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ABSTRACT: Power Quality is a large issue which is becoming increasingly important to electricity
consumers. This document presents the realization of the unified power quality conditioner (UPQC) to enhance the
electric power quality at distribution levels and compare its performance with a passive filter. The behaviour of UPQC
has been analyzed with sudden switching of R-L loads, R-C loads and non linear loads. The system has been modelled
using MATLAB/SIMULINK R2010a.
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I. INTRODUCTION

Some major concerns of power quality problems are poor load power factor, harmonic contents in load, notching in
load voltage, DC offset in load voltage, unbalanced loads, supply voltage distortion, voltage sag/swell, voltage flicker
etc.The growing use of electronic equipment produces a large amount of harmonics in the power distribution systems
because of non-sinusoidal currents consumed by nonlinear loads. Some of the examples for non -linear loads are
diode-rectifiers, thyristor converters, adjustable speed drives, furnaces, computer power supplies, uninterruptible
power supplies etc. These devices are much economical, flexible and energy efficient, but they are responsible for
the degradation of power quality by producing harmonic current and consuming excessive reactive power which
results in many problems such as resonance, excessive neutral currents, low power factor etc. They have many
unwanted negative impact on power system equipments such asadditional losses in overhead and underground
cables, transformers and rotating electric machines, problem in the operation of the protection systems, error
of measuring instruments, and malfunction of low efficiency of customer sensitive loads. Traditionally passive
filters have been used for mitigation of distortion due to harmonic current in industrial power systems. They did not
become popular because they had many drawbacks such as resonance problem , performance dependence on the
system impedance, absorption of harmonics current of nonlinear load, which could lead to further harmonic
propagation through the power system. To overcome the problems associated with the passive filter active power
filters were introduced in practical system applications .

Active power filters (APFs) that have been explored in shunt, series and combination of shunt and series

configurations to compensate for current and voltage based distortions .1t will play an important role for better quality
solutions .
Conventional power quality mitigation equipment is proving to be inadequate for applications, and this fact has
attracted the attention of power engineers to develop dynamic and adjustable solutions to power quality problems. Thus,
between the different technical options available to improve power quality, Active Power Filters (APFs) have proved to
be an important alternative to minimize the financial impacts of PQ problems.

Unified Power Quality Conditioner (UPQC) is one of the modern and very promising PQ improving device, which

consists of two APFs connected back-to-back on the DC side and deals with both load current and supply voltage
imperfections.
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The main purpose of a UPQC is to compensate for voltage flicker/imbalance, reactive power, negative-sequence
current, and harmonics. In other words, UPQC has the capability of improving power quality at the point of installation
on the power distribution systems or industrial power system[3].

I1.UPQC

Figure:1 shows a single-line representation of the UPQC system configuration.
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Fig.1: UPQC general block diagram representation

UPQC consists of two voltage source converter. They are operated from a common dc link provided by a dc storage
capacitor. One converter is connected across the line referred as shunt converter and the other which is connected in
series with the line referred as series converter. Shunt coupling inductor Lsy, is used to interface the shunt inverter to the
network. It also helps in smoothing the current wave shape. Sometimes an isolation transformer is utilized to
electrically isolate the inverter from the network. In Fig.1, the dc link is realized using a capacitor which interconnects
the two inverters and also maintains a constant self-supporting dc bus voltage across it. An LC filter that serves as a
passive low-pass filter (LPF) helps to eliminate high-frequency switching ripples on generated inverter output voltage.
A series injection transformer is used to connect the series inverter to the network. A suitable turn ratio is often
considered to reduce the current or voltage rating of the series inverter [2].

UPQC is an integration of shunt and series APFs with a common self-supporting dc bus. The shunt
inverter in UPQC is controlled in current control mode such that it delivers a current which is equal to the set value of
the reference current as governed by the UPQC control algorithm. Additionally, the shunt inverter plays an important
role in achieving required performance from a UPQC system by maintaining the dc bus voltage at a set reference value.
In order to cancel the harmonics generated by a nonlinear load, the shunt inverter should inject a current as governed by
following equation:

ish(wt)=i"s(wt) i (wt) )
where igy(wt) , i*s(wt), and i (wt) represent the shunt inverter current, reference source current, and load current,
respectively.
Similarly, the series inverter of UPQC is controlled in voltage control mode such that it generates a voltage and injects
in series with line to achieve a sinusoidal, free from distortion and desired magnitude voltage at the load terminal. The
basic operation of a series inverter of UPQC can be represented by the following equation:

Vs (wt) = V' (wt) — Vs(wt) 2
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Where, Vg, (wt), V' (wt) and Vs(wt) represent the series inverter injected voltage, reference load voltage, and actual
source voltage, respectively.The arrangement functions an ideal ac-to-ac power converter in which the real power can
freely flow in either direction between the ac terminals of the two converter, and each converter can independently
generate or absorb reactive power at its own ac output terminal.

I1l. SYNCHRONOUS REFERENCE THEORY (SRF)

In the SRF ,atime varying angle represents the angular position of the reference frame which is rotating at
constant speed in synchronism with the three phase ac voltages. To implement the SRF method some kind of
synchronizing system should be used. A phase-locked loop (PLL) can be used for the implementation of this method.
In this case the speed of the reference frame is practically constant, that is, the method behaves as if the reference
frame’s moment of inertia is infinite. The fundamental currents of the d-q components are now dc values. The
harmonics appear like ripple. Harmonic isolation of the d-q transformed signal is achieved by removing the dc offset.
This is accomplished using high pass filters (HPF). In spite of a high pass filter, a low pass filter is used to obtain the
reference source current in d -q coordinates[6].

Direct—quadrature-zero (d-g-o) transformation is a mathematical transformation that rotates
the reference frame of three-phase systems in an effort to simplify the analysis of three phase circuits. In the case of
balanced three-phase circuits, application of the d-g-o transformation reduces the three AC quantities to
two DC quantities. Simplified calculations can then be carried out on these DC quantities before performing the inverse
transform to recover the actual three-phase AC results. The power-invariant, right-handed d-g-o transformation applied
to any three-phase quantities (e.g. voltages, currents, flux linkages, etc.) is shown below in matrix form.

¥ I[cos (8) cos (6 — 2?”) cos (6 — 4?”)]
da

X, :\EI sinf  sin (9—2?”) sin (9—4?”)|
X, 1 1 1

Vz V2 V2 J

Xa
Xb

c

IV. BASIC CONTROL FUNCTION

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 give the required compensation[1].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 in Figure: 2.
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Fig 2: 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/v,, where v, is peak
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amplitude of fundamental input voltage. These unit vector templates are then passed through a PLL for synchronization
of signals. The unit vector templates for different phases are obtained as follows:

V, = Sin(wt) 3)
V, = Sin(wt — 120°) 4)
V. = Sin(wt — 240°) (5)

A. Shunt converter control

The unit vector template of voltage is used to generate the reference signal for shunt APF. The control block
diagram of shunt active filter is given in Figure:3. As indicated earlier, the shunt APF compensates current harmonics
in addition to maintaining the dc link current at a constant level. To achieve this, dc link current of the UPQC is
compared with a constant reference current of magnitude equal to peak of harmonic current . The error between
measured dc link current and reference current is processed in a Pl controller. The output of Pl controller is added to
real power loss component to derive reference source current Iy, ., I @s shown in Figure:3.
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Fig.3 Control block of shunt filter controller

B. Series converter control

In order for the load voltage to be perfectly sinusoidal and balanced, the series filter should produce the
required compensated voltage . The reference load voltages are obtained by multiplying the unit vector templates with a
constant equal to peak amplitude of fundamental input voltage. The compensation signals for series filter are thus
obtained by comparing these reference load voltages with actual source voltage using equations given below[5].
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V*fa =Va - ViV, (6)
V*fb =Va-VnVy @)
V*fc = Vs - ViV (8)

V. Vp V- Unit vector templates

V- Peak amplitude of fundamental input voltage

Ve Vo V- Actual source voltage components

V' V' V'i- Compensating components of voltage

The series APF should behaves as a controlled voltage source and its output should follow the pattern of voltage given
in equation(2).

V. MATLAB/SIMULINK MODEL AND SIMULATION RESULTS

Simulink Model of UPQC worked out in MATLAB R2010a is shown in Figure:4(a). Operation of UPQC under
different kinds of load such as RC,RL and non-linear loads are carried out here. Simulation results are shown in
Figure:4 (b),(c) and in Figure:5.
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Fig 4: (a) SIMULINK Model of UPQC (b) Voltage when RC load is connected  (c) Compensated Voltage with UPQC
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Fig 5: (a) Voltage when for RL load (b)Voltage compensation with UPQC  (c) Current when non-linear load is connected
(d) Current Compensation with UPQC

Operation of UPQC under different load condition such as RL ,RC and non-linear loads are carried out.
Figure: 4(b) shows the voltage variation when RC load is connected to the system. Load is connected at the instant
between .1sec and .3secs.At that time voltage is reduced from 1volt to .8volt. Figure:4(c) shows the voltage
compensation with UPQC when RC load is connected. It maintains the voltage constant even under load changed
conditions. Figure:5(a) shows the voltage variation when RL load is connected to the system. Load is connected at the
instant between .1sec and .2secs.At that time voltage is reduced from 1volt to .4volt.Figure:5(b) shows the voltage
compensation with UPQC when RC load is connected. It maintains the voltage constant irrespective of load. Figure:5(c)
shows the harmonic distortion in current when non-linear load is connected. Figure:5(d) shows the current
compensation provided by UPQC. With UPQC compensation a pure sinusoidal waveform is obtained.
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Fig 6: SIMULINK Model of power system with passive filter
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Fig:7 (@) THD when non-linear load is connected  (b) THD with UPQC  (c)THD with passive filter

Figure :7(a) shows the total harmonic distortion(THD) variation in line when non-linear load is connected to the
system.Figure:7(b) and 7(c) shows the THD reduction with UPQC and passive filter. UPQC reduces THD in line
current to 5% from 31% and passive filter reduces the THD to 20%.

Passive filter reduces the harmonics in the line. But disadvantages of passive filter are it results in
resonance with the source impedance and it gives fixed compensation. But UPQC provide better compensation for
voltage and current and reduces the harmonics in the line significantly. The total harmonic distortion analysis of power
system with UPQC and passive LC filter is given in the Table.l

Table |
PERFORMANCE OF UPQC AND PASSIVE FILTER

UPQC PASSIVE FILTER
Voltage 1% 20%
Current 5% 20%

V. CONCLUSION

UPQC is used to enhance the electric power quality at distribution level. UPQC is concerned about the quality of load
voltage and the line current at the point of installation and it does not improve the power quality of entire system. The
performance of UPQC has been studied under different cases of R-L, R-C loads and non-linear loads. Also a
comparative study on the performance of UPQC and passive filter on the suppression of current harmonics when non-
linear load connected is also carried out.

UPQC maintains the voltage constant under varying RLC load conditions. Therefore it provides better

voltage regulations in switching of loads and improvement in the real and reactive power flow through the transmission
line. With UPQC compensation , the harmonic distortion in line current when non-linear load connected is around 5% .
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But with passive filter, THD is about 20% . UPQC reduces the THD by 15 percent compared to passive filter. So
UPQC is well
effective in active filtering, improvement of power quality and power factor.
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