
CHAPTER I 

INTRODUCTION 

The increasing demand of power electronic devices, ranging from CFLs and switch 

mode power supplies to automated industrial assembly lines, has enlarged power 

quality problems in the electrical power utility. Those problems include a variety of 

electrical disturbances, which can originate in several ways and differently affects 

various kinds of sensitive loads. The proliferation of nonlinear loads increases 

contamination level in voltage waveform. Specifically it causes harmonic injection 

that subsequently result excessive neutral currents, and reactive power burden in the 

power system. 

1.1. Power system harmonics & effects of harmonics 

Harmonic is defined as "a sinusoidal component of a periodic wave or quantity 

having a frequency that is an integral multiple of the fundamental frequency" [1], 

Power system harmonics are integer multiples of the fundamental power system 

frequency. High levels of power system harmonics can create waveform distortion 

and thereby increase power quality problems. 

Major sources of waveform distortion include (1) Electronic switching power 

converters such as computers, uninterruptible power supplies (UPS), adjustable-

speed motor drives, solid-state rectifiers, electronic process control equipment and 

electronic lighting ballasts; (2) Arcing devices such as discharge lighting 
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(Fluorescent, Sodium & Mercury vapor), arc furnaces, welding equipment, electrical 

traction system; (3) Ferromagnetic devices such as transformers operating near 

saturation level, magnetic ballasts (Saturation Iron Core), induction heating 

equipment, chokes, motors; (4) Appliances such as television sets, air conditioners, 

washing machines, microwave ovens, vacuum cleaners, fax machines, 

photocopiers, printers. 

Harmonics result in poor power factor, lower efficiency and interfering with adjacent 

communication systems. Harmonic currents injected into the utility supply lines 

produces extra losses and cause voltage distortion. Besides interfering with data 

communications, telephone circuits, digital controls, they can also overheat 

transformers and supply apparatus. Harmonics flow into power factor capacitors, 

power cables and be magnified by resonance which even though not often can lead 

to disastrous results. Effects of harmonics on the power systems include frequent 

tripping of circuit breakers and protection relays, frequent fuse blowing, capacitor 

failures, degrading meters accuracy, overheating of motors and transformers, 

overloading of transformer neutral, telephone interference, malfunction of motor 

variable-speed drives, insulation failures, severe lamp flicker, voltage distortion and 

lagging in power factor. In summery, the major problem of harmonic currents include 

equipment heating, equipment malfunction, equipment failure, communications 

interference, fuse and breaker mis-operation, process problems and conductor 

heating. 
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1.2. Measures of Harmonics 

There are three methods of estimating harmonic load content: the Crest-factor (CF), 

Harmonic Factor or Total Harmonic Distortion (THD) and "K-Factor" [2], 

Crest Factor is a measure of the peak value of the waveform compared to the true 

RMS value. The mathematical definition, of the crest factor is the ratio of the peak 

value of the waveform divided by the rms value of the waveform: 

Total harmonic distortion (THD) of a signal is the ratio of the sum of the powers of 

all harmonic frequencies above the fundamental frequency. 

t-ttt-v Y, harmonic powers 
I H D = 

fundamental frequency power 

The K-factor is a number derived from a numerical calculation 

summation of harmonic currents generated by the non-linear load. 

K-factor, the more significant the harmonic current content [3], 

1.3. Importance of harmonic mitigation 

Modern technical applications are very vulnerable to power supply quality. 

International standards (IEC 1000-3-2 and IEEE 519-1992) allow a certain level of 

harmonic current depending on the source short circuit ratio. Short circuit ratio is the 

ratio of short circuit current to the load current. At a ratio of 20 or less, the norms 

allows only 5% total current harmonic distortion [4], Therefore reducing or even 

cancelling harmonics in the supply is essential in both economic and technological 

terms. 
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The main advantage of elimination or reduction of harmonics in power systems is 

improvement in productivity and quality [4], That also minimizes equipment 

malfunction or failure. Further by minimizing current, it enables to reduce cable sizes 

especially in neutral conductor. Most importantly reduction of harmonics reduces 

energy wastage in power systems and reduces power consumption resulting less 

electrical power bills. 

1.4. Methods of harmonic mitigation 

There are two approaches to mitigate power quality problems. The first approach is 

known as load conditioning, which ensures that the equipment is less sensitive to 

power disturbances, allowing the equipment to operation even under significant 

voltage distortion. The other solution is to install line conditioning systems that 

suppress or counteracts with the power system disturbances. Both active filters and 

passive filters can be effectively used for harmonic mitigation under this category. 

Passive filters: Conventional solution for harmonic distortion has been the use of 

passive filters to minimize offending harmonics. Voltage harmonic distortion could 

often be controlled with a simple high pass filter, but reduction of current harmonic 

levels usually requires installation of multiple tuned traps, each of which reduces only 

one of the many harmonic frequencies produced by the non-linear load (Figure 1.1). 
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The other disadvantage is that the current of the filter is not controllable and it can 

also produce reactive power. Further, passive power filters have the problem of 

resonance. 

Active filters: A different solution has been recently introduced as a result of the 

advances in power semiconductors. Insulation Gate Bi-polar Transistors (IGBTs) 

made possible to have a power switch with nearly ideal performance and reliability. 

Consequently two new types of equipments were developed: the Pulse Width 

Modulated (PWM) -Unity Power Factor rectifiers and the Active Power Filters (APF). 

By construction, an active filter is similar to a PWM unity power factor rectifier, but 

different to it by the fact that the inverter for APF applications present a forth IGBT 

leg or a centre tap on the main filtering capacitor battery which is connected to the 

neutral [4], 
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1.5. Active Power Filters 

Active power filters were initially proposed by Sasaki and Machida in 1971, as a 

means of removing current harmonics [5], 

An active power filter uses a switching inverter to produce harmonic compensating 

currents. The basic principle of Active Power Filter (APF) is to utilize power 

electronics technologies to produce specified current components that cancel the 

harmonic current components caused by harmonic producing loads. 

Active power filters can perform one or more of the functions required to compensate 

power systems and to improve power quality. Their performance depends on the 

power rating and the speed of response. 

Active power line conditioners are typically equipped with IGBT or GTO (Gate Turn 

Off) thyristors, voltage source PWM converters and connected to low and medium 

voltage distribution systems arranged in shunt, series or both at the same time. In 

comparison to conventional passive LC filters, active power filters offer very fast 

control response and more flexibility in defining the required control tasks for a 

particular application. Smaller sizes of the component and been more economical 

solution are the major advantages of using active filters for harmonic mitigation. 

The two major types of active power filters are series active power filters and shunt 

or parallel active power filters. Shunt active power filters operate as a controllable 

current source and series active power filters operates as a controllable voltage 

source. The selection of the type of active power filter to improve power quality 

depends on the source of the problem. 
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Parallel active power filter compensate current harmonics by injecting equal-but-

opposite harmonic compensating current. In this case the shunt active power filter 

operates as a current source that injects harmonic components generated by the 

load but with a phase shifted at 180°. This principle is applicable to any type of load 

that is considered as a harmonic source. Moreover, with an appropriate control 

scheme, the active power filter can also compensate the load power factor. 

The concept of parallel or shunt active filter can be illustrated by the following figure. 
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Figure 1.2: Compensation characteristics of a parallel active power filter 

Numerous applications of active power filters are described in literature [6-10], 

7 



1.6. Objectives 

Therefore the major objective of this project was to eliminate effects of harmonics 

and to improve power factor by using a parallel active power filter, i.e. to connect an 

additional unit (the parallel filter) to the utility in order to inject the appropriate 

compensation current to eliminate harmonics and to improve power factor. The 

specific objectives include (1) study and understand the harmonic effects, (2) decide 

the APF suitable for current shaping and (3) simulating for results. 

1.7. Thesis Organization 

The thesis is composed of four main chapters. The first chapter brief the research 

background and the motivation of the work been produced. The same also 

introduces objectives of the research. 

The research methodology is described in the second chapter. The subject material 

is detailed under four main topics viz. (1) data acquisition, (2) data analysis, (3) 

simulating for results and (4) validation of results 

Results of the projects are given in the chapter three. The results are presented in 

four main sections, namely (1) acquired signals, (2) required filter current (3) 

simulation results and (4) validation of the results. 

The project is discussed in the chapter four. This includes a general discussion of 

the results, specific problems arising from the methodology, protective measures 

implemented, as well as a discussion of the results and suggestions for future. 

8 


