ITU
DERS KATALOG FORMU
(COURSE CATALOGUE FORM)

Dersin Ad1 Course Name
Gii¢ Elektronigi Devreleri Power Electronic Circuits
AKTS Ders Uygulamasi, Saat/Hafta
Kredisi | Kredisi (Course Implementation, Hours/Week)

Kodu Yariyil (Local (ECTS Ders Uygulama Laboratuar

(Code) (Semester) Credits) Credits) (Theoretical) (Tutorial) (Laboratory)
ELK331/ELK331E 5 3 5 3 0 0
Béliim / Program Elektrik ~ Mihendisligi ~ / Elektrik Mithendisligi
(Department/Program) (Electrical Engineering / Electrical Engineering)
Dersin Tiirii Zorunlu Dersin Dili Tirkge/Ingilizce
(Course Type) (Compulsory) (Course Language) (Turkish/English)

Dersin Onkosullari
(Course Prerequisites)

EHB 211 MIN DD veya(or) EHB 211E MIN DD veya(or) ELE 211 MIN DD veya(or) ELE 211E MIN DD

Dersin mesleki bilesene
katkisi, %
(Course Category

by Content, %)

Temel Bilim Temel Miihendislik Miihendislik Tasarim

Insan ve Toplum Bilim
(Basic Sciences) (Engineering Science) |  (Engineering Design)

(General Education)

0 100 0 0

Dersin Igerigi

(Course Description)

Anahtarlamali devreler ve gii¢ elektroniginin temel kavramlari. Diyot, tristor, triyak, GTA, BJT,
MOSFET, IGBT ve MCT elemanlarinin ¢alisma karakteristikleri. Bir ve {i¢ fazli kontrollii ve kontrolsiiz
dogrultucular, DA kiyicilari. Bir ve ii¢ fazli eviriciler,  darbe genislik modiilasyonu ve gerilim
regililasyonu. AA kiyicilar ve dogrudan frekans doniistiiriiciileri. Koruma ve séndiirme devreleri.

Anahtarlarin paralel ve seri ¢aligmasi.

Switching circuits and basic concepts of power electronics. Diode, SCR, Triacs, GTO, BJT, MOSFET,
IGBT, MCT's operational characteristics. Controlled and uncontrolled one and three phase rectifiers. DC
choppers. Inverters, one and three phase inverters, pulse width modulation and voltage regulation. AC

choppers. Cycloconverters. Protection and snubber circuits. Parallel and series operation of switches.

Dersin Amaci

(Course Objectives)

1. Yarn iletken elemanlarin gii¢ ¢eviricilerinde anahtar olarak kullanilmast,
2. Elektrik enerjisinin verimli bir sekilde kullanilmasina ve bir formdan bagka bir forma
doniistiirilmesine olanak veren devre yapilarinin ve tekniklerinin incelenmesi,

1. Use of semiconductor elements as a switching device in power converters,

2. Investigation of circuit topologies and techniques that allow efficient use of electrical energy and
conversion of electrical energy from one form to another.

Dersin Ogrenme
Ciktilart

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan 6grenciler;
1. Ideal anahtarlama elemanlar1 ve farkli tipteki yari iletken gii¢ anahtarlarimin karakteristikleri,
II. Bir ve ii¢ fazli kontrollii ve kontrolsiiz dogrultucu yapilari, siniizoidal olamayan dalga sekillerinin
analizi, gii¢c hesab1 ve harmonikler,
III. Cok darbeli dogrultucu yapilari,
IV. Bir ve {i¢ fazli alternatif akim doniistiiriiciileri ve farkli kontrol yontemlerinin harmonikler
acisindan degerlendirilmesi,
V. Algaltici ve yiikseltici (A-D sinifi) tipteki dogru akim kiyicilari ve dort bolgede galisabilen devre
yapilari,
VI. Bir ve ii¢ fazli kare-dalga ve modifiye siniis evirici gli¢ devresi yapilari,
VII. Eviriciler i¢in farkli modiilasyon (kontrol) teknikleri: Darbe genislik modiilasyonu, segici
harmonik yok etme,
konularinda beceri kazanirlar.

Students who pass the course will be able to:
I. Learn ideal switching elements and characteristics of various power semiconductor switches,
1. Analyze uncontrolled/controlled single- and three-phase rectifiers, and calculate power and
harmonic content in nonsinusoidal waveforms,
I11. Use multi-pulse rectifier topologies,
IV. Evaluate performance of single- and three-phase AC-AC converters and various control
techniques in terms of harmonic content,
V. Analyze buck- and boost-type (class A to D) DC-DC converters and four-quadrant operation,
V1. Investigate power circuit topologies of single- and three-phase square-wave and modified-sine-
wave inverters,
VII. Use various modulation (control) techniques such as pulse width modulation and selective
harmonic elimination.
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Odevler ve Projeler

(Homework & Projects

Dersin ana konular1 olan dogrultucu, AA kiyici, DA kiyici ve eviricilerin ¢alisma
prensipleriyle ilgili olarak dgrencilere dort adet proje/ddev verilecektir.

Four homework/project assignments will be given to students related with rectifiers, AC
choppers, DC choppers and inverters which are the main topics of the course.

Laboratuar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Devre analizi programlarindan
kullanimi gerekmektedir.

PSPICE, PSIM, ORCAD, Electronic Workbench, vb.

Use of circuit simulation programs such as PSPICE, PSIM, ORCAD, Electronic Workbench,

etc. are required.

Diger Uygulamalar

(Other Activities)

Faaliyetler
(Activities)

Adedi
(Quantity)

Degerlendirmedeki Katkis1, %
(Effects on Grading, %)

Y1l I¢i Sinavlart
(Midterm Exams)

2

30

Kisa Smavlar

(Quizzes)
Odevler
(Homework)

Projeler
(Projects)

30

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi
(Final Exam)

40




DERS PLANI

Hafta

Konular

Dersin
Ciktilar

Giig Elektronigi Nedir? sorusunun cevabi ve uygulama alanlari, ¢eviricilerin siniflandirilmasi. Ideal anahtar
ve gii¢ elektronigi devrelerinde kullanilan yariiletken gii¢ anahtarlar1. Diyot, BJT, tristdr, triyak diyak, GTO,
MOSFET, IGBT, MCT, IGCT. Akim-gerilim karakteristikleri, caligma prensibi ve maksimum ¢aligma

degerleri.

Yariiletken gii¢ elemanlarina devam. Kontrollii yariiletken anahtarlar igin tetikleme devreleri. Tristorlerin
kesime sokulmasi i¢in seri ve paralel komiitasyon devreleri.

AA-DA doniistiriiciiler (dogrultucular): Bir fazli yarim dalga kontrolsiiz ve kontrollii dogrultucular. Direng,
direng-endiiktans ve direng-endiiktans-sabit DA gerilim yiik kosullarinda ¢alisma prensipleri (akim-gerilim

dalga sekilleri, analitik ¢oziim, gii¢ faktorii).

Bir fazli tam dalga kontrolsiiz, yarim kontrollii ve kontrollii dogrultucular. Farkli yiik kosullarinda ¢aligma
prensipleri (akim-gerilim dalga sekilleri, analitik ¢ziim, gii¢ faktorii).

Dogrultuculara devam.

Ug fazli yarim dalga kontrolsiiz ve kontrollii dogrultucular. Ug fazli tam dalga kontrolsiiz, yarim kontrollii ve
kontrollii dogrultucular. 12 darbeli dogrultucular, gii¢ faktorii.

Ug fazlh dogrultuculara devam.

AA geviriciler (AA kiyicilar): Baglanti noktasinda sebekenin miisaade ettigi harmoniklerle ilgili uluslar arasi
standartlar IEEE 519-1992, IEC 555-2. Bir ve ii¢ fazli AA kiyicilar, faz ve ag-kapa kontrol yontemleri ve

karsilastirilmasi, omik ve endiiktif yiik kosullar1, dogrudan frekans doniistiiriiciiler.

\%

AA kiyicilara devam.

DA g¢eviriciler (DA kiyicilar):. Tek bolgede calisan algaltici tipi A sinifi ve yiikseltici tipi B sinifi kiyicilar.

Iki bolgede galisma: birinci ve ikinci bolgede ¢alisan C simifi, birinci ve doediincii bolgede galisan D smnifi
Dort bolgede calisma: E smifi kiyicilar.

11

DA kiyicilara devam.

12

DA-AA ceviriciler (eviriciler). Tam dalga evirici, bir fazli kare dalga evirici, evirici ¢ikisinda genlik ve
harmonik kontrolii, li¢ fazli kare dalga evirici ve harmonikler. Darbe genislik modiilasyonu (DGM) tanimu
ve prensipleri, gerilim kontrollii DGM eviriciler ve harmonikler. Farkli modiilasyon teknikleri, akim
kontrollii gerilim kaynagi DGM evirici.

13

Eviricilere devam.

VI-VII

14

Eviricilere devam.

VII

COURSE PLAN

Weeks

Topics

Course
Outcomes

The answer of "What is Power Electronics?" question and application areas of power electronics,
classification of power converters. ldeal switch and rectifier. Semiconductor power switching devices used

in power electronic circuits: Diode, bipolar junction transistor (BJT), silicon controlled rectifier (thyristor),
triac, diac, Gate turn-off thyristor (GTO), mosfet, insulated gate bipolar transistor (IGBT), mos controlled
thyristor (MCT), integrated gate commutated thyristor (IGCT). I-V characteristics, operation principles,

maximum voltage and current ratings.

Power Semiconductor switches continued. Gating circuits for controlled semiconductor switches. Series
and parallel commutation circuits for turning-off of thyristors.

AC-DC: Alternating Current - Direct Current converters (rectifiers). Single phase half-wave uncontrolled
and controlled rectifiers. Operating principles (voltage and current waveshapes, analytic solutions, power
factor, etc.) for resistive, resistive-inductive and resistive-inductive-constant voltage load conditions.

Single phase full-wave uncontrolled, half-controlled and controlled rectifiers. Operating principles
(voltage and current waveshapes, analytic solutions, power factor, etc.) for different load conditions.

Rectifiers continued.

Three-phase half-wave uncontrolled and controlled rectifiers, three-phase full-wave uncontrolled, half-
controlled and controlled rectifiers, 12-pulse rectifiers, power factor.

Three-phase rectifiers continued.

AC-AC: Alternating Current - Alternating Current Converters (AC choppers). International standards that
limits the maximum values of harmonics injected to the utility at the point of common coupling: IEEE
519-1992, IEC 555-2. Single- and three-phase AC choppers, phase control and burst-firing control
methods, resistive and resistive-inductive load conditions. Comparison of phase control and burst-firing
control methods in terms of generated harmonics and application areas. Direct frequency converters:

Cycloconverters.

v

AC choppers continued.

10

DC-DC: Direct Current - Direct Current Converters (DC choppers). Buck type class A and boost type
class B choppers operating in first quadrant. Two-quadrant operation: Class C operating in 1st and 2nd
quadrant, Class D operating in 1st and 4th quadrant. Four-quadrant operation: Class E choppers

11

DC choppers continued.

DC-AC: Direct Current - Alternating Current Converters (inverters). Full-wave converters, single-phase
square-wave inverters, amplitude and harmonic control at the inverter output, three-phase six-step square-
wave inverter, harmonics in square-wave inverters. Description of Pulse Width Modulation (PWM) and its
principles, voltage-controlled PWM inverters, harmonics in PWM inverters. Different modulation
techniques for voltage-controlled PWM inverters, current-controlled voltage-source PWM inverters.

13

Inverters continued.

VI-VII

14

Inverters continued.

VII




Dersin Elektrik Miihendisligi Programiyla Iliskisi

Katk1
Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ciktilar) Seviyesi
1 213
a | Matematik, temel bilim ve miithendislik bilgilerini kullanabilme, X
b | Deney tasarlama, yapma ve istenilen bir sonuca ulagsmak i¢in verileri analiz etme ve X
yorumlayabilme,
¢ |Belirli ihtiyaclara ydnelik bir sistem veya siire¢ tasarlayabilme, X
d [Disiplinlerarasi takim caligmasi yapabilme, X
e | Miihendislik problemlerini tanimlama, formiile etme ve ¢6zebilme, X
f [Meslekte profesyonellik ve etik (ahlaki) sorumluluklari kavrama ve benimseme, X
g | Etkin bir yazil ve sozlii iletisim becerisine sahip olma, X
h | Miihendisligin kiiresel ve toplumsal etkilerini anlayacak genel bir kiiltiir kazanma, X
i | Hayat boyu dgrenmenin geregine ve dgrenme yetenegini kazanma, X
j | Giincel olaylar ve bu olaylarin miihendislik meslegi iizerine etkileri konusunda goriis sahibi olma, X
k | Elektrik miithendisligi uygulamalari i¢in gerekli yetenek, miihendislik yontemleri ve modern X
miihendislik ara¢larini kullanabilme,
| Elektrik mithendisligi uygulamalarina yonelik sistem tasarimi igin gerekli uygulamali elektronik, X
bilgisayar ve biligim sistemleri alaninda yeterli bilgi.
: Az, 2: Kismi, 3: Tam
Relationship between the Course and the Electrical Engineering Curriculum
Level of
Program Outcomes Contribution
1 2 3
a |an ability to apply knowledge of mathematics, science, and engineering X
b |an ability to design and conduct experiments in electrical engineering, as well as to analyze and X
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 global and X
societal context
i a recognition of the need for, and an ability to engage in life-long learning X
j a knowledge of contemporary issues and their impact on engineering profession X
k |an ability to use the techniques, skills, and modern engineering tools necessary for electrical X
engineering practice
I [aknowledge of applied electronics, computer and information systems to design and analyze X
complex systems for electrical engineering applications
1: Little, 2: Partial, 3: Full
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