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Abstract: This paper proposed a singdase unified power qualigonditioner (UPQC) integrated by a photovoltaic

(PV) array using a fuzzy logic controller (FLC) in a singlease lowvoltage 220 V50 Hz distribution system to
improve the power quality. The PV array consists of several PV panels with a maximum po&é\éf There are

two proposed circuit configuration models, i.e. URRZ connected to a linear load (LL) and UP®¥ connected

to a nonlinear load (NLL). The proposed singihase UPQEPV is without using a DC link capacitor. The PV system

is then used aa DC voltage source which functions to supply load active power when the source is interrupted and
simultaneously replaces the role of the DC link capacitor to keep the PV output voltage and also the DC link connected
to UPQC so that the value remains dans FLC is used to overcome the weakness of the proporiitegral (PI)

control method in determining the optimum parameters of the proportional constant and integral constant. There are
six disturbances simulations i.e. Operating Mode (OPM)-$4§LL), OPM 2 (SSweltLL), OPM 3 (Sinter-LL),

OPM 4 (SSagNLL), OPM 5 (SSwelFNLL), and OPM 6 (9nter-NLL). In the singlephase system using UPERY/
configuration, OPM 6 disturbance with FLC control is able to result in the lowest load voltage chathgesdme
configuration as the OPM 1 to OPM 6 disturbances, the FLC is able to produce a lower load voltage total harmonics
distortion (THD) and source current THD than the PI control, and has complied withRSEEEmits. In the same
configuration as PHLC control, OPM 4, OPM 5, and OPM 6 disturbances are able to absorb greater load active power
than systems with OPM 1, OPM 2, and OPM 3 disturbances.

Keywords: Power Quality SinglePhase UPQ@®V, FLC, PI, THD.

quality of the source current due to simultaneous
1. Introduction NLLs and sensitive loads has been investigated by a

Apart from being able to produce electric power number of researchers.n [ 31 , It has b
P ) P P 'feedback compthracgl®@Cdiss ngglt

PV generators also produce voltage/currentI inear equival ent (EDSM) et

integration. the presence of slecronic converters, anfl'¢ * MToeinglephase UPQC control model using
g : P ' Kalman filter for regulation of the output value of

the' increase in the number gnd capacn)Nst, source voltage and distorted load current has been
which causes a decrease in power quality. To

. . simulated andested usinga prototype[4]. Single
overcome these disturbances, Ul ‘@@“S?d’ which phase UPQC with smooth switching of series active
functions to compensate for power quafitpblems

in terms of source voltage/load current. UPQC is filters and shunt acte filters harebeen proposed]

combination of serieactivefilters (SeAF) and shunt hle main S\#ItCh g\f/sthe cireult oopl)eLates a_tl_ £ero
activefilter (ShAF)connected in parallel to function voltageswitching ( )was on and the auxiliary

. . switch operahg at zerecurrentswitching (ZCS)
as a superior control over power quality problems

. wasoff. In [6], it has been investigated the operation
simultaneously [12]. The UPQC combl method for I )
controlling the quality of the load voltage and the and ontrol of the Thredeg UPQC (TLUPQC)

using thespace vector modation (SVM) method.
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The control algorithm for generating reference producing higher load voltage, load current, and load
voltage and currentising second order generalized active power than the combination of Q€-PV and
integratorphase locked fmp (SOGHPLL) on single UPQC. A thregphase UPQC control strategy using
phag UPQC has beenvestigated7]. dg0 and SVPWM detectio methods has been
Singlephase UPQC based on adaptive detectiordeveloped18]. This strategywas able to maintain
control using neuroparameters has been observedload voltage stability, maintain sinusoidal source
[8]. The system uskphase detection voltage and currents, and improve the power quality of the
reference current calculated using Instantaneouslistribution network. Improving the quality of power
Reactive Power Theognd wasable to improve the in PV and wind energy (PWE) systems connected
quality of the load voltage and source current everto integrated networks with energy storage systems
though the sine wave contains harmonlaos[9], it (ESS) and electric vehiclesVEhas been studied in
has been investigated drested the onw-three depth[19]. The resultshowedthat the power output
phase UPQC circuit topology in a thypbase fowr  of maxmum power point trackinghotovoltaic
conductor (3P4W) distribution systefor remote  (MPPT-PV) based on FLC produces better
areas with economic considerationbe drawback of  performance than MPPT basedamartificial neural
the variations in the singighase UPQC model and network.
control investigated by [9], is that it is only able to Threephase UPQC to mitigate power quality
mitigate sag/swelbourcevoltages, distortedource  problems in the grid and harmonic systems due to
voltagesNLL currents, and low input power factor. NLLs supported by PV andES systems has been
The proposed system was still not able to maintainobserved[20]. The UPQC control synchronization
the load voltage if an interruption voltage happenedoperation usa a selftuning filter (STF) integrated
at the source bus. with the unit vector generator (UVG) technique. This
An in-depth study on size, stability analysis and methodwas able to provide better control over the
power flow on a distributed generation (DG) systemquality of the load voltage atinbalanced and
in the form of an integrated PV system on UPQCdistorted source voltages compared to the
(3PhUPQGPV) has been carried out0]. Improved  synchronous reference frafelL (SRFPLL)
UPQC performance under various load, source andanethod. The DG system that integrates PV with a
channelconditions has been simulatddil]. Load  singlephase system to a thrphase UPQC (DG
voltage control using a serigsltage sotce Inverter UPQG1PH3PH) has ben observed[21]. PV
(VSI) and source current control using a VSI shuntgenerators @uld inject power into the grid, serving
are able to handle power quality problemslocal loads connected to thhreephase fouwire
simultaneously. A singlephase UPQC control (3P3W) system, and serving rural and remote area
strategy using rtoh filt ers and feedback to suppress customers supplied by a singlbase networkin
DC-link voltage ripple due to lovfrequency [22], it has been implemented a thigmase UPQC
influences has been observgtl2]. Threephase based on a quadrupsetivebridge (QAB). This
UPQC performance supplied by PV, Wind Turbine, topologywasable to maintain load voltage stability,
and Hybrid P¥Wind Turbine combined withattery = maintain singoidal source currents, and improve the
energy storageBES) using FLC in six falt scenarios  power quality of the distribution network.
has been observéti3, 14]. This paper proposed the singlhase UPQC
The implementation of the method on the URQC model integrated with PV using FLC with the
BES supplied by three combinations of renewableMamdani fuzzy inference system (FIS) algorithm. In
energy generatotsder fault conditions of the source contrast to previous studies applied3P3W/3P4W
voltage cutoffcapable of producing an average THD systems 10-22], the combination of UPQC with PV
of load voltage/source current is much smaller thanin this studyis used in a singiphase PV distribution
the Pl methodIn [15], it has been proposed the network, hereinafter referred to as singlease
operation and control of a threem singlephase connected UPQ®V atLL and NLL respectively.
UPQC without a &nsformer using thepace vector Also different frompreviousUPQC configuratiors
pulse width moduladn (SVPWM) method.The [1-22], the proposed singighase UPQC design is
proposed model and control methags able to  without using a DC link capacitor circuit. Therge
overcome the coupling problem caused by the jointcapacity PV is then used as a DC voltage source
arm switch An increase in load active power transfer which functions to supply load power when the
using UPQGPV-BES with Pl and~LC control has  source experiences an interruption voltage
been investigated [18,7]. In case of interruption of Referrng to the problems above, the main
source voltage disconnection, the combination ofcontributions of this research are: (1) Designing a
UPQGPV-BES with this method is capable of single phase UPQ®YV without a DC link capacitor
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connected to LL and NLL in reducing source currentfunctions to supply load power when the source is
THD, maintaining load voltage, reducing load interrupted and simultaneously replaces the role of
voltage THD, and improwg load active power the DC link capacitor circuit to keep the PV output
performance due to disturbance voltages (sag/sweNoltage and at the same time the -Ix@k voltage
and interruption) on the source bus, (2) Validation of connected to the UPQC so that the value is constant.
singlephase UPQ@V connected NLL performance The singlephase UPQC is a combination of a
with singlephase UPQ@V connected LL without singlephaseSeAFand asinglephase ShAFIn this
DC-link capacitor for determining he best study, the singiphase SAF circuit consists of four
configuration in mitigation power quality problems metal oxide semiconductor field effect transistor
for the proposed mode{3) Implementation of the (MOSFET) switches "Yh "Yh"YR)h & ¥  which
FLC with FISMamdani on the ShAF of the single function to inject a compensating voltage to the load
phase UPQ@V without DGIlink to overcome the bus when asag/swelloccurs on the sourcbus
weakness of Pl control in determining proportional Meanwhile, the singlphase ShAEircuit consists of
corstants U and integral constan) , and (4) fourinsulated gate bipolar transistor (IGBT) switches
Validation of FLC with PI control method on single  “Yh "Yh"Yh& & O which function to inject
phase UPQ@V of ShAFcircuit to determine the harmonic compensation current to the solmesdue
best control method in mitigation power quality to the presence MLL. The singlephase UPQ&V
problemsfor the proposed model. system is used to madin the load voltage so that the

This paper isstructured as follows. Section 2 load bus continues to get a more stable active power
presents the proposed methodamodel of a single  supply in the event of an interruption voltage on the
phase UPQ@V without a DClink capacitor  source bus, lowers the THD of the load voltage, and
connected to LL and NLL respectively, simulation simultaneously reduces the THD of the source
parameters, PV generation system, SeAF, and ShAEurrent. The singtphase UPQEPV circuit is located
control, as well as Ptontrd and FLC. Section 3 between the load buses and is connected to the source
presents the results and discussion i.e. load voltagdgus (PCC) via a low voltage distribution line of 220
series voltage, load voltage, source current, shunV and a frequency of 50 Hz. The FLC method is
compensation current, load current, source voltaggroposed to overcome the weakness of Pl control in
THD, load voltage THD, series voltage THD, source proportionalgain 0 and integral gain0

current THD, load currentHD, shunt compensation
current THD, PV output power, and power active
load using FLC validated by a Pl method.
Observation of the results also carried out on the
percentage of voltage sag/swell and interruption
voltage in the proposed circuit using Fland Pl
controls. In this section, two UPQRV
configurations each connected to a LL and NLL
experiencing threeOPMs at the sourcebus are
presented and the results are verified using Matlab
Simulink. Finally, the paper is concludedsaction 4.

2. Researchmethod
2.1Proposed Method

This study aims to improve the power quality
performance of a singlghase UPQC system
supplied by a PV array using FLC control in a single
phase lowvoltage distribution system. The PV array
consists of several PV panels with aximum PV

power of 12 kW each. There are two proposed circuit

configuration modelsj.e. singlephaseUPQGPV
connected to &L andNLL respectively In contrast

to previous studies, the proposed UPQC circuit does

not use a DC linkcapacitor circuit. The Y array is

proposed and used as a DC voltage source that
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The disturbances in two singpdhase UPQ@®V
connected td.L andNLL are described in the six
operating modes (OPMs) below:

a. OPM 1 (SSaglLL), In OPM 1, the system is
connected to a LL andhe sinusoidal source
experiences a 50% sag voltage. The sag voltage is
generated by connecting a 22050 Hz source
voltage in series with the source inductarice
a0, in parallel vith the inductance
component 0 TG 'O, using a circuit
breaker 1 (CBl)with normally open (NO)
condition. The system connected to LL is a static
load with nominal active power 0
p PQw and reactive power( PQwo Y
CB 4is ON andCB 5 is OFF.

b. OPM 2 (SSwellLL): In OPM 2, the system is

connected to LL and the sinusoidal source

experiences a 50% swell voltage. The swell
voltage is generated by connecting a 2280/MHz
source voltage in series with the source inductance

componentd  T#p & 'O, in parallel with a 330

V-50 Hz source voltage via a CB 2 with NO

condition. The system connected to LL is in the

form of a statienominal load of active power
0 ppPQw and reactive powerDd
@ Qw0 'YCB 4 is ON ad CB 5 is OFF.
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Table 1. Abbreviation

Symbol Description

THD Total Harmonics Distortion

UPQC Unified Power Quality Conditioner

SeAF Series Active Filter

ShAF Shunt Active Filter

LEDSM Linear Equivalent Discrete Syster|
Model

ZNVS Zero Voltage Switching

ZCS Zero Current Switching

TL-UPQC ThreeLeg UPQC

SOGHPLL Second Order Generalized
IntegratorPhase Locked Loop

IRPT Instantaneous Reactive Power
Theory

VSI Voltage Source Inverter

BES Battery Energy Storage

DG Distributed Generation

SVPWM Space Vector Pulse Width
Modulation

WE Wind Energy

MPPT Maximum Power Point Tracking

ANN Artificial Neural Networks

STF SeltTuning Filter

uvG Unit Vector Generator

SRFPLL Synchronous Reference Frame
Phase Locked Loop

3P3W ThreePhase Thre&Vire

3P4W ThreePhase FouWire

QAB Quadruple Active Bridge

PV Photovoltaic

Pl Proportional Integral

FLC Fuzzy Logic Controller

FIS Fuzzy Inference System

OPM Operating Mode

PH Phase

UVTG Unit Vector Template Generation

MOSFET Metal Oxide Semiconductor Field
Effect Transistor

IGBT Insulated Gate Bipolar Transistor

c. OPM 3 (Sinter-LL): In OPM 3, the system is
connected to LL andthe sinusoidal source
experiences 100% voltage interruptiomhe
interruption voltage is generated by short
circuiting a 220 W50 Hz source voltage
connected in sere with the inductance
component 0 1@ G O, in parallel through
CB 3with NO condition.The system connected to
LL isin the form of a statimominal load of active
power 0 P PQ® and reactive
power O @ Q0o XCB 4is ON and CB 5 is
OFF.

. OPM 4 (SSagNLL), OPM 4 is the same as OPM

1. The difference is that the system is connected

to a NLL in the form of four diodes which function
asthe switch of four pulses bridge rectifief‘%h
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"Yh"Yih & T¥  connected to a static load with

nominal active 0 p PQ® and reactive
power 0 ©®Qwod XCB 4is OFFand CB 5 is
ON.

e. OPM 5 (SSwelkNLL), OPM 5 is the same as
OPM 2. The difference is that the system
connected to the NLL is a foymulse bridge
rectifier connected to a static load with nominal

acive 0  ppQw and reactive
power U @ Qw0 .XB4isOFFand CB5is
ON.

f. OPM 6 (Sinter-NLL), OPM 6 is the same as
OPM 3. The difference is that the system
connected to the NLL is aod@ir-pulse bridge
rectifier connected to a static load with nominal
active power 0 p PQow and reactive
power 0 Qw6 XCB4is OFFand CB 5 is
ON.

The total simulation time is®i Qwith a
disturbance duration afg i ‘Obtweerr U QU®

O MU Q0

The FLC method is implemented as a DC
voltage control on ShAF to improve the power
quality of the six OPMs and the results are compared
with the PI control. In each OPM, thingle-phase

UPQGPV circuits each use Pl and FLC controls for

a total of 12 OPMs. The results of the analysis were

carried out on the parameters, namely the magnitude

of the source voltage, the magnitude of the load
voltage, the magnitude of the sourcereat, the
magnitude of the load current, the THD of the source
voltage, the THD of the load voltage, the THD of the
source current, the THD of the load current, and the
real power of the load. After all these parameters are
obtained, the next step is totelanine the percentage

of load voltage disturbance and load active power on

the singlephase UPQ@V model connected to

linear/nonlinear loads. The goal is to determine a

singlephase UPQPV circuit model that is capable

of producing the best performaneéh indicators i.e.

lowers source current THD and load voltage THD

and maintains load voltage and load active power at
six OPM faults. Fig. 1 shows a configuration model
of a singlephase UPQ@V system without a DC
link capacitor. Fig. 2 shows the aaipower flow of

a singlephase UPQ@V configuration vthout a DC

link capacitor. Theabbreviations andsimulation

parametersare shownin Table 1 and Appendix

Section respectively.

2.2 Singlephase series active filter control
The unit vector templates generation

(UVTG) method is used as a serial active filter

DOI: 1022266/ijies2023.0630.01
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Source Bus (PCC) r c:SE i Load Bus Rectifier
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) O 90 I YYY 2 I L o
Single Phase +<d v © =
220 V-50 Hz Q3 | |2 | ?
5|8 : I a
o o o I I Sz
(e} (e} (o]
I I
|€ 8 gj - _l » M\ Non-Linear Load
r—- || e
I I g
{4k H ' .
I S, S; S S3 I o
I S; Sy Ve S, Ss I
| 'I '|K' | /W\ Linear Load
e o o —— — —
I Series Active Filter Shunt Active Filter I
L __ _ - % I
| 4 D | R L |
-_ 4 I
I "™ e Rt NI |
| .
I dc-dc Boost Converter PV Array :
| Single Phase UPQC =~ — — — — — — — —
| Suplied by PV r

P A i» Linear/ . . .
: i L on 2.3Singlephase shunt active filter catrol
Single Phase Source TPSe PsnT b 3 LoadL R Load .
Grid Bus. 8 g Lo As part of the UPQC control, SAF control in a
o veone Do singlephase system has been fully describei@4.
3 Veut {\3 3 P-Q theory or power theory at any time, in general, is
3 often used in 3P3W systems and 3P4W systems. This
Series Actiye A Shunt Active theory uses three voltage and current signalscdnu

also be applied to singlghase active filters by
duplicating two voltage and current signals again
with an angle shift of 120°. The basis of this theory is
the division of the power components into mean and
oscillation. Assign phase "a" to the loagrrent of a
singlephase load, and phases "b" and "c" to the

Pey

Figure 2 Active power flow of a singlphase UPQ@PV
system without a DC link capacitor

Sensed additional phases of the doubling technique.
input voltage magnitude .
e S Mathematically, the load current can be expressed as
n o "an . . .
Sensed y, phase | | Fonee” [sin oy o T332y the phase current "a" using Eq. (2). Ifit |§ ﬁssumed
Voltage 'D"K Lok Sniwo X~ voltage :§j§‘§§ that Eq. (1) is the load current ftbre phase "a", Eq.
o

(2) and Eqg. (3) can be used to describe the load

Figure 3 Series active filter control connected to a single current for phases "b" and "c”, respectively.
phase system using the UVTG method

control on a single UPQC connected to a sipjiase Q MCOOEBU  — «y
system [23].

The magnitude value of the peak fundamental v ey e
input voltage w is determined at 220 V. The «Q e G Q8 PG mi2)
singlephase S&F control block is shown in Fig. 3.
0 NCOOED — pcmyld
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Eq. (1), Eqg. (2pand Eg. (3) can be converted into from the DC active power and reactive power
matrices of the form as shown in Eq. (4) and Eq. (5)sectiong25].
for load current and load voltage respectively:

: b0 f
0 0 QO — 0 0 g (13)
Q  p” pg it 4)
Q p” g1 md The average active power is obtained using the
. N parameter from the voltage control. This value
v Y is in the form of intermittent active power which
v P" pCmI (5)  corresponds to resistive losses and UPQC switching
v p” ¢TI losses. Before the signal is reduced to load otirre

_ the threephase active power filter reference current
By using Eg. (6) fofoad current and Eq. (7) for s given in . (14). A pulse width modulation

load voltage, the reference_ current and referenc?pWM) signal is generated using a hysteresis band

voltage can be calculated using the Clarke transforny, 4 reduced threghase current. Only two of the six

method as follows: PWM signals generated by the hysteresis band are
used as hysteresis band inputs for a singl&Bh

P - T
Q T — M_I,I Q p Tt 5
Q =11t — Q (6) —:.YI p |7|6‘ I.’!’
e TR (14)
/I I P Vo -
U g U
0 _ I”’Ip - _\—.I:.I 0 In order to operate properly, a single UPQC must
0 -t 4 “1.0 (77  have a minimum Ddink voltage w  which is
0 1 n U stated in Eqg. (8) [20].
W v ow U .
R L— (15)

According b [24], active and reactive power are 4

respectively expressed as Eq. (8), Eqg. (9), and Eqg.

(10): Using a modulation value (m) of 1 and a phase

to-neutral source voltage of 220 V, thew is
calculated to equal 359.26 V and set at 400 V.

h v vauva (8) Based on Eq(1) to Eg. (14), the authors then
L. . develop the FLC control model on the Shf
n v va ®  circuit comected to a singiphase systerand the

. . .. resuts of which are shown in Fid.

N ) v Q

n b 0 Q 10 54 Fuzzy logic controller design

The two parts that make up the active power and’he FLC method on Shu#F on the UPQEPV
reactive power are the average and oscillating powerircuit begins by determining the UPQC switching

or the DC part and the AC part, respectively. Thelosses A as input variables, to produce a
activepowerand reactive powearestatedn Eq.(11) reference source current on the hysteresis current
and Eq. (12) below control and generate a trigger signal on the active
shunt I@T filter circuit from UPQC with PI 1 and
N Arn (11) Pl 2controlv m& and 0 p& . Using the
same procedur@] s also determined using FLC.
" A N (12) Each FLC block consists of Fuzzification, decision

making (rulebase, database, reasmthanism), and
A |0w_pass ﬁ|ter’ which can remove h|gh defuzzification are shown in Fl@ FIS uses the
frequencies and produce a basic component or Ddlamdani method with mamin for both input and
portion, can be used to determine thef@@ion. Eq.  output variablesFIS conssts of three parts, nhamely
(13) can be used to de sher lulgbasetdatabaseeaned feasemeckanisnyli7l e nt
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Fuzzy Logic
Controller
Vg:, iF;L:)tle Voc-error |__| _ | output
VDCl_;% | _:_@ Variable
DVge [ ¢ [Mechanism),
Vi \ii%s?é ﬁ Vo?t-:ge %:’ p - - .y i i
1 © V| Trans. 70’ I LPFl _Iu> =
(EsghS) e PQ q :p Refg:nce In\?:r)se ity g\yvsl\jlelii(iz :gg
St | aéﬁ”ﬁ)_’[}_q‘ Curent | T;ggfffg;*" Surrent Lo 85
Lol 1ot Hua] current i R -
3Ph iL& rans. iO -
(Eq. 4) (Eq. 6) [ Vi Sensed Load 4 4
Current  lia|ip | I
Figure 4 Active shunt filter control on a singfghase system using the FLC method
g0 M Twelwszeslew' | @ error Yo , as well as otput variatle 1 )
3 in the defuzzification phase.
Eost The value ofi[ is the input variable to obtain
¢ the compensating currerif ) in Eq. (13). During
"o ' : ' : : : : the fuzzification processseveralof input variables
-400 -300 -200 -100 0 100 200 300 400
Membership funcions of input variable are calculated ancbnverted into linguistic variables
Figure 5 Input MFs ofw called memberships functions (MFs). The values of
two input variables and one output variable on the
e ol_me T ows  Z Tes Tem ' ee MFs are divided into seven linguistic variable crips
2 each. The input crips variables used in the seven
Eost ® andYw are NB (egative ), NS
g (negative meidim), NM (negative srall), Z (zero ),
8 4 . . . ; . . ; PS positive snall), PM (ositive melium) and PB
s et of mpuvaatle VL (positive hig). The crips of the two input variables are
Figure 6 Input MFs o6 triangular and tr_ap_ezmdal MI_: with a limit bfstween
400 and 400. Similar to the input crips variable, the
o M T tw s Z s em = output crips variable i) in the form of a
8 triangular and trapezoidal but has #MF limit
EOS i between-100 to 100. The input variable crips and
output variables crips each have the same linguistic
L/ NNV N . variablesMF input® , MF inputY® ,
400 -80 -60 -40 -20 O 20 40 _60 80 100 dan MF OUtpr]r of FLC are presented in Flg 5,
| Memberstp fnctons ofouputvariale P Fig. 6, and Fig.7, respectively After and
Figure 7. Output MFs o[’ Yo areobtained, the two MF inputs are then
converted into linguistic variables and used as input
T Table 2. Fuzzy rule base functions for FLC. Table 2 presents the MF output
+— NB [NM | NS | Z | PS|PM | PB using an inference block with a fuzzy rule basé®f
PB Z ps T Ps | PM | PV | PB | PB Furthermore, the defu22|f|ce}tlon bloc_:k finally
PMI NS z I Ps | Ps | PM I PM | PB operates to change Fhe MF outgﬂt resgltmg from '
PS | NS | NS | Z PS | PS | PM | PM Ilngu‘lstlc variables into numerical _varlables_ again.
Z INMINSINST Z | PS | PS | PM Thenl value then becomes the input variable to
NS INMINMINSINST z | PS| PS control the hysteresis current to puoe a trigger
NM | NB ITNMINMTI NS T NS | Z PS signal to the IGBT at SAF on the UPQC while
NB I NBINBINMINMINS| NS | Z reducing the source current harmonics. Then at the
+ Tecarrith YTecmeres same time, the UVTG control on -@¢- is in charge
of controlling the load voltage to improve the power
The FLC method is used to determine the input quality in a singlephase system from six
variables i.e.Vpc error & and delta \bc ~ predetermined OPMs.

International Journal of Intelligent Engineering and Systems, Vol.16,12623

DOI: 1022266/ijies2023.0630.01



Received: December 13022. Revised: Februa2y, 2023. 8

2.5PercentageSag/Swell and Interruption

VS (volt)

The monitoring of ag/swell and interruption
voltageis validated by IEEE 1159995 [26] This 200- VUV VALY _
regulation provides a table of definitions of voltage 4o, 5. o5 o5
sag/voltage and interruption by category

o

03 035 04 045 05

0.25
Time (Sec)

(instantaneous, instantaneous and transient) typical ,, (@)
duration, and typical magnitude. The author |
proposes the percentage of disturbance, namelys ANMAAAANANAAN e |
sag/swell andlisturbance voltage in E¢16) below g VVVVVVVVY
The ® is selected as B2V.
_4000 0.05 0.1 0.15 02 Tlmue%gec) 03 0.35 04 0.45 05
0Qi 0dkd wo dRO— — . (b)

3. Results anddiscussion

3.1 Simulation result oo : ? i ey
(©

AAARARA

The proposed model is a UPERY combination 6000
connected to a singighase system (egrid) via a
DC link circuit without capacitors. Two UPQRV WW WL‘—.—.—“M
combinations are proposed, namely, URPBXC ' e
connected to a LL and UPQRV connected tolLL. oool— V1
Two singlephase CB$CB 4 and CB 5) are used to Time el
connect and disconnect the UP® circuit in each ‘ @ o
combination. Fault simulation on singbhase e
UPQGPV combinations i.e. OPM 1 {SagLlL),
OPM 2 (SSwelkLL), OPM 3 (Sinter-LL), OPM 4
(S-SagNLL), OPM 5 (SSwelkNLL), and OBV 6
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S
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(S-Inter-NLL). Each UPQGPV combination uses b o Time (Sec)
FLC and is validated by PI control so that a total of (e)
12 OPMs. of T _

By using Matlab Simulink, each model
combination is run according to the proposed OPM

IL (Ampere)
=

to obtan the curve for source voltager ) series v _

voltage ® ), load voltage ®), source current©O), 0% o1 om0z o0& 05 0% 04 08 05
shunt currentO ), andload currentQ). Based on ()

this curve, the magnitude of tlseurce voltagew) Figure 8 Performance on single phase URBZ with
series voltagew ), load voltage @), source current  FLC at OPM 4S-SagNLL): (a)®, (b)® , (c) @, (d)
“0), shuntcurrent O ), and load currentO) is ‘G (e)0,and(f) O

obtained. Furthermore, the values ofO@ |,
YOG ,"YO® , YO, YO , and’YOa the PV output power after the-dc boost converter

are determined based on a number of curves that haydrcuit so the value is the same as thelb& power
been plotted previously. Measurerhenf the because the UPQC circuit does not use capacitors.
magnitude of the voltage parameter, nominal currentMeasurements of PV voltager , PV current’O ),

and THD value for each UPQRV combination, was PV power u ), and load powerv  parameters are
carried out in 3 cycles betweén T& ¢ Q@O carried out in one cyclato T& U ‘Q dbhe total

& § QThe next process is to carry out simulations Simulation time for disturbances at OPM 1 to OPM 6
on a number of proposed cases ttaobcurves and iSO T@i Quith a disturbance duratiobetween
determine the value of PV voltage , PV current O T U Qao 1@ U Qw o

"0 ), and PV powerd ) and their contribution to Fig. 8 shows the performance af, w , w,

changes in load powed . The PV power value is GO and’‘Oon a singlephase UPQ&V connected
system using FLC at OPM 4-&agNLL) conditions.
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Figure 9 Performancef single phase UPQeYV with
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Fig. 9 shows the performance®f ,& ,0,0 ,

0 , andd in the same configuration, control, and
OPM. ©)
Fig. 8 shows that at t=0.15 sec to t=0.35 SeC Of the wp n p A+ AN A4 1.
total simulation duratio® T& U 'Q ¢he source
voltage @ drops 50% from 220 V to 113.3 V. In =
this condition, PV is less able to generate voltage The « Y} . | 5 - |
maximum DC w and only injects a series % o o1 o5 o0z 02 05 03 04 04 05

i i i i i i
0.05 0.1 0.15 0.2 0.3 035 04 045 0.5

0.25
Time (Sec)

~
(=)

IL (Ampere)
(=}

compensation voltageo of 104.7 V through the T(.;;csm

series transformer on @¢. So that in the OPM 4 Figure 10 Performance on single phase URRZ with
period, the load voltagew on a singlephase FLC at OPM 5S-SwelkNLL): (a)w, (b) ® , (c) ®,
system slightly decreased by 218 V. The decrease in (d)"Q ()0, and(f) ©

load voltage @ eventually also caused the load

current ‘O to slightly decrease to 46.10 A. On the the same as the PV voltage of 186.4 V. PV
other hand, at the same OPM, the singiase generator capable of generating PV output pdwer
UPQGPV configuration is capable of injecting a and delivering PV'O output current of
shunt compensating curre®® of 23.12 A and a 70940 W ad 450.8 A respectively. In OPMhe
THD of 0.31% in the opposite phaslirection so as  configuration and contl methods are the same, Fig.
to reduce theTHD of the source currentO to 9 also shows that the value of the P\fput power
0.47 % compared to the load current THD of 0 equals DC powerd and is capable of
18.48%. In OPM, configuration ancbntrol method  delivering 4921 W of 0 load power.

is the same, Fi@ shows that because the system does  Fig. 10 shows the performance @f, ® , @,

not use D@ink capacitors, the DC voltageo s "Q "0 andOon a singlephase UPQEPV connected
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Figure 11 Performanceab ,w ,O,0 h0 andy 60 ,
of single phase UPQ€V with FLC on OPM 5 40 .
(S-SwelkNLL) ";g’
=
X .
system using FLC at OPM 5 {SwelFNLL) -

I I I 1
03 035 04 0.45

i
0.2
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conditions. Fig 11 shows the performance of o5 55
® ,® ,0,0 ,0 ,andd on the same et
configuration, control, and OPM. % (,e)

Fig. 10 shows that ab T U Qéo © w0
m& i Qabthe total duration of the simulatian £
™ i ‘(e source voltagew increases 50% from =,
220 V to 320.9 V. In this condition, PV is aldie 40 _ : ;
generate DC voltagesy ~maximum and able to ™ 9% o1 @@ 0z _g@ o5 0% os o6 05
inject series compensated voltage with an ®

opposite phase of 99.14 V through series transformerFigure 12 Performance on single phase URRC with
on SeAF. So that in the OPM 5 period, the load FLC at OPM §S-Inter-NLL): (8) &, (b)® , (c) &, (d)
voltage @ on the singlgphase system increased Q(e)0 , and(f) 'O

slightly by 221.8 V. The increase in load voltage _
eventually also caused the load currei@ to  Same, Figll shovv_s that because the system does not
slightly increase to 46.87 A. On the other hand, at the!S€ DGlink capacitors, the DC voltages  is the
same OPM, the singlghase UPQ®V same as the PV voltageo .of 172.8 V. PV
configuration is capable of injecting a shunt 9énerator capable of generating PV output power
compensatig current 'O of 23.53 Aanda THDof U  and flowing PV 'O output current of 71780
0.26% in the opposite phase direction so as to reduc¥/ and 602.6 A, respectively. Fid1 also shows that
the THD of the source currentO to 0.03 % the value of PV output poweb s the same as
compared to the load current THID of 18.79%. At DCpower b and capable of delivering  load
OPM, theconfiguration and aatrol method is the ~POWer of 5088 W.
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Table 3. Magnitude of voltage and current using single phase WaQlied by PV

Source Load Source Load Series Shunt Load Voltage
OPMs Voltage Voltage Current Current Voltage Current Disturb
Tv T ™ T h = L = TvaT M = T vaoRY
Proportional Integral Controller

1 113.2 217.9 3486 45.71 104.48 -23.12 0.95

2 320.9 221.8 3321 46.51 99.17 -23.53 0.82

3 66.22 218.3 6661 45.75 152.40 -22.91 0.77

4 113.3 218.0 3483 46.10 104.70 -23.12 0.91

5 320.9 221.8 3320 46.87 99.17 -23.53 0.82

6 66.21 218.3 6664 46.16 152.4 -22.92 0.77

Fuzzy Logic Controller

1 113.2 217.9 3486 45.71 104.7 -23.12 0.95

2 320.9 221.8 3321 46.51 99.14 -23.53 0.82

3 66.22 218.5 6661 45.79 152.6 -22.89 0.68

4 113.3 218.0 3483 46.10 104.7 -23.12 0.91

5 320.9 221.8 3320 46.87 99.14 -23.53 0.82

6 66.21 218.5 6664 46.20 152.6 -22.90 0.68
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(d)

and0

of single phase UPQ®V with FLC on OPM 6

(SInter-NLL)

Fig. 12 shows the performance ®f, ® , @,

0, 0 and™O on a UPQCGPV connected single

phase system using FLC at OPM 6I|(183r-NLL)
Fig. 13 shows the performancedwf ,® ,O0,0 ,

0
OPM
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, andd on the same configuration, control and

Fig. 12 shows thad T U Q@d T U Qo
of the total duration of the simulatidn T™®i Q ®
the source voltagen drops from 220 V to 66.21 V.

In this condition, the PV is able to maintain the DC
voltage and is able to inject series
compensated voltaged  with an opposit@hase of
152.6 V through a series transformer onAFe So
that in the OPM 6 period, the load voltage on a
singlephase system slightly decreased by 218.5 V.
The decrease in load voltage ) eventually also
caused the load currer© to slightly decrease to
46.20 A. On the other hand, at the same OPM, the
singlephase UPQ@V configuration is capable of
injecting a shunt compensating curreffd of
22.99 A and a THD of 3.07% in the opposite phase
direction so as to reduce the THD of theurce
current 'O to 0.01 % compared to the load current
THD O of 18.36%. In OPMthe configuration and
control method is the same, Fig. 13 shows that
because the system does not useliDKcapacitors,
the DC voltagew is the same as the PV voltage
w 0f249.8V. PV generator capable of generating
PV output power 0  and flowing PV output
current 'O of 75580 W and 363.6 A, respectively.
Fig. 13 also shows that the value of PV output power
0 isthesame as DC powed  and capable of
delivering load powerd of 5928 W.

Using the same procedure, all parameter values
w,n ,®,00, e and THD values are
presented in Table 3 and Table 4 respectively. The
values of ,® ,O,0 hO and0 in The
different OPM and singphase UPQ@®V
configurations respectively using the Pl and FS
control methods artilly preseted in full in Table 5.
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