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Course Objectives

(Dersin Amaci)

The course is intended to be an introduction in power electronics, primarily
for the undergraduate electrical engineering student. The student should be
acquainted with diodes and transistors, circuit topology, voltage-current
relationships of linear devices, and Fourier series as well. The course
essentially targets to teach students the basic concepts of power electronics
and grow their design skills in the field based on Matlab and Spice simulations
and modeling.

Bu ders, lisans diizeyindeki elektrik muhendisligi ogrencileri icin glic
elektronigine bir giris niteligindedir. Ogrencinin diyotlar ve transistorler,
devre topolojisi, dogrusal elemanlarin gerilim-akim iliskileri ve Fourier serileri
konularina asina olmasi beklenmektedir. Dersin temel amaci, 6grencilere glic
elektroniginin temel kavramlarini 6gretmek ve Matlab ile Spice benzetimleri
ve modellemeleri temelinde bu alandaki tasarim becerilerini gelistirmektir.

Course Content
(Dersin igerigi)

Multi-disciplinary nature of power electronics. Power switches (diodes,
thyristors, transistors, IGBT, MOSFET, etc.) and their characteristics. Basics
of power electronic conversion: switching matrix, power converter
definitions. Hard switching dc-dc converters, converters with isolation,
voltage transfer characteristics, analysis, design, control. Soft switching and
resonant converters, EMI issues. Basic hard switched dc-ac conversion and
characteristics, sinusoidal PWM, multi-phase multi-level converters. Basic
ac-dc conversion, fully controlled, half controlled, and uncontrolled
rectifiers. Harmonics, power quality, filtering.

Gug elektroniginin disiplinler arasi yapisi. Glg¢ anahtarlari (diyotlar, tristorler,
transistorler, IGBT, MOSFET vb.) ve bunlarin karakteristikleri. Gii¢ elektronigi
donidsimiiniin temelleri: anahtarlama matrisi, glic donistirici tanimlari.
Sert anahtarlamali DA-DA (dc-dc) donlsturtctler, yalitimli donistiriculer,
gerilim aktarim karakteristikleri, analiz, tasarim ve kontrol. Yumusak
anahtarlama ve rezonansh dontsturiciler, EMI (elektromanyetik girisim)
sorunlari. Temel sert anahtarlamali DA-AA (dc-ac) dontsimi ve 6zellikleri,
sintizoidal PWM, ¢ok fazli ¢cok seviyeli dénistiriciler. Temel AA-DA (ac-dc)
donisimi, tam kontrolli, yari kontrolli ve kontrolsiiz dogrultucular.
Harmonikler, glic kalitesi ve filtreleme.

Course Learning Outcomes
(Dersin Ogrenme Ciktilari)

1. Employing the knowledge of circuit theory and fast semiconductor
switches, understand the switching rules and develop circuit topologies that
will provide useful energy conversion. Recognize the types of power
electronic conversion and map them to real life energy system applications.
2. Apply the basic mathematical and engineering knowledge to power
electronic conversion problems.




3. Perform the analysis of basic power electronic conversion systems.
Discontinuous and continuous mode analysis, harmonic spectrum analysis,
average model based analysis etc.

4. Utilizing advanced simulation software, investigate the performance of
power converters, Evaluate the simulation data to assess the performance
and the characteristics of the converters. Develop control model for the
converters for the purpose of controlling them in the energy conversion
applications such as power supplies, motor drives, renewable energy
systems.

1. Devre teorisi ve hizli yari iletken anahtarlama bilgilerini kullanarak,
anahtarlama kurallarini anlar ve faydali enerji donisimi saglayacak devre
topolojileri gelistirir. Gli¢ elektronigi donisim tirlerini tanir ve bunlari
gercek yasam enerji sistemi uygulamalariyla eslestirir.

2. Temel matematik ve miihendislik bilgilerini glic elektronigi donlisiim
problemlerine uygular.

3. Temel gli¢ elektronigi dondnlisimi sistemlerinin analizini gergeklestirir.
Sireksiz ve slrekli mod analizi, harmonik spektrum analizi, ortalama model
tabanli analiz vb.

4. Gelismis simUilasyon yazilimi kullanarak, gli¢ dontstiriicilerinin
performansini arastirir, Donustiricilerin performansini ve 6zelliklerini
degerlendirmek icin similasyon verilerini degerlendirir. Gl¢ kaynaklari,
motor sirliclleri, yenilenebilir enerji sistemleri gibi enerji donisim
uygulamalarinda donustirtcllerin kontrol edilmesi amaciyla kontrol modeli
gelistirir.

ISCED Category of course
(Dersin ISCED Kategorisi)

52

Textbook

(Ders Kitabi)

N. Mohan, T. M. Undeland, W.P. Robbins, Power Electronics, John Wiley
Publishing Co., 2003. (Media Enhanced Third Edition (International))

Other References
(Yardimci Kaynaklar)

e P. T. Krein, Elements of Power Electronics, Oxford University Press, 1998.

e J.G. Kassakian, M.F. Schlecht, G.C. Verghese, Principles of Power
Electronics, Addison Wesley, 1992.

e R.W. Erickson and D. Maksimovic, Fundamentals of Power Electronics,
Kluwer, 2001.

e Daniel W. Hart. Power Electronics, New York, McGraw-Hill. 2011.

COURSE PLAN
(DERS PLANI)

Week
(Hafta)

Topics
(Konular)

Introduction: Applications, multidisciplinary nature of power electronics, fields of power
electronics, etc. DC/DC, DC/AC, AC/AC conversion types.

Girig: Uygulamalar, glic elektroniginin disiplinler arasi yapisi, glg elektronigi alanlari vb. DA/DA
(DC/DC), DA/AA (DC/AC), AA/AA (AC/AC) donlistim turleri

Principles of Power Electronics: Switching rules, basic operating rules for switching circuits, volt-
seconds rule, ampere-seconds rule, periodical solutions, the switching matrix, switch
requirements, unidirectional and bidirectional switches, etc.

Giig Elektroniginin Temelleri: Anahtarlama kurallari, anahtarlamali devreler igin temel ¢alisma
kurallari, volt-saniye kurali, amper-saniye kurali, periyodik ¢6zlimler, anahtarlama matrisi,
anahtar gereksinimleri, tek yonla ve cift yonli anahtarlar vb.




Power semiconductor overview: Diodes, thyristors, power transistors, ideal and real switches,
capability limits.

Giig Yariiletkenlerine Genel Bakis: Diyotlar, tristorler, gii¢ transistorleri, ideal ve gergek
anahtarlar, kapasite/sinir degerleri

DC/DC Converters: Basic converter topologies, Voltage input-output function derivations.
DA/DA (DC/DC) Donugtiriciiler: Temel donistlrict topolojileri, giris-gikis gerilim
fonksiyonlarinin tiiretilmesi.

DC/DC Converters: Converter behavior (continuous/discontinous operating modes)
DA/DA (DC/DC) Donugtiriciiler: DonUstirtct davranisi (surekli/stireksiz iletim modlari)

DC/DC Converters: Full-bridge DC/DC converter, Unipolar/Bipolar Modulation
DA/DA (DC/DC) Donugtiriciiler: Tam képri DA/DA donustirict, tek kutuplu/gift kutuplu
modiilasyon

DC/DC converters (SMPS): DC/DC converters with isolation (flyback, forward, isolated push-pull,
half, full bridge converters).

DA/DA Déniistiiriiciiler (SMPS): Yalitimli DA/DA dondisturiculer (flyback, forward, yalitimli push-
pull, yarim kopri, tam kdpri déntstariciler)

DC/DC converters: Modelling and control of DC/DC converters: state-space averaging,
voltage/current mode control, cascade control

DA/DA Déniistiiriiciiler: DA/DA donustlricilerin modellenmesi ve kontroli: durum-uzayi
ortalamasi, gerilim/akim mod kontrolu, kaskat control.

Switching The Power Semiconductors: Hard/Soft Switching Concepts
Giig Yariiletkenlerinin Anahtarlanmasi: Sert/Yumusak anahtarlama kavramlari.
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Switching The Power Semiconductors: Snubbers, Commutation techniques: Hard switching and
soft switching, ZVS, ZCS, Resonant Converters (resonant load, quasi-resonant, resonant
transition), other commutation techniques,

Giig Yariiletkenlerinin Anahtarlanmasi: Snubber devreleri, komitasyon teknikleri: sert
anahtarlama ve yumusak anahtarlama, ZVS, ZCS, rezonansli donlsturtculer (rezonansli ylk, yari-
rezonansli, rezonans gecisli), diger komitasyon teknikleri.
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DC/AC Converters (Inverters) : Basics voltage source inverter, current source inverter, single
phase half and full (H) bridge inverter.

DA/AA (DC/AC) Déniistiiriiciiler (Eviriciler): Temel gerilim kaynakh evirici, akim kaynakli evirici,
tek fazli yarim ve tam (H) kopri evirici.
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DC/AC Converters (Inverters) : H-bridge inverter analysis, modulation, sinusoidal PWM, harmonic
spectrum, optimal PWM, phase displacement control

DA/AA (DC/AC) Déniistiiriiciiler (Eviriciler): H-kopru evirici analizi, moduilasyon, sinlizoidal PWM,
harmonik spektrum, optimum PWM, faz kaydirmali kontrol
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DC/AC Converters (Inverters) : Three phase voltage source inverters, basic topology, six step
operating mode, scalar modulation, sinusoidal PWM, voltage linearity, harmonics spectrum,
triplen harmonic injection PWM

DA/AA (DC/AC) Déniistiiriiciiler (Eviriciler): Ug fazl gerilim kaynakli eviriciler, temel topoloji, alti
adimli calisma modu, skaler modiilasyon, sintizoidal PWM, gerilim dogrusalligi, harmonik
spektrum, liclen harmonik enjeksiyonlu PWM
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Rectifiers: Rectifier principles, single switch, uncontrolled, semi controlled, multi-phase and multi-
winding configurations, analysis

Dogrultucular: Dogrultucu prensipleri, tek anahtarl, kontrolsiiz, yari kontrolll, ¢ok fazl ve ok
sargili yapilandirmalar, Analiz.
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