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Gii¢ Elektronigi Devre Tasarimi Design of Power Electronic Circuits

Ders Uygulamasi, ~ Saat/Hafta
(Course Implementation, Hours/Week)
Kodu Yariyih Kredisi AKTS Kredisi DerS_ Uygula}ma Laboratuar
(Code) (Semester) | (Local Credits) | (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
ELK 334E 8 3 5 3 0 0
Boliim / Program Elektrik Miihendisligi / Elektrik Miihendisligi
(Department/Program) [ (Electrical Engineering / Electrical Engineering)
Dersin Tiirii Secmeli Dersin Dili Ingilizce
(Course Type) (Elective) (Course Language) (English)
Dersin Onkosullar ELK 331 veya/ or ELK 331E MIN DD

(Course Prerequisites)

Dersin mesleki Temel Bilim Temel Miihendislik Miihendislik Tasarim Insan ve Toplum Bilim
bilesene katkis1, % (Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
(Course Category 0 33 67 0

by Content, %)

Tristor (SCR), Kapidan Tikanan Tristor (GTO), Tranzistor (BJT), MOSFET, Kapidan yalitilmis Tranzistor
(IGBT) ve MOS Denetimli Tristor (MCT) i¢in siiriicii devreleri. Anahtar kayiplari, sert ve yumusak
anahtarlama, sogutucu tasarimi. Gii¢ elektronigi devre tasariminda kullanilan elektronik elemanlar. Koruma
ve kontrol devreleri. Gii¢ elektronigi devre tasarim ornekleri: Dogru akim kiyicisi, alternatif akim kiyicist,
kontrollu dogrultucu ve evirici tasarimi

Dersin Igerigi

(Course Description)

Drive circults for thyristor, Gate-turn-off thyristor, transistor, MOSFET, insulated gate bipolar
transistor, MOS-controlled thyristor. Switching losses, hard and soft chopping, heat sink design.
Electronic components used to design power electronic circuit, protection and control circuits.
Power electronics circuit design examples: DC chopper, AC chopper, controlled rectifier and

inverter design.

1. Giig elektronigi devre elemanlarinin ayrintili bilgisini vermek

Dersin Amaci Gig elektronigi devrelerinin tasarimi sorunlarina iligkin bir anlayis kazandirmak

Belirli ¢alisma durumlari igin uygun devre elemanlarini segebilme yetisini kazandirmak

(Course Objectives) Uygulamali projeler yapabilme becerisi kazandirmak

To give the detailed knowledge of power electronic components

To give an understanding of the design issues of power electronic circuits
To provide the ability to choose the proper circuit components for specific
operations

4. To provide the ability to accomplish hands-on projects

el e Eal ol

Bu dersi basaran 6grenciler asagidaki becerilere ve yetilere sahip olurlar:
Giic elektronigi elemanlart ile ilgili kapsamli bilgi

Giig elektronigi devrelerini tasarlayabilme

Tasarima uygun elektronik elemanlar1 se¢ebilme

Tasarlanan gii¢ elektronigi devrelerini gergeklestirebilme

Takim ¢aligmasi yapabilme

Dersin Ogrenme
Ciktilar

(Course Learning

Outcomes) Giic elektronigi devrelerini test edip tasarim sorunlarini belirleyebilme

udents who pass this lecture will be able to:
Have a comprehensive knowledge about power electronic components
Design power electronic circuits
To choose the proper electronic components
Implement the designed power electronic circuits for the designed circuit
To work with a team

To test power electronic circuits and to determine the design issues
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Ders Kitabi
(Textbook)

No specific textbook for this lecture

Diger Kaynaklar
(Other References)

1. H. W. Whittington, B. W. Flynn, D. E. Macpherson, Switched Mode Power
Supplies, 2nd Ed., 1997, John Wiley & Sons Inc.

2. Y. Lee, Computer-Aided Analysis And Design Of Switched-Mode Power
Supplies, 1993, Marcel Dekker Inc.

3. A. M. Trzynadlowski, Introduction to Modern Power Electronics, 1998, John
Wiley & Sons Inc.

4. N. Mohan, T. Undeland, W. Robbins, Power Electronics: Converters,

Applications and Design, 2nd ed., 1995, John Wiley & Sons Inc.

Odevler ve Projeler

(Homework & Projects)

Odevler pratik ¢aligmalardan olugmaktadir. Proje biitiin bir gii¢ elektronigi devresinin
tasarimi ve imalati olarak gerceklestirilecektir.

The homeworks include practical works. The main project is realized as a whole
power electronic circuit design and implementation.

Laboratuar Uygulamalari

(Laboratory Work)

Ogrenciler devre tasarim projelerini gii¢ elektronigi laboratuvarinda
gercgeklestirecektir.

Students will work on their design projects in “Power Electronics Laboratory”

Bilgisayar Kullanimi

(Computer Use)

Giig elektronigi devre tasarimi igin, PSpice, Simplorer, Altium, ExpressPCB gibi
gesitli yazilimlar kullanilacaktir

Proper software packages are used for power electronic circuit design such as PSpice,
Simplorer, Altium, Express PCB.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)

Y1l I¢i Sinavlari 1 25
(Midterm Exams)

Kisa Sinavlar

(Quizzes)

Odevler 4 20
(Homework)

Projeler 1 15
(Projects)

Doénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamast
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi 1 40
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar
1 Giris, kisa 6zet ve dersin ana amaci 1
2 Yariiletken elemanlarin anahtarlama karakteristikleri, ideal olmayan karakteristikler ve esdeger devreleri. 1
Ac¢ma, kapama ve gecis durumlarindaki davranislari yansitan MOSFET devre modeli.
3 Diyot, tristor ve MOSFET anahtarlama dalga sekilleri, diyot ters toparlanma akimi, SCR’ler i¢in kapr siiriis 1
gereksinimleri ve devreleri
4 Yariiletken elemanlarin anahtarlama kayiplarinin kaynaklari, iletim ve anahtarlama kayiplari, bazi temel 1,2,3
dalga sekillerinin etkin degerleri, giivenirlik, 1s1 akis1 ve 1s1l direng.
5 Is1 gegisi igin elektriksel esdeger devre, siirekli hal i¢in sogutucu se¢imi, gegici 1s1l empedans, elemant 1,2,3
sogutucuya monte etme {izerine pratik ipuclari
§ Yariiletken elemanlarin anma degerleri, anma gerilimi ve anma akimu, giivenli ¢alisma bélgesi, kalkis 1,2,35
akimi, asir1 akim koruma yontemleri, agir1 gerilim koruma yontemleri, gegici gerilim emiciler, Metal Oksit
Varistorler (MOV)
7 Eleman akimini, gerilimini ve agma-kapama gecici durumlarini sinirlayan bastirma (tampon) devreleri 1,235
8 Kapu siiriis devreleri, kapr siiriis devrelerinde yalitim gereksinimi, MOSFET ve IGBT igin kapr siiriis 12,3,4,5
gereksinimleri
9 Kapi sarj1 kullanarak bir MOSFET ve bir IGBT nin kapi siiriis devresinin tasarim prosediirii 1,2,3,4,5
10 Giig elektronigi devreleri i¢in kontrol gereksinimleri ve teknikleri, hat ve yiik regiilasyonu, kapali ¢evrim 12,345
calisma, gerilim-modu, akim-modu kontrol
11 Bode diyagramlarini kisa gdzden gecirme, Bode diyagramlarinin ¢izim, kontrol devrelerinde geribesleme, 1,2,3,4,5,6
geribesleme dongiisii kararliligi, faz pay1, kazang payi, islemsel kuvvetlendirici temelli kompanzasyon
sebekeleri
12 Temel magnetik ilkeler, histerezis ve doyma, N sarimli endiiktans, yiiksek frekansta adim-adim endiiktans 1,2,3,45,6
tasarimi.
13 Yiiksek frekansli transformatér modelleme, adim-adim ¢ok ¢ikisli transformatér modelleme 1,2,45,6
14 Devere bilesenlerinin 6zellikleri (direng, kapasite, endiiktans), pratik tasarim ipuglari igin frekansa baglt 1,2,45,6
esdeger devreler, elektromagnetik girisim, filtreleme gereksinimleri, ferit kiliflar ve topraklama yontemleri
COURSE PLAN
Course
Weeks Topics Outcomes
1 Introduction, brief outline and the main purpose of this course. 1
2 Switching characteristics of semiconductor devices: nonideal characteristics of semiconductor switches, 1
equivalent circuits which models these characteristics, MOSFET circuit model which approximates the
behavior of switch during on, off, and transition states.
3 Switching waveforms for diode, thyristor and MOSFET, reverse recovery current of diode, gate drive 1
requirements and circuits for SCR family semiconductors.
4 Origin of losses in semiconductor switching devices, conduction and switching losses, rms values of 12,3
some common waveforms, reliability, heat flow and thermal resistance.
5 Electrical equivalent circuit for heat transfer, heat sink selection at steady-state transient thermal 12,3
impedance, practical tips on mounting semiconductor device to the heat sink.
b Semiconductor device ratings, rated voltage rated current, safe operating area, inrush current, 1,2,35
overcurrent protection methods, overvoltage protection methods, transient voltage suppressors, MOVs
(Metal Oxide Varistor)
7 Snubber circuits to limit the device voltages and currents during turn-on and turn-off transients 1,2,3,5
8 Gate drive circuits, isolation requirements in gate drive, gate drive requirements for MOSFET and 1,2,3,4,5
IGBT.
9 Design procedure of a gate drive circuit of a MOSFET and IGBT using gate charge. 12,345
10 Control requirements and techniques for power electronic circuits, line and load regulation, closed loop 1,2,3,45
operation, voltage mode and current mode control
11 Brief review of Bode diagrams, plotting Bode plots with several zeros and poles, feedback in control 1,2,3,4,5,6
systems and feedback loop stability, phase margin, gain margin, compensation networks built around an
operational amplifier
12 Basic magnetic principles, hysteresis and saturation, inductor with N turns of wire, step-by-step inductor 1,2,3,45,6
design for high frequency operation.
13 High frequency transformer modeling, step-by-step design process for multi output transformer. 1,2,45,6
14 Properties of circuit components (resistors, capacitors, inductors), frequency dependent equivalent 12,456

circuits for practical design tips, electromagnetic interference, filtering requirements, ferrite beads, and
grounding methods.




Dersin Elektrik Miihendisligi Programuiyla iligkisi

Katk1
Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ¢iktilar) Seviyesi
1 (2 |3
a | Matematik, temel bilim ve miihendislik bilgilerini kullanabilme X
b | Deney tasarlama, yapma ve istenilen bir sonuca ulasmak igin verileri analiz etme ve X
yorumlayabilme
c | Belirli ihtiyacglara yonelik bir sistem veya siire¢ tasarlayabilme, X
d | Disiplinler arasi takim ¢aligmasi yapabilme X
e | Miihendislik problemlerini tanimlama, formiile etme ve ¢ozebilme, X
f | Meslekte profesyonellik ve etik (ahlaki) sorumluluklari kavrama ve benimseme X
g | Etkin bir yazil1 ve sozlii iletisim becerisine sahip olma X
h | Mithendisligin kiiresel ve toplumsal etkilerini anlayacak genel bir kiiltiir kazanma X
i | Hayat boyu 6grenmenin geregine ve 6grenme yetenegini kazanma X
i Giincel olaylar ve bu olaylarin miihendislik meslegi lizerine etkileri konusunda goriis X
sahibi olma,
k | Elektrik miihendisligi uygulamalari i¢in gerekli yetenek, mithendislik yontemleri ve X
modern mithendislik araglarini kullanabilme,
| | Elektrik miihendisligi uygulamalarina yonelik sistem tasarimi i¢in gerekli X
uygulamali elektronik, bilgisayar ve bilisim sistemleri alaninda yeterli bilgi
1: Az, 2: Kismi, 3: Tam
Relationship between the Course and Electrical Engineering Curriculum
Level of
Program Outcomes Contribution
12| 3
a | an ability to apply knowledge of mathematics, science, and engineering principles X
b [an ability to design and conduct experiments in electrical engineering, as well as to X
analyze and interpret data to reach an appropriate conclusion
¢ | an ability to design an electrical system, component, or process to meet desired needs X
d | an ability to function on multi-disciplinary teams X
e | an ability to identify, formulate, and solve electrical engineering problems X
f | an understanding of professional and ethical responsibility X
g [an ability to communicate effectively in both oral and written fashion X
h | the broad education necessary to understand the impact of engineering solutions in a X
global and societal context
i | arecognition of the need for, and an ability to engage in life-long learning X
j | aknowledge of contemporary issues and their impact on engineering profession X
k | an ability to use the techniques, skills, and modern engineering tools necessary for X
electrical engineering practice
I |aknowledge of applied electronics, computer and information systems to design and X
analyze complex systems for electrical engineering applications
1: Little, 2: Partial, 3: Full
Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
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