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Course ILOs

Explain the construction, types, principle of operation, equivalent circuit
and tests of the 1-phase transformer

Define the principle of pulsating and rotating fields

Explain the construction, types, principle of operation and equivalent
circuit of the 3-phase induction machines.

Explain the theory of operation of single-phase induction motor

Discuss the different types of 1-phase induction motors and their
performance

Calculate the basic quantities concerning the operation of the transformer
and induction machines.

Solve performance problems of transformer and induction machines

Compare different types of single-phase induction motors and different
starting methods

Explain the construction, types and theory of operation of the stepper
motor.



Course Contents

Basic Principles

Transformers

Induction Machines
Three-phase induction motors.
Two-phase induction motors (AC Servo).
Single-phase induction motors.

Stepper Motors



Revision: Basic Principles
o

0 AC Circuits

01 Three-phase Circuits

-1 Magnetic Fields

o1 Time-varying Fields: Faraday’s Law
-1 Magnetic Circuits



Revision: Basic Principles

AC Cireuils

Sinusoidal Voltage Supply

v=V_ sin(a)t)‘
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No. of cycles/sec = Frequency = 1/T
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Revision: Basic Principles

AC Cireuiis
Phase Shift

|v1 =V_ sin(a)t)l

v, =V, sin(at + ¢)]

v, =V, sin(et - §)]

v, lags v, but leads v,

v, lags v, and lags v,

vy =V, sin(wt + ¢) vy =V, sin(wt — ¢)

The terms lag and lead are used to describe phase
shift between sinusoidal waveforms of same frequency



Revision: Basic Principles
- AC Gireuvits

Phasor Representation

v, =V_sin(at)| Asedfal A4

‘Vz =V_sin(wt +6,)




Revision: Basic Principles
AGC Cireulis

Phasor Representation

V1 :Vrmslo A sinwt} "___ |, ‘il
V2 :Vrmslgo
V —

Vi
rms \/E




Revision: Basic Principles
AC Cireulis

Phasor Representation

V, =V,£0

V, =V, 26,

Phasor Diagram



Revision: Basic Principles
AC Clreulis

Phasor Representation

V: =V, +V,




Revision: Basic Principles
AC Circuilis

Phasor Representation

Polar form
I\/ :T\/‘Zeo Img A }\/‘:\/AZ-I—BZ

V
@ B=Vsind,

\V =A+ jB]

Rectangular form




Revision: Basic Principles

AC Cireuils

Phasor Representation

Ivl =A + jBJ(}:{} IV1:T‘/1|491‘ lvz =A, + sz|¢>IV2 =V,|£6,

Ve =V, 4V,

IVT — (AliAZ)_I_ J (BliBZ)

T\/T ‘ — \/(Al iAz)2 +(Bl T Bz)2




Revision: Basic Principles
AC Circuilis

Phasor Representation

Ivl =A + jBl‘¢> I\/1:V1|491‘ lvz =A, + sz|¢>IV2 =V,|£6,

l\/T =V, %V,

V: =IV,| £6]xo0r +[V,| £6,) I\/T =V, |xor +\/,| 26, +0,
IVT =T‘/T‘4‘9r‘ Vo[ =Vy|xor <]

b =010,




Revision: Basic Principles

AC Cireuils

Loads: Resistive Load

[v(t) =V, sin(@t) = V2V sin(at)|

V =V 20|

v(t)

= \/Evﬁsin(a)t)

lit) =21 sin(@t)| [I =120]

R
lio

V =1IR

V(1) :



Revision: Basic Principles
1 AC Cirevitis

Loads: Resistive Load
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(H [}

| \ _| ,l‘ 1|.|‘ l,ll
~T/40 P T\ 372 27
gn U \/ v

7| i

Py

Phasor Diagram Voltage and current are in-phase



Revision: Basic Principles
AC Cirevils
Loads: Inductive Load

v=Nd—¢:Lﬂ
dt dt

lv(t) = V2V sin(at)

1(t) = % j v(t)dt = —/2 LL cos(mt)
),

. V T
1(t) :\/Easm(a)t—z)




Revision: Basic Principles
AGC Cireulis

Loads: Inductive Load

v
a)L Dot y

V = j(wl)l %\ . />(
S— LAV

V = jX, |

Inductive reactance (Q2) 'L';i}a

current lags voltage by 20°
>

o



Revision: Basic Principles
AC Circuilis

Loads: Capacitive Load

1=C—
dt

[v(t) = V2V sin(et)]

li(t) = 2CV cos(at)|

i(t) = v20CV sin(aot +%)




Revision: Basic Principles
1 AC Cirevits

Loads: Capacitive Load
[l = j(@C)V |

v, i
) v

1 -’ [~ f
e IAWIAWY;
oC L \ 1 | ! ¢
T /4 0 T2 ¥ 3T/ 2T
‘V - JXC | Capacitive reactance () / \W \W
IIII current leads voltage by 90°

u

i v




Revision: Basic Principles

AC Cireuils
Loads: R-L Load
- e AAMAA_ VYN
IV =IR+joL)] — 2 ol
IV =1R+]jX,)
‘V — |Z‘ Impedance 4@
| %4
|Z=R+jX =220| R
/D 7
) Lol current lags voltage
‘Z:\/R2+XL2‘ (D—tan ?




Revision: Basic Principles

AC Cireuibs
Loads: R-L Load

IV, =1X|]




Revision: Basic Principles

AC Cireuiis
Loads: R-C Load
. T
V = |(R—Ji) :If"g" Iy
0C joC
IV =1R-jX)| e
[Z=R-jX =222 ¥
V0 V

current leads voltage




Revision: Basic Principles

- AC Cirevits
Loads: R-C Load

Ve = IX, ]




Revision: Basic Principles

AC Cirevils
Loads: R-L-C Load
IV = IR+ j(X, =X )]]

1Z =R+ j(X, - Xc)=Z2£]

Z =R*+(X, - X¢ )| [o=tan”

><L

_XC

| V £0 Vg;c@
L/+xD [

R : 1
joL joC
|XL>XC| D = +ve
inductive load
‘XL<XC‘ ICD=—V€|

capacitive load



Revision: Basic Principles

AC Cirevils
Loads
' B o Vo Ve Ve N | |
R I Te
liw lio liy
o~ Dol Lo
v~ V(1) (1) ="
Resistive load Pure inductive load Pure capacitive load
I - T R i T R ; I
I R joL I Phvs I joL ioC
() () ()
v/ vi_/ vi_/
inductive load capacitive load |XL > Xcl inductive load

|XL < XCl capacitive load




Revision: Basic Principles

AC Cireuibs

AC Power
[P(t) = v(t)xi(t)] p“
‘V(t) =2V sin(a)t)‘ w

lit) = V21 sin(et + )]
| p(t) =VI[cos(®) —cos2ut £ D)]| 7 v\)@’

Py, =VIcosd

av

Active Power (W)




Revision: Basic Principles
AC Cireulis

Active and Reactive Power

| p(t) =VI[cos(®) - cos(2wt + D)]|

For pure resistive load: L 1,

m ])R
Power :
i
1581 I

[p() =VI[i-cosat)]]

]

- .

t| I”

- ””
Power R T
f— returned to T, -
an source by
element



Revision: Basic Principles

AC Cireuils

Active and Reactive Power

| p(t) =VI[cos(®) —cos(2at + D)]|

o
For pure inductive load: dcl“jgg’;‘;[ M -
element by ‘ I
source E E
[0=—90] ol 0| fm v
Pl  Wnaa & --------
0 '_Y_, ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e
[P =Vicos@at-90°)] 5 | el
; ; nergy e
relurs(e)t\;lt: l o returned l‘ellﬂ“l.ﬁ’.{i
. o l
‘ p(t) =VI sm(2a)t)‘ by ||} N

P :zero‘

avg




Revision: Basic Principles
AC Clreulis

Active and Reactive Power

| p(t) =VI[cos(®) - cos(2wt + D)]|

For pure capacitive load: 1 :
l© =90°] w
element by
souree | W Energy .
‘ p(t) =VI cos(2wt +90°) s |\, f N
(—5 ‘.,-" Y dolilie,

-
-
e
—'-‘
-

-
-
- -
— -

Ip(t) = -VIsin(2wt)| =\

P = zero‘

avg




Revision: Basic Principles

AC Cirevits
AC Power: Inductive Load

Apparent Power (VA)

Reactive Power (VAR)

Is =viI =1%Z]
V. = 1X,]

Q. = 17X, =VIsin®

>

jl> [P = 1?R=VI cos o]

Active Power (W)




Revision: Basic Principles

AC Cireuiis

AC Power: Capacitive Load

Ve = IR|

Ve = 1X, ]

Active Power (W)

[P =1%R=VIcos®|

Is =viI =1%Z]

Apparent Power (VA)

>
Reactive Power (VAR)

Q. = 12X, =Visin®




Revision: Basic Principles
AC Circuilis

Complex Power & Power Factor

Is=P+jQ=vI]|

Bl
EC=nErEn RN
E)

IS =Vl cosg+ jVIsing|

Leading Load Lagging Load

power factor = g =CcoS D




Revision: Basic Principles

POWER FACTOR

P MUG OF CAPPUCCINO
Power Factor = §

Reactive
power

FROTH *

Total
power

Real
power

l




Revision: Basic Principles

After compensation

i

Powar madk availabis
I:I'f.fiﬂdil.bc-l"'l af capatitonrs

Reactive s
supplied by capacitor




Revision: Basic Principles

S=phase AC Circuils
3-phase AC Supply

5

S




Revision: Basic Principles

3=phase AC Circuiis
The three-phases are called: A-B-C or R-S-T or R-Y-B

v, =V_sin(ot) V. =V £0

v, =V_sin(wt-120°)|  [Vo =V £-120] .

v. =V_sin(wt —240°) “ " o |
V., =V /120 |

v, =V, sin(wt +120°)

Balanced 3-phase supply: the three voltages are equal in
magnitude and are 1200 out of phase.



Revision: Basic Principles

1 3=phase AC Cirecuiis
A-B-C A-C-B

\
120
120 \ deg
des T .
[ > A
> 120
p 120 deg
deg

¥ c
C
ABC Sequence

B

ACB Sequence

Positive sequence Negative sequence
V. =V £0] v, =V 0]
IV, =V £-120] IV, =V 2120

|V, =V £120] v, =V 2120




Revision: Basic Principles

3=phase AC Circuiis
V., =V 20| —— = : f
|Vbn :V4_120| v, Line-to-neutral
ab V
V., =V 2120 ! i
‘s@ : O Vi, | Vbn Line-to-line
~ % b y —

L Vor L

C A4 :
Vab :Van _Vbn Vbc :Vbn _Vcn Vca :Vcn _Van




Revision: Basic Principles
3=phase AC Circuiis

Vo =V, V=3V 230 v,

a

Vi =V, —V,, =3V 2 - 90|

C

V. =V, -V _=+/3V./150

Vi, =3V, £(0+30)|




Revision: Basic Principles
3=phase AC Circuiis

.\ a — 1‘

\

\

\
vk @v;l Line-to-line V
: Ca
o

vl'l { ,L

L

V., =V £0

V., =V £120|

Vi, =V £ -120]




Revision: Basic Principles
S=phase AC Circuils

Balanced Star Load (Z, = Z; = Z;)

<

A
-1 °
VA
V b Vca s
7 a y ]E @ Zy —eN
| | .
V, = Vi -
‘Vab|:|vb0|:|va|:VL‘ 2 J3 |Van| :|Vbn :|Vcn| :V¢‘

_
B
I
s
I
s
I
[

:||cn|:|¢‘

an




Revision: Basic Principles

3=phase AC Circuiis

Balanced Delta Lload (Z, = Z, = Z;)

p : Zy g
| L S
‘Vab‘ = ‘Vbc Vca :VL ‘V¢ :VL‘
C‘ZIL “ab‘:“bt:‘:“ca‘:|¢




Revision: Basic Principles
3=phase AC Circuiis

L

I(_\J\
30K
»
30°
Ih I[}(‘ Ia I — -
‘ Cl

l, =1, — 1, =+/31,2£-30

“ab‘:“bC‘:“ca‘:|¢

| =1 =1 = 1. =3I,

‘Ib = lpe =l

Ic — Ica - Ibc




Revision: Basic Principles

3=phase AC Circuiis
Star |V, =3y, | 1, =1
Delta ‘VL :V¢‘ ‘IL:\/§I¢‘

3-phase power = 3 x per phase power

P = 3\/¢|¢ coS D = \/_3\/L | L COS®D| Active Power (W)

Q=3V,l,sind = \/_3\/L |, Sin ® |Reactive Power (VAR)

S = 3\/¢ |¢ = \/§VL | L| Apparent Power (VA)

Power Factor :g
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