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ABSTRACT 

Two broad categories of load types exist: linear and non-linear. If the current has the same

waveform as the supply voltage (i.e., sine wave) then this is characteristic of a linear load.

Examples of linear loads include motors, incandescent lights, heating elements using resistors,

capacitors and inductors. Non-linear loads are common in industrial sites and often comprise

of equipment such as welding machines, arc and induction furnaces, battery chargers, variable

speed drives for AC or DC motors, and uninterruptible power supplies. The currents of non­

linear loads deviate from sinusoidal waveforms. They create some harmonic current through

the distribution system and, due to the network impedance, cause voltage distortion. Simply

stated, power line harmonics flow produce by Non-linear load. Another source of harmonic

currents is power electronic converters in power systems.

These undesired currents overburden wiring and transformers, making heat and, in great cases,

fire. They are also harmful to equipment. They weaken the reliability and shorten the life

expectancy of equipment exposed to the distortion. Therefore, it is extremely critical to

mitigate the effects of harmonics.

In this thesis harmonic currents created by variable frequency drives are analyzed. Then, two

techniques to reduce the harmonic content are investigated through simulation. These

techniques are using a phase shifted transformer connection and using a PWM rectifier at the

front end of the drivers. Simulation results obtained in MATLAB R2013a show that phase

shifting transformer connection yield slightly better results. However, they are heavier, bulkier

and more expensive.

Keywords: Total harmonic distortions (THD); phase shift transformer (PST); variable

frequency drive (VFD); insulated gate bipolar transistors (IGBT); PWM rectifier
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ÖZET 

Enerji sistemlerinin yükleri kabaca iki sınıfa ayrılabilir: Doğrusal yükler ve doğrusal olmayan

yükler. Doğrusal yük durumunda yük akımının şekli uygulanan gerilimle aynıdır. Doğrusal

yüklere örnek olarak motorlar, akkor lambalar, rezistive ısıtıcılar, kondansatörler ve

endüktörler gösterilebilir. Öte yandan, sanayide doğrusal olmayan yük kullanımı da yaygındır.

Bunlara örnek olarak da kaynak makineleri, endüksiyon ocakları, ark fırınları, batarya şarj

sistemleri, ayarlanabilir hızlı sürücüler ve kesintisiz güç kaynakları sayılabilir. Doğrusal

olmayan yüklerin akımları bozulmuş sinüs şeklindedir. Bu akımlar dağıtım sistemine

harmonik akımlar enjekte ederler ve şebekenin empedansı nedeniyle gerilim bozuntusuna da

yol açarlar. Basitçe, doğrusal olmayan yüklerin güç sistemlerinde harmonik akım akışına

neden olduğu söylenebilir. Harmonik akımların bir diğer kaynağı da güç elektroniği

devreleridir.

Bu istenmeyen akımlar iletim hatlarının ve transformatörlerin aşırı yüklenmesine neden olurlar

ve ısınmaya, bazı durumlarda da yangına neden olurlar. Ayrıca donanıma da zarar verebilirler.

Bozunum maruz kalan donanımın ömrü kısalır ve güvenilirliği azalır. Bu nedenle,

harmoniklerin etkilerinin azaltılması yaşamsaldır.

Bu tez çalışmasında değişken frekanslı sürücülerin yarattığı harmonikler incelenmekte ve

analiz edilmektedir. Sonra, harmonikleri azaltmak için kullanılan iki yöntem benzetim yoluyla

incelenmektedir. Bu yöntemler faz kaydırıcı transformatör kullanımı ve sürücünün ön katında

PWM doğrultucu kullanımıdır. MATLAB R2013a ile elde edilen benzetim sonuçları faz

kaydırıcı transformatör kullanımının biraz daha iyi sonuç verdiğini göstermektedir. Ancak, bu

sistemler daha ağır, daha hantal ve daha pahalıdır.

Anahtar Kelimeler: Toplam harmonik bozunum; faz kaydırıcı transformatörler; değişken

frekanslı sürücüler; PWM doğrultucu
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CHAPTER! 

INTRODUCTION 

This document has been created to give general information of power system harmonics, their

causes, effects and methods to control them especially when these harmonics are related to

variable frequency drives (or adjustable speed drives). Some of the subjects covered are

definition of harmonic, generation of harmonics, effects of harmonics and control of

harmonics. As the sin wave voltage is given to the load (linear), Furthermore, The load current

is directly proportional to the voltage, and impedance, as a result voltage waveform. Most

common linear-loads are resistive heaters, incandescent lamps and induction or synchronous

motors operating in the unsaturated region.

For some loads current and voltage are not proportional to each other. These loads are

classified as nonlinear loads. In this case current and voltage waveforms are non-sinusoidal

and contain distortions. The 50-Hz waveform has numerous additional waveforms

superimposed upon it creating multiple frequencies within the normal 50-Hz sine wave period.

The fundamental frequency multipliers are harmonics. Normally, harmonic current distortions

create harmonic voltage distortions. When the applied voltage source is stiff, meaning that no

matter how much current is drawn from it, its voltage will remain constant, and this will not be

a concern. Variable frequency motor drives (VFD), switch mode power supplies and battery

charges can be shown as the most prominent examples of nonlinear loads.

Power electronic devices are used in VFDs to adjust the amplitude and the frequency of the

voltage that is applied to the load. Pulse Width Modulation (PWM) is the most widespread

technique to obtain near sinusoidal currents for the motor windings. However, the de bus

voltage needed by the inverter is typically obtained by a diode rectifier which draws non­

sinusoidal currents from the line, creating harmonic distortion in the line voltage. Harmonic

magnitudes should be limited to be able to have a clean and efficient power. Voltage and

current waveforms rich in harmonics may lead to following abnormal operations and

conditions in power systems (Svensson, 1999):
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• Due to voltage harmonics, it produces heating in induction, and synchronous motors

along with generators at all.

• By the effect of voltage harmonics, the higher values can cause the reduction of

insulation levels results weaken insulation in winding as well as in capacitors.

• Voltage distortions cause the malfunction of different electrical components.

• Due to current harmonics, while winding of the motor, results EMI (Electro-magnetic

interference).

• Current harmonics in motor windings can create electromagnetic interference (EMI).

• Current distortion flowing through transformers& cables produce higher heating

additional with the heating that is produced by the-fundamental signal.

• Heat losses are increasing, as the current harmonics passes from circuit breakers, and

switch-gears.

• In power system, different filtering topologies are used, create failure of capacitors or

in other equipment, all these issues are regarding to current harmonics produce

resonant currents.

• Finally, harmonics results false tripping of circuit breakers, and relays failure which

used for protection of power systems.

1.1 Objective 

Objective of the thesis is to investigate the effects of driving techniques of variable speed

motors on harmonic generation. In this context, simulations have been performed for an

induction motor driven by an inverter with two different front-end rectifiers. First a 24-pulse

rectifier obtained by phase shift transformers has been designed and tested by simulation.

Then a buck-type PWM rectifier has been designed and tested. Simulations have been carried

out for a 4 kW induction motor operating at different conditions. Results for each case has

been obtained and compared. It is concluded that both techniques can be effectively used to

keep the harmonics in related standards but the PWM rectifier is preferred since it is simpler,

cheaper and more compact.
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1.2 Thesis Structure 

In Chapter 1 general information of power system harmonics and objective of this thesis are

explained. In Chapter 2 harmonic issues in power systems are discussed. In Chapter 3 the

techniques used in this thesis are explained. Phase shift transformer structure is discussed and

its turns-ratios are calculated. Simulation results are given in Chapter 4. Chapter 5 gives the

conclusions.
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CHAPTER2 

HARMONIC PROBLEMS IN POWER SYSTEMS 

In this chapter, harmonic issues in power systems are discussed. Sources of harmonics are

explained and mitigation techniques are summarized. The two techniques that are used in this

thesis, multi-pulse rectifiers and PWM rectifiers are explained in more detail.

2.1 Electrical Load Classification 

Electrical loads can be classified as linear and non-linear depending on their voltage-current

relationships.

2.1.1 Linear electrical loads 

Linear loads obey the Ohm's Law and therefore the wave shape of their steady state current

will follow the wave shape of the applied voltage. Some examples of linear loads are given in

Table 2.1.

Table 2.1: Some examples of linear-loads

Resistive Inductive Capacitive 

Incandescent Lamps Induction motors Capacitor banks used for

power factor correction

Capacitors used in harmonic

filters

Underground cables

Electric heaters Current limiting reactors

Induction generators (Wind

mills)

Harmonic damping reactors Insulated cables

Tuning reactors in harmonic

filters
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2.1.1.1 Properties of linear loads

• In AC circuits, voltage and current waveforms of linear loads are sinusoidal. There

may be a phase shift between the voltage and the current waveforms but their

amplitudes are proportional as shown in Figure 2. 1.

• Impedance of a linear load does not change with the amplitude of the applied

voltage. The fixed impedance means that the current drawn by the linear load will be

sinusoidal just like the voltage.

• Linear loads do not produce any new frequency (harmonics) or change the applied

frequency.

Figure 2.1: Characteristics of electrical linear loads

2.1.2 Non-linear electrical loads

Non-linear electrical loads do not obey the Ohm's Law. Their voltage-current relationship is

nonlinear. As a result, even if the applied voltage is sinusoidal, the current may be distorted.

Distorted waveforms include components in different frequencies called harmonics. Some

examples of non-linear loads are given in Table 2.2.
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Table 2.2: Some examples of non- linear loads

Power electronics Arc devices

Variable frequency drives

DC motor controllers

Cycloconverters

Cranes

Elevators

Steel mills

Power supplies

UPS

Battery chargers

Fluorescent lighting

Arc furnaces

Welding machines

2.1.2.1 Properties of non-linear loads

• Non-linear loads change the shape of the current waveform from a sine wave to some

other form as shown in Figure 2.2.

• Non-linear loads create harmonic currents in addition to the original (fundamental

frequency) AC current. Under these conditions, the voltage waveform is no longer

proportional to the current.

• Impedance of non-linear loads changes with the amplitude of the applied voltage. The

changing impedance means that the current drawn by the non-linear load will not be

sinusoidal even when it is connected to a sinusoidal voltage. These non-sinusoidal

currents contain harmonic currents that interact with the impedance of the power

distribution system to create voltage distortion that can affect both the distribution

system equipment and the loads connected to it.
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