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PURPOSE Electrical machines play an important role in industry as well as in our day to 

day life. They are used in power plants to generate electrical power an in 

industry to provide mechanical work. They are also an indispensable part of 

modern daily life. They start our cars and operate most of our household 

appliances.  This course intends to introduce principles of electromechanical 

energy conversion and to give fundamentals of basic electrical machines. 
 

METHOD Three hours of lecture a week is expected to be enough for the purpose of the 

course stated above. In addition, couple of homeworks and a term project will 

mean a lot for the clarification of the concepts. Industry/Laboratory tour will 

also be organized for a practical view.   

 

MAIN TEXT Principles of Electric Machines and Power electronics, P.C.Sen, John Willey 

& Sons, 2nd Edition, 1997.  . 

 

ADDITIONAL READINGS 
Magnetoelectric Devices, Slemon G.R., John Wiley and Sons Inc., New York, 1999. 

      Electric Machinery Fundemantals, Chapman S. C, Mc Graw Hill, New York, 1999. 

       Analysis of Electrical Machinery, Krause P.C., Mc Graw Hill, New York, 1998. 

       DSP-Based electromechanical motion control, Hamid A. Toliyat, CRC Press, 2004. 

       Electromechanical motion devicesò, Paul C. Krause, McGraw-Hill, New York 1989 

       Permanent magnet and electromechanical devices: materials, analysis, and applications, 

Edward P, Furlani, Academic Press, San Diego, 2001 

       Elektrik makinalarēnēn Temelleri , M. Kemal Sarēoĵlu, Ķ.T.¦. Basēmevi, 1984. 

 

EVALUATION 3-4 Homeworks              10%  

      Term project                      10% 

       2 Midterm examinations    20% + 20% 

      Final examination          40% 

mailto:ozdemir@elk.itu.edu.tr
mailto:aozdemir@dogus.edu.tr


TEACHING PLAN  
 

WEEK 1: Introduction, Magnetic Circuits (Sections 1.1 and 1.2) 
 

Energy and electrical energy terms will be introduced together with several statistical data. 

Current, Magnetic Field Strength and Magnetic Flux Density relations in a magnetic field 

will be reviewed. Equivalent circuits of magnetic systems will be derived and solved.  

 

WEEK 2:  Magnetic Circuits (Sections 1.3 and 1.4) 
 

Losses in a magnetic circuit will be summarized. Magnetic circuit quantities will be 

discussed for a sinusoidal excitation. Design of permanent magnets for several modern 

electrical machines will be introduced. 

 

WEEK 3:  Transformers (Sections 2.1-2.4) 

 
A transformer consisting of two or more coupled windings will be introduced first since its 

analysis will involve many principles that are basic to the understanding of electrical 

machines. Determination of equivalent circuit parameters from several tests will be 

explained. Solution of final equivalent circuit and determination of output characteristics 

will be shown.  

 

 

WEEK 4:  Transformers (Sections 2.4-2.8) 
 

Transformer theory and analysis will be extended for 3-phase units. Per unit system will be 

introduced for practical electrical machine calculations.   

 

WEEK 5:  Electromechanical Energy Conversion (Sections 3.1-3.5) 
 

Electrical machines convert electrical energy to mechanical energy and vice versa. The 

structures of these devices may be different depending on the functions they perform. 

However, they all operate on similar principles. In these sections basic principles of force 

production in electromagnetic energy conversion systems will be discussed.  

 

 

WEEK 6:  1st Midterm  (March 25, 2009) 
 

¶ Review of the test 

 
 

WEEK 7:  DC Machines (Sections 4.1-4.2) 

 
Electromagnetic conversion principles and basic electrical machines will be summarized. 

Construction details and torque development in a DC machine will be introduced. Finally, 

classification of DC machines will be given. 

 
 

WEEK 8: DC Machines (Sections 4.3) 

 
Different types of DC Generators will be analyzed. Their output characteristics and 

solution of DC generator problems will given.  
 

 

WEEK 9:  DC Machines (Sections 4.4) 



 

DC machines generally operate as motors, where the input to the machine is electrical 

power and the output is mechanical power. Different type of DC motor operations will be 

given together with their output characteristics. Speed control of DC motors and close loop 

operation modes will be introduced. Finally, principles of permanent magnet DC motors 

will be given. 
 

 

WEEK 10: Induction Machines (Sections 5.1-5.6) 
 

The induction machine is the most widely used machine in industry. It is generally operate 

as motor. This part will start with the introduction of rotating magnetic fields in induction 

machines. Several modes of operation and equivalent circuits will later be given. 
 

WEEK 11: Induction Machines (Sections 5.7-5.16) 
 

Derivation of equivalent circuit parameters from laboratory tests will be followed by 

stating circuit parameters-output performance relation. Last part of this week will be 

devoted to the control of induction machines and to the introduction of linear motors. 

 
 

 

WEEK 12: 2nd Midterm  (May 6, 2009) 
 

¶ Review of the test. 

 
 

WEEK 13: Synchronous Machines (Sections 6.1-6.6) 
 

Synchronous machines are used primarily as generators of electrical power. They are 

usually large machines. Firstly, synchronous generators will be introduced. Equivalent 

circuit model based power and torque characteristics will later be derived.    
 

 

WEEK 14: Plant/Laboratory  visit (May 20, 2009) 
 

 

 

 



March 4, 2009 

 

 

ECE 306 ELECTROMECHANICAL ENERGY CONVERSION -HOMEWORK #1  

 
1. A magnetic core is built in the form of a circular ring having a mean radius of 10 cm. A 

coil containing 150 turns is wound uniformly around the length of the core. The core is 

connected to a voltage source, and it draws a current of 15 A. 

Determine: 

a. The MMF of the coil (10) 

b. The magnetic field intensity in the core (10) 

 
2. The circular ring of Q1 has a mean cross sectional area of 25cm2. The relative permeability 

of the material of the ring is 1500. Calculate 

a. The magnetic flux in the core (10) 

b. The magnetic flux density in the core (10) 

c. The flux linkage of the coil (10) 

d. The reluctance of the core (10) 

 

 

3. In the following magnetic circuit, relative permeability of the ferromagnetic material is 

2000.  

a) Determine the value of  I 2  required for zero  flux in the right leg (F2 = 0 ). Determine the 

remaining fluxes (F1 and F3 ), flux densities ( B1, B2 and B3 ) and magnetic field 

intensities   ( H1, H2 and H3 ) in each leg. (40 points) 

b) Which variables would differ and how, when  B-H curve of the magnetic material was 

nonlinear? (Assume that H3 is fixed to a value calculated for a) (20 points) 
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March 18, 2009 

 

 

ECE 306 ELECTROMECHANICAL ENERGY CONVERSION -HOMEWORK #2  

 

 

 
1. A single phase distribution transformer, 150 kVA, 22000/220 V, 50 Hz transformer gave 

the following test results: 

open circuit test : (HV side open) : VL = 220 V, ILo = 30 A , Po = 2000 W, 

short circuit test : (LV side shorted) : VH = 2200 V, IHs = 6.82 A , Ps = 4000 W, 

a) Determine the parameters of the equivalent circuits referred to both sides. 

b) Determine the voltage regulation for a load current of 600 A at 0.75 power factor 

lagging. 

c) Determine the load voltage and the voltage regulation for a load current of 500 A at 0.8 

power factor lagging and for a primary voltage of 22000 V. 

d)  Determine the efficiencies for b and c. 

 

2.  Consider the electromechanical system shown in the figure. Armature slides horizontally. 

Initially, the length of the air gap is c. Assume that the length of the air-gap is halved and 

during this motion the exciting current I is kept constant. 

 a) Ignore the reluctance of the iron core and the fringing flux and derive the expression of 

the force produced by the device. Evaluate it for x=0, x=c/3, x=c/2 and x=c; plot the force 

against gap length. 

b) Calculate the average force produced during this motion. 
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March 18, 2009 

 

ECE 306 ELECTROMECHANICAL ENERGY CONVERSION -MIDTERM TEST #1  

 
1. A three-legged core is shown in Fig.1 with an air gap in each leg of 0.25 cm. A winding of 

300 turns draws a steady-state current of 10 A and is wound around an outside leg. Neglect 

leakage, fringing and the reluctance of the magnetic path. Calculate the fluxes, flux 

densities and magnetic field intensities in each leg of the core (30) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. The results of an open circuit test and short circuit test on a single phase 25 kVA, 2300/460 

V, 50 Hz transformer are as follows: 

open circuit test : (HV side open) : VL = 460 V, ILo = 1.48 A , Po = 460 W, 

short circuit test : (LV side shorted) : VH = 108.7 V, IHs = 10.87 A , Ps = 709 W, 

a) Determine the parameters of the equivalent circuits referred to both sides. (20) 

b) Determine the voltage regulation for a load current of 50 A at 0.9 power factor lagging 

and for a load current of 40 A at 0.8 power factor lagging. (10) 

c) Determine the efficiencies for b. (10) 

 

3. a) Determine the magnetic energies stored in the magnetic circuit and in each air gap in 

Figure 2. (15) 

b) Determine the value and the direction of the force acting on the movable part. (10) 

c) What happens if the upper air gap is reduced to 1.5 cm? Why? (5) 
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