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Dersin Igerigi

(Course Description)

Giris. Mekanik sistemlerin temelleri. Dogrusal ve doner hareketlerin modellenmesi ve analizi. Elektrikli
siriicii sistemlerin dinamigi. Elektrikli siiriicii sistem bilesenlerinin karakteristikleri: motorlar, yiikler ve gii¢
aktarma elemanlar1. Caligsma kipleri ve performans degerlendirme kriterleri. Endiistride gesitli elektrikli
stiricii uygulamalari. Motor siiriiciilerinde kullanilan giic elektronigi devreleri. Bu derste tanitilan

yontemlerin denemesi ve dogrulanmasi dgrencilere verilen grup projeleri ile yiiriitiilecektir.

Introduction. Fundamentals of mechanical systems. Modeling and analysis of linear and circular motion.
Dynamics of electric drive systems. Characteristics of electric drive components: motors, loads and
transmission elements. Operating modes and performance evaluation of electric drives. Various
applications of electric drives in industry. Use of power electronic circuits in electric motor drives. Test and

verification of the concepts covered in this course will be carried out in group projects assigned to students.

Dersin Amaci

(Course Objectives)

1. Mekaniksel ve elektriksel bilesenlerin modellenmesi, analizi ve entegrasyonuna iliskin temel bilgiler.
Il. Elektrikli siiriicii uygulamalarina iligkin tasarim ve kontrol teknikleri hakkinda bilgi verilmesi.
III. Uretim hatlari, elektrikli ulasim, iklimlendirme ve havalandirma, ving ve asansér uygulamalari gibi

cesitli elektrikli siirticli uygulamalarinin tanitilmast.

I. Fundamental knowledge of modeling, analysis and integration of mechanical and electrical
~ components.
II. Provide knowledge of design and control techniques in electrical drive applications.

[ii. Introduce various type of electric drive applications, such as manufacturing lines, electric
transportation, air-conditioning and ventilating, crane and hoist applications, etc.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basartyla tamamlayan dgrenciler:
1. Siirticii sistemlerin kinematigi ve kinetigi ile ilgili temel kavramlar1 6grenecektir.
II. Mekanik sistemlerin modellemesi analizi ve kontroliine iligskin temel kavramlar1 6grenecektir.
fil. Giig elektronigi geviricileri, elektrik motorlari ve aktarma elemanlarinin endiistride uygulamasina
iligkin derin bir bilgi birikimine sahip olacaktir.

IV. Endiistriyel sistem uygulamalarinda verim ve maliyet goz oniine alindiginda, sistemin bilesenlerinin
uygun bir sekilde secilmesi ve birbirlerine uyumlu bir sekilde ¢alistirilabilmesi yetenegini
kazanacaktir.

V. Miihendislik tasariminin 6nemi ve elektrik enerjisinin etkin bir sekilde kullanimindaki etkisini
Ogrenecektir.

Students who pass this course will:
I. Gain fundamental terms of kinematics and Kinetics of electric drive systems.
11. Gain the basic concepts of modeling, analysis and control of motion in mechanical systems.
111. Gain a broad knowledge about power electronic converters, electric motors and transmission devices. V. Gain skills
to match system components together to select a suitable combination, considering the
performance and cost in industrial applications will be gained.
V. Skills to understand importance of engineering design and its impact on effective consumption of

electrical energy.




Ders Kitabi
(Textbook)

G. K. Dubey, Fundamentals of Electrical Drives, Narosa Publishing, an Ed., 2001.

Diger Kaynaklar
(Other References)

[1] Krishnan, R., Electric Motor Drives: Modeling, analysis and Control, Prentice-Hall,
2001.

[2] Mohan, N., Electric Drives: An Integrative Approach, 2000.

[3] Leonard, W., Control of Electrical Drives, 3 Ed., Springer Verlag, 2001.

[4] Hindmarsh, J., Renfrew, A., Electrical Machines and Drive Systems, 3 Ed.,
Butterworth-Heinemann, 1996.

[5] Subrahmanyam, V., Electric Drives: Concepts and Applications, MacGraw-Hill, 1994.

[6] Dewan, S. B., Slemon, G. R., Straughen, A., Power Semiconductor Drives, John Wiley

& Sons, 1984.

Odevler ve Projeler

(Homework & Projects)

Donem projesi en az 2 ve en fazla 4 kisiyi gegmeyen proje guruplari tarafindan
gergeklestirilecektir. Her proje gurubundan, hazirladig projenin raporunu dénem sonunda

teslim etmesi ve sozlii bir sunum yapmasi beklenir.

Term projects are carried out by a group that consists of minimum 2 and maximum 4 students.
Each project group is expected to submit a project report and to give an oral presentation in the

final week of the semester.

Laboratuar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Modelleme ve analiz konulari, bilgisayarda uygulamali olarak PSim veya MatLab-Simulink
programlarindan birisi kullanilarak yapilacaktir.

Computer applications of modeling and analysis studies will be carried out by using PSim or
MatLab-Simulink simulation programs.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

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

Y1l I¢i Smavlar ) %20
(Midterm Exams)

Kisa Smavlar
(Quizzes)

Odevler
(Homework)

Projeler
(Projects)

Doénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Smawi
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilari
1 Giris. Endiistride ve giinliik hayatta kullanilan elektrikli siiriicii uygulamalarina genel bir bakis. I
2 Mekanik sistemlerinin temelleri, Newton’un mekanik yasasi. Dogrusal ve dairesel hareketin |
kinematigi, eylemsizlik momentinin hesaplanmasi, is, giic ve enerji.
3 Siiriiciilerin dinamigi ve sistem entegrasyonu: dogrusal ve dairesel hareketin dinamik denklemi,
stirlicli sistemlerin kinetiginin grafik ve sayisal yontemler ile analizi. .
4 Elektrikli siirticiiler ve bilesenlerinin matematiksel modelleri. Elektrik motorlarinin mekanik
sisteme entegrasyonu, elektrik motorlar1 ve endiistriyel yiiklerin karakteristikleri. Gli¢ aktarma 1]
elemanlari, disli mekanizmalar, kayig-kasnak diizenekleri, siirtiinme ve diger gii¢ kayiplari.
5 Elektrikli siiriiciilerin Isletmesi: dort bolgede ¢alisma, siiriicii sistem i¢in kullanilan yol verme,
frenleme ve devir sayisi ayar1 yontemleri, hiz ayar aralig1, kakis hizi, frenleme siiresi ve ¢aligma I
noktasinin degistirme siiresi gibi parametrelerin hesaplanmasi.
6 Elektrikli siirticiilerin karaliligi: Elektrikli siiriiciilerin kararli ¢aligmast i¢in gerekli kosullar. I
Siirekli hal kararlilik analizi. Senkron motorun gecici hal kararlilik analizi i¢in esit-alan kriteri.
7 Tiim siiriicii sistemin verimi: elektrik motorlart ve diger siiriicii bilesenlerinin gii¢ kayiplarimin "
hesaplanmasi.
8 Elektrik motorlarinin 1sinma sinirlari, elektrik motorlarinin 1sinma ve sogumasinin analizi igin 1s1l
modelleri. Elektrik motorlarinin degisik kiplerde ¢alismasi: siirekli, kesintili ve aralikli galisma i
kipleri.
9 Sistem veriminin yiikseltilmesine iliskin yontemler, enerji depolama aygitlari kullanimi: mekanik, "
manyetik enerji depolama aygitlari, siiper kondansatdrler.
10 Motor se¢imine iligkin kriterler. Elektrikli siiriiciilerde enerji geri kazanimi uygulamalari. i
11 Elektrik motorlar i¢in yariiletken gii¢ siiriiciileri: gii¢ ¢eviricilerinin temel ilkeleri. DGM (Darbe-
. . .. . . v
Genislik-Modiilasyonu) kontrol teknikleri.
12 DA (dogru-akim) motorlarin agik-¢evrim kontrolii: Kontrollii dogrultucu ve DA kiyicili motor v
stirliciileri. DA motorlarin enerji geri kazanimli ¢alistiriimasi.
13 AA (alternatif-akim) motorlarinin agik-¢evrim kontrolii: Yumusak kalkis teknikleri. Asenkron ve
senkron motorlarin ve degisken hizda ¢alistiriimasi, skaler ve vektorel kontrol teknikleri, rotoru - Y,
sargili asenkron motorlarda kayma enerjisi kazanimu.
14 Endiistride ve giinliik hayatta kullanilan elektrikli siiriicii teknolojilerinin uygulamalari: Yiik
asansorleri, asansorler, vingler, presler ve kiricilar, tagima bantlari, elektrikli ulagim sistemleri, \%

pompalar ve komprosorler, vb.




COURSE PLAN

Course
Weeks Topics Outcomes
1 Introduction. An overview of electric drives and their use in industry and daily life. |
2 Fundamentals of mechanical systems, Newton’s law of mechanics. Kinematics of linear and |
circular motions, calculation of moment of inertia, work, power and energy.
3 Dynamics of drives and system integration: Dynamic equations of linear and circular motions, I
graphical and numerical analysis of drive system kinetics.
4 Mathematical modeling of electric drives and its components: Integrating electric motors to
mechanical systems, characteristics of electric motors and industrial loads, transmission 1]
elements, gears and belt-pulley systems, friction and other power losses.
5 Operation of electric drives: Four quadrant operation, methods used for starting, breaking and
speed adjustment of overall drive systems, speed adjustment range, times required for starting, 1]
breaking and changing the operation points.
6 Stability of electric drives: Conditions required for stable operation of electric of drives.
Steady-state stability analysis. Equal-area criterion of transient stability analysis of 1]
synchronous motors.
7 Overall system efficiency: calculation of power losses of electric motors and other drive "
components.
8 Heating limits of electric motors, thermal model of electric motors for analysis of heating and
cooling, and various operation modes of electric motors such as continuous, periodic and i
intermittent duties.
9 Methods to increase system efficiency, use of energy storage devices: mechanical and "
magnetic energy storage devices and super capacitors.
10 Criteria for motor selection. Regenerative electrical drive applications. 11
11 Power semiconductor drives for electric motors: basic concepts of power converters. PWM W
(pulse-width-modulation) control techniques.
12 Open-loop control of DC (direct-current) motors: motor drives with controlled rectifiers and
. . v
DC choppers. Regenerative operation of DC motors.
13 AA (alternatif-akim) motorlarinin agik-¢evrim kontrolii: Yumusak kalkis teknikleri. Asenkron
ve senkron motorlarin ve degisken hizda ¢alistirilmasi, skaler ve vektdrel kontrol teknikleri, \%
rotoru-sargili asenkron motorlarda kayma enerjisi kazanimu.
14 Applications of electrical drive technologies used in industrial and daily-life: Hoists,
elevators, winches, presses and crushers, conveyor belts, electric traction systems, fans, \Y

pumps and compressors, etc.




Dersin Elektrik Miihendisligi Programiyla Tliskisi

Katki
Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ¢iktilar) Seviyesi
1 2 3
a | Matematik, temel bilim ve miithendislik bilgilerini kullanabilme X
b | Deney tasarlama, yapma ve istenilen bir sonuca ulasmak i¢in verileri analiz etme ve yorumlayabilme X
c | Belirli ihtiyaclara yonelik bir sistem veya siire¢ tasarlayabilme X
d | Disiplinler arasi takim ¢aligmasi yapabilme X
e | Miihendislik problemlerini tanimlama, formiile etme ve ¢6zebilme X
f Meslekte profesyonellik ve etik (ahlaki) sorumluluklar: kavrama ve benimseme X
g Etkin bir yazili ve sozlIi iletisim becerisine sahip olma X
h Miihendisligin kiiresel ve toplumsal etkilerini anlayacak genel bir kiiltiir kazanma X
i Hayat boyu 6grenmenin geregine ve 6grenme yetenegini kazanma X
j Giincel olaylar ve bu olaylarin miihendislik meslegi iizerine etkileri konusunda goriis sahibi olma X
k Elektrik mithendisligi uygulamalari i¢in gerekli yetenek, miithendislik yontemleri ve modern mithendislik
araglarini kullanabilme X
| Elektrik miihendisligi uygulamalarina y6nelik sistem tasarimi i¢in gerekli uygulamali elektronik, bilgisayar X
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
1 2 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 analyze and interpret
data to reach an appropriate conclusion X
c 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 | Anunderstanding 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 societal X
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 engineering
practice X
I |A knowledge of applied electronics, computer and information systems to design and analyze complex X
systems for electrical engineering applications

1: Little, 2. Partial, 3. Full
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