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DC MACHINES

» DC Machines :

. N
History of DC Motor Types of DC Motor:

* Classification of the d.c. motor depends on the way of
connecting the armature and field winding of a d.c.
motor:

1. DC Shunt Motor
2. DC Series Motor
3. DC Compound Motoir

Short shunt compound long shunt compound

Michael Faraday (U.K.)

Cumulative Differential Cumulative Differential
compound compound compound compound
motor motor motor motor
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» DC Motor :

DC MACHINES

Working Principle of DC Motor

When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torgue
which turns the
DC motor

The commutalor reverses
the current each halif
revoiution 1o keep the

current supplied 1| torque turning the
externally through 1 coil m_ the same
a commutator direction.
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DC MACHINES

» DC Machines :

Main construction diagram

Main parts

Field Poles

i o, The two major parts required for construction ;
Brushes 7 om— TS
% B Winding

ny N . Armature
Shaft TN YR ’ Conductors

— —— —

Stator
That houses the field winding

Commutator

Rotor

Rotating part that rotates in magnetic field

VENKATA RAMANA BOLA



DC MACHINES

» DC Machines :

Jther parts

Armature
Armatuxre

Winding 1 / - Yoke
Poles
Field winding
Armature winding

Commutator

Brushes
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DC MACHINES

» DC Machines :

Yoke Poles

Its main function is to A The magnetic poles are
form a  protective e structures fitted onto the inner
covering over the inner /4 \ wall of the yoke with screws.

Laminated Pole Core

sophisticated parts of

the motor and carries ; ( The construction of magnetic
the flux produced by ; poles basically comprises of
the poles. \ , two parts namely, the pole
~ core and the pole shoe
stacked  together  under
hydraulic pressure and then
attached to the yoke. Pole Shoes

Made up of cast iron or
steel.
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DC MACHINES

» DC Machines :

A rmature Field winding
(==

The armature core are = Made with field coils
rovided with slots to S i
p = (copper wire) wound

. 17 .,--”/
which  the —armature 50 o over the slots of the
windings made with S o el pole shoes

several turns of copper

wire distributed |

uniformly over the > o o The field windings

entire periphery of the S o () o2 basically  form an

core. >, 0 0 & electromagnet,  that
' produces field flux
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DC MACHINES

» DC Machines :

Commutator Brushes

It is a cylindrical structure Made with carbon or
made up of copper segments

stacked together, but graphite structures,

insulated from each other by d | making sliding contact
s \ over the  rotating

commutator.
Collects the current from the
armature conductors

Collects the current
Converts altemating current ' ' from commutator and

induced in the armature make it available to the
circuit mmto unidirectional el 5
current. stationary cKt.
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DC MACHINES

» DC Machines :

4-pole DC machine
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DC MACHINES

» DC Machines :

Armature Core Armature core:

v' Armature core is the rotor of the machine.
v' Itis cylindrical in shape with slots to carry armature winding.

v' The armature is built up of thin laminated circular steel disks for reducing
eddy current losses.

v' It may be provided with air ducts for the axial air flow for cooling
purposes.

v Armature is keyed to the shaft.
Armature winding:
It is usually a former wound copper coil which rests in armature slots.

The armature conductors are insulated from each other and also from the
armature core.

Armature winding can be wound by one of the two methods; lap winding
or wave winding.

Double layer lap or wave windings are generally used.

A double layer winding means that each armature slot will carry two
different coils.
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DC MACHINES

» DC Machines :

DC Shunt Motor: Torque and Speed equation of DC Shunt Motor

* Indc shunt motor the armature - As we have seen for dc motor
and field winding are connected in g T < @la

parallel across the supply voltage \p« [But for dc shunt motor :@ « Ish
* The resistance of the shunt %l |And Ish is constant , thus @ is also constant

winding Rgy, is always higher than the So torque in dc shunt motor is
armature winding R, T x la

* Since V and R, both remains constant the [, remains For dc motor
essentially constant, as field current is responsible for

NOZP
generation of flux. Eb =

A60
thus @ « g, Z ,P, A 0 and 60 are constants
* So shunt motor is also called as constant flux motor. Thus, N x Eb x (V — laRa)
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DC MACHINES

» DC Machines :

Torque Vs Armature current
characteristics of DC Shunt motor

Characteristics of DC Shunt Motor:

This characteristic gives us information that, how torque of
machine will vary with armature current, which depends

To study the performance of the DC shunt Motor various
types of characteristics are to be studied.

upon load on the motor.

T < la

1. Torque Vs Armature current characteristics. Thus,

2. Speed Vis Armature current characteristics.

3. Speed Vs Torque characteristics.
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DC MACHINES

» DC Machines :

Speed Vs Armature current
characteristics of DC Shunt Motor

NQZP

The back emf of dc motor is Eb = e V — laRa

Therefore N =(V-LR) 60A =K(V-LR)
oPZ °

where K = 60A ZP and ot = constant. In dc shunt motor, when supphy
voltage V' is kept constant the shunt Dield current and hence flux per pole
will also be constant

N« V-IaRa

Y

0 Armature current () e X

Therefore shunt motor is considered as constant speed motor.

Speed Vs Torque
characteristics of DC Shunt motor

From the above two characteristics of
dc shunt motor, the torque developed
and speed at various armature
currents of dc shunt motor may be

noted.

If these values are plotted, the graph
representing the variation of speed
with torque developed is obtained.
This curve resembles the speed Vs
current characteristics as the torque is
directly proportional to the armature
current.
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DC MACHINES

» DC Machines :

DC Series Motor:

* Inthis type of DC motor the armature and field windings
are connected in series.

Torque and Speed equation of DC Series Motor:

As we have seen for dc motor
T < @la

| i i s field
the resistance of the series field A But for dc series motor as Ir_1, thus @ « la

winding Rs is much smaller than | ]
the armature resistance Ra — O
— Itape Armature

So torque in dc series motor is
T < la?

srcy

The flux produced is proportional
to the field current but in this
lp=1q thus @« la

Thus flux can never become constant in dc series motor
as load changes Iy and I, also gets changed

For dc motor
NQZP

b= A60

Z ,P, A and 60 are constants

Eb (V=IlaRa)=I.R. V-=la(Ra+R.)
Thiis, N b A=y o S

Thus dc series motor is not a constant flux motor. for dc series motor
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DC MACHINES

» DC Machines :

Force acting on the armature conductor(Lorentz
force):

Wiy @O tr WC Casrveaent
PARRsas Thoug™ a Cod nm
S magmeatic Tela, e

T - B »e 4 )

E e s -
Producas A tTorgue
W™ DTy B

D Mmoo
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DC MACHINES

» DC Machines :

1. DC SHUNT MOTOR

The parallel combination of two
windings is connected across a
common dc power supply.

The resistance of shunt field
winding (R,,) is always higher than
that is armature winding.

This is because the number of turns
for the field winding is more than
that of armature winding.

The cross-sectional area of the wire
used for field winding is smaller
than that of the wire used for

armature winding.

Armature
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DC MACHINES

» DC Machines :

2. DC SERIES MOTOR

The field winding is connected in
series with the armature.

The current passing through the

series winding is same as the Sev(l,s field
wanding

armature current.

Therefore the series field winding
has fewer turns of thick wire than
the shunt field winding.

Also therefore the field winding will
posses a low resistance then the
armature winding.
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DC MACHINES

» DC Machines :

Speed Control Of Shunt Motor
1. Flux Control Method :

To control the flux, a rheostat is -
added in series with the field
winding, as shown in the circuit
diagram. Adding more resistance
in series with the field winding will
increase the speed as it decreases
the flux.
2. Armature Control Method

When the supply voltage V and the
armature resistance R_, are kept
constant, speed is directly
proportional to the armature current
I.. Thus, if we add a resistance in
series with the armature, |, decreases

and, hence, the speed also decreases.
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DC MOTOR

» DC Motor :

DC MOTOR Principle of operation of DC Motor:

Electrical motor: It is a machine which When current carrying conductor is placed in a magnetic
rt electrical int hanical iald i |

convert efectrical energy into mechanica field it experience a force,

energy.

AC Motor: motor that runs on alternating
current (AC) electricity.

DC Motor: motor that runs on direct current (DC)
electricity.
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Continued

» Construction of DC Motor :

Construction of DC Motor:

Brushed DC Motor Stator Magnets

Armature

Commutator

Windings

Main parts

The two major parts required for construction
Stator
That houses the field winding

Rotor
Rotating part that rotates n magnetic field




Continued.........

» DC Motor :

Poles, and pole core:

* Poles are electromagnet, the
field winding is wound over it.

* |t produces the magnetic flux
when the field winding is excited.

* The construction of pole is done using the lamination of
particular shape to reduce the power loss due to eddy

Function of each part of DC Motor:

Bl
Yoke:

It is outer cover of dc motor also called as frame.

It provides protection to the rotating and other part of

the machine from moisture, dust etc. current.

pole shoe:

* Pole shoe is an extended part of a pole. Due to its typical
shape, it enlarges the area of the pole, so that more flux
can pass through the air gap to armature.

Material Used: low reluctance magnetic material such
as cast steel or cast iron is used for construction of pole
and pole shoe.

Yoke is an iron body which provides the path for the flux
to complete the magnetic circuit.

It provides the mechanical support for the poles.

Material Used: low reluctance material such as cast
iron, silicon steel, rolled steel, cast steel etc.
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Continued.........

» DC Motor :

Armature core:
* Armature coreis a cylindrical drum mounted on the

Field winding: ¢

‘_/"/mcld coll wound on pole

i < g
~>\~ - V“l’\/l

The coil wound on the pole core are called field coils.
Field coils are connected in series to form field winding.

Current is passed through the field winding in a specific
direction, to magnetize the poles and pole shoes. Thus

magnetic flux is produce in the air gap between the pole
shoe and armature.

Field winding is also called as Exciting winding.
Material Used for copper conductor is copper.

Due to the current flowing through the field winding
alternate N and S poles are produced.

shaft.

It is provided with large number of slots all over its
periphery and it is parallel to the shaft axis.

Armature conductors are placed in these slots.

Armature core provides low reluctance path to the flux
produced by the field winding.

Material used: high permeability, low reluctance cast
steel or cast iron material is used.

Laminated construction of iron core is used to minimize
the eddy current losses.

o — -
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» DC Motor :

Armature Core
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Continued.........

» DC Motor :

Armature winding: e Commutator:
* Armature conductor is placed in a armature Ry | * Ihisa cylindrical drum mounted on the

shaft along with the armature core.
It is made up of large number of wedge
shaped segments of hard-drawn copper.

The segments are insulated from each
When the armature winding is rotated using a prime other by thin layer of mica.

mover, it cuts the magnetic flux lines and voltage gets Armature winding are tapped at various points and these
induced in it. tapping are successively connected to various segments of
the commutator.

Function of commutator:

_ * |t converts the ac emf generated internally into dc
Material Used: Armature winding is suppose to carry + It helps to produce unidirectional torque.

the entir.e load cu.rrent hence it should be made up of Material Used: it is made up of copper and insulating
conducting material such as copper. material between the segments is mica.

slots present on the periphery of armature core.

Armature conductor are interconnected to form the
armature winding.

Armature winding is connected to the external circuit
(load) through the commutator and brushes.
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Continued.........

» DC Motor :

Brushes: Back emf:

« Current are conducted from the armature to the external [* When the armature winding of dc motor is start rotating
lGaa Bu ke caiban Biishas itk aré Raldapainst fhe in the magnetic flux produced by the field winding, it cuts
y / g the lines of magnetic flux and induces the emf in the
surface of the commutator by springs. armature winding.

Function of brushes: To collect the current from the * According to Lenz’s |aw (The law that whenever there is an induced
. i electromotive force (emf) in a conductor, it is always in such a direction that
commutator and apply it to the external load in the current it would produce would oppose the change which causes the

generator, and vice versa in motor. induced emf. ), this induced emf acts in the opposite
: direction to the armature supply voltage. Hence this emf
Material Used: is called as back emfs.

NQZ P

Brushes are made of carbon and they are rectangular Ep = =5 7 Volts

. N= speedinrpm
in shape. _ 0= flux per pole armature
—— Z=no of conductors supply voltage
B untes A P=no of pole pairs
A=area of cross section of conductor
\) Ep=back emf
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» DC Motor :

Continued.........

Voltage and Power equation of DC Motor:
V = Eb + IaRa

If we multiply the above equation by /a, we will get

Via = Ebla + Ia’Ra

Via = electrical power supplied to the motor

Ebla = electrical equivalent of the mechanical power produced by the motor
la*Ra = power loss taking place in armature winding

Thus,

Ebla = Via — la?Ra

=input power-power loss

thus, Ebla= Gross mechanical power produce by the
motor

= Pm
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Continued.........

» Torgue equation for DC Motor :

Torque equation of DC Motor:
mechanical power required to rotate the shaft on

21N .
{E = Speed in rpm

mechanical side = Twc

T =Torque in Newton-meter Thus, equationO become

NOZP 21N
—Ja=T—
A60 60
T = POZla 0.159P0Zla _(0.1S9PZ
T omA T A \ 4

P,Z and A are constant, hence we can say
T < Qla

Thus torque produce by the DC Motor is proportional to the
main field flux @ and armature current /a

w= angular velocity in radian /second

gross mechanical power produce by the motor on

electrical side = Ebla
Eb = back emfin volts
la = armature current in ampere

)(bla

equating eqnuation @) and @), we get
BDIG & T casisssicsanmsmnsmimsivg
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Continued.........

» DC Motor :

Types of DC Motor:

e Classification of the d.c. motor depends on the way of
connecting the armature and field winding of a d.c.
motor:

1. DC Shunt Motor
2. DC Series Motor

3. DC Compound Moto¢r

Short shun compound long shut compound

Cumulative Differential Cumulative Differential
compound compound compound compound
motor motor motor motor
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Continued.........

» DC Motor :

1. DC SHUNT MOTOR

The parallel combination of two
windings is connected across a
common dc power supply.

The resistance of shunt field
winding (R,,) is always higher than
that is armature winding.

This is because the number of turns
for the field winding is more than
that of armature winding.

The cross-sectional area of the wire
used for field winding is smaller
than that of the wire used for

armature winding.

Armature
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Continued.......

» DC Motor :

2. DC SERIES MOTOR

The field winding is connected in
series with the armature.

The current passing through the

series winding is same as the Sev(l,s field
wanding

armature current.

Therefore the series field winding
has fewer turns of thick wire than
the shunt field winding.

Also therefore the field winding will
posses a low resistance then the
armature winding.
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Continued.......

» DC Motor :

Speed Control Of Shunt Motor
1. Flux Control Method :

To control the flux, a rheostat is -
added in series with the field
winding, as shown in the circuit
diagram. Adding more resistance
in series with the field winding will
increase the speed as it decreases
the flux.
2. Armature Control Method

When the supply voltage V and the
armature resistance R_, are kept
constant, speed is directly
proportional to the armature current
I.. Thus, if we add a resistance in
series with the armature, |, decreases

and, hence, the speed also decreases.
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Transformer Equivalent circult

[deal
Transformer
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Continued.........

The equivalent circuit diagram of transformer
is given below:-

Where,
R1 = Primary Winding Resistance.

Ro= Secondary winding Resistance.
lo= No-load current.
I, = Magnetizing Component,

lw = Working Component,

Where,
R1 = Primary Winding Resistance.

Ro= Secondary winding Resistance.

lo= No-load current.

|, = Magnetizing Component,

ly = Working Component,

This 1, & I, are connected in parallel across
the primary circuit. The value of Eq ( Primary
e.m.f ) is obtained by subtracting vectorially I;
Z1 from V7 . The value of Xg = E1 / lg and Rq
E1 /lw. We know that the relation of Eq and E»
is Eo /E1 = No /Nq = K, ( transformation Ratio




Continued.........

The secondary circuit is shown in fig-1. and its
equivalent primary value is shown in fig- 2,

R;=R,/ K? X=X/ K
A A A A A‘KX'I’
5

And It can be simplified the terminals shown in
fig — 4 & further simplify the equivalent circuit
is shown in fig.- 5,




Continued.........

At last, the circuit is simplified by omitting Ig

altogether as shown in fig- S

From the equivalent circuit which is shown in
fig.-3 , the total impedance between the input
tTerminal is ,

e S ES & Eg 3

Zz + Zpmm M Z2" + 2Z,.7) ( Z1 +
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Torque —Slip Characteristics

Induction motor:

The Relation between Torque and
Slip-in an Induction Motor

The relation between torque and slip in
an induction motor provides a curve with
the information regarding the difference
of torque using the slip. The deviation of
slip
speed changes & the torque equivalent to

is attained with the difference of

that speed will also differ.

-

Torque

(Starting Torque)

Ns:

Motonng
Region
Breakdown Region
s=1 : s=0 s<0
' Generating
Region

relation-between-torque-and-slip-in-induction-motor

| Ne curve IS aernnedad In mnree rmodaes ke
motoring, generating braking and the
characteristics of torque slip are divided
iNnto three regions like a low slip, high slip,

and medium slip.

Motoring Mode

INn this mode, once the supply is given to
the stator, then the motor starts turning
under the synchronous. The torque of
this motor will

from O I "“1°. &t

change when the slip
changes no-load

condition, it is zero whereas, in l|load

condition, it is one.

From the above curve, we can observe
that the torque is directly proportional to
the slip. When the slip is more, then the

more torque will be generated.




Continued.........

» Induction Motor :

Generating Mode

INn this mode, the motor runs higher than
the The

winding is connected to a 3-® supply

synchronous speed. stator

where it provides electrical energy. In
fact, this motor gets mechanical energy
because both the torque as well as slip is
negative and provides electrical energy.
Induction motor works by using reactive
power so it is not used as a generator.
must be

Because, reactive

power
provided from outside and it works under
then

the synchronous speed, it uses

electrical energy instead of providing at
the So

generators are avoided.

output. generally, induction

’

Braking Mode

INn this mMmode, the voltage supply polarity
is altered. So the induction motor begins
in the opposite direction so
This kind of

applicable whenever it is

to revolve

mMmotor stops to rotate.
method is
Necessary to discontinue the motor in a

less time period.

When the motor starts rotating, then the

load accelerates within a similar

direction so the motor's speed can be
increased above synchronous speed. In
this mMmode, it works like an induction
generator to provide electrical energy to
the mains so that it reduces the motor
speed compare with synchronous speed.
As a result, the motor stops working.
This Kind of breaking princCip eka—tas ~\wWn

dvnamic breakino




Continued.........

» Induction Motor :

T hus, this is all about an overview of a
slip iInNn anmn induction mMotor. VWhen the
speed of the rotor withimn the motor is

equivalent to synchronous speed then

slip is ‘O°. If The rotor iIs Turning at

synchronmnous speed M the rotating
EmaAagnetic freld directicon,. tThen there Iis Mo
cuttimng action of flux, mo emf within the
rotor conduclitors & no Tiow o©f current
withinmn the rotor bar comductor. T herefore,
electrormagnetic torque cannot be
developed. So the rotor of this motor
cannot achieve synchromous speed. As a

result, slip is nmnot at all zero within the

ENSorE
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» Induction Motor :

When the Value of Slip is ‘0’

If the slip value is ‘0" then the speed of

the rotor is equivalent to revolving
magnetic flux. So there is no motion
among the coils of the rotor as well as
revolving magnetic flux. So, there is no
flux cutting act in the rotor coils.
Therefore, emf will not be generated
within rotor coils for generating rotor
current. So this motor will not work. So, it
essential to have a positive slip value in
this motor and due to this reason, the
slip will never become ‘0’ in an induction

motor.

When the Value of Slipis ‘1°

If the slip value is ‘1" then the rotor in the

motor will be stationary

When the Value of Slip is -1’

If the slip value is -1" then the speed of

the rotor in the motor is more

comparable with the synchronously
revolving magnetic flux. So, this is
possible only when the rotor within the
motor is turned in the revolving magnetic

movers. it can act as

flux direetion using the prifme; manscon pensstos




Continued.........

» Induction Motor :
When the Value of Slip is >1

If the slip value of the motor is greater
than one then the rotor will turn in the
opposite direction to the revolution of
magnetic flux. So if the magnetic flux is
revolving in the direction of clockwise,
then the rotor will turn rotating in the
anti-clockwise direction. So, the speed
among them will be like (Ns + Nr). In
braking or Plugging of this motor, the slip

IS greater than 1’ is attained to rapidly

bring the rotor of the motor at rest.
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