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ABSTRACT - A three-phase unified power quality
conditioner (UPQC) with cross-phase connection s
investigated. The UPQC is designed to mitigate voltage
sags/swells, including those resulting from single-phase
faults. Based on an analysis of the configuration of the
conditioner, multi-loop control schemes are proposed for the
voltage and current compensation strategies. The results
demonstrate the proposed control strategy for the cross-
phase-connected UPQC is capable of regulating load
terminal voltage and compensating load current changes
simultaneously and effectively.

UPQC has been modeled for both active and reactive power
compensation using different control strategies. The
behavior of UPQC has been analyzed with sudden switching
of R-L loads, as well as occurrences of different shunt faults.
The control scheme has been devised using PI controller in
UPQC operation in case of switching and faults in
transmission systems.
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1 INTRODUCTION

A Unified Power Quality Conditioner (UPQC) is a relatively
new member of the custom power device family. It is a
combination of shunt active filter and series active filter.
The concept of UPQC was first introduced in 1996. It is
speculated that almost any power quality issues can be
tackled with this device. Generally power quality problems
arise either because of supply voltage distortion or
because of load current distortion. Since a UPQC has both
series and shunt compensators, it can handle supply
voltage and load current problems simultaneously when
installed at the point of common coupling. It can protect
sensitive loads from power quality events arising from the
utility side and at the same time can stop the disturbance
being injected in to the utility from load side. A UPQC is a
device that is similar in construction to a Unified Power
Flow Conditioner (UPFC). The UPQC, just as in a UPFC,
employs two voltage source inverters having a common
DC energy storage capacitor. One of these two VSIs is
connected in shunt with the AC system while the other is
in series with AC line. As similar to UPFC, UPQC also
performs shunt and series compensation in a power
distribution system. Since a power transmission line
generally operates in a balanced, distortion (harmonic)
free environment, a UPFC must only provide balanced

shunt or series compensation. A power distribution
system, on the other hand, may contain unbalance,
distortion and even DC components. The power electronic
devices due to their inherent non-linearity draw harmonic
and reactive power from the supply. In three phase
systems, they could also cause unbalance and draw
excessive neutral currents. The injected harmonics,
reactive power burden, unbalance, and excessive neutral
currents cause low system efficiency and poor power
factor. In addition to this, the power system is subjected to
various transients like voltage sags, swells, flickers etc.
These transients would affect the voltage at distribution
levels. Excessive reactive power of loads would increase
the generating capacity of generating stations and increase
the transmission losses in lines.

2 PRELIMINARY ANALYSIS

The cross-phase-connected UPQC can be installed at the
point of common coupling (PCC) on distribution systems
where critical/sensitive loads are present. Note that with
this circuit structure, each of the three UPQC modules is
cross-phase-connected at the load-side. Each module
consists of a series and a parallel half-bridge VSCs and the
two VSCs share two split-capacitors, the midpoint of the
DC-link capacitors is connected to the distribution feeder
directly. As stated earlier, unlike the conventional UPQC
design, no injection transformer is needed in the new
design.. In this section, the UPQC modelling has been
presented considering the equivalent circuit of UPQC. The
dq transformation, compensation strategy, basic control
function, series and shunt converter controls have been
explained for UPQC model development

2.1 FOR A CROSS PHASE CONNECTED UPQC

The general operating principle of the proposed UPQC can
be explained as follows. By controlling the voltages vcal,
vcb1 and veel across the filter capacitors (each denoted as
C1), the series VSCs are capable of both rapid mitigation of
the effects of supplied-side steady-state voltage imbalance
and voltage sag/swell. The technique to achieve these
functions will be described in the next section.
Furthermore, in each phase, the passive filter formed by
the filter inductor (L1) and C1 can remove the switching
frequency harmonics which appear at the output voltages
of the series VSC . Also, it would be shown that with the
control of the current through the filter inductor L2, the
parallel VSCs can mitigate the level of harmonics and
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compensate for the imbalance and reactive components in
the supply-side currents because of the imbalance and/or
distortions in the load currents iLa, iLb and iLc. Moreover,
the VSC draws fundamental currents from the load
terminal so as to maintain the DC-link voltages at nominal
level during the operation of the series VSCs. In the event
of the occurrence of supply-side voltage imbalance and/or
voltage sag/swell, both the series and parallel VSCs will be
activated. The series VSCs inject a set of three-phase
voltages to regulate the load terminal voltage to pre-set
magnitude and phase, whereas the parallel VSCs regulate
the DC-link voltage. Thus, the loads will not be affected by
the supply-side disturbances.
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Figure 2.1 Circuit diagram of a cross-phase connected UPQC

Under normal condition, the UPQC would not be expected
to function and therefore the IGBTSs of the half-bridges will
be off. Hence, no line-line short circuit would occur across
the phases. Under disturbance condition, the UPQC
operates with the IGBT switching at high frequency,
typically at some 5 kHz. The duration of the remaining
‘ON’ time when either the top or bottom pair of the IGBTs
of one of the half-bridges is concurrently turned on is very
short. Thus, this type of short-circuit occurrence can be
ignored.

2.2 FOR A CONVENTIONAL UPQC

2.2.1 Modeling of UPQC

The simplified diagram of UPQC with series and shunt
active filters has been shown in Figure 1. The UPQC
modelling has been presented considering the equivalent
circuit of UPQC. The factors that have been explained for
UPQC model development are-

The dq transformation.
Compensation strategy.
Basic control function.
Series converter controls.

Shunt converter controls.

2.2.2 CIRCUIT DIAGRAM
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Figure 2.2.2 Simplified UPQC Diagram & Equivalent Circuit Diagram of
UPQC

, vs is the supply voltage. Vc, Ic are the series
compensation voltage, shunt compensation current and
vL, il are the load voltage and current respectively. The
source voltage may contain negative, zero as well as
harmonic components.

Where vilpa is the fundamental frequency positive
sequence components, vlna is fundamental frequency
negative sequence components respectively. V1p is the
positive sequence voltage amplitude and V1n is the
negative sequence voltage amplitude. The last term of
equation represents the harmonic content in the voltage.
In order for the load voltage to be perfectly sinusoidal and
balanced, the series filter should produce a voltage of:

3. CONTROL SCHEMES.

3.1 For a cross phase connected UPQC.
3.1.1 UPQC Series VSC Control Scheme.
3.1.1.1 Generation of compensation voltage reference

signal.

The primary objective of the series VSC is to inject a set of
three-phase voltages, denoted by vcal, vcb1 and vccl, so
as to regulate the load terminal voltage to pre-set
magnitude and phase, in the event of voltage imbalance
and/or sag/swell at the supply side. In the three-phase
three-wire system, it can be assumed that the supply
voltages vSa, vSb and vSc, contain positive and negative
phase sequence components defined by

cos(wt + 0p)
2
= Vg cos(wt — ?n + )| 4 v
cos(wt + Z?” + 6p)

cos(wt + 6n)

Vsa o
cos(wt + S5t on)

Vsb
Vsc

cos(wt — 2?” + 6n)
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3.1.1.2 Multi-loop controller for series VSC
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Figure 3.1.1.2 Control block diagram for the series VSC in the UPQC phase
A module.

In this section, the proposed multi-loop controller for the
series VSC at phase A is presented. Instead of the supply
current iSa, which is normally related to the source and
load in the distribution power system, the output voltage
of the series VSC (denoted by val) is set to be the control
variable in the proposed control scheme.

3.1.2 UPQC Parallel Vsc Control Scheme.

3.1.2.1 Generation of supply voltage reference signal :

The parallel VSCs of the proposed UPQC are in cross-phase
connection at the load-side terminal, as shown in Figure.
2.1. It has been stated earlier that under steady state, the
main functions of the parallel VSC are to absorb
harmonics, compensate for unbalances and reactive power
components of the load currents. During voltage
sag/swell, the parallel VSC also play the role in regulating
the DC-link voltage. The next step is to show the design
approach of the control scheme. When the UPQC operates
in a steady state, in which the DC-link voltage remains
stable at a nominal level, whereas the supply currents are
sinusoidal, balanced and contain only a positive phase
sequence component.

3.1.2.2 Multi-loop controller scheme for parallel vsc.

To provide load reactive power demand and
compensation of the load harmonic and negative sequence
currents, the shunt- APF acts as a controlled current
source and its output components should include
harmonic, reactive and negative sequence components in
order to compensate these quantities in the load current.
The per phase load current of shunt active filter is
expressed as:

Figure.3.1.2.2 Control Block Diagram for Parallel VSC.

The parallel VSCs are used to regulate the supply currents.
The proposed control scheme of the parallel VSC for phase
A. Similar as the control loops of the series VSC, the
objective is to obtain good current control using the inner
loop, to be followed by the outer-loop voltage control.

Firstly iSb is compared with its reference value derived
from the scheme shown in Fig. The error and the DC-link
voltage regulating current reference (i*dc_a) are
multiplied by the current error gain K2. The result is fed to
the second stage as a reference for the inductor current
ia2. This virtual reference, denoted by ixa2, is then
compared with the actual inductor current to make up the
inner feedback loop. Finally, the result of the inner
feedback loop, denoted by v=*a2, is employed by the
parallel VSC as the output voltage reference.

3.2 For a conventional UPQC.

The dq transformation, compensation strategy, basic
control function, series and shunt converter controls have
been explained for UPQC model development.

3.2.1 D-q Transformation.

According to the d-q control theory three-phase line
voltages and line currents are converted into its
equivalent two-phase system called stationary reference
frame. These quantities further transformed into
reference frame called synchronous reference frame. In
synchronous reference frame, the components of current
corresponding to active and reactive power are controlled
in an independent manner. The outer loop controls the dc
bus voltage and the inner loop controls the line currents.
The instantaneous current and voltage space vectors are
expressed in terms of instantaneous voltages and currents
as:

It will be shown how the series-APF can be designed to
operate as a controlled voltage source whose output
voltage would be automatically controlled according to the
above equation. The functions of the shunt active filter is
to provide compensation of the load harmonic current,
load reactive power demand and also to maintain dc link
current constant.

To provide load reactive power demand and
compensation of the load harmonic and negative sequence
currents, the shunt- APF acts as a controlled current
source and its output components should include
harmonic, reactive and negative sequence components in
order to compensate these quantities in the load current.
The per phase load current of shunt active filter is
expressed as:

3.3.3 Basic Control Function

It is evident from above discussion that UPQC should
separate out the fundamental frequency positive sequence
components first from the other components. Then it is
required to control both series and shunt active filter to
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give output. The control strategy uses a PLL based unit
vector template for extraction of reference signal from the
distorted input supply. The block diagram of extraction of
unit vector template is as given

Vi

VIaVip VIe
Va Vi Ve

Vsa

vy -

b —%—v PLL |—» smlcos [— —
Ve

Figure 3.3.3 Extraction of Unit Vector Template

The input source voltage at point of common coupling
contains fundamental and distorted component. To get
unit vector templates of voltage, the input voltage is
sensed and multiplied by gain equal to 1/vm, where vm is
peak amplitude of fundamental input voltage. These unit
vector templates are then passed through a PLL for
synchronization of signals.

4 SIMULATION & RESULTS.

The simulations and the results are divided into two parts.
The first part contains the simulation diagrams of the
cross phase conned unified power quality conditioner,
where the second part contains simulations and results for
a conventional unified power quality conditioner. For both
the parts the simulations and results are being carried out
in MATLAB version 7.8.0 (R2009A). The model is initially
considered with STATCOM and then without STATCOM
and with & without UPFC model with a variables load
states of linear and nonlinear loads consideration, the
results are obtained in this section and discussion in
carried out. In case load block, they are absorbing 50 W
real and 500 VAR reactive power having value of voltage
110 Volts.

4.1 FOR A CROSS PHASE CONNECTED COMBINED
SERIES & PARALLEL VSC CONTROLLERS .
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Figure.4.1 Simulation diagram of Cross-phase connected

UPQC with both series & parallel VSC controller.

4.1.1 RESULTS
B o 00

Figure.4.1.1 Waveforms of voltage and current with UPQC

compensation in steady state

a) Voltage with fault (b)Current with fault

c) Output voltage (d)Output current

4.2 FOR A CONVENTIONAL UPQC.
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Figure.4.2 Simulink Model Of UPQC

4.2.1 Voltage and current before compensation.
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Figure 4.2.1 Voltage and Current before Compensation.

4.2.2 DQ components through PLL .
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Figure 4.2.2 Simulation diagram of PLL Block of shunt Converter

Control.

4.2.3 Series Converter Control (Pulses Generation).
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Figure 4.2.3 Simulation Diagram for Series Converter Control.

4.3 RESULT

4.3.1 After Compensation

Figure 4.3.1 Voltage and Current After Compensation

When the transmission line is without UPQC, the real and
reactive power flow cannot be controlled under non-linear
loads and sudden change in their values. Transmission line
capability of the existing transmission line is highly
improved with the presence of UPQC. The difference
between the sending-end real power and receiving end
real power is high in the transmission line without UPQC.
This is due to the increase in transmission losses, which
are minimized with the help of UPQC. The power transfer
capability of long transmission lines is usually limited by
their thermal capability. Utilizing the existing transmission
line at its maximum thermal capability is possible with
UPQC. The series inverter injects voltage of variable
magnitude and phase into the transmission line at the
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point of its connection, there by controlling real and
reactive power flow through the line. The active power
through the line active power. This real power is obtained
from the dc source connected to its dc terminals. The
shunt inverter provides the required power to the series
inverter through the dc link. For unbalanced condition
extra RL load at dc side of the capacitor is connected.
Unbalance is created by switching RL load on the ac side of
the diode rectifier on phase another RL load at phase b
and phase c connected respectively.

5 CONCLUSIONS

5.1 For a Cross Phase Connected UPQC.

The topology of a cross-phase-connected UPQC is
introduced and two multi-loop control schemes are
incorporated for the series and parallel VSC within the
proposed UPQC. Extensive simulations are carried out to
verify the practicability of the configuration and the
effectiveness of the proposed control schemes under
various operating conditions. It has been shown that the
new control strategy for the UPQC is capable of protecting
critical loads against voltage deviations, such as voltage
imbalance, three-phase voltage sag/swell. Also the UPQC
with the proposed control can regulate the currents

5.2 For a Conventional UPQC.

The control and performance of UPQC intended for
installation on a transmission line. The performance of
UPQC has been studied under different cases of R-L, R-C
loads switching and different kind of shunt faults.
Simulation results show the effectiveness of UPQC in
active filtering and controlling real and reactive power
through the line. AC voltage regulation and power factor of
the transmission line is also improved. The UPQC provides
an improvement in the real and reactive power flow
through the transmission line. UPQC provides reliable
performance in switching of loads as well as different
types of shunt faults.

6 FUTURE WORKS

In particular, it should be emphasized that the proposed
control strategy for the cross-phase-connected UPQC can
compensate for single-phase voltage sags of up to 100%,
the capability of being able to do so is not limited by the
sag duration. This is because of the UPQC cross-phase
configuration.

Some fundamental development of modeling and control
of the UPQC has been made and the results of study have
confirmed that the approaches proposed in this thesis are
well suited to practical system planning and operations.
However, as being a new technology, development,
research and application of the UPQC are just in an infant
period and some important issues are still open for
researchers to do further work so as to best apply the
UPQC.
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