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PURPOSE Electrical machines play an important role in industry as well asrmay to
day life. They are used in power plants to generate electrical power an in
industry to provie mechanical work. They are also an indispensable part of
modern daily life. They start our cars and operate most of our household
appliances.This caurseintends to introduce principles of electromechanical
energy conversioand to give fundamentals of basic electrical machines.

METHOD  Threehoursof lecturea week is expected to be enough for the purpose of the
course stated above. In addition, ceupt homeworks and a term project wil
mean a lot for the clarification of the conceptslustry/Laboratory tour will
also be organized for a practical view.

MAIN TEXT Principles of Electric Machines and Power electronsC.SenJohn Willey
& Sons 2nd Edition, 1997.

ADDITIONAL READINGS
Magnetoelectric Device§lemon G.R.John Wiley and Sons Inc., New York, 1999.

Electric Machinery FundemantalShapman S. OMc Graw Hill, NewYork, 1999.
Analysisof Electrical MachineryKrause RC., Mc GrawHill, New Y ork, 1998.
DSP-Based electromechanical motion control, Hamid A. Toliyat, CRC Press, 2004.
El ectromechanical mot i on -Hié WNewcYerk1®89 P alu l

Permanent magnet and electromechardesalces:materials, analysis, and applications,
Edward P, Furlani, Academic Press, San Diego, 2001
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EVALUATION 3-4 Homeworks 10%
Term project 10%
2 Midterm examinations 20% + 20%
Final examination 40%
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TEACHING PLAN

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

Energy and electrical energy terms will be introduced together with several statiata
Current, Magnetic Field Strength and Magnetic Flux Density relations in a magnetia
will be reviewed Equivalent circuits of magnetic systems will be derived and solved.

WEEK 2: Magnetic CircuitySections 1.3 and 1).4

Losses in a magneticircuit will be summarizedMagnetic circuit quantities will b
discussed for a sinusoidal excitation. Design of permanent magnets for several
electrical machines will be introduced.

WEEK 3: Transformers (Sections 2214)

A transformer consistingf two or more coupled windings will betroduced first since itg
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. Solutin of final equivalent circuit and determination of output characteristi
will be shown.

WEEK 4: Transformers (Sections 2218)

Transformer theory anahalysis will be extended forf@hase units. Per unit system will
introduced for practical eleital machine calculations.

WEEK 5: Electromechanical Energy Conversion (Sections335)

Electrical machines convert electrical energy to mechanical energy ancersa. The
structures of these devices may be different depending on the funcegnzetifiorm.
However, they all operate on similar principles. In these sections basic principles of
production in electromagnetic energy conversion systems will be discussed.

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

I Review of the test

WEEK 7: DC Madines(Sections 41-4.2)

Electromagnetic conversion principles and basic electrical machines will be summat
Construction details and torque development in a DC machine will be introduced. Fi
classification of DC machines will be given.

WEEK 8: DC Machines (Sections 4.3)

Different types oDC Generators will banalyzed 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 thetmplugé machine is electrical
power and the output is mechanical power. Different type of DC motor operations w
given together with their output characteristics. Speed control of DC motors and clos
operation modes will be introducdeinally, ptinciples ofpermanent magnet DC motors
will be given.

WEEK 10: Induction Machines (Sectiorisl-5.6)

The induction machine is the most widely used machine in indusisygenerally operate
as motor. This pawvill start with the introduction of rotatg magnetic fields in induction
machines. Several modes of operation and equivalent circuits will later be given

WEEK 11: Induction Machines (Sections 55/16)

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

1 Reviewof the test

WEEK 13: Synchronous Maches(Sections.1-6.6)

Synchronous machines are used primarily as generators of electrical power. They g
usually large machines. Firstly, synchronous generators will be introduced. Equivale
circuit model based power and torque characteristics welt [z 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 150urns 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 coi(10)
b. The magnetic field intensity in the cqf)

2. The circular ring of Q1 has a meamwss sectional area of 25cm2. The relative permeability
of the material of the ring is 1500. Calculate
a. The magnetic flux in the co¢0)
b. The magnetic flux density in the cqf®)
c. The flux linkage of the co{lL0)
d. The reluctance of the cof0)

3. In the following magnetic circuit, relative permeability of the ferromagnetic material is
2000.

a) Determine the value of, required forzero flux in the right leg(F , = 0). Determine the
remaining fluxe{F ; and F 3), flux densities B8;, , &d B and magnetic field
intensities (H;, 2&hd &) in each leg(40 points)

b) Which variables would differ and how, whenHBcurve of the magnetic material was
nonlineaP (Assume that gis fixed to a value calculated for @0 points)

I 10
t[F, Fo |-t L 1,=3A
| F | N; = 600 turns
— V"3 2 I,=?A
N, E“:’ — N, 50 N, =300 turns
T Bl m = 2000
core depth =10 cm
I 10
:10: <+ 30 > < 20 > < 30 > < lo:

Due date : March11, 20®
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March 18, 2009

ECE 306 ELECTROMECHANICAL ENERGY CONVERSION -HOMEWORK #2

1. A single phase distribution transformer, 150 kVA, 22000A&2280 Hz transformer gave
the following test results:

open circuit test : (HV side open) it ¥ 220V, | ,=30A, R=2000 W,
short circuit test : (LV side shorted) y¥ 2200 V, k= 6.82 A, R=4000 W,
a) Determine the parameters of the equivalémuds 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 vajeaof 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 theepiis halved and
during thismotion the exciting current | 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.

iron core
—F ’/
N mobile armature
Y ] f e
cross sectio | 1] Lo
A I l —~ frictionless slide
CX X
- - — P>
- —-==-->
C
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March 18, 2009

ECE 306 ELECTROMECHANICAL ENERGY CONVERSION -MIDTERM TEST #1

1. A threelegged core is shown in Fig.1 with an air gap in each leg of 0.25 cm. A winding of
300 turnsdraws a steadsgtate 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(80je

T 7
’I ’I ,! 12.5 All dimensions in centimeters
) N=300 m = 2000
turns t t core depth 3 cm
F 1 FZ F’3
g g g 10
v Figure-1
2.5
25 75 5 = 75 25

2. The results of an open circuit test and short circuit testsinghe phas@5 kVA, 2300/460
V, 50 Hz transformeare as follows

open circuit test : (HV side open) i ¥ 460 V, I ,=1.48A, P,=460 W,
short circuit test : (LV side shorted) 3\ 108.7V, Iys=10.87A , Ps=709W,
a) Determine the parameters of the equivalent circuits referred to both(2des.

b) Determine the voltage regulation for a load currerBoA at 09 power factor lagging
and for a load current of 40 A at 0.8 power factor iagg10)

c) Determine the efficiencies fdx (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 movabléLpprt.
c) What happens if gnupper air gap is reduced to 1.5 cm? Wby?

fixed part
= > 4 All dimensions in centimeters
v |
|
! m = 1500
1=20A —>4— 7 | core depth 2 cm
- ' N=100 |2| Movale "6 P
7 turns part :
0— P
A / :
[} 3 :
Ly | .
] 42 v L Figure 2
D b e et P> >
21 16 12

Notes are open, 120 minutes



- ECE 3pb —Midterm Teit 1 gfo/uh'o'm'(

At

= 2051582 <=

A) Fy Loofo=_9 025 Nt
7 Ly ; f ) ’ i
i 1 b, 243 A qiE w25 x3 it
= ) QZg _ _
22_‘::—2" . =-_»9-' 5‘.&; f32GZQf A’"é/lUL) '
J"D/ﬁrl- GQDM’ pv4

Fg- D4 (be - 22 ¢Z \

R}

Fr iy =R 2

;’\A

A A
=z

o= Lathy - 2393

Qs = Do (o) (0ux@p)= iy

(ba = ‘v‘bl—fb’)
e =

= NT = ?4@1 2] C;t’) =

- (24¢0 )Qz 22 = -~ (ﬂMfZﬂ:L)CbO =

e — N emmgall-0.56s o 4. Pr_ 0372 T = Bha3ne’ Al
IRV T AL g
=~ Ptz g - 0849 m ¥ Ewd%‘ < ABLT. =2l =90 Adday.
21 a ,“ .
4); = —(()(,-cbz'; /0,283 m\b . Qg: d_‘)} =0 T f($’= é;‘s* ?}UGTA{/M
- . - A" ?

2

\h="tboV T.=14f A Po= 6 &

o = 2300

”—*’Z\T Opes Cilour Cest.

yco
']

" . = R '
e b L N T AR )
o =0 7 s A Ler P ate |
{1 * - N2 .
. c’.rébﬂf"' <2, =5 'Y)L 2 zCl qéa
T 1
T, . i 2 2 At =
N — ‘ 3 Xy = Lff‘) - Eﬁa VA4 -4 =409 A
Toe, o Xmg = NE. _ 462 _ a6 2.
o g leu o7
\ ( 251 - GZZrl =2 "((SQOJ)
———————— - v \ X’M,= Biixt\;“_‘:‘w S¢oL .
il I?_ .
- L







