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Dersin Igerigi

(Course Description)

Transformator ve doner makine sargilarindaki elektrik gecisleri ve elektrostatik zorlamalar.

Transformator sargilarindaki elektrodinamik kuvvetler. Elektrodinamik kuvvetleri hesaplama
yontemleri: Klasik yontemler ve Roth yontemi. Doner makinelerin stator sargilarinin kenar
kisimlarina yakin bolgelerdeki kuvvetlerin -~ hesaplanmasi. Transformatér ve doner elektrik
makinalarinin sargilarinin 1stnmasi. Asiri isitnmanin yalitim malzemeleri {izerindeki etkisi.

Elektrik makinelerindeki kayiplar ve makine kayiplarini azaltma yontemleri.

Electrical transients and electrostatic stresses in transformer and rotating machinery windings.
Electrodynamic forces in transformer windings. Methods to calculate electrodynamic forces:
Classical methods and Roth’s method. Calculation of forces near end regions of stator windings
of rotating machines. Heating of transformer and rotating electric machinery windings. Effects of
overheating in insulation materials. Losses in electrical machines and methods to reduce machine

losses.

Dersin Amaci

(Course Objectives)

Bu segmeli kursun ana hedefi

1. Elektrik makinalarinin ¢alismasi esnasinda olusan elektromanyetik, elektromekanik ve 1s1l
zorlamalarin tanimlanmast.

2. Bu zorlamalarin elektrik makinelerinin faydali 6mrii ve giivenli isletilmesi tizerindeki
etkilerini incelemek, bu etkilerden korunma saglamak ve etkileri en aza indirmek
tizerindeki cesitli teknikler iizerinde 6zellikle durulacaktir.

The main objective of this elective course is

1. To introduce electromagnetic, electro mechanic, and thermal stresses which occur during
the operation of electrical machines.

2. The emphasis is placed on various techniques to analyze, protect and minimize the effects of
these stresses on life time and safe operation of electrical machinery.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basartyla tamamlayan 6grenciler;

1. Gegici asir1 gerilimlerinin modellenmesi ile ilgili sarg1 esdeger devre modelini,

2. Transformatorlerde ve doner elektrik makinalarinda baslangic ve son durum asiri
gerilimlerinin dagiliminin hesaplari, asir1 gerilim gecislerinin analizi ve dikkat edilmesi
gereken noktalar,

3. Transformatorler ve doner elektrik makinalarindaki elektrodinamik kuvvetler, bu
kuvvetlerin etkileri ve dikkat edilecek noktalar,

4. Elektrik makinalar1 sargilarinda 1sinma ve 1s1l zorlamalar,

5. Zor sartlarda c¢alisan elektrik makinalarinda uygulanabilecek tasarim
teknikleri hakkinda bilgi sahibi olacaklardir.

Students who pass the course will gain information about:

1. Equivalent circuit model of windings for modelling transient overvoltages.

2. Calculation of initial and final distribution of over voltages in the transformers and
rotating electrical machines. Analysis of overvoltage transients, precautions.

3. Electrodynamic forces in transformers and rotating electrical machines. The effects of these
forces and precautions.

4. Heating and thermal stress in electrical machine windings.

5. A comprehensive understanding of design techniques for electrical machines
operating subject to abnormal conditions.




Ders Kitabi
(Textbook)

N. Giizelbeyoglu, Elektrik Makinalarinda Asir1 Zorlanmalar, ITU Yaymlari, 2. baski,
Istanbul, 1997.

Diger Kaynaklar
(Other References)

1.Greenwood, A., Electrical Transients in Power Systems, John Wiley and Sons, New
York, 1971.

2. McLyman, C.W.T., Transformer and Inductor Design Hanbook, 2nd Ed., Dekker,
New York, 1988.

3. Karsai, K., Kerenyi, D., Kiss, L., Large Power Transformers, Elsevier,
Amsterdam, 1987.

4. Englemann, R.H., Middendorf, W.H., Handbook of Electric Motors, Dekker, New
York, 1995.

5. Flanagan, W.M., Handbook of Transformer Design and Applications, ohd Ed.,
McGraw-Hill, 1993.

Odevler ve Projeler

(Homework & Projects)

Her 6grenciye farkli bir dogru akim plaka degeri verilecek ve donem boyunca yapmis
olduklari tasarim hesaplari kontrol edilecektir.

Design and construction of direct-current machines are realized for different
nameplate values assigned to each student. These calculations are to be checked in the

semester.

Laboratuar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Bilgisayar simiilasyon ve Tasarim laborauvari, kisisel bilgisayarlar kullanilacaktir.

Computer Simulation and Design Laboratory, Personal computers.

Diger Uygulamalar

(Other Activities)

Basari Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)
Y1l I¢i Smavlart 1 25

(Midterm Exams)

Kisa Sinavlar 2 5

(Quizzes)

Odevler 2 10
(Homework)

Projeler - -

(Projects)

Doénem Odevi/Projesi 1 15

(Term Paper/Project)

Laboratuar Uygulamasi - -
(Laboratory Work)

Diger Uygulamalar - -
(Other Activities)

Final Sinavi 1 45
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Giris. Ug fazli sargilarda ani akim yiikselmesi dalgasinin ilerlemesinin matematik modeli. Gegis 15
asir1 gerilimlerinin modellenmesi i¢in sargi esdeger devre modeli.
2 Asirt gerilimlerin ilk ve son durumlarda dagilimlarinin hesaplanmasi. Notr noktalarin 12
topraklanmig ve topraklanmamis halleriyle ilgili vaka arastirmalari.
3 Asirt gerilim gecislerinin Fourier seri doniistimleri kullanilarak incelenmesi. 12
4 Asiri gerilim gegislerinin asgariye indirilmesi i¢in tasarim teknikleri : topraklanacak dagilmis 12
kapasitansin en aza indirilmesi, sargilarin inter-turn kapasitansinin en yiiksege ¢ikartiimasi.
5 Doner elektrik makinelerinde gecis agiri gerilimlerinin incelenmesi. 2
6 Transformatorlerde elektrodinamik kuvvetler: Transformator sargilarinda kisa devre akimlari 3,5
7 Silindirik kuvvetlerde radyal ve eksenel kuvvetlerin yaklagik hesaplanmasi i¢in yontemleri. 3
8 Elektrodinamik kuvvetlerin hesaplanmasi i¢in vektor potansiyel formiilasyon ve Roth yontemi 3
9 Stator sargilarinin uclarina yakin bolgelerde elektrodinamik kuvvetler. . Makine sargilarinda 3
cesitli geometriler i¢in indiiklenmis kuvvet bilesenlerinin formiilasyonu: iki sonsuz uzunlukta
akim tasiyan paralel iletken, iki adet belirli uzunlukta paralel iletken, iki adet belirli uzunlukta
aralarinda mesafe olan paralel iloetken, iki adet belirli uzunlukta kesisen iletken.
10 Ucg fazli kisa devre akim tasiyan iletkenler arasinda elektrodinamik kuvvetler 35
11 Ucg fazli makine sargilarinda iki fazli kisa devre hatalar1 durumunda kuvvetlerin incelenmesi 3,5
12 Ucg fazlh makine sargilarinda ii¢ fazl kisa devre hatalar1 durumunda kuvvetlerin incelenmesi 35
13 Elektrik makinalari sargilarinda 1sinma ve 1s1l zorlamalar. Yalitim siniflari. Isinin yalitkan 6mrii 45
tizerindeki etkisi.
14 Isinma egrilerinin deney yoluyla belirlenmesi. 4,5
COURSE PLAN
Course
Weeks Topics Outcomes
1 Introduction. Mathematical model for propogation of a surge voltage wave in three -phase 15
windings. Equivalent circuit model of windings for modelling transient overvoltages.
2 Calculation of initial and final distribution of over voltages. Case studies of grounded and 12
ungrounded the neutral points.
3 Analysis of overvoltage transients using Fourier series approximation. 12
4 Design techniques to minimize overvoltage transients: minimization of the distributed 12
capacitance to the ground, maximization of and the inter-turn capacitances of the winding.
5 Study of transient overvoltages in rotating electrical machines. 2
6 Electrodynamic forces in transformers: Short circuits currents in transformer windings. 3,5
7 Approximate methods for calculating radial and axial forces in cylindrical forces. 3
8 Vector potential formulation and Roth’s method for calculating electrodynamic forces. 3
9 Electrodynamic forces near end regions of stator windings. Formulation of induced force 3
components for various conductor geometries in machine windings: two infinitely long,
current carrying parallel conductors; two, parallel conductors with finite length; two off -set,
parallel conductors with finite length; two crossing conductors with finite length.
10 Electrodynamic forces between conductors carrying three-phase short circuit currents. 35
11 Study of forces in the case of two-phase short circuit faults in three-phase machine windings. 3,5
12 Study of forces in the case of three-phase short circuit faults in three-phase machine windings. 35
13 Heating and thermal stress in electrical machine windings. Insulation classes. Effect of heating 45
on the life of insulation material.
14 Experimental determination of heating curves. 4,5




Dersin Elektrik Miihendisligi Programiyla liskisi

Katki
Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ¢iktilar) Seviyesi

11213

Matematik, temel bilim ve mithendislik bilgilerini kullanabilme X

Ol

Deney tasarlama, yapma ve istenilen bir sonuca ulasmak i¢in verileri analiz etme ve X
yorumlayabilme

Belirli ihtiyaglara yonelik bir sistem veya siire¢ tasarlayabilme X

Disiplinlerarasi takim ¢alismasi yapabilme X

Miihendislik problemlerini tanimlama, formiile etme ve ¢dzebilme X

Meslekte profesyonellik ve etik (ahlaki) sorumluluklari kavrama ve benimseme X

Etkin bir yazili ve s6zlii iletisim becerisine sahip olma

Miihendisligin kiiresel ve toplumsal etkilerini anlayacak genel bir kiiltiir kazanma

= (ok FY Vol [oN Ko

Hayat boyu 6grenmenin geregine ve dgrenme yetenegini kazanma

XXX [X

Giincel olaylar ve bu olaylarin miithendislik meslegi iizerine etkileri konusunda gériis sahibi olma,

I

Elektrik miihendisligi uygulamalari i¢in gerekli yetenek, miihendislik yontemleri ve modern X
miihendislik arag¢larini kullanabilme,

Elektrik miihendisligi uygulamalarina yonelik sistem tasarimi i¢in gerekli uygulamali elektronik, X
bilgisayar ve bilisim sistemleri alaninda yeterli bilgi.

1: Az, 2: Kismi, 3: Tam

Relationship between the Course and Electrical Engineering Engineering Curriculum

Level of
Program Outcomes Contribution

1 2 | 3

an ability to apply knowledge of mathematics, science, and engineering X

Olo

an ability to design and conduct experiments in electrical engineering, as well as to analyze and %
interpret data to reach an appropriate conclusion

an ability to design an electrical system, component, or process to meet desired needs X

an ability to function on multi-disciplinary teams X

an ability to identify, formulate, and solve electrical engineering problems X

an understanding of professional and ethical responsibility X

an ability to communicate effectively in both oral and written fashion

S|Q|=—=a|D |0

the broad education necessary to understand the impact of engineering solutions in a global and
societal context

A recognition of the need for, and an ability to engage in life-long learning

XX X X

A knowledge of contemporary issues and their impact on engineering profession

X

an ability to use the techniques, skills, and modern engineering tools necessary for electrical
engineering practice

a knowledge of applied electronics, computer and information systems to design and analyze
complex systems for electrical engineering applications

1: Little, 2: Partial, 3: Full
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