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Basic Electrical Engineering

Sngle-phase A.C. Circuits

Syllabus: Generation of sinusoidal voltage, frequency of generated voltage, definition and
numerical values of average value, root mean square value, form factor and peak factor of
sinusoidally varying voltage and current, phasor representation of aternating quantities.
Analysis, with phasor diagrams, of R, L, C, R-L, R-C and R-L-C circuits and, parallel and
series- parallel circuits. Real power, reactive power, apparent power and power factor.

I ntroduction:

An Alternating Current is one in which the magnitude and direction of an electrical
guantity changes with respect to time.

Gener ation of sinusoidal voltage:

fC_:onsider arectangular coil of N turns placed in a uniform m gnetic field as shown in the
igure.

he coil is rotating in the anticlockwise direction at a uniform angular velocity of o rad/sec.

When the coil isin the vertical position, the flux linking the coil is zero because the
plane of the coil is parallel to the direction of the magnetic field. Hence at this
position, the emf induced in the coail is zero.

When the coil moves by some angle in the anticlockwise direction, there is arate of
change of flux linking the coil and hence an emf isinduced in the coil.

When the coil reaches the horizontal position, the flux linking the coil is maximum, and
hence the emf induced is aso maximum.

V(\a/gen the cail further moves in the anticlockwise direction, the emf induced in the coil
reduces.

Next when the coil comes to the vertical position, the emf induced becomes zero.
After that the same cycle repeats and the emf isinduced in the opposite direction.

When the coil completes one complete revolution, one cycle of AC voltage is generated.

An aternating quantity changes continuously in magnitude and alternates in direction at
regular intervals of time.
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Important terms associated with an alter nating quantity are defined below.
1. Amplitude
It isthe maximum value attained by an alternating quantity. Also called as maximum or
peak value.

2. Time Period (T)

It isthe Time Taken in seconds to complete one cycle of an aternating quantity.

3. Instantaneous Vaue
It isthe value of the quantity at any instant.

4. Frequency (f)
> : . :
It isthe number of cyclesthat occur in one second. The unit for f equency isHz or
cycles/sec.
The relationship between frequency and time period can be de ived as follows.
Time taken to complete f cycles = 1 second

Y

Time taken to complete 1 cycle = 1/f second

T=Uf

5. Angular Frequency (o)

Angular frequency is defined as the num er of radians ggvered in one second(ie the
angle covered by the rotating coil,L \ >~

>
The unit of angular frequency srad/sec/ g((’ /

The component of flux acting along'the %&f the coil does not induce any flux in
the coil. Only the component acting pg‘p} icular to the plane of the coil

i.e ®max cosotd inducs%’%w in the coil.

e=—N @ max cosat

€= N® max o sin

ot e = Em sin ot

Advantages of AC system over DC system

1. AC voltages can be efficiently stepped up/down using transformer.
2. AC motors are cheaper and simpler in construction than DC motors.
3. Switchgear for AC system is simpler than DC system.
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Average Value

The arithmetic average of all the values of an aternating quantity over one cycleis
called its average value

Average value = Area under one cycle

Base

For Symmetrical waveforms, the avera%e value calculated over one cycle becomes equal to
zero because the positive area cancels the negative area.

Hence for symmetrical waveforms, the average value is calculated for half cycle.

Loy (wt)
V =
av 21T _[O
vt ]
\Y; t
av IT J.O ((JJ ) -~
A » Do
Average value of asinusoidal current / Q&(’ v/
| L= | %Vsin«wt
el & ke
, ; \Q a i _(')Id (wt )
.I"-. _,."'r : 1 m
1 o =1 ) I'm sin wtd (wt
‘\L_ / 77{) m (wt)
: |  =2lm =0.637
av T m

Average value of a full wave rectifier output

I =1 m sin wt
1x

av _=77_[ id (wt )
0
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1n

_njlm sin witd (wt )

| =2Im =0.637

av
m

Average value of a half wave rectifier output
| =1 m sin wt
I 1 2
av :27TJ id (wt )

0

1
) i sin wid (o)

RMS or Effective Value

>

which when flowing through a
amount of heat produced byt
resistance for the same time.

1 21
V= — vd(wt)
21T
0

resistance for a given time produces the same
alternating current flowing through the same

The effective or RMS vaue of g élte’rnatihg quantity is that steady current (dc)

RMS value of a sinusoidal current

I =1msin wt
1277
77 )i d @)

0

1~

7 1m? sin 2 wtd (wt)
0
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Form Factor

Theratio of RMS value to the average value of an aternating quantity is known as Form
Factor

FF = RMSValue
Average Value

Peak Factor or Crest Factor

The ratio of maximum value to the RM S value of an alte nating quantity is known as the
peak factor

® 2
PE = MaximumValue A » Do

RMSValue / Q&(’ ~

Phasor Repr esentation
An alternating quantity can be represented uﬁg} /

(i) Waveform \Q
(i) Equations N
(iii)  Phasor

A sinusoidal alternating quantity can be represented by arotating line called a
Phasor .

A phasor isaline of definite length rotating in anticlockwise direction at a constant
angular velocity.

Phase
Phase is defined as the fractional part of time period or cycle through which
the quantity has advanced from the selected zero position of reference.
Phase Difference
When two aternating quantities of the same frequency have different zero points,

they are said to have a phase difference. The angle between the zero points is the
angle of phase difference.

In Phase

Two waveforms are said to bein Bhase, when the phase difference between them
iszero. That isthe zero points of both the waveforms are same.
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The waveform, phasor and equation representation of two sinusoidal quantities which
arein phaseis as shown. The figure shows that the voltage and current are in phase.

AC circuit with a pure resistance

R
.._-_.-"x'.m _r"r.t'w-\._l'"ﬁb'l‘_.‘: ."-\.\_"r

Ve

Consider an AC circuit with a pure resistance R as shown in the figu e. The Iternating
voltage v is given by

V =Vm sin wt

The current flowing in the circuit is i. The voltage across th'é"re3|stor is given as VR

which is the same as v. ,g
Using ohms law, we can write the N:JIIQV ng uéla\)%

vV m sin wt '~>CO .

— = x N/

i=R = R QYo
i=1msinwt ’\;\ v

n =R
From equation (1) and (2) we conclude that in a pure resistive circuit, the voltage and current
are in phase. Hence the voltage and current waveforms and phasor can be drawn as below.
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Instantaneous power

The instantaneous power in the above circuit can be derived as follows

p=Vvi
P=(Vm sin wt )(l m sin
wt :lemsinzwt
p=_""™ (1-cos2wt)
2|
p=VYr n-Vnml, cos 2wt
2 2

The instantaneous power consists of two terms. The fi st te mis ¢ lled s the constant
power term and the second term is called as the fluctuating power te m.

Average power
From the instantaneous power we can f nd.the average ,gcker over one cycle as follows

1 27TVI \‘I

P= m cos 2wt dwt
2 m

%
p: ’{4 smmCOSZwtdwt
2
v ‘\(/ I
P= mm=Vnm

—

2 W24
P=V.|

N I3

As seen above the average power is the product of the rms voltage and the rms current.

l ’/"\\ /’—'\\

'\'I‘ f \ / F

hedmd /N
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AC circuit with a pure inductance

4 ."-.'T"'"'"
I

Consider an AC circuit with a pure inductance L as shown in the figu e. The alte nating
voltage v is given by

V = Vm SIin wt

The current flowing in the circuit is i. The voltage ac oss the inductor is given as V|

which is the same as v.

We can find the current through the inductor as follows

\>
From equation (1) and (2) we observe that n} pure\qﬂuctive ir(;a‘jp the current lags behind the
voltage by 90°¢. Hence the voltage and current wav?orm 'gy

hasors can be drawn as below.

~

Inductive reactance

The inductive reactance XL is given as

XL =wlL=2mnfL

m
Im =__

XL
It is equivalent to resistance in a resistive circuit. The unit is ohms ()

Instantaneous power

The instantaneous power in the above circuit can be derived as follows
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P =vi
= (Vm sin wt) (I m sin (wt — 1T/ 2))
==Vm | m sin wt cos wt

= — M Mgin 2wt

2

Average power
From the instantaneous power Wrn find the average power over one cycle as follows

21T
P=1 [— M M sin 2wtdwt
27170 2

P=0 >
(N 7}
The average power in a pure inductive ¢ rcu/t,s zé;{‘@r In other words, the power

consumed by a pure inductance |s>e\o %
orms

The voltage, current and power wavef a_g%ly mductlve circuit is as shown in the figure.
} N

N

\
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AC circuit with a pure capacitance

V,

I
g=Cv
g=CV sin wt
i=dg"™

dt

| = CVmw cos wt
| = wCVm sin(wt + 1/ 2)

"
I=Im sin(wt+1m/2) % N (2)9;.
wherel m = wCVm \/ / X)V .
6‘59 o
R-L Series circuit Q
R . e —A..
AN /i
<« V',,- — ._v s
| |
v

Consider an AC circuit with a resistance R and an inductance L connected in series
as shown in the figure. The alternating voltage v is given by

V=Vm sin wt

The current flowing in the circuit is i. The voltage across the resistor is VR and

that across the inductor is VL.
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VR=IR is in phase with |
VL=IXL leads current by 90 degrees

With the above information, the phasor diagram can be drawn as shown.

The current | istaken asthe reference phasor. The voltage VR isin phase with | and the

voltage V| leads the current by 900. The resultant voltage V can be drawn as shown in the
figure. From the phasor diagram we observe that the voltage leads the current by an angle ®
or in other words the current lags behind the voltage by an angle ®.

From the phasor diagram, the expressions for the resultant voltage V and the angle
® can be derived as follows.

V = WVRZ 1+ V2

VR=IR
VL=IXL

v = JIRZ + (X1 )2

|
V=l R2 +x|_2
V=IZ

Where impedance 2 2

Z=YR +X

V. Q
The impedance in an AC circuit is similar to,g(;g}istahce in a DC circuit. The unit for
impedance is ohms (). Q /

\Q'

The instantaneous power in an RL series circuit can be derived as follows

Instantaneous power

p=vi
p=( msinwt)(l msin(wt — ®)
p= m| m cosCD—Vm| m cos(2wt - D)

2 2

The instantaneous power consists of two terms. The first term is called as the constant
power term and the second term is called as the fluctuating power term.

Average power

From the instantaneous power we can find the average power over one cycle as follows
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12¢ VI VI
P= | —m M cosd- n__M cos(2wt - ®) dwt
2o 2 2
P=Ymlm cos ®
2
P=Vn Imcos®
2 W2
P =VIcos ®

The voltage, current and power waveforms of a RL series circuit is as shown in the figure.

v,

A N\ '...
(3] Y.‘ _.- e m j

\ N >
» \J

)
"~

> .r} 4
As seen from the power waveform, the insﬁnﬁir&u power is alternately positive and

negative. When the power is positive, thesfowerf from the source to the load and when

r\g' t:é) ad-to the source. The positive power is not

the power in negative, the power flows from th
rage power in the circuit is not equal to zero.

equal to the negative power and hence @
From the phasor diagram, N\

®R

P =(12)-I-

N |

2

P=I"R

Hence the power in an RL series circuit is consumed only in the resistance.
The inductance does not consume any power.

Power Factor
The power factor in an AC circuit is defined as the cosine of the angle between voltage
and current ie cos®

P=VI cos®

The power in an AC circuit is equal to the product of voltage, current and power factor




Basic Electrical Engineering

R-C Seriescircuit

Consider an AC circuit with aresistance R and a capacitance C connected in se ies as shown
in the figure. The alternating voltage v is given by

V=Vm sin wt
The current flowing in the circuit isi. The voltage ac oss the esistor is VR and that

across the capacitor is V.

>
VR=IR isin phasewith | A w>\.
V c=IXc lags behind the current by 90 degrees 4

With the above information, the pha%r{iagraﬁ: ca{;té‘drawn as shown.
7z Q

Vi

The current | is taken as the reference phasor. The voltage VR isin phase with | and the

voltage ¢ lags behind the current by 900. The resultant voltage V can be drawn as shown in
the figure. From the phasor diagram we observe that the voltage lags behind the current by
an angle @ or in other words the current leads the voltage by an angle ®.

R-L-C Seriescircuit
R L C

A N i r ) .'I'I:-."
CA L | | |
W A,
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Consider an AC circuit with aresistance R, an inductance L and a capacitance C connected
in series as shown in the figure. The alternating voltage v is given by

V=Vm sin wt

The current flowing in the circuit isi. The voltage across the resistor is VR, the voltage
across the inductor is V| and that across the capacitor isVc.

VR=IR is in phase with |

VL=IXL leads the current by 90 degrees

VC=IXC lags behind the current by 90 degrees

With the above information, the phasor diagram can be drawn as shown. The current | is
taken as the reference phasor. The voltage VR isin ph sewith |, the voltage V| leads the

current by 900 and the voltage V ¢ lags behind the current by 90°. There re two cases that can
occur V>V and V<V ¢ depending on the values of X | nd Xc. And hence there are two

possible phasor diagrams. The phasor V-V¢ or Vc-VL is d awn and then the resultant
voltage V isdrawn.

b e

Numerical: L

1. wo impedances Z1=(10+j15) & Z2=(5-j8) are connected in parallel across a voltage
source. If the total current drawn is 10A, calculate currents in Z1& Z2 and power
factor of the circuit.

. A circuit consists of resistance 10 ohm, an inductance of 16mH & a capacitance of
150uF connected in series. A supply of 100V at 50Hz is given to the circuit. Find the
current, power factor & power consumes by the circuit..

. A pardle circuit comprises of a resistor of 20 ohm in series with an inductive
reactance of 15 ohm in one branch & aresistor of 30 ohm in series with a capacitive
reactance of 20 ohm in the other branch. Determine the current & power dissipated in
each branch of the circuit if the total current drawn by the parallel circuit is 10.-30°
Amps

. Two circuits A & B are connected in parallel across 200V, 50Hz supply. Circuit A
consists of 10 ohm resistance & 0.12H inductance in series while circuit B consists of
20 ohm resistance in series with 40uF capacitance. Calculate (i) Current in each
branch (ii) Total power factor (iii) Draw phasor diagram.




Basic Electrical Engineering

5. A 60 ohm resistor is connected in parallel with an inductive reactance of 80 ohm to a
240V, 50Hz supply. Calculate (i) the current through the resistor & inductor, (ii) the
supply current, (iii) the circuit phase angle; (iv) draw the phasor diagram.

6. Aninductor coil is connected to supply of 250V at 50Hz & takes a current of 5A. The
coil dissipates 750W. Calculate power factor, resistance, & inductance of the coil.
Impedance in paralel with a 100uF capacitor is connected across a 200V, 50Hz
supply. The coil takes a current of 4A & power loss in the coil is 600W. Calculate (i)
resistance of the cail (ii) inductance of the cail (iii) the power factor of the circuit.

Measuring Instruments:

Syllabus: Construction and Principle of operation of dynamometer type wattmeter and single
phase induction type energy meter.

Electrodynamometer Type Wattmeter:

T

a—

Drynamomeaber type Waltmeeiar

"\ v

Construction: ’\r

It consists of the following parts:

Moving coil - Moving coil moves the pointer with the help of spring control instrument In
electrodynamometer type wattmeter, moving coil works as pressure coil. Hence moving cail
is connected across the voltage and thus the current flowing through this coil is aways
proportional to the voltage.

Fixed coil - The fixed coil is divided into two equal parts and these are connected in series
with the load, therefore the load current will flow through these coils. Now the reason is very
obvious of using two fixed coils instead of one, so that it can be constructed to carry
considerable amount of electric current. These coils are called the current coils of
electrodynamometer type wattmeter. Earlier these fixed coils are designed to carry the current
of about 100 amperes but now the modern wattmeter are designed to carry current of about 20
amperes in order to save power.

Control system - Out of two controlling systemsi.e. gravity control and spring control, only
spring controlled systems are used in these types of wattmeter. Gravity controlled system
cannot be employed because they will contain appreciable amount of errors.
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Damping system - Air friction damping is used, as eddy current damping will distort the
weak operating magnetic field and thus it may lead to error.

Scale - There is uniform scale is used in these types of instrument as moving coil moves
linearly over arange of 40 degreesto 50 degrees on either sides.

Working:

Let

v=supply voltage

i=load current and

R=resistance of the moving coil circuit

Current through fixed coils, if = i

Current through the moving coil, im = v/IR
Deflecting torque,

. i X5
Ty = (.L_.F * lm] & "

For a DC circuit the deflecting torque s thus,proportional to fﬁ%: power.

nert a of moving parts, the d lection will be proportional t For sinusoida aternating quantities the
average power isV.l.cosp, where

V=RMS vaue of voltage \ Co

I7: RMS value of current, and

For any circuit with fluctuating torque, the nstantane&s torque,is pr porgor;? mstantaneousa'power. In this case due to
0 tl

¢= phase angle between V and |
Hence an electrodynamometer |nstrum@’$vﬁeﬁ connected as shown in figure, indicates the
ed

power, irrespective of thefact it is caqy inan AC or DC circuit.

Single Phase Induction Type Energy Meter:

slelals |

Rt_‘n_nr(_t TPy
Tl e P s
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Construction:

It consists of a pressure coil made of thin copper wire of many turns (also caled shunt
magnet); a current coil made of thick copper wire of one or two turns (also called series
magnet), an aluminium disc mounted on spindle

A braking magnet is arranged on a disc to control its movement and to stop the movement
under no load.

A phase difference of 90V is set between current coil and pressure coil with the help of copper
shaded rings.

Working:

This instrument works on the principle of induction that when both the shunt and series coils
are energized by ac, there will be tow alternative fluxes re in the shunt coil and one in the
series coil these time varying fluxes are cut by a stationary disc.

These currents interacts with the fluxes and resultsin ato que.

The disc rotates in a particular direction and the num er and speed of rotations depends on the
energy consumed by the load. ~

» Do
P

L\

\/:’fo
\Q’&e \
O
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Unit-1
BALANCED THREE PHASE CIRCUITS

1.1 Introduction:

There are two types of systems available in electrical circuits, single phase
and three phase. In single phase circuits, there will be only one phase, i.e the
current will flow through only one wire and there will be one return path called
neutral line to complete the circuit. So in single phase minimum amount of power
can be transported. Here the generating station and load station will also be single

phase. Thisis an old system using from previous time.

In 1882, new invention has been done polyphase system, that more than
one phase can be used for generating, transmitting and for load system. Three
phase circuit is the polyphase system where three phases are send together from
generator to the load. Each phase are having a phase difference of 120°, i.e 120°

angle electrically. So from the totiof 60°, three %ﬂe equally divided into
o

120° each. The power in three phase systen i us as al the three phases
are involved in generating the tal smusmdal waves for 3 phase
system is shown below . CO
N
Volts
A
V() Va(t) V(t)
7O\ S TN
_\J: t\\_‘ + . {.___f ."x
J__.""r . -‘-.___\ ) _.-". _-‘.
A h, __‘.1.. # _,-I c “'a. I_-" *

Fig.1.1
The three phase can be used as single phase each. So if the load is single
phase, then one phase can be taken from the three phase circuit and the neutral

can be used as ground to compl ete the circuit.



1.1.1 Why three phaseis preferred over single phase?

There are various reasons for this question because there are numbers of
advantages over single phase circuit. The three phase system can be used as three
single phase line so it can act as three single phase system. The three phase
generation and single phase generation is same in the generator except the
arrangement of coil in the generator to get 120° phase difference. The conductor
needed in three phase circuit is 75% that of conductor needed in single phase

circuit.

And aso the instantaneous power in single phase system falls down to
zero as in single phase we can see from the sinusoidal curve but in three phase

system the net power from all the phases gives a continuous power to the load.

Till now we can say that there are three voltage sources connected
together to form a three phase circuit and actually itsis inside generator. The
generator is having three voltage sBurc hich ar g together in 120° phase
difference. If we can arrange three single "rgmit with 120° phase difference,
then it will become a three ph cifc . ;206 phase difference is must
otherwise the circuit will not work, @ﬁige
active and it may also cause dama@{h ’

phase load will not be able to get
lesystem.

The size or metal quéf\tjl of ;t’hree phase devices is not having much
difference. Now of we consider the transformer, it will be amost same size fro
both single phase and three phase because transformer will make only the linkage
of flux. So the three phase system will have higher efficiency compared to single
phase for the same or little difference in mass of transformer, three phase line will
be out whereas in single phase will be only one. And losses will be minimum in
three phase circuit. So overal in conclusion the three phase system will have

better and higher efficiency compared to the single phase system.

A balanced polyphase system is one in which there are two or more equal
voltages of the same frequency displaced equally in time phase, which supply

power to loads connected to the lines. In general, in a n-phase balanced polyphase
system, there are n-equal voltages displaced in time phase by 36n—00 or 27” (except in

the case of a 2-phase system, in which there are two equal voltages differing in



phase by 90°). Systems of six or more phases are used in polyphase rectifiers to
obtain rectified voltage with low ripple. But three phase system is most
commonly used polyphase system for generation and transmission of power.
Hence we study in detail the 3-phase voltage generation and analysis of 3-phase

circuit in this unit.

A 3-phase system has the following advantages over single phase system.
For a given frame size of a machine a 3-phase machine will have large capacity
than a single phase machine. The torque produced in a 3-phase motor will be
more uniform where as in a 1-phase motor it is pulsating. The amount of copper
required in a certain amount of power over a particular distance, is less compared

to asingle phase system.
1.1.2 Phase sequence:

It is the order in which the phase voltages will attain their maximum

values. From the fig it is seen that the voltage in A phase will attain maximum

Hence %?ph& sequence is ABC.
i% the phasors with its +ve
% point is the order ABC, ABC

and so on. The phase sequence depend direction of rotation of the coilsin
the magnetic field. If the coils rotanJ the opposite direction then the phase

value first and followed by B and gp
This is aso evident from phasor diagr

direction of anti-clockwise rotati

voltages attains maximum val& tbé order ACB. The phase sequence gets
reversed with direction of rot’a}()n. Then the voltage for this sequence can be
represented as

e, =E,snot

e = E_sin(ot-120°)

e, = E, sin(wt — 240°)

The RMS values of voltage can be expressed as

E,=E£Q°
E.=Es-120°
E, = E£-240°

1.1.3 Star and Delta connection



The three phase windings have six terminalsi.e., A,B,C are starting end of
the windings and A’,B’ and C’ are finishing ends of windings. For 3 phase

systems two types of common interconnections are employed.

1.1.3(a) Star connection: the finishing ends or starting ends of the three phase
windings are connected to a common point as shown in. A’, B’, C* are connected
to a common point called neutral point. The other ends A, B, C are caled line
terminals and the common terminal neutral are brought outside. Then it is called a
3 phase 4 wire star connected systems. If neutral point is not available, then it is
called 3 phase, 3 wire star connection.

A 4 Yo'
Figl2)
1.1.3(b) Delta connection; in thi ‘uo{ interconnection the dissimilar ends of
the three coils i.e A and B’, Ci‘;’ and C and A’ are connected to form a
closed A circuit (starting end of one phase is connected to finishing end of the
next phase). The three junction are brought outside as line termina A, B, C. the
three phase windings are connected in series and form a closed path. The sum of
the voltages in the closed path for balanced system of voltages at any instant will

be zerofig.

7\
(G )
( x

: '




Fig.1.3

The main advantage of star connection is that we can have two different 3-
phase voltages. The voltage that was the line terminals between A & B, B&C, and
C & A are called line voltages and form a balanced three phase voltage. Another
voltage is between the terminals A & N, B& N, and C &N are called phase
voltage and form another balanced three phase voltage (line to neutral voltage or
wye voltage).
1.2 Relation between line and phase voltage and currents in

balanced systems:

In this section we will derive the relation between line and phase values of

voltages and currents of 3-phase star connected and delta connected systems.
1.2.1 Star connection:

We will employ double subscript notation to represent voltages and
currents. The terminal corresponding to first subscript i@sumed to be at a higher
potential with respect to the terminak corr ondir)&@gecond subscript.

qu; L onius [ Phase & Y Q

Fon — <3,

Phaze H

Fig.1.4



The voltage across each colil, i.e., the voltage between A & A’,B& B’, and C & C’
are called phase voltages(acting from finishing end to starting end).

Vaa, VBs, Vcc, OF Van, Ven, Ven represent phase voltages.

The voltages across line terminals A & B, B & C, C & D are called line
voltages. The connection diagram and the corresponding phasor diagram of
voltages is shown in fig. From the star connected 3 phase system, it is clearly
observed that whatever currents flow through the lines A, B, C also flow through
the respective phase windings. Hence in star connected system, the phase currents

and line currents are identical.
Phase current (Ipn) = Line currents (1)
loh= ILine

The voltage Vg between lines A and B is obtained by adding Van and Vg
respectively.
Vag =VantVne = Van - VBQ’

\ <

S

Vac WNC Z% Ven
Vea = VCN+V®Q€)/QN ~Van

The line voltage V ag is obtained @Jng V an With reversed vector of Vien.Vas
bisects the angle between V an BN

Similarly

Vag? = V%= Vg + Vn? + 2 VpV phcos 60°
=3V’
Vag =3 Vpn
Line voltage = V3 phase voltage

The line voltages Vag, Vec, Vea ae equal in magnitude and differ in
phase by 120°. Hence they form a balanced 3-phase voltage of magnitude V3 V.
The two voltages differ in phase by 30°. When the system is balanced, the three
phase currents I, Ig, Ic are balanced. The magnitude and phase angle of current is
determined by circuit parameters.

Ia, I, Ic @re line or phase currents. The current in the neutral wireis Iy and is by

applying kirchoff’s current law at star point, we get



In=-(1at Ig+ 1c)

If the currents are balanced, then the neutral current is zero.

1.2.2 Delta connection or MESH connection:

Fig.L5.

The currents flowing through the phase windings Iaa’, Isg’, and Icc’ or
Iag, Isc, and Ica are called phase currents and are balanced as shown in phase

diagram Fig.1.5.
) )
By applying KCL at node A %

IA"'W % kea

Similarly by applying KCL at nodes B @}

|B—|B®|AB| =lca- lsc

The line current 14 is obtain addi’ng Iag and —lca vectorialy. I bisects the

angle between lag and -lca
InZ = ILine?= lpn + lon” + 2 Iphlpncos 60°
= 3l
I =3 Ipn
Line current(l.) = V3 phase voltage(Iyn)

The line current I, Ig, Ic and also equal and differ in phase by 120°. They form a
balanced system of currents. The line and phase currents differ in phase by 30°.

1.3 Analysis of balanced three phase circuits

A set of three impedances interconnected in the form of a star or delta

form a 3-phase star or delta connected load. If the three impedances are identical



and equal then it is a balanced 3-phase load, otherwise it is an unbalanced 3-phase
load.

The analysis of balanced 3-phase circuitsisillustrated as follows

1.3.1 Balanced delta connected load:

a o

Fig.1.6
L et us consider a balanced 3-phasefgelta'sonnected
Determination of phase voltages: / %’g .
Vag = V20°, Ve = V2200, %%VZ— 240°= v £120°
Determination of phase currents: &Q‘i -

Phase current = Phase voltage/ mpédance

las=—" ; |BC:V%; lca=—=
Deter mination of line currents:
Line currents are calcul ated by applying KCL at nodes A,B,C
la=1las—lca;lg=lgc-lag;lc=lca-lsc

Note: Line currents are also balanced and equal to v3phase current.

1.3.2 Balanced star connected load:



Fig.1.7

Let us consider a balanced 3-phase star connected load.

For star connection, phase voltage= Line voltage/(V/3)

For ABC sequence, the phase voltage is polar form are taken as
Van=Vpns —90° ; Von = Vpne 1500 ; Vigy = Vpne 30°

For star connection line currents and phase currents are equal

— Van Ny . _V Q/
|A—TNB— Jc—%

To determine the current in theW' re @é&v L at star point
In+ 1A+

c=0
IN=-(la+ 15+ nce they are balanced)
In a balanced system eutral current is zero. Hence if the load is

balanced, the current and voltage will be same whether neutral wire is connected

or not. Hence for a balanced 3-phase star connected |oad, whether the supply is 3-

phase 3 wire or 3-phase 4 wire, it isimmaterial. In case of unbalanced load, there

will be neutral current.
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BASIC ELECTRICAL ENGINEERING (18ELE13/23)

MODULE: 3

PART A SINGLE PHASE TRANSFORMERS
TRANSFORMER

Transformer is a static electrical machine which transfers AC electrical
power from one circuit (Primary side / Input side) to the other circuit (Secondary
side / Output side) at a constant frequency, but the voltage level can be altered
that means voltage can be increased or decreased according to the requirement.

NECISSITY OF A TRANSFORMER
1. Usually, electrical power is generated at 11Kv. For economic reasons (to reduce
transmission losses) AC power is transmitted at very high voltages say 220 kV or 440 kV
over long distances. Therefore, a step-up transformeris applied at the generating stations.

2. Also, for safety reasons the voltage is stepped down to different levels by step down
transformer at various substations to feed the power to the different locations and thus
the utilisation of power is done at 400/230 V.

a. If (V2> Vi) i.e. the voltage is raised on the output side, then the transformer is
known as Step up transformer.

b. If (V2 < Vi) i.e. the voltage level is lowered on the output side, then the
transformer is known as Step down transformer.

c. If (V2=Vi)i.e. the voltage level at the output side is same as that of the input
side, then the transformer is known as Isolation transformer.

N7 W7«

BASIC CONSTRUCTION OF TRANSFORMER
The main parts of a transformer are
1. Primary Winding
The winding that takes electrical power, and produces magnetic flux when it is
connected to an electrical source.

Magnetic Core

Flux__|

L -

Applied
oy Alternating
=/ Current

Supply

P
< *+

ra
Primary
Winding

s

=

'I|A " ff | | i

EEREEE

1

2. Magnetic Core

Single Phase Transformer

=

,
- BN

|L0:ad]

i
Secondary

Winding

The core is the low reluctance path through which the flux passes and links with
secondary winding creating a closed magnetic circuit.
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BASIC ELECTRICAL ENGINEERING (18ELE13/23)

3. Secondary Winding

The winding that provides the desired output voltage due to mutual induction in

the transformer.

TRANSFORMER OPERATION
Mutual Inductance

Mutual Inductance is the interaction of one
coil’s magnetic field with another coil and inducing a
voltage (emf) in the second coil.

The primary winding (first coil) is supplied
with an alternating electrical supply. The alternating
current through the primary winding produces an
alternating flux that surrounds the winding.

Another winding (Second coil) , also known as
the secondary winding, is brought close to the
primary winding. Now some portion of the flux in the
primary will link with the secondary.

Mutually Coupled

Coils
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Mutual Inductance

As this flux produced by primary winding is continually changing in amplitude and

direction, there is a change in flux linking with the second winding. Therefore, according to
Faraday’s law of electromagnetic induction, an electromotive force (emf) is induced in the

secondary winding which is called as induced emf.

If the circuit of the secondary winding is closed an induced current will flow through it.
This is the simplest form of electrical power transformation; this is the most basic working

principle of a transformer.

The principle of operation of a transformer has been explained in the following simple steps:

e The primary winding is connected to a single - phase supply and an AC current starts

flowing through it.

e Due to the flow of alternating current an alternating flux is produced which then flows

through the core.

e The alternating flux gets linked with the secondary winding on the other end of the core.

e Due to the varying flux linking with the secondary winding an emf is induced in the

secondary winding.

TYPES OF TRANSFORMERS BASED ON CONSTRUCTION

There are two main types of transformers which can be categorized by the shape of the

magnetic core. These are

1. Core type transformers
2. Shell-type transformers
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CORE TYPE TRANSFORMERS

The core of single-phase core type transformer
is a single window core. This means there are two limbs
as shown in the figure. Both LV and HV windings are
wrapped on both limbs.

Practically speaking both the windings (Primary and
Secondary winding) are divided into two equal halves
and one half of both the windings is wrapped on one
limb and other half of both the windings is wrapped on
the other limb of the core.

SHELL TYPE TRANSFORMERS
The shell type
transformer is constructed with of three limbs (legs) to

core of a single-phase

Core type Transformer

increases the mechanical strength of the core.

The HV and LV windings are wound around the !

central limb. The central limb carries the entire flux (¢),

/2).

whereas the side limbs carry half of the flux
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Hence, to accommodate the flux th r%;{
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section of the central limb is twice than that o th&
limbs. C:
7y 5

N

-------

Shell type transformer

Difference between CORE TYPE TRANSFORMERS and SHELL TYPE TRANSFORMERS

AV

BASIS FOR COMPARISON CORE TYPE TRANSFORMER

SHELL TYPE TRANSFORMER

The winding surrounds the
core.

Definition

The core surrounds the winding.

The lamination is cut in the

Lamination Shape form of the L strips.

Lamination are cut in the form of
the long strips of E and L.

Cross-section may be square,

Cross Section .
cruciform and three stepped

The cross section is rectangular
in shape.

Copper Required More Less
Limb Two Three
Insulation required More Less

The flux is equally distributed

Flux on the side limbs of the core.

Central limb carries the whole
flux and side limbs carries the
half of the flux.
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BASIS FOR COMPARISON CORE TYPE TRANSFORMER SHELL TYPE TRANSFORMER
- The .pr|mary and second?ry Primary and secondary windings

Winding placement winding are placed on the side .
. are placed on the central limb
limbs.

Losses More Less

Maintenance Easy Difficult

Mechanical Strength Low High

Output range Low High

Natural Cooling Does not Exist Exist

TYPES OF LOSSES IN A TRANSFORMERS BASED

There are various types of losses in the transformer such as iron losses, copper losses,
eddy current losses, stray loss, and dielectric losses. Among these losses Iron loss and copper loss
contribute more for the losses.

IRON LOSSES
Iron losses are caused by the alterriating flux in the c Bf’the transformer as this loss
occursin the core it is also known as Core loss. Iron | i%e@ ivided into Hysteresis and Eddy
h

current loss. Iron losses are also called a@ ss& cjon’t vary with respect to change
in load. Q

e HYSTERESIS LOSS e
When the core of th ’&usfgrrﬁer is subjected to an alternating
magnetising force, for each cy;, mf, a hysteresis loop is traced out because of

which Power is dissipated inﬁ\; orm of heat known as hysteresis loss.

e EDDY CURRENT LOSS

When the flux links with a closed circuit, an emf is induced in the circuit
and the current flows, the value of the current depends upon the amount of emf
around the circuit and the resistance of the circuit. Since the core is made of
conducting material, these EMFs circulates currents within the body of the
material. These circulating currents are called Eddy Currents. They will occur when
the conductor experiences a changing magnetic field. As these currents are not
responsible for doing any useful work, and it produces a loss (IR loss) in the
magnetic material known as an Eddy Current Loss. The eddy current loss is
minimised by making the core with thin laminations.

COPPER LOSSES or OHMIC LOSSES

These losses occur due to ohmic resistance of the transformer windings. If I and |, are the
primary and the secondary current. Ry and R are the resistance of primary and secondary winding
then the copper losses occurring in the primary and secondary winding will be 1:°R; and 1,°R;

respectively. Therefore P. = 11?2R1+12°R;
Copper losses varies according to the load and known hence it is also known as variable
losses. Copper losses vary as the square of the load current.
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MODULE: 3
PART B - DOMESTIC WIRING
ELECTRICAL WIRING
Electrical Wiring is a process of connecting cables and wires to the related devices such
as fuse, switches, sockets, lights, fans etc. to the main distribution board is a specific structure to
the utility pole for continues power supply.

Different Types of Electrical Wiring Systems
The types of internal wiring usually used are

1. Cleat wiring
Wooden casing and capping wiring
CTS or TRS or PVC sheath wiring
Lead sheathed or metal sheathed wiring
Conduit wiring

nvkwn

CONDUIT WIRING
There are two additional types of conduit wiring according to pipe installation
1. Surface Conduit Wiring

2. Concealed Conduit Wiring
L} \ O’Q’

CONCEALED CONDUIT WIRING

In this type of wiring the condWor %’;&% placed inside the ceiling / walls and
plastered at the time of building construetitn. T, QUﬁs are fixed by means of saddles or
staples. Fixing of bends or elbows should be av s.far as possible. All curves should be made
by bending the conduit pipe itself to permit®asy*drawing in of cables. The VIR or PVC cables are
drawn into the concealed by means of @gsp\r Gl wire of size 18 SWG. Suitable inspection
boxes will be provided to permit perio@ynsdéction, drawing of cables and to facilitate removal
of cables if necessary.

Now a days PVC conduit are used in place of steel
conduits. PVC conduits are less expensive and the Labour
time saved may be as much as 25% to 50% compared to the
time taken when installing steel conduits. PVC conduits are
resistant to acids alkalies, oil and moisture. They can be
buried in lime or cement plaster without ill — effects.
Concealed conduit wiring is used in residential, commercial
and public buildings.

ADVANTAGES
1. It provides protection against mechanical damage.
Metal conduits provides protection against fire due to short circuit etc.
The whole system is water proof & requires less time.
It has a long life & appearance is very good.
Replacement of defective wiring is easy.

nkwn



6. Itis shock proof if earthing is done properly.

7. PVC conduit wiring (particularly concealed) is cheap.
DISADVANTAGES

1. PVC conduit does not provide protection against fire.

2. Metal conduit wiring is very costly.

3. Metal conduit wiring requires more time.

4. Metal conduit wiring needs skilled Labour.

TWO WAY CONTROL / STAIRCASE WIRING
In this wiring system we can control a load from two different places by using two, 2-way
switches.

OPERATION: (DIRECT CONNECTION)

Let the two-way switch SW1 be at the bottom of the stair case and two-way switch SW2
be at the top of the staircase. Now the circuit will be complete when the position of both the
switches is same (both Up / both Down) and the lamp glows. If the position of the switches is
different then the circuit is incomplete and the lamp doesn’t glow.

Now assume the position of both the switches are different (as shown in fig. b & d). If a
person intends to go up the staircase, then he has to operate the switch SW1 at the bottom and
the circuit will be complete (as shown in fig. a & c) and the lamp will be turned on. After reaching
the top the person will operate SW2 at the top and the circuit will be incomplete so the lamp
doesn’t glow. The switching table is as shown. The two way switching is used in big halls, bed
rooms, corridors etc.. . “O
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TRUTH TABLE
Switch Position
Case No. Condition of lamp

S1 S2

1 A Y c ON

2 A D OFF

3 B D ON

4 B C OFF

THREE WAY CONTROL / LONG CORRIDOR WIRING:

Here an Intermediate switch is added in between the Two switches intermediate switch,
throw 1 of the switches makes straight connection (EF & GH) and throw 2 makes cross connection
(EH & GF).

Sometimes in very long corridors, godowns and workshops, it may be necessary to control
a lamp from three points. In such cases, the circuit connection requires, 2 two way switches and
an intermediate switch as shown in the circuit.

An Intermediate switch couples the 2 two way switches SW1 and SW2 together. It has four
terminals E, F, G &H. And it has two ways of connection (Straight and Cross connection)
e If EF & GH point combination are connected, then it is Straight connection.



e If EH & GF point connections are connected, then it is cross connection.
When the intermediate switch is connected straight i.e EF and GH are connected, then the
lamp glows if both the Two way switches are in same position (both up / both down)

STRAIGHT CONNECTION
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When the intermediate switch is cross connected i.e EH and GF are connected, then the lamp
glows only if both the Two-way switches are in different position (one up and one down)

CROSS CONNECTION
SIS () LAMP
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Truth Table

Sl. No. S1 S2 S3 Condition of lamp
STRAIGHT CONNECTION
1 A C EF, GH ON
2 A D EF, GH OFF
3 B D EF, GH ON
4 B C EF, GH OFF
CROSS CONNECTION
5 B C EH, GF ON
6 B D EH, GF OFF
7 A D EH, GF ON
8 A C EH, GF OFF

For both the cases shown above, to turn off the lamp at the intermediate switch point,

the position of the IMS has to be changed to

For STRAIGHT CONNECTION : Changed to Cross connection from straight connection
For CROSS CONNECTION : Changed to straight connection from cross connection

FUSE

Itis the simplest and cheapest device used for interrupting an electrical circuit under short
circuit, or excessive overload current magnitudes. The working principle of a Fuse is based upon

the Heating effect of the electric current.

REWIREABLE FUSES OR KIT — KAT TYPE FUSES

Rewireable or Kit — Kat Type Fuses are a type of Low Voltage
(LV) Fuses. They are most commonly used in house wiring, small
industries and other small current applications.

Rewireable Fuses consists of two main parts: a Fuse Base,
which contains the in and out terminal, and a Fuse Carrier, which
holds the Fuse Element. The Fuse Base is generally made up of
Porcelain and the Fuse Element is made up of Tinned Copper,
Aluminum, Lead, etc.

The Fuse Carrier can be easily plugged in or removed from the
Fuse Base without the risk of any electric shock. When the fuse is
blown due to over current, we can easily remove the Fuse Carrier and
replace the fuse wire. This is the main advantage of Rewireable
Fuses.



HIGH RUPTURING CAPACITY FUSE
In such type of fuses, the fuse element

L R Uhder elamani
|

Filing powder
carries the fault current for a long duration. If \ (
the fault is not clear, then the fuse element will i l"". , R j?|'ﬂ
melt and open the circuit. The major advantage ; " * 7 Dy i e -
of HRC fuse is that it clears the low as well as a it
high fault current. Brss — i
and plats ) f'j s
HRC fuse has the high-speed operation Laarlridga

and also does not require maintenance. But the
fuse element of the HRC fuses needs to be replaced after each operation, and it also produced
the heat during the faults which will affect the operations of the nearby switches.

The enclosure of the HRC fuse is filled with powdered pure quartz, which acts as an arc
extinction medium. The silver and copper wires are used for making the fuse wire. The fuse wire
has two or more sections which are joint by using tin-joint. The tin-joint reduces the temperature
under overloaded condition.

For increasing the breaking capacity of the fuses two or more silver wire is joined in
parallel with each other. These wires are adjusted in such a way so that only one wire will melt
at a time. The HRC fuse is of two types

MINIATURE CIRCUIT BREAKER (MCB)
A miniature circuit breaker (MCB) automatically switches off electrical circuit during an
abnormal condition of the network means in overload condition as well as faulty condition.

Nowadays we use an MCB in low voltage electrical network instead of a fuse. The fuse
may not sense it but the miniature circuit breaker does it in a more reliable way. MCB is much
more sensitive to overcurrent than fuse.

Handling an MCB is electrically safer than a fuse. Quick restoration of supply is possible in case of
a fuse as because fuses must be re-wearable or replaced for restoring the supply. Restoration is
easily possible by just switching it ON. Let’s look at the working of the miniature circuit breaker.

The working principle of MCB Whenever continuous overcurrent flows through MCB, the
bimetallic strip is heated and deflects by bending. This deflection of bimetallic strip releases a
mechanical latch. As this mechanical latch is attached with the operating mechanism, it causes
to open the miniature circuit breaker contacts, and the MCB turns off thereby stopping the
current to flow in the circuit. To restart the flow of current the MCB must be manually turned
ON. This mechanism protects from the faults arising due to overcurrent or overload. But during
short circuit condition, the current rises suddenly, causing electromechanical displacement of
plunger associated with a tripping coil or solenoid. The plunger strikes the trip lever causing
immediate release of latch mechanism consequently open the circuit breaker contacts. This was
a simple explanation of a miniature circuit breaker working principle.



An MCB is very simple, easy to use and is not generally repaired. It is just easier to replace. The
trip unit is the main part, responsible for its proper working. There are two main types of trip
mechanism. A bi-metal provides protection against overload current and an electromagnet
provides protection against short-circuit current.

Upper Terminal
(for line wire)

Fixed Contact
Moveable Contact

Magnetic Coil /

Solenoid .
Arc Extinguisher

Actuator Lever
{on/off)

Mounting lock
Bimetalic Strip

Lower Terminal
(for load wire)

MCB operation

If the circuit is overloaded for a long time, the bi-metallic strip becomes overheated and
deformed. This deformation of Bi-metallic strip causes, displacement of latch point. The moving
contact of the MCB is arranged by means of spring pressure, with this latch point, that a little
displacement of latch causes, release of spring and makes the moving contact to move for
opening the MCB.

The current coil or trip coil is placed so that during short circuit fault the magneto-motive force
(mmf) of the coil causes its plunger to hit the same latch point and make the latch to be displaced.
Again, when operating lever of the miniature circuit breaker is operated by hand, that means
when MCB goes off position manually, the same latch point is displaced as a result moving
contact separated from fixed contact in the same manner.

It may be due to deformation of a bi-metallic strip, or increased mmf of a trip coil or maybe a
manual operation, the same latch point is displaced and same deformed spring is released, which
ultimately responsible for movement of the moving contact. When the moving contact separated
from fixed contact, there may be a high chance of arc. This arc then goes up through the arc
runner and enters arc splitters and is finally quenched. When we switch it on, we reset the
displaced operating latch to its previous on position and the MCB is ready for another switch off
or trip operation.
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MODULE: 4
DC MACHINES
An electrical machine is the generic name for a device that converts mechanical
energy to electrical energy, converts electrical energy to mechanical energy, or
changes alternating current from one voltage level to a different voltage level.

Electrical machines are divided into two types
1. Generators Converts Mechanical energy into Electrical energy.
2. Motors : Converts Electrical energy into Mechanical energy.

Construction of DC Machines

A DC generator can be used as a DC motor without any constructional changes and vice
versa is also possible. Thus, a DC generator or a DC motor can be broadly termed as a DC
machine. These basic constructional details are also valid for the construction of a DC
motor.There are two main parts of a generator

Terming

Yoke — : NG

Armasture —
A +
AleY

wature |
conductors

A four-pole DC generator

1. Stator:
The part that is stationary, In Dc machines Field system is the Stator. Field
system consists of the following parts
e Field core / Field pole
v Pole core
v' Pole shoe
e Field winding

2. Rotor:
The part that is rotating, In Dc machines armature is the rotor. Armature consists
of the following parts
e Armature core
v Armature slots
v Armature conductors
e Armature Windings (Lap / Wave Windings)
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1) YOKE
The outer frame of a dc machine is called as yoke. It is made up of cast iron or
steel. It not only provides mechanical strength to the whole assembly but also carries
the magnetic flux produced by the field winding.

2) FIELD SYSTEM
Poles and pole shoes
Poles are joined to the yoke with the help of bolts or welding. They carry field
winding and pole shoes are fastened to them. Pole shoes serve two purposes

v' They support field coils
v Spread out the flux in air gap uniformly.

Field winding

They are usually made of copper. Field coils are former wound and placed on
each pole and are connected in series. They are wound in such a way that, when
energized, they form alternate North and South poles.

3) ARMATURE
Armature core
Armature core is the rotor of a dc machine. It is cylindrical in shape with slots to
carry armature winding. The armature is built up of thin laminated circular steel disks for
reducing eddy current losses. It may be\provided with ai@cts for the axial air flow for
cooling purposes. Armature is keyedyto theshaft.

&

Armature winding

It is usually a former prebﬁ/ which rests in armature slots. The
armature conductors are insulated from %other and also from the armature core.
Armature winding can be wound b the two methods; lap winding or wave

winding. Double layer lap or wave i gs\aré generally used. A double layer winding
means that each armature slot wjll two different coils.

A
4) COMMUTATOR

The function of a commutator, in a dc generator, is to collect the current
generated in armature conductors.

In case of a dc motor, commutator helps in providing current to the armature
conductors.

A commutator consists of a set of copper segments which are insulated from
each other. The number of segments is equal to the number of armature coils. It works
as a DC-AC converter while acting as a motor and AC-DC converter while working as a DC
generator

5) BRUSHES
They are usually made from carbon or graphite. They rest on commutator segments and
slide on the segments when the commutator rotates keeping the physical contact to
collect or supply the current.
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WORKING OF DC MACHINES

As DC Generator -

When a DC machine has to operate as a generator, the working E e
principle follows Faraday’s laws of electromagnetic induction which states .
that “Whenever a conductor is placed in a varying magnetic field (OR a
conductor is moved in a magnetic field), an emf (electromotive force) gets
induced in the conductor”.

In a DC generator, field system produces an
electromagnetic field and the armature
conductors are rotated inside the N
electromagnetic field using a prime mover
(Motor or turbines). Because the armature

WORKING conductors are rotated, the flux linking with il
the armature conductors also changes / varies. Thus, an emf is
induced in the armature conductors. L ivi
— S

The direction of induced current is given by Fleming’s
right hand rule which states that “if the thumb, fore finger and
middle finger of the right hand are stretched to be
perpendicular to each other as shown in the illustration at right,
and if the thumb represents the direction of the movement of
conductor, fore-finger represents direction of the magnetic
field, then the middle finger represents direction of the induced
current”.

The magnitude of induced emf can be calculated from the emf equation of dc generator.
The armature conductors are wound in such a way that they provide a closed path, hence an
induced current will circulate within the path of the armature winding (Armature coil).

As DC Motor

An electric motor is an electrical machine which converts electrical energy into
mechanical energy. The basic working principle of a DC motor is "whenever a
current carrying conductor is placed in a magnetic field, it experiences a
mechanical force twisting force called as Torque".

The direction of this force is given by Fleming's
left-hand rule which states that “If we stretch the first finger,
second finger and thumb of our left hand to be perpendicular to
each other, and the direction of magnetic field is represented by
the first finger, direction of the current is represented by the
second finger, then the thumb represents direction of the force
experienced by the current carrying conductor”.

BACK EMF

When the armature of a DC motor rotates under the influence of the driving torque , the
armature conductors move through the magnetic field and hence emf is induced in them as in a
generator. This induced emf acts in the opposite direction to the applied voltage V (Lenz’s law)

and is known as Back EMF or Counter EMF (Ey).
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SIGNIFICANCE OF BACK EMF

1.

The presence of back emf makes the D.C. motor a self-regulating machine i.e., it
makes the motor to draw armature current which is sufficient to develop the
torque required by the load.

Back emf in a DC motor regulates the flow of armature current i.e., it automatically
changes the armature current to meet the load requirement.

a. When the motor is running on no load, small torque is required to overcome
the friction and windage losses. Therefore, the armature current la is small and
the back emf is nearly equal to the applied voltage.

b. If the load on the motor is increased, the armature speed will be decreased and
hence the back emf E, falls. The decreased back emf allows a larger current to
flow through the armature and larger current means increased driving torque.
Thus, the driving torque increases as the motor slows down. The motor will stop
slowing down when the armature current is just sufficient to produce the
increased torque required by the load.

c. If the load on the motor is decreased, the driving torque is momentarily in
excess of the requirement so that armature speed increases. As the armature
speed increases, the back emf E, also increases and causes the armature current
to decrease. The motor will stop accelerating when the armature current is just
sufficient to produce the reduced torque requirg_gl by the load.

7/ N\

CLASSIFICATION OF DC MACHINES (same classification for both motors and generators)
DC machines are generally classified aching esecmethods of field excitation. On

this basis, different types of dc machines a&?}

1.
2.
3.

N

AN

Permanent magnet dc machipxg
Separately excited dc machi’ﬁgﬁ ’
Self-excited dc machines

a) Series Wound dc machine

b) Shunt Wound dc machine

c¢) Compound Wound dc machine

PERMANENT MAGNET DC MACHINES

In permanent magnet dc machines, a permanent magnet is used to establish flux in the

magnetic circuit. These machines are not found in industrial applications because of the low
power generated from it. Such machines are employed only in small sizes like dynamos in
motorcycles. The behaviour of a dc machine on load depends upon the method of field
excitation adopted.

SEPARATELY EXCITED D.C. MACHINES

A dc machine whose field magnet winding is  Spmm— .
supplied from an independent external d.c. source (e.g., a ‘
battery etc.) is called a separately excited machine. The
figure below shows the connections of a separately excited

machine.
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Applications of separately excited DC Generators
a) Because of their ability to give wide range of voltage output, they are generally used for
testing purpose in the laboratories.

b) Separately excited generators operate in a stable condition under varying field
excitation. Therefore they are used as supply source of DC motors, whose speeds are to
be controlled for various applications. Example- Ward Leonard Systems of speed control.

SELF EXCITED D.C. MACHINES
D.C. machines whose field magnet winding is supplied current
a) from the output of the generator (when working as generator)
b) From the same input given to the motor (when working as a motor)

Self-excited D.C. Generator

A D.C. generator whose field magnet winding is supplied current from the output of the
generator itself is called a self-excited generator.

A generator that supplies its own field excitation is called a self-excited generator. Self-
excitation is possible only if the field pole pieces have retained a slight amount of permanent
magnetism, called residual magnetism.

When the generator’s armature is rotated, the weak residual magnetism in the field coils
induces a small voltage in the armature. This small voltage applied to the field coils causes a
small field current.

Although small, this field current strengthens the magnetic field and allows the armature
to generate a higher voltage. The higher voltage increases the field strength, and so on. This
process continues until the output voltage reaches the rated output of the generator.

Self-excited D.C. motor

A D.C. motor whose field magnet winding is supplied current from the same input which
is given to the motor is called as Self excited DC motor.

There are three types of self-excited dc machines depending upon the manner in which the
field winding is connected to the armature, namely;

a) Series generator / Series motor
b) Shunt generator / Shunt motor
c) Compound generator / Compound motor

D.C. Series machine

In a series-wound machine, the field winding is connected in series with armature
winding. The series Field winding has few turns of thick wire having low resistance.

Applications of Series Wound DC Generators
a) They are used to provide field excitation current in DC locomotives for
regenerative breaking.
b) These types of generators are used as boosters to compensate the voltage drop
in the feeder in various types of distribution systems such as railway service.
c) They are used in series arc lightening.
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Applications of Series Wound DC motor

It is a variable speed motor. The speed is low at high torque at light or no load, the

motor speed attains dangerously high speed. The motor has a high starting torque. They are

used in
a)
b)
c)
d)
e)
f)
g)

Electric traction
Cranes
Elevators

Air compressor
Vacuum cleaner
Hair drier
Sewing machine

D.C. Shunt machine

In a Shunt-wound machine, the field winding is connected in parallel with armature

winding. The shunt field winding has many turns of fine wire having high resistance.

Applications of Shunt Wound DC Generators

a)
b)

c)
d)

They are used for general lighting.

They are used to charge battery because they can be made to give constant
output voltage.

They are used for giving the excitation to the alternators.

They are also used for small power supply (such as a portable generator).

Applications of Shunt Wound DC motor

a)
b)
c)
d)
e)

They are constant speed motors irrespective of the nature of the load. They are used in
Lathes

Drills

Boring mills

Shapers

Spinning and weaving machines.

"\7

D.C. Series machine
As a Generator As a Motor
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S5A: Three Phase 5 ron of _eperation, Constructional
details, Syvnchrono eghency’ o erat eml equation, Concept of
winding factor di i: ¢nvation and cal 0 bution and ptch
factors). | |

5B: Three Pha clﬁ-ﬁLq : iple ;ﬁ eration of rotating

magnetic field, %@nd mg|of t -pha% /‘mﬂtnr, Shp and its
significance. Nec er, star er.
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MODULE 5§

5A = Three Phase Synchronous Generator

Introduction

AC generators or alternators operate on the fundamental principle of electromagnetic induction
[EMI], similar to that of De generators, Both AC and DC generators consist of an armature winding

and a magnetic field But one major difference between that two is that, in De generators, the
Lalks & % T e

armature rotates field system is stationary, The arrangement in alternators is just the reverse of it In
2% A YOl Tl BT s Y

the case of alternators, standard L{mstn.mtal_rm cONsists I::f' annatun: winding mounted on a stationary
~ >

feld 1s rotating,

l. stator

element called stator and field wmdmgs 0N a rofating Element n:all rotor.
A L UTTTTITUL; (] S - _ ]
Whenever making flux linking th-: mnd‘tmtﬂr changes an EMF will be induced in the conductor this
== U
type of EMF induction is called H[ﬂttﬁﬂ“_‘r‘ 1n|:tur:ed l'hﬂ" u.-here cnmiu::mr 1§ stationary and magnetic
i~ I\ N, q ‘ i A =
) I\ e
S |
Constructional ﬁ!arurvlasﬁ'll'—’I “ h I‘j‘z \ '":\ S
Ve | |
Basically an alternator consists uf‘qu arts stator and Rotor T
| I i '
I'-- .-'IIIIII:.“":'., 'l"'—-\. E\I |I \J[J ||| |:I .- | I.__-'!I‘)"l “'-\. I
| o st L U N = 1
Stator consists uf'l.asl 1ron o 5’r~:r:l frame whn:h :f-uppurts nrrn ature core I'uwng slots on 1ts penphery
e
for housing armature cnnducmrs The ﬂamr COTe used a laminated -::mstmcu:-n in order to reduce
S - e
eddy current loss. The material used special magn-stlc iron steel alloy so as to keep the hysteresis
i ¥ =% I £ ny e M o % N "

losses minimum, The frame does not carmy any flux and serves as the support to the core Ventilation

15 provided with the help of holes {ducts) casted in the frame JLOGY
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1. Rotor

There are two types of Rotor

Salient pole type Rotor,

This is also called projected pole type as all the poles are projected out the surface of the rotor. The
Poles are made up of thick steel laminations and are bolted to the rotor as shown in the fig 5.2

The field winding is placed om the pole core and is supported by the pole shoe
These rotors have large diameters small \TIE[ lcrllil? 1F Fy,.

The mechanical strength of salient p-ﬁ]f: lype less, hence this is preferved for low speed alternators,
Salient pole type rotors are engine dnv&éf\_}.- MY ‘f-f ) '?

N {..-*'1

Frefd tinds
Bt uﬁ%

I!v’._-'.‘lm
f:u | S JH]L
7 BE aft (
( / f A Pofe N
_I"é._"a A — s 7 EII
% Fig.5 E;::‘:.-iﬂli.'rll Pale Type Rotor_ p y

Smooth cylindrical / Hnn salient type Rntcrr::h

- D:151aa[sacallaﬂunm jected pole type of ru:-.lc:r
P e gl WS TR

s dal TER | 4]
# The rotor n:c:ns;sts of smmth solid Steel cylinder hmmg number of slots to accommodate the

field INSTITUTE OF HNOLOGY

XP@{t.in

Freld }'.r'nﬂ‘ra

Fie 5.3; Womn- Salieit Pole Tvpe Bolbor
¥ The unslotted portions of the cvlinder itself act &s the poles.
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# The poles are nol projected out and the surface of the rotor is smooth which maimains uniform
air gap between stator and rotor
# These rotors have small diameter and large axial length.
#  These types of rotors are mechanically very strong and are preferred for high speed alternators
up 3000 rpm.
# These are turbine driven hence they are called as Turbo alternators.
Types of Alternators P T[-?_IIH}' ¥,

Depending on the type of rotor, we hav.-e two types ::-fajtemmm; they are;
o FASIUL />
1} Salient pole altemmator 5, _— o

an . i = {;'-\.-"'-r..l'
1) Mon salient pole alternator ™ I ,I.:--"‘
= : g
Principle of operation L4 4 i
g s — = . B —
The alternators work on the prmclplﬂ of electromagnetic induction. E-nr the purpose of better
= Al [5m F N BN NER ™

understanding let us J.,L1n~s|d::r the armature LU-I‘.IdLlEIUF'r arg rmalmg wrrh n:sp-e:l:l tor the field which is

M Ve i | |“| K,ﬁllh

stationary as shown i |n I.he t1f:,iij|
Consider a relative mnlmu of a single conductor under the magneuc f'eld produced by two stationary

N W I RAS

L*mum], ]ba.u_.ﬁ.-.l o fux)
(=) -

p’l‘.ﬂﬂ'{fﬂr‘i'

E::t;.ﬂm?ffw
@ Nl

Fig 54 Two Pole Allamaton

T :
"ﬁﬂﬁm i

# Let the conductor  start rotating position 1 at this instant the entire velocity component 15
parallel to the Aux lines the conductor is not cutting any flux lines and the em! induced in the

conductor is Zero.
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# As the conductor moves from position | to position 2, the flux lines cut by the conductior
increases, accordingly the magnitude of emf induced also increases. At position 2 enter
velocity component 15 perpendicular to the flux lines and at this instant, the induced emf is
MAX LI

#  As the conductor changes its position from 2 to 3, the velocity component perpendicular to the
flux starts decreasing and hence the magnitude of emf also decreases. At position 3 the emf
induced in the conductor 15 2610, - "Ii 10 IHI 79

» Now when the conductor mnwﬁ. from punurm 3 113 pnsm-nn 4 the velodly component

AN AN N P BT AT

perpendicular to the flux lines again starts increasing. Hut the direction of velocity component
= S 7 il T

15 opposite in direction -Df velocit m}' ponent existing during the movement of conductor
BERNERREY I.III‘IHIIIh =1

from position | ta 2 I-[ence |]1e induced emf in the conductor increases but in the opposite

direction. I/- ?’%Ij:.:; ﬂm“ .-f”'JT_ Tﬂq (:':??\‘nl

¥ At position 4, the velocity component becomes perpendicular to the flux lines, hence the
WM E b | ] I [ T BB UL NS (L

imnduced emf is maximum. But the d'n'-m:!j an of the 1.'1:|:]§:J11.- component 18 opposite hence the

=1 unl | ""--._._-:{ "‘"'I_.-'
induced emf is opposite 1o that of in nscltmu X, H L
pjn "BiE P wl b '. ,1"., l-.
# Asthe mnductnr mm«es f'rcrm H:mn 4 to 1. the mducad emf'da:rmsas and finally becomes
LT o
zero at position | — \\ —
b A 4
h- [ J

“‘5 A

| rodation = 360" = Mechanical angle
| cycle= | one positive cycle of induced emf} + | one negative cycle of induced emf}
360" = electrical angle

For 2 pole alternator, one mechanical angle corresponds 1o one electrical angle.
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But in general,

1" mechanical angle = % electrical angle.

Frequency of generated voltage:
Let P = Number of poles

f'= Frequency of induced emf . 10 THE Fy
- .. . .-'-| | " .ir}
M = speed of the rotor in rpm Q— _||

Omne mechamcal revolution = ‘ﬂ F-lt‘-'i.-tr']La] l'.-}"i.-|l:"i é"f

T ‘\f_
FElectrical cyclewmmlutmn— L_Lﬂﬂlll"’ ] I.—:I

. zﬁ"l | ﬂ]'_| f-\l

As speed is N rpm, in one second, rotor will complete — | .
L*»J N\

5
-\-\_H_\__.-? I"‘\---".-I,l'
={MNo, of e[m:trlc-tll i.-}ﬂ:l-i.‘b per T'l'."'r"l:!'ll.ll'l Dn} x [Rc# ulutmns per second)

=[£]H[£] xS LI “'\K L /'”'”'xl‘.ﬁ

I M F VIO 00 Tm | -, =
Frequency = No. of electrical E].-'LJEE Per secm'ld |

b e L

2)" \s0) 320 5
b % F s i
i N — S —
120
Synchronous spmﬂn‘.ﬁsl w, _fa\ ﬁw 1% .P{ -[ ]E @ LI

For tixed number of poles, giigrugtenhasio 'l paltiedlar speed to keep the frequency of

sRPErtIn

Fe required rated frequency

In India, the frequency of an alternating emf is standard value which 1s 50Hz
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EMPF equation of an alternator

Let, #= Total number of conductors,
L = Conductor per phase

T = Turns per phase, T, EEE-E—.: = | tum = 2 conductors)
M, = Synchronous speed in rpm
120 f : 7O THE ..
P B H:;'.U‘;‘f-.ll & I.-l]'t &,
‘L" 1 |I 5, .r"*
PN,
= frequency of induced emf in Hz. <\ .,:l,i‘l—'l""-__<,f ,} 2
= Number of poles ,f}.,,;f’ A
Ect= Phase voltage = |j:—:
¢ = Flux / pole in wh. ( T‘ ‘ 1 iml =\
s ) |
Ei, = Line voltage. p{.ﬁ"—b, A \ ;';, -
The average value of emf induced (e) / conductor, = L = Y I:\ .
= . o "--"l-l,l
5 b l"._-H'H.;'\.
Flux cut / E‘c-nn;lucmrrfs. Ee?.nlulmn !aén- 41}: r J_.J .i I ‘)f‘;'ll'"x L“|
l"” , .I'-_.. i
Time taken / revolution (dt) = iﬂl sgconds II‘H““— “ ,,.f '_;’ B ill

5 7
! ; . __.-"
The average value of emf induced (e} / conductor = J ¢ iﬂ:i’il 201 2¢f

1TMGE ™

- RMS value of EMF / phase = ki x {Avg value)
Em=111x2x g xfx Zph)
But Zph =2 Ty
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SEn =Ll x(2x gxfx2x Tph)

En=4 44 5 ¢ x Fx Ty volts

This would have been actoal value of emf induced, if all the coils in phase were full pitched &
concentrated. But practically due to short pitching & distributed coils, the actual available vollage is
reduced by the ratio of winding factors i.e k, and ka .

S Emn =4 ko x kax g xFx T vﬂlts.t 10 ”_“

[ ll:'r‘:.‘r

‘ -
ie B =444k ki g T 'mits B'uu'_l'u >{,
%
This is the emf equation of an altqrngl?ff}r al- g%w'wﬁmh 15 star comnected, line emf is

aven by, __‘: | I I : i';-;:l
Lﬁ*_ S == —
e, T =
Problems: _ | |r"'
N [ r_"ll
5.1 A 2 pole, 3-{ @:jnmgmj 8k

3

mrgrélnﬁ*{gn 2 conductors in each

ne voltage-of 2306-yolts. Ka = 0,952 and
J,.-" '

slot, Calculﬂ\! péu rmlréd\r\u e

Ky =0.956, - =—A

o ZﬁMIB%RHD@F
P=2, N, = 3000 pm, smﬁqﬁwﬁ@ T3PMKa = 0952, Kp = 0956,

~ExamskExpert.in

7= Conductors / Phase = Slors* Canductors! Sl
Phase
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Zon= 28

Given, Ny = 3000

N = 1207 _ 3000

F
f= ‘”"]32?}0‘} S0Hz
<« TO THE ,.
o\ - Fyy
. _E O At Y2
Em= Sk = 13279 volts & ~&
oo SNOULI
e )
Substituting the values in eq.(1 ) 1| E-
i | ! l |_j
7 27ERE * 5 b= —
1327.9 = 2.22%4*50 jqﬂrﬁz S CET_\I
_ 13278 g aee 1 ¥, jr :}j’}" n{’{""?
282862 4 pd \\}5&
# = 0.469 wh ) ?‘q“} I
| —*v\e
5.2 A 3 phase, & pple sla.rf‘.@nﬂcn& plternator g5 \%aiw has %0 plots and 8
conductors per ﬂ“d_Tflq_ﬂua --___n 5 hr Lwﬂy H'sr‘ﬁbuled} Calculate the
voltage genemmm]m if thewinding f'a-cl‘c:r T e——
Given:
M, = INSTI IU [E DF HDL{]GY
s f-'a- bid K @ﬂ IN
l‘:"I.':Il’l'li-l.l:-l: N s IJIJ | o
= 0.05wb
H.w =090
The emf of an alternator is given by,
Env=222 F* b * Zon * K vnvvavsnmnnsnaie (1
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Ny = 1207 _ y00
P

f=F1000 _ 691000 _ o,
|20 124
Zoh= Storse Condecrors! Sloy - _ 90«8 40
Phase 3 .
Substituting f and Zy in eq(1) ‘c ‘:“ ”‘” ki,
Em=222%50"* nﬂﬁ*:#ﬂ*&;&@xﬁ U II-_-'I 4; "{’
Epn= 127872V ’"‘“ /"/ ”*.'-f
For Star connected system Lﬂ'}— : &
L 5 =
=% i iy || & 7\
EL= v/3 B = +/3 *{21 ﬁ;’;j;mq{.mm ¥ |\“§ /
Winding F j } :| \I'IU LIl l | lﬂ k"-._@
£ Factor: ( ,_,--"] | L \J)
Pitch factor {Kp}wc il f;u:m hordin it If A\ I\_]
s | .

The factor by whth mnfm:‘em

coil span factor, Hu. _‘\_’

Ku--w["'] ““WWM[%PIE @ 1

(Ks) INSTITUTE OF

Distribution

The factor

factor and is denot

o)

A = slot angle,
msi E)
{4
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=139 o of slotsipole , m = No. of slots / pole / phase.
M

Winding Factor is given by Kw=Kp " Ka,

CAMBRIDGE

INSTITUTE OF NOLOGY

Examskxpert.in
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S5B-Three Phase Induction Motors

Introduction:
An electric motor which works on a.c. supply is called a.c. motor. The a.c. motors are classified as

1} Asynchronous Motors (Single Phase Induction Motors and Three Phase Induction Motors)
i) Synchronous Motors

iiiy  Special Purpose Motors. @.m"*; = H,r 7 %,
The most common and frmuenti'ﬁ;mél Et;k[riﬂﬂlﬂachmés:h'l.'ﬁ‘j@usrr}' is the Three Phase Induction

Maotor for the following reasons ’:‘ ¥ x‘i o w_;_
3

i} Simple Dﬁign and Rug '“—Il:
i) Low-Price "‘v!a;n' o o || ! e "‘w
/ . I |
iy Operat mgm{;dnl_r ‘J n\s A
5 | |
wv)  Wide rfr'ig:e} 4::)" p-u:mla‘_m? I T ‘ ‘ |‘ H
. — ‘“’?"
v) Run essenl?,allyi:‘mnst P&;read ro oad _:ﬁ.:] Ina.d' S
: JA| ]I|J I ﬁ | | ,..;g
vi) Self smrm‘lg, Ay L ""l,"' % Is {y ':L" . ;] I|
vii)  High nﬁiq!m:y migoud spn&ﬂrl:gul lation /’f Ll
rs r'

The various adv antag‘eg u@n motor

1} The starting tqfv{qﬂe ﬁ:ndﬁﬁ niht i%rep‘.in jﬂﬂlj'.i {J}C motor
i) Induction rnmm 1Is a :ﬁ*gms%?ir ql(!jaﬁgﬁ\jue speed vatiation t:ul‘ nduction

E‘f}l- m-
Constru - "-'_

Induction motors have two main paﬂ;_r_. — statar and rotor,

1} Stator: Stator 15 the stationary part of induction motor. A three phase winding 15 placed in the
stator of induction motor and the three phase supply 15 given to e,

2) Rotor: Rotor is the rotating pant of induction motor. The rotor is connected to the mechamcal load
thr the shaft
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Stator:

The construction of stator for both the kinds of three phase induction motor remains the same,

The stator of the three-phase induction motor consists of three main paris:

a) Stator frame - [t is the outer part of the three phase induction motor, Its main function is
to support the stator core and the field winding, It acts as a covering, and it provides
protection and mechanical strength to all the inner parts of the induction motor, The
frame is either made up of die-cast or fabricated steel. The frame of three phase induction
motor should be strong and ngid as the air gap length of three phase induction motor 15
very sinall
by  Stator core
c)
The stator core hﬂ_qm im‘pq_ﬂe%ad :

0.5mm thick. mmnblﬂg '

!

losses | core lusui\uﬂ a :pn}_gmuprhinlu-u

The stampings are f.h;{t’éd I.h Fece 'q?: rhe

from a balanced th;_ee phéﬂl .t LI N
Stator w'lndlng“'“ 5 “mﬁdng d:ﬁm\u‘%n\umbl:

Stator winding or field winding.

q@ﬁ_q fioh ﬂelh[{ E:E‘Tb.tamgmy. which are 0.4mm (o
d fmhl each oth HSQEH ms'uiu_@_mtmn keeps the iron

"'.-'
{ wnlnd!_ﬁ:gs {iiar or delta) and it 15 fed
|

f
ﬂ&. d:pr;',nd‘ng on Iﬁl: Aequirement of speed,

1 zﬂf
P

ruf

R T “T“—“

el "The st TL chrelis -H;ted in a casted or fabricated

HNOLOGY
et

The ducts are pM|M m pu H
INSTITUTE OF

steel fra
When 1l
produced :
conductors by mutual induction Eﬁ%i;ipic.

The stator construction is as shown in figure 5.5
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Rotor:
' 1, . il s )
The rotor of the three p m?@uu L i f_- 'I
5 fes
o {
i) SllpRmé\'ﬂd 7 N
_..r""‘ .-"_HC |
Depending upon th # dﬂ-DI'E‘ or areclassified
ependimg upon E,Ili}]??{l)é{_ S:?__I'h ﬁk\q'rma assified as:
I_i\I '—J..' -:' |I
i) ‘Equjrrel{'agemdm i M N ro _..r"

i) Slip Ring Indoction Motor or Wou uction Moforor Phase'Wound Induction Motor,
1. Squirrel cage: ﬁfﬁi ﬂ* '-'"'-hy:f:LL TEP) ”3{_ r[ ]Tﬂ lf - E
¥ This type of rotor i]ﬁ ﬁm};-ﬁl,ﬁl}_e w%ype ufmnsimcnﬂn as shown in

ﬁ N
4 " 1
- ExamsExaent.in
¥ The rotor comsists un:q@llﬂd mpEnEr 7 alutnini Gﬂ-ﬂduﬂiﬂr% The

bars are placed in the slots.
# These bars are permanently shorted at each end with the help of conducting copper ning

u
or

called end ring, because of which rotor resistance is very less, Hence this rotor is also
called short circuted rotor.

¥ The bars are usuallv brazed to the end rings to provide mechanical strength.
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#  As the rotor is short circuited, no external resastance can be introduced so slip ring and
brush assemhly is not required for this type of rotor.

Hoimre Bars
|1I1ghrlj -!-:-Eh"?d:l

o G
— @mm -
| H o

| P
Skewing: Wish.| r'nHJ where lhe_ﬂﬁ!i‘im‘r]‘tﬁ pﬁrphﬁ@huﬁﬂae rotor are not arranged

[ v e |
panﬂleitp meshh.ﬁfa‘; rewing h ﬁg\r] /
1) ..:J'II'H-}]"I] L'_I'h_d’flfl _ H\E _ Tﬂh‘ .V %hé:dﬁ making the motor

I "‘—u._\_-.:- "\--"r_,l

e g_&liﬁéﬁﬂy locked gets reduced
[ P ¥ = |

. A - .
iii}) E&:mnﬁjm@ms’fﬁ%v ormaliogd ratio betwesn stator and rotor,
2. Slip Ring Rutnr‘*TFﬁas_TF'mud Rnim' ”;f

¥ In this type f:qf c 1. m sa |] stamr The rotor carries a
AL H JH

-.Inwnd for same numhﬂr of poles

)kt In

winding terminals are brought oul and connected to three insulated shp rnngs mounted on

the shaft with brushes resting on them.
¥ These brushes are connected extenally to a star connected rheostat for increasing the

starting torgue of motor
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+ .E_ -.:"
(&) [o i‘ Slip rings
3 - "
& 2, Shaft
g B g "l' .| HT YT B — Hrush
_ e 7 "'- "'"1-| :_’I*l- ‘- J: xiernol star
Sl Rowrmme | Bl
e '.-. 20 "'..\I '.I | i I| r P " r_..-:*
'-.b;l '\._ "\. \ __l —d :J'-F’:g_,'ﬁi}" 'I'.E"-"
Comparison beiween Squirrel Emmmm%ubﬂm Motor:
Slip Ring Induction ! “g}u:,\ e i-l _Soquirrel qgn [u.d-uclq'nn Maotor
Construction is com ]matﬂtiﬂum SENCE nf‘ I
: Y i [ [ Ill?:'lﬁnstruéahmﬁm:a‘:ff s:mp{-:
slip ring and I::-rushq's ." N N/ I| | | 1 | i N
\ alll I otor| consists of rotor bars which are
The rotor winding 15 ﬂmﬂﬁ?mﬁthr #qh;f winging E P _
) I [ | ||, panmﬁ .ashqpte;[\"ﬁ'nﬁ the help of end rings
We can easily add n:umr resm[ﬂnhe'hy !.ﬂsmg 3I1.|:|L -Emm;p’tﬂ: arf._pprmnmﬂy shorted, it's not
nng and brushes \_ - 3 —'3 N a #aﬂdj:l rxtcmni rﬂg;r‘stanm.

#

Due to presence ofe ermmal—msmta.nce ﬁ'iﬂ'l_

starting torque can be ﬂbﬁﬂ-&d

e

SLem ngmaqujjg img am:i cannot be improved
] '_| m |

Slip ring and brushes are ]:m:mnt
IhTQ'I'l'FI J l']- l’_‘II

LB R

5]: n&_and b[%hl:ﬂ- are absent

Frequent m t

of brushes

g5 ired
RS 4 ']
! y u e —
| I \ 'I |': | .I |

The consioction is complicare ﬂﬁd:'j_i_iﬁp'i‘eéen:e‘

of brushes and slip ning makes the motor more

costly

i ir

R e

The construction is simple and robust and it is cheap

as compared 1o slip Aang induction motor

This motor is rarely used only 10% indusiry uses

ship ring induction motor

Due o its simple construction and low cost. The

squirrel cage induction motor is widely used
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Rotor copper losses are high and hence less . o
: Less rotor copper losses and hence high efliciency
efficiency

Speed contrel by rotor resistance method 15 | Speed control by rotor resistance method is not

possible possible

Slip ring induction motor are used where high . ) ) _ .
Squirrel cage induction motor is used in lathes
starting torque 15 requited 1. 10 hoists, cranes, o
N | E}],ng machine, fan, blower printing machines etc.

elevator eLc.
;,.:ﬁ"“" e |I | |I o Ilr{l'lr ,.rf
Applications: » L P AN
polic FOMULH%,

1. Squirrel Cage Induction ﬁlumr .

As these molors have mmd&aﬂlmlurque they are used in fans, blowers,

water pumps, gmn;ﬂ:s la 5 hmm—wm ::InJ.I.tn-g machines, etc.
1, Slip Ring [udqmqn‘ﬁlufnr I |

These rnﬂpq Hﬁ"r’: HT};FL -.

n:mnpressnrsf\elé =" | |

.-—.-_

ne t l u&- Ih!l:‘lnc: j;"!usfl:ﬂhfri hfh. .il-q'l’.ﬁtﬁ clevators, cranes,

! 3 N [ |
Concept of Rntating’ ﬁhg;neht Iﬁ?ﬂld rJ {.' I,IL' Ny
J LA M

Three phase tnduchn mnmrmnmsts nf'ﬂﬂgm a d rotar. Tl’l_E:_@:I:-_E'.H nf‘ahparatlﬁn between stator and
rotor is called as ::ﬂr_gﬁg_smur Etlnblbthgﬂ Jﬁ/rfe _________

displacedlrom each ﬁlhe::jry-.E"P Whm IJ'[I'EE phase balanced w}ll&_sjes. a
rofating magnetic feld {FL“-M F"] is -Jaet* up i -’the"ai’? wap. ml dlihllg'pmduted due 1o three phase

supply giv ge phase %HM I'.‘.#ng.l]r{'g ¥ "E‘tﬂh"ﬁ@ére displac t 120" from each

RSB XL
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Pp =9, Sinax ~ % '
i =7
é, =¢ sin[mf-liﬂ ] ":-:.'(t:r. )
> = :
by =9, s-r{mrﬂm [j/ »Jj_ -
Th 1 fl !%.-’ ﬁllﬂ hﬁlﬁ-h;; l of J;
¢ resultant thax ¥
};fj| | |
7, i
#]r _¢R +#r +ﬁH ‘;I| ’H:.:_il.l. leltz} | §
15 'TT‘" I l*\\ o,

Cave L:at=0° 0

\"“xmnmuauﬂmill NN

“%q,
'rr; f‘\ b"'zl...

INSTITUTE DF

?:_a FIS

Substituting for ax
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The positive values are shown in assumed positive directions while negative values are shown in

opposite direction to the assumed positive directions of the respective fluxes.

BDis draw n perpendicular fromB ong,. [t bisectsg,.,

= OD=DA =iTT
In triangle OBD =30°
¢ TOTH
s cos30P = o é ,.;.,,‘-.. A = |—|| i "E.t‘:f}.
..ﬁLZHﬂﬂﬁﬁﬁ!xcaﬁﬂ“zlﬂ J L {_f}*
So magnitude of ¢ is1.5¢_ and itsp nis mﬁﬁﬁﬁ al .;ﬂ- 0=
'.__
Case 2:@t = 60° 'n—"
f — 1. &
Substituting for ax - u:i eq:}lﬁu Yy > | !_-v.&'-; )|
-‘Irj IIIIl I.i"a
b=t Tt ;
Vi ) JE
"'F _Tiﬁm .;' J_;"III d
-
'i*ﬂ ={ .__':", :
,H% i
br=fp+oy e
a8 A | T i i
f’:i*l-. ..'.IL;II? | ‘qﬁﬁ‘ | | | D ( \% E
Repeating the same mnsw%%gtm 1 @ﬂ:g@; D we get the same re-suu as, gr
= | 5w It g - oL nnﬁ. in
clockwise di Il_ I n

Case 3:an = 120°

Substituting for ¥ = /20 in equation (1}
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W3
fo=—7%

P =fptog

Repeating the same construction,

=1.5¢m.
It can be observed that though its

direction, from its previ nmri:"]_!T'.'
space, in clockwise dirécti “J,"—_

I.-"'.“ﬁ J “‘__.'III..-" |
Case 4:a = .Ta‘ﬂ'"i'r (-” | \"II'—’_

S ‘ _.'E
Substituting for e f/ifl equation N |
= ,rj‘&__!'ll '.m'.?J 1: :]I J_| | 1'|'lll'l1h‘~ A
, —,

0 BEE b

IHSTITUTE l:] “""‘“"'f" o ak

'SE' ert.in

Fig 5.12

Repeating the same construction, drawing perpendicular from B on al [ we get the same result as, ¢
= | 5. It can be observed that though its magmitude is 1.5¢m 1t has rotated through 609 1n space, in
elockwise direction, from its previous position. And from its pogition at ¢ = 07, it has rotsted through

180% in space. in clockwise direction.
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From the above discussions following conclusions can be made,

a) The resultant of the three alternating fluxes, separated from each other has constant amplitude
of 1.5 @, where @, 15 maximum amplitude of an individual flux due to anv phase.
b) The resultant Mux always keeps rotating in space at the same [requency as that of supply

frequency.
Principle of Operation: . 1O TH Ep

#  Induction motor works on ﬂq;g n:.lEldg jfeieﬁtrmna%ghc induction.
# When a three phase sup;:llj.r 15 vterthe three: {pﬁra;& smﬁt' winding, a rotating magnetic field

is produced. The speed ﬂ'!"‘ﬂw melﬂ is called synchronous speed, Ng in
-
= e —

120F
R 7N T =y .ILl A
= Fhemtﬁtmgrﬁglllﬁllpmﬂlr#ran@wtn rr!ﬁTn poles rm&nd%&mip{p..

|
# Let the d:trdét[‘ﬂn of rothti jl of the rotatip rrmgrll:uf‘ I'&ﬂ]ﬂ.\hfclut E'ﬂ% ‘#s shown in the figure
il & | .

A — [ ] "'
5.12{a), Y | ‘ - lff
F oA l |I ] | |_| [l | \ -"*'Jl". A,

T.‘hdm:l Ovnchon of 5 RMF

e .'""indn.-:u
m : s/ ; il torm
/

 AMSEXpert. in

Fig 512

# At this instant rotor is stationary and stator flux R.MF. is rotating. Because of this there

exists a relative motion between the B M.F. and rotor conductors.
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# The RMF. gets cut by rotor conductors as RMF, sweeps over rotor conductors.
Whenever conductors cut the flux, e m £ gets induced in it. So em f gets induced in the
rator conductors called rotor induced e.m £

»  As rotor forms closed circuit, induced e m f circulates current through rotor called rodor
current as shown in figure 512 {b)

# Curment carrving conductor produces its own flux. So rotor produces its flux called rotor

flux. For assumed direction of rotor current, the direction of rotor flux 15 clockwise as

‘1\”“-.-'-. I I |'\--.__I f__.l"‘:_,.r
shown in the figure 5.12 {c)., \ | [ f_;
g T BB 5, '-. 1 L A

# There are two fluxes, D]'J-E: E. M F. and u::nther ru-tnr ﬂLL.'-. Bath the fluxes interact with each
other and rotor cunl:h.m::w 'l‘.'?'l'pl:rltl'l';l: a force fmm h:ﬂ to nght as shown in figune 5,12 {d)

et AT TR RN ITRI R P e
# The overall rotor e»;penenceﬂ' a torque and starts mlallng [len::& rotor starts rolating in the

e el e — =
same djrectmﬂ as that nf rotating magnettc field. | ! P \I
f“:' 1 ._ W -
> Aan SNl D Y N ()
Nsis !.he speed of rotati g mngneu: Lield {qg.rm:hr-;;-nms 5peed:| i £,
== 11 Hm I i
Nis |!1e ﬂpeed of rotor / 11143mr inr. p m | | Ir’"'x'.‘;. |
A I | 1/ el
Then ("'Jq - -"4} 18 the relative sE:ead hE‘t'l'rEEﬂ the R MLF and the ml.c!-r and is called shp
% ." o 55
bp'::d H'. "'-'. \h -:ff‘é; ."l; "lf
Sliﬂlt l' o — _,:,. — ]

=

# The slip speed is %;enerall}' & IE:resmi as the pemmtage: of sy uchmnnus speed. The difference
|

i T T TR T T .

between the synchronous speed (Ne) and the speed of the rotor { N ) expressed as a fraction of

L 'ra-l-\.—r-r T AT '_‘r'li_ll TERTF ST Saim TLF

the s

#  Actual speed of rotor in terms EIFE»]IFI can be expressed as N =Nz (1- 5).

* Al start, modor 18 at rest, 1.6, N = 0, therelore s =1 at start or standstll.

# Practically motor operates in the slip range of 1% to 5%. The slip comesponding to full load
speed of the motor is called “full load slip.”
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Can N = Ns?
¥ When rotor starts rotating, it tries to catch the speed of rotating magnetic field.

# If rotor catches the speed of the rotating magnetic field, the relative motion between rotor and
the rotating magnetic field will vanish ( Ns =N = 0),

# The relative motion is the main cause for the induced e.m.f in the rotor. So induced e.m.f. will
vanish and hence there cannot be rotor curment and the rotor flux which is essential to produce
the torque on the rotor. Eventually motor wall stop

#  But due 1o mertia of rotor, this does not happen in practice and molor conlinues 1o rotate with
a speed slightly less than the synchronous speed of the rotating magnetic field in the steady
state.

#  The induction motor never rofates at synchronous speed. The speed at which it rotates is hence
called sub-synchronous speed. . N < N5, 5o it can be said that rotor slips behind the rotating
magnefic field produced by stator. The difference between the two is called slip speed of the
motor. Ms— N = Slip speed of the motor in r.p.m.

# This speed decides the magnitede of the induction em . and the rotor current, which in turn
decides the tq‘;i&uia ?@_Efd:‘-l-ﬂ .'.K 2 {!'.ﬂ ; -

_] |
2L

- =

| 5 . X )
Effeect of Slip on lﬁpl.ur Frequency: _buh fg" 3 __.f
¢ Thes 3f rotating magnetic field s%%"' 4 )
peed ¢ ,_...§‘ lgn "-.,I |. . 1__: P_q -
c2r CAMBRIDGE
IHSTIHJT]: OF NOLOGY .
e 3 - o : A == i
. tor in f and p@nr ni;nglvmn a
slip speed (Mg — N), then there exists a fixed relation betwieen, NS —N, f; and P
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120
Wi
N,—N . 120f,
N 1
120f.
- _ %
N,  120f
a
= j-—'-—
g
o f =3
Thus the frequency of rotor induced em.f in munning condition is slip times the supply
frequency e —— a—
Starter:

| ‘ . ."' o
Mecessity of Sm:rt!r W'ht:n E 1 phm;c motor Uf h:ghcr ranmz 15 sh'-':lt:ht:-d on directly from the mains

it draws a starting current of about 4 -7 times the {ull load current  As rotor conductors are shon
circuited, the em.f. circulates very high current through rotor conductors at star. Due to such high
current at starting there is a possibility of damage to the motor winding. This will alzo cause a drop in
the voltage affecting the performance of other loads connected 1o the mains. To avoid such Kind of
adverse effects it 1s necessary to limit the starting current. Hence starters are used to limit the initial

current drawn by the 3 phase induction motors.

Starter not only limits the sm.rtlng current but also provides protection to the induction mptor against

mrstexperti-

overloading

the stariers

1) Direct On Line Starter {DOL star'tl:rj
il Senes Reactance Starter
iii}  Auto Transtormer Starer

ivl  Star Delta Starter:
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Star — Delta Starter:
# This is the cheapest and simplest starter of all and hence used very commonly for the
induction motors.
s [t uses tnple pole double throw (TPDT) switch
* The switch connects the stator winding in star at start. Hence per phase voltage get reduced

¥ : .
by the factor /;:H Va =-—*-3— Due to this reduced voltage, the starting current also gets

reduced by factor %ﬁ

&  When the motor attains 50 — 60% of rated speed | the switch is thrown on other side (RUN),
the winding gets connected in delta, across the supplyVie = V1. So it gets normal rated
voltage.

# Each phase of the winding gets rated voltage, which is sufficient to produce running torgque.

&  The amangement of star — delta starter 18 shown in the figure

| I.--l'l.-" 1 i iR | | I 0 RE [, |
. ,-H" 1 Phaal gl '-,I
11 ll J.l "
=)

F

&

Fig 5.13
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# This of starter is suitable only for those motors designed o run with delta connected stator

winding,
# The factor by which the voltage change is M,i and cannot be changed.
Froblems:

5.3 A six pole induction motor is supplied by a 10 pole alternator which is driven at 600
r.p.mi. IF the motor is running at 970 r.p.m. Determine the percentage slip.

: O O X
Data: & QLY %
Alternator;

Ns = 600 r.p.m.

P=10

F
-'-.r=ﬂi=”f DQ@’ ) gﬁ& i
._& 9
For an induction L‘nm:;r.,—l- “-fw

N, - unr t*ruusltg:_rg%ﬂ' w"'{L._ [hzi R—[ ]l_g \ J.l ;

& . HSTITUTE OF NOLOGY

s¥pPert.In

54 A 4 pole induction motor is supplied from a 50 Hz sowrce. The rotor e.m.f. makes 2
alterations / second. Find slip and speed of motor.

5

[ata:
P=4

=
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f=50Hz
fi=2Hz

z
$=j—'—i=[l.ﬂ4

[ 50
N, = ]zﬁf - "'D: 20 1500r pm

N =N, (1 =s)=1500{ —0.04)= 14400 pm

Salip=4% and N = 1440 r.p.m.

5.5 A 4 pole, 50 Hz induction moty

the slip is 2.5%. Find the'e
PG = 8
. W
Data . [ ‘1'51’ .{.-:'.
P=4 ,_'| :} II'E »..L / JI
f=50Hz S h ‘ |
(T >y
sa=00t  JJAL (I L W) I ) AN
./ k:‘; J Ij-l|l| Y, I-E.-" L o/ x__J I|
Spp=0.025 lb s ._l.\‘\ — .-' D =
C120F 130505 N 7 /
N,= 5 f 29: =501 P “"«;Q;_,p-*“;f-” 5

Ny =N, {-E ‘ur}—l ]-H.,Iﬂl]ﬁ 4& i 'l——: 3 T
N =N, {]—'i“]—l'i_'d]ﬂ:i.f.— =|d,_[ m || ) | (F‘i .I.',_-
3 NOLOGY

Ny =Ny =225 pm. [NSTITUTE OF

5.6 A 4 pole, 3 phase, 50 Hz induction motor runs at a speed of 1470 r.pom. Find the
synchronous speed, the slip and frequency of the induced em.f. in the rotor under this
condition.

Data: P =4
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f=50Hz
MN=1470 1. pm.
20x 50
N, = Lobf _ YoURS0 - ik
P 4

s N, =N o | 500 = I4'.|'{:I= 0.02

N, 1500

fo=ar=002=x30=1H:z

SSynchronous speed is 1500 r.p.m.. slip = 0,02 %, rotor frequency = 1 Hz

5.7 A 6 pole alternator runs at 1000 r.p.m. supplies power to a 4 pole induction motor. The
frequency of rotor of induction motor is 2Hz. Determine the slip and speed of the motor.

Data
Al alod
barn '{:-:I\'H-
P=6 I
¢
Ng = 1000 rp.m ::'
-
[ .

For the alternator,_\
1200 N N\
R —— N\

PN lfl- io ] I
e X MBRIDGE

INSTITUTE OF HE'LGG‘[’
XP@T t.IN
.I"lu"sﬂl -
P 4

§ = ..f. =i=ﬂ.ﬂ4

F 50

= Nl =5)=150001-0.04) = 1440r p.m.

Sslip = 4%, speed of motor = 1440 r.p.m.
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Additional Problems:

1. A three phase 6 pole 50Hz induction motor has a slip of 1% at no load and 3% at full load.
Determine: 1) Synchronous speed, (i) No load speed. (iii) Full-load speed, (iv) Frequency of rotor
current at standstill, {v}) Frequency of rotor current at full-load.

2 A 3 phase induction motor 18 wound for 4 poles and 18 supplied from 50Hz svstemy. Caloulate (1)
Synchronous speed (i) The speed of the motor when s[ip 15 4% (1) The rotor current frequency
when motor runs at 1440 rp.m. ‘E'['.I IH;

3. A 3 phase, 4 poles, 400V, 5@{!;5!)?% rrfj}mrfrup vﬁﬂ; a slip of 4% find rotor speed and

frequency. f““‘ ;’ - Hﬁu; 1'
4 A 3 phase induction motor with 3 poleds mipplied fic fafi'l_a]temamr having & poles and running

at 1000 rp.m. Calculate fr‘] The synehronous speed-of ion n‘tn:nmr{lt} [ts speed when slip is
0.04 (iii) Trequmcy/;r%mwf- 'I
5 A3 phase, 4 p-u}',h-v] M s : rﬁlﬂfﬁﬁﬁynchmnﬁus speed. On
1) ¥ L-' ] - |
full load its speec(tg,ﬂhsenﬂlbt_f pim Calculte %Lgd ﬁ
6. The frequency nFtL ‘.lfl-_ﬁll'l the s i Hz and in the motor is
4 ~. I PN
I 5 Hz, What is lip _ﬂ'_[_,w 2

CAMB |P§_1 DGE

INSTITUTE OF NOLOGY

Exe
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