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Ozel Giig, dagitim sebekelerinde kalite ve giivenilirligin arttirilmasi amaciyla
gii¢ elektronigi temelli cihazlarin uygulanmasi bazli bir konsepttir. Bu tez Ozel Gii¢
Cihazlarinin modellenmesine odaklanmistir. Modellemede iist seviye bilgisayar
dilleri kullanarak matematiksel modellerin kodlanmasi yerine grafiksel bir yaklasim
kullanilmistir ve tiim modeller agik ve detayli sekilde sunulmustur.

Matlab / Simulink modelleri sunulan Ozel Gii¢ Cihazlar1 sunlardir: Sont Aktif
Gii¢ Filtresi, Statik Transfer Anahtar1 (STS), Dinamik Gerilim lyilestirici (DVR) ve
Birlestirilmis Giic Kalitesi Diizenleyici (UPQC). Bulamik mantigin gii¢
elektroniginde uygulanmasi son zamanda artmaktadir. Bulanik mantik kontrolcularin
klasik kontrolculara gore {istiinliigli kesin matematiksel modellere ihtiyac
duymamasi, hassas dogrulukta giris sinyalleri gerektirmemesi ve lineer olmayan
durumlarla basa ¢ikabilmesidir. Bu tezde Ozel Gii¢ Cihazlarinin giic elektronigi
kalbini olusturan PWM eviriciler i¢in bulanik mantik tabanli akim ve gerilim kontrol
metotlar1  gelistirilmistir.  Gelistirilen metotlar benzer diger evirici kontrol
uygulamalarinda kullanilabilir.

Her modellenen cihazin performansim1 degerlendirmek amaciyla vaka
calismalar1 yoluyla kapsamli sonuglar sunulmustur. Vaka calismalarinda, endiistri
icin tipik olan gii¢ sistemi parametreleri kullanilmistir.

Anahtar Kelimeler: Ozel Giic, Aktif Giig¢ Filtresi, STS, DVR, UPQC.
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Custom Power is a concept, based on the application of power electronics
based devices aimed at enhancing the reliability and quality of power in distribution
networks. This thesis focuses on modeling and analysis of Custom Power Devices.
The modeling approach adopted is graphical in nature, as opposed to mathematical
models embedded in code using a high-level computer language and all models are
presented clearly and in a detailed manner.

Matlab/Simulink based models for the following Custom Power Devices are
presented: Shunt Active Power Filter, Static Transfer Switch (STS), Dynamic Voltage
Restorer (DVR) and Unified Power Quality Conditioner (UPQC). The application of
fuzzy logic is recently growing in power electronic systems. The advantages of fuzzy
logic controllers over conventional controllers are that they do not need an accurate
mathematical model; they can work with imprecise inputs and can handle non-
linearity. In this thesis fuzzy logic based voltage and current control methods are
developed for PWM inverters which form the power electronic heart of the new
Custom Power Devices. Developed methods can also be utilized in other similar
inverter control applications.

Comprehensive results through case studies are presented to evaluate the
performance of each modeled device. In the case studies, characteristic values for
power system parameters are taken which are typical for industry.

Keywords: Custom Power, Active Power Filter, STS, DVR, UPQC.
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1. INTRODUCTION K. Cagatay BAYINDIR

1. INTRODUCTION

Power quality phenomena include all possible situations in which the
waveform of the supply voltage (voltage quality) or load current (current quality)
deviate from the sinusoidal waveform at rated frequency with amplitude
corresponding to the rated rms value for all three phases of a three-phase system. The
wide range of power quality disturbances covers sudden, short duration variations,
e.g. impulsive and oscillatory transients, voltage sags, short interruptions, as well as
steady state deviations, such as harmonics and flicker. One can also distinguish,
based on the cause, between disturbances related to the quality of the supply voltage
and those related to the quality of the current taken by the load.

To the first class belong, among others, voltage dips and interruptions, mostly
caused by faults in the power system. These disturbances may cause tripping of
“sensitive” electronic equipment with disastrous consequences in industrial plants
where tripping of critical equipment can bear the stoppage of the whole production
with high costs associated. One can say that in this case it is the source that disturbs
the load. To avoid consistent money losses, industrial customers often decide to
install mitigation equipment to protect their plants from such disturbances.

The second class covers phenomena due to low quality of the current drawn
by the load. In this case, it is the load that disturbs the source. A typical example is
current harmonics drawn by disturbing loads like diode rectifiers, or unbalanced
currents drawn by unbalanced loads. Customers do not experience any direct
production loss related to the occurrence of these power quality phenomena. But
poor quality of the current taken by many customers together will ultimately result in
low quality of the power delivered to other customers: both harmonics and
unbalanced currents ultimately cause distortion and respectively, unbalance in the
voltage as well. Therefore, proper standards are issued to limit the quantity of
harmonic currents, unbalance and/or flicker that a load may introduce. To comply
with limits set by standards , customers often have to install mitigation equipment

(Sannino et al., 2003).



1. INTRODUCTION K. Cagatay BAYINDIR

In recent years, both industrial and commercial customers of utilities have
reported a rising tide of misadventures related to power quality. The trouble stems
from the increased refinement of today’s automated equipment, whether variable
speed drives or robots, automated production lines or machine tools, programmable
logic controllers or power supplies in computers. They and their like are far
vulnerable to disturbances on the utility system than were the previous generation of
electromechanical equipment and the previous less automated production and
information systems (Hingorani, 1995). A growing number of loads is sensitive to
customers’ critical processes which have costly consequences if disturbed by either
poor power quality or power interruption (Rabinovitz, 2000).

For the reasons described above, there is a growing interest in equipment for
mitigation of power quality disturbances, especially in newer devices based on power
electronics called ‘“custom power devices”’(Hingorani, 1995) able to deliver
customized solutions to power quality problems(Sannino et al., 2003).

The concept of Custom Power was introduced by N.G. Hingorani (Hingorani,
1995). The term Custom Power describes the value-added power that electric utilities
and other service providers will offer their customers in the future. The improved
level of reliability of this power, in terms of reduced interruptions and less variation,
will stem from an integrated solution to present problems, of which a prominent
feature will be the application of power electronic controllers to the utility
distribution systems and/or at the supply and of many industrial and commercial
customers and industrial parks (Hingorani, 1995).

The Custom Power devices are basically of two types — network
reconfiguring type and compensating type. Static Transfer Switch (STS) belongs to
network configuring type. STS is usually a thyristor based device that is used to
protect sensitive loads from sag/swell. It can perform a sub-cycle transfer of the
sensitive load from a supplying feeder to an alternate feeder. A STS can also be
connected to a bus coupler between two incoming feeders.

The compensating devices are used for active filtering, load balancing, power
factor correction and voltage regulation. The active power filters, which eliminate the

current harmonics, can be connected in both shunt and series. However, the shunt
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filters are more popular than the series filters because of greater ease of protection.
Shunt active power filter can perform power factor correction, harmonic filtering
when conected at the load terminals. The harmonic filtering approach is based on the
principle of injecting harmonic current into the AC system, of the same amplitude
and reverse phase to that of the load current harmonics.

Dynamic Voltage Restorer (DVR) is a series connected device. The main
purpose of this device is to protect sensitive loads from sag/swell interruptions in the
supply side. This is accomplished by rapid series voltage injection to compensate for
the drop/rise in the supply voltage. Since this is a series device, it can also be used as
a series active power filter.

Unified Power Quality Conditioner (UPQC) is a very versatile device that can
inject current in shunt and voltage in series simultaneously in a dual control mode.
Therefore it can perform both the functions of load compensation and voltage control

at the same time (Ghosh et al., 2002).

1.1. Motivation for the Work

The next 20 years will present both technical and business opportunity
challenges to utilities in their distribution of electrical energy. The evolving nature of
distribution system operations and end-use equipment performance presents a mixed
bag of tasks that will need to be well executed for utilities to succeed in the new
highly competitive marketplace. A growing number of loads is sensitive to
customers critical processes, which have costly consequences if disturbed by poor
power quality (Rabinovitz, 2000).

At the moment most projects in active power filtering are concentrated in the
field of harmonic current compensation. The demand on harmonic and reactive
power compensation devices is increasing day by day in the world and in Turkey
forced by the government regulations.

DVR is a device gaining popularity due to increasing sensitivity of industry to

voltage sags/swells.
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The Unified Power Quality Conditioner (UPQC) is a relatively new device
and not much work has been reported on it yet.

Besides these global conditions, there is not a background on power quality
issues and custom power devices in Turkey. This study will provide a strong

background on these subjects.

1.2. Objectives of the Work

The objectives of this work is as follows:

To summarize the power quality definition, problems and solutions;

To describe Custom Power, Custom Power devices and Custom Power Park;

To describe the modeling of three-wire and four-wire shunt active power
filters;

To evaluate the performance of the modeled shunt active power filters with
case studies;

To describe the modeling of STS;

To evaluate the performance of the modeled STS with case studies;

To describe the modeling of DVR;

To evaluate the performance of the modeled DVR with case studies;

To describe the modeling of combined DVR and shunt active power filter
known as UPQC;

To evaluate the performance of the modeled UPQC with a case studies;

1.3. Content

The content of the thesis is arranged as follows:

After this introductory chapter, Chapter 2 defines the power quality problem,
solutions and custom power devices. The new concept Custom Power Park is
introduced briefly.

In Chapter 3, modeling of three-wire shunt active power filter is presented.

Three different current control techniques named hysteresis, fuzzy and neuro-fuzzy
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are compared and performances are evaluated through case studies.

In Chapter 4, modeling of four-wire shunt active power filter is presented.
Proposed fuzzy controls is compared with conventional hysteresis current control
and and performances are evaluated through case studies. The proposed current
controller employs both active filter currents and DC link voltage as the control
variable and has three inputs and one output for optimum control.

In Chapter 35, a fast thyristor based STS system which employs fast voltage-
detection and thyristor-gating strategies is presented. Three different case studies are
presented to verify the modeled and proposed STS.

In Chapter 6, a novel fuzzy logic based control method for DVR is presented.
Different case studies for sag / swell and phase shift compensation are given. The
proposed DVR is a multifunctional device and different than the available ones in
literature.

In Chapter 7, the marriage of DVR in Chapter 6 and shunt active power filter
in Chapter 3 named as UPQC is presented. A three-level voltage source converter
used for maintaining DC link voltage of the common bus. The proposed UPQC with
its functions is suitable for connecting at the PCC of industrial drives which are most
sensitive to sags and are the main cause of harmonics.

In Chapter 8, the important conclusions of the study are explained and the
future work topics on custom power devices are given. References used for this

study and curriculum vitae of the author is also presented.
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2. POWER QUALITY AND CUSTOM POWER

2.1. Introduction

The term power quality has many different meanings, probably as many as
attempt to describe its impact on system operation. Because there is no ideal case,
power quality express the degree of mutual satisfaction among the parties involved:

e The end users

e The utility providers

e The original manufacturers of electrical equipment

e The various organizations involved in developing power quality standards
(M. H. Nagrial et al., 1993)

From the energy provider’s perspective, it is a measure of the level of service
that provides to its customers. The ideal situation would be a unispectral voltage
signal, of constant magnitude and frequency, for 365 days a year. Unfortunately this
is impossible. Generally various factors cause system power quality to deteriorate,
including (a) effects due to polluting loads such as motors, arc furnaces, large UPS
systems, etc.; (b) Human accidents (carne accidents, traffic accidents, etc.); (c)
weather and other natural-disaster-related equipment failures (lightning, ice,
flooding, earthquakes); and (d) transmission and distribution equipment failures due
to aging or other factors.

The end user is the party ultimately affected by power quality related
problems. As the term power quality has been used as an indication of the
variation of the voltage, current and frequency on the power system. Power quality
usually means the degree of how closely the utility voltage approaches the ideal case
of stable, reliable, zero distorted and disturbance free source. Indeed, the variation of
these three parameters, up to ten years ago, had no significant effect on power
equipment. It is not that utilities produced power of better quality back when, in most
cases, they are supplying as good or even better quality today. Rather, the same
electrical environment is too uneven for the sensitive microprocessor and power

electronic equipment being installed these days to control assembly lines and to
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enhance life at home. A range of different interference signals that appears on
voltage supply can disrupt the operation of other devices connected to the same
network. Nonlinear current consumption, switching procedures, commutations, short
circuits and inrush currents cause supply interruptions, voltage swings, harmonics or
brief voltage surges. However, during the last ten years, the power industry witnessed an
introduction of a large amount of equipment, which is not so tolerant to variation in the
earlier mentioned parameters and more susceptible to the effect of power system
disturbances. A large number of these equipments are controlled by power electronics.
These controllers are divided into two categories:

e Direct through power conversion such as ac and dc drives, and switch
mode power supply

e Peripheral control such as computer and programmable logic
controllers (M. H. Nagrial et al., 1993)

Both electric utilities and end users of electric power are becoming increasingly
concerned about the quality of electric power. The term power quality has become one
of the most prolific buzzwords in the power industry since the late 1980s. It is an umbrella
concept for a multitude of individual types of power system disturbances. The issues
that fall under this umbrella are not necessarily new. What is new is that engineers are
now attempting to deal with these issues using a system approach rather than handling
them as individual problems. There are three major reasons for the increased concern:

e Newer-generation load equipment, with microprocessor-based controls and
power electronic devices, is more sensitive to power quality variations than was
equipment used in the past. The increasing emphasis on overall power system
efficiency has resulted in continued growth in the application of devices such as high-
efficiency, adjustable-speed motor drives and shunt capacitors for power factor
correction to reduce losses. This is resulting in increasing harmonic levels on power
systems and has many people concerned about the future impact on system capabilities.

e End users have an increased awareness of power quality issues. Ultility
customers are becoming better informed about such issues as interruptions, sags, and
switching transients and are challenging the utilities to improve the quality of power

delivered.
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e Many things are now interconnected in a network. Integrated processes
mean that the failure of any component has much more quality important consequences.

The common thread running though all these reasons for increased concern
about the quality of electric power is the continued push for increasing productivity for
all utility customers. Manufacturers want faster, more productive, more efficient
machinery. Utilities encourage this effort because it helps their customers become more
profitable and also helps defer large investments in substations and generation by
using more efficient load equipment. Interestingly, the equipment installed to increase
the productivity is also often the equipment that suffers the most from common power
disruptions. And the equipment is sometimes the source of additional power quality
problems. When entire processes are automated, the efficient operation of machines and
their controls becomes increasingly dependent on quality power. (R.C. Dugan et al.,
2003)

In last years, there have been some developments that have had an impact on
power quality:

e Throughout the world, many governments have revised their laws regulating
electric utilities with the intent of achieving more cost-competitive sources of electric
energy. Deregulation of utilities has complicated the power quality problem. In many
geographic areas there is no longer tightly coordinated control of the power from
generation through end-use load. While regulatory agencies can change the laws
regarding the flow of money, the physical laws of power flow cannot be altered. In order
to avoid deterioration of the quality of power supplied to customers, regulators are
going to have to expand their thinking beyond traditional reliability indices and
address the need for power quality reporting and incentives for the transmission and
distribution companies.

e There has been a substantial increase of interest in distributed generation
(DG), that is, generation of power dispersed throughout the power system. There are a
number of important power quality issues that must be addressed as part of the overall
interconnection evaluation for DG..

e The globalization of industry has heightened awareness of deficiencies in

power quality around the world. Companies building factories in new areas are suddenly
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faced with unanticipated problems with the electricity supply due to weaker systems
or a different climate. There have been several efforts to benchmark power quality in one
part of the world against other areas.

¢ Indices have been developed to help benchmark the various aspects of
power quality. Regulatory agencies have become involve