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ABSTRACT

The main aim of this paper is to improve, the power quality in the
Facility side i.e. in Distribution side by the help of the Unified
Power Quality Conditioner. The UPQC is a customer power device,
which is used to mitigate the power quality problems. By the help
of the UPQC, the various power quality concerns such as voltage
sag, swell, harmonics can be eliminated. In our paper the modified,
three phase four wire distribution is used to control the reactive
power in the line. And also it uses, the both voltage source inverter
which are connected in back to back manner with the help of
reduced d. c. link capacitor.

Keywords-Power Quality, switching frequency, dc-link voltage,
unified power quality conditioner (UPQC)

I.INTRODUCTION

The use of sophisticated equipment/loads at
transmission and distribution level has increased considerably in
recent years due to the development in the semiconductor device
technology. The equipment needs clean power in order to
function properly. At the same time, the switching operation of
these devices generates current harmonics resulting in a polluted
distribution system. The power-electronics-based devices have
been used to overcome the major power quality problems [1].
To provide a balance, distortion-free, and constant magnitude
power to sensitive load and, at the same time, to restrict the
harmonic, unbalance, and reactive power demanded by the load
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and hence to make the overall power distribution system more
healthy, the unified power quality conditioner-(UPQC) is one of

the best solutions [2] [3].
, 1

P v | vy
) [

AN
Three Phase

Voltage at
Plant Input

Plant Input
Bus

L+

Shunt APF

<} [T

Series APF

upPQc

Fig.1. Shows Basic UPQC system configuration

A unified power quality conditioner (UPQC)[4], [5],
[6]-[7], is another mitigating device that is similar in
construction to a unified power flow controller (UPFC) [8]. A
UPFC is employed in power transmission system where as a
UPQC is employed in a power distribution system, to perform
the shunt and series compensation simultaneously. But a UPFC
only needs to provide balance shunt and/or series compensation,
since a power transmission system generally operates with
balanced, distortion free environment. The primary objective of
a UPFC is to control the flow of power at fundamental
frequency only. On the other hand, a power distribution system
may contain dc components, distortion, and unbalance.
Therefore, a UPQC must operate under these environments
while performing shunt and/or series compensation. The basic
configuration of UPQC-based system is shown in Fig. 1. It
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consists of two voltage source inverters (VSIs) connected back
to back, sharing a common dc link in between. One inverter acts
as a shunt APF, whereas the other as a series APF. The load-
reactive power compensation in most of the UPQC based power
quality compensation application is done by shunt APF,
whereas, the series APF is generally utilized to compensate
voltage related problems [4], [5], [6]-[7]. In a typical
distribution system the voltage sag and/or swell, flicker, un-
balance, etc. are short duration power quality problems. On the
other hand current harmonics, load-reactive power demand etc.
are load dependant issues and constant for a particular type of
load. Therefore the utilization factor of shunt APF is much
higher than that of series APF during normal steady-state
operation .Also, the rating of shunt APF is significantly affected
by the reactive power needs [9]. Three-phase four-wire system,
neutral-clamped topology is used for UPQC [10], [11]. This
topology enables the independent control of each leg of both the
shunt and series inverters, but it requires capacitor voltage
balancing [12]. In [13], four-leg VSI topology for shunt active
filter has been proposed for three-phase four-wire system. This
topology avoids the voltage balancing of the capacitor, but the
independent control of the inverter legs is not possible. To
overcome the problems associated with the four-leg topology, in
[14], [15], the authors proposed a T-connected transformer and
three-phase VSC bhased DSTATCOM. However, this topology
increases the cost and bulkiness of the UPQC because of the
presence of extra transformer. UPQC topology with reduced dc-
link voltage is proposed. The topology consists of capacitor in
series with the interfacing inductor of the shunt active filter. The
series capacitor enables reduction in dc-link voltage requirement
of the shunt active filter and simultaneously compensating the
reactive power required by the load, so as to maintain unity
power factor, without compromising its performance.

I1.CONVENTIONAL UPQC TOPOLOGY

The Conventional UPQC Topology is Back -Back
connected device. It deals with both load current and supply
voltage imperfections. UPQC can simultaneously act as shunt
and series active power filters. The series part of the UPQC is
known as dynamic voltage restorer (DVR). It is used to maintain
balanced, distortion free nominal voltage at the load. The shunt
part of the UPQC is known as distribution static compensator
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(DSTATCOM), and it is used to compensate load reactive
power, harmonics and balance the load currents thereby making
the source current balanced and distortion free with unity power
factor. It consisting of two dc-link capacitors Vi, s=2*V,,

where

V,4.=520V (Conventional)

Fig.2.Shows Equivalent circuit of Conventional VS| Topology based UPQC

The conventional topology of the UPQC is discussed in
detail. Fig. 2 shows the power circuit this section, of the neutral-
clamped VSI topology-based UPQC which is considered as the
conventional topology in this study. Even though this topology
requires two dc storage devices, each leg of the VSI can be
controlled independently, and tracking is smooth with less
number of switches when compared to other VSI topologies
[16]. In this figure shows Vg, Vg, Vs are source voltages of
phases a, b and c respectively. Similarly, V,,,V;,and V.,  are
terminal voltages. The voltages Vayras Vaprn, and Vg, are
injected by the series active filter. The three phase source
currents are represented by i, ig,, and iy, load currents are
represented by i, i;, and i;.. The shunt active filter currents are
denoted by irq ifp.irc and i, represents the current in the
neutral leg. Ly and R, represent the feeder inductance and
resistance, respectively. The interfacing inductance and
resistance of the shunt active filter are represented by L, and R
respectively, and the interfacing inductance and filter capacitor
of the series active filter are represented by L., and C,,
respectively. The load constituted of both linear and nonlinear
loads as shown in this figure. The dc-link capacitors and
voltages across them are represented by Cuoq = Caez = Cye
and Vg = Vgep = Vye, respectively, and the total dc-link
voltage is represented by Vipus(Vacit Vaez = 2Vye). In this
conventional topology, the voltage across each common dc-link
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capacitor is chosen as 1.6 times the peak value of the source
voltages as given in [16].

I1l. PROPOSED UPQC TOPOLOGY

The Proposed UPQC Topology is Back-Back to device.
It deals with both load current and supply voltage imperfections.
UPQC can simultaneously act as shunt and series active power
filters. The series part of the UPQC is known as dynamic
voltage restorer(DVR). It is used to maintain balanced,
distortion free nominal voltage at the load. The shunt part of the
UPQC is known as distribution static compensator
(DSTATCOM), and it is used to compensate load reactive
power, harmonics and balance the load currents thereby making
the source current balanced and distortion free with unity power
factor. It consisting of single dc-link capacitor Vg, =750V
(Proposed).

Fig.3.Shows Equivalent Circuit of modified VVSI Topology for UPQC
Compensation system

The equivalent circuit of the proposed VSI topology for
UPQC compensated system. In this topology, the system neutral
has been connected to the negative terminal of the dc bus along
with the capacitor C; in series with the-interfacing inductance
of the shunt active filter. This topology is referred to as modified
topology. The passive capacitor C; has the capability to supply a
part of the reactive power required by the load, and the active
filter will compensate the balance reactive power and the
harmonics present in the load. The addition of capacitor in series
with the interfacing inductor of the shunt active filter will
significantly reduce the dc-link voltage requirement and
consequently reduces the average switching frequency of the
switches. This concept will be illustrated with analytic
description in the following section. The reduction in the dc-link
voltage requirement of the shunt active filter enables us to the
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match the dc-link voltage requirement with the series active
filter. This topology avoids the over rating of the series active
filter of the UPQC compensation system. The design of the
series capacitor C, and the other VSI parameters have

significant effect on the performance of the compensator.

IV.DESIGN OF UPQC TOPOLOGY PARAMETERS

The important parameters that need to be taken into
consideration while designing conventional VSI are V., Cyc, Ls
, Lge, Cse, and switching frequency (fs,,). The design details of
the VSI parameters for the shunt and series active filter are
given in [17], [18].

A .Design of Shunt Active filter parameters:

Consider the active filter is connected to an Xxy,4
system and deals with 0.5X,, and 2Xg,, handling capability
under transient conditions for n cycles. During transient, with
an increase in system KVA load, the voltage across each dc-link
capacitor (V,.) decreases and vice versa. Allowing a maximum
of 25% variation in V. during transient, the differential energy
(AE,) across C,, is given by

2_ 2
AEC — Cdc[(l.IZSVdC)Z (0.875Vg¢)“] (1)

The change in system energy (AZ£s) for a load change from 2X
KVA o 0.5X KVA is

AE,_ (2X - f) nT @)

Equating (1) and (2), the dc-link capacitor value is given by
2 2X—£ nT
Cac = ( 2) 3)

T (1.125Vg0)2—(0.875V g¢)?

where, V},, is the peak value of the source voltage, X is the KVA
rating of the system, n is number of cycles, and T time period of
each cycle. An empirical study has been carried out for various
values of interfacing inductance values with the variation of the
dc-link voltage in [17], with V. = mV,

Where m = .

—_— 4
. 1=fswmin/fswmax
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It is found that m = 1.6 gives fairly good switching performance
of the VSI. The approximate relationship between m and
minimum (fswmin), Maximum switching frequency (fimax) 1S
obtained by-analysis of the VSI in [17], and this is given below.
For switching frequency variation approximately from 6 kHz to
10 kHz, the value of m is 1.58, which is taken as 1.6 in the
study. Based on this, the shunt interfacing inductance has been
derived taking into consideration of the maximum switching
frequency and is given below [17].

mVm

Ty S— ©)
where
_ K1(2m2~ D fomax
hy = \/ Kp4m2 ©)
where hl is the hysteresis band limit. kland k2 are

proportionality constants

B. Design of Series Active Filter parameters:

The series active filter system a first-order system, a
resistor is added in series with the filter capacitor, referred as
switching band resistor (R, ) [18]. The rms value of the
capacitor current can be expressed as

Lo = Izinv _112

Iin, i the series inverter current rating and Il is the load
current. The capacitor -branch current is divided into two
components—a fundamental current Isel, corresponding are
given to the fundamental reference voltage (Vrefl) and a
switching frequency current I, corresponding to the band
voltage (V4,,)- The DVR voltage and the current of the

capacitor are given by
S e
avr= |Vyefq _le
1
sc=_|Ise12+1Isy?

Vo = LRy = 22
sw T Ifswitsw _\/§
where

h, is the hysteresis band voltage.

Isel (7)

Vrer1=lscrXe1= 5007
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The resistance (R, ) and the capacitance (C.) values are
expressed in terms of band voltage V;,, and rated references
voltage (Vys1), respectively, and are given by

h;
RSW =
ISW‘\/§
C e 8
Se=profianri ®)

The interfacing inductor Ly, has been designed based on the
switching frequency of the series active filter and is given by
Lse— (Vbus)RSW (9)

~4fswmaxh2

where V,,, is the total dc-link voltage across both the dc-link
capacitors. A design example is illustrated for a rated voltage of
230 V line to neutral and the dc-link voltage reference (Vyyyer )
of the conventional VSI topology has been taken as 1.6 for each
capacitor [12], [17]. The hysteresis band (h1) is taken as 0.5 A.
From (5), the interfacing inductance (L; ) is computed to be
26mh. The base KVA rating of the system is taken as 5 KVA.
Using (3), C4c is computed and found to be 2200u,. The rated
series VSI voltage is chosen as 50% of the rated voltage, i.e., the
maximum injection capacity of the series active filter is 115V.
The hysteresis band (h,) for series active filter is taken as 3% of

the rated voltage, i.e., 6.9V.
TABLE-I
SYSTEM PARAMETERS

System Quantities

Values

System Voltages 230V(Line to neutral), 50HZ
Feeder impedance Zs =1+ j3.1410
Linear Load Ziq =34+ j47.5Q,

Zlb =81 +]396Q,
7,. = 315 +70.9Q

Non-linear Load

Three-phase full bridge rectifier
load feeding a R-L Load of
150Q-300mh

Shunt-VSI Parameters

Cqc = 2200uF, Ly = 26mH,
Rf e 1Q,

Vabus = 2 * Vg
= 1040V (Conventional)
Vapus = 560V (Proposed)

Series-VSI Parameters

Cse = 80uf,Lse = 5mh,
Rgy = 1.50

Series interfacing transformer

1:1,100V,and 700V

PI Controller gains

Kp = 6.6,K; = 5.5

Hysteresis band

h, = +0.54, h, = +6.9V
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C. Design of Cr proposed Topology:

The design of the C; depends upon the value to which the dc-
link voltage is reduced. In general, loads with only nonlinear
components of currents are very rare, and most of the electrical
loads are combination of the linear inductive and nonlinear
loads. Under these conditions, the proposed topology will work
efficiently. The design of the value of C, is carried out at the
maximum load current, i.e., with the minimum load impedance
to ensure that the designed Cr will perform satisfactorily at all
other loading conditions. If S,,,,,4, iS the maximum KVA rating
of a system and V, 4., is the base voltage of the system, then the
minimum impedance in the system is given as
Voase® _ |Ry 4 jX1)| (10)

Z min= Smax

In order to achieve the unity power factor, the shunt active filter
current needs to supply the required reactive component of the
load current, i.e., the fundamental imaginary part of the filter
Current should be equal to the imaginary part of the load
current. The filter current and load current in a particular phase
are given below

Vinpi—V
Ifilter = ol i (11)
Rr+jxif-xcf)
Vi1
Iload - RI+jX1 (12)
where
0.612V4
Vinw1 = 23 < (13)

V.UPQC CONTROL BLOCK DIAGRAM

In this work, the load currents are unbalanced and
distorted, these currents flow through the feeder impedance and
make the voltage at terminal unbalanced and distorted. The
series active filter makes the voltages at PCC balanced and
sinusoidal. However, the voltages still contain switching
frequency components and they contain some distortions. If
these terminal voltages are used for generating the shunt filter
current references, the shunt algorithm results in erroneous
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compensation [19]. To remove this limitation of the algorithm,
fundamental positive sequence voltages v+lal(t), v+Ilb1(t), and
v+lcl(t) of the PCC voltages are extracted and are used in
control algorithm for shunt active filter [19]. The expressions for
reference compensator currents are given in (17). In this
equation, Py, is the average load power, p,,s denotes the
switching losses in actual compensator, and it is generated
using a capacitor voltage PI controller. The term Py, is
obtained using a moving average filter of one cycle window of
time T in seconds. The term ¢ is the desired phase angle
between the source voltage and current

Vtia1+ YV +01= V Fic1)(Prayg +Pross)

.%o . Lok .
lrfa = la —lsa = la—

A+
. o V41t vV +ie—V F1a1) (Pravg+Pioss)
lrp =Up —lsp = Up—
r s A+
L i i . Vt+ic1+ty V+iar—V+aye P
lfc L c1 a1l o D(Plavg*Pioss) (14)
where:
_ 2 _ tang
A=Yicapc(V +51)°, v = 7
.‘:u‘l ¥ ahe
Hysteresis controller
: P-\;.;
! _P\.
. 1L 5 Inve't_erg_atng L s
I ! circuit s
I —s
1 __.I\l

.I' [ ahp

) v
Reference current | " 7ahe v,
\ - i weilive seauencel { tabe
i generation using [ 1 Positive sequence ;3,

e (17) edracion | 7|
g | labe
U
Fl Power calculaion | {{’
controler using moving
average filter (MAF) i

1t

Fig.4.Shows Control Block diagram of UPQC
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The above algorithm gives balanced source currents after
compensation irrespective of unbalanced and distorted supply.
The reference voltages for series active filter are given as

* *
Varri =V —Vy

i=ab,c

Where V;;* represents the desired load voltages in three phases,
and represents V,,,;* the reference series active filter voltages.
The switching Control for shunt active filter is given below as:

If Uasipg"+hy then bottom switch is turned ON whereas top
switch is turned OFF (Sa = 0,Sa’ =1).

If ifq < ifq” — hy, then top switch is turned ON whereas
bottom switch is turned OFF (Sa =1, Sa’=0).

ol I i ]

v A L !
Similarly the switching commands for series active filter are ‘ BEE [% | 535
given as follows. @ T e J—_ﬂ LLE
If Vipra = Vaura” +ha, then bottom switch is turned ON =l J

R

whereas top switch is turned OFF (S,, =0, S,,"" = 1). e S
If Vavra < Vavra —h,, then top switch is turned ON whereas Fig: 7. Shows Simulation model of Modified Topology of UPQC

bottom switch is turned OFF (S,,=1, Sgq 7" = 0).

VIL.SIMULINK DIGRAMS AND RESULTS

b
~cfdy
b

i
iy
=)

Fig.8. Shows Control Circuit of Modified Topology of UPQC

SIMULATION RESULTS:
CONVENTIONAL TOPOLOGY RESULTS:

Fig: 5. Shows simulation model of Conventional Topology of UPQC
In order to validate the Conventional topology, simulation is

carried out using MATLAB software
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time(secs)

Fig. 9. a) Terminal voltages with sag b) DVR-injected voltages c) load
voltages after compensation

Fig: 9. Shows a) The compensation performance of the series
active filter. A Sag of 50% is considered in all phase of the
terminal voltages for five cycles, which start form 1.9s and ends
at 2.0s. fig. 9.b. shows the compensated DVR voltages and load
voltages after compensation as shown in fig. c. The load voltage
are maintained to the desired voltage using series active filter

time(secs)

Fig. 10. a) Source voltage b) source current ¢) Load voltage
d)Load current

Fig.10.Shows the load currents and terminal voltages after
compensation. The load currents are unbalanced and distorted,
also the terminal voltages are distorted because these load
currents flow through the feeder impedance in the system.

Fig.11.Shows.a) The three-phase shunt compensators currents
are shown in fig. b)The voltage across the interfacing inductor
in phase-a, as shown in fig. The peak-to-peak voltage across the
inductor is 1040V.

Fig.12. Shows The dc-link voltage across the top and bottom dc-
link capacitors are shown in fig. Using PI controller, the voltage
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across both dc capacitors are maintained constant to a reference
values of 520V as shown in fig.

ifa
ifb
It

Vinda

time(secs)

Fig.11. a) Shunt active filter currents. b)voltage across the interfacing inductor
in phase-a of the shunt active filter.

Vde1(V)

VaealV]

time(secs)
Fig.12. dc- link capacitor voltages
PROPOSED TOPOLOGY RESULTS:

In order to validate the Conventional topology, simulation is
carried out using MATLAB software

time(secs)

Fig. 13. a) Terminal voltages with sag b)DVR-injected voltages c) load voltages
after compensation

Fig.13. Shows a) The compensation performance of the series
active filter. A Sag of 50% is considered in all phase of the
terminal voltages for five cycles, which start form 1.9s and ends
at 2.0s.b)The compensated DVR voltages and load voltages
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after compensation as shown in fig. ¢) The load voltage are
maintained to the desired voltage using series active filter

time(secs)

Fig.14. a) Source voltage b) source current c) Load voltage d)Load current

Fig.14. Shows The load currents and terminal voltages after
compensation using proposed Topology are shown in fig. The
load currents are unbalanced and distorted as shown in fig. The
terminal voltages are also distorted because these load currents
flow through the feeder impedance in the system as shown in

fig.

ifa
ifb
Ific

Vinda

time(secs)

Fig.15. a) Shunt active filter currents. b) voltage across the interfacing inductor
in phase-a of the shunt active filter.

Fig.15.Shows a) The three-phase shunt compensators currents
are shown in fig b) The voltage across the inductor is shown in
Fig. the peak-to-peak voltage is 560 V, which is far lesser than
the voltage across the inductor using conventional topology. As
the voltage across inductor is high in case of conventional
topology, the rate of rise of filter currentd;f/dt will be higher
than that of modified topology. This will allow the filter current
to hit the hysteresis boundaries at a faster rate and increases the
switching, whereas in modified topology, the number of
switching will be less. Thus, the average switching frequency of
the switches in the proposed topology will be less as compared
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to conventional topology. Since the average switching is less,
the switching loss will also decrease in modified topology.

Vdec1(V)

time(secs)

Fig.16. DC - link capacitor voltage

Fig.16. Shows The dc-link voltage across the dc-link capacitor
are shown in fig. Using PI controller, the voltage across dc
capacitor are maintained constant to a reference values of 750V

as shown in fig.

Fundamental (50Hz) =322 5, THD= 6.36%

Mag % of fundamental

Fig.17.THD of Conventional Topology
Fig.17.Shows THD(total harmonic distortion) of Load Voltage

in Conventional topology is high compared to proposed
topology because high switching operation

Fundamental (50Hz) = 338 , THD= 3.50%

Mag(% fundamental)

0 200 400 600 800 1000

Frequency(Hz)

Fig.18.THD of Proposed Topology
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Fig.18.Shows in proposed topology total harmonic distortion
(THD) reduces because less voltage across the inductor is that
the hysteresis band violation will be less. This will improve the
quality of compensation, and total harmonic distortion (THD)
reduces in the proposed topology. Similarly, the switching in the
series active filter also reduces

VII1.CONCLUSION

The voltage sag, swell and other power quality problem can be
removed with the help of the Unified Power Quality
Conditioner. The design of the modified three phases four wire
topology had given and the reduction of the dc link capacitor are
discussed. The reduction of average switching loss can be
achieved by the help of the control of each leg independently.
The control circuit for the UPQC and the generation of the
reference current are also explained. The output of the UPQC
for the various conditions had been explained by the help of the
simulation result. The average switching loss details are
explained in the tabulated manner the study, it is found that the
modified topology has less average switching frequency, less
THDs in the source currents, and load voltages with reduced dc
link voltage as compared to the conventional UPQC topology.
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