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Overview of Direct Current Machines:
e Direct-current (DC) machines are divided into dc generators and dc motors.

e Most DC machines are similar to AC machines: i.e. they have AC voltages and current
within them.

e DC machines have DC outputs just because they have a mechanism converting AC
voltages to DC voltages at their terminals.

e This mechanism is called a commutator; therefore, DC machines are also called
commutating machines.

e DC generators are not as common as they used to be, because direct current, when
required, is mainly produced by electronic rectifiers.

BEE S Reddy Ramesh
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DC Generator: _ 22 (N

e A dc generator is a machine that converts
mechanical energy into electrical energy
(dc voltage and current) by using the
principle of magnetic induction.

e |n this example, the ends of the wire loop
have been connected to two slip rings
mounted on the shaft, while brushes are
used to carry the current from the loop to
the outside of the circuit.

Principle of magnetic induction in DC machine

4
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DC Motor

e DC motors are everywhere! In a house,
almost every mechanical movement that you
see around you is caused by an DC (direct
current) motor.

* An dc motor is a machine that converts
electrical energy into mechanical energy by
supplying a dc power (voltage and current).

* An advantage of DC motors is that it is easy to
control their speed in a wide dispersion.

BEE S Reddy Ramesh
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Construction of DC Machine

\ Spring
=) Brush holder

Brush
(Graphite)

e \'.'_5'
Commutator

Cutaway view of DC motor
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Construction of DC Machine:

Iron core

Insulation
between
segments

Coil commutator
interconnection

Insulation
between
segments

Commutator
Coil insulation  COPPer segment

Rotor or armature of a DC Motor
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Armature:

e More loops of wire = higher rectified voltage

e |n practical, loops are generally placed in slots of an
iron core

e The iron acts as a magnetic conductor by providing a
low-reluctance path for magnetic lines of flux to
increase the inductance of the loops and provide a
higher induced voltage.

e The commutator is connected to the slotted iron core.

e The entire assembly of iron core, commutator, and
windings is called the armature.

e The windings of armatures are connected in different
ways depending on the requirements of the machine.

Rotor is rotating part - armature
Stator is stationary part - field

BEE S Reddy Ramesh
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Armature Windings:

e Lap Wound Armature:

— are used in machines designed for low
voltage and high current

— armatures are constructed with large wire
because of high current

— Eg: - These are used in the starter motor of
almost all automobiles

— The windings of a lap wound armature are
connected in parallel. This permits the
current capacity of each winding to be
added and provides a higher operating
current

— No of current path, C=2p ; p=no of poles

BEE S Reddy Ramesh
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. Wave Wound Armature:
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— are used in machines designed for high
voltage and low current T .
— their windings connected in series
— When the windings are connected in series, e ATk AR ARk T

the voltage of each winding adds, but the
current capacity remains the same

— are used is in the small generator in hand-
cranked meg ohmmeters.

— No of current path, C=2

WAVE WINDING
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BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

designed for use with moderate current and
moderate armature voltages.

the windings are connected in series parallel.

Most large DC machines use frog leg wound
armatures.

Field Windings:
e Most DC machines use wound electromagnets
to provide the magnetic field.

e Two types of field windings are used :
— series field
— shunt field

BEE S Reddy Ramesh
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Field Windings:  Shunt field winding:

+ Series field winding: — IS constructed with relatively many
turns of small wire, thus, it has a
much higher resistance than the
series field.

— 1S Intended to be connected In
parallel with, or shunt, the
armature.

— high resistance is used to limit
current flow through the field.

« When a DC machine uses both series and
shunt fields, each pole piece will contain

— are so named because they are
connected In series with the
armature

—are made with relatively few
windings turns of very large wire and
have a very low resistance

— usually found in large horsepower
machines wound with square or
rectangular wire.

— The use of square wire permits the both windings.
windings to be laid closer together, - The windings are wound on the pole
which increases the number of turns pieces in such a manner that when current

that can be wound in a particular flows through the winding it will produce
alternate magnetic polarities.

sSpace 12
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Self excited
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BEE

DC MACHINES

MACHINE WINDINGS OVERVIEW:
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Principle of operation of DC Generator:

Separately
Excited

series

shunt | | compound

S Reddy Ramesh

Whenever a conductor is moved
within a magnetic field in such a
way that the conductor cuts across
magnetic lines of flux, voltage Is
generated in the conductor.

The amount of voltage generated
depends on:
I. the strength of the magnetic field,

i. the angle at which the conductor cuts
the magnetic field,

lii. the speed at which the conductor is
moved, and

Iv. the length of the conductor within the
magnetic field

13
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Fleming’s Right Hand Rule(Generator rule):

e Use: To determine the direction of the induced emf
/current of a conductor moving in a magnetic field.

* The polarity of the voltage depends on the direction
of the magnetic lines of flux and the direction of
movement of the conductor.

Coil
DC Generator

Brushes

Commutator-brush assembly mechanically
Commutator segments  rectifies the coil’s AC voltage so that DC

voltage appears across the brushes

BEE S Reddy Ramesh
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motion or force £

magnetic field 8

induced cumrent /
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DC MACHINES
Elementary Generator:

The simplest elementary generator that can be
built is an ac generator.

Basic generating principles are most easily
explained through the use of the elementary ac
generator.

For this reason, the ac generator will be
discussed first. The dc generator will be
discussed later.

An elementary generator consists of a wire
loop mounted on the shaft, so that it can be
rotated in a stationary magnetic field.

This will produce an induced emf in the loop.

Sliding contacts (brushes) connect the loop to
an external circuit load in order to pick up or
use the induced emf.

BEE S Reddy Ramesh
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e The pole pieces (marked N and S) provide the magnetic field. The pole pieces are
shaped and positioned as shown to concentrate the magnetic field as close as
possible to the wire loop.

e The loop of wire that rotates through the field is called the ARMATURE. The ends
of the armature loop are connected to rings called SLIP RINGS. They rotate with
the armature.

e The brushes, usually made of carbon, with wires attached to them, ride against
the rings. The generated voltage appears across these brushes. (These brushes
transfer power from the battery to the commutator as the generator spins.

16
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Elementary Generator(A): Loop x|
-~ Fux lines

« An end view of the shaft and wire loop is
shown.

At this particular instant, the loop of wire
(the black and white conductors of the N & S
loop) Is parallel to the magnetic lines of
flux, and no cutting action is taking

place. ®

« Since the lines of flux are not being cut +  Shaft s
by the loop, no emf is induced in the
conductors, and the meter at this 0

position indicates zero.

 This position is called the NEUTRAL -
PLANE.

Voits

09 Position (Neutral Plane)

17
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Elementary Generator(B):

The shaft has been turned 90° clockwise,
the conductors cut through more and more
lines of flux, and voltage is induced in the
conductor.

at a continually increasing angle , the
Induced emf in the conductors builds up
from zero to a maximum value or peak
value.

Observe that from 0° to 90°, the black
conductor cuts down through the field.

At the same time the white conductor cuts
up through the field.

The induced emf's in the conductors are
series-adding.

Voltage reaches peak value

Volts

90° Position

The meter at position B reads maximum value.

This means the resultant voltage across the brushes (the terminal voltage) is the sum of the two induced

voltages.
BEE S Reddy Ramesh
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Elementary Generator(C):

e After another 90° of rotation, the loop has
completed 180° of rotation and is again
parallel to the lines of flux. N

e As the loop was turned, the voltage
decreased until it again reached zero.

e Note that : From 0° to 180° the conductors of

the armature loop have been moving in the 4
o o2 — Voitage returns to zero
same direction through the magnetic field. :
e Therefore, the polarity of the induced ;
voltage has remained the same Volts

180° Position

S Reddy Ramesh 19
BEE



RO B

B, DC MACHINES Aditya College of Engineering &Technology

"'ﬁ1F51/\\_§-'|
Elementary Generator(D):
* As the loop continues to turn, the conductors —

again cut the lines of magnetic flux. \

« This time, however, the conductor that
previously cut through the flux lines of the N O @ S
south magnetic field is cutting the lines of the i
north magnetic field, and vice-versa. &

« Since the conductors are cutting the flux lines
of opposite magnetic polarity, the polarity of
the induced voltage reverses.

« After 270° of rotation, the loop has rotated to 0
the position shown, and the maximum Volts
terminal voltage will be the same as it was -

from A to C except that the polarity is
reversed. 270° Position

«— Negative voltage peak

20
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Elementary Generator(A):

F
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e After another 90° of rotation, the loop has
completed one rotation of 360° and a

returned to its starting position. N | Q ; S
/

e The voltage decreased from its negative /

Z
peak back to zero. .4//
e Notice that the voltage produced in the +
armature is an alternating polarity. The
voltage produced in all rotating armatures 0

is alternating voltage. Volts

360° Position

21
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Elementary Generator(Conclusion):
 Observes

The meter direction

The conductors of the armature
loop

Direction of the current flow

22
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Elementary DC Generator:
e Since DC generators must produce DC current instead
of AC current, a device must be used to change the AC
voltage produced in the armature windings into DC
voltage. Loop

e This job is performed by the commutator.

: _ Commutator
e The commutator is constructed from a copper ring L
split into segments with insulating material between N /
the segments (See next page). W\ ﬁ /’
e Brushes riding against the commutator segments carry \ | L/
the power to the outside circuit. \\\ /ﬂ{ /”/ Brushes

e The commutator in a dc generator replaces the slip rings of the ac generator. This is the
main difference in their construction.

e The commutator mechanically reverses the armature loop connections to the external

circuit.

23
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Armature:

e The armature has an axle, and the commutator is attached
to the axle.

e |n the diagram to the right, you can see three different
views of the same armature: front, side and end-on.

e |n the end-on view, the winding is eliminated to make the
commutator more obvious.

e We can see that the commutator is simply a pair of plates
attached to the axle.

e These plates provide the two connections for the coil of
the electromagnet.

Armature with commutator view

24
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Elementary DC Generator:

* The loop is parallel to the magnetic lines
of flux, and no voltage is induced in the
loop

* Note that the brushes make contact with
both of the commutator segments at this
time. The position is called neutral
plane.

BEE S Reddy Ramesh
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. Volts

0° Position(DC Neutral plane)
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Elementary DC Generator:

* As the loop rotates, the conductors begin to |
cut through the magnetic lines of flux.

* The conductor cutting through the south
magnetic field is connected to the positive
brush, and the conductor cutting through the
north magnetic field is connected to the
negative brush.

* Since the loop is cutting lines of flux, a 4| /
voltage is induced into the loop. /

« After 90° of rotation, the voltage reaches its ;
most positive point. “ bt

90° Position

26
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Elementary DC Generator:

e As the loop continues to rotate, the voltage
decreases to zero.

e After 1800 of rotation, the conductors are
again parallel to the lines of flux, and no
voltage is induced in the loop.

e Note that the brushes again make contact +
with both segments of the commutator at
the time when there is no induced voltage
in the conductors i Volts

180° Position(DC)

27

BEE S Reddy Ramesh



DC MACHINES

e During the next 90° of rotation, the conductors
again cut through the magnetic lines of flux.

* This time, however, the conductor that previously
cut through the south magnetic field is now cutting
the flux lines of the north field, and vice-versa. .

* Since these conductors are cutting the lines of flux
of opposite magnetic polarities, the polarity of
induced voltage is different for each of the
conductors. The commutator, however, maintains
the correct polarity to each brush.

 The conductor cutting through the north magnetic

field will always be connected to the negative brush, - Volts
and the conductor cutting through the south field
will always be connected to the positive brush. 270° Position(DC)
* Since the polarity at the brushes has remained Elementary DC Generator

constant, the voltage will increase to its peak value
in the same direction. .

BEE S Reddy Ramesh
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Elementary DC Generator:

As the Iloop continues to rotate, the
Induced voltage again decreases to zero
when the conductors become parallel to
the magnetic lines of flux.

Notice that during this 360° rotation of the
loop the polarity of voltage remained the
same for both halves of the waveform. This
Is called rectified DC voltage.

The voltage iIs pulsating. It does turn on
and off, but it never reverses polarity.
Since the polarity for each brush remains
constant, the output voltage is DC.

BEE S Reddy Ramesh
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< Voits

0° Position(DC Neutral Plane)
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Elementary DC Generator(Conclusion):

e Observes
The meter direction

The conductors of the
armature loop

Direction of the current
flow

30
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Effect of additional turns:

To increase the amount of output voltage, it is
common practice to increase the number of turns /7
//
/

of wire for each loop.

£ AnituAd

If a loop contains 20 turns of wire, the induced
voltage will be 20 times greater than that for a
single-loop conductor.

The reason for this is that each loop is connected
in series with the other loops. Since the loops
form a series path, the voltage induced in the
loops will add.

In this example, if each loop has an induced
voltage of 2V, the total voltage for this winding
would be 40V.

(2V x 20 loops =40 V)

BEE S Reddy Ramesh

Effect of additional turns
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Practical DC Generator:
e The actual construction and operation of a practical
dc generator differs somewhat from our elementary
generators

e Nearly all practical generators use electromagnetic
poles instead of the permanent magnets used in our
elementary generator

e The main advantages of using electromagnetic poles
are:

(1) increased field strength and

(2)possible to control the strength of the
fields. By varying the input voltage, the
field strength is varied.

By varying the field strength, the output voltage of
the generator can be controlled. Four-pole generator(without armature)

32
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The DC Generators and DC Motors have the
same general construction. In fact, when
the machine is being assembled, we usually
do not know whether it is DC Generator or
DC Motor. All the DC Machines have 5
principle components, i.e.,
i. Field system
ii.  Armature core
iii. Armature winding
iv. Commutator
V. Brushes

(i)Field system:
The function of the field system is to

produce uniform magnetic field within
which the armature rotates.

DC MACHINES

BEE

It consists of a number of salient poles(even
number) bolted to the inside of circular
frame(yoke).

The yoke is usually made of cast steel(solid)
whereas the pole pieces are composed of
stacked laminations. Field coils are mounted
on the poles and carry the DC exciting
current. The field coils are connected in
such a way that adjacent poles have
opposite polarity.

The mmf developed by the field Ccoil
produces a magnetic flux that passes
through the pole pieces, the air gap, the
armature as shown in fig(b).

By reducing the length of air gap, we can
reduce the size of field coils(no of turns).
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(ii) Armature core:

The armature core is keyed to the machine
shaft and rotates between the field poles. It
consists of slotted soft-iron laminations(about
0.4 mm to 0.6 mm thick) that are stacked to
form a cylindrical core.

The laminations are individually coated with a
thin insulating film so that they do not come in
electrical contact with each other.

The purpose of laminating the core is to reduce
the eddy current losses.

The laminations are slotted to accommodate
and provide mechanical security for the
armature winding and to give shorter air gap
for the flux to cross between the pole face and
the armature teeth.

DC MACHINES
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(iiif) Armature winding:

The slots of the armature core holds
insulated conductors that are connected in
a suitable manner. This is known as
armature winding. This is the winding in
which working emf is induced.

The armature conductors are connected in
series-parallel. The conductors being
connected in series so as to increase the
voltage and in parallel paths so as to
increase the current.

(iv) Commutator:

A commutator is a mechanical rectifier
which converts the alternating voltage
generated in the armature winding into
direct current across the brushes.
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The commutator is made up of copper
segments insulated from each other by mica
sheets and mounted on the shaft of the
machine.

The armature conductors are slotted to the
commutator segments in a suitable manner
to give rise to armature winding.

Greater care is taken in building the
commutator because any eccentricity will
cause the brushes to bounce, produce
unacceptable sparking.

The sparks may burn the brushes and
overheat and carbonise the commutator.

BEE

(v) Brushes:

The purpose of brushes is to ensure electrical
connections between the rotating
commutator and stationary external load
circuit.

When the machine is acting as a generator,
the brushes carry current from the
commutator to the external stationary load.
In case, the machine is acting as a motor,
they feed supply current to the commutator.
The brushes are made up of carbon and rest
on the commutator.

As we go round the commutator, the
successive brushes have +ve and -ve
polarities. Brushes having the same polarity
are connected together so that we have two
terminalsi.e., +ve and —ve terminal
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Simple Loop Generator:

)

b toy
Consider a single turn loop ABCD rotating clockwise in a uniform magnetic field with a

constant speed as shown in figure(a). As the loop rotates the magnetic flux linking the
coil sides AB & CD changes continuously.

BEE S Reddy Ramesh
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Hence the emf induced in these coil sides also changes but the emf induced in one coil

side adds to that induced in the other.

It is because the coil sides always remain under the influence of opposite poles i.e., if one

coil side is under the influence of the N-Pole, then the other coil side will be under the

influence of S-Pole and vice-versa.

i.  When the loop is in position no:1(see fig(a)), then the generated emf is zero, because
the coil sides(AB & CD) are cutting no magnetic flux but are moving parallel to it.

ii. When the loop is in position no:2, the coil sides are moving at an angle to the
magnetic flux and therefore, a low emf is generated as indicated by point 2 in fig(b).

iii. When the loop is in position no:3, the coil sides(AB & CD) are at right angles to the
magnetic flux, and therefore cutting the flux at a maximum rate. Hence, at this instant
the generated emf is maximum as indicated by point 3 in fig(b).

iv. At position 4, the generated emf is less because the coil sides are cutting the
magnetic flux at an angle.

v. At position 5, no magnetic lines are cut and hence induced emf is zero as indicated by
point 5 in fig(b).

BEE
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(vi) At position 6, the coil sides move under a pole of opposite polarity and hence the
direction of generated emf is reversed. The maximum emf in this direction(reverse
direction, see fig(b)) will be when the loop is at position 7 and zero when at position 1.
This cycle repeats with each revolution of the coil.

Note that emf generated in the loop is alternating one. It is because any coil side say AB,
has emf in one direction when under the influence of N-pole and in the other direction
when under the influence of S-pole.

If a load is connected across the ends of the loop, then alternating current will flow
through the load. The alternating voltage generated in the loop can be converted into DC

by a device called commutator. In fact, commutator is a mechanical rectifier.
Commutator: ’

If some by means, connection of coil side to the external load is
reversed and at the same instant the current in the coil side
reverses, the current through the load will be DC.

Fig(a) shows a commutator having two segments C; & C,. It
consists of a cylindrical metal ring cut into two halves or
segments C, & C, respectively separated by thin sheet of mica.

?"\ (4o
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(i)
The commutator is mounted on, but
insulated from the rotor shaft. The ends of
coil sides AB & CD are connected to the
segments C; & C, respectively as shown in
fig(b). Two stationary carbon brushes rest
on the commutator and lead current to the
external load. With this arrangement, the
commutator at all times connects the coil
side under S-pole to the +ve brush and that
under N-pole to the —ve brush.

(i) In fig(b), the coil sides AB & CD are under
N-pole and S-pole respectively. Note that
segment C, connects the coil side AB to
point P of the load resistance R and the
segment C, connects the coil side CD to
point Q of the load. Also note the direction

of current through load. It is from Q to P.

BEE S Reddy Ramesh
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(ii)) After half a revolution of the loop(180°

rotation), the coil side AB is under S-pole and
the coil side CD under N-pole as shown in
fig(c). The current in the coil sides now flow in
the reverse direction but the segments C,&C,
have also moved through 180° i.e., segment
Cl is now in contact with +ve brush and
segment C2 in contact with —ve brush.

Note that commutator has reversed the coil
connections to the load i.e., coil AB is now
connected to point Q of the load and coil side
CD to the point P of the load.

Also note the direction of current through the
load. It is again from Q to P(i.e., the current in
the coil sides are reversed and at the same
time the connections of the coil sides to the
external load are reversed. This means tf}oat
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current will flow in the same direction through the load.
Thus the alternating voltage generated in the loop will
appear as direct voltage across the brushes.

Note that emf generated in the armature winding of a DC
Generator is AC. The purpose of brushes is simply to lead
current from the rotating loop or winding to the external
stationary load.

The variation of voltage across the brushes with the angular
displacement of the loop is shown in fig(d).

DC MACHINES
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This is not a steady direct voltage but has a pulsating character. It is because the voltage
appearing across the brushes varies from zero to maximum value and back to zero twice

for each revolution of the loop.

A pulsating direct voltage produced by a single loop is not suitable for use. This can be
achieved by using a large number of coils connected in series. The resulting arrangement

is known as armature winding.

BEE S Reddy Ramesh

41

/s



DC MACHINES

EMF Equatlon of DC Generator:

letp =
Z
P
A

N =
Eg =

magnetic flux/pole in webers
Total no: of armature conductors
No: of poles

No: of parallel paths

2 for wave winding

P for Lap winding

Speed of armature in rpm

EMF of the generator

Magnetic flux cut by one conductor in one

revolution of the armature

dd = pd webers

Time taken to complete one revolution

dt =

60/N sec

EMF generated/conductor = dd/dt= P¢/60/N

BEE

PdN/60 Volts

S Reddy Ramesh

EMF of generator =

Eg = (Emf/conductor) *
conductors/parallel path
(PON/60) * (Z/A)

Eg = ¢ZNP/60A volts

Where A = 2 for wave winding
A = P for Lap winding

No.

42
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Armature Resistance:

The resistance offered by the armature circuit is known as armature resistance(Ra) and
includes:

Resistance of armature winding

Resistance of brushes

The armature resistance depends upon the construction of machine. Except for small
machines its value is generally less than 1Q.

Types of DC Generators:

The magnetic field in a DC Generator is normally produced by electromagnets rather
than permanent magnets. Generators are generally classified according to their method
of field excitation.

On this basis DC Generators are divided into two classes:

Separately excited DC Generators

Self excited DC Generators

The behavior of DC Generator on load depends upon the method of field excitation
adopted.

BEE
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Separately Excited DC Generators:

A DC Generator whose field winding magnet
is supplied from an independent external DC
source is called separately excited DC
generator. Fig(a) shows the connections of a
separately excited DC Generator. The voltage
output depends upon the speed of rotation of
armature and the field current(E,=pZNP/60A)
The greater the speed and the field current,
greater is the generated emf. Separately
excited DC Generators are rarely used in
practice. The DC generators are normally of
Self-excited type.

EZ;

BEE S Reddy Ramesh
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Self excited DC Generators:

A DC Generator whose field winding magnet is supplied current from the output of the
generator itself is called self excited DC Generator.

When the armature is rotated, a small voltage is induced in the armature winding due to
Residual Magnetic Flux in the poles. This voltage produces a small field current in the
field winding and causes the flux/pole increases. The increased flux increases the induced
voltage which further increases the field current. This event takes place rapidly and the
generator builds up to the rated generated voltage. There are 3 types of self excited DC
Generators depending upon the matter in which the field winding is connected to the
armature, namely:
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i. Series Generator
ii. Shunt Generator

iii. Compound Generator

(i) Series Generator:

In a series wound generator the field winding is connected in
series with the armature winding so that the whole armature
current flows through the field winding as well as the load.
Fig(a) shows the connections of a series wound generators.
Since the field winding carries the whole of the load current; it

has a few turns of thick wire having low resistance. Series : & ~
generators are rarely used except for special purposes i.e., as @?- @)
. . 4
boosters. e QU L wn T =dGe= g =T @a&) '
4 ; m— 2 R
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(ii) Shunt Generator:

In DC Shunt Generator, the field winding is connected in parallel with the armature
winding so that terminal voltage of the generator is applied across it. The shunt field
winding has many turns of fine wire having high resistance. Therefore, only a part of
armature current flows through shunt field winding and the rest flows through the load.

Fig(a) shows the connections of a shunt wound generator. i - .Tc_
Qhont ﬁ\d Cunen b = Ygh = V( Rah

Avcature.  Cunents = Ta = I tLeh
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(iii) Compound Generator:

f'faj @)

In a compound wound generator, there are two sets of field windings on each pole-one
is in series and the other in parallel with the armature. A compound generator may be:
(a) Short shunt in which only shunt field winding is in parallel with the armature winding
as in fig(a).
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(b) Long shunt in which shunt field winding is in parallel with both series field and

armature winding.

Normally, the majority of mmf is provided by the shunt field. The two windings may be

connected to aid each other(cumulative compounding) or

other(differential compounding).
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Losses in a DC Machine:

The losses in a DC Machine(Generator or Motor) may be divided into three classes viz.,
i. Copper losses

ii. Iron or core losses
iii. Mechanical losses

» All these losses appear as heat and thus raise the temperature of the machine. They
also lower the efficiency of the machine.
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(i) Copper losses:
These losses occur due to currents in the various
windings of the machine.

DC MACHINES

Armature copper loss = I,%R,
Shunt field copperloss = [,%R,
Series field copperloss = | °R,,

(ii) Iron or Core losses:
These losses occur in the armature of a DC
Machine and are due to the rotation of armature
in the magnetic field of the poles. They are two
types viz (a) Hysteresis loss

(b) Eddy current loss
(a) Hysteresis Loss:
These losses occur in the armature of a DC
Machine since any given part of the armature is
subjected to magnetic field reversals as it passes
under successive poles.

BEE
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Fig(a) shows an armature rotating in
two-pole machine. Consider a small
piece ab of the armature. When the
piece ab is under N-pole, the magnetic
lines pass from a to b. Half a revolution
later, the same piece of iron is under S-
pole and the magnetic lines pass from
b to a so that magnetism in the iron is
reversed. In order to reverse
continuously the molecular magnets in
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The armature core, some amount of power

has to spent which is called hysteresis loss
and is given by

P, = nB,'°fV Watts

B..., = max: magnetic flux density in
armature

f = frequency of magnetic reversals

= NP/120 where Nisinrpm
V = volume of armature in m3
H = steinmetz hysteresis coefficient
In order to reduce this loss in a DC Machine
armature core is made of such materials
which have a low value of steinmetz
hysteresis coefficient e.g., Silicon Steel.
(b) Eddy Current Loss:
When armature rotates in the magnetic
field of poles, an emf is induced in it which

BEE S Reddy Ramesh
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Circulates eddy currents in the armature
core. The power loss due to these eddy
currents is called eddy current loss. In order
to reduce this loss, the armature core is
made up of thin laminations insulated from
each other by a thin layer of varnish.

Eddy current loss=P_= K, B2 f* t> V Watts
Where K, = constant
B... = max:magnetic flux density
f = frequency of magnetic reversal
t = thickness of laminations
Vv = volume of material in m3

It may be noted that eddy current loss
depends upon the square of lamination
thickness. For this reason, lamination
thickness should be kept as small as
possible.
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(iii) Mechanical losses:

These losses are due to friction & windage

(a) Friction loss i.e., bearing friction, brush
friction.

(b) Windage loss i.e., air friction of rotating
armature.

These losses depend upon the speed of the

machine. But for a given speed, they are

practically constant.

Iron losses & Mechanical losses together

are called Stray losses.

Constant & Variable losses:

The losses in a DC Generator or a DC Motor

may be sub-divided into:

(a) Constant losses

(b) Variable losses

BEE S Reddy Ramesh
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(a) Constant losses:

The losses in a DC Generator which remains
constant at all loads are known as constant
losses. The constant losses in a DC
Generator are:

*" |ron losses

= Mechanical losses

= Shunt field losses

(b) Variable losses:

The losses in a DC Generator which vary
with load are called variable losses. The
variable losses in a DC Generator are:
Copper loss in the armature winding(l_%R,)
Copper loss in series field winding(l..°R.,)
Total loss = Constant loss + Variable loss
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Power Stages:
The various power stages in a DC Generator are represented diagrammatically shown in

fig(a).
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Condition for maximum efficiency:
The efficiency of a DC Generator is not
constant but varies with load. Consider a DC
shunt generator delivering a load current |, at a
terminal voltage V.
Generator output = V*|,
Generator input = Output + Total losses
= V*I + Variable losses + Constant losses
=V*| + ,2*R, + W,
= V*I + (I +1,)2*R, + W, [la=IL+Ish]
The 1, is generally small as compared to |, and
therefore neglected;
Generator input = V*|_ +12*R_+ W_
n =output/input
= V*|,/ V¥I, +12*Ra + W,
= 1/(1+(I R /V)+(W/VI)) - (1)

BEE S Reddy Ramesh

The n will be maximum when the
denominator of eqn (1) is minimum
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Hence, the efficiency of a DC Generator will be maximum when the load current is such
that variable loss is equal to the constant loss.

Numerical Problems
1. Calculate the emf generated by 4-pole wave wound generator having 65 slots with 12
conductors/slot when driven at 1200 rpm. The flux per pole is 0.02 webers.
2. An 8-pole, lap-wound armature rotated at 350 rpm is required to generate 260V. The
useful magnetic flux/pole is 0.05 wb. If the armature has 120 slots. Calculate the no: of
conductors/slot.
3. A 6-pole lap wound DC Generator has 600 conductors on its armature. The flux per
pole is 0.02 wb. Calculate;
i. The speed at which the generator must be run to generate 300V.
ii. What would be the speed if the generator were wave wound.

4. The armature of a 6-pole, 600 rpm lap wound generator has 90 slots. If each coil has 4
turns, calculate the flux/pole required to generate an emf of 288 V.
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5. A 100kW, 240V DC Shunt generator has a field resistance of 55Q and armature
resistance of 0.067 Q. Find the full load generated voltage?

6. A 4-pole DC Shunt generator with a wave wound armature has to supply a load of
500 lamps each of 100W at 250V. Allowing 10V for the voltage drop in the connecting
leads between the generator and the load and drop of 1V per brush. Calculate the
speed at which the generator should be driven. The magnetic flux per pole is 30mwb
and the armature and shunt field resistances are respectively 0.05 Q & 65 Q. The no: of
armature conductors is 390.

7. A 30kW, 300V DC Shunt generator has armature & field resistances of 0.05 Q & 100
Q respectively. Calculate the total power developed by the armature when it delivers
full load output.

8. A 4-pole DC shunt generator with a shunt field resistance of 100 Q and armature
resistance of 1 Q has 378 wave connected conductors in its armature. The flux/pole is
0.02 wb. If a load resistance of 10 Q is connected across the armature terminals and
the generator is driven at 1000 rpm, calculate the power absorbed by the load.

57
BEE S Reddy Ramesh



,..gj"»%_, DC MACHINES Aditya College of Engineering &Technology
-/ TEUA

9. A DC Compound generator is to supply a load of 250 lamps, each rated at 100W, 250V
The armature, series & shunt windings have resistances of 0.06 Q, 0.04 Q & 50 Q
respectively. Determine the generated emf when the machine is connected in

i. Long shunt ii. Short shunt

Take drop/brush as 1V.

10. A DC Shunt generator supplies 96A at a terminal voltage of 200V. The armature &
shunt field resistances are 0.1 Q and 50 Q respectively. The iron & frictional losses are
2500W. Find i. emf generated ii. Copper losses iii. Commercial efficiency

11. A DC shunt generator delivers full load current of 200A at 240V. The shunt field
resistance is 60 Q and full load efficiency is 90%. The stray losses are 800W. Find

i. Armature resistance ii. Current at which maximum efficiency occurs.

12. A 75kW DC Shunt generator is operated at 230V. The stray losses are 1810W and
shunt field circuit draws 5.35A. The armature circuit has a resistance of 0.035 Q and
brush drop is 2.2V. Calculate:

i. Total losses ii. Input of prime mover iii. n at rated load

BEE S Reddy Ramesh
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DC Motors

Principle:

A machine that converts DC power into
mechanical power is known as DC
motor. Its operation is based on the
principle that when a current carrying
conductor is placed in a magnetic field, _
the conductor experience a mechanical ‘ ’&8 @

force. The direction of this force is given | ‘

by Fleming’s Left hand rule and Working of DC Motor:

magnitude is given by: F =B I L Consider a part of DC motor as shown in fig(a).
Newtons When the terminals of the motor are connected
Basically there is no constructional to the external source of DC supply:

difference between a DC Motor and a The field magnets are excited developing
DC Generator. The same DC machine alternate N & S poles.

can be run as a motor or generator. The armature conductors carry currents.
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All conductors under N pole carry currents in one direction while all the conductors
under S pole carry currents in the opposite direction.

Suppose the conductors under N pole carry currents into the plane of the paper and
those under S pole carry currents out of the plane of the paper as shown in fig(a).
Since each armature conductor is carrying current and is placed in the magnetic field,
mechanical force acts on it. If applying Fleming’s left hand rule, it is clear that force on
each conductor is tending to rotate the armature in anti-clockwise direction.

All these forces add together to produce a driving torque which sets the armature
rotating.

When the conductor moves from one side of a brush to the other, the current in that
conductor is reversed and at the same time it comes under the influence of next pole
which is of opposite polarity . Consequently, the direction of force on the conductor
remains the same.

Back EMF or Counter 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 DC Generator.

BEE
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The induced emf acts in opposite direction to the applied voltage V and is known as
Back or counter emf (E,). According to Lenz’s law, the direction of induced emf is such
that it opposes the cause producing it. The cause producing the back emf Eb is the
applied voltage V. Hence E, opposes the applied voltage V.

The back emf (E_.=pZNP/60A) is always less than the applied voltage V, although this
difference is small when the motor is running under normal conditions.
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Significance of Back EMF:

The presence of back emf makes the DC Motor a self-regulating machine, i.e., it makes
the motor to draw as much armature current as is just sufficient to develop the torque
required by the load. l,=V—-E,/Ra

i When the motor is running on No-load, small torque is required to overcome the
friction & windage losses. Therefore, the armature current I, is small and the E_ is
nearly equal to the applied voltage.

ii If the motor is suddenly loaded, the first effect is to cause the armature to slow down.
Therefore, the speed at which the armature conductors move through the field is
reduced and hence the E, falls. The decreased E, 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
|, is just sufficient to produce the increased torque required by the load.

iii. If the load on the motor is decreased, the driving torque is momentarily in excess of
the requirement so that armature is accelerated. As the armature speed increases, the
E, also increases and causes the I, to decrease. The motor will stop accelerating when

the [, is just sufficient to produce the reduced torque required by the load.
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It follows that E, in a DC Motor regulates the flow of |, i.e., it automatically changes the
armature current to meet the load requirement.
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Out of the armature input, a small portion of about 5% is wasted as |2*R, and the
remaining portion E_*1_ is converted into mechanical power within the armature.
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Hence, mechanical power developed by the motor is maximum when E_ is equal to half
of the applied voltage.
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Types of DC Motors:
Like generators, there are three types of motors characterized by the connections of
field winding in relation to the armature viz.,
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Fig(a) Short shunt motor
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In order to avoid excessive current at Shot hote SO -
starting, a variable resistance(known as '
starting resistance) is inserted in series with
the armature circuit. This resistance is
gradually reduced as the motor gains
speed(and hence E, increases) and
eventually it is cutout completely when the
motor has attained full speed.

Fig(a) shows the schematic diagram of a
shunt motor starter with protective devices.
It consists of starting resistance divided into
several sections and connected in series
with the armature. The tapping points of
the starting resistance are brought out to a
no: of studs, one end of shunt field winding

is connected to the first stud and the other . _
end to the far side of the supply, included in Fig: 3-point starter
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90



§ DC MACHINES Aditya College of Engineering &Technology

this circuit is the No-Volt Release coil. One end of the starting handle A is connected to
one side of supply through Over Load Release coil. The other end of starting handle
moves against spring and makes contact with each stud during starting operation,
cutting out more and more starting resistance as it passes over each stud in clockwise

direction.
DPP:scxHon s

(D T Stowt With the. 0o AVPPY 4 Awliched on with  £fontirg hand te
' the. OFF  position.

G The hondle 8 how mowed  clotkwige. Ao The Hizar gtod « A3 Boon as It
" the  Blwar 2ol The Ahonpk Beld winding 4

Coprnel ‘N Contact w e
e the, wohele }qurhrﬁ e A tante,

d\xqc\-«\1 connected QAuxoak Tre. )Supp\cd’whi
iA pracded SN Rolks Wi Thessarnnodian. Clacoal,
' " od £4
(D As ke hardwe i3 gradvally moved = guwer The 9@{ A+ad | tha arv%
saiston. W ool ol The ovatvre crseodt \n Atepr | e handle 12 NOULO
had tnaqwzﬂcallcj ' Eg e NO-NO se\vane. (NVR ol whith 4 ehexg;Red

oy Ahunt ‘F»Q.ld,; Cuzgent -

BEE S Reddy Ramesh

91



T%f% DC MACHINES Aditya College of Engineering &Technology

EMNLIGHTENS THE NESCIENCE

('N- TH L supply Vekege 18 wc\dam,- xn’fumrf',ed 4 \fN field excitation i3
Qlcc’ndmf\auux i, e no—volt  yeuosg, ol WA Qlo.magmii'ud Omd the, bandle
ques  batk, Yo Tre- OFF pasiifon Under e oIl of The 2pAng. Bf NVWR o)
wevea ot -OBtd | T n coxe o f Hazwvre of- “UPF"ﬁ,-m hondle, WOou Iy
farpsvy On The — ‘(*\mk god . TA then /’UPP“j 3 2ktued  The Motor wor L

e djﬁu*ﬂLj_ QOY?N(‘RJ (2044 Tre $U,P-P)a S f‘ux\)“,..ﬁa o an LR IVe. Qrmatue

(urent - | ,
) T e morer & OVex(oaded It whll deaw L£x@am)w. yeunt foomThe AUppPly .

T Cuwment Wil NGsate e, o e — VA of Tre & OLR. Cot| and put|

e ormatvit B Ahos Wnovi—cimulting tThe No-VoW plose. |, The AWV 1A
dumogrelized  And the. Mowtng Mandle VA pulud to The OFF position by

"h’l &Pﬂrﬁvﬁux,'ﬁ"—'— wotroxr A 0\O+ovmﬁcall3 dmwhf\eobe_d_. “F'*Dmm
e

92
BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

Swinbuane’s Teat :— (M&-—(md e+ orv (osses rmethhod) ~ S
A ﬁcm«q&e(:’ cound @ aLhc:,

lo]33es AFe- YoeaR UL

. Tre :
v YA reirod s, cpats | e SEETEEN (osses

akt any des.is2ed \oad VA (Pre ’dn—‘lz'rm?rud 4
L ez dne. ‘oput
de feyraivraed g v uﬂnj
e b | ) ‘ |
l=eing WVL‘ ik S L aetert ok inser ok, vo \HVage. ond Bpeed
e Machivie 3

pper WSSes ave. Coloudared N AR
b-.L».O..‘P. P]"td_

necton dﬁ'ﬂqm r -FO‘B’ de $22

10 the. rmMmachivie. ©Y1 ﬂo—-wad,

aavied.  \valudX of ftre. vao=ioUS

to compound and Choof— o $U% 3,
m?r)?ﬂﬁ "hd;v_ Notlcay

the - o |
TR Eanwsg. Trhe— vrreivrod- Fnay

e g @ showrr Tha- Con
wwese G‘;' = D <hhun it ma_(/"\'o\’\l_»

5 T . ta~tey”
' REEAat ‘ AL, SR . 3~ i B :
+ S T T
To !
+ ’Q“ﬂ @) Hdcut} P iggray for
182 T2t
&Wj V' -‘ &A’)l‘\b\/ai‘w
B0 =5
Fretd womdigg

— a3 . . . > . o
BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

po. machine. AUppls e ftlasig:

1 uload ot *

ment ok MO (0d No—{oad\ \QOWU'

T 2 Dritieh, Armafu, e () picio lossy
ssn

| II i N (033(’]5
Tqh = Shont teld ent (1) T () e (Dﬂ)erl?ﬁ 1
L o vt : Tos - 00 Vel (838, . i
-00d onvitfes Wonent ' g e
ND NO‘(OQ I(})" NU’(OQdJ qmjwerwppw‘l()?!
VGt  (oishont 0SA Plonst 2 i g
| Ml 10’1’3’*) )
o madire 11 ¢ oy Bk %

n-ad  Dopt

powir 3 fy fu qrmfine = V(t-19)

Bu) (o g Wcowaﬂﬁ foﬁ%"
| i : VI% e below 4
' OW}" [M Cﬂr\ A AYA A ‘( - e

94
BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

i rodor g2 =Ty : “
EHWM TR e L I 7 =Sh | E—H"'d‘”"j when wm?mq a8 o . gerurd for X
g e 7 i o o

werf g whth é%dﬂnu( A 'Mwl“d i 74T
ohoe £ 4 ﬂm ad. s
ot er ﬁ’PM' Ve Jl" l | - Ovrevater- owM' = :/I i
- = I(HQ (T"TSh) Ra ' AVraive, wprr oS = (_L—(Ig}Q Ra
| i U} i W ‘
vofort 3 - %’Mi. i 0: Toak 0358 = (Telgy)” &TPcmz’c
(’T I@h) .
Totak 010 P(DM fooh ' " OU) o M
R
W ( Jont = Glp t Torak 085
{r\lmow{ : T.LP ‘ £ ——-@
. ‘ ] ) o
. YL~ (-TopRa fout pik i = SRR —
’ !/71) @ A o Iy) fot P“.Nt

95
BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

EMLIGHTENS THE NESCIENCE

D T4+ B Caenient omd e conomicod Mmethod 9f s H g of D rehine

VLAUARFE & to Tt a Ld?fqr; Mmachineg . A& Amall, .

% - powse”
lsad. ‘because (onifant

Q) The Q;[-—[-q‘dmxj tan oo W&&Mm'\\(\ld o ory

Q R Sy D Cabipsched 4 gt RO = load. L (s not posstBie. o
5 \ . |
55 ' mﬁoﬂ/wpu!d be. RQ l’u&-ch{o"a

b e e pee - OEER Gl e s eotain, e Apecifed Vrait=Con)

- i ‘ . ‘ k d—o
aho’f’h‘b Sl Gmnot, lbe. op plied  fo Srter motova becavse. e A Pse d
| o ro—toad , 43 U not~ possible to 2on

o Ser(ed3 wotur bv\na very high

a bC 2k ™Motod  On ‘no-—(oad-

96
BEE S Reddy Ramesh



DC MACHINES Aditya College of Engineering &Technology

Brake Test on DC Shunt Motor:

3 Point Starter

el [ o

—oL {A‘-—

!

»This test is the simplest Indirect method for finding out the efficiency of
dc machine.

»In this method of testing , constant losses are determined experimentally by
operating the dc machine as motor running at no load .

»This test is applicable to dc machines in which flux is practically constant i.e. shunt e
and compound machines . Supply

SWINBURNE’S TEST s P ‘C'

Shunt field
regulator

Precaution: While performing this test with series machines care should be
laken that brake apphed 15 tight faling  Which the motor wall attain
dangerously high speed and get damaged
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DC Machines can be tested by three different
methods namely Direct Method, Indirect
Method and Regenerative Method. Direct S1=Readingsonspring balance | in Kgf.wt.
Method of testing of DC Machine, also known  §,=Readings on spring balance 2 in Kgf.wt.
as Brake Test (if carried out for a DC Motor) will
giergzcu;ithzzre'is cuitable for small DC The net fo'rce applied ol th.e brake drum is (S, - S;) Kgt. Wt
machines. In Direct Method, the DC machine is IR = radius of the pulley in meters &

subjected to rated load and the entire output  N=Motor speed in rpm then,

power is wasted. The ratio of output power to
the input power gives the Efficiency of DC gyt tormie T, developed by the motor is
Machine. For a DC Generator the output power T=08] X(Si-S$)) xR N ;

is wasted in resistor. SLX{31-5) XK Nm |

Direct Method of testing when conducted on a  OUIpll power = (2x[1XNXT) / 60 Watts
motor is also known as Brake Test. Brake Test of  [nput power =V (I, + Iy) Watts

DC Motor is carried out as shown in figure Efficiency = Output power / Input power
above.
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Procedure:

I. The connections are made as per the circuit diagram.

2. Initially the starter is in off position.

3. The field rheostat is in minimum position.

3. 220 DC supply 1s applied by closing the DPST Switch.

4, The DC motor is started slowly with the starter and brought to the rated speed.

5. Load is applied on the drum gradually in steps by tightening the belt around it.

6. The readings of the ammeter & voltmeter, two spring balances and the speed at every
step are noted.

7. Drum is cooled through out the loading period by pouring water.

8. The experiment 1s continued till the full load on the motor is impressed.

9. The machine 1s switched of by opening the DPST switch.

BEE
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Advantages of Brake Test On DC Shunt Motor:
1. The actual efficiency of the motor under working conditions can be found out.

2. Brake test is simple and easy to perform.
3. It is not only for dc shunt motor, also can be performed on any type of DC

Motor(except DC Series motor).

Disadvantages of Brake Test On DC Shunt Motor:

1. In brake test due to the belt friction lot of heat will be generated and hence there is
the large dissipation of energy.

2. The cooling arrangement is necessary to minimize the heat. Mostly in our
laboratories, we use water as the cooling liquid.

3. Convenient only for small rated machines due to limitations regarding heat
dissipation arrangements.

4. The power developed gets wasted hence brake test method is little expensive.

5. The efficiency observed is on the lower side.

100
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Problems on DC Motors

Example 31.2(2). The following readings are obtained when doing a load test on a d.c. shunt

motor using a brake drum :
Spring balance reading 10 kg and 35 kg Diameter of the drum 40 cm
Speed of the motor 950 rp.m. Applied voltage 200V
Line current 30 A

Calculate the output power and the efficiency. (Electrical Engineering Madras Univ. 1986)
Solution. Force on the drum surface F=(35-10)=25kgwt =25 x98N
Drum radius R =20cm=02m:Torque T = Fx Ru25x98x02=49N
N = 950060 = 956 rps @ =2x (95/6) = 99.5 rad/s
Motor output = 7 xowall=49x995=4876 W
Motor input = 200 x 30 = 6000 W : n = 45376/6000 = 0.813 or 81.3%

1 A 250V shunt motor takes a total current of 20A. The shunt field and armature
resistances are 200Q and 0.3Q respectively. Determine i) value of back emf ii) gross
mechanical power in the armature.

2 A 230V motor has an armature circuit resistance of 0.6Q. If the full-load armature
current is 30A and no-load armature current is 4A, find the change in the back emf
from no-load to full-load.

BEE S Reddy Ramesh
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3 A 4-pole motor is fed at 440V and takes an armature current of 50A. The resistance of
the armature circuit is 0.28Q. The armature winding is wave connected with 888
conductors and useful flux/pole is 0.023 wb. Calculate speed of the motor.

4 The counter emf of a shunt motor is 227V, the field resistance is 160Q and field
current is 1.5A. If the line current is 39.5A, find armature resistance. Also find the
armature current when the motor is stationary.

5 A 20kW, 250V DC shunt generator has armature and field resistances of 0.1Q & 1250
respectively. Calculate the total armature power developed when running

i) As agenerator delivering 20kW output

i) As a motor taking 20kW input.

6 Find the useful flux/pole on no-load of 250V, 6-pole shunt motor having wave
connected armature winding with 110 turns. The armature resistance is 0.2 Q. The
armature current is 13.3A at a no-load speed of 908rpm.

7 A 440V shunt motor has armature resistance of 0.8 Q and field resistance of 200 Q.
Determine the back emf when giving an output of 7.46kW at 85% efficiency.
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8 CaIcuIate the value of torque established by the armature of a 4-pole motor having
774 conductors, 2 paths in parallel, 24mWhb flux/pole, when the total armature current
Is 50A.

9 An armature of a 6-pole machine 75cm in diameter has 664 conductors each having
an effective length of 30cm and carrying a current of 100A. If 70% of total conductors lie
simultaneously in the field of average flux density 0.85 Wb/m?2, calculate

i) Armature torque ii) Horse power output at 250 rpm

10 A 230V DC Shunt motor takes a current of 40A and runs at 1100rpm. If armature &
shunt field resistance are 0.25 Q & 230 Q respectively. Find the torque developed by the
armature.

11 A DC motor takes an armature current of 110A at 480V. The armature circuit
resistance is 0.2 Q the machine has 6-pole and armature is lap connected with 864
conductors. The flux/pole is 0.05 Wb. Calculate i) the speed and ii) the gross torque
developed by the motor.

BEE S Reddy Ramesh
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12 A 240V, 4-pole shunt motor running at 1000rpm gives 15 HP with an armature
current of 50A and field current of 1A. The armature winding is wave connected and
has 540 conductors. The armature resistance is 0.1 Q and the drop at each brush is 1V.
Find i) useful torque ii) The total torque iii) useful flux/pole and

iv) Iron & frictional losses

13 A 4-pole DC series motor has 944 wave connected armature conductors. At a
certain load the flux/pole is 34.6m Wb and the total mechanical torque developed is
209 N-m. Calculate the line current taken by the motor and the speed at which it will
run. The applied voltage is 500V and total motor resistance is 3 Q.

14 A 200V, 14.92kW DC shunt motor when tested by the Swinburne method gave the
following results:

Running light: armature current was 6.5A and field current 2.2A. With the armature
locked, the current was 70A when a potential difference of 3V was applied to the
brushes. Estimate the efficiency of the motor when working under full-load conditions
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TRANSFORMERS

Introduction:
A Transformer is a static equipment used for raising or lowering the voltage of an AC
supply with a corresponding decrease or increase in current. It is essentially consists of
two windings, the primary and secondary wound on a common laminated magnetic core.
(or)
A transformer is a device that transfers electrical energy from one electrical circuit to
another electrical circuit by electromagnetic induction (transformer action).
A transformer mainly has two windings wound on the two limbs of the transformer,
namely, the primary winding and the secondary winding. Primary winding connected
with the supply, secondary winding connected with load.
(or)
An A.C. device used to change high voltage low current A.C. into low voltage high current
A.C. and vice-versa without changing the frequency.
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1. Transfers electric power from one circuit to / \
another circuit.

2. It does so without a change in frequency.

3. It accomplishes this by electromagnetic
induction.

4. Where the two electric circuits are in -
mutual inductive influence of each other. ¢

Single Phase Transformer

l Vg W
B\ | : Jr.
H l
. : irl ) 4 /t
\J { ¢ . ”_’_,JD 1\
l B 'l N' Ny :"T""'a = \c LOOd FIGURE 4.8 A transformer circuit.
T L i
T —h = b A single phase transformer
Al - R .. :
AN " S | \ Two or more winding, coupled by a common magnetic core
| B /
\ a5
S —— DAL

‘ 4
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Voltmeter

$ L

£ AnituAd

Principle of operation:

It is based on principle of MUTUAL
INDUCTION. According to which an e.m.f. is
induced in a coil when current in the
neighbouring coil changes.

The primary of the transformer having N,
turns is fed from an AC supply of V, volts.
The current I, will flow through the primary
coil. The current through the primary will set
up a flux ¢ in the core. This flux, when linked
with the primary winding, will produce an
induced e.m.f., E,, in the primary.

The flux ¢ will pass through the core and link
with the secondary winding to induce an

e.m.f,, E,, in the secondary winding. 'l’g%amr%?' Sl%%otnda()_' Coil \
Urns «

Meter reads
200V

¢  Changing
magnetic flux
7 caused by
/ primary coil
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Because of this induced e.m.f., a current I, will flow through the load connected with
the secondary winding. The load terminal voltage is V,.

If the input voltage V, is greater than the output voltage V,, then it is called the step-
down transformer. If the input voltage V, is less than the output voltage V,, then it is
called the step-up transformer.

Transformation Ratio:

EE N, V, I
— — = = — = K
E N V. I

l l ] 2

—

Where, N, and N, is the number of turns of primary and secondary, |, and |, is the
primary and secondary current respectively, V, and V, are the primary and secondary
voltage respectively, and E, and E, are the primary and secondary EMF respectively.
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Working of a transformer

1. When current in the primary coil changes
being alternating in nature, a changing
magnetic field is produced

2. This changing magnetic field gets associated
with the secondary through the soft iron core

3. Hence magnetic flux linked with the secondary
coil changes.

4. Which induces e.m.f. in the secondary.

BEE

1cmft Tron l*urmntexl u
core




TRANSFORMERS Aditya College of Engineering &Technology
WOTKING T wohen on a\hz-rra\ma Volaqe VY A& app\red, fo Yheo Pmm"*d~ an) |

" e (oge . The. Altesnating fluc links both

‘e Thern accor dimg To

% derraed ok POy

oUts Nating fx @ ik Ket UP

re. windbgg ond \Ndveg emf E and Eo
foachyls lawd °f e eRorog et 3Nduction e emf- B

g_m%- o,x\d’ Qm{_ Ea % teamed. o Se_(_or]d)(ytd me.

5 B B 20 &% . Nl
B Sl
ot
| . CZ ~N ','C,Lir 12 Commonr fof bO‘[’hTPu,wfndlnf,S
\ R e D M e ' e
L Ei le ,

The, ogritudkes’ of- €, and E,
%((ondcw\d and ()zr‘wrrm\a tlTb&p(L{‘iVMn(j s . :'

T4 Nez N (tren E2>E| (o Va7 V) ond e gefr Sp-up Trarkformer

ot Sther hond, =N, <N Ten B2 <8, (05 Vp €\) ond we guY Sep—down TIF.

5 -

C’(@Qm \)por?*"*b o+ of- fumA on The_

BEE S Reddy Ramesh



TRANSFORMERS Aditya College of Engineering &Technology

1L (oad. & Conrecied acrk The f2 condowy  winding  Tre. secondavy emMt
£, wil Cauyse. @ et T Ao ftocs Tovgh e lood. Uk Q TlF
Qhablu, us 4o "‘KO\M»&'& R pousey’ Lom tme dswit 4o o«no They”
wiih (W N \/1>(+0L<)Q, W, )
) Tre_ Toopafarmuy actton U bored on The (awk of Ugetromagrutic
2 du kTN,
2) Theve 6 MO Uze AL Gonrection befueen the. PV
e AcC power A Forafred  form Pﬂmow fo kcondma

rrogrkic fux . | sl
3) Tave W NO Changg. \n f’aQQMUf'la) a,(.)‘ wau'f- poury ha&’h\e, |

oy aed, Ron da>y.
Trovdhn

10
BEE S Reddy Ramesh



TRANSFORMERS Aditya College of Engineering &Technology

Classification of Transformers: Transformer Construction:

i) Classification based on application The different parts of the transformer

e Step-up transformer are shown in Figure given below.

e Step-down transformer e | ok

ii) Classification based on construction e —

e Core type transformer Supply Sidy — = Load side

e Shell type transformer | \ ______ \ o !

iii) Classification based on number of phases > ':‘Br‘*? —

e Single-phase transformer V.0 i;i v,

e Three-phase transformer A-ie

iv) Classification based on the location of ,

transformer S »
Primary winding \ Secondary winding

e Indoor type transformer
e OQutdoor type transformer
e Station transformer

11
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Core-type Transformer:

A core-type transformer has a single path
for the magnetic flux to flow in the
transformer. The core can be in the form
of a rectangle or a square.

Limb

Laminated core ,Yoke

I] \ ______ \ _______

— — |\ “;,

NP
Vi () P Vz
P
7
I
| 7
I ra
S A J
Primary winding *\ Secondary winding
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Shell type Transformer:

A shell-type transformer has two
windows and three limbs. Both the
primary and secondary windings are
placed on the central limb.

Limb Secondary

Primary "
win% /\ /WIndl ng

N Y |
;"’/ I B %
: e |
i = i
R e :

Window

12
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Constructional details

Shell Type:
core |
j‘ | HV winding HV winding
'F 'hr’r !
| Cr H . E
TR |
Side limb —a{ | o—
]
|
|

L]
l
|
|
' 1 !
II]I-- £ | I |
|
#:F S : i - Core
- O3 | =1 -
|r |

Tty AEpeete | %l___l_}
'I:-En‘t:l!rllmh Q

Flux

(a) Represantaton : (b) Construction

« Windings are wrapped around the center leg of a laminated core.
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Core type:

Ym_} rcom

— LV insulation

Ny N; LV winding
o HV Insulation
[
‘- S e HV winding
Limb — ‘f_ Flux (¢)
(a) Representation (b) Construction

* Windings are wrapped around two sides of a laminated square core.

14
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(a) (b)

HV. ﬁ{mdmg L. ?demg H V. Winding L.V. Winding

/
\ ] /

| I
e I

,:E\ \
/

yoke legs

(a) Shell-type transtormer, (b) core-type transformer

-
-.._\_\_\_

Note: High voltage conductors are smaller cross section conductors than the
low voltage coils.
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Construction of transformer from stampings:

(a) (b)

(a) Shell-type transtormer, (b) core-type transformer

16
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Ideal Transformer:

e Zero leakage flux:

-Fluxes produced by the primary and secondary currents are confined within
the core

* The windings have no resistance:

- Induced voltages have equal applied voltages
* The core has infinite permeability

- Reluctance of the core is zero

- Negligible current is required to establish magnetic flux
* Loss-less magnetic core

- No hysteresis or eddy currents

(Continued.,)
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Fluxe Wy  Vyleads ¢ by 90°
m‘
0 e Flux
4= 1
E-FI
'

E-, Eqlags i, by 30"ie. &by 90"

V, - supply voltage; l,- no load input current ;
V, - output voltage; l,- output current

|- magnetising current;

E,-self induced emf ; E,- mutually induced emf

BEE
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Practical transformer on load:
Beside figure shows the Phasor diagram
of a transformer on load by assuming

1. No voltage drop in the winding

2. Equal no. of primary and secondary

turns
. N EyY
i) The magnetisation component (/_), (a) Eyb (b)
which is responsible for the production (a) Transformer on no-load (b) Phasor diagram of a transformer on no-load
of flux in the core. v
A s

ii) The power component (/_), which will o,
supply the total losses. T - @

e

Y- 22
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o V
L. Iy Ri_'] =ﬁ
Ro %o
Vi
Xo = 17—
TN
= Iy sin ¢y = Magnetising component

BEE

Iy cos by = Active component
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Z,

Equivalent circuit of a transformer

L RN

T X

MWW

V2 Load Z)
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R X Z
Rjz=_r X&:—z, Z‘i:-l
K K? K2
While E'Z = = IIEK'II
where K = E"'-
i
l-| :.:1 I"2 H'IE }:..E
r—-——lﬂﬁﬁ% —AAAN—— T o
. — _,.-
44 II':' Zz
[E ll'l'l Load
T I L AR LR
I :K

Exact equivalent circuit referred to primary
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Transferring primary parameters to secondary side
2 'yl 2
R = K'R, X{=K'X, Z=KZ

| |

P r ] |

El = EEI; Il -f‘ In -E

Similarly exciting circuit parameters are also transferred to secondary as R, and X_’
1 Ry X 1, Rz X2
p—=——ANNN—TTT - AMN——TTTT e
N, ..' L A /

~v" ¢ ~"

Z4 ° _ 2

| _—

Exact equivalent circuit referred to secondary
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1‘E R, X4 R2 X2
In Ro1 XDI v Load
N L .
$ X
. R XOI
I
i 2 ANAA TN
- > Where
o Zor " R = Ry+R, =R, +-2
1 o1~ ™ Thy =y )
< Im K
Load
Vi 2R, Xo va z, A
PR + = + —
e 01 1 2 1 K2
‘?fq1= RZ'01+jx01
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The outpul curent coresponding to maximum efficiency s, = | (WK,

Output KVA corresponding to max efficiency =

= Full load x J( Iron loss
FL Culoss

Aditya College of Engineering &Technology
Condition for maximum efficiency in T/F:

Culoss = 1'Ry, or 1y Ryy =W,
[ronloss = Hysteresis loss + Eddy currentloss= W, + W =W.

Considering primary side,
Primary input = V;/; cos
n= Vi cosdy - lossey SHFL R - IR W
Vil cos & Vi, codd,
Syl iRy W

Vicosd, Vil cos
Differentiating both sides with respectto/,, we get

dj = (- Rm + W‘
dl, Vicosd VI cos o,
For 1) to be maximum, (j—ln = (). Hence, the above equation becomes
il
Ry, W,
ol B nowme 0 1 oo LR
VICOSQI VI COQQ)] IROI 2R
or Culoss = lrun loss
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Output Power Output Power
Efficiency (i’]) = X100 = %100
Input Power Output Power + Loss

Where,

Output Power = V.1, cosb,

Loss = Iron loss + copper loss
[ron loss (P) = Hysteresis loss + Eddy current loss

The ethciency of the transformer at a load x times full load will be

xV,1, cos8,
xV,I,cos#, +P +x'P

=
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VOLTAGE REGULATlON OF TRA_!\|SFOR_|V|ER

Fegoaton of-a Tyt frme
differenca) befuwen e no-toad

(\’z,) on (ood U(PZI&Wd

R The
VOtioge, Requlation i~ the. VOtoge,

rithmetc. differene, (not Py
Miondavy  Notfage. (OVQ,) ond The &Londav\d Vo [age.

‘ e
INn terms of secondary values
0V2 _Vz _ I2Roz COS¢2 + I2>(02 Sin ¢2
Ov2 OV2
where '+'for lagging and '-'for leading
INn terms of primary values
—\/.. + i
% regUIatiOn — Vl V2 — I1|Q01 COS¢1 — leOlsln ¢1
Vl Vl
where '+'for lagging and '-'for leading
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1800 -
|

& x

L

0 v B A

2

Lagging power factor loads Leading power factor loads

ILR ,cos®, FI1,X_,sinf,
V.

s

Voltage regulation = = 100

Where,
— ve sign is for leading power factor and +ve sign is for lagging power factor load.
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Transformer QOil: Cooling System:

There are two types of transformer oil used The different transformer cooling methods
in transformer, are as follows:

1. Paraffin based transformer oil i) For dry type transformers

2. Naphtha based transformer oil a) Air Natural (AN) cooling method

b) Air Blast cooling method
Transformer oil has following characteristics:

1. It is colourless i) For oil immersed transformers
2. It has low density a) Oil Natural Air Natural (ONAN) cooling
3. It has low viscosity b) Oil Natural Air Forced (ONAF) cooling

c) Oil Forced Air Forced (OFAF) cooling
d) Oil Forced Water Forced (OFWF)

44
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£ ADIFUA Y
Transformer Tests :

*The performance of a transformer can be calculated on the basis of equivalent
circuit
*The four main parameters of equivalent circuit are:
- Ry, as referred to primary (or secondary Ry,)
- the equivalent leakage reactance X,, as referred to primary (or) secondary X,
- Magnetising susceptance B, ( or reactance X,)
- core loss conductance G (or resistance R;)

*The above constants can be easily determined by two tests
- Open circuit test (O.C test / No load test)
- Short circuit test (S.C test/Impedance test)

*These tests are economical and convenient
- these tests furnish the result without actually loading the transformer.

BEE
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Open Circuit Test: ] W
In Open Circuit Test the transformer’s e A

secondary winding is open-circuited, and its
primary winding is connected to a full-rated

line voltage. iy
Coreloss=W_, =V,l, cosg,
L 4
CoS ¢y = frr High
0°0 C
lorl, =1,cosg,
lorl, =lgsing, =11,  Usually conducted on LV side
,=V.Y,: Y, _l * To find
Vo (i) No load loss or core loss
W, = VZG,; .. Exciting conductance Gozw—g“ (ii) No load current I, which is
Vo helpful in finding G (or R, ) and
& Exciting susceptance B, = /Y2 - G? B, (or X, )
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Short Circuit Test:

In Short Circuit Test the secondary
terminals are short circuited, and the
primary terminals are connected to a
fairly High-voltage source. The input
voltage is adjusted until the current in
the short circuited windings is equal to
its rated value. The input voltage,
current and power is measured.

e Usually conducted on H.V side
* To find

(i) Full load copper loss — to pre
determine the efficiency

predetermine the voltage regulation

BEE
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Sumpner's Test or Back-To-Back Test On Transformer:

The full load test on a small transformer is very convenient, but on the large
transformer, it is very difficult. The maximum temperature rise in a large transformer is
determined by the full load test. This test is called, back-to-back test, regenerative test
or Sumpner’s test.

Sumpner's test or back to back test on transformer is another method for
determining transformer efficiency, voltage regulation and heating under loaded
conditions. Short circuit and open circuit tests on transformer can give us parameters
of equivalent circuit of transformer, but they can not help us in finding the heating
information. Unlike O.C. and S.C. tests, actual loading is simulated in Sumpner's test.
Thus the Sumpner's test give more accurate results of regulation and efficiency than
O.C. and S.C. tests.

Sumpner's test or back to back test can be employed only when two
identical transformers are available. Both transformers are connected to supply such
that one transformer is loaded on another. Primaries of the two identical transformers
are connected in parallel across a supply.

TRANSFORMERS Aditya College of Engineering &Technology
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other. Another low voltage supply is connected in series with secondaries to get the

readings, as shown in the circuit diagram shown below.

s w
| — WV 5 Low
= = Voltage
Tr=c Supply
= | L ‘I'- -r (V)
W %
D
Supply
(V) Sumpner’s Test

BEE S Reddy Ramesh
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In above diagram, T, and T, are
identical transformers. Secondaries of
them are connected in voltage
opposition, i.e. E;c and Eg,. Both the
emf's cancel each other, as
transformers are identical.

In this case, as per superposition
theorem, no current flows through
secondary. And thus the no load test is
simulated. The current drawn from
V, is 21, where |, is equal to no load
current of each transformer. Thus
input power measured by wattmeter
W, is equal to iron losses of both
transformers. i.e. iron loss per
transformer P, = W /2.

Aditya College of Engineering &Technology

Now, a small voltage V, is injected into
secondary with the help of a low voltage
transformer. The voltage V, is adjusted so that,
the rated current |, flows through the
secondary. In this case, both primaries and
secondaries carry rated current.

Thus short circuit test is simulated and
wattmeter W, shows total full load copper
losses of both transformers. i.e. copper loss per
transformer P, = W, /2.

From above test results, the full load efficiency
of each transformer can be given as -

% full load efficiency _ output X 100
of each transformer wow :
output +—++ =

50
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The temperature rise of the transformer is determined by measuring the temperature
of their oil after every particular interval of time. The transformer is operating back to
back for the long time which increases their oil temperature. By measuring the
temperature of their oil the withstand capacity of the transformer under high

temperature is determined.

51
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Problems
1 A 2000/200V, 20kVA transformer has 66 turns in the secondary. Calculate (i) primary
turns (ii) primary and secondary full load currents. Neglect the losses.

2 An ideal 25kVA transformer has 500 turns on the primary winding and 40 turns on

the secondary winding. The primary is connected to 3000V, 50Hz supply. Calculate

(i) Primary & secondary currents on full-load (ii) secondary emf and

(iii) maximum core flux

3 A single phase 2200/250V, 50Hz transformer has a net core area of 36cm2 and a

maximum flux density of 6Wb/m2. Calculate the number of turns of primary and

secondary.

4 A 200/50V, 50Hz single phase transformer is connected to a 200V, 50Hz supply with

secondary open. Primary winding has 400 turns.

(i) What is the value of maximum flux through the core if the primary winding has
400 turns

(i) What is the peak value of flux if the primary voltage is 200V, 25Hz?

52
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maximum flux density in the core is 1Wb/m2. Calculate the number of turns per limb
on the high and low voltage sides for a 3000/220V ratio. To allow for insulation of
stampings, assume the net iron length to be 0.9 * gross iron length.

6 A transformer takes a current of 0.6A and absorbs 64W when primary is connected
to its normal supply of 200V, 50Hz. The secondary being on open circuit. Find the
magnetizing and iron loss currents.

7 A voltage v= 200 sin 314t is applied to the transformer winding in a no-load test. The
resulting current is found to be i= 3 sin (314t-60°). Determine the core loss and the
parameters of the no-load approximate equivalent circuit.

8 A 10kVA, 2000/400V single phase transformer has R;= 5Q; X;= 12 Q; R,= 0.2 Q and
X,= 0.48 Q. Determine the equivalent impedance of the transformer referred to

(i) Primary side (ii) secondary side

9 A 100kVA, 2200/440V single phase transformer has R;= 0.3Q; X;= 1.1 Q; R,= 0.01 Q
and X,=0.035 Q. Calculate (i) the equivalent impedance of the transformer referred to
the primary and (ii) total copper losses.
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10 A 10kVA, 2000/400V single phase
transformer has the following data:
R,=50; X;=12 O; R,=0.2 Q and X,= 0.48
(). Determine the secondary terminal
voltage at full load, 0.8 pf lagging when
the primary supply voltage is 2000V.

Aditya College of Engineering &Technology

12 A single phase transformer on full load has
an impedance drop of 20V and resistive drop of
10V. Calculate the value of power factor when
voltage regulation is zero.

54
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11 The primary and secondary windings of a 40kVA, 6600/250V single phase
transformer have resistances of 10 QO and 0.02 Q respectively. The leakage reactance
of the transformer referred to the primary side is 35 Q. Calculate the percentage
voltage regulation of the transformer when supplying full load current at a pf of 0.8 lag

55
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13 leen below are the results conducted on a 50kVA, 2200/220V transformer.
Open-circuit (L.V side) test : 405W, 5A, 220V

Short-circuit (H.V side) test : 805W, 20.2A, 95V

Calculate the parameters of the equivalent circuit referred to H.V side

56
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14 In a 50kVA transformer, the iron loss is
500W and full-load copper loss is 800W.
Find the efficiency at full-load and half full-

load at 0.8 pf lagging.

BEE

S Reddy Ramesh
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15 A 40kVA transformer has iron loss of 450W
and full-load copper loss of 850W. If the power
factor of the load is 0.8 lagging. Calculate (i)
full-load efficiency (ii) the load at which
maximum efficiency occurs and

(iii) the maximum efficiency?
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16. The primary & secondary windings of a

50kVA, 6600/220

TRANSFORMERS

V

transformer has

resistances of 7.8Q and 0.0085 Q respectively.

The transformer draws no-load current of

0.328A at pf of 0.3 lagging. Calculate the

efficiency at full-load if the pf of the load is

0.8 lagging.

BEE

S Reddy Ramesh
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17 A 440/110V transformer has a primary

resistance of 0.03 Q and secondary
resistance of 0.02 Q. Its iron loss at normal
input is 150W. Determine the secondary
current at which maximum efficiency will
occur and the value of this maximum
efficiency at a unity pf load?
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18 The following reading were obtained from OC and SC tests on 8kVA, 400/120V, 50Hz
transformer.

OC test on LV side : 120V 4A 75W

SC test on HV side : 9.5V 20A 110W

Calculate the voltage regulation and efficiency at full load, 0.8 pf lagging.
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Three-Phase Alternator

The machine which produces 3-phase power from mechanical power Is
called an alternator or synchronous generator.

| : 3-Phase a o
ol supply
Three- \ !
phase b o—_ T 1
output
— Stator
N L 00—
Stato
/' l | f | \ - Rotor
3-Phase ]

Y
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Three-Phase Alternator
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Aditya College of Engineering & Technology

« A.C. generators or alternators (as they are usually called) operate on the same

fundamental principles of electromagnetic induction as DC generators.

« They also consist of an armature winding and a magnetic field.

« But there is one important difference between the two. Whereas in DC generators,

the armature rotates and the field system is stationary, the arrangement in

alternators is just the reverse of it.
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= Three-Phase Alternator

Advantages of stationary armature:

 Less slip rings are used
* High speed operation Is possible (less centrifugal force)
 Easy Insulation

 Direct connection to load is possible and easy
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" Three-Phase Alternator

Construction details: —— supply
An alternator has 3-phase winding on the
stator and a DC field winding on the
rotor.

« Stator- 3 phase AC winding (armature)

* Rotor- DC field winding (field)
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SADTYAY

B4 Three-Phase Alternator
Stator:

It Is the stationary part of the machine and is built up of sheet-steel laminations
having slots on its inner periphery.

A 3-phase winding Is placed in these slots and serves as the armature winding of
the alternator.

The stator construction is similar to induction motor stator i.e. 3 phase construction

The armature winding is always connected in star and the neutral is connected to
ground.
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“ Three-Phase Alternator

Stator core Armature slot

Stator frame Ventilating

hole
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— Three-Phase Alternator

Rotor:
« The rotor is rotating part of the alternator.

|t carries a field winding which is supplied with dc current through two slip rings

by a separate dc source.

Synchronous generators are classified in two types according to its rotor construction:

1. Salient Pole Rotor Type

2. Cylindrical Rotor Type

BEE REDDY RAMESH 7/27/2022
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“ Three-Phase Alternator

SALIENT POLE
1. Salient Pole Rotor Type: s
i B
: - FIELD R
« Salient or projecting poles are mounted on a large WINDING | T

circular steel

« The individual field pole windings are connected “( . ,;

In series In such a way that when the field
winding is energized by the d.c exciter, adjacent | o
poles have opposite polarities. ~——

D
b D.C. SUPPLY
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Ha Three-Phase Alternator

Salient Pole Rotor Type: —— SALIENT POLE
* Non-uniform mass distribution [ s ]
el

P
« Hi | n the rotor FIELD I
High centrifugal force act on the roto WINDING <_.-.-~
* Only low speed operation is possible i ’ \ -
; N N
* Number of poles are higher {’( . ,;
Ak ot
» Large diameter and short axial length Ssiip Rings
e —
<--4-—-;
 Used with water turbines and diesel engine ——F G FIRLY

S I
* Also called ‘hydro alternator’ Q
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“L Three-Phase Alternator

MNon
salient pola

g,

&
=\
« The field windings are embedded in these slots and | s — =
are connected In series to the slip rings through o
o
<
=) o

2. Cylindrical /Non- Salient Pole Rotor Type:

« The rotor i1s made of smooth solid cylinder having
slots along the outer periphery.

which they are energized by the d.c exciter.

 The poles formed are non-salient i.e., they do not
project out from the rotor surface.
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SYNCHRONOUS MACHINES

Phase Alternator

Rotor Type:

 Uniform mass distribution

 Low centrifugal force act on the rotor

« High speed operation is possible

* Number of poles are lower

 Large axial length and shorter diameter

e Used with

steam turbines

* Also called ‘turbo alternator’

BEE
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-Three-Phase Alternator

Operation of alternator:

BEE

The rotor winding is energized from the d.c exciter and alternate N and S poles are
developed on the rotor.

When the rotor iIs rotated by a prime mover, the stator or armature conductors are
cut by the magnetic flux of rotor poles.

Consequently, e.m.f Is induced in the armature conductors due to electromagnetic
Induction.

The direction of induced e.m.f can be found by Fleming’s right hand rule.

REDDY RAMESH 7/27/2022
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“#~ Three-Phase Alternator

Ar——"TIIT——s A - 120x f

P
B—— 0 ———op N = Synchronous speed
f = frequency of supply

C—— 000 ~——oe¢' P = Number of poles

RCTOR STATOR
WINDING WINDING

N
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Y Three-Phase Alternator

E.M.F. Equation of an Alternator:
E =4.44x K x K xgx fxT

rms/ phase

The line voltage will depend upon whether the winding is star or delta connected.
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" Three-Phase Alternator

Alternator on Load:

As the load on an alternator is varied, its terminal voltage is also found to vary as in
d.c. generators.

This variation in terminal voltage V is due to the following reasons:
» voltage drop due to armature resistance R,

» voltage drop due to armature leakage reactance X,

« voltage drop due to armature reaction X,
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Three-Phase Alternator

Armature leakage reactance X;
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Three-Phase Alternator

Synchronous reactance X
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Three-Phase Alternator

How to find Xs

Open circuit characteristics

Short circuit characteristics
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|.|1|.|.|||||||||.|.|""-|||||

EM.E. (O.C.)
5.C. Current

I.|]I.I.|I|I|

Field-Current I,
(or Amp-Turns)
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" Three-Phase Alternator

Example 37.17 (a). The effective resistance of a 2200V, 50Hz, 440 KVA, 1-phase, alternator is
0.5 ohm. On short circuit, a field cunrent of 40 A gives the full load cuirent of 200 A. The electro-
motive force on open-circuits with same field excitation is 1160 V. Calculate the synchronous
impedance and reactance. (Madras University, 1997)
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Solution. For the 1-ph alternator, smce the field current 15 same for O.C. and S.C. conditions

1160
ES = m= 5.8 ohms

Xg = /58> = 0.5> =5.7784 ohms
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=== Three-Phase Alternator

EMEF:

E=V+I(R,+ JX,)

E = J(V cosg+IR,)*+(Vsing+IX,)?

BEE REDDY RAMESH

Aditya College of Engineering & Technology
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Three-Phase Alternator

Example 37.16. A 3-phase, star-connected alternator supplies a load of 10 MW at p.f. 0.85
lageing and at 11 KV (terminal voltage). Its resistance is 0.1 ohm per phase and synchronous
reactance 0.60 ohm per phase. Calculate the line value of eem.f. generated.
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Three-Phase Alternator

6
Solution. F L. output current = 10x10 =618 4

J3 x11.000% 0.85

IR drop = 618x0.1=618V
IX drop = 618 x 0.66 =408 V

Terminal voltage/phase= 11 000 /3 =6,350V

= cos (0.85)=318°sin®=0.527
o

As seen from the vector diagram of Fig. 37.28 where Iinstead
of P'has been taken along reference vector,

Ey =\(V cos 0+ IR,)> + (¥ sin 0 + IX g)°

= J(ﬁ}ﬁ::r % 0.85+61.8)" + (6350 0.527 + 408)°
= 6,625V
Line emf = «.ﬁ % 6,625 =11,486 volt

BEE REDDY RAMESH

Aditya College of Engineering & Technology
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*“Three-Phase Alternator

Voltage Regulation

YoV = ‘ EO||V_||V ‘xlOO

Unlike DC machine, the voltage regulation in synchronous machine depends upon
» Magnitude of load

» Type of load
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- Three-Phase Alternator

Voltage Regulation: P.F. Leading
Thus for leading load the voltage regulation .,__ _____________ _":m
will be positive. = T~ £ £y
E . nf]:}.
| o - T
For lagging load the voltage regulation will E ~ <,
be negative. - ~5g;
: e
- N

Load Current
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=== Three-Phase Alternator

Determination of Voltage Regulation:

= Synchronous Impedance or E.M.F Method
= The Ampere-turn or M.M.F. Method

= Zero Power Factor or Potier Method
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4 Three-Phase Alternator

Determination of Voltage Regulation by Synchronous Impedance Method:

Step 1. Plot the OCC at different values of I,
Step 2. Plot the SCC at different values of I;

Don’t copy the text

_ _ as It Is In the exam
Step 3. Determine Z, at a particular I, as

7 = Vocc o
S Write In your own
SCC
language
Step 4. Determine X, as
Xs — \/Zs2 o Ra2
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‘Three-Phase Alternator

Determination of Voltage Regulation by Synchronous Impedance Method:
Step 5. Knowing R, and X, vector diagram can be drawn for any load at any power factor.

y
=
~ ==
- - 8
e EF
(L — - ]
= ll.-"'lll \:\&f I | ] -
4] / 'E.-".-""FIL .ll". _______ = -
[ &) E
f-f’r; | T
{
L -
Field-Current If
(or Amp-Turmns)
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“Three-Phase Alternator

Determination of Voltage Regulation by Synchronous Impedance Method:
Thus from the above vector diagram

and E, =V cosg+IR,)2+(Vsing+IX,)?

_‘Eo‘_‘v‘

0
Voltage regulation oV = W, x100
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=5~ Three-Phase Alternator

Example 37.17 (b). 4 60-KVA, 220 V, 50-Hz, 1-¢ alternator has effective armature resistance of
0.016 ohm and an armature leakage reactance of 0.07 ohm. Compute the voltage induced in the
armature when the alternator is delivering rated current at a load power factor of (a) unity (b) 0.7
lagging and (c) 0.7 leading. (Elect. Machines-I, Indore Univ. 1981)
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Three-Phase Alternator

Solution. Full load rated current 7=60.000/220=2722 A
IR, = 2722x0016=43V;

i

IY; = 2722x007=19V
(@) Unityp.f. —Fig. 37.30 (a)

E= (w+R) +Ux;) =(220+43) +19® =225V

®) p.f. 0.7 (lag) —Fig. 37.30(b)
E = [Veoso+1IR) +(Vsino+IX,)"]"
= [(220x07+43) 7 +(220x 07+ 197" =234V
(¢) p.f. =0.7 (lead) —Fi1g. 37.30(c)
E = [(Veos0+1IR ) +(Vsin¢—Ix,)"]"
= [(220x 07 +43) 7 +(220x 07— 197]"* =208 V
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= Synchronous Motor =
3-Phase

A synchronous motor is electrically identical with ——— SUPPly

an alternator
« A synchronous motor is a machine that operates at

synchronous speed and converts electrical energy oL ™\

Into mechanicalenergy. m Stator

C
Construction: (s: . E)
Synchronous motors also has two parts ' —I
. Rotor

1. Stator (where 3 phase power is received)

2. Rotor (which produces the required magnetic field)
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Lard Synchronous Motor
Salient features of a synchronous motor are:
« A synchronous motor runs at synchronous speed or not at all. Its speed is constant

(synchronous speed) at all loads. The only way to change its speed is to alter the
supply frequency (Ns = 120 f/P)

« |t can be made to operate over a wide range of power factors (lagging, unity or
leading). Therefore, a synchronous motor can be made to carry the mechanical load
at constant speed and at the same time improve the power factor of the system.

« A synchronous motor is not self-starting and an auxiliary means has to be used for
starting it.
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Example 37.19. Find the synchronous impedance and reactance of an alternator in which a
given field current produces an armature cuirent of 200 A on short-circuit and a generated e.m.f. of
50 V on open-circuit. The armature resistance is 0.1 ohm. ITo what induced voltage must the
alternator be excited if it is to deliver a load of 100 A at a p.f. of 0.8 lagging, with a terminal voltage

of 200V, (Elect. Machinery, Banglore Univ. 1991)
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- Three-Phase Alternator

Solution. It will be assumed that alternator 1s a single phase D
one. Now, for same field current.
0.C. ~volts 50

7 — =22 —0250.
5 S.C.current 200

Xy = JE? —Ri = Jﬂ_gf _gf _0.230).

Now, IR = 100x01=10V IX;=100x023=23V]

a

cos®d = 08 ,smdp=06 AsseenfromFig 3734

Ey = (7 cos 0+ IR)’ + (¥ sin 6 + IX)"
=[(200 x 0.8 + 10)* + (200 x 0.6 + 23)"]** =222 v
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- Three-Phase Alternator

Example 37.20. From the following test results, determine the voltage regulation of a 2000-V,
I-phase alternator delivering a current of 100 4 at (1) umity p.f. (1) 0.8 leading p.f. and (1i1) 0.71

lagging p.f.
Test results : Full-load curvent of 100 A is produced on short-circuit by a field excitation of 2.54.

An e.m.f of 500 V is produced on open-circuit by the same excitation. The armature resistance is
0.802 (Elect. Engg.-II, MLS. Univ. 1987)
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Three-Phase Alternator

f

D

2

EMLIGHTENS THE NESCIENCE

0.C. volts

Solution. Z: = —for same excitation
5.C. current

for same execitation

500/100=50)

X; = JZ: -R =\5'-08’ =4936Q

L

494V

V000 v %0V > o

(a)
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- Three-Phase Alternator

() Unityp.f (Fig.37.35(a)]
IR, = 100x08=80V; IX;=100x4.936=494V

Ey = /(2000 +80)° + 494° =2140¥
%regn = 314;};““31@: 7%

(i) pf. =0.38(lead)[Fig. 37.35(c)]
E, = [(2000%0.8+80)"+(2000% 0.6—494)"]"" =1820V

: 1820 — 2000
ﬂ.- f— — P 'n
Yo regn 5000 x100= 9%

(i) p.f. =0.71(ag) [Fig.37.35 ()]
E, = [(2000x0.71+80)"+(2000 x 0.71 +494)']"* =2432 v
2432 — 2000

0 = x100=21.6°
oregn 2000 21.6%
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Example 37.22. 4 3 phase, star-connected altermnator is
rafted arf To00 EV4d, 13,500 V The armature resistance arnd
synchronous reactrance are 1.5 L2 and 20 L2 respectively per
phase. Calculate the percentage regulation for a load of 1280
EW ar 0.8 leading power factor:

(Advanced Elect. Machines AMIE Sec. B, 1991)
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- Three-Phase Alternator

1280,000 = /3 x13,500% I X 0.8: Fig. 37.37

I = 684A
IR, = 684xX15=103V [ I[X;=684X30=2052

0
Voltage/phase = 13,500/,3 =7795V
AsseenfromFig 37 37.
E, = [(7795 x 0.8 +103)" + (7795 x 0.6 — 2052)]"* = 6663 V/

Yoregn = (6663 —7795)/7795
= —0.1411 or — 14.11%
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- Three-Phase Alternator

Example 37.21. 4 100-kV4, 3000-V, 50-Hz 3-phase star-connected alternator has effective
armature resistance of 0.2 ohm. The field current of 40 A produces short-circuit current of 200 4 and
an open-circuit emf of 1040 V (line value). Calculate the full-load voltage regulation at 0.8 p.f.
lagging and 0.8 p.f. leading. Draw phasor diagrams.

(Basic Elect. Machines, Nagpur Univ. 1993)
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Th ree-Phase Alternator
0.C. voltage/phase

Solution. Zg = — for same excitation
5.C. current/phase
_ 10403 _ 5
200
X5 = \(35 R =437 —02?
= 29910
FL. current,

I =100.000/+/3 x 3000
=192 A
IR, =192x02=384V

I =192%x299=574V
Yoltage/phase

= 3000/+f3 =1730V
cos¢p =08 ;smdp=06

0
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- Three-Phase Alternator

{f} P_f_:ﬂ_ﬂ lagging Fig. 37.36

—Fig. 37.36(a)

E, = [(Wcosd+IR) + (Vsind+ IX) ]
(1730 x 0.8 + 3.84) + (1730 X 0.6 + 57.4)
(1768 —1730)

%reen ‘up’ = «100= 2.2%
ofegt P 1730

1 =1768 V

(i) 0.8 p.f. leading—Fi1g. 37.36 (D)
E, = [(Veos o+ IR, ) + (Vsin¢— Xy 1"
= [(1730 x 0.8 + 3.84)> + (1730 x 0.6 — 57.4)"1*7
= 1699V
1699 —1730

: = *100= _1.8¢°
Yo TegIL 1730 1.8%
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- Three-Phase Alternator

Example 37.24. The following test results are obtained from a 3-phase, 6,000-kV4, 6,600 ¥,
star-comnected, 2-pole, 50-Hz turbo-alternator:

With a field current of 125 A, the open-circuit voltage is 8,000 V at the rated speed; with the
same field current and rated speed, the short-circuit current is 800 A. At the rated full-load, the

resistance drop 15 3 per cent. Find the regulation of the alternator on full-load and at a power
factor of 0.8 lagging. (Electrical Technology, Utkal Univ. 1987)
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- Three-Phase Alternator

O.C. voltage/phase _ Eﬂﬂ'ﬂfﬁ =577

Solution. Zs = S.C. current/phase 800
Voltage/phase = 6.600~/3=3810V

Resistive drop = 3%0f3.810V=003x3810=1143V
Full-load current = 6,000x10°/~/3 x 6,600 =525 A

Now IR = 1143V
' R_= 1143/525=02180Q

Xg = \|Z2 - R =\5.77% —0218* =574 Q (approx))
As seen from the vector diagram of Fig. 37 33, (b)

E, = J[a; $10%0.8+114.3) + (3.810x 0.6 + 525% 5.74)°] = 6,180 V
repulation = (6,180 — 3.810) x 100/3.810 = 62.2%
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Unit-IV INDUCTION MACHINES
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Principle of operation

construction of three-phase induction motors
slip ring and squirrel cage motors

slip-torque characteristics

efficiency calculation
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ADITUAY
— THREE PHASE INDUCTION MOTORS
INTRODUCTION:
The 3-¢ induction motors are most widely used electric motors in industry. They run at
essentially constant speed from no-load to full load. However, the speed is frequency
dependent and consequently these motors are not easily adopted to speed control.
We usually prefer dc motors when large speed variations are required. Nevertheless,
the 3-¢ induction motors are simple, rugged, low-priced, easy to maintain and can be
manufactured with characteristics to suit most industrial requirements.

Like any electric motor, a 3-¢ induction motor has a stator and a rotor. The stator carries
a 3-¢ winding(called stator winding) while the rotor carries a short circuited
winding(called rotor winding). Only the stator winding is fed from 3-phase supply. The
rotor winding gets its voltage and power from the externally energized stator winding
through electromagnetic induction and hence the name.

The induction motor may be considered to be a transformer with a rotating secondary
and it can, therefore be described as a transformer type AC machine in which electrical
energy is converted into mechanical energy.

BEE
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Three-phase induction motors are the most
common and frequently encountered machines in
industry

simple design, rugged, low-price, easy maintenance

run essentially as constant speed from no-load to full
load

called as asynchronous motors

described as —transformer type a.c machine in which
electrical energy 1s converted into mechanical energy.

Its speed depends on the frequency of the power
source
o not easy to have variable speed control

o requires a variable-frequency power-electronic drive for
optimal speed control
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Advantages

It has simple and rugged construction.
It is relatively cheap.
It requires little maintenance.

It has high efficiency, good speed regulation and reasonably
good power factor.

It has self starting torque.

Disadvantages

It is essentially a constant speed motor and its speed cannot
be changed easily.

Its starting torque is inferior to d.c motors.
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An mduction motor consists essentially of two mam parts
(a) astatorand (b) arotor e _
(a) Stator

The stator of an mduction motor ss, 1 principle. the same as that of a synchronous motor of generator
It 15 made up of a fumber of stampings, which are slotted to recerve the windings [Fig 34.2 ()] The stator
carries 2 3-phase windme [Fig 34.2 (5] and 15 fed from a 3-phase supply. Itss wound for a definite number ,.
of poles* the exact numberof poles being defermined by thefequitements of speed. Greaterthe mumberof  S(2(0T 'V incing \ g
poles, lesser the speed and vice versa. Itwill be shown i Art. 34.6 that the stator windings, when supplied
with 3-phase currents, produce a magnetic flux, which 15 of constant magnstude but which revolves (or
rotates) at synchronous speed (zgven by N, = 120,7F). This revolving magnetic flux induces an e.m £ i the
rotot by tutual mduction.

Stator

Stator Slots[ y /2

6
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. lifting
cooling end
fan bell ,/ eye

nameplate

stator coils

bearing seal

cover

. squirrel-
cast-iron cage ball bearing e
frame rotor e

o Frame:

It 1s the outer body of the motor. Its function are to
support the stator core and winding, to protect the inner
parts of the machine and serve as a ventilating housing or
means of cuiding the coolant into effective channels.

o Stator:

It consists of a steel frame which encloses a hollow,
cyvlindrical core made up of thin laminations of silicon
steel . A number of evenly spaced slots are provided on the

inner periphery of the laminations. e
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N - Rotor C
otor Core
Rotor: Aluminum \

The rotor consists of a laminated core, with slots Zrn%ﬁﬁ,%er
cut on 1ts outer periphery where windings are

placed. The windings may be either of squirrel =
cage type or wound rotor type. The core 1s X ,

mounted on a steel shaft, provided with bearings St s

on both sides and 1s supported on end covers (Slightly skevied)
attached to the main frame of the motor

There are two types of the rotor which are used

in an induction motor. The first one is the Wound Squwrel Cage Rotor
rotor and the other is a squirrel cage rotor. Squirrel Cage Rotor of Induction Motor
SCIUIITE' Cage ROtOr Welds holding copper or

aluminium bars to end rings Weld at all ioi
Weld at all joints

Aluminum \
or copper

*This rotor is known as squirrel cage because
its construction is like a squirrel. Its shape is
similar to the cylinder which has laminated

slots as a conductor. Every slot consists of copper
(Cu), Aluminum (Al), or other conductive material, but

it mostly consists of aluminum.
BEE S Reddy Ramesh
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|
Rotor of Induction Motor

Laminated Core

, Woundrotor
Metal Rlng- -

Laminated Core

Copper Bars Coils

Noticethe —
Slip rings

Squirrel Cage Rotor

Wound Cage Rotor

Wound Rotor of Induction Motor

Wound Rotor

= bl
’ 3 R i— 1 1
; ? \ e Slip rings
L ¢ /A\ ll p)
& ™ Shaft
h ':ﬁ:ﬁ ’ 7 )] ;flr
/ B) YK_ Re Ye¢ B N Brush
A v

AT
a) m External star
_ connected
Star connected Rotor frame

rotor winding rheostat

s Reddy Ramesh Slip Ring Three Phase Induction Motor 3
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Wound Rotor of Induction Motor:
*In this kind of rotor, windings are linked
with the exterior resistors by the slip ring.
*By varying the value of resistance, we can
vary the torque of the motor.

*Wound rotor induction motor can start its
operation by the less starting current, by
introducing higher resistance (R) in the
rotor circuitry, when the motor rushes, the
resistance (R) can be reduced.

BEE S Reddy Ramesh
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ROTATING MAGNETIC FIELD DUE TO 3-PHASE
CURRENTS

¢ ¢
! 1200 A
b, =0, sin ot ')
b, =¢,, sin (ot —120°) 120° 120°
¢, =¢,, sin (ot —240°)
4 I l
E TN v ; N
: f
5 N=120+L
P
\ Where,
; f f 4wl
/ Ns = Synchronous speed of stator field
f = frequency of the supply
ol \" P = Number of poles
1 2 3 4 13

10
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F

"'imll1r§-'l

PRINCIPLE OF OPERATION WORKING PRINCIPLE

» When three phase supply is given to the stator of three
phase induction motor, a rotating magnetic field is
produced which rotates with synchronous speed.

» The flux passes through the air gap and cuts the rotor
conductors which are stationary.
Due to the fact that the rotor windings are short % Dye to relative speed between rotating flux and

circuited, an induced current flows in the rotor stationary conductors. An emf is induced according to
windings faradays laws of electromagnetic induction.

» Since the rotor bars or conductors forms a closed circuit

The rotor current produces another magnetic , rotor current 15 produced whose direction 1s given by
field lenz law.
» Hence current in rotor will produce its own flux and to
reduce relative speed , the rotor starts to running in

A torque is produced as a result of the interaction  same direction as that of rotating flux and tries to catch
of those two magnetic fields up with rotating flux.

This rotating magnetic field cuts the rotor
windings and produces an induced voltage in the
rotor windings

11
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Consider a portion of 3-phase induction motor as shown in Fig. 19.7. The Operatio, =
the

motor can be explained as under :
() When 3-phase stator winding is energised from a 3-phase supply, a rotating m,
field is set up which rotates around the stator at synchronous speed N, (= 120/7,%])1%"

The rotating field passes through the air-gap and cuts the rotor conductors, which 24

an )
are stationary. Due to the relative speed between the rotating flux and the Stationary
tor, e.m.f.s are induced in the rotor conductors. Since the rotor circuit is Shon‘circm ro.
currents start flowing in the rotor conductors. ted,
(;i7) The current-carrying rotor conductors are placed in the magnetic field produced bY the
stator. Consequently, mechanical force acts on the rotor conductors. The sum Of the
mechanical forces on all the rotor conductors produces a torque which tends to Move
the rotor in the same direction as the rotating field. |
Rotation of Stator Field |
- i
LA | +l 1 *I i 7 1.1 1 7 1 i1
YYY |YY 1 Y Y Y Yrr ﬁStator
LU +—+ 1 +——1 {7 1 /I 1
Air-gap %ﬂ '1T\;:$\M\H’§
— @\ ‘) -y ®\\|®|||®,,I®l
o PyasZldy 45 I~ Yl
l, |l' g '<l/l' ,’ II,, Il llll I, ’,’ SRR
- - Conductor
x5 i v g T onduc
Rotor \ ‘l‘ t I‘ 'l x :T" 'l'l Il’l-’ #d
Force on Rotor
Conductors
Fig. 19.7 :
(iv) The fact that rotor is urged to follow the stator field (i.e., rotor moves in the direc.on

of stator field) can be explained by Lenz’s law. According to this law, the direction 0"
rotor currents will be such that they tend to oppose the cause producing ther.n- N.O“d'
the cause producing the rotor currents is the relative speed between the rotaing fiel
and the stationary rotor conductors. Hence to reduce this relative speed, the rotor stars |
running in the same direction as that of stator field and tries to catch it. 1.
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INDUCTION MOTOR SPEED

o At what speed will the IM run?

Can the IM run at the synchronous speed, why?

If rotor runs at the synchronous speed, which 1s the same
speed of the rotating magnetic field, then the rotor will
appear stationary to the rotating magnetic field and the
rotating magnetic field will not cut the rotor. So. no
induced current will flow in the rotor and no rotor
magnetic flux will be produced so no torque is generated
and the rotor speed will fall below the synchronous speed

» When the speed falls, the rotating magnetic field will cut
the rotor windings and a torque is produced

13
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SLIP

The difference between the synchronous speed N of the rotating stator field and the
actual rotor speed N 1s called ship. It i1s usually expressed as a fraction or percentage of

synchronous speed 1.e.

Fractional slip. s =  Synchronous Speed — Rotor Speed
Synchronous Speed
(Ns-N)
Ns

N, -N
N

s

x 100

% age slip. s=

(1) The quantity N; - N 1s sometimes called slip speed.
(1) When the rotor is stationary (1.e.. N = 0). slip. s = 1 or 100 %.
(11)In an induction motor. the change in slip from no-load to full-load 1s hardly 0.1% to

3% so that 1t 1s essentially a constant-speed motor.

14
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ROTOR CURRENT FREQUENCY

Neien
120
where Noume = Relative speed between magnetic field and the winding
P = Number of poles
For a rotor speed N. the relative speed between the rotating flux and the rotor 1s Ns - N.

Frequency =

Consequently. the rotor current frequency f' is given by:

f-_(Ns-N)P
120
_SN,P 3/‘..q_r\I}_N'
C120 L W
f V \
- Livip. 2= |
sf oo f = 20 |

1.€.. Rotor crirent frequemj\' = Fractional slip X Suppl_r freqnemj'. Therefore 1t 1s called slip

frequency.

15
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At standstill: Fig. (1) shows one phase of the rotor cucuit at standstill.

L2 R,

0

At standstll. s=1
Induced emf per phase in rotor at standstill = E»
Rotor winding resistance per phase = R,

Rotor winding reactance per phase. X; = 2 7 {fI,. where {1s the supply frequency.

Rotor winding impedance per phase. Z> = VR>. X5’
Rotor current/phase. 1, = ;3 = 3:‘2 -
2 \/ RS + X5
> R,

R
Rotor p.f.. €cos ¢, === —
- e RS e

16
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When running at slip s: Fig (11) shows one phase of the rotor circuit when the motor is

running at slip s.

L %,
f—o—’\N\N\MN\f .
| .
sE, s X, Z2 sX2
’ .’.
() R

Induced emf per phase in rotor winding = sE:
Rotor wimding resistance per phase = R,
Rotor winding reactance per phase = 2721, = 27xsfl, =s27xfl, = sX,
Rotor winding impedance per phase. Z, = VRy* + (sX5)?
sE, sE,

Rotor current, I', = T o =
2R3 +(sX,)°

Rotor p.f., cos ¢', = LY Bo

o > ‘_ = >
2 \/R'j + (13X, )
S Reddy Ramesh
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ROTOR TORQUE

The torque T developed by the rotor 1s directly proportional to:

(1) rotor current
(11) stator flux per pole. @
(111) power factor of the rotor circuit
.. Toa Il cosD->
Do E;

where E; 1s the stator mduced emf
At standstill. E; o E>

T «E-I, COsd,
or T=KE> I, coso,

where I- = rotor current at standsrtill
E-> = rotor e.1mn . at standsull

cos ¢> = rotor p.f at standsull
18
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TORQUE UNDER RUNNING CONDITION

Let the rotor at standstill have per phase induced em.f E;. reactance X, and resistance Ro.

SADTYA S

Then under running conditions at ship s.

Rotor em.f./phase. E', — sE,
Rotor reactance/phase. X' = sXo
Rotor impedance/phase. Z°, = JR% +{sX, )
E'?_ - SE:
Z>  JRZ +(sX, )
R,
VR2 +(sX, )

Rotor current/phase. I', —

Rotor p.f.. cos ¢',,, =

E, =sE, s X,

().

19
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Runnmg Torque. 1T,

Aditya College of Engineering &Technology

o« E'> I', cosd’,

< ¢I'; cOs P’ ¢ E" < ¢)

s E, R,
\/R2+(s‘( )2 \/R§+(SX2)2
~_ PSE2 Ry
R3+(sX,)"
_K¢sE, R,
R2+(sX2)2
KISEERZ

T R2+(s X,) e B

If the stator supply voltage V is constant. then stator flux and hence E, will be constant.

= Kss R,
R2+(sX,)

where K-> 1s another constant.

20
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[t may be seen that running torque 1s:

(1) directly proportional to ship 1.e., if slip mcreases (1.e., motor speed decreases). the torque
will increase and vice-versa.

(11) directly proportional to square of supply voltage (E, a V).

[t can be shown that value of Ky = 3/2 @ N; where N; 1s mr.p.s.

3  SEIR, 3 SE3R,

T — ‘ ~ , -~ =
INg RI+GX,) 2nNe (z,)

r

At starting, s = 1 so that starting torque 1s

(WA 2 . Eé R,
S 22N 2 , w2
= 5 R2+‘\2

21
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STARTING TORQUE

Let E; = rotor e.m.f. per phase at standstill
X = rotor reactance per phase at standstill
R> = rotor resistance per phase

Aditya College of Engineering &Technology

...at standsntll

Rotor impcdance/phase. Z, = \/ R32 +X3 ...at standsull
Rotor current/phase. 1, = gz = F’Z -
2 JRE*X3

R,

Rotor p.f.. cos ¢» =

Starting torque. T, = KE,I, cosé,

) E, R,
-KE.2 b - = = -
R +X% JRE+X3
_ KE3R,
R 5

S Reddy Ramesh

=== f{Z = ...at standstull
2 :;RE + X35
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Generally. the stator supply voltage V 1s constant so that flux per pole f set up by the stator 1s
also fixed. Thus in turn means that em.£ E; mduced in the rotor will be constant.

Ry KR,
L=
R5+X5 735

where K; 1s another constant.

It can be shown that K=3/2 n N,

. 2
3 E5R,

T = :
? 2 2
2t N, R3+X;

5

Note that here Ns 1s mr.p.s.

23
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TORQUE SLIP CHARACTERISTICS

The motor torque under running conditions is given by:

K, sR,

T = S S >
5> +8° X5

If a curve 1s drawn between the torque and slip for a particular value of rotor resistance Ro.
the graph thus obtained is called torque-slip characteristic.

Maxinum Torque (Pull out torgue or
Wiy e FE T W break down torque)

l

Tste

Slip Carresponding
to starting lorque
: t - — e
0.2 0.4 0.6 0.8 1
Sip ———

BEE
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The following points may be noted carefully:

(1) At s =0. T = 0 so that torque-slip curve starts from the origin.

(11) At normal speed. shp 1s small so that s X, 1s negligible as compared to R,.

T‘I S/RZ

xS ... s R, 1s constant

Hence torque slip curve is a straight line from zero slip to a ship that corresponds to full-load.
(111) As slip increases beyond full-load slip. the torque increases and becomes maximum at

s = Ro/X5. This maximum torque m an mduction motor 1s called pull-out torque or break-
down torque. Its value is atleast twice the full-load value when the motor i1s operated at rated
voltage and frequency.

(iv) When slip increases beyond that corresponding to maximum torque. the term s°X»’

increases very rapidly so that R,” may be neglected as compared to s *X,”.

2 <2
TIS/S-X?_

o 1l/s ... as X 1s constant

25
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TORQUE — SPEED
CHARACTERISTICS

a S0 1000 1500 2000 2500 3000
speed, rpon

26
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EFFECT OF CHANGE IN SUPPLY
VOLTAGE ON TORQUE — SPEED
CHARACTERISTIC

1. - EEIR,
Rs5 + X5
Smmce E; o« Supply voltage V
T = K; VR,
3 RZ + X3
where K- 1s another constant.
Re OC v

Similarly
T-‘ oc V2

27
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A 220-V, three-phase, two-pole, S0-Hz induction motor 18 running at a ship of 5 percent. Find:
(a) The speed of the magnetic fields in revolutions per minute

(b) The speed of the rotor in revolutions per minute
(c) The slip speed of the rotor
(d) The rotor frequency in hertz

2 208-V, 10hp. four pole, 60 H=z, Y-connected
induction motor has a full-load slhip of 5 percent

1. WVWhat is the syvnchronous speed of this motoxr?

WVWhat is the rotor speed of this motor at rated load?

¥

3. VW hat i1s the rotor frequency of this motor at rated
load®?

L. What 1s the shaft torgue of thais motor at rated

load®?
28
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NECESSITY OF STARTER

o If we start the Motor directly then.....

o HIGH current will flow through the rotor which
will damage the rotor bars.

o To prevent that we can add some resistance in
the rotor similar to DC motor starter.

o WRIM has the facility to add the resistance but
what will happens to the SCIM ???

BEE S Reddy Ramesh
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Wound rotor
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INDUCTION MOTOR STARTER

By Adjusting voltage during starting, the current
drawn by the motor and the torque produced by

the motor can be reduced and controlled.

There are 3 types of starter used for SCIM

1 D.O.L starter (Direct on line)
(1 Star delta starter
1 Auto transformer starter

31
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DOL STARTER

> A starter which connects a motor directly across the line is
called D.O.L. Starter.

» In this method, the motor i1s connected by means of a starter
across the full supply voltage.

- Switching by this starter is directly from line without any
provision to control the starting current i.e.

 There 1s no device to reduce the starting current in this
starter.

> This method 1s used for low rating induction motors.

32
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STAR-DELTA START

(T

=]
=e

I-¢ ST [
supply !

bobod
Stator m

O Delta-run

P2

’ ‘z;;i‘ 't?' ‘ “‘ m o % Star-start

Rotor
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STAR-DELTA STARTER

At starting, the stator winding 1s connected 1n star,
therefore the applied voltage to each phase of winding 1s
1/N3 of the rated voltage of the motor.

When the motor has picked-up the speed(say 70 to 80%
of 1ts normal speed ) the phases of the stator winding
are connected in delta so that full supply voltage 1is
applied across the stator windings.

This 1s very commonly used starter, compared to the
other types of the starters.

35
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AUTOTRANSFORMER STARTER

o An auto-transformer starter
makes 1t possible to start
squirrel cage induction
motors with reduced starting
current, as the voltage across
the motor 1s reduced during
starting.

On starting, the motor 1is
connected to the tapping of
the auto-transformer.

The method 1s suitable for
long starting periods.

BEE S Reddy Ramesh

3I-® L
supply H
Auto -transformer T-
Start .o [ :g’
= (L
Stator

e Rotor
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To determine the performance characteristics of 3-phase squirrel cage induction
motor by direct loading.

CIRCUIT DIAGRANM:
~ M g L
e ST
. . HLon A —
e g B
E
. 5
" ot .“:, — E - L
= @
: §5 0
" g :‘lu"
‘E “{* — I El“ i L‘!‘
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The load test on 3-phase induction motor is performed to obtain its various
characteristics including efficiency. A belt and brake drum arrangement as shown in
the circuit diagram can load the motor.

If S, and S, are the tensions provided at the two sides of the belt, then the load
torque is given by:

T=(5{S,)*9.81*R N-m.

Where R is the radius of the brake drum in meter.

The mechanical output of the motor is given by:

P.=2*m*N*T/60 Watts

Where N is the speed of the motor in, RPM.

The power input to the motor is given by:

P.= VI, watt

The efficiency of the motor is given by:

Efficiency =P, / P,

39
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PROCEDURE: MODELGRAPH:
1 The connections are made as per the circuit "€ 8raphdrawn for

Output Power vs Speed

dlagram. _ . Output Power vs Line current
2 Power supply is obtained from the control Output Power vs Torque
panel. Output Power vs Power factor
3 The TPST switch is closed. Output Power vs Efficiency

4 Rated voltage of 3-phase induction motor, is Output Powervs %Slip.

applied by adjusting autotransformer

5 The initial readings of ammeter, voltmeter and
wattmeter are noted.

6 By increasing the load step by step, the reading
of ammeter, voltmeter and wattmeter are noted.

7 Step 6 is repeated till the ammeter shows the | |
rated current of 3-phase induction motor. e T

: : —> Load
8 Decrease the load, bring auto-transformer to its =
minim um Vo Ita ge pos |t | on. Graphical representation of the effect of load on rotor S[feed, e.fﬁciency power factor,
output torque, stator current and slip of an induction motor.
9 Switch off the supply. "0
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FORMULAE USED: PRECAUTIONS:
1 Torque = (S; ™ 5" R * 9.81 N-m \while loading the induction motor by
S, S, — spring balance readings in Kg. prakes, check whether cooling water
R — Radius of the brake drum in meter is circulated in the drum.
2 Output poweerHNT/60 Watts Before starting the motor, loosen the
N — Rotor speed in rom. strap and then tighten it gradually
T —Torque in N-m. when the motor has picked up speed.
3 Input power = (W,+W,) Watts

W, W, — Wattmeter readings in watts.

4 Percentage efficiency =

(Output power/Input power) x 100%

5 Percentage Slip = (N,—N,)/N, x 100%
N, — Synchronous speed in rpm.

N, — Speed of the motor in rpm.

6 Power factor (cos &) = (W +W,)/V3 V *I,

41
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Efficiency & Losses in three phase induction motor:

o} 1
Motor Inpwt in
l Stator
stator Copper and |
Pm fron Lossas 1 |
' c . .
Ph | Rotor Inget
¥ -
Rotor Iren Loss |
25‘/0 and Rotor Cogper
v
40% J
Total Mechanioal Power
I ] deow ioped in Rotor J
Windege and |
Friotion Lossas ‘ l
rotor
P Motor or Rotos
e ‘[ ...

Output
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There are two types of losses occur in three phase induction motor. These losses are,
Constant or fixed losses,

Variable losses.

Constant or Fixed Losses:

Constant losses are those losses which are considered to remain constant over normal
working range of induction motor. The fixed losses can be easily obtained by performing
no-load test on the three phase induction motor.

These losses are further classified as:

Iron or core losses,

Mechanical losses,

Brush friction losses.

Iron or Core Losses:

Iron or core losses are further divided into hysteresis and eddy current losses. Eddy
current losses are minimized by using lamination on core. Since by laminating the core,
area decreases and hence resistance increases, which results in decrease in eddy
currents. Hysteresis losses are minimized by using high grade silicon steel.

F
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The core losses depend upon frequency of the supply voltage. The frequency of
stator is always supply frequency, f and the frequency of rotor is slip times the
supply frequency, (sf) which is always less than the stator frequency. For stator
frequency of 50 Hz, rotor frequency is about 1.5 Hz because under normal running
condition slip is of the order of 3 %. Hence the rotor core loss is very small as
compared to stator core loss and is usually neglected in running conditions.

Mechanical and Brush Friction Losses:
Mechanical losses occur at the bearing and brush friction loss occurs in wound rotor
induction motor. These losses are zero at start and with increase in speed these
losses increase. In three phase induction motor the speed usually remains constant.
Hence these losses almost remains constant.

Variable Losses:
These losses are also called copper losses. These losses occur due to current flowing
in stator and rotor windings. As the load changes, the current flowing in rotor and

stator winding also changes and hence these losses also changes. Therefore these
losses are called variable losses.

BEE
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ek 2 . .
The copper losses are obtained by performing blocked rotor test on three phase
induction motor. The main function of induction motor is to convert an electrical power
into mechanical power. During this conversion of electrical energy into mechanical
energy the power flows through different stages.

. . . . Motor input
This power flowing through different stages is l
shown by power flow diagram. As we all know l 1
that the input to the three phase induction

_ Stator copper loss [nput to rotor

motor is three phase supply. and iron 10ss
So, the three phase supply is given to the stator 1
of three phase induction motor. l l
Let, P, = electrical power supplied to the stator Rotor copper Ios Mechanical powrer
of three phase induction motor, developed

V| = line voltage supplied to the stator of three
phase induction motor,

|, = line current,

Cos cb = power factor of the three phase Windage and friction losses  Motor output
induction motor.

BEE S Reddy Ramesh
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Electrical power input to the stator, P, = V3V,I cosd

A part of this power input is used to supply stator losses which are stator iron loss and
stator copper loss. The remaining power i.e., (input electrical power — stator losses)
are supplied to rotor as rotor input.

So, rotor input P, = P, — stator losses (stator copper loss and stator iron loss).

Now, the rotor has to convert this rotor input into mechanical energy but this
complete input cannot be converted into mechanical output as it has to supply rotor
losses.

As explained earlier the rotor losses are of two types rotor iron loss and rotor copper
loss. Since the iron loss depends upon the rotor frequency, which is very small when
the rotor rotates, so it is usually neglected. So, the rotor has only rotor copper loss.
Therefore the rotor input has to supply these rotor copper losses.

After supplying the rotor copper losses, the remaining part of Rotor input, P, is
converted into mechanical power, P_...

46
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Let P_ be the rotor copper loss,

|, be the rotor current under running condition,

R, is the rotor resistance,

P is the gross mechanical power developed.

P_=3I,°R,

P.,=P,—P,

Now this mechanical power developed is given to the load by the shaft but there occurs
some mechanical losses like friction and windage losses. So, the gross mechanical power
developed has to be supplied to these losses also. Therefore, the net output power
developed at the shaft, which is finally given to the load is P_ .

P..: = P, — Mechanical losses (friction and windage losses).

P, is called the shaft power or useful power.

Efficiency of Three Phase Induction Motor:
Efficiency is defined as the ratio of the output to that of input,

outprut

Ef ficiency., n = F—
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Efficiency is defined as the ratio of the output to that of input,

Ef fici output
ictency., 1 — ————
¥ 7 tmnput

Rotor efficiency of the three phase induction motor ,

rotor outpui

rotor input

= Gross mechanical power developed / rotor input
Pl'l".l

P>

Three phase induction motor efficiency,
power developed at shafit

electrical input to the motor

Three phase induction motor efficiency

48
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1-¢ Induction Motor

* This is an induction motor which works on 1 phase supply.

 When fed from a single-phase supply, its stator winding produces a flux (or field)
which is only alternating i.e. one which alternates along one space axis only.

* Now, an alternating or pulsating flux acting on a stationary squirrel-cage rotor
cannot produce rotation (only a revolving flux can). That is why a single-phase
motor is not self starting.

Construction:

 The construction of single phase induction motor is almost similar to the squirrel
cage three-phase induction motor. But in case of a single phase induction motor, the
stator has two windings instead of one three-phase winding in three phase
induction motor.
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Working Principle:
Double field revolving theory:

Accordingly, an alternating sinusoidal flux can
be represented by two revolving fluxes, each
equal to half the value of the alternating flux
and each rotating synchronously (N, = 120f/P)
in opposite direction.

When we apply a single phase AC supply to the
stator winding of single phase induction motor,
it produces its flux of magnitude, ¢.,..

According to the double field revolving theory,
this alternating flux, ¢, is divided into two
components of magnitude ¢, /2. Each of these
components will rotate in the opposite
direction, with the synchronous speed, N..

7% SPECIAL MACHINES
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Let us call these two components of flux
as forwarding component of flux, ¢; and
the backward component of flux, ¢,.

The resultant of these two components of
flux at any instant of time gives the value
of instantaneous stator flux at that
particular instant.
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Now at starting condition, both the
forward and backward components
of flux are exactly opposite to each
other. Also, both of these
components of flux are equal in
magnitude.

So, they cancel each other and hence
the net torque experienced by the
rotor at the starting condition is zero.
So, the single phase induction motors
are not self-starting motors.
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Self starting:

* If we make the stator flux rotating type, rather than alternating type, which rotates
in one particular direction only, then the induction motor will become self-starting.

« Now for producing this rotating magnetic field, we require two alternating flux,
having some phase angle difference between them. When these two fluxes interact
with each other, they will produce a resultant flux. This resultant flux is rotating in
nature and rotates in space in one particular direction only.

* Once the motor starts running, we can remove the additional flux. The motor will
continue to run under the influence of the main flux only.

 Depending upon the methods for making asynchronous motor as Self Starting

Motor, there are mainly four types of single phase induction motor namely:

Split phase induction motor,

Capacitor start inductor motor,

Capacitor start capacitor run induction motor,
Shaded pole induction motor.

B wnN e
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Split Phase Induction Motor:

* |n addition to the main winding or running winding, a single-phase induction motor’s
stator carries another winding called auxiliary winding or starting winding.

* A centrifugal switch is connected in series with auxiliary winding. This switch aims to
disconnect the auxiliary winding from the main circuit when the motor attains a
speed up to 75 to 80% of the synchronous speed.

* The starting winding is highly resistive so, the current flowing in the starting winding
lags behind the applied voltage by a very small angle and the running winding is
highly inductive in nature so, the current flowing in running winding lags behind
applied voltage by a large angle.
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Applications:

 Split phase induction motors have low starting current and moderate starting torque.

* These motors are used in fans, blowers, centrifugal pumps, washing machines,
grinders, lathes, air conditioning fans, etc.

BEE S Reddy Ramesh
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Capacitor Start & Capacitor Start-Capacitor Run Induction Motor

 The working principle of capacitor-start inductor motors is almost the same as
capacitor-start capacitor-run induction motors.

* In the case of a split-phase induction motor, we use resistance for creating phase
difference, but here we use a capacitor for this purpose. We are familiar with the
fact that the current flowing through the capacitor leads to the voltage.

* So, in capacitor start inductor motor and capacitor start capacitor run induction
motor, we are using two winding, the main winding, and the starting winding. With
starting winding, we connect a capacitor, so the current flowing in the capacitor,
i.e., |, leads the applied voltage by some angle.

* Now there occur large phase angle differences between these two currents, which
produce a resultant current. This will produce a rotating magnetic field since the
torque produced by these motors depends upon the phase angle difference, which
is almost 90°.
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So, these motors produce very high

Starting Winding starting torque. In the case of capacitor
| l ) fﬁCey;tr'iwfugal | start induction motor, the centrifugal
1 AT & SWIC ,St switch is provided to disconnect the
Yy St c starting winding when the motor attains
f{{f};-‘__:;iﬁ Uﬁif{i_iﬂttfl. ~»y a speed up to 75 to 80% of the

Vv =2 o o N ./ /—__ " synchronous speed.
> O/ “x{:':'m “» But in the case of capacitor start
el \. .~ capacitors run induction motor. There is
b4 J T x“‘g‘_-" no centrifugal switch so, the capacitor
‘ - remains in the circuit and improves the
Main Winding Squirrel cage rotor (b) Phasor diagram power factor and the running conditions

of the single-phase induction motor.
(a) Schematic representaion

Applications:
These motors have high starting torque; hence they are used in conveyors, grinders,
air conditioners, compressors, etc.

BEE S Reddy Ramesh
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Shaded Pole Induction Motor I

In such motors, the necessary phase splitting is e T Jhading band

produced by induction. These motors have o/~ | 1 A

salient poles on the stator and a squirrel cage up—é T i %ﬁ\ \

type rotor shown in beside figure. Staw,f’;,.-’ ﬁlj sy A\ H"-. Salient

One pole of such a motor is shown separately wiging/ | [§ @‘3 | I'| Pole

in next figure. The laminated pole has a slot cut ,WMJUH'I 4

across the laminations approximately one-third _'_H_«L }xg) L !."' A~ \h

distance from one edge. Around the small part NI I/

of the pole is placed a short circuited copper %“« Y v Shading band

coil known as shading coil. This part of the Squirm';ﬁ _. : / (b) Salient pole with shading band

pole is known as shaded part and the other as
unshaded part.

rotor

: : (a) 4-pole shaded pole construction .
When an alternating current is passed through the exciting or field winding surrounding

the whole pole, the axis of the pole shifts from the unshaded part a to the shaded part b.
This shifting of the magnetic axis is, in effect, equivalent to the actual physical movement
of the pole. Hence the rotor starts rotating in the direction of this shift. .

BEE S Reddy Ramesh
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Construction:

 Stator — The stator of the shaded pole
motor has a salient pole.

» Each pole of the motor is excited by its
exciting coll.

* The slot Is constructed at some distance
apart from the edge of the poles. The
short-circuited copper coil is placed in this
slot.

* The part which is covered with the copper Coil
ring Is called the shaded part and which

d Field

/ N\ Winding
are not covered by the rings are called bF\a

unshaded part.

13
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Working:

= When the supply is connected to the windings of
the stator, the alternating flux induces in the core
of the rotor.

= The variation in the flux induces the voltage
inside the ring because of which the circulating
current induces in it.

= The circulating current develops the flux in the
ring which opposes the main flux of the motor.

= The flux induces in the shaded portion of the
motor, and the unshaded portion of the motor
have a phase difference.

= Due to this a rotating magnetic field is created
which runs the motor. Rotor — The shaded pole motor uses

the squirrel cage rotor.

14
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Exciting Exciting Exciting
Coil Coil Coil

,.1
|
v

L ) Y D é
m m /\:?\
() C 0 C 0 C
(a) (b) (c)

15
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Applications:

The various applications of the Shaded Poles Motor are as follows:-

BEE

They are suitable for small devices like relays and fans because of its low

cost and easy starting.

Used in exhaust fans, hair dryers and also in table fans.

Used in air conditioning and refrigeration equipment and cooling fans.
Record players, tape recorders, projectors, photocopying machines.

Used for starting electronic clocks and single-phase synchronous timing

motors.
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Servomotors:
A servomotor (or servo motor) is a simple
electric motor, controlled with the help of
servomechanism.
If the motor as a controlled device, associated
with servomechanism is DC motor, then it is
commonly known as a DC Servo Motor.
If AC operates the controlled motor, it is known
as a AC Servo Motor.

Gear system

P

A

Potentio
meter
Error

signal

Input Command Signal

Amplifier

BEE S Reddy Ramesh

A servo system primarily consists of three
basic components — a controlled device, a
output sensor, a feedback system.

This is an automatic closed loop control
system. Here instead of controlling a
device by applying the variable input
signal, the device is controlled by a
feedback signal generated by comparing
output signal and reference input signal.
When reference input signal or command
signal is applied to the system, it is
compared with output reference signal of
the system produced by output sensor,
and a third signal produced by a feedback
system.

17
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This third signal acts as an input signal of controlled device.

This input signal to the device presents as long as there is a logical difference between
reference input signal and the output signal of the system.

After the device achieves its desired output, there will be no longer the logical
difference between reference input signal and reference output signal of the system.

Then, the third signal produced by comparing theses above said signals will not remain
enough to operate the device further and to produce a further output of the system

until the next reference input signal or command signal is applied to the system.

Hence, the primary task of a servomechanism is to maintain the output of a system at
the desired value in the presence of disturbances.

BEE
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Working:

In a servo unit, you will find a small DC motor, a
potentiometer, gear arrangement and an
intelligent circuitry. The intelligent circuitry
along with the potentiometer makes the servo
to rotate according to our wishes.

As we know, a small DC motor will rotate with
high speed but the torque generated by its
rotation will not be enough to move even a
light load.

BEE S Reddy Ramesh

Servo HomvAm

Potentomete
Control Electronics /

1
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This is where the gear system inside a servomechanism comes into the picture. The gear
mechanism will take high input speed of the motor (fast) and at the output, we will get
an output speed which is slower than original input speed but more practical and widely
applicable.

Say at the initial position of servo motor shaft, the position of the potentiometer knob is
such that there is no electrical signal generated at the output port of the potentiometer.
This output port of the potentiometer is connected with one of the input terminals of
the error detector amplifier. Now an electrical signal is given to another input terminal of
the error detector amplifier. Now difference between these two signals, one comes from
potentiometer and another comes from external source, will be amplified in the error
detector amplifier and feeds the DC motor.

This amplified error signal acts as the input power of the DC motor and the motor starts
rotating in desired direction. As the motor shaft progresses the potentiometer knob also
rotates as it is coupled with motor shaft with help of gear arrangement.

BEE
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Gear system
!} ' 5 Output
f shaft
meter
I Error

signal
Input Command Signal

Amplifier

As the position of the potentiometer knob changes there will be an electrical signal
produced at the potentiometer port. As the angular position of the potentiometer
knob progresses the output or feedback signal increases. After desired angular position
of motor shaft the potentiometer knob is reaches at such position the electrical signal
generated in the potentiometer becomes same as of external electrical signal given to
amplifier.

21
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At this condition, there will be no output signal from the amplifier to the motor
input as there is no difference between external applied signal and the signal
generated at potentiometer. As the input signal to the motor is nil at that position,
the motor stops rotating. This is how a simple conceptual servo motor works.

Applications:

Servo motors are used in
Robotics

Conveyors

Vehicles

Solar Tracking Systems
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