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Abstract - This paper present an analysis on the unified Power quality conditioner (UPQC) to improve the electric power quality at
distribution levels. Conventional power quality mitigation equipment is a providing to be poor for an increasing number of
applications. Different approaches in compensation and recent developments in fields. Single modern and very promising solution
that deal with both load current and supply voltage inadequacy is the Unified Power Quality Conditioner (UPQC). This is intended to
present a broad overview on the different possible UPQC system configurations for single-phase (two-wire) and three-phase (three-

wire and four-wire) networks.
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. INTRODUCTION

The word “Power Quality” is the most important facts of any
power delivery system. Low quality power affects electricity
consumers in many ways. The lack of quality power can cause
loss of damage of equipment, production or appliances,
increased in power losses, interference with communication
lines. The widespread use of power electronics equipment has
produced a significant impact on quality of electric power
supply by generating harmonics in voltages and currents.
Therefore, it is a very important to maintain a high standard of
power quality [3].

The word active power filter (APF) is a widely used
terminology in area of a power quality improvement.
Conventional power quality mitigation equipment’s use
passive elements and do not always respond correctly as a
nature of power system condition change. One modern
solution that deals with both load current and supply voltage
imperfections is the UPQC. The UPQC is a one of the APF
family members [1, 2].

The UPQC is a combination of series and shunt
active filters connected in cascade via a common DC link
capacitor. The main purpose of a UPQC is to compensate for
supply voltage power quality problems such as swells, sags,
harmonics, unbalance, flicker, and for load current power
quality problems such as, unbalance, harmonics, reactive
current and neutral current [4].

II.  CLASSIFICATION OF UPQC

The Unified Power Quality Conditioner are classified on
various bases like topology, supply type and compensation
method converter used, The UPQC is classified in two main
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groups which is based on, 1) Physical structure and 2) Voltage
sag compensation [4].

1. Physical structure:

The key parameters that aspect to these classifications are:
Number of phases, Type of energy storage device used, and
Physical location of shunt and series inverter.

(1a) Converter based classification

e voltage source inverter (VSI)
e current source inverter (CSI)

(1b) Supply system based classification
a) Single-Phase
al) Two H-bridge (total 8 switches)
a2) 3-Leg topology (total 6 switches)
a3) Half Bridge (total 4 switches
b) Three-Phase
bl) Three-Wire
b2) Four-Wire
b2.1) Four-Leg
b2.2) Split Capacitor
b2.3) Three-H Bridge
(1c) UPQC Configuration based classification
a) Right Shunt (UPQC-R)
b) Left Shunt (UPQC-L)
c) Interline (UPQC-I)



d) Multi-Converter (UPQC-MC)

e) Modular (UPQC-MD)

f) Multilevel (UPQC-ML)

g) Distributed (UPQC-D)

h) Distributed Generator integrated (UPQC-DG)

2. Voltage Sag Compensation:

The voltage sag on a system is considered as one of the
important power quality problems. There are mainly four
methods to compensate the voltage sag in UPQC-based
applications.

(2a) UPQC-P (Active Power Control)

(2b) UPQC-Q (Reactive Power Control)

(2c) UPQC-VAmMin (Minimum VA Loading)
(2d) UPQC-S (Active-Reactive Power Control)

I1l.  BASIC STRUCTURE OF UPQC

UPQC consist of combined series and shunt APFs for
simultaneous compensation of voltage and current. The series
APF is inserts a voltage, which is added at a point of common
coupling (PCC) such that the load end the voltage remains
unaffected by any voltage disturbance, whereas the shunt APF
is most suitable to compensate for load reactive power
demand and unbalance, to reduce the harmonics from regulate
common DC link voltage and to supply current. [1, 2].
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Figure 1. Line diagram of unified power quality conditioner
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Figure 2. Right Shunt UPQC Structure
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The series PWM converter of the UPQC behaves as a
controlled voltage source, that it is behaves as a series APF,
whereas a shunt PWM converter behaves like a controlled
current source, as a shunt APF. No power supply is connected
at the DC link. It contains only a relatively small DC capacitor
as a smallEnergy storage element.
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Figure 3. Left Shunt UPQC Structure

The left shunt configuration can be get by changing the place
of the Shunt compensator and the series compensator in Fig 3.
The majority of the work reported on UPQC is on application
of right shunt UPQC, as its characteristics are more favorable
than those of the left shunt UPQC in applications when the
shunt compensator has tocompensate for load reactive power
and harmonics and the series compensator has to compensate
for voltage disturbances from the source side When the
application of UPQC is considered for a distribution network
as in where UPQC has two different loads, one of them is
voltage sensitive and the other generates harmonics, the left
shunt configuration is preferred[9,1]

The UPQC has the capability of improving power quality at
the point of installation on power distribution systems. Unified
power quality conditioner is a combination of series active
filter and shunt active filter connected in cascade via a
common dc link capacitor. The deteriorating quality of electric
power is mainly because of current and voltage harmonics due
to wide spread application of static power electronics
converters, zero and negative sequence components originated
by the use of single phase and unbalanced loads, reactive
power, voltage sag, voltage swell, flicker, voltage interruption
etc. The series active filters are inserts a voltage, which is
added at the point of common coupling (PCC) such that the
load end voltage remains unaffected by any voltage
disturbance and the shunt active filters are most suitable to
compensate for load reactive power demand and unbalance, to
eliminate the harmonics from supply current, and to regulate
the common dc link voltage [4] [10].
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Figure 4. Basic configuration of UPQC

Figure 4. shows the schematic diagram of unified power
quality conditioner. The UPQC consists of power circuit
formed by series and shunt PWM converters, dc link capacitor
and UPQC controller. The series converter of the UPQC work
as a controlled voltage source and the shunt converter is work
as a controlled current source. One important feature of the
UPQC is no power supply is connected at the common dc link
which may be either capacitor or inductor which is depending
on converter based topology. In voltage source inverter based
topology the small dc capacitor is required as a small energy
storage element [4] [10].

Figure 4.ShowsthebasicconfigurationofaUPQC.TheUPQChas
two distinctparts:

1. PowercircuitformedbyseriesandshuntPWMconverters;
2. UPQCcontroller.

The UPQC controller is provide the compensatin
voltage reference V¢~ and compensating current reference lc
to series and shunt converter respectively which is synthesized
by using PWM voltage and current control technique. The
shunt active filter can eliminate all undesirable current
components, including harmonics, imbalances due to negative
and zero sequence components at the fundamental frequency.

In order to cancel the harmonics produced by a nonlinear
load, the shunt converter should inject a current as given by
following equation:

lc(wt) = Is(ot) - I (ot) 1)

Where, Ic(ot), Is(wt) and I, (ot) represents the shunt
inverter compensating current, source current, and load
current, respectively.
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The series active filter can eliminate the supply voltage related
problems by injecting voltage in series with line to achieve
distortion free voltage at the load terminal. The series
converter should inject a voltage as given by following
equation:

Ve(ot) = Vi(ot) — Vs(ot) (2)

Where, Vc(ot), Vi(ot) and Vs(ot) represents the series
inverter injected voltage, load voltage, and actual source
voltage, respectively.

TheseriesAPFoftheUPQCcancompensate
thesupplyvoltagerelatedproblems by
injectingvoltageinserieswithlinetoachievedistortionfreevoltage
attheloadterminal.
TheseriesinverterofUPQCcanberepresentedby
followingequation:

VC(ot)=VL(ot)-VS(ot) 3)

Where, VC(ot),VL(ot)andVS(wt)representstheseriesinverter
injected voltage, load voltage,andactualsourcevoltage,
respectively.

IV.  CONTROL PROCEDURE OF UPQC

Control Procedure play very important role in system’s
performance. The control procedure of UPQC may be
implemented in three stages:

1) First sensed Voltage and current signals

2) The Compensating commands regarding voltage and
current levels are obtain

3) The gating signals for semiconductor switches of UPQC
are generated using fuzzy logic, PWM, or hysteresis based
control techniques

In the first stage voltage signals are sensed using power
transformer (PT) or current signals and voltage sensor are
sensed using current sensor or current transformer [7].

In second stage deduction of compensating commands are
mainly based on two types of domain methods:

(1) Frequency domain methods, and
(2) Time domain method.

Frequency domain methods, which, are based on the current
signals to extract compensating commands or Fast Fourier
Transform (FFT) of distorted voltage. This FFT are not
popular because of large computation, time and delay.

Control methods of UPQC in time-domain are based on
instantaneous derivation of compensating commands in form
of either current signals or voltage. Mainly two widely used
time domain control techniques of UPQC are:



1. p-q theory or the instantaneous active and reactive power
and

2. d-qg theory or Synchronous reference frame method.

In p-g method instantaneous active and reactive powers are
calculate, while, the d-g method deals with the current
independent of the supply voltage. Both methods modify
voltages and currents from abc frame to stationary reference
frame (p-q theory) or synchronously rotating frame (d-q
theory) to unconnected the fundamental and harmonic
quantities [8]. In third and final stage stage of the gating
signals for semiconductor switches of UPQC based on derive
compensating commands in terms of voltage or current. Then,
these recompense commands are given to PWM, hysteresis or
fuzzy logic based control techniques.

V. UPQC BASED ON SYNCHRONOUS REFERENCE
FRAME (SRF) THEORY

The conventional synchronous reference frame (SRF) based
method can be used to eliminate harmonics presents in supply
voltage or current. The SRF method is based on a-b-c to d-g-0
transformation which also known as park transformation.
Figure 5. shows the a-b-c to d-g-O0 transformation. The
reference frame transformation is formulated from a three-
phase a—b—c stationary system to the direct axis (d) and
quadratic axis (q) rotating coordinate system so it is also
known as d-q method [12] [13],[14].
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Figure 5. a-b-c to d-g-0 transformation (park transformation)

In the SRF method the transformation angle (wt) presents the
angular position of the reference frame which is rotating at
constant speed in synchronism with the three phase ac voltage.
In the SRF method d-g-0 axes are rotate synchronously with
supply voltages.

1. Control technique of series active filter

The proposed control strategy is aimed to compute mainly the
three phase reference voltage at the load terminal. The series
active filter based on SRF method can be used to solve the
voltage related power quality problems such as, voltage sag,
voltage swell and voltage harmonics. The SRF method is used
in series active filter for generating reference voltage signal.
The supplyvoltages Vg, are transforming into d-g-0 which is
given in equation below.
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L V2 2 V2o
Where ot is the transformation angle and V denotes voltages.
In the SRF wt is a time varying angle that represents the
angular position of the reference frame which is rotating at
constant speed in synchronism with the three phase ac voltage.
Synchronous Reference Frame method (SRF) is one of the
most common and probably it is the best method.

To implement the SRF method and for reference voltage
calculation the phase locked loop (PLL) is used to generate
the transformation angle (wt) which presents the angular
position of the reference frame. This transformation presents
is known as park transformation [6]. Figure 6.Shows the
Control block diagram of d-q theory for generating voltage
reference signal in SAF. The low pass filter is used to obtain
the reference source voltage in d-q coordinates.
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Figure 6. Control block diagram of d-g theory of Series APF

The inverse park transformation is used for generating
reference voltage signal which is given in equation below is
convert the reference load voltage (V; ;) are transform d-g-0
into a-b-c.

Sin(mt) cos((nt) %
V., 2 Ve
- 2| . 27 2 1
Vi [=4]5|sinfot——| cosjot——| —=||V,
. 3 3 3 NP
VLc VO
sin(mt+2—”j cos[mt+2—”j L
i 3 3) 2]

After generating reference load voltage (Vj',,,.) are compared
with sensed load voltage (Vi.pc) in sinusoidal pulse width



modulation technique. This comparison between reference
load voltage and sensed load voltage in sinusoidal PWM
technique generate gating signals for series voltage source
converter. In series voltage source converter as a switching
device use insulated gate bipolar transistor (IGBT) which can
compensate all voltage related problems, such as voltage sag,
voltage swell and voltage harmonics.

2. Control technique of shunt active filter
The shunt active filter based on SRF method can be used to

solve the current related power quality problems which are
mainly generated by nonlinear load. The SRF method is used
in shunt active filter for generating reference current signal
[8]. The source currents (Igapc) are transform into d-g-0
which is given in below equation.

. . 2 . 27 ]
sin(wt) sin mt—? sin mt+?

L= 2 cos(wt) cos(mt—z—ﬂJ cos(mt+2—”j g,

|q 3 3 3 |

Jol I
V2 2 2

Figure 7.Shows the control block diagram of shunt active
filter based on d-q theory. For reference current calculation
the SRF based method uses source voltages, source currents
and dc link voltages as shown in figure 7. The phase locked
loop (PLL) is used to generate the transformation angle (wt)
which presents the angular position of the reference frame.
Figure 3.shows the Simulink diagram of d-gq theory for
generating current reference signal in shunt active filter. [8]
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Figure 7. Control block diagram of d-q theory in shunt active filter

The inverse park transformation is used for generating
reference current signal which is given in below equation is
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convert the reference source current (Is,pc) are transform d-g-
0 into a-b-c which is given in belowequation.

- .
' sin(wt) cos(t) -

I' —\F sin(mt—ZﬂJ cos(mt—zn) i |
Lb 3 3 3 2 q
' |

|
Lc sin [o)t + 2”] cos [(ot + 2”) 1 Lo

i 3 3) 2]

VI. HYSTERESIS TECHNIQUE FOR ACTIVE FILTER

1. Hysteresis technique for series active filter

There are various types voltage-controlled pulse width
modulation (PWM) techniques available among all of them
hysteresis  controllers  offer  inherent  simplicity in
implementation and excellent dynamic performance.
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Figure 8. Hysteresis voltage control technique

Hysteresis-band PWM is basically an instantaneous feedback
voltage control technique of PWM where the actual voltage
continually tracks the command voltage within a hysteresis
band. Figure 8 explains the operation principle of hysteresis
band PWM for a half bridge inverter. The control circuit
generates the sine reference voltage wave of desired
magnitude and frequency, and it is compared with actual
voltage wave. As the voltage exceeds an upper hysteresis
band, the upper switch in half bridge is turned off and lower
switch is turned on. As a result, the output voltage transition
from +0.5V;, and -0.5Vy, and the voltage starts to decay. In
same way as voltage crosses the lower band limit, the lower
switch is turned off and the upper switch is turned on. In
comparison with other control technique hysteresis voltage
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control has a very fast response and simple operation but the
disadvantage of this method is variable switching frequency
[2].

The hysteresis band voltage control for series active power
filter is used to generate the switching pattern of the inverter.
There is various voltage control methods proposed for active
power filter configurations; but the hysteresis voltage control
method is proven to be the best among other voltage control
methods, because ofquick voltage controllability, easy
implementation and unconditioned stability. The hysteresis
band voltagecontrol is robust, provides excellent dynamics
and fastest control with minimum hardware [5][11].

Figure 9 shows the comparison between the reference load
voltage (Vi") and sensed load voltage (V;,) and the generating
error is given to hysteresis band which generates switching
instants of series voltage source converter. Figure 10 shows
the Simulink diagram of hysteresis voltage controller.
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Figure 9. Control block of hysteresis band voltage control technique

The reference voltage to be injected by the series active filter

is referred asV;, and the actual voltage of the series active
filter is referred asV; . The control scheme decides the
switching pattern of series active filter in such a way to
maintain the actual load voltage of the filter to remain within a
fixed hysteresis band (HB) as indicated.

The switching logic is formulated as follows:

V,=V'-HB 4
V,=V'-HB 5)
Where,
V.= actual load voltage
Vi'= reference load voltage
HB = hysteresis band and S1, S2, S3, S4 are switches of
voltage source inverter.

From above discussion note that the switching frequency of
the hysteresis voltage control method described above
depends on how fast the voltage changes from upper limit to
lower limit of the hysteresis band. Therefore, the switching
frequency does not remain constant throughout the switching
operation, but varies along with the voltage waveform.

2. Hysteresis technique for shunt active filter

There are various types current controlled pulse width
modulation (PWM) techniques available among all of them
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hysteresis  controllers  offer  inherent  simplicity in
implementation and excellent dynamic performance.
Hysteresis-band PWM is basically an instantaneous feedback
current control technique of PWM where the actual current
continually tracks the command current within a fixed
hysteresis band. Figure 10.explains the operation principle of
hysteresis band PWM for a half bridge inverter. The control
circuit generates the sine reference current wave of desired
magnitude and frequency, and it is compared with actual
current wave.
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Figure 10. Hysteresis current control technique

As the current exceeds an upper hysteresis band, the upper
switch in half bridge is turned off and lower switch is turned
on. As a result, the output voltage transition from +0.5 Vd,
and -0.5Vd, and the current starts to decay. In same way as
current crosses the lower band limit, the lower switch is
turned off and the upper switch is turned on. The main
disadvantage of this method is variable switching frequency.
To solve the problem of variable switching frequency so,
adaptive hysteresis current control technique is applied [2].
The switching frequency is not fixed in hysteresis current
control technique, so, it was introduced the concept of the
average switching frequency. The hysteresis band current
control for active power filter is used to generate the switching
pattern of the inverter. There are various current control
methods proposed for active power filter configurations; but
the hysteresis current control method is proven to be the best
among other current control methods, because of quick current
controllability, easy implementation and unconditioned
stability. The hysteresis band current control is robust,
provides excellent dynamics and fastest control with
minimum hardware [2] [11].
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Figure 11. Hysteresis current control technique

Figure 11.Shows the comparison between the reference source
current (I5) and sensed source current (Ig) and the generating
error is given to hysteresis band which generates switching
instants of shunt current source converter. Figure 12. Shows
the Simulink diagram of hysteresis current controller.

Figure 12. Simulink diagram of hysteresis current controller

The reference current to be injected by the shunt active filter
is referred as I and the actual current of the shunt active
filter is referred as Is. The control scheme decides the
switching pattern of shunt active filter in such a way to
maintain the actual source current of the filter to remain
within a fixed hysteresis band (HB) as indicated in figure 6.

The switching logic is formulated as follows:
Ig =I5 HB (6)
I =I1*s+ HB (7
Where, Ig= actual source current
I = reference source current

HB = Hysteresis band and S1, S2, S3, S4 are switches of
voltage source inverter. During condition of equation (6)
switches S1, S2 ON & S3, S4 OFF and during condition of
equation (7) switches S1, S2 OFF & S3, S4 ON

From above discussion note that the switching frequency of
the hysteresis current control technique described above
depends on how fast the current changes from upper limit to
lower limit of the hysteresis band. Therefore, the switching
frequency does not remain constant throughout the switching
operation, but varies along with the current waveform.
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VII.  SIMULINK MODEL OF UPQC

TheUPQChasthecapabilityofimprovingpowerqualityatthepoin
tofinstallation

onpowerdistributionsystems. TheUPQCisacombinationofseries
activefilterand shunt active filter connected in cascade via a
common dc link capacitor[4][10].
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Figure 13.Basicblockdiagramofunifiedpowerquality conditioner
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Figurel3.showsthatthe UPQC is combines both principles of
shunt current compensation and series voltage compensation.
The compensation principle of series active filter is achieved
by injecting voltage(\VC) in series with supply voltage so that
load voltage (VL) is balanced and distortion free.

Figure 14.show at Simulink model of UPQC using SRF
Theory. Simulink model of unified power quality condition
eris used three phase diode bridge rectifier with RL load as a
non-linear load. Matlab/Simulink model of the proposed
unified power quality conditioners shown inFigure 14.
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Figure 14. Simulink model of UPQC using SRF Theory
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This UPQC model can be divided into three main parts:

a) DC link capacitor;
b) Series Active Filter;
c) Shunt Active Filter

DC link capacitor is mainly used for two purposes one is to
maintain the dc link voltage and second is as an energy
storage element. Three phases hunt voltage source converter
is mainly used for regulation of dc link voltage. For this dc
link voltage regulation PI controller is use in shunt voltage
source inverter. In this thesis work dc link voltage Is
regulated. Series active filter is mainly used for compensate
various types
ofvoltagerelatedproblems. Theseriesactivefilterisconsistsofseri
esconverterwitha
dccapacitor,seriesinjectiontransformerandpassivelowpassfilter
(LC).Passive low pass filter is mainly used to eliminate high
frequency switching rippeson generated converter output
voltage. Shunt active filter is mainly used for compensate
various types of current related problems. The shunt active
filter is consists of shunt converter with dc capacitor and
shunt inductor. Shunt inductor(LSH) is mainly used to
interface shunt converter into the network and also help in
smoothing the current waves hape. Three phase series and
shunt voltage source converter is used insulated gate bipolar
transistor (IGBT) as a switching device and for giving at pulse
to this switching device hysteresis control technique.

VIIl.  ROLE OF DC SIDE CAPACITOR

The DC side capacitor serves two main purposes: (i) it
maintains a DC voltage with small ripple in steady state, and
(ii) serves as an energy storage element to supply real power
difference between load and source during the transient
period. In the steady state, the real power supplied by the
source should be equal to the real power demand of the load
plus a small power to compensate the losses in the active
filter. Thus, the DC capacitor voltage can be maintained at a
reference value.

However, when the load condition changes the real
power balance between the mains and the load will be
disturbed. This real power difference is to be compensated by
the DC capacitor. This changes the DC capacitor voltage away
from the reference voltage. In order to keep satisfactory
operation or the active filter, the peak value of the reference
current must be adjusted to proportionally change the real
power drawn from the source. This real power
charged/discharged by the capacitor compensates the real
power consumed by the load. If the DC capacitor voltage is
recovered and attains the reference voltage, the real power
supplied by the source is supposed to be equal to that
consumed by the load again.

Thus, in this fashion the peak value or the reference
source current can be obtained by regulating the average
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voltage of the DC capacitor. A smaller DC capacitor voltage
than the reference voltage means that the real power supplied
by the source is not enough to supply the load demand.
Therefore, the source current (i.e. the real power drawn from
the source) needs to be increased, while a larger DC capacitor
voltage than the reference voltage tries to decrease the
reference source current. This change in capacitor voltage has
been verified from the simulation results.

The real/reactive power injection may result in the
ripple voltage of the DC capacitor. A low pass filter is
generally used to filter these ripples, which introduce a finite
delay. To avoid the use of this low pass filter the capacitor
voltage is sampled at the zero crossing of the source voltage.
A continuously changing reference current makes the
compensation non-instantaneous during transient. Hence, this
voltage is sampled at the zero crossing of one of the phase
voltage, which makes the compensation instantaneous.
Sampling only twice in cycle as compared to six times in a
cycle leads to a slightly higher DC capacitor voltage rise/dip
during transients, but settling time is less.

The design of the power circuit includes three main
parameters:

e  Selection of filter inductor, Lc.
Selection of DC side capacitor, Cdc.
Selection of reference value of DC side capacitor
voltage, VVdcref.

IX.  SIMULATION RESULTS

In this section, the simulation result of series APF is
shown.The developed model of series APF
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Injected Voltage (c) Load Voltage (d) Load Current (e) Shunt APF Injected
Current (f) Source Current (g) DC Source Voltage

}AAIAA.Aj“ (ha),
MM

™ o - — — e
?1! ,'\-.\ - 4_-_,./ \‘-—(\ e b= % \/-\ —

§e \ £y f X\ \ / f {0

H \ / o\ / \\‘ 4

55 S L. Yo \or ’/:._"' - A

a0 ) Y | 4 L =

[T T o 3w om asn oo [Tt
(a)

%0 ‘ . ; : L

o) A ; " )
£ ~f\/ ~ NS A \

£ Y o o I ¥ 1\ \ \
] ‘O rﬂ‘xfg § w\/}ﬂ A srf{v&}v{ O OAAAO0S Y it
100 1 ) o o a4 )
R i oo T e ) i [T T o [T o ! ] | ] ] | .' |
Tivse 1Sex ) i . u a n i “ . w

R . )

o \ /\ Ny A \/‘\ i

i Bt

\ g
\//\/\ \/\//\/\/\/\ J RN E !

(B ;.,,,.nn e . 5 & —i A - o5 %
(©

Figure-17. Transient Current Condition (a) Load Current (b) Shunt APF
Injected Current (c) Source Current (d) DC Source Voltage
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Figure 18. Voltage Sag Condition (a) Source Voltage (b) Transformer
Injected Voltage (c) Load Voltage (d) RMS Value
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Figure 19. Voltage Swell Condition (a) Source Voltage (b) Transformer
Injected Voltage (c) Load Voltage (d) RMS Value
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Figure 20. Voltage Interruption Condition (a) Source Voltage (b) Transformer
Injected Voltage (c) Load Voltage (d) RMS Value
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Figure 21. Voltage Sag with Harmonics Distortion Condition (a) Source
Voltage (b) Transformer Injected Voltage (c) Load Voltage (d) RMS Value
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Figure 22. Voltage Swell with Harmonics Distortion Condition (a) Source

Voltage (b) Transformer Injected Voltage (c) Load Voltage (d) RMS Value
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Figure 23. THD=22.36% of Source voltage
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Figure 24. THD=0.94% of Source voltage
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Figure 25.THD=29.12 % of Load Current
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Figure 26. THD=1.44 % of Source Current

Table-1. Simulation results and THD level of Voltage waveforms at the PCC

System Voltage % Before Compensation After Compensation
v &
Condition o Voltage RMS Voltage RMS
THD (%) THD (%)
A 22.36 2355 0.94 230
Balanced
Voltage (V) B 22.36 2355 1.09 230
C 22.36 2355 1.07 230
A 20.76 252.8 419 2375
Unbalanced
Voltage (V) B 22.36 2355 491 230
C 24.22 218.3 4.97 212
with B 21.45 235.5 1.46 2296
Harmonics
Distortion C 21.45 235.5 1.41 229.6
with B 21.45 235.5 1.46 229.4
Harmonics
Distortion C 21.45 235.5 1.41 229.4

[20 [




Table-2. Simulation results and THD level of Current waveforms at the PCC

Before After
Compensation Compensation
System i
Condition £ Current Current
THD RMS THD RMS
(%) (%)
A 29.12 8.67 1.44 8.40
Balanced
Voltage (V) B 29.05 8.69 1.41 8.40
C 28.98 8.68 1.40 8.40
A 25.73 8.57 1.60 7.92
Unbalanced
Voltage (V) B 29.13 8.10 153 7.74
C 33.80 7.41 151 7.82
S A 29.23 8.67 2.79 8.40
g9
45| B 29.06 8.69 3.36 8.40
25
Transient | —C | C | 2008 | 868 320 | 840
Current
Condition o< | A 29.34 17.3 2.73 16.7
8o
25| B | 2947 173 2.73 167
=35
IOl ¢ | 2079 17.3 271 | 167

X. CONCLUSION

Problems in The power quality at distribution systems are old
but customer recognition of these problems increased recently.
AMain evaluation of UPQC for improvement in Power
Standard at distribution level has been reported in this paper.
It’s very tough to maintain electric power quality at acceptable
limits. One modern and very favorable solution that deals with
both load current and supply voltage imperfection is the
Unified Power Quality Conditioner (UPQC). This paper
presented evaluation on the UPQC to improve the electric
power quality at distribution level. The UPQC is able to
compensate supply voltage power quality problems such as
harmonics, voltage sags, voltage swells,voltage unbalance,
and voltageflicker and for load current power quality
problems such as, unbalance, harmonics, reactive current and
neutral current. In this paper some UPQC layouts have been
discussed. Among all these arrangement, UPQC-DG could be
the most interesting topology for a renewable energy based
power system.
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