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Abstract-

This paper introduces another control for a double
topology of Unified Power Quality Conditioner iUPQC) to
enhance the power quality by giving voltage direction at
jackpot side transport and in addition lattice side transport in
a conveyance framework. An improved Fuzzy rationale
controller is utilized for the double topology of the bound
together power quality conditioner (iUPQC) extending its
congruity in control quality remuneration, and moreover in
smaller scale framework applications. In this paper the
enhanced iUPQC controller gives the functionalities of both
STATCOM and UPQC. the similar investigation of a few
control methodologies bolstered UPQC for control quality
change highlights is exhibited. By utilizing Fuzzy rationale
controller we have a similar working of iUPQC with PI
control and also the sounds are diminished. Reenactments
comes about are given three stage diode rectifier load and
two stage diode rectifier stack by utilizing
MATLAB/SIMULINK programming.

Index Terms — UPQC,iUPQC, STATCOM, DSTATCOM,
DVR, Fuzzy logic controller, Voltage sag/swell, Voltage
regulation,

I. INTRODUCTION

Due to the utilization of number of electronic
parts in enterprises, homes and so forth, these gadgets
require top notch vitality to work legitimately. In the
meantime these are the most in charge of infusion of voltage
droops, swells, sounds and other related aggravation in the
conveyance framework. Voltage Source Converter based
custom power gadgets are progressively being utilized as a
part of custom-control applications for enhancing the power
quality (PQ) of energy dissemination frameworks. Gadgets,
for example, conveyance static compensator (DSTATCOM)
and dynamic voltage restorer (DVR) have just been
examined widely in [10].

A DSTATCOM can remunerate the mutilation and
unbalance because of symmetrical and hilter kilter blames in
a heap with the end goal that an adjusted sinusoidal current

course through the feeder [1]. It can likewise direct the
voltage of a dissemination bus[3], [4]. A DVR can
remunerate the voltage droop/swell and twisting in the
supply side voltage with the end goal that the voltage over a
delicate/basic load terminal is superbly controlled An
Interline bound together power-quality conditioner (iUPQC)
can play out the elements of both DSTATCOM
Furthermore, DVR [7],[8]. The TUPQC comprises of two
voltage-source converters (VSCs) that are associated with a
typical dc transport. One of the VSCs is associated in
arrangement with a circulation feeder, while the other one is
associated in shunt with a similar feeder. In [9], a setup
called IDVR has been talked about in which two DVRs are
associated in arrangement with two separate adjoining
feeders. The dc transports of the DVRs are associated
together. The DVR assimilates genuine power from one
feeder and keeps up the dc interface voltage to relieve 90%
(around 0.1 p.u.) voltage hang in the other feeder with
adjusted burdens associated in the appropriation framework.
It is additionally conceivable to interface two shunt VSCs to
various feeders through a typical dc connect. The TUPQC
comprises of two voltage source converters (VSCs) that are
associated with a typical dc transport.

Another association for an IUPQC with Fuzzy
Logic Controller to diminish the THD significantly
contrasted with traditional PI controller based voltage source
converters. Two feeders, Feeder-1 and Feeder2, which are
associated with two unique substations, supply the
framework loads L-1 and L-2. The supply voltages are
meant byVs1 and Vs2 [1]. It is expected that the [UPQC is
associated with two transports B-1 and B-2, the voltages of
which are signified by Vtl and Vt2 individually. Encourage
two feeder streams are indicated by isl andis2 while the
heap ebbs and flows are signified by ill and il2. The heap L-
2 voltage is indicated by Vt2. The motivation behind the
IUPQC is to hold the voltages Vtl and Vt2 consistent
against voltage hang, swell, issues and sounds in both of the
two feeders. It has been shown that the IUPQC can ingest
control from one feeder (sayFeeder-1) to Hold Vt2
consistent if there should be an occurrence of a hang in the
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voltage Vs2.This can be proficient as the two VSC's are
provided by a typical dc capacitor. The dc capacitor voltage
control has been talked about here alongside voltage
reference era system. Likewise, the cutoff points of
achievable execution have been figured

This paper is organized in five sections. After this
introduction, in Section II, the system model has explained.
Section III presents the proposed controller and fuzzy logic
controller. Finally, Sections IV and V provide the simulation
results and the conclusions, respectively.

II. SYSTEM MODEL
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Fig.1 applicability of iUPQC.

Fig. 1 depicts an electrical system with two buses
in spotlight, i.e., bus A and bus B. Bus A is a critical bus of
the power system that supplies sensitive loads and serves as
point of coupling of a micro grid. Bus B is a bus of the
micro grid, where sensitive loads are connected, which
requires premium-quality power supply. The voltages at
buses A and B must be regulated, in order to properly
supply the sensitive loads and the nonlinear loads. The
effects caused by the harmonic currents drawn by the
nonlinear loads should be mitigated, avoiding harmonic
voltage propagation to bus A. The use of a STATCOM to
guarantee the voltage regulation at bus A is not enough
because the harmonic currents drawn by the nonlinear loads
are not mitigated. On the other hand, a UPQC or an iUPQC
between bus A and bus B can compensate the harmonic
currents of the nonlinear loads and compensate the voltage
at bus B, in terms of voltage harmonics, unbalance, and
sag/swell. Nevertheless, this is still not enough to guarantee
the voltage regulation at bus A. Hence, to achieve all the
desired goals, a STATCOM at bus A and a UPQC (or an
iUPQC) between buses A and B should be employed.
However, the costs of this solution would be unreasonably

! |
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high An attractive solution would be the use of a modified
iUPQC controller to provide also reactive power support to
bus A, in addition to all those functionalities of this
equipment, as presented in [9] and [11]. Note that the
modified iUPQC serves as an intertie between buses A and
B. Moreover, the micro grid connected to the bus B could be
a complex system comprising distributed generation, energy
management system, and other Fig.2.Modified iUPQC
configuration. control systems involving micro grid, as well
as smart grid concepts [12]. In summary, the modified
iUPQC can provide the following functionalities:

a) “Smart” circuit breaker as an intertie between the grid and
the micro grid;

b) Energy and power flow control between the grid and the
micro grid (imposed by a tertiary control layer for the

micro grid);

¢) Reactive power support at bus A of the power system;

d) Voltage/frequency support at bus B of the micro grid;

e) Harmonic voltage and current isolation between bus A
and bus B (simultaneous grid-voltage and load-current
active filtering capability);

f) Voltage and current imbalance compensation.

The functionalities (d)—(f) previously listed were extensively
explained and verified through simulations and experimental
analysis, whereas the functionality (c) comprises the original
contribution of the present work. Fig. 2 depicts, in detail, the
connections and measurements of the iUPQC between bus
A and bus B. Fig.3 has the equivalent circuit of the system.
According to the conventional iUPQC controller, the shunt
converter imposes a controlled sinusoidal voltage at bus B,
which corresponds to the functionality (d). As a result, the
shunt converter has no further degree of freedom in terms of
compensating active- or reactive-power variables to expand
its functionality. On the other hand, the series converter of a
conventional iUPQC uses only an active-power control
variable p, in order to synthesize a fundamental sinusoidal
current drawn from bus A, corresponding to the active
power demanded by bus B. If the dc link of the iUPQC has
no large energy storage system or even no energy source,
the control variable p also serves as an additional active-
power reference to the series converter to keep the energy
inside the dc link of the iUPQC balanced. In this case, the
losses in the iUPQC and the active power supplied by the
shunt converter must be quickly compensated in the form of
an additional active power injected by the series converter
into the bus B. The iUPQC can serve as:

a) “smart” circuit breaker and as

b) power flow controller between the grid and the micro
grid only if the compensating active- and reactive-power
references of the series converter can be set arbitrarily.

In this case, it is necessary to provide an energy source (or
large energy storage)associated to the dc link of the iUPQC.
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The last degree of freedom is represented by a reactive-
power control variable q for the series converter of the
iUPQC. In this way, the iUPQC will provide reactive-power
compensation like a STATCOM to the bus A of the grid. As
it will be confirmed, this functionality can be added into the
controller without degrading all other functionalities of the
iUPQC.

Utility ’\I

Bus A Consumer
g — Load
Va Vg i
Al
il | — Load
I
P V,
{PL ‘Ixa JG — Load
i ‘PWM i |V PWM 1V, Critical
Current Voltage " Load
Control Control
Va, wpac i | Bus B
Controller

Fig. 2. Proposed iUPQC configuration.

+ pcc LOAD 0
Qr W@ us [

I

Fig.3. Equivalent circuit of Proposed iUPQC configuration.

III. CONTROLLER HIERARCHY

3.1. Main Controller

In above chapter Fig. 2 depicts the iUPQC and the
measured units of a three-phase three-wire system that are
used in the controller. Fig. 3 shows the proposed controller.
The controller inputs are the voltages at buses A and B, the
current demanded by bus B (i.), and the voltage Vpc of the
common dc link. The outputs are the shunt-voltage reference
and the series-current reference to the pulse width
modulation (PWM) controllers. The voltage and current
PWM controllers can be as simple as those employed in

www.ljiemr.org

[13], or be improved further to better deal with voltage and
current imbalance and harmonics [15]. First, the simplified
Clark transformation is applied to the measured variables.
As example of this transformation, the grid voltage in the
af-reference frame can be calculated as

1 1
Vaol| 2 | [Va_ab
v, .| = Jally (D
A 0o = A_bc
2

The shunt converter imposes the voltage at bus B. Thus, it is
necessary to synthesize sinusoidal voltages with nominal
amplitude and frequency. Consequently, the signals sent to
the PWM controller are the phase-locked loop (PLL)
outputs with amplitude equal to 1 p.u. There are many
possible PLL algorithms, which could be used in this case,
as verified in In the original iUPQC approach as presented
in [14], the shunt-converter voltage reference can be either
the PLL outputs or the fundamental positive-sequence
component V,,; of the grid voltage (bus A in Fig. 2). The
use of V,,; in the controller is useful to minimize the
circulating power through the series and shunt converters,
under normal operation, while the amplitude of the grid
voltage is within an acceptable range of magnitude.
However, this is not the case here, in the modified iUPQC
controller, since now the grid voltage will be also regulated
by the modified iUPQC. In other words, both buses will be
regulated independently to track their reference values. The
series converter synthesizes the current drawn from the grid
bus (bus A). In the original approach of iUPQC, this current
is calculated through the average active power required by
the loads Py, plus the power Py . The load active power can
be estimated by

P, =Vig, *ip, tVigg*ip, )

where iy, i, gare the load currents, and V4, ,, V4 g are the
voltage references for the shunt converter. A low-pass filter
is used to obtain the average active power (Pr). The losses in
the power converters and the circulating power to provide
energy balance inside the iUPQC are calculated indirectly
from the measurement of the dc-link voltage. In other
words, the power signal P is determined by a
proportional— integral (PI) controller (PI block in Fig. 3), by
comparing the measured dc voltage Vpc with its reference
value. The additional control loop to provide voltage
regulation like a STATCOM at the grid bus is represented
by the control signal QSTATCOM in Fig. 3. This control
signal is obtained through a PI controller, in which the input
variable is the error between the reference value and the
actual aggregate voltage of the grid bus, given by
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VCOZ = 1’ VA2+1_0( + VBZ+1_0( (3)

The sum of the power signals P and Pp. composes the
active-power control variable for the series converter of the
iUPQC (p) described in Section II. Likewise, QSTATCOM
is the reactive-power control variable (q). Thus, the current
references iy, and iy, 0f the series converter are determined
by

[i+1_a] _ 1 VA+1_a VA+1_ﬁ X [PL + l:)Loss] 4

7 - 2 2 —
L1 g VAt otVBi1 o Varip Vatia QsraTcom

VA_a
% |abc—»a[3 Vap L PLL | >

[ v
[ 2
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Current
[Calculation|

L

Average
Active
Power

Fig. 3. Novel iUPQC controller.

3.2 Fuzzy Logic Control

Fuzzy Lozic controllers are a smart choice when
exact mathematical formulations are tedious. The
construction of the rules requires a detailed understanding of
the system to be controlled. The FL controller which can be
characterized as follows: 7 linguistic variables for Error, 7
linguistic variables for Derivative Error are two inputs and 7
linguistic variables for output. Triangular membership
functions for Error & Derivative error in terms of voltages
and triangular membership functions for output variables are
considered. A rule base of 49 rules is selected to establish
the fuzzy controller [14]. With the use of Mamdani’s
implication and with de-fuzzification by a centroid method,
the FL controller provides the switching function to carry
out best control action and each rule expresses an operating

www.ljiemr.org

condition in the system. In this paper, the error in terms of
voltage(Vd) and the derivative of error in terms of voltage
(AVd) are considered as the inputs of the first FL controller
and the the error in terms of voltage (Vq)and the derivative
of error in terms of voltage (AVq) as the inputs of the
second FL controller. The reference voltages for the voltage
regulator are the voltages Vdref and Vqref. The FL
controller consists of 7 linguistic variables from Error which
are as negative big (NB), negative medium (NM), negative
small (NS), zero (ZE), positive small (PS), positive medium
(PM) and positive big (PB).For derivative error are same 7
linguistic variables as negative big (NB), negative medium
(NM), negative small (NS), zero (ZE), positive small (PS),
positive medium (PM) and positive big (PB).The
membership functions of the inputs are illustrated in Fig 4
and Fig 5.

Membership funcfion plots

NE NM NS ZE PS PM PR

mput vanable "Eror

Fig.4 Membership Function of Error

In de-fuzzification process, there are 7
linguistic variables through which Error and Error-rate are
defined by these linguistic variables such as negative big
(NB), negative medium (NM), negative small (NS), zero
(ZE), positive small (PS), positive medium (PM) and
positive big (PB) characterized by triangular membership
functions Fig.6. shows each parameter in membership
function of Output .

i ports
Membership function plots

NE NM NS ZE PS PM 2]

input variable "ErrorRote”

Fig.5 Membership Function of derivative error

VOLUME 06 ISSUE 06 AUG 2017

ISSN: 2456 - 5083

Page 238



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal
www.ljiemr.org

_ Membership function piots i | Shunt converter passive filter | R=3.7 Q, L=750uH,C= 20uF
i% e wooz = s i Series converter passive filter | R=7.5Q, L=1 mH, C=20 pF
Sampling frequency 19440 Hz
Switching frequency 9720 Hz
Pi controller (pjys) Ke=4.0, Ki= 250
Pi controller (qgucom) Ke= 0.5, Ki=50

Table 2: iUPQC parameters

Fig.6 Membership Function of output

Taking into account this the components of the standard
table are gotten as appeared in Table 1, with "Vdc" and
"Vdc-ref" as inputs.

0 NL |[NM NS |Z PS |PM | PL
AB
NL |[NL [NL |NL |NL |NM |[NS |Z
NM |[NL |[NL |NL |NM |NS |Z PS
NS |[NL |[NL |NM |NS |Z PS | PM
Z NL |[NM NS |Z PS |PM | PL
PS |[NM|NS |Z PS |PM |PL |PL — _ o= -
PM |NS |Z PS |PM |PL |PL |PL Fig 8 simulation circuit of the novel iUPQC controller

PL |[NL |[NM |NS |Z PS |PM | PL In this paper, in order to verify all the power
quality issues, the iUPQC was connected to a grid with a
Table 1: Fuzzy rules voltage sag system. In this case, the iUPQC behaves as a
STATCOM, and the breaker S Sag is closed to cause the
IV. SIMULATION RESULTS voltage sag.
Sl
L some B L vis vl Toad
_ | St }m

Castroller

Shut Filtrer

Fig 7 simulation circuit of proposed system

. VA
Voltage 220V rms value Figl0. simulation circuit of the voltage controller PWM
Grid frequency 60 Hz jupqc
Power rate 5 KVA
Dc- link voltage 450 V dc
Dc-link capacitor C=9400 puF
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Figll.simulation circuit of the current controller PWM
iupqc

Case 1: To verify the grid-voltage regulation (see Fig. 12),
the control of the QSTATCOM variable is enabled to
compose (4) at instant t = 0.04 s. Before the QSTATCOM
variable is enabled, only the dc link and the voltage at bus B
are regulated, and there is a voltage sag at bus A, as shown
in Fig. 12 After t = 0.04s, the iUPQC starts to draw reactive
current from bus A, increasing the voltage until its reference
value. As shown in Fig.10, the load voltage at bus B is
maintained regulated during all the time, and the grid-
voltage regulation of bus A has a fast response.

10

0 0.0z 004 0.08 nog 01 01z 014 018
Fig. 12iUPQC response at no load condition: (a) grid
voltages VA, (b) load voltages VB, and (c) grid currents

Case 2:Next, the experimental case was carried out to verify
the iUPQC performance during the connection of a
nonlinear load with the iUPQC already in operation. The
load is a three phase diode rectifier with a series RL load at
the dc link (R =45 Q and L = 22 mH), and the circuit
breaker S Sag is permanently closed, with a LS = 10 mH. In
this way, the voltage-sag disturbance is increased due to the
load connection. In Fig.13, it is possible to verify that the
iUPQC is able to regulate the voltages simultaneously. Even
after the load connection, at t = 0.04 s, the voltages are still
regulated, and the currents drawn from bus A are almost
sinusoidal. Hence, the iUPQC can perform all the power-

www.ljiemr.org

quality compensations, as mentioned before, including the
grid-voltage regulation. It is important to highlight that the
grid-voltage regulation is also achieved by means of the
improved iUPQC controller, as introduced in Section III.

Fig. 13. iUPQC transitory response during the connection of
a three phase diode rectifier: (a) load currents, (b) grid
currents, (c) load voltages and (d) grid voltages.

Case 3:Finally, the same procedure was performed with the
connection of a two-phase diode rectifier, in order to better
verify the mitigation of power quality issues. The diode
rectifier has the same dc load (R = 45 Q and L = 22 mH)
and the same voltage sag (LS = 10 mH and RrmSag = 15Q
). Fig.11 depicts the transitory response of the load
connection. Despite the twophase load currents, after the
load connection at t = 0.04 s, the three-phase current drained
from the grid has a reduced unbalanced component.
Likewise, the unbalance in the voltage at bus A is
negligible. Unfortunately, the voltage at bus B has higher
unbalance content. These components could be mitigated if
the shunt compensator works as an ideal voltage source, i.e.,
if the filter inductor could be eliminated. In this case, the
unbalanced current of the load could be supplied by the
shunt converter, and the voltage at the bus B could be
exactly the voltage synthesized by the shunt converter.
Therefore, without filter inductor, there would be no
unbalance voltage drop in it and the voltage at bus B would
remain balanced. However, in a practical case, this inductor
cannot be eliminated, and an improved PWM control to
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compensate voltage unbalances is necessary.
Load Cument labe_L

Load Cunent labe_L

Source Current labe_s
T

Lod voltages Yabe L
T

Sowce vokages Wabc s
T T

| | |
0.04 0.06 0.08

0 1%
Fig. 16. iUPQC transitory response during the connection of

a two-phase diode rectifier: (a) load currents, (b) source
currents, (c) load voltages, and (c) source voltages

Fig. 14. iUPQC transitory response during the connection of
a two phase diode rectifier: (a) load currents, (b) source
currents, (c¢) load voltages, and (c) source voltages

The %THD value was calculated and shown below which
has shown the clear distinguish between PI and Fuzzy logic
controller.

Next, the experimental case was carried out with
fuzzy controller in place of PI controller with the same case

Load Curent labs_ L
T

Source Current labe_s
T

Time ) St )

Lod voltages Vabe_L ;
T Mmber of yeles:

Pt =125, T B

Sowrce voltages Vabe: s
T

Fig. 15. iUPQC transitory response during the connection of

0
. ) 0 M M oW oW WO W W W
a three phase diode rectifier: (a) load currents, (b) grid e

currents, (c) load voltages and (d) grid voltages.

Fig 17 % THD using PI controller
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Fig 18 % THD using Fuzzy logic controller
Similarly case 1 and 2 was also simulated with
fuzzy logic controller and the %THD value has tabulated

below

Table 3: THD comparison table

Two Phase Diode Rectifier for Source Current THD

Controller A-Phase B-Phase C-Phase
PI 6.46% 7.48% 10.21%
FUZZY 4.450p 7.1004 8.70%

Three Phase Diode Rectifier for Source Current THD)

Controller A-Phase B-Phase C-Phase
PI 2.530 2.5404 2.51%
FUZZY 1.64% 1.650¢ 1.68%
CONCLUSION

This paper demonstrates the operation and control of an
improved dual topology of unified power quality conditioner
@GAUPQC). In this improved iUPQC controller, the currents
synthesized by the series converter are determined by the
average active power of the load and the active power to
provide the dc-link voltage regulation, together with an
average reactive power to regulate the grid-bus voltage. In
this manner all the power-quality compensation features like
voltage sag, voltage swell, voltage regulation at load side
and grid side achieved. This improved controller also
mimics a STATCOM to the grid bus. This new feature
enhances the applicability of the iUPQC and provides new
solutions in future scenarios involving smart grids and micro
grids, including distributed generation and energy storage
systems to better deal with the inherent variability of

www.ljiemr.org

renewable resources such as solar and wind power.
Moreover, the improved iUPQC controller may justify the
costs and its promotes the iUPQC applicability in power
quality issues of critical systems. Despite the addition of one
more power-quality compensation feature, the grid-voltage
regulation reduces the inner-loop circulating power inside
the iUPQC, which would allow lower power rating for the
series converter. Simulation results and comparison table of
% THD verified a suitable performance of voltage
regulation at both sides of the iUPQC, and Fuzzy logic
controller is better than PI in compensating harmonic
currents and voltage imbalances .
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