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Abstract: In this project Fuzzy based Unified power quality conditioner for power quality improvement
is presented. Unified power quality conditioner is a compensating device which is made for mitigation
of all power quality problems together. This device will reduce harmonics which affects the quality of
power. Unified power quality conditioner is the combinations of series active power filter and shunt
active power filter which are joined back to back by a common DC link through capacitor. The
performance of the filters mainly depends on its control strategy. A Fuzzy Logic Controller (FLC) is
based on fuzzy sets and fuzzy rules with their membership functions of inputs and outputs. In this paper
control technique is used for series active power filter and shunt active power filter is synchronous
Reference frame (SRF) and instantaneous PQ (IPQ) used to compensate power quality problems by a
three phase unified power quality conditioner under imbalanced and distorted load conditions. This
paper accentuates improvement of power quality by using Unified power quality conditioner with
proportional integral controller and fuzzy logic controller and comparing it with & without
compensating devices. The performance and behavior of the proposed controllers has been evaluated
through MATLAB/SIMULINK.

Keywords- Active filter, dual control strategy, power conditioning, three-phase distribution systems,
unified power quality conditioner (UPQC), Fuzzy Logic Controller.

I. INTRODUCTION

In recent years, many researchers give
attention to solving power quality problems.
These problems are appeared due to usage of
reactive loads and non-linear loads. This load
creates reactive power burden and harmonic
problem. This harmonic pollution degrades the
quality of power at transmission side as well as
distribution side [1-2]. In literature, many papers
have addressed these issues and have proposed
the compensating devices for eliminating this
problem. Usually passive filters are used to

eliminate harmonics because of low cost
and high efficiency.

However, this filters produce resonance
with supply frequency therefore active filters are
used for suppressing harmonics. The harmonics
makes many undesirable effects such as
increased heating losses in transformer, poor
power factor, malfunction of medical
equipments, and torque pulsation of motors.
Power quality problems can be overcome, in
real time, through the utilization of ‘“custom
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power devices”’(CPD) [3-4].The most
commonly used CPD is unified power quality
controller(UPQC), which is composed by two
power converters that are connected in series
and in shunt and sharing common dc voltage. A
shunt converter (also known as the shunt active
filter) acts as a harmonic compensator and
injects the current in anti-phase with the
distortion components present in the line current
so that a balanced sinusoidal current flows
through the feeder [5].

A series converter is responsible to
compensate the major power quality problems
related and with the voltage delivered to the
load remain regulated and with low harmonic
distortion. The required rating of series active
filter is much smaller than that of a conventional
shunt active filter [6]. Controllers are the most
significant part of the UPQC and currently
various control strategies are proposed by many
researchers. Here, reference current and voltage
extraction from the distorted mains is by
modified  synchronous
technique.  Fuzzy [7-8] logic  control
methodology has been demonstrated to allow
solving uncertain and vague problems. In this
paper fuzzy logic controller is wused for
generation of switching pulses for PWM
controllers. The advantage of using fuzzy

reference frame

system 1s simplicity, case of application,
flexibility, speed and ability to deal with
imprecision and uncertainties.

In order to compensate the current
related problems such as load wunbalance
compensation, reactive power compensation ,
current harmonic filter shunt active power
filters(APF) are used and to compensate voltage
related problems such as voltage sag, voltage
swell, harmonics etc series active power

www.ijiemr.org

filters(APF) are used. Unified power quality
conditioner (UPQC) [9-10] aims at integrating
both shunt and series active power filters (APF)
through a common dc link capacitor.
Constructions wise both unified power quality
conditioner (UPQC) and unified power flow
controller (UPFC) both are similar. Unified
power quality conditioner (UPQC) aims at [11-
12] conditioning the power supply by
eliminating the disturbances that adversely
affect the performance of the load in power
system. Unified power quality conditioner
(UPQC) is used to improve the quality of power
on power distribution system at the point of
installation.

The FC is based on linguistic variable set theory
and does not require a mathematical model.
Generally, the input variables are error and rate
of change of error. If the error is coarse, the FC
provides coarse tuning to the output variable
and if the error is fine, it provides fine tuning to
the output variable [13].

In the normal operation of UPQC, the
control circuitry of shunt APF calculates the
compensating current for the current harmonics
and the reactive power compensation. In the
conventional methods, the DC link capacitor
voltage [14] is sensed and is compared with a
reference value. The error signal thus derived is
processed in a controller.

I1. UPQC TOPOLOGY DESCRIPTION

The UPQC topology employed to
implement the dual compensation strategy
presented in this paper is shown in Fig.1.It
comprises both three-leg (3-Leg) and four-leg
(4-Leg) PWM converters sharing the same dc-
link.

The UPQC is connected between a
3P3W power supply distribution system and a
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3P4AW plant site composed of several types of
three-phase and single-phase loads. It is
assumed that the single-phase loads use the
neutral conductor to operate. In this case, a
3P4W distribution system is necessary, which is
composed of three power conductors and a
neutral conductor to feed the loads. Thus, as can
be noted in the UPQC-based 3P4 Distribution
system shown in Fig.1, the neutral current flows
through the wire conductor connected to the
fourth leg of the shunt 4-Leg PWM converter.

The 4-Leg PWM converter was chosen
to act as the shunt APF, because it is able to
operate with lower DC-link voltage amplitude
when compared to the 3-Leg PWM split-
capacitor topology. In addition, the 3-Leg split
capacitor topology requires an additional control
loop to compensate its inherent dc-link capacitor
voltage unbalances. Although the 4-Leg
converter has a greater number of switches, the
power rating of the devices that compose its
fourth leg is reduced, because the current that
flows through the neutral conductor in most
cases is low.
a) Dual Compensation Principle

In order to make the input currents
sinusoidal, balanced and in phase with the utility
voltages, in the dual compensating strategy, the
series PWM converter is controlled to operate as
a sinusoidal current source. In this case, its
impedance must be high enough to isolate the
harmonic currents generated by the nonlinear
loads. On the other hand, the parallel PWM
converter also makes the output voltages
sinusoidal, balanced, regulated and in phase
with the utility voltages. In other words, it is
controlled to operate as a sinusoidal voltage
source, such that its impedance must be

sufficiently low to absorb the load harmonic

currents.
Uy (P3W)

de-fink

RZIIiis

Parallel PWM Converter

Series PWM Converter
Fig.1. 3P4W distribution system based on
UPQC topology connected to 3P3W power
system
Since the series and parallel converters
have high and low impedances, respectively, the

load harmonic currents flow naturally through
the parallel Furthermore,
compensation for load unbalances is ensured by
controlling the series converter to follow
sinusoidal and balanced references so that the
negative and zero sequence components are
compensated. Finally, the fundamental reactive
power compensation is ensured by controlling
the series converter current references to be in

converter.

phase with the utility voltages.

On the other hand, the utility harmonic
voltages and wunbalances are compensated
ensuring that the controlled output voltages
follow sinusoidal and balanced references such
that the amplitude differences between the input
and output voltages will appear across the series
coupling transformers, meaning that any utility
voltage disturbances are naturally compensated.
This makes the dual compensating strategy
more attractive than the conventional strategy,
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considering that the load is less affected by the
occurrence of grid voltage disturbances, such as
voltage sags. This is possible because, different
from the conventional strategy in which the
series converter controls the output voltages, in
the dual compensating strategy this task is
entirely assumed by the parallel converter.
III. MODELING OF SERIES AND
PARALLEL CONVERTERS

The modeling of the series and parallel
PWM converters are presented in this section. In
addition, the voltage and current controllers
implemented in the SRF (dq0 axes) are
discussed.
a) Series Converter Modeling

The state-space system and the transfer
functions of the series converter in the dq axes
are obtained based on a mathematical model.
The modeling is accomplished considering that
all involved inductances and resistances are
identical, as follows: Lg, = Lga = Lga = Ly =
L = Lfs and Rgy =Rgp = Rise = Ris. By means
of Fig.1, the equations that represent the system
are given by (1) and (2)

lsab PWM = Vg, T Uy, T Y00 = VR ~ Ul (1)
[ i = I Ma =10 =1
Uy = U, 708, UG -, - o
Where ug,, PWM and ug. PWM are the
respective PWM voltages at the 3-Leg series
converter terminals considering the voltages of
the PWM series converter in the dq axes
(usd_PWM and uy, PWM), the state-space
equation is given by

[h('

~i'.\(|q (’) = ‘4>(]q"'>llq (’) + Bsdq“sdq (l) + F\ll(]“',\(lq ([)
3)
Where
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diml .
: dt isd tsd_PWM
Tsdq (8) = 3 slia =] 2| 5 thdy=
g LF-T:,:(‘ e l5q ] e Usqg PWM

dt

[_ B

il
1 1 0
B = g7 [6 9]
B - ; —1 0
sdq 3le, 0 —1

Thereby, based on (3), the series
converter average model represented as a signal
flow graph is shown in the dotted area of Fig.2
(a). In addition, the current controller into the dg
axes is also shown, where Gs(Pl)d and Gs(Pl)g
represent the transfer functions of the PI current
controllers; Dy and Dgq are the duty cycles; Ve
is the dc-bus voltage; and KPWM is the gain of
the PWM modulator given by KPWM =
1/PPWM [31],where PPWM is the peak value
of the PWM triangular carrier implemented in
the digital signal processor (DSP). The current
coupling between the dg axes, shown in the
average model of Fig.2 (a), is eliminated by
using the scheme presented in Fig. 2(b), where
the dotted blocks represent the decoupling
effects implemented in the block diagram shown
in Fig. 2(a).

Thus, based on Fig.2 (a), the transfer
functions of the closed loop system can be
represented by (4), where Kpggyand Kigg g
are the proportional and integral controller

gains, andig .y represents the continuous
current references in the dg coordinates
iS(:ﬁq} (SJ Xl (Kps(d‘q)s T Kli.s((f.q))

i50g) (8)  Lpss*+ (Rps 4 XiKpya)) 84 XiKi

RNC)
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Where X1 = KPWMVdc
b) Parallel Converter Modeling

The state-space system and the transfer
functions of the parallel converter in the dqO
axes are obtained based on a mathematical
model. The modeling 1is accomplished
considering that all involved inductances,
resistances and capacitances are identical, as
follows: pra = prb = prc = prn = pr, pra :prb

Where i;,, i, and 1. are the currents of the
inductors, and ica, icb, and icc are the output
currents of the parallel converter.

Considering the PWM converter voltages of the
parallel synchronous rotating frame the state-
space equation is found as

(tpd PW Upg PWN, and Uy W),

jf;)dql) (” = A;)dq()?rpdq(l (” T Bpth{)“pdq(l (f)

= Ripe = Ripn = Ryp, and ?fpa = Cipp = Cfpf = Crp. -I-Fpllqn Wpdqp (f) (11)
By means of Fig.1, the equations that
represent the system are given by (5), (6), and Where
7) as follows: vor o die o i din o dn | !
7 , " . . d.ljd dl-jq (hi(] dl.-Ld d"-'Lq (h,]_{)
pan_PWM fpa * ta T Lipa il La T Lipn i d{ dl d’, (H d{ d{
+Rep i ) T . I
e ®) Tpdgo (£) = |:Eil| liq %i0 VLd VLq '*--Lu]
) (’l‘-b di'.l .
Upbn PWM = prh “lip T Lf;pbj + ULy prud_{l Upd _PWM 14
5 " Updqo | Upg PWM | » Wpdqo | EC,
Thpn  len (6) Upo_PWM i('fp .
g di, iy By o 1t 0 o |
Uyen PWM = Ripr'lu h Lfrr?;( Tt an?{!’l 7;:{]) 1;"“ o iﬁ B LL o
+Re 4 0 0 R‘}’ 0 0 —- 17
fpu * den (7) Apao — ) Ly AL+,
— 0] 0] 0] w 0]
Where tpsn PWM, uppn PWM, and upen PWM D SN
are the respective PWM voltages at the o (:;‘ 1 o o o
Crp i
terminals a, b, and ¢ of the 4-Leg parallel ) _— _
converter. Lyg, o 0
. ) ) 1
The capacitor currents of the output filters (icfpa, 0 T 0
. P ;
ictp b handicap ) are given by Bpaago = | g 0 5 ;
) {Tf‘t.-‘]_a . . 0 0 Um
iCp, = Chpa ] = tia T lea 0 0o o
at ®) L0 0O 0
dupy
ff|,|, Cfph 1 b — Yeh
t )
i.’h.-'L(u
Crpe — “ipc ] = Yic — U
(10)
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Parallel Converter Average Model

iy ij LIP m.l,,q ru,l,f‘,j,q i pr L H? I.W,dw.L folid

0Cprig

i
Qe

Q Upd pwm m,(" V1

4Rp 4Ly

v

0

Fig.2. Parallel converter: (a) signal flow graph
of the voltage controllers and average model;
(b) model of the uncoupled system in SRF dq0

axes.
[0 0 0
0 0 0
0 0 0
1
— 0 0
-F‘p dgO — Cfp
0 = 0
Cfp 1
0 0 —
Ctp E

Thereby, based on (11), the parallel
converter average model represented as a signal
flow graph is shown in the dotted area of Fig.3
(a). In addition, the voltage and current
controllers into thedq( axes are presented.

Where GpPlv (d), GpPlv (g), and pPlv
(0) represent the transfer functions of the PI
voltage controllers (outer loops); GpPi (d), GpPi
(¢), and GpPi (0) are the transfer functions of
the proportional current controllers (inner
loops); and Dpd, Dpq, and DpO are the duty
cycles. The current and voltage coupling
between the dg axes shown in the average
model of Fig.3 (a) is eliminated by using the
scheme presented in Fig.3 (b), where the dotted

www.ijiemr.org

blocks represent the decoupling effects, which
are implemented in the block diagram shown in
Fig.3 (a).

Thus, based on Fig.3(a), the transfer
functions of the closed-loop system can be
represented by (3.12) and (13), where Kpp(d,q),
Kip(d,q), and Kip(0) are the proportional and
integral gains of the controllers (outer voltage
control loop), KpPIl(d,g)and KpPI(0) are the
proportional gains (inner current-control loop),
and vZ(d,q,O)(S)
continuousvoltage references in the dq0
coordinates.

The currents of the filter capacitors

represents the

icfp(d,q,0) shown in Fig.3(a) are estimated
considering the derivatives of the measured
output voltages (vLa,b,c)and the respective
capacitances(Cfpa,b,c)

wegl)  KyagstSeget g

i  Tiag g +hags+ Yy

(12)
UL(0) (s) - Xl[ur‘?j + X:(ujr‘i' + X.’{(u}
Ui 0) (s) Vi) +Yoq)s* + Yy0)s + Yiqo) (13)
IV. STABILITY ANALYSIS OF THE

SYSTEM

The stability study of the UPQC system,
which involves the series and parallel
converters. The aim of this study was to verify
the ability of the system to remain stable even
under load disturbances.
a) Series APF

Considering the signal flow graph of the
current controller and the series converter
average model shown in Fig.2 (a), the closed-
loop transfer function in the d-q coordinates can
be represented by (4). Thereby, the stability
analysis of the series converter involves only the
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second-order denominator (Ai) of (4). By Xi(dg.00 = KpwmVacCrp Kpp1
applying the Routh—Hurwitz stability criterion,
the necessary and sufficient condition for
ensuring the series converter stability is that all X3(d.0.0) = Ya(d,q.0) = Kpwn Ve Kpp1 K,
the coefficients of A must have the same sign. Yi(d.q0 = CipLsp

As can be noted, all the coefficients are positive,

Xo(d,q,00 = KpwmVacKpp1Kp,

) i . Y. = Ci, (Kpwwn Vi Kppr + R
meaning that the series converter control is 2(d:a.0) b (KewVacKper + Riy)

always stable. In addition, load transients only Y304.4.00 = KpwnVacKppi1Kp, + 1.

affect the generation of the series current |

references. Therefore, since the reference 1 1 O
Ity

currents are always sinusoidal, it is possible to
assume that the series converter remains acting

as a sinusoidal current source even when load
transients occur.
b) Parallel APF

Considering the signal flow graph of the
voltage controllers and the parallel converter
average model shown in Fig.3 (a), the closed-

loop transfer functions in the dqO coordinates Fig.3. Parallel converter equivalent model used
can be represented by (12) and (13). to stability analysis for thedqO voltage control
Considering that the PI controller gains KpPI = IOQPS

KpPI(d,q) = KpPI(0)/4,Kpp = Kpp(d,q) =
Kpp(0), and Kip = Kip(d,q) = Kip(0),the same
transfer function is obtained for each control
loop implemented in the d, q, and O coordinates
as given by (14), allowing the study of the
voltage control loops by means of a unique
transfer function Gv (s). In addition, it is
assumed that the individual control loops in the
dqO coordinates are obtained taking into account
the coupling effects between the d-q coordinates

Via|VLb| Ve al 1ip| iic] Vaf ‘I"xa Vb Vsdf
- D Vaf @ ), Ve

~ Sin - sing ¢ 3 |
abe | dq0 cosf PLL) ‘abe | dq0l cos@ | PLL \vpr| STF | Vg [abe | af |
k. k& § i 1 J

1d| Vig|V10 il | ig) i
—PI

Vid
*
Vo=
UL(d.q.0) (5) _'N}_@ ¥
.

shown in Fig.3.

Parallel [

5 .
Gy (s) = E | Weomvrel <
: TT* (5) P ILg~lsq ettt
L{d.q0) \ . o,
o ot 5 udl - ED—9—
_ (1K) X100 + Xn(d 008 + X3(.0.0)] it =Tod
Yi(a.0.0)8* + Ya(a0.08 + Ya(a 0,005 + Yaa.q0)
(14) Fig.4. Signal flow graphs of the reference
Where generation and control scheme of both series
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and parallel PWM converters: (a) reference
current generation and the input current
controllers; (b) output voltage controllers.

However, it is not possible to analyze
how the load current transients will interfere in
the controls of the UPQC output voltages only
by using the transfer function Gv (s). Thus,
Fig.4presents the block diagram, which is based
on the control loops shown in Fig.3 (a), as well
as the aforementioned considerations. Thus, the
load current (iL) is considered as an input of the
system, whereas the voltage (vL) is the output.
In addition, in order to obtain an adequate
representation of the system, the source current
(is) 1s calculated from both the output
voltage(vL) and input voltage (vs), taking into
account the leakage inductances and resistances
of the series coupling transformers (Ldt and Rt),
as well as the grid equivalent inductances(Lg).
Thereby, from Fig. 3.4, the closed-loop transfer
function Giv(s) = vL (d, q, 0) (s) /iL (d, g, 0) (s)
can be obtained by (15).By applying the Routh—
Hurwitz stability criterion, two conditions must
be met: 1) all the polynomial coefficients of the
denominator must have the same sign and 2) the
inequalityY2Y3 > Y1Y4 must be respected.
Therefore, by inspecting the denominator of
(15), the first condition is always met. On the
other hand, the second condition can be met by
adjusting the PI controller gains. Thus, taking
into account the aforementioned conditions, the
system will always be stable, even when load
transients occur

Xlsj T XQS T X;;

he+ st +Ys+Y
(15)

“ (s S
6(o)= .LW)( ) _

U(dg0) 5

www.ijiemr.org
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Fig.5. UPQC implementation
V. CONTROL REFERENCES OF THE

SERIES AND PARALLEL CONVERTERS

The strategies used to generate the
sinusoidal reference quantities used to control
the series and the parallel converters are
presented. As aforementioned, both the current
and voltage control references are controlled to
be in phase with the utility voltages. Since the
controlled voltages and currents are sinusoidal
quantities, a significant advantage is attained
when the dual compensating strategy is
compared with the conventional strategy, whose
controlled quantities are always non-sinusoidal.
This advantage is highlighted mainly because
the control references into the SRF-based
controllers are continuous, leading to reduced
errors in the steady state of the PI controllers.
a) Series Converter Reference Currents

The current-control loop of the series
converter is shown in the signal flow graph of
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Fig.5 (a). The continuous reference current in
the SRF direct axis d is defined byi;,, which is
able to make the serial converter synthesize the
sinusoidal input currents (isa, isb, isc). As can
be noted, the three-dimensional space vector
modulation (3-D-SVM) technique is used in the
series converter.

The reference currenti;; is obtained by
measuring the load currents (iLa, iLb, iLc) and
converting them to the rotating reference frame.
Thus, the direct current (id) is achieved by
means of (16) and (17), whereas the utility
phase-angle 0 used to calculate the coordinates
of the unit vectors sin 6 and cos 0, is obtained
from the three-phase PLL system. Next, a low-
pass filter (LPF) is employed to obtain the direct
component (idg.), which represents, in the SRF,
the active portions of the load currents (ira, irp,
irc). In other words, id4. represents the positive
sequence components of the load currents

-1 _1 _E -
2 2
Lo 9 \/ﬁ \/i I'La
|l =\z|0 ———1 |
io 3 2 2 i
1 1 1 ‘
V2 v2 V2 (16)

i = l1,co8f + igsinf

A7)

The control of the power balance flow
through the UPQC must be taking into account
in order to maintain the dc-bus voltage constant.
Thereby, the final reference currentiy; is
calculated byusing (18), where i4. 1s added to
igde- Thus, igc represents the control action of the
dc-bus voltage controller that compensates the
inherent losses of the filter elements and
semiconductor devices. In addition, i4. controls
the balance of the power flow through the
UPQC when different amplitudes between the

www.ijiemr.org

input voltages (Vs, Vs, Vsc) and output voltages
(VLas VLb» VLc) OCCUL.

.* _— . .
i 7 ?lli —I_ !'”r,;h (18)

',"r:t

The reference current of the quadrature
axisis, and ig, areset to zero since the series
converter synthesizes only positive sequence
components (active currents), such that
sinusoidal and balanced currents are achieved.
b) Parallel Converter Reference Voltages

The voltage control loop of the parallel
converter i1s shown in the signal flow graph of
Fig.5 (b). The reference voltage in the SRF
direct axis d is defined byv; . Its constant and
continuousvalue represents the ac voltages (vLa,
vLb, vLc) provided to theload. The reference
voltages of the quadrature axis q vj andv;, are
set to zero since sinusoidal and balanced
voltages aredesirable. As can be noted, the 3-D-
SVM technique is employed in the parallel
converter.

VI. FUZZY LOGIC CONTROLLER

The Fuzzy control is a methodology to
represent and implement a (smart) human’s
knowledge about how to control a system. A
fuzzy controller is shown in Figure.6. The fuzzy
controller has several components:

e A rule base that determines on how to

perform control

e Fuzzification that transforms the

numeric inputs so that the inference
mechanisms can understand.

e The inference  mechanism  uses
information about the current inputs and
decides the rules that are suitable in the
current  situation and can form
conclusion about system input.
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e Defuzzification is opposite of
Fuzzification = which  converts the
conclusions reached by inference
mechanism into numeric input for the

plant.
Fuzzy controller
. Inference | | .~
Reference mput || % bl mechanism : Inputs Qutputs
1) F g \
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— % R o Process >
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| [Rule-base| | ©

Fig.6 Fuzzy Control System

Fuzzy logic is a form of logic that is the
extension of boolean logic, which incorporates
partial values of truth. Instead of sentences
being "completely true" or "completely false,"
they are assigned a value that represents their
degree of truth. In fuzzy systems, values are
indicated by a number (called a truth value) in
the range from O to 1, where 0.0 represents
absolute false and 1.0 represents absolute truth.
Fuzzification is the generalization of any theory
from discrete to continuous. Fuzzy logic is
important to artificial intelligence because they
allow computers to answer ‘to a certain degree’
as opposed to in one extreme or the other. In
this sense, computers are allowed to think more
'human-like' since almost nothing in our
perception is extreme, but is true only to a
certain degree.

www.ijiemr.org

Table 1: IF-THEN rules for fuzzy inference
system

e(f)

u(t) NB [NM NS [ZO [PS |PM |PB
NB [NB [NB [NB [NB [NM NS |Z0
NM [NB |[NB [NB [NM|NS |ZO |PS
NS [NB [NB [NM[NS [NS [PS [PS
Me(t)  {Z0O [NB [NM [NS |ZO [ZO |PM [PM
PS [NM NS [ZO [PS |PS |PB |PB
PM NS [ZO [PS [PM |PM |PB |PB
PB |70 |PS {PM [PB |PB |PB |PB

The fuzzy rule base can be read as follows
IF e(t) is NB and Ae(t) is NB THEN u(t) is NB
IF e(t) is <negative big> and Ae(t) is <negative
big>THEN u(t) is <negative big>.

VII. MATLAB/SIMULINK RESULTS

Fig.7 MATLAB/SIMULINK circuit for UPQC
currents for unbalanced three-phase load
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currents and voltages of phase “a” of the UPQC
for the unbalanced three-phase load (2) (20
A/div, 100 V/div, 5 ms/div): load currents (iLa,
iLb, iL.c); currents of phase “a”: load iLa,

UPQC currents for
three phase loads

parallel
Converter ica, and source isa; voltages and
currents of phase “a”: load current iLa, source
current isa, utility voltage vsa, and load voltage
vLa, (c) UPQC currents for three-phase load (1)
——> Time (2.5 ms/div): load currents (iLa, iLb, iL.c) (5

A/div), source-compensated currents (isa, isb,

—

- isc) (10 A/div), parallel converter currents(ica,
7] . . .
| BT icb, icc) (10 A/div).
E ] .
8 3 (o] _ —_
& = w
X 32
23 g8
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3 Q
—— > Time ﬂ
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Il
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—— > Time
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Fig.8.(a) UPQC currents for unbalanced three-
phase load (1) (20 A/div, 5 ms/div): load
currents (iLa, iLb, iLc)and iLn, compensated
source currents (isa, isb, isc), and currents of the C——> Time

parallel converter (ica, icb, icc)and icn; (b)
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s g 2 three-phase load (1): (a) utility voltages (vsa,
§53 vsb, vsc) (50 V/div, 2.5 ms/div), load voltages
5 (vLa, vLb, vsL) (50 V/div, 2.5 ms/div), and
ﬁ series compensating voltages (vca, vcb and vee)
e Tre (50 V/div, 2.5 ms/div); (b) utility voltages (vsa,
vsb, vsc) (50 V/div, 2.5 ms/div), load voltages
= (vLa, vLb, vsL) (50 V/div, 2.5 ms/div), and
g é’h ” series compensating voltages (vca, veb and vece)
28 (50 V/div,2.5 ms/div)
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Fig.10 MATLAB/SIMULINK circuit for
Voltages and current of the UPQC for the
unbalanced three-phase load
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Fig.11. Voltages and current of the UPQC for
the unbalanced three-phase load 1: (a) dc-bus
voltage (Vdc) (100 V/div, 500 ms/div) and load
currents (iLa, iLb,iL¢) (20 A/div, 500 ms/div);

(b) dc-bus voltage (Vdc) (100 V/div, 500 :
ms/div) and source currents (isa, isb, isc) (20 Fig.13 MATLAB/SIMULINL circuit of UPFC

A/div, 500 ms/div); (c) dc-bus voltage with Fuzzy Logic Controller
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Fig.14 UPQC currents for unbalanced three-
phase load with fuzzy logic controller (20 A/div,
5 ms/div): load currents (iLa, iLb, iL.c) and iLn,
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~ FFT analysi VIII. CONCLUSION

Fundamental (50Hz) = 24 , THD= 0.91% This project presents a practical and
| | | | versatile application based on UPQC, which
can be used in 3P3W, as well as 3P4W
distribution systems. It was demonstrated that
the UPQC installed at a 3P3W system plant
site was able to perform universal active
filtering even when the installed loads
required a neutral conductor for connecting
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By using a dual control compensating
strategy, the controlled voltage and current

currents of phase “a” for the unbalanced three- quantities are always sinusoidal. Therefore, it

phase load 2: source current isa and load current is possible to reduce the complexity of the
iLa algorithms used to calculate the compensation
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