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Abstract

Interline unified power quality conditioner is the recent advancement in the world of FACTS devices and technology. The new equip-
ment is only a mere extension of the existing FACTS device features like Distributed Static Compensator which does not limit to better
voltage regulation at the gird side as well as load side bus. The effectiveness of the new FACTS device is compared with its homologous
counterpart, namely conventional Unified power quality conditioner. It is observed that there is significant difference with respect to the
arrangement of parallel and series connected converters. Soft computing technique namely fuzzy logic based controller for the proposed
Interline unified power quality conditioner is presented in the paper. The implementation and usefulness of the proposed control topology

is tested and simulated in MATLAB/SIMULINK environment.
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1. Introduction

T Electric power quality might be characterized as a measure of
how well electric power administration can be used by clients. The
unwanted or undesirable characteristic feature alteration of the
electric power supply parameters is termed as Power Quality .To
repay music regular Passive Filters are utilized for particular num-
ber of sounds. To pack add up to consonant substance Active
Power Filters are utilized. For a wide range of energy quality ar-
rangements at the circulation framework voltage level DFACTS
additionally called as Custom Power Devices are acquainted with
enhance Power Quality[1],[2],[10].

Literature Review of Unified Power Quality Conditioner

The development of power electronics technology is boon as well
as curse. The power electronic technology created the issues with
quality of power supplied to the customers because of converter
switching losses and non linearity of load behavior. The solution
to this problem which is rapidly increasing day by day due to the
widespread use of power electronic equipments is devised at the
operator of the distribution network and the customer who re-
ceives the power (Singh et al., 1999). Another significant ad-
vantage of this novel power electronic technology is that the sup-
ply of watless power i.e, reactive power, the processing or wave
shaping of voltage and current waveforms along with the mitiga-
tion of the harmonic components in the load voltage. These added
advantages of this power electronic technology make them widely
used in the power system network. The active power filter in-
volves the power electronic switches which may be single phase
or three phase configuration. The active power filter maybe con-
nected in series with the line or in parallel mode with the line. The
active power filter connected in shunt mode across the load takes
care of the problems associated with current waveform like sup-

plementing the reactive power necessary at the load end, improv-
ing the cosine of the angle between the voltage and current i.e,
power factor, compensation of any undesirable non fundamental
frequency components in the current waveform, compensation of
any variations or disturbances associated with the load. In contrast
to the shunt active power filter, series mode connected active
power filter takes care of all the problems associated with the
voltage waveform. The series connected active power filter is any
additional supply or voltage source which mitigates power quality
issues like harmonics, swell, sag , flicker,etc( Khadkikar et al.,
2008). The unique features and advantages of both shunt and se-
ries connected active power filter is incorporated in UPQC(Mekri
et al., 2008), (Teke et al., 2011). The other names of UPQC are
universal active filter, universal power quality conditioning system
and universal active power line conditioner (Aredes et al., 1998),
(Jacobina et al., 2007). The power circuit and control unit are the
two major components assemblage of UPQC. The current as well
as voltage measurements, generation of reference signals for pow-
er circuit, generation of the gating pulses for the power electronic
converters present in the power circuit, identification of any exter-
nal or load variation or disturbances are the essential features of
the control circuit. The typical components in power circuit are
filter for mitigating the problems associated with non fundamental
frequency components in voltage waveform or current waveform,
injection transformers for interfacing the power electronic devices
with the system, auxiliary protection equipment, last but not least,
power electronic switches based voltage source converters. Exten-
sive literature is available with respect to the power as well as
control circuit of UPQC, various control techniques for UPQC.

Interestingly, precise functioning equipment demand and pressur-
ize for exact sinusoidal voltage with nominal parameters control
hardware driven loads for the most part require perfect sinusoidal
supply voltage with a specific end goal to work legitimately, in
spite of the fact that they are the most reliable ones for unpredicta-
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ble consonant streams level in the scattering structure. In this cir-

cumstance, devices that can direct these drawbacks have been premium-guality

delivered consistently. A segment of the courses of action is to ac system power supply for
promote the usage of the proposed Interline unified power quality & bus A bus B, nlinear loads
conditioner. I\\,)_

In order to achieve dynamic reactive power requirement, the man-

agement of the desirable voltage level is accomplished by tradi-

tional FACTS device namely, Distributed Static Compensator (D- sensitive

STATCOM)[3],[9],[11]. But modern trends in the dynamics of the loads

gird demands for robust devices with advanced features, which
forces the need for Interline unified power quality conditioner. In
addition to the existing dynamic features of the gird, the power
quality issue should be evaluated and any disturbance must be
tackled using the FACTS device solutions[4]. Interline unified
power quality conditioner is similar to the functioning of the Static
Var compensator and in addition possess add on features and flex-
ibilities which are very much needed in the present gird and in
particular micro gird requirements.

2. Custom Power Devices

An A Custom power gadget gives "wide zone" control quality
security: in other words a solitary gadget can ensure the greater
part of a plant's basic burdens, as opposed to securing a solitary
load like an UPS item[5],[6]. The Custom Power items are proper
for vast vitality touchy to the nature of power supply. Custom
Power is an innovation driven item and administration arrange-
ment which grasps a group of gadgets which will give control
quality capacities at dispersion voltages. It has been made con-
ceivable by the now boundless accessibility of financially savvy
high power strong state switches, for example, GTO's and IGBT's.
The quick reaction of these gadgets empowers them to work pro-
gressively, giving constant and dynamic control of the supply
including: sub-cycle exchange of basic burdens, voltage and re-
ceptive power direction, symphonious relief and end of voltage
droops[8][9].
Custom Power grasps a group of gadgets, which together make up
a tool compartment to give control quality arrangements at the
appropriation framework voltage level. The three elements are:

. Dynamic Voltage Restorer (DVR)

. Distribution Static Compensator (D-STATCOM)

. Unified Power Quality Conditioner(UPQC)

Every single Custom gadget are fit for giving various power
quality capacities which can be utilized specifically or at the same
time.

3. Interline Unified Power Quality Condition-
er (IUPQC)

The block diagram of the proposed Interline unified power quality
conditioner is shown in the figure 1, which contains anti parallel
connection of the two voltage source inverters and joined using a
common storage dc capacitor. The modeling of the proposed Inter-
line unified power quality conditioner with conventional Pl con-
troller. The operation of the inverter is controlled using the depict-
ed control logic in the figure 2. Rs1 represents the resistance of the
feeder whereas Ls1 represents the feeder reactance. At the first
feeder parallel connected voltage source converter is connected
while series connected voltage source converter is connected to
the second feeder.
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Fig. 1 Electrical System with two buses.
Modified IUPQC
The altered iUPQC fills in as an intertie between the transports An
and B. Besides, the microgrid associated with the transport B

could be an intricate framework containing disseminated age,
vitality administration framework, and other control frameworks.
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Fig. 2 Improved iUPQC controller.

The iUPQC topology yet additionally the deliberate units on a
three-stage three-wire mold place soloist utilised as like a neigh-
borhood of the controller. formal iii put B (iL), then also the volt-
age VDC on the imperative dc connect. The yields region soloist
the shunt-voltage allusion then also the arrangement modern rele-
vance the beat dosage tweak (PWM) controllers. The voltage then
cutting-edge PWM controllers are fast surely utilised, yet be mul-
tiplied any hence so according to cut worth higher along voltage
then present day asymmetry or sounds.The voltage at conduct Bis
forced via the go off converter. Along it lines, it is necessary ac-
cording to integrate sinusoidal voltages with form plentifulness
then recurrence. Thus, the signs and symptoms sent in imitation of
the PWM governor are the board close cycle (PLL) yields whose
sufficiency is equal to 1 p.u.

In the IUPQC strategy as much introduced, the voltage allusion of
the shunt-converter do remain either the PLL yields or the answer
positive-arrangement segment VA+1 regarding the mold voltage.
The utilization about VA+1 between the controller is in imitation
of control the control that is coursing through the association or
the decline converters, underneath normal operation, while the
competence regarding the lattice voltage is kept internal a worth-
while scope regarding size. Be that as such may, that is not the
scenario here, into the modified iUPQC controller, for the reason
that the casting voltage desire also keep directed by way of the
adjustable iUPQC. As such, the two transports intention be man-
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aged autonomously including the purpose as their mention es-

teems may stay followed.

Fuzzy Logic Controller

FLC controlled by the arrangement of phonetic principles. The
scientific demonstrating isn't required in fluffy controller because
of the change of numerical variable into semantic factors.

Fuzzification is utilizing persistent universe of talk. Suggestion is
utilizing Mamdani's "min" administrator. Defuzzification is utiliz-
ing the "stature” technique. FLC piece outline as appeared in fig-
ure 3.

Fuzzification

Fig.3 Fuzzy Logic-Controller

The input scaling factor is [-1, 1]. The triangular membership function is
shown in fig4.
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4. Simulation Results
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Fig: 5 load current, grid current, load voltage, grid voltage for iUPQC
response using Pl controller
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Fig: 6 load current, grid current, load voltage, grid voltage for iUPQC
response using fuzzy logic controller
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Fig. 5 shows the Load current, Grid current, Load voltage and
Grid voltage. The load is turned on at 0.1 sec, so it takes 10 Amps
from 0.1 sec and it has some harmonics due to non-linear load. Fig.
6 shows the Load current, Grid current, Load voltage and Grid
voltage for IUPQC with Fuzzy Logic controllers.

In under abnormal conditions performance of DVR connected to a
single feeder system is investigated with Pl and FLC controllers.
Here, with ITUPQC system operated with Pl is investigated first for
abnormal and dangerous conditions like sags, swells, harmonics,
symmetrical and asymmetrical faults. Then the same IUPQC sys-
tem with Mamdani based FLC is investigated for above faulty
conditions. Using MATLAB/Simulink software the IUPQC con-
nected
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Fig 9: THD using fuzzy logic controller

Fig. 7 shows the THD analysis without using any controller. And
its THD value is 18.08%. Fig. 8 shows the THD analysis with PI
controller, its THD value is 2.91 and it is improved when com-
pared without any controller. Fig. 9 shows the THD analysis with
Fuzzy logic controller and its value is 0.58% .

Table 2: Comparison Table

Type of the Controller THD in %
Without controller 18.08

P1 controller 291
Fuzzy Logic controller 0.58

Table.2 shows the comparison between the THD analysis without,
with Pl & with Fuzzy logic IUPQC controllers.

5. Conclusion

The simulation of non-linear load with iUPQC is successfully
accomplished using PI controller and Fuzzy logic controllers. The
fuzzy logic controller gives better response with THD of (0.58) %
in the grid current compared to THD of (2.91) % in the case of PI
controller and also the THD of (18.08) % without controller in the
grid current.In the future analysis another controller can be used
such as Neuro-fuzzy for better performance.
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