achieved by upgrading the
position, that is expressed as,

Y (i+1)= F.b, (2zr)+ Y’ (i) (16)

Furthermore, to upgrade the whale position,
50% probability is considered for the above
mentioned two methods which are given as,

zzzf (i)—ﬁ I:I— p<0.5} (17)
F.b,(27r)+Y? (i) p=05

Y(it+1)={

Where, F denotes the finest position
between the whale and the prey.
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(iii) Searching for prey

The search for prey is performed based on the
vector deviations and the best position is selected
on a random basis. The optimal global position is
determined as,

F :‘D.W— Y(z‘)‘ (18)

Y(i+1)=y™ - D.H (19
Where, Y  represents the vector position
randomly selected by the whales. However,
optimization techniques require random solutions
for optimized parameter hence, PI controller is
utilized for attaining parameters tuning for WOA
and to obtain the equivalent objective function .

=

CREATE A RANDOM INITIAL
POPULATIONPOP. FOR THE CONTROL
PARAMETERS

}

[ IDENTIFY THE OBJECTIVE FUNCTION ]

UPDATE POSITION OF CURRENT
SEARCHAGENT BASED ON [17]

UPDATE POSITION OF CURRENT
SEARCHAGENT BASED ON [14]

[ UPDATE POSITION OF CURRENT ]

SEARCHAGENT BASED ON [11]

PRINT]" AND THE CORRESPONDING
FOUR CONTROLLER PARAMETERS

o

D,

Fig. 8. Flowchart of WOA Optimized PI controller.

The search agent is used in WOA for
determining the updated position and these
updated positions are utilized for determining the
objective functions. These steps are looped until
they find the best suitable position and the
flowchart of WOA optimized PI controller is
depicted in Fig. 8. Furthermore, the perfect grid
synchronization is achieved by using a PI
controller, which is detailed below.

181

D. Grid Synchronization

The voltage and frequency points are fed as the
input to the VSI control structure, Nevertheless,
during standalone operating mode, the grid works
using its voltage and frequency, which are later
fed to VSI and this concept is utilized for grid
synchronization ~where voltage point is
interchanged with utility. The control structure of
VSI with voltage points from the grid is shown in
Fig. 9.
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Fig. 9.Grid Synchronization.

The phase-locked loop is utilized for
controlling both the phase angle and frequency
through grid integration. To implement grid
synchronization, SRF-PLL is deployed for which
the reference frequency is fed as the input. In
addition to this, ¢—axis voltage to zero secures

the phase angle to the reference for attaining the
desired frequency. Significantly, during this
process, DG aims to attain similar phase angle and
frequency level of the grid, thus, acquiring new
frequency and phase points respectively and here,
rather than attaining —axis voltage to zero, V,

point is obtained by driving the phase angle
difference to the PI controller. The overall system
ensures effective functioning by providing clean
and consistent supply to meet the grid power
requirements.

IV. RESULTS AND DISCUSSION

The proposed system is validated using the
MATLAB/Simulink implemented and their
obtained results are discussed in this section along
with their comparative analysis, to determine the
performance efficacy of the proposed system.

Table 2
Parameter Specifications
Parameter Specifications
SEPIC Converter
L,L, 4.7 mH
C, 22 uF
Cou 2200 pF
DFIG
No. of Turbines 4
Inertia Constant 0.685Hs
Pairs of Poles 3
Friction Factor 0.01F(pu)
Magnetizing Inductance 2.9mH
Rotor Inductance 0.16mH(pu)
Rotor Resistance 0.016 Q (pu)
Stator Resistance 0.023 Q (pu)
Stator Inductance 0.18mH (pu)
Frequency 50Hz
Line-Line Voltage 415V
Nominal Power 10kW
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%0 WIND SPEED WAVEFORM 3 TORQUE WAVEFORM FROM THE TURBINE (p.u)
‘.E‘ L 05
E20 E
§ :
a g
E10 2
z -1.5

0 - * * * : -2 * * * : -

0 0.05 0.1 015 0.2 025 0.3 0 0.05 a1 015 0.2 025 03
Time (seconds) Time {seconds)

Fig. 10. Wind speed and Torque Waveform.

Fig. 10 represents the wind speed and torque  electrical output. While, torque from the turbine
waveform, where wind speed is constantly reduces gradually below -1 N-m , indicating
maintained at 12 m/s , ensuring consistent and  enhanced conversion of mechanical power into
stable power to DFIG for producing stable electrical power.

DFIG ROTOR SPEED WAVEFORM

2 T T T T T
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Fig. 11. DFIG 1 Performance Waveforms.
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Fig. 11 represents the waveform of DFIG 1,
where the first graph shows the rotor speed which
is fixed at certain speed with limited deviations.
The second and third graph comprises the output
voltage and current waveform, where both
voltage and current display sinusoidal oscillation.
The third graph depicts the pitch angle that

progressively increases and then stabilizes.
Finally, the last graph shows the output voltage of
the DFIG system, which initially fluctuates and
then stabilizes at 600V without any further
variations indicating improved DC supply form
the rectifier.

DFIG ROTOR SPEED WAVEFORM

2 ] |

Speed (rad/s)
T

05

0 0.05 0.1

0.15 02 025 03

Time (seconds)

DFIG OUTPUT VOLTAGE WAVEFORM (p.u)

0 0.05 0.1 0.15 0.2
Time (seconds)
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=

-1000

DFIG OUTPUT CURRENT WAVEFORM (p.u)
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0 0.05 01 0.15 02 0.25 03
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Fig. 12. DFIG 2 Performance waveforms.
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Fig. 12 comprises of five waveforms

showcasing the functional characteristics of DFIG
2 system. The steady rotor speed waveform
depicts consistent performance with reduced
fluctuations. The output voltage and current
waveform show sinusoidal oscillations with
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voltage displaying certain temporary decay. The
pitch angle waveform depicts gradual increase
and later stabilizes. Lastly, the DFIG system
output voltage displays initial deviations with
stable high voltage of 600V, indicating overall
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performance efficiency of DFIG system even
under varying circumstances.
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Fig. 13. Grid and Three-phase inverter waveform.

Fig. 13 represents the grid and inverter
waveform, where the first and second graph
shows the gird voltage and current which are
maintained at fixed voltage ranging below £500
V and current ranging between +12A
respectively. The third graph showcases the
perfect synchronization of voltage and current.
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And the fourth and fifth graph comprises of three
phase inverter voltage waveform with and without
filter, where the inverter waveform with filter
shows consistent and smooth waves. Ensuring
minimized interferences, thus, enhancing the
overall grid performance.
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Fig. 14. Reactive and Real Power Waveform.
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Fig. 14 showcases the reactive and real power,

where both reactive and real power remain fixed
320 VAR and 1.1x10* W. Reactive power

being lesser than real power signifies reduced
power losses with effective system functioning.
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Fig. 15. THD waveform.

Fig. 15 implies the THD waveforms of R,Y
and B phases. In Fig. 15 (a) THD value of 1% is
attained by the R-Phase, indicating the presence
of harmonic distortion, While in Y-Phase as
shown in Fig. 15 (b) THD drops down to 0.88%,
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referring to the slight decrease in harmonic
distortion and finally in Figure 15 (c) In B-Phase
a THD attains a lowest value of 0.68%, ensuring
highly reduced harmonic distortion respectively.
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CONVERTER EFFICIENCY COMPARISON

CONVERTER. EFFICIENCY

Bridgeles: | Interleaved | HighGain | Z-source
Cuk Booast Culc Booat converter
BConverter E ficiency | gz, 9404 B9 96.80% 7%
Comparizon

Fig. 16. Efficiency Comparison.

Fig. 16 denotes the efficiency comparison of
various conventional converters with proposed
converters. The Bridgeless Cuk converter [20]
depicts an efficiency of (95%) , Interleaved Boost
Converter (IBC) [21] attained slightly reduced
efficiency of (94%), Whereas, the High gain Cuk
converter [22] displays the lowest efficiency of

(89%) . Meanwhile, Z-source Boost converter
[23] attained 96.8% , Despite of the fact that, the
proposed converter attained higher efficiency out
of all the conventional converters, indicating the
effectiveness of the proposed system with reduced
losses.
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Fig. 17. Voltage Gain comparison.
Fig. 17 represents the wvoltage gain  efficacy of the proposed converter. The above
comparison, to determine the performance  chart showcases the comparison of two different
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converter voltage gain with proposed converter
voltage gains, from which it is depictable that,
IBC [21] attained a voltage gain of (1.10) , while
Z-source boost converter [23] acquired a voltage
gain of (1.12). When compared to these
converters, proposed converter attained higher
voltage gain of (1.18) respectively, assuring
enhanced system performance. Table 3
demonstrates the comparison of settling time for
various optimized control approaches.

Table 3.Comparison of settling time

Optimization Algorithm Settling Time
MGO-PI [24] 0.18
TLBO-PI [25] 2.4

proposed controller 0.15

THD

| |
4
£ HIBC
¥
5
{3 O Z-source Boost

AR AR AN converter

0O proposed
0.00% 0.20% 0.40% 0.60% 0.80% 1.00%
Z-source Boost
1BC cony erter proposed
THD 0.37% 0.93% 0.63%
Fig. 18. THD comparison.
Fig. 18 indicates the comparison of THD, grid demand. Additionally, WAO optimized PI

where IBC and Z-source Boost converter attained
slightly higher THD of 0.87% and 0.93% when
compared to the proposed DC-DC SEPIC
converter which attained highly reduced THD of
0.68% respectively, indicating improved power
quality with reduced distortions.

V. CONCLUSION

This paper presents a Dual DFIG based WECS
for achieving sustainable energy to meet the
power demand of the grid. The implementation of
SEPIC converter with WAO optimized PI
controller attained enhanced system performance
in terms of higher efficiency and voltage gain.
SEPIC converter effectively raised the voltage
level obtained from the DFIG-WECS, thereby,
producing enough voltage output to satisfy the
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controller produced regulated and stabilized
output, thus, improving the the output power
quality. The outcomes obtained from MATLAB
validate that, this system acquired enhanced
energy conversion with higher efficiency (97%),
voltage gain (1.18) and reduced settling time
(0.15) respectively. Henceforth, the introduced
SEPIC converter with WAO optimized PI
controller shows improved performance leading
to enhanced powerS quality even under varying
wind circumstances.
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