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14. Assignment topics with materials
UNIT-I
Generators and DC Motors

5. Principle of operation of DC Machines

There are two types of generators, one is ac generator and other is DC generator. Whatt
be the types of generators, it always converts mechanical poetectdcalpower.

An AC generator produces alternating power. A DC generator produces direct power. |
these generators produce electrical power, based on same fundamental prifkapéelay's lawn
of electromagnetic inductiorAccording to this law, when @nductormoves in amagnetic
field it cuts magnetic lines of force, due to which an emf is induced in the conductor.

The magnitude of this induced emf depends upon the rate of chafige @hagnetic line
force) linkage with the conductor. This emf will causeuarentto flow if the conductor circuit is

closed.

Herce the most basic tow essential parts of a generator are
» Magnetic field

» Conductorsvhich move inside that magnetic field.

Single Loop DC Generator

In the figure above, a single loop of conductor of rectangular shape is placed betwe
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opposite poles of magnet.

Let's us consider, the rectangular loop of conductor is BBich rotates inside the magnei
field about its own axis ab. When the loop rotates from its vertical position to its hori
position, it cuts the flux lines of the field. As during this movement two sides, i.e. AB and |
the loop cut the flux ties there will be an emf induced in these both of the sides (AB and E
the loop

Now the loop is opened and connected it with a split ring as shown in the figure below. Sg
are made out of a conducting cylinder which cuts into two halves or ségmsulated fromr
each other. The external load terminals are connected with two carbon brushes which ar
these split slip ring segments.

Working Principle of DC Generator

P . D D——— A

.

i .jalb‘:i. -

L o LM _
It is seen that in the first half of the revolution current flows alwalgsag ABLMCD i.e. brush
no 1 in contact with segment a. In the next half revolution, in the figure the direction
induced current in the coil is reversed. But at the same time the position of the segments
are also reversed which results thaish no 1 comes in touch with the segment b. Hence
current in the loadesistancegain flows from L to MThe wave from of the current through t

load circuit is as shown in the figure. This current is unidirectional.
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This is basiavorking principle of DC generator, explained by single loop generator model

position of thebrushes of DC generatmr so arranged that tlehangeoveof the segments a ar
b from one brush to other takes place when the plane of rotating coil is at right@tigge plane
of the lines of force. It is so become in that position, the induced emf in the coil is zero.

2. Emf equation of the dc generator

E. M.F Equation

The derivation oEMF equation for DC generator has two parts:
¢ Induced EMF of oneonductor
¢ Induced EMF of the generator

Derivation for Induced EMF of One Armature Conductor

For one revolution of the conductor,

Let,® = Flux produced by each pole in weber (Wb)
And P = number of poles in tH2C generatar

Therefore, Totaflux produced by all the pol— ‘?5 x P
And, Time taken to complete one revolution

60

NWhere,N = speed of the armature conductor in rpm.
Now, according to Faraday’s law of induction, the induced emf of the armature conductor is
denoted by “e” which is equal to rate of cutting the flux.

Therefore,

do total flux
e=— and e = —

dt time take
Induced emf of one conductor is

oP N
c=w =5

J
4

Derivation for Induced EMF for DC Generator
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Let us suppose there are Z total numbers of conductor in a generator, and arranged |
manner that all parallel paths arevays in series.
Here, Z = total numbers of conductor
A = number of parallel paths
Then, Z/A = number of conductors connected in series
We know that induced emf in each path is same across the line
Therefore, Inducedmf of DC generator
E = emf of oneconductor x number of conductor connected in series.
Induced emf of DC generator is
N _Z
e = ¢P — X — volts
60 A

Simple wave wound generator

Numbers of parallel paths are only 2 = A

Therefore,
Induced emf for wave type of winding generator is
D PIN Z  pZPIN

60 <32 — " 120 U

Simple lapwound generator

Here, number of parallel paths is equal to number of conductors in one path
e. P = A,

Therefore Induced emf for lapgvound generator is

. dZN __ P
Eg— 60 Avaﬂt

3. Types of generators
The performance characteristics ad@machinere greatly influenced by the way in which t
field winding is excited with direct current. There are two Methods of Excitation duf a

machine
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Shunt field winding

-=— Series field winding

il X

Shunt and series field windings

Excellent and versatile ways of controlling the shunt and series excitations are now pos:
use of soligstate devices and associated control circuitry.

Another way of classifying machine excitatjovhich is meaningful for dc machines used &
generator, is to distinguish whether the machine field is excited by its own arn
voltage/current or an independent source is used for this purpose. The two distinct cle
machine excitation from t& point of view are:

1. Separate excitation

2. Self excitation

In separate excitation a separate dc source is needed for excitation purposes only
obviously inconvenientThe separate excitation arrangement, the shunt field winding, is s
in Fig. (a). The separately excited machine is most flexible as full and independent coi
both armature and field circuits is possible. Permanent magnet machines also fallsinto th
category.

A self-excited dc generator could be excited by its own armature voltage (shunt excitatior
Fig. (b) or by its own current (series excitation) as in Fig. (c). A combination of shunt and
excitation (compound excitation) is also dder generators as discussed later in this sectio
selfexcited generator may fail to excite under certain field conditions as is explained in sec
A dc machinavhen used as a motor hesshunt field always separately excited as its excita
is drawn from the dc supply. Figures (b) and (c) are valid shunt and series excitation sche
dc motors.

If both shunt and series excitations are used dt anachineas in Fig (d), it is called :

compounddc machinelf the series field flux aids the shunt field flux, so ttis resultant air
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gap flux per pole is increased, then the machine is called a cumulatively compduanded
machine(Fig. (d)). However, if a series field fllopposes the shunt field fluxso that the
resultant aigap flux per pole is decreased, the machine is called a differentially compalmded
machine(Fig. (e)). In Fig. , the field and armature circuits are drawn at@ect.) with respec

to each other which represents, as pointed out earlier, the actual spatial orientation
magnetic fields produced by field and armature circuitsda eachie.

The direction of the arrows in Figs (d) and (e) corresponds to the magnetic fields associa

the two field windings. Figure (d) implies that the magnetic fields of two field windings
additive. Cumulative compounding of both motors and genesatie often used to exploit tf
merits of both shunt and series excitations.

A,
o 0
Ai
Field F, F,
! : I Armature :
Fy F, A — A —
(a) Separate excitation (b) Shunt self excitation
@
°
A, A,
OO0 LD 000
Fy F, F, F, S ) S,
Shunt Series
(c) Series self excitation (d) Compound excitation (cumulative compound)
fp —— i fL(Geg)
o r — !L(mot)
{mot)| A |
‘f,(Gen)flr‘ i
RV, V
£ ORBlS S o
R, Ree l
o o '

(e) Compound excitation (differential compound) (f) Compound excitation, long shunt
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(g) Compound excitation; short shunt

Fig. Methods of excitation of dc machines

4. Swinburne Test of DC Machine

This method is an indirect method of testing a DC machine. It is named after Sir
Swinburne Swinburne's testis the most commonly used and simplest method of testing
shunt and compound wound DC machines which have constant flux. In this test the effici
the machine at any load is pdetermined. We can run the machine as a motor or as a gen
In this methal of testing no load losses are measured separately and eventually we can de
the efficiency.

The circuit connection fodwinburne's testis shown in figure below. The speed of the mact
is adjusted to the rated speed with the help of the shgulater R as shown in figure.

".\h
&
Iy “

armature

75 (-.' raTaTa B
- 9.9.9.9.0

Advantages of Swinburne's Test
The main advantages of this test are:
e This test is very convenient and economical as it is required very less power from
to perform the test.
e Since constant losses are known, efficien€gwinburne's testcan be predetermined
at any load.
Disadvantages of Swinburne's Test
The main disadvantages of this test are :
e lron loss is neglected though there is change in iron loss from no load to full load
armature reaction.
e We cannot bewe about the satisfactory commutation on loaded condition becau:
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test is done on nimad.
e We can’t measure the temperature rise when the machine is loaded. Power losses can
vary with the temperature.
e InDC series motorghe Swinburne’s test cannot be done to find its efficiency as it is a

no load test.
Losses in DC Machine
As we know “Energy neither can be created nor it can be destroyed, it can only be transferred
from one form to another”. In DC machine, mechanical energy is converted into the electrical
energy. During this process, the total input power is not transformed into output power.
part of input power gets wasted in various forms. The form of ds¥s may vary from on
machine to another. These losses give in rise in temperature of machine and red
efficiency of the machine. IDC Machine, there are broadly four main categories of ene
loss.
Copper Losses or Electrical Losses in DC Machiner®inding Loss
The copper losses are the winding losses taking place durirgyrieatflowing through the
winding. These losses occur due to tbsistancen the winding. In DC machine, there are ot
two winding, armature and field winding.
Thus copper losses categorieshree parts; armature loss, field winding loss, and brush co
resistance loss. The copper losses are proportional to square of the current flowing thrc
winding.
Armature Copper Loss in DC Machine
Armature copper loss = la2Ra

Where, lais armature current and Ha armature resistance.

These losses are about 30% of the total full load losses.
Field Winding Copper Loss in DC Machine
Field winding copper loss = If2Rf

Where, Ifis field current and R field resistance.

These losses are abhd@5% theoretically, but practically it is constant.
Swinburne Test of DC Machine

This method is an indirect method of testing a DC machine. It is named after Sir
SwinburneSwinburne's testis the most commonly used and simplest method of testing o
shunt and compound wound DC machines which have constant flux. In this test the effici
the machine at any load is pdetermined. We can run the machine as a motor or as a gen

In this method of testing no load losses are measured separadedyventually we can determi
the efficiency.

The circuit connection fodwinburne's testis shown in figure below. The speed of the mact
is adjusted to the rated speed with the help of the shunt regulator R as shown in figure.
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Calculation of Efficiency

Let, 10is the no load current (it can be measure@itmneterAl) Ishis the shunt fielgturrent(it
can be measured by ammeter A2)

Then, no load armature current

—(Io — L)
Also let, V is the supply voltage. Therefore, No load power input = wWa4ds.

In Swinburne's testno load power input is only required to supply the losses. The lossas
in the machine mainly are:

Iron losses in the core
Friction and windings losses
Armature copper loss.

Since the no load mechanical output of the machine is zero in Swinburne's test, the no lo
power is only used to supply the losses.

Thevalue of armature copper loss
2
(fo — In)"Ra

Here, Ras the armatureesistance

Now, no to get the constant losses we have to sulth@ermature copper loss from the no Ic
power input.

Then,
Constant losses Wo = VIy — (Ip — I1)* R,
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After calculating the no load constant losses now we can determine the efficiency at ar
Let, | is the load current at which we have to calculate the efficiency of the ma
Then, armature current (la) will be (I- Ish), when the machine is motorin
And

I, = (I+ Ix), when the machine is generating.
Calculation of Efficiency When the Machine is Motoring on Load
Power input = VI

Armature copper loss,

Pey =I*R, = (I — I4)°R,
Constant losses,
We=VIy— (I — Ish}ZRaTDtGE losses = Popgp + We
= Efficiency of themotor:
output input — losses VI — (PoU + We)

]f?m' = = =

input input Vi
Calculation of Efficiency When the Machine is Generating on Load
Power input = VI

Armature copper loss, )
Pey = LR, = (I + Ih)°R,
Constant losses,
We=VIy— (I — Ish}ERaTDtGE losses = Popgp + We
= Efficiency of the generator:
output input — losses VI — (PcU + We)

g = input input B VI

5. Speed control of D.C. Motors- Armature voltage and field flux control methods:

Speedcontrol means intentional change of the drive speed to a value required for perform
specific work process. Speed control is a different concept from speed regulation where
natural change in speed due change in load on the shaft. Speed isogither done manuall
by the operator or by means of some automatic control de®ice.of the important feature
of DC motoris that its speed can be controlled with reatease. We know that the er
equation oDC motor is given as,
NPopZ
604 N=60AE/PZQ

N=E/kd
where, k = PZ/60A

N =V -laRa/ kQ
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Therefore speed (N) of 3 types of DC motoSERIES, SHUNT and COMPOUND can |
controlled by changing the quantities 8HS of the expression. So speed can be varie
changing

e Terminalvoltageof the armature V.

e Externalresistancen armature circuit Ra.

e Fluxper pole ¢.
The first two cases involve change that affects armature circuit and the third one involves
in magnetic field Thereforespeed control of DC motoris classified as

e Armature control methods

¢ Field control methods.

e Speed Control of DC Series Motor
Speed control of DC series motocan be done either by armature control or by field control.
Armature Control of DC Series Motor
Speed adjustment of DC serie motor by armature control may be done by any one of
methods that follow,
Armature Resistance Control Method:

This is the most common method employed. Here the controlling resistance is connected directly
in series with the supply of the motor asshown in the fig.

+ e
I

ARMATURE -

- T

The power loss in the control resistance of DC series motor can be neglected because thi
method is utilized for a large portion of time for reducing the speed under light load con
This method of speed control is most emmical for constant torque. This method of spe
control is employed foDC series motodriving cranes, hoists, trains etc.

Shunted Armature Control:

The combinatiorof a rheostat shunting the armature and a rheostat in series with the arm:
involved in this method of speed control. The voltage applied to the armature is var
varying series rheostat R1. The exciting current can be varied by varying therarstainting
resistance R2. This method of speed control is not economical due to considerable pow

138



KG REDDY

College of Engineering
& Technology

in speed controlling resistances. Here speed control is obtained over wide range bu
normal speed.

+ ® > -
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Armature terminal voltage control:

Thespeed control of DC series motocan be accomplished by supplying the power to
motor from a separate variable voltage supply. This method involves high cost so it rarely used.
Field Control of DC Series Motor

The speed of DC motor can be controllediog method by any one of the following ways

Field Diverter Method

This method uses a diverter. Here the field flux can be reduced by shunting a por
motor currentaround the series field. Lesser the diverter resistance less is the field curre
flux therefore more speed. This method gives speed above normal and the method
in electric drivesn which speed should rise sharply as soon as load is decreased.

+ 1 1
“-.ﬂ.'ﬂ '.'."A" Y E——
Diverter
\'J —h-—’ﬁT 0 u—f e ARMATURE

Series Field

Tapped Field Control
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This is another method of increasing the speed by reducintuihend it is done by lowerin
number of turns of field winding through which current flows. In this method a numb
tapping from field winding are brought outside. This method is employed in electric traction.

Tapped Series Field
— u,||| ﬂ -
It

1

V ARMATURE
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UNIT -II
Transformers and performance

5. Single phase transformer and its operation?

A transformelis a static machine used for transforming power from @reuit to another
without changing frequency. This is a very bafafinition of transformerSince there is n
rotating or moving part so transformer is a static device. Transformer operates on ac

Transformer works on the principle of mutual ictian

Generally, the name associated with the construction of a transfordegyreadentipon how
the primary and secondary windings are wound around the central laminated steel cc
two most common and basic designs of transformer constructionhakglosedcore
Transformer and theShellcore Transformer

In core type transformer it has two vertical legs or limbs with two horizontal sections r
yoke. Core is rectangular in shape with a common magnetic circuit. Cylindrical coils (HV
and LV) are plaed on both the limbs.

Shell type transformer: It has a central limb and two outer limbs. Both HV, LV coil:
placed on the central limb. Double magnetic circuit is predgaty type transformer: Thi
core looks like spokes of wheels. Tightly fitted adetheet tanks are used for housing f

type of transformer with transformer oil filled inside.

Transformer Core Construction

Primary and Seconda
Wlndm s

N

.——CORE——

NI[=]
”I'e'

—_——— — ———

- — — - —

LV

—— i — — —

Magnetic
Lines of Flux

Core-type Construction Shell-type Construction

Shell type transformer cores overcome this leakage flux as both the primary and set
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windings are wound on the sarmentre leg or limb which has twice the creestional area o
the two outer limbs. The advantage here is that the magnetic flux has two closed magne:
to flow around external to the coils on both left and right hand sides before returning daek to t

central coils.

This means that the magnetic flux circulating around the outer limbs of this type of trans
construction is equal t®/2. As the magnetic flux has a closed path around the coils, this has the

advantage of decreasing core losses aackasing overall efficiency
Constructional details:

Two coils of wire (called windings) are wound on some type of core material. In some ca
coils of wire are wound on a cylindrical or rectangular cardboard form. In effect, the
material is air and the transformer is called an RIRRETRANSFORMER. Transformers use
at low frequencies, such as 60 hertz and 400 hertz, require a core-llatance magneti
material, usually iron. This type of transformer is called an IRGDRE TRANSFORMER.
Most power transformers are of the iroore /pe.

The principle parts of a transformer and their functions are: The CORE, which provides
for the magnetic lines of flux. The PRIMARY WINDING, which receives energy from th
source. The SECONDARY WINDING, which receives energy from the primangling and
delivers it to the load. The ENCLOSURE, which protects the above components fror

moisture, and mechanical damage.
() CORE

There are two main shapes of cores used in lamirsgadcore transformers. One is tf
HOLLOWCORE, so named baase the core is shaped with a hollow square through the ¢
This shape of core. Notice that the core is made up of many laminations of steel it sho
the transformer windings are wrapped around both sides of the core.

(i) WINDINGS
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As stated bove, the transformer consists of two coils called WINDINGS which are wra
around a core. The transformer operates when a source of ac voltage is connected to o
windings and a load device is connected to the other. The winding that is cortoegtidource
is called the PRIMARY WINDING. The winding that is connected to the load is callec
SECONDARY WINDING. The primary is wound in layers directly on a rectangular cardk

form.

Laminated Core

Primary

EMF equation - operation on no load- phasor diagrams:

Let the applied voltage V1 applied to the primary of a transformer, with secondary open
circuited, be sinusoidal (or sine wave). Then the current |1, due to applied voltage V1, w
be a sine wave. The mmf N1 11 and core flux @ will follow the varetiof I1 closely. That it

the flux is in time phase with the current 11 and varies sinusoidally.
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Let,
Na = Number of turns in primaryNs = Number of turns in secondary

@max= Maximum flux in the core in webers =& X A f = Frequency of alternatingurrent

input in hertz (H)

As shown in figure above, the core flux increases from its zero value to maximum value @

one quarter of the cycle , that is in ¥ frequency second.
Therefore, average rate of change of flux m@va f = 4f @naWb/s

Now, rate of change of flux per turn means induced electro motive force in -

Therefore,
average electrmotive force induced/turn = 4fgwolt

If flux @ varies sinusoidally, then r.m.s value of induced e.m.f is obtained by multiplyin
average value ith form factor.

Form Factor = r.m.s. value/average value = 1.11 Therefore, r.m.s value of e.m.f/turn = 1.
Omax = 4.44f Ghax Now, r.m.s value of induced e.m.f in the whole of primary winding.= (indt

e.m.f./turn) X Number of primary turns

Therebre,

144



KG REDDY

College of Engineering
& Technology

EA = 4.44f NA@max = 4.44{INABmMA

Similarly, r.m.s value of induced e.m.f in secondary is

EB = 4.44f NB @max = 4.44{NBBmMA

In an ideal transformer on no load, VA = E&nd VB = EB, where VB is the terminal voltage
Voltage Transformation Ratio.

The atio of secondary voltage to primary voltage is known as the voltage transformatio
and is designated by letter K. i.e.

Voltage transformation ratio, K = V2/V1 = E2/E1 = N2/N1
Current Ratio.

The ratio of secondary current to primary currerknewn as current ratio and is reciprocal

voltage transformation ratio in an ideal transformer.
Transformer on No Load.

When the primary of a transformer is connected to the source of an ac supply and the se
iS open circuited, the transformer ssid to be on no load. The Transformer on No L

alternating applied voltage will cause flow of an alternating current 10 in the primary

winding, which will create alternating flux @. Noad current 10, also known as excitation
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exciting current, &s two components the magnetizing component Im and the energy com|
le. Im is used to create the flux in the core and le is used to overcome the hysteresis &
current losses occurring in the core in addition to small amount of copper lossesgdouhe
primary only (no copper loss occurs in the secondary, because it carries no current, bei

circuited.)
From vector diagram shown in above it is obvious that

1. Induced emfs in primary and secondary windings, E1 and E2 lag the main HByxa@d are
in phase with each other.

2. Applied voltage to primary V1 and leads the main flux @ by and is in phase opposition to E1.

3. Secondary voltage V2 is in phase and equal to E2 since there is no voltage
secondary.

4.Imis in phase wit @ and so lags V1 by
5.le is in phase with the applied voltage V1.

6. Input power on no load = Vlle = V110 cos @0 where @0 tan

3. Explain the Operation On ON Load- Phasor Diagrams
The transformer is said to be loaded, when its secondary asaoimpleted through a

impedance or load. The magnitude and phase of secondary current (i.e. current flowing
secondary) 12 with respect to secondary terminals depends upon the characteristic of the
current 12 will be in phase, lag behiadd lead the terminal voltage V+2+ respectively when
load is noninductive, inductive and capacitive. The net flux passing through the core re
almost constant from nlmad to full load irrespective of load conditions and so core lo
remain alnest constant from ntwad to full load. Vector diagram for an ideal transforr
supplying inductive load is shown
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Resistance and Leakage Reactance In actual practice, both of the primary and se
windings have got some ohmic resistance causingageldrops and copper losses in
windings. In actual practice, the total flux created does not link both of the priman
secondary windings but is divided into three components namely the main or mutual
linking both of the primary and secongiawindings, primary leakage flux @llinking with
primary winding only and secondary leakage flux@hking with secondary winding only. Th
primary leakage flux @Lis produced by primary ampeterns and is proportional to primal
current, number of pnary turns being fixed. The primary leakage flux 4 in phase with
1 and produces self induceeimf @Liis in phase with dand produces self induceeimf

EL: given as 2f L 11 in the primary winding.

The self inducedemf divided by the primary currergives the reactance of primary and
denoted by X1.



KG REDDY

College of Engineering
& Technology

ormer
windings referred to primary and secondary sides are given as below Referred to prime
Equivalent resistance,

Equivalent resistance, = X'1 = Referred to secondary side Equivalent resistance,
Equivalent resistance, = X2 +K1 Where K is theéransformation ratio.

4. Conduct an open circuited test on transformer
OC test:

In this test secondary (usually high voltage) winding is left open, all metering instru
(ammeter, voltmeter and wattmeter) are connected on primary side and normabttge is
applied to the primary (low voltage) winding, as illustrated below

Iron loss = Input power on Aioad

WO watts (wattmeter reading) Noad current = 0 amperes (ammeter reading) Angle of la
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- Caution: Since no loadurrent 10 is very small, therefore, pressure ci
of watt meter and the volt meter should be connected such that the current taken by ther
not flow through the current taken by them should not flow through the current coil of th

meter.
Vo = Rated Voltage
W, = Input power

lo = Input current = no oad current

lc = locOS o

cos o= No load power factor

Hence power input can be written as,
Wo=VolocC0S o

Wy = B = Iron losses

Wi = Volp cos o

cos o=Wo/ Volo = no load powefactor
Ro = Vollc

Xo=Vo/lm

Short-circuit or Impedance Test

This test is performed to determine the -fothd copper loss and equivalent resistance
reactance referred to secondary side. In this test, the terminals of the secondary (usually the low
voltage) winding are short circuited, all meters (ammeter, voltmeter and wattmete
connected on primary side and a low voltage, usually 5 to 10 % of normal rated primary

at normal frequency is applied to the primary, as shown in fig below.

Th
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the full load current of the side in which it is connected. The reading Ws of the wattmete
total copper loss (iron losses being negligible due to veryalpplied voltage resulting in ver
small flux linking with the core) at full load. Le the ammeter reading be Is.

Equivalent impedence referred to primary= Commercial Efficiency and All day Efficienc
Commercial Efficiency. Commercial efficiency is aefd as the ratio of power output to pow
input in kilowatts.(b) Altday Efficiency The all day efficiency is defined as the ratio of out

in kwh to the input in kwh during the whole day. Transformers used for distributiol
connected for the wholeag to the line but loaded intermittently. Thus the core losses occl
the whole day but copper losses occur only when the transformer is delivering the load
Hence if the transformer is not used to supply the load current for the whole dagyall d
efficiency will be less than commercial efficiency. The efficiency (commercial efficiency)

be maximum when variable losses (copper losses) are equal to constant losses (iron
losses).sign is for inductive load and sign is for capacitive Tesadsformer efficiency, Where

is the ratio of secondary current 12 and rated full load secondary current.
Wsc = (Pey) F.L. = full Load copper loss
Wse=V scl sc sc

sc=V sclse/ W sc

Wse = 1%cR1e = Copper loss
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Zie= Vscllsc= ROOt(&le+X21e)

X1e= Root (Z2e R?1)
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UNIT -1l
THREE PHASE INDUCTION MOTOR
1. Working Principle of Three Phase Induction Motor

An electrical motois such an electromechanical device which converts electrical energy
mechanical energy. In case of three phase AC operationwittedy used motor iFhree phase
induction motor as this type of motor does not require any starting device or we can sa
are selfstarting induction motors. For better understanding, ghaciple of three phase

induction motor, the essential consittional feature of this motor must be known to us. 1

Motor consists of two major parts:

Stator of Motor

Stator of three phase induction motoris made up of numbers of slots to construct a 3 pl
winding circuit which is connected to 3 phase AC source. The-fiirase winding is arrange

in such a manner in the slots that they produce a rotating magnetic field whephhseeAC
supply is give to them.

Rotor of Motor

Rotor of three phase induction motorconsists of cylindrical laminated core with parallel sl
that can carry conductors. Thenductorsare heavy copper or aluminum bars which fit in e
slot, and they are shectrcuited by the end rings. The slots are not exactly made parallel 1
axis of the shaft but are slotted a little skewed because this arrangement reduces r
humming nose and can avoid stalling of the motor.
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Working of Three Phase Induction Motor
Production of Rotating Magnetic Field
The stator of the motor consists of overlapping winding offset by an electrical anglef 120
When the primary winding or the statisr connected to a 3 phase AC source, it establist
rotating magnetic field which rotates at the synchronous speed.
Secrets behind the Rotation:According to law an emf induced in any circuit is dt
to the rate of change ahagnetic fluxlinkage throudp the circuit. As the rotor winding in a
induction motorare either closed through an exterredistanceor directly shorted by end ring
and cut the stator rotating magnetic field, an emf is induced in the rotor copper bar and
this emf acurrentflows through the rotor conductor.
Here the relative speed between the rotating flux and static rotor conductor is the ci
current generation;gmce as pekenz's law the rotor will rotate in the same direction to redt
the cause, i.e. the relative velocity.
Thus from theworking principle of three phase induction motor, it may be observed that tt
rotor speed should not reach the synchronous speed produced by the stator. If the speed
equal, there would be no such relative speed, so no emf induced in the rotor, and no
would be flowing, and thereferno torque would be generated. Consequently, the rotor ¢
reach the synchronous speed. The difference between the stator (synchronous speed)
speeds is called the slip. The rotation of the magnetic field in an induction motor h
advantag that no electrical connections need to be made to the rotor.
Thus thethree phase induction motoris:

Selfstarting.

Lessarmature reactiomnd brush sparmkg because of the absence of commutators

brushes that may cause sparks.

Robust in construction.

Economical.

Easier to maintain.

2. Slip ring and squirrel cage induction motors:
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Slip Ring Motor

The motor which employing the wound rotor is known as arslgp induction motor or phase
wound motor. It consists laminated cylindrical core which has a-clesed slot at the outer
periphery and carries thrgdhase insulated winding. The rotor is wound for the same number of
poles as that of the stator.

Thethree finish terminals are connected forming star point, and the three start terminals are
connected to three copper slip rings fixed on the shaft. The mild steel shaft is passed thro
centre of the rotor and fixed to the key. The purpose of theé ishafsend mechanical power.

Definition of Squirrel Cage Motor

The motor which employing squirrel cage type rotor is known as the squirrel cage motor. The
construction of the rotor is rugged and simple. The rotor of the motor consists the cylindrical
laminated core having seralosed circular slots and short circuit at each end by copper or
aluminum ring, called short circuiting ring. It is not possible to add any external resistanee
rotor of the circuit.
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The rotor slots are not parallel but akeewed. The skewing of the rotor has the following
advantages.

.. Its reduces humming and thus ensuring the quiet running of a motor.
.. The skewed rotor gives smooth torque curves for different positions of the rotor.
It reduces the magnetic locking of thetstaand rotor.
.. It increases the rotor resistance due to the increased length of the rotor bar conductors.

Key Differences between Slip Ring & Squirrel Cage Induction Motor

8. The motor whose rotor is wound type such type of motor is called slip ring indnabim,
whereas the squirrel cage motor, has a squirrel cage type rotor.

9.The rotor of the slip ring motor has a cylindrical core with parallel slots, and each slot consists
each bar. The slot of the squirrel cage motor is not parallel to each other.

'0. Theslip ring motor is also called phase wound rotor. The another name of the squirrel cage
motor is cage motor.

'1. The construction of the skpng motor is complicated because it consists slip ring and brushes
whereas the construction of the squirrel cage mistsimple.

'2. The phase wound motor consists external resistance circuit, whereas in squirrel cage m
not possible to add any external resistance circuit because their rotor bars are permanently
slotted.

'3. For starting the slip ring motor the rot@sistance starter is used, whereas the slip ring motor
does not require any starter.

'4. The starting torque of the sling motor is high, whereas in squirrel cage motor it is low.
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'5. The maintenance cost of the slip ring motor is high as compared to sgageetotor becaus
the slip ring motor consists brushes and rings.

'6. The copper loss is more in slip ring motor as compared to squirrel cage motor.

'7.The slip ring motor has brushes for transferring the power whereas the squirrel cage motor is
brushless.

'8. The c@per loss in the phase wound motor is high as compared to squirrel cage motor.

'9. The efficiency of the slip ring motor is low whereas the squirrel cage motor has high
efficiency.

The overloading capacity of the slip ring motor is high as compared to sgaigeimotor and it
is smoothly running under heavy loads. It is less sensitive and also has no abnormal heating
during the starting.

Basis For N :
. Slip Ring Motor Squirrel Cage motor

Comparison

Defintion The rotor of the motor is The rotor of the motor is a squirrel cag
constructeds a slip ring type.
type.

Rotor Cylindrical laminated core  The slots of the rotor are not parallel,
with parallel slots and each but are skewed.
slot consist one bar.

Other name Phase wound rotor Cage motor

Construction Complicated Simple

Resistance Added external to the rotor The rotor bar is permanently shorted .
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the end of the ring, thus it is not
possible to add any external resistance.

Starter The rotor resistance starter Rotor resistance starter caot be used.
can be used.

Starting Torque High Low

Brushes Present Absent

Maintenance Frequent maintenance Less maintenance required
required

Copper Loss High Low

Efficieny Low High

Speed Control Possible Not Possible

Power Factor  Low High

Cost Costly Cheap

Starting Low High

Current
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Uses Use in hoist, cranes, elevato Use in lathe machines, fan, blower,
where high torque is requiret profiting machines, etc.

3. Torque Slip Characteristics of Three Phase Induction Motor

The torque slip curve for amduction motorgives us the information about the variation
torque with the slip. The slip is defined as the ratio of difference of synchronous spe:
actual rotor speed to the synchronous speed of the machine. The variation of slip can be
with the variaibn of speed that is when speed varies the slip will also vary and the t
corresponding to that speed will also vary. The curve can be described in three mc
operations.

The torqueslip characteristic curve can be divided roughly into three regions:

Low slip region

Medium slip region

High slip region
Motoring Modeln this mode of operation, supply is given to the stator sides and the motor
always rotates below the synchous speed. The induction motor torque varies from zero to
load torque as the slip varies. The slip varies from zero to one. It is zero at no load and one at
standstill. From the curve it is seen that the torque is directly proportional to the slip.
That is, more is the slip, more will be the torque produced anéveisa. The linear relationshi
simplifies the calculation of motor parameter to great extéaherating Modén this mode of
operation induction motor runs above the synchronous speeitl str@lld be driven by a prim
mover. The stator winding is connected to a three phase supply in which it supplies el
energy. Actually, in this case, the torque and slip both are negative so the motor r
mechanical energy and delivers el@etk energy. Induction motor is not much used as genel
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because it requires reactive power for its operation.

That is, reactive power should be supplied from outside and if it runs below the synch
speed by any means, it consumes electrical ematggr than giving it at the output. So, as fal
possible,induction generatorare generally avoidedBraking Modeln the Braking mode, th
two leads or the polarity of the supplgltageis changed so that the motor starts to rotate in
reverse direction and as a result the motor stops. This method of braking is known as p
This method is used when it is required to stop the motor within a very short period of time.

The kinetc energy stored in the revolving load is dissipated as heat. Also, motor is still rec
power from the stator which is also dissipated as heat. So as a result of which motor d
enormous heat energy. For this stator is disconnected from the fgiphg motor enters th
braking mode. If load which the motor drives accelerates the motor in the same directior
motor is rotating, the speed of the motor may increase more than synchronous speed
case, it acts as anduction generatowhich supplies electrical energy to the mains which te
to slow down the motor to its synchronous speed, in this case the motor stops. This
breaking principle is called dynamic or eggrative breaking.

4. Torque Slip Characteristics of Single Phase Induction Motor

From the figure, we see that at a slip of unity, both forward and backward field develops
torque but the direction of which are opposite to each other so the net torque producec
hence the motor fails to start. From here we can say thatii@ees are not self starting unlik
the case othree phase induction motorhere must be some means to provide the sta
torque. If by some means, we cagrgase the forward speed of the machine due to whicl
forward slip decreases the forward torque will increase and the reverse torque will decre
result of which motor will start.

Efficiency of Three Phase Induction Motor
Efficiency is defined athe ratio of the output to that of input

Rotor efficiency of thehree phase induction motor
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= Grossmechanical power developed / rotor input

Three phasenduction motorefficiency,

3 phase induction motor efficiency
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Alternators

1. Constructional details of Synchronous Machines:
Construction wise, aalternatorgenerally consists of field poles placed on rtbiting

fixture of the machine i.e. rotor as shown in the figure above. Once the rotor or the fielc
are made to rotate in the presence of armature conductors housed on the stator, an a
voltage

electrical powemgenerating stations use tr
synchronous

generatohas become a subject of great importance and interest for power engineers.
An alternator is basically a type of AC generator which is also known as synchronous ge!
for the simple ream that the field poles are made to rotate at synchresprest N=120f/P for
effectivepower generatian

Where, f signifies the alternatirayirrentfrequency and the P represent the number of poles.

In most practicatonstruction of alternator, it is installed with astationary armature
winding and a rotating field unlike in the caseDff generatowhere the arrangement is exac
opposite. This modification is made to cope with the very high poivéhe order of few 10(
Mega watts produced in an AC generator contrary to that of a DC generator. To accom
such high power theonductorweigh and dimension naturally has to be @aged for optimun
performance. And for this reason is it beneficial to replace these high powature

windingsby low power field windings, which is also consequently of mughtér weight, thus
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reducing the centrifugal force required to turn the rotor and permitting higher speed limits.
There are mainly two types of rotor useatanstruction of alternator,

Salient pole type.

Cylindrical rotor type.
Salient Pole Type
The termsalient means protruding or projecting. The salient pole type of rotor is generally
for slow speed machines having large diameters and relatively small axial lengths. The
this case are made of thick laminated steel sections riveted togethattached to a rotor wit
the help of joint.
An alternator as mentioned earlier is mostly responsible for generation of very high ele
power. To enable that, the mechanical input given to the machine in terms of rotating
must also be very hig This high torque value results in oscillation or hunting effect of
alternator or synchronous generator. To prevent these oscillations from going beyond bot
damper winding is provided in the pole faces as shown in the figure. The dampergwiactin
basically copper bars short circuited at both ends are placed in the holes made in the po
When the alternator is driven at a steady speed, the relative velocity of the damping v
with respect to main field will be zero. But as soontageparts from the synchronous spe
there will be relative motion between the damper winding and the main field which is &
rotating at synchronous speed. This relative difference will induce current in them whic
exert a torque on the field |[®s in such a way as to bring the alternator back to synchrc
speed operation.
The salient features of pole field structure has the following special feature
9. They have a large horizontal diameter compared to a shorter axial length.
10. The pole shoesovers only about/srd of pole pitch.
11.Poles are laminated to redusgdy current loss
12.The salient pole type motor is generally usadlow speed operations of around 100 to ¢

rpm, and they are used in power stations with hydraulic turbines or diesel engines.
Salient pole alternators driven by water turbines are called faftmators or hydro generator

Cylindrical Rotor Type
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The cylindrical rotor is generally used for very high speed operation and emg
in steanturbine driven alternators like turbo generators. The machines are built in a nun
ratings from 10 MVA to wer 1500 MVA. The cylindrical rotor type machine has uniform len
in all directions, giving a cylindrical shape to the rotor thus providing uniform flux cutting i
directions. The rotor in this case consists of a smooth solid steel cylinder, hawmgbar of
slots along its outer periphery for hosing the field cC

The cylindrical rotor alternators are generally designed Hpol2 type giving very high speed

Or 4-pole type running at a speed

Where, f is the frequency of 50 H
The cylindri@l rotor synchronous generator does not have any projections coming out fre
surface of the rotor, rather central polar area are provided with slots for housing th
windings as we can see from the diagram above. The field coils are so arrangadi these
poles that flux density is maximum on the polar central line and gradually falls away as we
out towards the periphery. The cylindrical rotor type machine gives better balance and quieter
operation along with lesser windage losses.
The electical machine can be defined as a device that converts electrical energy into mec
energy or mechanical energy into electrical energyel&ntricalgeneratocan be defined as &

electrical machine that converts mechanical energy into electrical energy. An electrical ge
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typically consists of two parts; stator and rotor. There are various types of electrical ger
such as direct current generatoaternating current generators, vehicular generators, ht
powered electrical generators, and so on. In this article, let us discuss about sync

generator working principle.

2. Working principle of Synchronous Generator:

The rotating and stationary parof an electrical machine can be called as rotor and ¢
respectively. The rotor or stator of electrical machines acts as a-posgkrcing component an
is called as an armature. The electromagnets or permanent magnets mounted on the
rotor are used to providmagnetic fieldof an electrical machine. The generator in wh
permanent magnet is used instead of coil to provide excitation ifeidrmed as permane
magnet synchronous generator or also simply called as synchronous generator.

Construction of Synchronous Generator

In general, synchronous generator consists of two parts rotor and stator. The rotor part
of field poles andstator part consists of armature conductors. The rotation of field poles
presence of armature conductors induceali@nnating voltagevhich results in electricalqwer

generation.

Construction of Synchronous Generator
The speed of field poles is synchronous speed and is given by
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3. Synchronous Generator Working Principle

Theprinciple of operation of synchronous generator is electromagnetic induction. If there
relative motion between the flux and conductors, then an emf is induced in the conduct
understand the synchronous generator working principle, let ugleot&o opposite magneti

poles in between them a rectangular coil or turn is placed as shown in the below figure.

Rectangular Conductor placed in between two opposite Magnetic Poles

If the rectangular turn rotates in clockwise direction against akisas shown in the belo\
figure, then after completing 90 degrees rotation the conductor sides AB and CD comes
of the Spole and Npole respectively. Thus, now we can say that the conductor tang
motion is perpendicular to magnetic flux Ism&om north to south pole.

Direction of Rotation of Conductor perpendicular to Magnetic Flux
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So, here rate of flux cutting by the conductor is maximum and induces current in the con
the direction of the induced current can be determined using . Thus, we
can say that current will pass from A to B and from C to D. If the conductor is rotate:
clockwise direction for another 90 degret®en it will come to a vertical position as shown
the below figure.
Now, the position of conductor and magnetic flux lines are parallel to each other and tt
flux is cutting and no current will be induced in the conductor. Then, while the condatdtes
from clockwise for another 90 degrees, then rectangular turn comes to a horizontal pos
shown in the below figure. Such that, the conductors AB and CD are undergble lnd S
rrent induces in conductor AB fror

point B to A and current induces in a conductor CD from point D to C.

So, the direction of current can be indicated asB C B and direction of current for th
previous horizontal position of rectangular turn is B C D. If the turn is again rotate
towards vertical position, then the induced current again reduces to zero. Thus, for one ¢
revolution of rectangular turn the current in the conductor reaches to maximum & redt
zero and then in the opgite direction it reaches to maximum & again reaches to zero. H
one complete revolution of rectangular turn produces one full sine waegrehtinducedin the
conductomwhich can be termed as the generation of alternating current by rotating a turn ii
magnetic field.

Now, if we consider a practical synchronous generator, then field magnets rotate betw
stationary armaire conductors. The synchronous generator rotor and shaft or turbine blac
mechanically coupled to each other and rotates at synchronous speed. Tmagéec
flux cutting produces an induced emf which causes the current flow in armature conc
Thus, for each winding the current flows in one direction for the first half cycle and ci
flows in the other direction for the second haltleywith a time lag of 120 degrees (as tt
displaced by 120 degrees). Hence, the output power of synchronous generator can be

below figure.
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Do you want to know more about synchronous generators and are you interes
designingelectronicsproject® Feel free to share your views, ideas, suggestions, querie:
comments in the comment section below.

3.Derive the EMF equation &ynchronousenerator

4. EMF EQUATION
Let,
P=No. of poles
Z= No. of Conductorr Coil sidesin series/phasee. Z= T is thenumberof
coils or turnsper phasgNotethatoneturnor coil hastwo endsor sides)
f = frequencyof inducede.m.fin Hz
= Flux perpole (Weber)
N = rotor speedRPM)
Kq=Distribution factor=K.or Kp = Cos
If inducede.m.fis assumedainusoidakhen,
Kf= Formfactor=1.11
In onerevolutionof therotori.e. in 60/N secondseachconductoris cut by a flux of

Webers. P andalsodt= secionds60/N

theninducede.m.fperconductor( average) dt= =PN

But We knowthatf = PN/120or N= 120f/P

Puttingthe valueof N in Equation We getthe averagevalueof e.m.fperconductoiis

= x 120f/P =2f Volts. {N= 120f/P}

If thereareZ conductorsn seriesper phase,
thenaveragee.m.fperphase= Volts= Volts {Z=2T}
Also we knowthat Formfactor=RMS Value/Averagevalue

= RMS value=Formfactorx AverageValue,
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=1.11x = Volts. ( Notethatis exactlythe sameequationasthe e.m.fequation
of thetransformer)
And the actuallyavailablevoltageperphase= 4 K¢ Kgq =4 KiKc Kg Volts.

Note:If alternatoror AC Generatois StarConnectedsusuallythe casethenthe
Line Voltageis  timesthephasevoltage.

4. EMF method for calculating the regulation.

The method is also called E.M.F. method of determining the voltage regulation. The r
requires following data to calculate the regulation.

1. Thearmature resistance per phase)(R

2.0Open circuit characteristicswhich is the graph of open circuit voltage against the f
current. This is possible by conducting open circuit test on the alternator.

3. Short circuit characteristics which is the grajp of short circuit current against field currei
This is possible by conducting short circuit test on the alternator.

Let us see, the circuit diagram to perform open circuit as well as short circuit test
alternator. The alternator is coupléal a prime mover capable of driving the alternator at
synchronous speed. The armature is connected to the terminals of a switch. The other t
of the switch are short circuited through an ammeter. The voltmeter is connected across
to measure the open circuit voltage of the alternator.

The field winding is connected to a suitable d.c. supply with rheostat connected in
The field excitation i.e. field current can be varied with the help of this rheostat. The

diagramis shown in the Fig.
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Fig. 1 Circuit diagram for open circuit and short circuit test on alternator

1.0.C. Test:

Procedure:

i) Start the prime mover and adjust the speed to the synchronous speed of the alternator.
i) Keeping rheostat in the fieldrcuit maximum, switch on the d.c. supply.

i) The T.P.S.T switch in the armature circuit is kept open.

iv) With the help of rheostat, field current is varied from its minimum value to the rated »
Due to this, flux increasing the induced e.rilénce voltmeter reading, which is measuring |
value of open circuit voltage increases. For various values of field current, voltmeter re

are observed.
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Observation table for open circuit test :

From the above table, graph ofsQén against {is plotted.
Note: This is called open circuit characteristics of the alternator, called O.C.C. This is she
the Fig.

O.C.C. and S.C.C. of an alternator

2. S.C.Test

After completing the open circuit test observation, the field rheostat is brought to ma»
position, reducing field current to a minimum value. The T.P.S.T switch is closed. As an
has negligible resistance, the armature gets short circliibesh the field excitation is gradual
increased till full load current is obtained through armature winding. This can be observed

ammeter connected in the armature circuit. The graph of short circuit armature current
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field current is plottd from the observation table of short circuit test. This graph is called
circuit characteristics, S.C.C. This is also shown in the Fig. 2.

Observation table for short circuit test :

The S.C.C. is atraight line graph passing through the origin \wehO.C.C. resembles-B curve
of a magnetic material.
Note: As S.C.C. is straight line graph, only one reading corresponding to full load arn
current along with the origin is sufficient to draw the straight line.
5. Impedance from O.C.C. and S.C.C.

The synchronous impedance of the alternator changes as load condition changes. O.
S.C.C. can be used to determindaf any load and load p.f. conditions.

In short circuit test, external load impedance is zero. The short circuitlaemaurrent is
circulated against the impedance of the armature winding which iBh2 voltage responsibl
for driving this short circuit current is internally induced e.m.f. This can be shown i

equivalent circuit drawn in the Fig.

Equivalent circuit on short circuit
From the equivalent circuit we can write,

Zs= Eph/ lasc

This is what we are interested in obtaining to calculate value. 8&expression fors£an be
modified as
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S0 O.C.C. and S.C.C. can be effectively to calculate Z

4. Regulation Calculations:
From O.C.C. and S.C.C.s@an be determined for any load condition.

The armature resistangeer phase (R can be measured by different methods. One of
method is applying d.c. known voltage across the two terminals and measuring current. £
of Raper phase is known.

So synchronous reactance per phase can be determined.

No loadinduced e.m.f. per phasepiEan be determined by the mathematical expres

derived earlier.

where Vph= Phase value of rated voltatee= Phase value of current depending on the |

condition

Positive sign for lagging power factor while negative sign for leading power factandR
Xsvalues are known from the various tests performed.

The regulation then can be determined by using formula,
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UNIT -V

Special motors & Electrical Instruments
1. Shadedpole motor is a split phasetype single phase induction motor
Theshadedole motoris very popularfor ratingsbelow0.05HP (~ 40 W) becausef its
extremelysimpleconstruction.

It hassalientpoleson the statorexcitedby single phasesupplyanda squirrelcagerotor. A
portionof eachpoleis surroundedy a shortcircuitedturnof copperstrip calledshadingcoil.

A shadedole motorandits schematiaiagramareshownin the figuresabove.

Construction of Shaded Pole Induction Motor

A shadedole motormaybe 2 poleor 4 pole. Herewe areconsideringa 2 pole shadedhole
motor. The picturesin this article alsoshowsa 2 pole motor.

Stator

The statorhassalientpoles.Usually 2 to 4 polesareused.Eachof the poleshasits own exciting
coil. A partof eachpoleis wrappedby a coppercoil. The coppercoil formsa closedloop across
eachpole. Thisloopis knownasthe shadingcoil.

Thepolesarelaminated A slotis cut acrosghe laminationof the pole. The slot is approximately
onethird distancefrom the edgeof the pole. The shortcircuited coppercoil describedaboveis
placedin this slot. So we can call this part as the shadedpart and other part of the pole as
unshadegbart.
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Selectinga 2 poled statorgivesa synchronouspeedof 3000 rpm while a 4 poled statorspeed
will be 1500rpmfor 50Hz supply.

Rotor

The rotor of shadedpole induction motors is Squirrel Cage type rotor. The rotor bars are
providedwith a 60 degreeskew.This is to obtainanoptimumstartingtorqueandfor limiting the
torquedip duringrunup.

Partsof a ShadedPolelnductionMotor

Airgap length betweenstatorand rotor is of the order0.25to 0.5 mm. Too shortair-gap may
resultin startingtorquevariationsdueto rotor slotting.

Shadedpole inductionmotor hasno commutator prushesgollectorrings, contactorscapacitors
or moving switch patts, sofit is relatively cheapersimplerandextremelyruggedin construction
and reliable. Absenceof centrifugal switch eliminatesthe possibility of motor failure due to

faulty centrifugalswitchmechanisms.

Working of Shaded Pole Induction Motor

The operationof the motor canbe understoody referringto figure which showsonepole of the
motor with a shadingcoil. Consideringa cycle of alternatingcurrent(fig 1) appliedto the stator
winding we will explaintheworking of shadedbole motor.
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During the portion OA
During the portion OA of the alternatingcurrentcycle [Fig 1], theflux beginsto increaseandan
e.m.f.is inducedin the shadingcoil. The resultingcurrentin the shadingcoil will bein sucha
direction law) so asto opposethe changein flux. Thustheflux in the shadedoortion of
thepole is weakenedvhile thatin the unshadegbortionis strengthenedsshownin figure 2.

During the portion AB
During the portion AB of the alternatingcurrentcycle, the flux hasreachedalmostmaximum
valueandis not changing.Consequentlythe flux distributionacrosghe poleis uniform[SeeFig
3] sinceno currentis flowing in the shadingcoil.

During theportionBC
As the flux decreasegportion BC of the alternatingcurrent cycle), current is inducedin the
shadingcoil so asto opposethe decreasen current. Thusthe flux in the shadedportion of the
pole is strengthenedwhile that in the unshadedportion is weakenedas shown in Fig 4.

The effect of the shadingcoil is to causethe field flux to shift acrossthe pole face from the
unshadedo the shadedportion. This shifting flux is like a rotatingweak field moving in the
directionfrom unshadegbortionto the shadedortionof the pole.
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The rotor is of the squirretcage type and is under the influence of this moving field.
Consequentlya small startingtorqueis developed As soonasthis torquestartsto revolvethe
rotor, additional torque is produced by singlephase inductionmotor action. The motor
accelerateto a speedslightly belowthe synchronouspeedandrunsasa single phasenduction
motor.

Important Characteristics of Shaded Pole Motors

Someof the important characteristicof shadedpole induction motors are given below. The
detailsof characteristicef shadedgole motorwill bediscussedater.
3. The salient featuresof this motor are extremely simple constructionand absenceof
centrifugalswitch.
4. Since starting torque, efficiency and power factor are very low, these motors are only
suitablefor low powerapplicationse.g.,to drive: (a) small fans (b) toys (c) hair driers(d)
deskfansetc.

2. Capacitor Motor:
A capacitorC is connectedn serieswith the startingwinding througha centrifugalswitchas

shownin figure. The valueof capacitors so choserthat the currentls in the auxiliary coil leads
currentim in maincoil by about80° (i.e., ~ 80°) which is considerablygreaterthan25° found
in split phasemotor. This becomesa balanced? phasemotorif the magnitudeof Is andlm are
equalandaredisplacedn time phaseby 90° electricaldegrees.
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Consequentlystartingtorque (Ts= ) is much more thanthat of a split-phasemotor.
The startingwinding is openedby the centrifugalswitch whenthe motor attainsabout75% of
synchronouspeed.The motorthenoperatesasa single phaseinduction motor and continuesto
acceleratdill it reacheshe normalspeed.

The motar will start without any humming noise. However, after the auxiliary winding is
disconnectedherewill be somehummingnoise.

Sincethe auxiliary winding andcapacitorareto he usedintermittently,thesecanbe designedor
minimum cost. However, it is found that the best compromiseamongthe factors of starting
torque, starting current and costs results with a phase angle somewhat less than
90° betweenm andls.

Characteristics of Capacitor Start 1 Induction Motor

Someof the characteristicef Capacitorstartsinglephasenductionmotoraregivenbelow
Although startingcharacteristic®f a capacitorstart motor are betterthanthoseof a split-
phasemotor, both machinespossesshe samerunning characteristicdbecausethe main
windingsareidentical.

The phaseangle betweenthe two currentsis about80° comparedto about25° in a split-
phasemotor. Consequentlyfor the samestartingtorque,the currentin the startingwinding
is only abouthalf that in a split-phasemotor. Therefore the staring winding of a capacitor
startmotor heatsup lessquickly andis well suitedto applicationgnvolving eitherfrequent
or prolongedstartingperiods

Capacitorstartmotorsareusedwherehigh startingtorqueis requiredandwherethe starting
periodmay be long e.g.,to drive: (a) compressorgb) large fans(c) pumps(d) high inertia
loads

The powerrating of suchmotorslies betweenl20W and7-5 kW.
Applications of Capacitor Start Motor
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Capacitorsin inductionrun motorsenablethemto handleheavie startloadsby strengthening
the magneticfield of the startwindings. Theseloadsmight include refrigerators,compressors
elevatorsandaugers.

The size of capacitorsusedin thesetypesof applicationsrangesfrom 1/6 to 10 horsepower.
High staring torquedesignsalsorequirehigh startingcurrentsandhigh breakdowrtorque.

3. AC Servo Motor

Based on the construction there are two distinct types od&k@ motors, they are synchrong
type AC servo motor and induction type AC servo motor.

Synchronoustype AC servo motorconsist of stator and rotor. The stator consists ¢
cylindrical frame and stator core. The armature coil wound around the statoarwbrthe coil
end is connected to with a lead wire through which current is provided to the motor.

The rotor consists of a permanent magnet and hence they do not rely on AC induction ty,
that has current induced into it. And hence these are al® as brushless servo motc
because of structural characteristics.
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Synchronoustype AC servo motor

When the stator field iexcited, the rotor follows the rotating magnetic field of the stator a
synchronous speed. If the stator field stops, the rotor also stops. With this permanent
rotor, no rotor current is needed and hence less heat is produced.

Also, these motorkave high efficiency due to the absence of rotor current. In order to kno
position of rotor with respect to stator, an encoder is placed on the rotor and it acts as & f
to the motor controller.

Theinduction-type AC servo mota structure is idntical with that of general motor. In th
motor, stator consists of stator core, armature winding and lead wire, while rotor consists
and the rotor core that built with a conductor as similar to squirrel cage rotor.

induction-type AC servo motor

The working principle of this servo motor is similar to the normal induction motor. Agail
controller must know the @xt position of the rotor using encoder for precise speed and po
control.

Working Principle of AC Servo Motor
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The schematic diagram of servo system for AC-phase induction motor is shown in the figt
below. In this, the reference input at whitle motor shaft has to maintain at a certain positic
given to the rotor of synchro generator as mechanical input theta. This rotor is connecte
electrical input at rated voltage at a fixed frequency.

The three stator terminals of a synchro gatmrare connected correspondingly to the termil
of control transformer. The angular position of the{pb@mse motor is transmitted to the rotor
control transformer through gear train arrangement and it represents the control condition alpha.

Initially, there exist a difference between the synchro generator shaft position and
transformer shaft position. This error is reflected as the voltage across the control trans
This error voltage is applied to the servo amplifier and then to titeat@hase of the motor.

With the control voltage, the rotor of the motor rotates in required direction till the
becomes zero. This is how the desired shaft position is ensured in AC servo motors.

Alternatively, modern AC servo drives are embeddadrollers like PLCs, microprocessors a
microcontrollers to achieve variable frequency and variable voltage in order to drive the motor.

Mostly, pulse width modulation and ProportiotalegratDerivative (PID) techniques are usi
to control the desireftequency and voltage. The block diagram of AC servo motor system
programmable logic controllers, position and servo controllers is given below.

4. AC Tachometers:

Basically these types of tachometers have small AC or DC generators which transl
rotational speed into voltage.

As we see in above figure (a), coil is attach with shaft and this coil can rotate in betwe
permanent magnets. So, when tachometer is attach with rotating shaft it rotate in k
voltage should be
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produced in coil. This produced voltage is proportional to coils speed alternatively propo
to shaft speed. Voltage generated inside is calibrated in terms of RPM and hence tac
shows RPM of shatft. In this, DC voltage is punodd.

In figure (b), permanent magnet rotate instead of coil and hence AC voltage is produce
procedure is same.

Synchros:

Synchro systems were first used in the control system d?ahama Canah the early 1900s t«
transmit lock gate and valve stem positions, and water levels, to the control desks.

View onto the connection description of a synchro transmitt

synchro (also known aselsynand by other brand names) is, in effectramsformemwhose
primaryto-secondary coupling may be varied by physically changing the relatimetation of
the two windings. Synchros are often used for measuring the angle of a rotating machine
anantennglatform. In its general physical consttion, it is much like an electric motor. T}
primary winding of the transformer, fixed to thaor, is excited by aalternating currentwhich
by electromagnetic inductigrcauses currents to flow in threecénnected secondawyindings
fixed at 120 degrees to each other ondtiagor The relative magnitudes of secondary curre
are measured and used to determine the angle of the rotor relative to the sta®Gurrdnts
can be used to directly drive a receiver synchro that will rotate in unison with the s\
transmitter. In  the latter case, the whole device may be ¢
a selsyn(a portmanteawf selfandsynchronizing

Fire-control systendesigns developed duriMyorld War 1lused synchros extensively,
transmit angular information from guns and sights t@rmadog fire control computgand to
transmit the desired gun position backthe gun location. Early systems just moved indici
dials, but with the advent of tlaamplidyne as well as motedriven highpowered hydraulic
servos, the fire control system coulidectly control the positions of heavy guns.

Smaller synchros are still used to remotely drive indicator gauges and as rotary position
for aircraft control surfaces, where the reliability of these rugged devices is needed.
devices such aberotary encodehave replaced synchros in most other applications.

Selsyn motors were widely used rmotion pictureequipment
tosynchronizenoviecameraandsound recordingequipment, bea&fre the advent afrystal
oscillatorsandmicroelectronics

Large synchros werased on naval warships, such as destroyers, to operate the steeri
from the wheel on the bridge
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5. Stepper Motor:

TheTorque pulse rate Characteristicsof aStepper Motogives the variation of an
electromagnetic torque as a function of stepping rate in pulse per second (PPS). There
characteristic curves 1 and 2 shown in the figure be@wve one is denoted by a blue colc
line is known as th@ull-in torque. It shows thanaximum stepping rate for the various valt
of the load torque at which the motor can start, synchronise, stop or reverse
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Similarly, the curve 2 represented by Red colour line is known as pullout torque characte
It shows the maximum steppingteaof the motor where it can run for the various values of
torque. But it cannot start, stop or reverse at this rate.

Let us understand this with the help of an example, considering the above curve.

The motor can start, synchronise and stop or reverse L if the pulse rate is
less than § The stepping rate can be increased for the same load as the rotor started the

Ly, after starting and synchronising, the stepping rate ca
increased pto Swithout losing the synchronism.

If the stepping rate is increased beyong tBe motor will lose synchronism. Thus, the a
between curves 1 and 2 represents the various torque values, the range of stepping ra
the motors follow withoutlosing the synchronism when it has already been started
synchronised. This is known &ew Range The motor is said to operate in slewing mode.
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15. Tutorial topics and Questions
Tutorial Topics:
UNIT-I

1. EMF equation of DC generator

N

. Types of DC motors
UNIT-II

1. The constructional features of single phasasformer

2. Conduct a OC and SC tests on transformers

UNIT-I11

1. Classification of 3phase induction motors?
UNIT-IV
1. Principle and operation @flternators?
2. Comparison between salient pole and cylindrical type rotors

UNIT-V
1. Ml and PMMC type instruments
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Tutorial Questions:
UNIT-I
1. Derive theEMF equation of DC generator
2. Classify the ypes of DC motors
UNIT-II
1. Explain he constructional features of single phase transformer
2. ConductOC and SC tests on transformarsd calculate the copper losses and iron losses by
taking one example problem
UNIT-III
1. Classify theof 3-phase induction motors?
2. Explain the slip ring indugdn motors?
UNIT-IV
1. Principle and operation of alternators?
2. Comparison between salient pole and cylindrical type rotors
UNIT-V

1. Differentiate theMll and PMMC type instrumen®s
2. Explain about capacitor start type motors?
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16. Unit wise-Question bank
UNIT -1

DC Generators and Motors

2-Marks Question and answers

1. What is the function of Generator?

An electric generator is a machine that converts mechanical energy into electrical energy
2. What is the basic principle of DC Generators?

This principle is nothing but the Faraday's law of electromagnetic induction. It states that,
‘whenever the number of magnetic lines of force i.e. flux linking with a conductor or a coil
changes, an electromotive force is set up in that conductor or coil.

3. DefineFleming's Right Hand Rule

If three fingers of a right hand, namely thumb, index finger and middle finger are outstretched so
that everyone of them is at right angles with the remaining two, and if in this position index
finger is made to poinin the direction of lines of flux, thumb in the direction of the relative
motion of the conductor with respect to flux then the Outstretched middle finger gives the
direction of the e.m.f. induced in the conductor.

4. What are the essential parts of DC Mehines

The essential parts of the DC machine are
1. Magnetic Frame or Yok2. PoleCores and Pol&hoes
2. Pole Coils or Field Coild. Armature
3. Armature Windings or Conductors

5. What is the function of Yoke?

The outer frame or yoke serves two maingases. They are

(i) It provides mechanical support for the poles and acts as a protecting cover for the whole
machine.

(ii)It carries the magnetic flux produced by the poles.
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3-Marks Question and answers
1. What do mean bySeparately Excited DC Generators

A DC generator whose field winding is supplied from an independent external DC source (e.g., a
battery etc.) is called a separately excited generator.

2. What is the function of novoltage release coil in D.C. motor starter?

As long as the supply voltage is on healthy condition the current through the NVR coil produce
enough magnetic force of attraction and retain the starter handle in ON position against spring
force. When the supply voltage fails or becomes lower tharstpbed value then

electromagnet may not have enough force to retain so handle will come back to OFF position
due to spring force automatically

3. Enumerate the factors on which speed of a d.c.motor depends?
N= (V-
so speed depends air gap flux, resistance of armature, voltage applied to armature.

4. What are the conditions to be fulfilled by for a dc shunt generator to
build back emf?

The generator should have residual flux, the field winding should be connected in sucha
manner that the flux setup by field in same direction as residual flux, the field resistance
should be less than critical field resistance, load circuit resistance should be above critical
resistance.

5. Define armature reaction in dcmachines?
The interation between the main flux and armature flux cause disteshaalled
as armature reaction
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5 marks Questions and answers

1. Explain the principle and operation of DC generator?

There are two types @fenerators, one is ac generator and other is DC generator. Whatever may
be the types of generators, it always converts mechanical poelectdcal power

An AC generatp produces alternating power. A DC generator produces direct power. Both of
these generators produce electrical power, based on same fundamental prirépéelay' sdw

of electromagnetic inductionAccording to this law, when @nductormoves in amagnetic

field it cuts magnetic lines of force, due to which an emf is induced in the conductor.

The magnitude of this induced emf depends upon the rate of chaffige @hagneic line

force) linkage with the conductor. This emf will caussuarentto flow if the conductor circuit is
closed.

Hence the most basic towsential parts of a generator are
Magnetic field

Conductorsvhich move insidettat magnetic field.

Single Loop DC Generator
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In the figure above, a single loop of conductor of rectangular shape is placed between two

opposite poles of magnet.

Let's us consider, the rectangular loop of conductor is ABCD which rotates inside thetimag

field about its own axis ab. When the loop rotates from its vertical position to its horizontal
position, it cuts the flux lines of the field. As during this movement two sides, i.e. AB and CD of
the loop cut the flux lines there will be an emf inddan these both of the sides (AB and BC) of

the loop

Now the loop is opened and connected it with a split ring as shown in the figure below. Split ring
are made out of a conducting cylinder which cuts into two halves or segments insulated from
each otherThe external load terminals are connected with two carbon brushes which are rest on
these split slip ring segments.

Working Principle of DC Generator

It is seen that in the first half of the revolution current flows always along ABLMCD i.e. brush

no 1 n contact with segment a. In the next half revolution, in the figure the direction of the
induced current in the coil is reversed. But at the same time the position of the segments a and b
are also reversed which results that brush no 1 comes in touctheigdegment b. Hence, the
current in the loadesistanceagain flows from L to M. The wave from of the currémtough the

load circuit is as shown in the figure. This current is unidirectional.
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This is basiavorking principle of DC generator, explained by single loop generator model. The
position of thebrushes of DC generat® so arranged that the changer of the segments a and
b from one brush to other takes place when the plane of rotating coil is at right angle to the plane

of the lines oforce. It is so become in that position, the induced emf in the coil is zero.

2. Derive the emf equation of the dc generator?

E. M.F Equation

The derivation oEMF equation for DC generator has two parts:
Induced EMF of oneonductor
Induced EMF of the generator

Derivation for Induced EMF of One Armature Conductor

For one revolution of the conductor,

Flux produced by each pole in weber (Wb)
And P = number of poles in tH2C generatar

Therefore, Totaflux produced by all the poles
And, Time taken to complete one revolution

Where,N = speed of the armature conductor in rpm.

equal to rate of cutting the flux.

Therefore,

do total flux
e=— and e = —

dt time take

Induced emf of one conductor is
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Derivation for Induced EMF for DC Generator

Let us suppose there are Z total numbers of conductor in a generator, and arranged in such a
manner that all parallel paths arevays in series.

Here, Z = total numbers of conductor

A = number of parallel paths

Then, Z/A = number of conductors connected in series

We know that induced emf in each path is same across the line

Therefore, Inducedemf of DC generator

E = emf of oneconductor x number of conductor connected in series.

Induced emf of DC generator is

Simple wave wound generator
Numbers of parallel paths are only 2 = A

Therefore,
Induced emf for wave type of winding generator is

Simple lapwound generator

Here, mmber of parallel paths is equal to number of conductors in one path
e. P = A,

Therefore Induced emf for lapgvound generator is

3. Classify the DC generatorsand describe with neat sketch?

Types of generators
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The performance characteristics ad@machineare greatly influenced by the way in which the
field winding is excited with direct current. There are two Methods of Excitation df a

machine

Excellent and versatile ways of controlling the shunt and series excitations are now possible by
use of soligstate devices and associated control circuitry.

Another way of classifying machine excitatjowhich is meaningful for dc machines used as a
generator, is to distinguish whether the machine field is excited by its own armature
voltage/current or an independent source is used for this purpose. The two distinct classes of
machine excitation from t& point of view are:

1. Separate excitation

2. Self excitation

In separate excitation a separate dc source is needed for excitation purposes only and is
obviously inconvenientThe separate excitation arrangement, the shunt field winding, is shown

in Fig. (a). The separately excited machine is most flexible as full and independent control of
both armature and field circuits is possible. Permanent magnet machines also fallisinto th
category.

A selfexcited dc generator could be excited by its own armature voltage (shunt excitation) as in
Fig. (b) or by its own current (series excitation) as in Fig. (c). A combination of shunt and series
excitation (compound excitation) is alased for generators as discussed later in this section. A
selfexcited generator may fail to excite under certain field conditions as is explained in sec
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A dc machinevhen used as a mothas its shunt field always separately excited as its excitation

is drawn from the dc supply. Figures (b) and (c) are valid shunt and series excitation schemes for
dc motors.

If both shunt and series excitations are used dt amachineas in Fig (d), it is called a
compounddc machineIf the series field flux aids the shunt field flux, so that the resultant air
gap flux pe pole is increased, then the machine is called a cumulatively compodmded
machine(Fig. (d)). However, if a series field flitopposes the shunt field flux, so that the
resultant aigapflux per pole is decreased, the machine is called a differentially compodaded
machine(Fig. (e)). In Fig. , the field and armature circuits are drawn at 90° (elect.) with respect
to eaxh other which represents, as pointed out earlier, the actual spatial orientation of the
magnetic fields produced by field and armature circuitsdn enachine

The direction of the arrosvin Figs (d) and (e) corresponds to the magnetic fields associated with
the two field windings. Figure (d) implies that the magnetic fields of two field windings are
additive. Cumulative compounding of both motors and generators are often used totb&ploit

merits of both shunt and series excitations.
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4. Conduct a swinburne test on dc motor and calculate the efficiency ?

Swinburne Test of DC Machine

This method is an indirect method of testing a DC machine. It is nhamed aftdarSes
Swinburne Swinburne's testis the most commonly used and simplest method of testing of
shunt and compound wound DC machines which have constant flux. In this test the efficiency of
the machine at any load is pdetermined. We can run the machineaasotor or as a generator.

In this method of testing no load losses are measured separately and eventually we can determine
the efficiency.

The circuit connection foBwinburne's testis shown in figure below. The speed of the machine
is adjusted to theated speed with the help of the shunt regulator R as shown in figure.
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Advantages of Swinburne's Test

The main advantages of this test are:
This test is very convenient and economical as it is required very less power from supply
to perform the test.
Since constant losses are known, efficiencypednburne's testcan be praletermined at
any load.

Disadvantages of Swinburne's Test

The main disadvantages of this test are :
Iron loss is neglected though there is change in iron loss from no load to futlueatd
armature reaction.
We cannot be sure about the satisfactory commutation on loaded condition because the
test is done on ntwad.

vary with the temperature.
In DC series motors
no load test.

Losses in DC Machine
be destroyed, it can only be transferred

energy. During this process, the total input power is not transformed into output power. Some
part of input power gets wted in various forms. The form of this loss may vary from one
machine to another. These losses give in rise in temperature of machine and reduce the efficiency
of the machine. IDC Machine, there are broadly four main categories of energy loss.

Copper Losses or Electrical Losses in DC Machine or Winding Loss

The copper losses are the winding losses taking place durirgyrieatflowing through the
winding. Thesdosses occur due to thesistancen the winding. In DC machine, there are only

two winding, armature and field winding.

Thuscopper losses categories in three parts; armature loss, field winding loss, and brush contact
resistance loss. The copper losses are proportional to square of the current flowing through the
winding.

Armature Copper Loss in DC Machine

Armature copper loss la2Ra
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Where, lais armature current and Raarmature resistance.

These losses are about 30% of the total full load losses.
Field Winding Copper Loss in DC Machine
Field winding copper loss = If2Rf

Where, Ifis field current and Rif field resistane.

These losses are about 25% theoretically, but practically it is constant.
Swinburne Test of DC Machine

This method is an indirect method of testing a DC machine. It is named after Sir James
SwinburneSwinburne's testis the most commonly used and piest method of testing of
shunt and compound wound DC machines which have constant flux. In this test the efficiency of
the machine at any load is pdetermined. We can run the machine as a motor or as a generator.
In this method of testing no load loss&re measured separately and eventually we can determine
the efficiency.

The circuit connection foBwinburne's testis shown in figure below. The speed of the machine
is adjusted to the rated speed with the help of the shunt regulator R as showrein figu

Calculation of Efficiency

Let, 10is the no load current (it can be measureaimyneterAl) Ishis the shunt fieldurrent(it
can be measured by ammeter A2)

Then, no load armature current
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Also let, V is the supply voltage. Therefore, No load power input = WAQs.
In Swinburne's testno load power input is only required to supfig losses. The losses occur
in the machine mainly are:

Iron losses in the core
Friction and windings losses
Armature copper loss.

Since the no load mechanical output of the machine is zero in Swinburne's test, the no load input
power is only used taupply the losses.

The value of armature copper loss

Here, Ras the armatureesistance

Now, no to get the constant lesswe have to subtract the armature copper loss from the no load
power input.

Then,
Constant losses Wo = VIy — (Ip — I1)* R,
After calculating the no load constant losses now we can determine the efficiency at any load.
Let, | is the load current at which we have to calculate the efficiencyh@fmachine.
Then, armature current (la) will be (F Ish), when the machine is motoring.
And
, when the machine is generating.
Calculation of Efficiency When the Machine is Motoring on Load
Power input = VI

Armature copper loss,
Constant losses,

Efficiency of the motor:
output input — losses VI — (PoU + We)
??i'ﬂ- e - e - e .
input input Vi
Calculation of Efficiency When the Machine is Generating on Load
Power input = VI

Armature copper loss,
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Constant losses,

Efficiency of the generator:

5. Explain the speed control methods of DC motors?

Speed controlof D.C. Motors - Armature voltage and field flux control methods:

Speed control means intentional change of the drive speed to a value required for performing the
specific work process. Speed control is a different concept from speed regulation whei® there
natural change in speed due change in load on the shaft. Speed control is either done manually by
the operator or by means of some automatic control device.One of the important feaes of
motoris that its speed can be controlled with relative ease. We know that the emf equation
of DC motor is given as,

N =60AE/PZQ
N=E/kd
where, k = PZ/60A

N =V -laRa/ k@

Therefore speed (N) of 3 types of DC motoSERIES, SHUNT and COMPOUND can be
controlled by changing the quantities on RHS of the expression. So speed can be varied by
changing

Terminalvoltageof the armature V.

Externalresistancen armature circuit Ra.

Flux
The first two cases involve change that affects armature circuit and the third one involves change
in magnetic field Thereforespeed control of DC motoris classified as

Armature control methods

Field control methods.

Speed Control of DC Series Motor
Speed control of DCseries motorcan be done either by armature control or by field control.
Armature Control of DC Series Motor
Speed adjustment of DC series motdoy armature control may be done by any one of the
methods that follow,
Armature Resistance Control Method:



KG REDDY

College of Engineering
& Technology

This is the most common method employed. Here the controlling resistance is connected directly
in series with the supply of the motor as shown in the fig.

The power loss in the control resistance of DC series motor can be neglected because this control
method is utilized for a large portion of time for reducing the speed under light load condition.
This method of speed control is most economical for constant torque. This method of speed
control is employed foDC series motodriving cranes, hoists, trains etc.

Shunted Armature Control:

The combination of a rheostat shunting the armature and a rheostat in series with the armature is
involved in this method of speed ¢orl. The voltage applied to the armature is varies by
varying series rheostat R1. The exciting current can be varied by varying the armature shunting
resistance R2. This method of speed control is not economical due to considerable power losses
in speed ontrolling resistances. Here speed control is obtained over wide range but below
normal speed.

+® » =
| | 1 {,
- ] a
R, R, Z
\'J
RMATURE Shunt:;-j':
L Field =
- E
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Armature terminal voltage control:

Thespeed control of DC series motocan be accomplished by supplying the power to the
motor from a separate variable \age supply. This method involves high cost so it rarely used.
Field Control of DC Series Motor

The speed of DC motor can be controlled by this method by any one of the following ways
Field Diverter Method

This method uses a diverter. Here the field fekan be reduced by shunting a portion of
motor currentaround the series field. Lesser the diverter resistance less is the field current, less
flux therefore more speed. This method gives speed above normal and the method is used
in electric drivesn which speed should rise sharply as soon as load is decreased.

Tapped Field Control

This is another method of increasing the speed by reducintuxhend it is done by lowering
number of turns of field winding through which current flows. In this method a nunfber o
tapping from field winding are brought outside. This method is employed in electric traction.
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Objective Type Questions

1. Which of the following two windings produces/induces the working flux and working EMF
respectively?

a) fieldwinding and armature winding

b) armature winding and field winding

c¢) both are produced in field winding

d) both are produced in armature winding

2. Armature winding carries which of the following current?
a) magnetizing current only

b) load current only

¢) both magnetizing current and load current

d) none of the mentioned

3. Field winding carries which of the following current?
a) exciting current only

b) load current only

c) both exciting current and load current

d) none of the mentioned

4. Which of he following statements are correct regarding exciting current?
(i) exciting current varies with the load

(i) exciting current produces only a working magnetic flux

(iv) exciting current is not responsible filve production of working magnetic flux
a) (i),(iv)

b) (ii),(iii)

c) (i),(iii)

d) (ii),(iv)

5. Current in the field winding is
a) AC always
b) DC always
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c) Both AC and DC
d) Either AC or DC

6. A starting resistance is inserted atgtaating in an induction motor as well as dc motor.

a) Induction motor has to control starting torque whereas in dc motor, it is done to avoid large
current

b) To limit starting current in both the machines

c) To limit starting speed

d) All of the mentiond

7. Considering a human handed control system for the dc motor speed control, if the resistance
wire cut out too slowly, then

a) starting resistance would burn

b) field winding would burn

c) speed will rise steeply

d) any of the mentioned

8. A 100 hp, B0 V, 350 A shunt dc motor with an armature resistance of 0.05 ohms. To limit
maximum starting current to twice the rated of its value, what will be the number of stages of
starting resistances?

a)3

b) 2

c) 4

d) 5

9. For a dc shunt motor of 5 kW, runniag1000 rpm, the induced torque will be
a)47.76 N
b) 57.76 N
c) 35.76 N
d) 37.76 N

10. The flux and the internally generated voltage of a dc machine is a function of its
magnetemotive force.

a) nonlinear

b) linear

C) constant

d) inverse
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Fill In The Blanks

1. The PWM control of DC motor varies .
2. is the principle of torque production in a dc machine.

3. The magnetic field vanishes at the pole terminals and thus the cross product with the magnetic
field yields

4. The torque at steady state of operation is zero as the emf induced is equal to the

5. The electromagnetic torque generated in the dc generator is in the direction in which

the :

6. When both field current and armaterarent are reversed then the direction
_____areknown.

8. The iron losses cause heating of the core which causes reduditbaemcyand

9. Commutator is a to which brushes are attached.
10. A 200 V dc machine working at rated speed. Voltage across the commutating terminals
should ideally be

MCQ Answers:

1. 2. 3. 4. 5. 6. 7. 8. 0. 10.
a b a C b a a a a a
Fill in the blank Answers:

1. 2. 3. 4. 5.

6. 1. 8. 10.
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UNIT -l

TRANSFORMERS AND PERFORMANCE

2-Marks Question and answers
1. Define a transformer?

A transformer is atatic device which changes the alternating voltage from one level to
another.

3. What is the turns ratio and transformer ratio of transformer?

Turns ratio = N2/ N1 Transformer = E2/E1 = |1/
[2=K

4. Mention the difference between core and shell type transfornms?
In core type, the windings surround the core considerably and in shell type the core
surrounds the windings i.e winding is placed inside the core

5. What is the purpose of laminating the core in a transformer?
In order to minimize eddy curreldss.

6. Give the emf equation of a transformer and define each term?

----------- freq of AC input
--------- maximum value of flux in
thecore
N1, N2---Number of pnmary & secondaryurns.
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3-Marks Question and answers

1. Does transformer draw any current when secondary is open? Why?
Yes, it (primary) will draw the current from the main supply in order to magnetize the core
and to supply for iron and copper lossasno load. There will not be any current in the
secondary since secondary is open.

2. Define voltage regulation of a transformer?

When a transformer is loaded with a constant primary voltage,the secondary voltage decreases
for lagging PF load, and incresssfor leading PF load because of its internal resistance and
leakage reactance. The change in secondary terminal voltage from no load to full load
expressed as a percentage of no load or full load voltage is termed as regulation.
%regulation =E2V2/E2*100
V2>E2 for leading p.f load
V2<E2 for lagging p.f load

3. Define all day efficiency of a transformer?
It is computed on the basis of energy consumed during a certain period, usually a day of 24 hrs.
All day efficiency=output in KWh/input in KWh for 24 hrs.

4. Why transformers are rated in kVA?
Copper loss of a transformer depends on current & iron loss on voltage. Hence total losses
depend on VolAmpere and not on PF. That is why the rating of transformers is in kVA and
not in kW.

5. Explain on the material used for core construction?

The core is constructed by sheet steel laminations assembled to provide a continuous magnetic
path with minimum of air gap included. The steel used is of high silicon content sometimes heat
treated to produce a high npeeability and a low hysteresis loss at the usual operating flux
densities. The eddy current loss is minimized by laminating the core, the laminations being used
from each other by light coat of coreplate vanish or by oxide layer on the surface. Thedhickn

of lamination varies from 0.35mm for a frequency of 50Hz and 0.5mm for a frequency of25Hz
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5 marks questions and answers
1. Describe the single phase transformer and its operation?

A transformeris a static machine used for transforming power from one circuit to another
without changing frequency. This is a very bataginition of transformer Since there is no
rotating or moving part so transformer is a static device. Transformer operates on ac supply.

Transformer works on the principle of mutual induction

Generally, the name associated with the construction of a transfordeggaadant upon how the
primary and secondary windings are wound around the central laminated steel core. The two
most common and basic designs of transformer construction areClogedcore
Transformer and theShellcore Transformer

In core typetransformer it has two vertical legs or limbs with two horizontal sections named
yoke. Core is rectangular in shape with a common magnetic circuit. Cylindrical coils (HV and
LV) are placed on both the limbs.

Shell type transformer: It has a central limlad awo outer limbs. Both HV, LV coils are placed

on the central limb. Double magnetic circuit is pres&atry type transformer: The core looks

like spokes of wheels. Tightly fitted metal sheet tanks are used for housing this type of

transformer with trarfermer oil filled inside.

Transformer Core Construction
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Shell type transformer cores overcome this leakage flux as both the primary and secondary
windings are wound on the same centre leg or limb which has twice thesemigmal area of

the two outelimbs. The advantage here is that the magnetic flux has two closed magnetic paths
to flow around external to the coils on both left and right hand sides before returning back to the

central coils.

This means that the magnetic flux circulating aroundotiter limbs of this type of transformer
construction is equal to

advantage of decreasing core losses and increasing overall efficiency
Constructional details:

Two coils of wire (called windings) are wound on some type of core material. In some cases the
coils of wire are wound on a cylindrical or rectangular cardboard form. In effect, the core
material is air and the transformer is called an-&IQRETRANSFORMER. Transformers used

at low frequencies, such as 60 hertz and 400 hertz, require a core-adllatance magnetic
material, usually iron. This type of transformer is called an IRGDRE TRANSFORMER.

Most power transformers are of the iroore pe.

The principle parts of a transformer and their functions are: The CORE, which provides a path
for the magnetic lines of flux. The PRIMARY WINDING, which receives energy from the ac
source. The SECONDARY WINDING, which receives energy from the primanging and
deliversit to the load. The ENCLOSURE, Nith protects the above components from dirt,

moisture, and mechanical damage.

(i) CORE

There are two main shapes of cores used in lamirsgsdcore transformers. One is the
HOLLOWCORE, so named bause the core is shaped with a hollow square through the center.

This shape of core. Notice that the core is made up of many laminations of steel it shows how the

transformer windings are wrapped around both sides of the core.

(i) WINDINGS
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As stated abee, the transformer consists of two coils called WINDINGS which are wrapped
around a core. The transformer operates when a source of ac voltage is connected to one of the
windings and a load device is connected to the other. The winding that is conndatieeddurce

is called the PRIMARY WINDING. The winding that is connected to the load is called the
SECONDARY WINDING. The primary is wound in layers directly on a rectangular cardboard

form.

2. Derive the EMF equation under no load condition?

EMF equation - operation on no load- phasor diagrams:

Let the applied voltage V1 applied to the primary of a transformer, with secondary open
circuited, be sinusoidal (or sine wave). Then the current 11, due to applied voltage V1, will also
be a sine wave.fle mmf N1 11 and core flux @ will follow the variations of 11 closely. That is

the flux is in time phase with the current 11 and varies sinusoidally.
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Let,
Na = Number of turns in primaryNs = Number of turns in secondary

Dmax= Maximum flux in the coe in webers = BaxX A f = Frequency of alternating current

input in hertz (H)

As shown in figure above, the core flux increases from its zero value to maximum valie &

one quarter of the cycle , that is in ¥ frequency second.

Therefore, averaget@of change of flux = @ ¥4 f = 4f @naWb/s

Now, rate of change of flux per turn means induced electro motive force in volts. Therefore,
average electrmotive force induced/turn = 4fgwolt

If flux @ varies sinusoidally, then r.m.s value of induaedh.f is obtained by multiplying the

average value with form factor.

Form Factor = r.m.s. value/average value = 1.11 Therefore, r.m.s value of e.m.f/turn = 1.11 X 4f
Omax = 4.44f Gnax Now, r.m.s value of induced e.m.f in the whole of primary winding.duaed

e.m.f./turn) X Number of primary turns
Therefore,

EA = 4.44f NA@max = 4.44fINABmMA



KG REDDY

College of Engineering
& Technology

Similarly, r.m.s value of induced e.m.f in secondary is

EB = 4.44f NB @max = 4.44{NBBmMA

In an ideal transformer on no load, VA = E&nd VB = EB, where VB is the teninal voltage
Voltage Transformation Ratio.

The ratio of secondary voltage to primary voltage is known as the voltage transformation ratio
and is designated by letter K. i.e.

Voltage transformation ratio, K = V2/V1 = E2/E1 = N2/N1
Current Ratio.

Theratio of secondary current to primary current is known as current ratio and is reciprocal of

voltage transformation ratio in an ideal transformer.
Transformer on No Load.

When the primary of a transformer is connected to the source of an ac supplg aadahdary
is open circuited, the transformer is said to be on no load. The Transformer on No Load
alternating applied voltage will cause flow of an alternating current 10 in the primary

winding, which will create alternating flux @. Noad current IQ also known as excitation or

exciting current, has two components the magnetizing component Im and the energy component
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le. Im is used to create the flux in the core and le is used to overcome the hysteresis and eddy
current losses occurring in the coneaddition to small amount of copper losses occurring in the

primary only (no copper loss occurs in the secondary, because it carries no current, being open

circuited.)
From vector diagram shown in above it is obvious that

1. Induced emfs in primary argecondary windings, E1 and E2 lag the main flux @ by and are

in phase with each other.
2. Applied voltage to primary V1 and leads the main flux @ by and is in phase opposition to E1.
3. Secondary voltage V2 is in phase and equal to E2 since thereadtage drop in secondary.
4.Imis in phase with @ and so lags V1 by

.le is in phase with the applied voltage V1.

. Input power on no load = V1le = V1I0 cos @0 where @0 = tan

3. Explain the Operation OnON Load - Phasor Diagrams ?

The transformer isaid to be loaded, when its secondary circuit is completed through an
impedance or load. The magnitude and phase of secondary current (i.e. current flowing through
secondary) 12 with respect to secondary terminals depends upon the characteristicaaf tiee lo
current 12 will be in phase, lag behind and lead the terminal voltage V+2+ respectively when the
load is norinductive, inductive and capacitive. The net flux passing through the core remains
almost constant from nlmad to full load irrespective fooad conditions and so core losses
remain almost constant from +mad to full load. Vector diagram for an ideal transformer

supplying inductive load is shown
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Resistance and Leakage Reactance In actual practice, both of the primary and secondary
windings have got some ohmic resistance causing voltage drops and copper losses in the
windings. In actual practice, the total flux created does not link both of the primary and
secondary windings but is divided into three components namely the main or nuxu@l f

linking both of the primary and secondary windings, primary leakage fluxli@ding with

primary winding only and secondary leakage fluxo@hking with secondary winding only. The
primary leakage flux @Lis produced by primary ampeterns and igroportional to primary
current, number of primary turns being fixed. The primary leakage fluxi&gin phase with

I and produces self inducednf @L; is in phase withidland produces self inducedemf Hliven

as 2f Ly 11 in the primary winding.

The self inducedemf divided by the primary current gives the reactance of primary and is
denoted by X1.
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Equivalent Resistance and Reactance. The e
windings referred to primary and secondary sides are given as below Referred to primary side

Equivalent resistance,
Equivalent resistance, = X'1 = Referred to secondary side Equivalent resistance,
Equivdent resistance, = X2 +%1 Where K is the transformation ratio.

4. Conduct an open circuited test on transformer?
OC test:

In this test secondary (usually high voltage) winding is left open, all metering instruments
(ammeter, voltmeter and wattmeterg aronnected on primary side and normal rated voltage is

applied to the primary (low voltage) winding, as illustrated below

Iron loss = Input power on Aioad

WO watts (wattmeter reading) Noad current = 0 amperes (ammeter reading) Angle of lag, =
- Caution: Since no load current 10 is very small, therefore, pressure coils of

watt meter and the volt meter should be connected such thairtieat taken by them should not
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flow through the current taken by them should not flow through the current coil of the watt

meter.

Vo = Rated Voltage

W, = Input power

lo = Input current = no oad current
Im=1lo o

lc = locOS o

cos o= No load powefactor

Hence power input can be written as,
Wo=VolpcC0S o

Wy = B = Iron losses

Wi = Volg cos o

cos o= Wo/ Volo = no load power factor
Ro = Vollc

Xo=Vo/lm

5. Conduct short circuited test on transformer?

Short-circuit or Impedance Test

This test is performed to determine the fldhd copper loss and equivalent resistance and
reactance referred to secondary side. In this test, the terminals of the secondary (usually the low
voltage) winding are short circuited, all meters (ammeter, voltmatel wattmeter) are
connected on primary side and a low voltage, usually 5 to 10 % of normal rated primary voltage

at normal frequency is applied to the primary, as shown in fig below.

the ammeter A indicates
the full load current of the side in which it is connected. The reading Ws of the wattmeter gives
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total copper loss (iron losses being negligible due to very low applied voltage resulting in very
small flux linking with the core) dull load. Le the ammeter reading be Is.

Equivalent impedence referred to primary= Commercial Efficiency and All day Efficiency (a)
Commercial Efficiency. Commercial efficiency is defined as the ratio of power output to power
input in kilowatts.(b) Allday Efficiency The all day efficiency is defined as the ratio of output

in kwh to the input in kwh during the whole day. Transformers used for distribution are
connected for the whole day to the line but loaded intermittently. Thus the core losse®occur f
the whole day but copper losses occur only when the transformer is delivering the load current.
Hence if the transformer is not used to supply the load current for the whole day all day
efficiency will be less than commercial efficiency. The efficiejcgmmercial efficiency) will

be maximum when variable losses (copper losses) are equal to constant losses (iron or core
losses).sign is for inductive load and sign is for capacitive load Transformer efficiency, Where x
is the ratio of secondary currentdfd rated full load secondary current.

Wsc= (Pey) F.L. = full Load copper loss
Wse=V scl sc sc
sc=V sclse/ W sc
Wse = 1%cR1e = Copper loss
Z1e= Vsc/lsc = ROOt(R1etX?1¢)

X1e= Root (Z2e R?19)
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Objective Type Questions

1. Theprimary and secondary of a transformer are coupled but connected.
a) Magnetically not electrically

b) electrically, not magnetically

c) magnetically, also magnetically

d) electrically, also electrically

2. We can employ transformers fmipower range of
a) lower andhighervalues

b) lower values

c) higher values

d) medium values

3. A transformer hasomparativelymuch higher efficiency than a similar induction machine due
to

a) small air gaps

b) no moving parts

c) strong oupling

d) all of the mentioned

4. It was needed that to isolate dc noise coming from the transmitted signal, to attain the same
which machine can be used without suffering significant loss

a) transformer

b) dc machine

) induction machine

d) stepper motor

5. The mostvidely used material in the core of the transformer is
a) cold rolled grain oriented sheet steel

b) cold rolled gain steel

c) soft iron

d) steel

6. I. Zero winding resistance
Il. Zero leakage flux
[1l. Constant core losses
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which of the above statementspport the ideal transformer features?
a) LIl

b) I

c) LI

d) LIl

7. The voltage induced at the end of primary terminals of a two winding transformer consisting
of N turns is
a)-

C)-
d) -

8. Identify the phasor dgram for an ideal transformer at no load



b)

d)
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9. Consider a 2vinding transformer as below. If the switch is kept open then the emf

a) zero
b) 2E1
c) E/2
d) E1

10. Whichof the below mentioned losses occur in a transformer?

a) Hysteresis losses ;Eddy current losses; Dielectric losses; Stray load losses
b) Hysteresis losses ;Eddy current losses;

c) Dielectric losses; Stray load losses

d) Hysteresis losses ;Eddy current &xssStray load losses

Fill In The Blanks

1. Power required during the open circuit and short circuit test is incurring in the
transformer
2. OC test is performed on the l.v. side of the transformer because will have lower

stress on thesulation and no damage will occur.

3. To circulate the rated current in the winding, we should opt for of the current so
that winding will not damage.

4. |If the frequency at the primary supply is varied gradually, then the secondary terminal
voltage wil

5. The magnetizing current does not depend on the fed to it.

6. The power and the KVA of an ideal transformer always remains same assuming negligible

7. If the magnetization is non linear in nature then it will causaturation in the core and
harmonics will be introduced to cause

8. Impedance is transformed in square of the

9. Laminations provide larger area so that the current pathand current
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10.CRGO has magnetization inetholling direction and

and very high

permeability than present materials.

MCQ Answers:
1. 2. 3. 4 5. 6. 7 8 9 10.
a a d a a a a a a a

Fill in the blank Answers:
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UNIT -1l
INDUCTION MOTORS

2-Marks Question and answers

1. What is the meaning of electrical degree?

Electrical degree igsed to account the angle between two points in rotating electrical machines.
Since all electrical machines operate with the help of magnetic fields, the electrical degree is
accounted with reference to the polarity of magnetic fields. 180 electricakdegraccounted as

the angle between adjacent North and South poles

2. Why short-pitch winding is preferred over full pitch winding?

Advantages:Waveform of the emf can be approximately made to a sine wave and distorting
harmonics can beeducedr totally eliminated. Conductor material, copper is saved in the back
and frontend connections due to less coil sgarmactional slot winding with fractional number

of slots/phase can be used which in turn reduces the tooth ripfgebanical strength of the coil
is increased.

3. Write down the formula for distribution factor.

Kd = Or

where
m - number of slots/pole/phase
- angle between adjacent slots in electrical degreerder of harmonics.

4. Define winding factor.

The winding factor Kw is defined as the ratio of phasor addition of emf induced in all the coils
belonging to each phase winding of their arithmetic addition.

5. Why are alternators rated in kVA and not in kKW?

The continuous power ratingf any machine is generally defined as the power the machine or
apparatus can deliver for a continuous period so that the losses incurred in the machine gives rise
to a steady temperature rise not exceeding the limit prescribed by the insulation class.
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3-Marks Question and answers

2. What are the causes of changes in voltage of alternators when loaded?

Voltage variation due tthe resistance of the winding R
Voltage variation due to the leakage reactance of the winding X1
Voltage variaton due to the armateireaction

2. What is meant by armature reaction in alternator®

The interaction between flux set up by the current carrying armature conductors and the main
field flux is defined as the armature reaction.

3. What do you mean by synchronous reactance?

It is the sum of the leakage reactance X1 and armature reactance Xa
Xs = X1 + Xa

4. What is effective resistan?

The apparent increase in resistance of the conductor when an alternating current is flowing
through it is known as effective resistance.

5. What is synchronous impedance?

The complex addition of resistance R and synchronous reactance jXs is synchronous impedance
Zs.

1(Xs/R)
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5 marks question and answers

1. Explain the Working Principle of Three Phase Induction Motor?

An electrical motoiis such an electromechanical device which converts electrical energy into a
mechanical energy. In case of three phase AC operation, most widely used nmbteeiphase
induction motor as this type of motor does not require any starting device or weagathey
are selfstarting induction motors. For better understanding, ghaciple of three phase
induction motor, the essential constructional feature of this motor must be known to us. This

Motor consists of two major parts:
Stator of Motor

is made up of numbers of slots to construct a 3 phase
winding circuit which is connected to 3 phase AC source. The-giivage winding is arranged in
such a manner in the slots that they produce a rotating magnetic field wkeiptiase AC
supply is given to them.

Rotor of Motor

Rotor of three phase induction motorconsists of cylindrical laminated core with parallel slots

that can carry conductors. Thenductorsare heavy copper or aluminum bars which fit in each

slot, and they are shecircuited by the end rings. The slots are not exactly made parallel to the
axis of the shaft but are slotted a little skewed because this arrangement reduces magnetic
humming noise and can avoid stalling of the motor.
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Working of Three Phase Induction Motor

Production of Rotating Magnetic Field

The stator of the motor consists of overlapping winding offset by an electrical angle °f 120
When the primary winding othe stator is connected to a 3 phase AC source, it establishes a
rotating magnetic field which rotates at the synchronous speed.

Secrets behind the Rotation/According to an emf induced in any circuit is due
to the rate of change a@hagnetic fluxlinkage through the circuit. As the rotor winding in an
induction motorare either closed through an exterredistanceor directly shorted by end ring,
and cut the stator rotating magnetic field, an emf is induced in the rotor copper bar and due to
this emf acurrentflows through the rotor conductor.
Here the relative speed between the rotating flux and static rotor conductor is the cause of current
generation; hence as pé&enz's law the rotor will rotate in the same direction to reduce the
cause, i.e. the relative velocity.
Thus from theworking principle of three phase induction motor, it may be observed that the
rotor speed should not reach the synchronous speed produced by the stator. If the speeds become
equal, there would be no such relative speed, so no emf induced in the rotor, and no current
would be flowing, ad therefore no torque would be generated. Consequently, the rotor cannot
reach the synchronous speed. The difference between the stator (synchronous speed) and rotor
speeds is called the slip. The rotation of the magnetic field in an induction motohehas t
advantage that no electrical connections need to be made to the rotor.
Thus thethree phase induction motoris:

Selfstarting.

Lessarmature reactiomnd brush sparking because of the absence of commutators and

brushes that may cause sparks.

Robust in construction.

Economical.

Easier to maintain.
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2. Draw and explain the slip ringinduction motor with relation ship between torque and resistance?

Slip ring and squirrel cage induction motors:
Slip Ring Motor

The motor which employing the wound rotor is known as a slip ring induction motor or phase
wound motor. It consists laminated cylindrical core which has a-clesed slot at the outer
periphery and caes threephase insulated winding. The rotor is wound for the same number of
poles as that of the stator.

The three finish terminals are connected forming star point, and the three start terminals are
connected to three copper slip rings fixed on thdt siihe mild steel shatft is passed through the
centre of the rotoand fixed to the key. The purpose of the shatft is to send mechanical power.

Definition of Squirrel Cage Motor

The motor which employing squirrel cage type rotor is known as the sqragelmotor. The
construction of the rotor is rugged and simple. The rotor of the motor consists the cylindrical
laminated core having settlosed circular slots and short circuit at each end by copper or
aluminum ring, called short circuiting ring. Itn®t possible to add any external resistance in the
rotor of the circuit.
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The rotor slots are not parallel but are skewed. The skewing of the rotor has the following
advantages.

Its reduces humming and thus ensuring the quiet running of a motor.
Theskewed rotor gives smooth torque curves for different positions of the rotor.
It reduces the magnetic locking of the stator and rotor.

It increases the rotor resistance due to the increased length of the rotor bar conductors.

Key Differences between Sliprig & Squirrel Cage Induction Motor

The motor whose rotor is wound type such type of motor is called slip ring induction motor,
whereas the squirrel cage motor, has a squirrel cage type rotor.

The rotor of the slip ring motor has a cylindrical core withaflal slots, and each slot consists
each bar. The slot of the squirrel cage motor is not parallel to each other.

The slip ring motor is also called phase wound rotor. The another name of the squirrel cage
motor is cage motor.

The construction of the shipng motor is complicated because it consists slip ring and brushes
whereas the construction of the squirrel cage motor is simple.
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The phase wound motor consists external resistance circuit, whereas in squirrel cage motor it is
not possible to add any exbal resistance circuit because their rotor bars are permanently
slotted.

For starting the slip ring motor the rotor resistance starter is used, whereas the slip ring motor
does not require any starter.

The starting torque of the slifng motor is high, Wwereas in squirrel cage motor it is low.

The maintenance cost of the slip ring motor is high as compared to squirrel cage motor because
the slip ring motor consists brushes and rings.

The copper loss is more in slip ring motor as compared to squirrehuaipe.

The slip ring motor has brushes for transferring the power whereas the squirrel cage motor is
brushless.

The copper loss in the phase wound motor is high as compared to squirrel cage motor.
The efficiency of the slip ring motor is low whereas theisgl cage motor has high efficiency.

The speed of the phase wound motor is controlled by using the resistance circuit. It is impossible
to control the speed of tieguirrel cagemotor.

The slip ring motor has low power factor as compared to squirrelmatge.

The cost of the phase wound rotor is high because it consists brushes. The squirrel cage motor is
cheap.

The starting current of the phase wound rotor is low because it is controlled by resistance circuit
whereas it is high in squirrel cage motor.

The phase wound motor is mostly used in places where high starting torque is required like a
hoist, cranes, etc. The squirrel cage motor is used in a drilling machine, lathe machine, etc.,
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The overloading capacity of the slip ring motor is high as comgarsquirrel cage motor and it
is smoothly running under heavy loads. It is less sensitive and also has no abnormal heating
during the starting.

3. Compare the difference between squirrel cage induction motor and slip ring
induction motors?

Basis For N :
. Slip Ring Motor Squirrel Cage motor
Comparison
Defintion The rotor of the motor is The rotor of the motor is a squirrel cag
constructed as a slip ring type.
type.
Rotor Cylindrical laminated core  The slots othe rotor are not parallel,
with parallel slots and each but are skewed.
slot consist one bar.
Other name Phase wound rotor Cage motor
Construction Complicated Simple
Resistance Added external to the rotor  The rotor bar is permanently shorted .
the end of the ring, thus it is not
possible to add argxternal resistance.
Starter The rotor resistance starter Rotor resistance starter can not be us

can be used.
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Basis For

Comparison Slip Ring Motor Squirrel Cage motor

Starting Torque High Low

Brushes Present Absent

Maintenance Frequent maintenance Less maintenance required
required

Copper Loss High Low

Efficieny Low High

Speed Control Possible Not Possible

Power Factor Low High

Cost Costly Cheap

Starting Low High

Current

Uses Use in hoist, cranes, elevato Use in lathe machines, fan, blower,

where high torque is requiret profiting machines, etc.
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4. Draw the Torqgue Slip Characteristics of Three Phase Induction Motor?

The torque slip curve for amduction motorgives us the information about the variation of
torque with the slip. The slip is defined as the ratio of difference of synchronous speed and actual
rotor speed to the synchronous speed of the machine. The variation of slip can be obtained with
the variaion of speed that is when speed varies the slip will also vary and the torque
corresponding to that speed will also vary. The curve can be described in three modes of
operations.

The torqueslip characteristic curve can be divided roughly into threensgi

Low slip region

Medium slip region

High slip region
Motoring Modeln this mode of operation, supply is given to the stator sides and the motor
always rotates below the synchronous speed. The induction motor torque varies from zero to full
load torqueas the slip varies. The slip varies from zero to one. It is zero at no load and one at
standstill. From the curve it is seen that the torque is directly proportional to the slip.

That is, more is the slip, more will be the torque produced andveisa.The linear relationship
simplifies the calculation of motor parameter to great extéanerating Modén this mode of
operation induction motor runs above the synchronous speed and it should be driven by a prime
mover. The stator winding is connected ttheee phase supply in which it supplies electrical
energy. Actually, in this case, the torque and slip both are negative so the motor receives
mechanical energy and delivers electrical energy. Induction motor is not much used as generator
because it reqres reactive power for its operation.

That is, reactive power should be supplied from outside and if it runs below the synchronous
speed by any means, it consumes electrical energy rather than giving it at the output. So, as far as
possible,induction generatorare generally avoidedBraking Modeln the Braking mode, the

two leads or the polarity of the supplgltageis changed so that the motor starts to rotate in the
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reverse direction and as a result the motor stops. This method of braking is known as plugging.
This method is used when it is required to stop the motor within a very short period of time.

The kinetic energy stored in the revolving load is dissipated as heat. Also, motor is still geceivin
power from the stator which is also dissipated as heat. So as a result of which motor develops
enormous heat energy. For this stator is disconnectedtfiersupply before motor enters the
braking mode. If load which the motor drives accelerates the motor in the same direction as the
motor is rotating, the speed of the motor may increase more than synchronous speed. In this case,
it acts as annduction generatowhich supplies electrical energy to the mains which tends to
slow down the motor to its synchronous speed, in this case the motor stops. This type of breaking
principle iscalled dynamic or regenerative breaking.

Torque Slip Characteristics of Single Phase Induction Motor

From the figure, we see that at a slip of unity, both forward and backward field develops equal
torque but the direction of which are opposite to eaitter so the net torque produced is zero
hence the motor fails to start. From here we can say that these motors are not self starting unlike
the case othree plase induction motorThere must be some means to provide the starting
torque. If by some means, we can increase the forward speed of the machine due to which the
forward slip decreases the forward torque will increase and the reverse torque will desr@ase a
result of which motor will start.

5. Evalute the Efficiency of Three Phase Induction Motor?

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

Rotor efficiency of thehree phase induction motor
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= Gross mechanical power developed / rotor input

Three phasenduction motorefficiency,

3 phase induction motor efficiency
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Objective type Questions

1. Which type of slots are used in the constructiolargfe size and small size induction motors
respectively?

a) open slots and sewlosed slots

b) semiclosed slots and open slots

c) open slots and open slots

d) semiclosed slots and semiosed slots

2. In which of the following applications, wound rotgpe of induction motor is used?
a) where the driven load requires speed control

b) where high starting torque is required

c) when external resistance is to be inserted

d) any of thementioned

3. For an induction motor,

(i) squirrel cage type is simpland more economical in construction

(i) wound rotor type requires less maintenance

(i) squirrel cage type is more rugged and requires less maintenance

(iv) no external resistance can be inserted in the rotor circuit of squirrel cage induction motor
(v) no external resistance can be inserted in the rotor circuit of a wound rotor induction motor
Which of the above statements are correct?

a) (ii), (v), (iii)

b) (ii), (iii),(v)

c) (i), (iii), (iv)

d) (i), (i), (iv)

4. What are the advantages of providing thelfiginding on rotor and armature winding on the
stator?

a) more economical

b) more efficient

c) efficient cooling

d) all of the mentined
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5. The stator frame and end covers in synchronous and induction machines are designed to

a) carry the magatic flux

b) to serve as a mechanical support

c) to provide cooling or to carry induced EMF
d) any of the mentived

6. What is the equation for frequency of generated EMF?
a) f= PN/120 Hz

b) f = 120/PN Hz

c) f=P/120 Hz

d) f=N/120 Hz

7. Voltage inducen the induction motor is highest at
a) starting

b) standstill

c) ratal speed

d) any of the mentioned

8. Starters are required in the induction motor because

a) of high starting current

b) they are not self starting

c) torque produced is very low at stagito overcome inertia
d) all of the mentioned

9. Full voltage starting of induction motor may cause
a) dip in the voltages

b) high inrush current

c¢) highlosses

d) all of the mentioned

10. Starting methods applicable to both squicade and slip ringhduction motors is/are
A. DOL starting

B. Auto transformer starting

C. Rotor resistance starting

a)A B

b) A, B, C
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c)B,C
d) A C

Fill In The Blanks

PoObdPE

9.

Rotor resistance method can only be used with __induction motor.

External methods like auto transformer are used to mainly

Core loss does not depend on the supply and

Torqueslip characteristic of an induction motor is linear in the smaller slip values,
becauseffective rotor resistare is compared to

For 3phase induction motor, as load increases from no load towards the full load, torque
increases in proportion to .

As a 3phase induction motor, as load increases from no load towards the full load,

Wound rotor induction motor is most appropriate for the applications requiring

Speed can be adjusted for a induction motor whitarinotbe altered for a

operating at normal speed.

If number of poles incieEses, speed decreases, slip increases, reactance decreases, power
factor angle decreases and so the power factor

10. Single phase induction motor is not a

MCQ Answers:
1. 2. 3 4 5. 6 7. 8 9 10.
a a d a a a a a a a

Fill in the blank Answers:

1. Slip ring

2. Reduce
voltage
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UNIT -1V
ALTERNATORS

2-Marks Question and answers

1. Why a 3-phase synchronous motor will always run at synchronous speed?

Because of the magnetic coupling between the stator poles and rotor poles the motor runs exactly
at synchronouspeed.

2. What are the two classification synchronous machines?

The classification synchronous machines are:
I. Cylindrical rotor type
ii. Salient pole rotor type

3. What are the essential features of synchronous machine?

I. The rotor speed is synchronoughnstator rotating field. ii. Varying its field current can easily
vary the speed.
iii. It is used for constant speed operation.

4. Mention the methods of starting of 3phase synchronous motor.

a. A D.C motor coupled to the synchronous motor shatft.
b. A gnall induction motor coupled to its shaft.(pony method)
c. Using damper windingsstarted as a squirrel cage induction motor.

5. What are the principal advantages of rotating field system type of construction of
synchronous machines?

Form Stationargonnection between external circuit and system of conditions enable the
machine to handle large amount of vathpere as high as 500 MVA.

The relatively small amount of power required for field system can be easily supplied to the
rotating field system vialip rings and brushes.

More space is available in the stator part of the machine for providing more insulation to the
system of conductors.

Insulation to stationary system of conductors is not subjected to mechanical stresses due to
centrifugal action.

Stationary system of conductors can easily be braced to prevent deformation.

It is easy to provide cooling arrangement.
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3-Marks Question and answers

1. Write down the equation for frequency of emf induced in an alternator.

F=PN/ 120 Hertz
Where P = NoOf poles
N = Speed in rpm.

2. What are the advantages of salient pole type of construction used for synchronous
machines?

They allow better ventilatiolhe pole faces are so shaped radial air gap length increases from
the pole center to the pole tipstbat flux distribution in the air gap is sinusoidal in shape which
will help to generate sinusoidal emf.

Due the variable reluctance, the machine develops additional reluctance power, which

is independenbf excitation.

3. Why do cylindrical rotor alternators operate with steam turbines?
Steam turbines are found to operate at fairly good efficiency only at high speeds. Fhpdagh
operation of rotor tends to increase mechanical losses, so the rotors should havesmooth external
surface. Hence smtwocylindrical type rotors with less diameter and large axial length are used
for synchronous generators driven by steam turbines with either 2 or 4 poles.

4. Which type of synchronous generators are used in Hydroelectric plants and why?
As the speed of opation is low, for hydro turbines used in hydroelectric plants, salient pole type
synchronous generators are used. These allow better ventilation and also have other advantages
over smooth cylindrical type rotor.

5. What is the relation between electrical dgree and mechanical degree?

the electrical machine has, as given by the following equation.
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5 Marks questions and answers

Alternators

Explain in detail about constructional features of synchronous generators?
Constructional details of Synchronous Machines:

Construction wise, aalternatorgenerallyconsists of field poles placed on the rotating
fixture of the machine i.e. rotor as shown in the figure above. Once the rotor or the field @oles ar
made to rotate in the presence of armature conductors housed on the stator, an alternating

voltage
dern dayelectrical powergenerating stations use this
synchronous

generatohas become a subject of great importance and interest for power engineers.

An alternator is basically a type of AC generator which is also known akrsymus generator,
for the simple reason that the field poles are ntadetate at synchronogpeeds =120f/P

Where, f signifies the alternatirayirrentfrequency and the P represent the number of poles.

In most practical , it is installed with a stationary armature
winding and a rotating field unlike in the caseDdf generatowhere the arrangement is exactly
opposite. This modification is made to cope with the very high power of the order of few 100
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Mega watts produced in an AC generator conttarthat of a DC generator. To accommodate
such high power theonductomweigh and dimension naturally has to be increased for optimum
performance. And for this reason is it beneficial tplaee these high powarmature
windingsby low power field windings, which is also consequently of much lighter weight, thus
reducing the centrifugal force required to turn thi@r and permitting higher speed limits.

There are mainly two types of rotor useatanstruction of alternator,
Salient pole type.
Cylindrical rotor type.
Salient Pole Type
The term salient means protruding or projecting. The salient pole type of rgemasally used
for slow speed machines having large diameters and relatively small axial lengths. The pole in
this case are made of thick laminated steel sections riveted together and attached to a rotor with
An alternator as mentioned earlier is mostgponsible for generation of very high electrical
power. To enable that, the mechanical input given to the machine in terms of rotating torque
must also be very high. This high torque value results in oscillation or hunting effect of the
alternator or syrfwonous generator. To prevent these oscillations from going beyond bounds the
damper winding is provided in the pole faces as shown in the figure. The damper windings are
basically copper bars short circuited at both ends are placed in the holes madpate thxis's.
When the alternator is driven at a steady speed, the relative velocity of the damping winding with
respect to main field will be zero. But as soon as it departs from the synchronous speed there will
be relative motion between the damper vimgdand the main field which is always rotating at
synchronous speed. This relative difference will induce current in them which will exert a torque
on the field poles in such a way as to bring the alternator back to synchronous speed operation.
The saliehfeatures of pole field structure has the following special feature
13.They have a large horizontal diameter compared to a shorter axial length.
14.The pole shoes covers only abéigtd of pole pitch.
15.Poles are laminated to redusgdy current loss
16.The salient pole type motor is generally used for low speed operations of around 100 to 400
rpm, and they are usedpower stations with hydraulic turbines or diesel engines.

Salient pole alternators driven by water turbines are called fafthoators or hydro generators.
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Cylindrical Rotor Type

The cylindrical rotor is generally used for very high speed operaticch employed

in steanturbine driven alternators like turbo generators. The machines are built in a number of
ratings from 10 MVA to over 1500 MVA. The cylindrical rotor type machine has uniform length

in al directions, giving a cylindrical shape to the rotor thus providing uniform flux cutting in all
directions. The rotor in this case consists of a smooth solid steel cylinder, having a number of
slots along its outer periphery for hosing the field coils.

The cylindrical rotor alternators are generally designed 4pol2 type giving very high speed of

Or 4-pole type running at a speed of

Where, f is the frequency of 50 Hz.
The cylindrical rotor synchronous generator does not have any projections comingnotite
surface of the rotor, rather central polar area are provided with slots for housing the field
windings as we can see from the diagram above. The field coils are so arranged around these
poles that flux density is maximum on the polar centralding gradually falls away as we move
out towards the periphery. The cylindrical rotor type machine gives better balance and quieter
operation along with lesser windage losses.
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The electrical machine can be defined as a device that converts electricalistterggchanical

energy or mechanical energy into electrical energyel@ntricalgeneratocan be defined as an
electrical machine that converts mechanical energy into electrical energy. An electrical generator
typically consists of two parts; stator and rotor. There are various types of electrical generators
such as direct current generators, alternating currenéergtors, vehicular generators, human
powered electrical generators, and so on. In this article, let us discuss about synchronous
generator working principle.

2.Explain the working principle and operation of analternator?

Working principle of Synchronous Generator:

The rotating and stationary parts of an electrical machine can be called as rotor and stator
respectively. The rotor or stator of electrical machines acts as a-poskrcing component and

is called as an armature. The electromagnets or pemhanagnets mounted on the stator or
rotor are used to provideagnetic fieldof an electrical machine. The generator in which
permanent magnet is usatstead of coil to provide excitation field is termed as permanent
magnet synchronous generator or also simply called as synchronous generator.

Construction of Synchronous Generator

In general, synchronous generator consists of two parts rotor and Btegantor part consists of
field poles and stator part consists of armature conductors. The rotation of field poles in the
presence of armature conductors inducealt@nrating voltagewhich results in electrical power

generation.

Construction of Synchronous Generator
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The speed of field poles is synchronous speed and is given by

Synchronous Generator Working Principle

The principle of operation of synchronous generator is electromagnetic induction. If there exits a
relative motion between the flux and conductors, then an emf is induced in the conductors. To
understand the synchronous geator working principle, let us consider two opposite magnetic

poles in between them a rectangular coil or turn is placed as shown in the below figure.

Rectangular Conductor placed in between two opposite Magnetic Poles

If the rectangular turn rotatas clockwise direction against axisbaas shown in the below
figure, then after completing 90 degrees rotation the conductor sides AB and CD comes in front
of the Spole and Npole respectively. Thus, now we can say that the conductor tangential

motion isperpendicular to magnetic flux lines from north to south pole.
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Direction of Rotation of Conductor perpendicular to Magnetic Flux

So, here rate of flux cutting by the conductor is maximum and induces current in the conductor,
the direction of the indwex current can be determined using . Thus, we

can say that current will pass from A to B and from C to D. If the conductor is rotated in a
clockwise direction for another 90 degrees, then it will come to a vertical position as shown in
the below figure.

Now, the position of conductor and magnetic flux lines are parallel to each other and thus, no
flux is cutting and no current will be inducedtime conductor. Then, while the conductor rotates
from clockwise for another 90 degrees, then rectangular turn comes to a horizontal position as
shown in the below figure. Such that, the conductors AB and CD are undergble ldnd S

pole respectively. By

point B to A and current induces in a conductor CD from point D to C.

So, the direction of current can be indicated asB  C B and direction of current for the
previous horizordl position of rectangular turnis AB C D. If the turn is again rotated
towards vertical position, then the induced current again reduces to zero. Thus, for one complete
revolution of rectangular turn the current in the conductor reaches to max&dweduces to

zero and then in the opposite direction it reaches to maximum & again reaches to zero. Hence,
one complete revolution of rectangular turn produces one full sine wawgrehtinducedin the
conductomwhich can be termed as the generation of alternating current by rotating a turn inside a

magnetic field.
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Now, if we consider a practical synchronous generator, then melginets rotate between the
stationary armature conductors. The synchronous generator rotor and shatft or turbine blades are
mechanically coupled to each other and rotates at synchronous speed. Thmuagribac

flux cutting produces an induced emf which causes the current flow in armature conductors.
Thus, for each winding the current flows in one direction for the first half cycle and current flows

in the other direction for the second half cycle with a time lag of 120 degrees (as they displaced
by 120 degrees). Hence, the output power of synchronous generator can be shown as below

figure.

Do you want to know more about synchronous generators andyaareinterested in
designingelectronicsproject® Feel free to share your views, ideas, suggestions, queries, and
comments in the comment section below.

3.Derive the BMF equation of Synchronous Generator?

EMF EQUATION

Let,
P=No. of poles
Z= No. of Conductorr Coil sidesin series/phasee. Z= T is thenumberof
coilsor turnsper phasgNotethatoneturnor coil hastwo endsor sides)
f = frequencyof inducede.m.fin Hz
= Flux perpole (Weber)
N = rotor speedRPM)
Kq=Distribution factor=K.or Kp = Cos
If inducede.m.fis assumedainusoidakhen,
Kf= Formfactor=1.11
In onerevolutionof therotori.e. in 60/N secondseachconductoris cut by a flux of
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Webers. andalsodt= secionds60/N

theninducede.m.fperconductor( average) dt= =PN

But We knowthatf = PN/120or N= 120f/P

Puttingthe valueof N in Equation We getthe averagevalueof e.m.fperconductoris

= x 120f/P =2f Volts. {N= 120f/P}

If thereareZ conductorsn seriesper phase,
thenaveragee.m.fperphase= Volts= Volts {Z=2T}
Also we knowthat Formfactor=RMS Value/Averagevalue

= RMS value=Formfactorx AverageValue,

=1.11x = Volts. ( Notethatis exactlythe sameequationasthe e.m.fequation
of thetransformer)
And the actuallyavailablevoltageperphase= 4 K¢ Kgq =4 KiKc Kg Volts.

Note:If alternatoror AC Generatois StarConnectedasusuallythe casethenthe
Line Voltageis timesthephasevoltage.

17.Calculate the effiency of aan alternator by using open circuited test?
EMF method for calculating the regulation:

The method is also called E.M.F. method of determirhng voltage regulation. The method
requires following data to calculate the regulation.

1. The armature resistance per phasg (R

2.0Open circuit characteristicswhich is the graph of open circuit voltage against the field
current. This is possible by cducting open circuit test on the alternator.

3. Short circuit characteristics which is the graph of short circuit current against field current.
This is possible by conducting short circuit test on the alternator.

Let us see, the circuit diagram perform open circuit as well as short circuit test on the
alternator. The alternator is coupled to a prime mover capable of driving the alternator at its
synchronous speed. The armature is connected to the terminals of a switch. The other terminals
of theswitch are short circuited through an ammeter. The voltmeter is connected across the lines
to measure the open circuit voltage of the alternator.
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The field winding is connected to a suitable d.c. supply with rheostat connected in series.
The field ecitation i.e. field current can be varied with the help of this rheostat. The circuit

diagram is shown in the Fig.

Fig. 1 Circuit diagram for open circuit and short circuit test on alternator

1.0.C. Test:

Procedure:

i) Start the prime mover and adjithe speed to the synchronous speed of the alternator.

i) Keeping rheostat in the field circuit maximum, switch on the d.c. supply.

i) The T.P.S.T switch in the armature circuit is kept open.

iv) With the help of rheostat, field current is varied frdemminimum value to the rated value.

Due to this, flux increasing the induced e.m.f. Hence voltmeter reading, which is measuring line
value of open circuit voltage increases. For various values of field current, voltmeter readings are
observed.

Observation table for open circuit test :
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From the above table, graph ofst)éh against 1is plotted.
Note: This is called open circuit characteristics of the alternator, called O.C.C. This is shown in
the Fig.

Fig. 2 O.C.C. and S.C.C. of aralternator

2. S.C.Test

After completing the open circuit test observation, the field rheostat is brought to maximum
position, reducing field current to a minimum value. The T.P.S.T switch is closed. As ammeter
has negligible resistance, the armatgets short circuited. Then the field excitation is gradually
increased till full load current is obtained through armature winding. This can be observed on the

ammeter connected in the armature circuit. The graph of short circuit armature current against
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field current is plotted from the observation table of short circuit test. This graph is called shor
circuit characteristics, S.C.C. This is also shown in the Fig. 2.

Observation table for short circuit test :

The S.C.C. is atraight line graph passmthrough the origin while O.C.C. resemble$iBurve
of a magnetic material.
Note: As S.C.C. is straight line graph, only one reading corresponding to full load armature
current along with the origin is sufficient to draw the straight line.
Impedance from O.C.C. and S.C.C.

The synchronous impedance of the alternator changes as load condition changes. O.C.C. and
S.C.C. can be used to determindaZ any load and load p.f. conditions.

In short circuit test, external load impedance is zete $hort circuit armature current is
circulated against the impedance of the armature winding whick iBh#& voltage responsible
for driving this short circuit current is internally induced e.m.f. This can be shown in the

equivalent circuit drawn in thieig.

Fig. 3 Equivalent circuit on short circuit
From the equivalent circuit we can write,

Zs= Eph/ lasc

This is what we are interested in obtaining to calculate value. @&expression fors£an be
modified as
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S0 O.C.C. and S.C.C. can be effectively to calculate Z

4. Regulation Calculations:
From O.C.C. and S.C.C.s@an be determined for any load condition.

The armature resistance per phasg ¢Bn be measured by different methods. One of the method
is applying d.c. known voltage across the two terminals and measuring current. So value of

Raper phase is known.

So synchronous reactance per phase can be determined.

No load induced e.m.per phase, scan be determined by the mathematical expression

derived earlier.

where Vph = Phase value of rated voltage
la = Phase value of current depending on the load condition

Positive sign follagging power factor while negative sign for leading power factgani
Xsvalues are known from the various tests performed.

The regulation then can be determined by using formula,
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Objective Type Questons

1.In an alternator, voltage drops occurs in

(A) armature resistance only

(B) armature resistance and leakage reactance

(C) armature resistance, leakage reactance and armature reaction

(D) armature resistance, leakage reactance, armature reactieardtndonnections.

2. The magnitude of various voltage drops that occur in an alternator, depends on
(A) power factor of the load

(B) load current

(C) power factor x load current

(D) power factor x (load currert)

3. In an alternator, at lagging powexctor, the generated voltage per phase, as compared to that
at unity power factor

(A) must be same as terminal voltage

(B) must be less than the terminal voltage

(C) must be more than the terminal voltage

(D) must be 1.41 time the terminal voltage.

4. Thepower factor of an alternator depends on
(A) Load

(B) Speed of rotor

(C) Core losses

(D) Armature losses.

5. Which kind of rotor is most suitable for turbo alternators which arc designed to run at high
speed ?

(A) Salient pole type
(B) Non-salient pole tge
(C) Both (A) and (B) above

(D) None of the above.
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6. Salient poles are generally used on
(A) high speed prime movers only
(B) medium speed prime movers only
(C) low speed prime movers only

( D) low and medium speed prime movers.

7. The frequency oboltage generated in an alternator depends on

(A) number of poles

(B) rotative speed

(C) number of poles and rotative speed

(D) number of poles, rotative speed and type of winding.

8. The frequency of voltage generated by an alternator having 8 polestatidg at 250 rpm is
(A) 60 Hz

(B) 50 Hz

(C) 25 Hz

(D) 16 2/3 Hz.

9. An alternator is generating power at 210 V per phase while running at 1500 rpm. If the need of
the alternator drops to 1000 rpm, the generated voltage per phase will be

(A) 180 V
(B) 150 V
(C) 140 V
(D) 105 V

10. The number of electrical degrees passed through in one revolution of a six pole synchronous
alternator is

(A)360
(B)720
(C) 1080
(D)2160
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Fill In The Blanks

. Frequency of Synchronous Generétor
. If the field poles are ahead of resultant mmf, then tHmh&se synchronous machine is

operating as a
Where Tem is developed electromagnetic torque developed in the machine and Tpm
is

4. Reactive power depends on the of the synchronous machine.

5. The resultant flux will be leading in nature, so after loading it from loading it from floating,
alternator will operate at

6. All the alternatives are same, varying the matters at the end to change the
reactive power in a synchronous machine.

7. If the 3phase alternator has 4 poles and has synchronous speed of 120 rad/s.
Then the mechanical speed in rad/sec is

8. A synchronous motor is used_at

9. To start the synchronous motor, it is first run as field excitation as zero, so we

them.

10. A poly phase synchronous motor will be used for the load of over poly
phase induction motor.

MCQ Answers:

1. 2. 3. 4. 5. 6 1. 8. 9 10.

C b C a b d C d C C

Fill in the blank Answers:

1. NP/120 2. Generator | 3. The prime 4. Leading p.f. 5. Field flux

mover torque,
excitation
6 60 7.Low 8. Short circuit 9. 600 KW 500 rpm
Speed 10.600 kw 500
rpm
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UNIT -V

Special Motors andElectrical instruments

2-Marks Question and answers

1. What is a synchronous reluctance motor?

A reluctance motor that utilizes an ac rotating field, which allows for the possibikxytidmely
smooth torque and good operatioride speed

2. What are the types of rotor in synchronous reluctance motor?
1: Salient roto2. Radially laminated rotd. Axially laminated rotor
3. Mention some applications osynchronous reluctance motor.

1. Fiberspinning mills2. Industrial process equipment3. Metering pumpsépping and
folding machines

4. What are the advantages of increasing LdILq ratio in synchronous reluctancemotor?
. Motor power factor increases.

. 12R losses reduced.
. Reduced volampere ratings ohe inverter driving the machine

WN -

5. Define Instrument.

Instrument is defined as a device for determining the value or magnitude of a
guantity or variable.

o

List the types of instruments.

- The 3 types of instruments are
- Mechanical Instruments

- Electrical Instruments and

- Electronic Instruments.
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3- Marks Question and answers

1. What is stepper motor?

A stepper motor is a digital actuator whose input is in the form of programmed energifation
the stator windings and whose output is in the form of discrete angular rotation

2. What are the advantagesand disadvantages of stepper motor?

Advantagesl. It can driven open loop without feedback.

2. Responds directly to digital control signals, so stepper motors are natural choice for digital
computer controls.

3. It is mechanically simple.

4 It requiredlittle or no maintenance.

Disadvantagesl. Low effency with ordinary controller
2. Fixed step angle.

3. Limited ability to handle large inertia load

4. Limited pwer output and sizes available

3. What are the different types of stepper motor?
. Variablereluctance stepper motor

. Permanent magnet stepper motor
3. Hybrid stepper motor

N -

SN

. What are the different modes of excitation in a stepper motor?

. 1- Phase on or ful step operation

. 2phaseonmode

. Halt step operation (Alternate dhase orand 2phase on mode)
. Micro stepping operation

A WON R

5. What is meant by full-step operation?

It is the onephase on mode operation. It means, at that time only one winding is energized.By
energizing one stator winding, the rotor rotates some angle. & fslttstep operation.
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5 Marks questions and answers
1. Explain about shadedpole motor?

Shadedole motoris a split phaseaypesingle phase induction motdorhe shadedyole motoris
very popularfor ratingsbelow0.05HP (~ 40 W) becausef its extremelysimpleconstruction.

It has salient poleson the stator
excitedby singlephasesupplyanda squirrelcagerotor. A portionof eachpoleis surroundedy
a shortcircuited turn of copper strip called shading coil.

A shadedole motorandits schematiaiagramareshownin thefiguresabove.
Construction of Shaded Pole Induction Motor

A shadedole motormaybe 2 poleor 4 pole. Herewe areconsideringa 2 pole shadedhole
motor. The picturesin this article alsoshowsa 2 pole motor.
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Stator

Thestatorhassalientpoles.Usually2 to 4 polesareused.Eachof the poleshasits own exciting
coil. A partof eachpoleis wrappedby a coppercoil. The copyer coil formsa closedloop across
eachpole. Thisloopis knownasthe shadingcoil.

Thepolesarelaminated A slot is cut acrosghe laminationof the pole. The slot is approximately
onethird distancefrom the edgeof the pole. The shortcircuited coppercoil describedaboveis
placedin this slot. So we can call this part as the shadedpart and other part of the pole as
unshadegbart.

Selectinga 2 poled statorgivesa synchronouspeedof 3000 rpm while a 4 poled statorspeed
will be 1500rpmfor 50Hz supply.

Rotor

The rotor of shadedpole induction motorsis Squirrel Cage type rotor. The rotor bars are
providedwith a 60 degreeskew.This is to obtainanoptimumstartingtorqueandfor limiting the
torquedip duringrunup.
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Partsof a ShadedPole InductionMotor

Airgap lengthbetweerstatorand rotoris of the order0.25to 0.5 mm. Too shortair-gapmay
resultin startingtorquevariationsdueto rotor slotting.

Shadedpole inductionmotor hasno commutator prushescollectorrings, contactorscapacitors
or moving switch parts,sofit is relatively cheapersimplerandextremelyruggedin construction
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and reliable. Absenceof centrifugal switch eliminatesthe possibility of motor failure due to
faulty centrifugalswitchmechanisms.

Working of Shaded Pole Induction Motor

The operationof the motor canbe understoody referringto figure which showsonepole of the
motor with a shadingcoil. Consideringa cycle of alternatingcurrent(fig 1) appliedto the stator
winding we will explaintheworking of shadedyole motor.

During the portion OA
During the portion OA of the alternatingcurrentcycle [Fig 1], theflux beginsto increaseandan

e.m.f.is inducedin the shadingcoil. The resultingcurrentin the shadingcoil will be in sucha
direction law) so asto opposethe changein flux. Thusthe flux in the shadedortion of
thepole is weakenedvhile thatin the unshadegbortionis strengthenedsshownin figure 2.

During the portion AB
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During the portion AB of the alternatingcurrentcycle, the flux hasreachedalmostmaximum
valueandis not changing.Consequentlythe flux distributionacrosghe poleis uniform[SeeFig
3] sinceno currentis flowing in the shadingcoil.

During theportionBC
As the flux decreasegportion BC of the alternatingcurrentcycle), currentis inducedin the

shadingcoil so asto opposethe decreasen current. Thusthe flux in the shadedportion of the
poleis strengthenedvhile thatin theunshadegortionis weakenedsshownin Fig 4.

The effect of the shadingcoil is to causethe field flux to shift acrossthe pole face from the
unshadedo the shadedportion. This shifting flux is like a rotating weak field moving in the
directionfrom unshadegbortionto the shadedportionof the pole.

The rotor is of the squirrelcage type and is under the influence of this moving field.
Consequentlya small startingtorqueis developed As soonasthis torquestartsto revolvethe
rotor, additional torque is produced by singlephase inductionmotor action. The motor
accelerateto a speedslightly belowthe synchronouspeedandrunsasa singlephasenduction
motor.

Important Characteristics of Shaded Pole Motors

Someof the important characteristicoof shadedpole induction motors are given below. The
detailsof characteristicef shadedgole motorwill bediscussedater.

2. The salient featuresof this motor are extremely simple constructionand absenceof
centrifugalswitch.

3. Since starting torque, efficiency and power factor are very low, these motors are only
suitablefor low powerapplicationse.g.,to drive: (a) smallfans(b) toys (c) hair driers (d)
deskfansetc.

Draw and explain the capacitor start motor?

Capacitor Motor:

A capacitorC is connectedn serieswith the startingwinding througha centrifugalswitchas
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shownin figure. The valueof capacitors so choserthat the currentls in the auxiliary coil leads
currentim in main coil by about80° (i.e., ~ 80°) which is considerablygreaterthan25° found
in split phasemotor. This becomesa balanced2 phasemotorif the magnitudeof Is andim are
equalandaredisplacedn time phaseby 90° electricaldegrees.

Consequentlystartingtorque (Ts= ) is much more than that of a split-phasemotor.
The startingwinding is openedby the centrifugalswitch whenthe motor attainsabout 75% of
synchronouspeed.The motorthenoperatesasa singlephaseinductionmotor and continuesto
acceleratdill it reacheshe normalspeed.

The motor will start without any humming noise. However, after the auxiliary winding is
disconnectedherewill be somehummingnoise.

Sincethe auxiliary winding and capacitorareto he usedintermittently,thesecanbe designedor
minimum cost. However, it is found that the best compromiseamong the factors of starting
torque, starting current and costs resuts with a phase angle somewhat less than
90° betweenm andls.

Characteristics of Capacitor Start 1 Induction Motor
Someof the characteristicef Capacitorstartsinglephasenductionmotoraregivenbelow

Although starting characteristic®f a capacior-start motor are betterthanthoseof a split-
phasemotor, both machinespossesghe samerunning characteristicdbhecausethe main
windingsareidentical.

The phaseangle betweenthe two currentsis about80° comparedto about25° in a split-
phasemotor. Consequentlyfor the samestartingtorque,the currentin the startingwinding
is only abouthalf thatin a split-phasemotor. Therefore the startingwinding of a capacitor
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startmotor heatsup lessquickly andis well suitedto applicationsnvolving either frequent
or prolongedstartingperiods

Capacitorstartmotorsareusedwherehigh startingtorqueis requiredandwherethe starting
periodmay be long e.g.,to drive: (a) compressorgb) large fans(c) pumps(d) high inertia
loads

The powerrating of suchmotorslies betweenl20W and7-5 kW.
Applications of Capacitor Start Motor

Capacitorsn inductionrun motorsenablethemto handleheavierstartloadsby strengtheninghe
magneticfield of the start windings. These loads might include refrigerators,compressors,
elevatorsandaugers.

Thesizeof capacitoraisedin thesetypesof applicationgangesrom 1/6 to 10 horsepowerHigh
startingtorquedesignsalsorequirehigh startingcurrentsandhigh breakdowrtorque.

4. Describe the AC se/0 motor?

AC Servo Motor

Based on the construction there are two distinct types of AC servo motors, they are synchronous
type AC servo motor and induction typ€ servo motor.

Synchronoustype AC servo motorconsist of stator and rotor. The stator consists of a
cylindrical frame and stator core. The armature coil wound around the stator core and the coil
end is connected to with a lead wire through which cuisgotovided to the motor.

The rotor consists of a permanent magnet and hence they do not rely on AC induction type rotor
that has current induced into it. And hence these are also called as brushless servo motors
because of structural characteristics.
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Synchronoustype AC servo motor

When the stator field is excited, the rotor follows the rotating magnetic field of the stator at the
synchronous speed. If the stator field stops, the rotor also stops. With this permanent magnet
rotor, no rotor current is needed and hence less heat is produced.

Also, these motors have high efficiency due to the absence of rotor current. In order tihdcnow
position of rotor with respect to stator, an encoder is placed on the rotor and it acts as & feedbac
to the motor controller.

Theinduction-type AC servo mota structure is identical with that of general motor. In this
motor, stator consists of statcore, armature winding and lead wire, while rotor consists of shaft
and the rotor core that built with a conductor as similar to squirrel cage rotor.
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induction-type AC servo motor

The working principle of this servo motor is similar to the normal induction motor. Again the
controller must know the exact position of the rotor using encoder for precise speed and position
control.

Working Principle of AC Servo Motor

The schematic diagram of servo system for AC-plase induction motor is shown in the figure
below. In this, the reference input at which the motor shaft has to maintain at a certain gosition i
given to the rotor bsynchro generator as mechanical input theta. This rotor is connected to the
electrical input at rated voltage at a fixed frequency.

The three stator terminals of a synchro generator are connected correspondingly to the terminals
of control transformerThe angular position of the twghase motor is transmitted to the rotor of
control transformer through gear train arrangement and it represents the control condition alpha.
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Initially, there exist a difference between the synchro generator shaft positbrcoatrol
transformer shaft position. This error is reflected as the voltage across the control transformer.
This error voltage is applied to the servo amplifier and then to the control phase of the motor.

With the control voltage, the rotor of the mototates in required direction till the error becomes
zero. This is how the desired shaft position is ensured in AC servo motors.

Alternatively, modern AC servo drives are embedded controllers like PLCs, microprocessors and
microcontrollers to achieve vari@bfrequency and variable voltage in order to drive the motor.

Mostly, pulse width modulation and ProportiothalegratDerivative (PID) techniques are used
to control the desired frequency and voltage. The block diagram of AC servo motor system using
progammable logic controllers, position and servo controllers is given below.

5. Draw and explain about ac voltage controller?

AC Tachometers:

Synchros:

Synchro systems were first used in the control system d?dahama Canah the early 1900s to
transmit lock gate and valve stem positions, and water levels, to the control desks.
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View onto the connection description of a synchro transmitter

synchro (also known aselsynand by otherbrand names) is, in effect,t@nsformemwhose
primaryto-secondary coupling may be varied by physically changing the relative orientation of
the two windings. Synchros are oftesed for measuring the angle of a rotating machine such as
anantennglatform. In its general physical construction, it is much like an electric motor. The
primary winding of the transformer, fixed to thetor, is excited by amlternatingcurrent which

by electromagnetic inductigrcauses currents to flow in threecénnected secondary windings
fixed at 120 degrees to each other ondifa¢or The relative magnitudes of secondary currents
are measured and used to determine the angle of the rotor relative to the stator, or the currents
can be used to directly drive a receiwmnchro that will rotate in unison with the synchro
transmitter. In  the latter case, the whole device may be called
a selsyn(a portmanteawf selfandsynchronizing

Fire-control systendesigns developed durindyorld War Ilused synchros extensively, to
transmit anglar information from guns and sights to amalog fire control computeand to
transmit the desired gun position back to the gun location. Early systems just movedindicat
dials, but with the advent of tlemplidyne as well as motedriven highpowered hydraulic
servos, the fire control system could directly control the positions of heavy guns.

Smalle synchros are still used to remotely drive indicator gauges and as rotary position sensors
for aircraft control surfaces, where the reliability of these rugged devices is needed. Digital
devices such as thetary encodehave replaced synchros in most other applications.

Selsyn motors were widely used motion pictureequipment to synchronizeovie
camerasandsound recording equipment, before the advent aviystal
oscillatorsandmicroelectronics

Large synchros were used on naval warships, such as destroyersrdie dpe steering gear
from the wheel on the bridge

2. Draw and explain the operation and principle of PMMC Instrument?

The permanent magnet moving coil instrumemtPMMC type instrumentises two permanent
magnets in order to create stationarggnetic field These types of instruments are only used for
measuring the DC quantities as if we apply é&@rentto these type of instruments the direction

of current will be reversed during negative half cycle and hence the direction of torque will also
be reversed which gives average value of torque zero. The pointer will not deflect due to high
frequency from its mean position showing zero reading. However it can measure the direct
current very accurately.
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Stationary Part or Magnet Systernm the present time we use magnets of high field
intensities, high coercive force instead of using U shaped permanent magnet having soft iron
pole pieces. The magnets which we are using nowadays are made up of materials like
alcomax and alnico which praie high field strength.
Moving Coil: The moving coil can freely moves between the two permanent magnets as
shown in the figure given below. The coil is wound with many turns of copper wire and is
placed on rectangular aluminium which is pivoted on jewbgstings.
Control SystemThe spring generally acts as control system for . The
spring also serves another important function by providing the path to lead current in and out
of the coil.
Damping SystemThe damping force hence torque i®yded by movement of aluminium
former in themagnetic fieldcreated by the permanent magnets.
Meter: Meter of these instruments consists of light weight pointer to have free movement and
scale vhich is linear or uniform and varies with angle.

Let us derive a general expression for torque in permanent magnet moving colil instruments or

. We know that in moving coil instruments the deflecting torque is given by
the expression: gI= NBIdl where N is number of turns, B iisagnetic fluxdensity in air gap, | is
the length ofmoving coil, d is the width of the moving coil, And | is the electric current. Now for
a moving coil instruments deflecting torque should be proportional to current, mathematically we
can write & = Gl. Thus on comparing we say G = NBIdI. At steady statehave both the
controlling and deflecting torques are equal.id controlling torque, on equating controlling
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torque with deflection torque we have Gl = K.x where x is deflection thus current is given by

Since the deflection is directly proportional the current therefore we need a
uniform scale on the meter for measurement of current. Now we are going to discuss about the
basic circuit diagram of & ammeter Let us consider a circuit as shown helo

The current | is shown which breaks into two components at the point A. The two components
are k and k. Before | comment on the magnitude values of these currents, let us know more
about the construction of shurgsistance The basic properties of shunt resistance are written
below, Theelectrical resistancef these shunts should not differ at higher temperature, it they
should posses very low value of temperature coefficient. Also the resistance should be time
independent. Last and the most impottamperty they should posses is that they should be able
to carry high value of current without much rise in temperature. Usually manganin is used for
making DC resistance. Thus we can say that the valugnmidh greater than the value afds

resistage of shunt is low. From the we have, Where, R is resistance of
shunt and R is the electrical resistance of the coil. From the above two
equations we can write, Where, m is the magnifying power of the
shunt.

Errors in Permanent Magnet Moving Coil Inshents
There are three main types of errors:
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Due to temperature effects and aging of the magnets the
magnet may lose their magnetism to some extent. The magnets are generally aged by the heat
and vibration treatment.

Error may appear in PMMC Instrument due to the aging of the spring. However the error
caused by the aging of the spring and the errors caused due to permanent magnet are opposite
to each other, hence both the errors are compensated with each other.

Generally the
temperature coefficients of the value of coefficient of copper wire in moving coil is 0.04 per
degree celsius rise in temperature. Due to lower value of temperature coefficient the
temperature rises at faster rate and hence the resistance increases. Due to this significant
amount of error is caused.

Advantages of Permanent Magnet Moving Coil Instruments

5.

6.
1.
8. These are having multiple advantages, a single instrumetttecased for measuring various

The scale is uniformly divided as the current is directly proportional to deflectidhe
pointer. Hence it is very easy to measure gquantities from these instruments.

Power consumption is also very low in these types of instruments.

Higher value of torque is to weight ratio.

guantities by using different values of shunts and multipliers.

Instead of various advantages the permanent magnet moving coil instruments or

posses few disadvantages.

Disadvantages of Permanent Magnet Mouigl Instruments

6.

These instruments cannot measure ac quasititi

Cost of these instruments is high as compareddwing iron instruments
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Objective Type Questions

1. In BLDC motor field winding is kept on
a) Stator

b) Rotor

c) Can be placed anywhere

d) Absent

View Answer

2. What is the angle between stator direct axis and quadrature axis ?
a) 90°

b) 0°

c) 45°

d) any of the mentioned

3. The spit phase inductionotor has

a) Low starting current and high starting torque

b) Moderate starting current and moderate starting torque
c) Low starting current and moderate starting torque

d) Moderate starting current and low starting torque

4. In washing machines, mosbmmonly used motors are
a) Split phase induction motors

b) Slip ring induction motors

c¢) Capacitor start induction motors

d) Shaded pole induction motors

5. In capacitor start capacitor run induction motor, the capacitor

a) Only at start

b) Only duringrunning condition

c) At start as well as during running condition
d) None of these

6. The capacitor connected permanently in capacitor run motor
a) Improves power factor

b) Lowers power factor

c¢) Does not affect power factor

d) None of these
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7. In refrigerators the commonly used motors are
a) Split phase induction motors

b) Capacitor induction motors

¢) Shaded pole induction motors

d) None of these

8. In shaded pole induction motor, the direction of rotation of magnetic field is from

a) Shaded ple to norshaded pole
b) Non-shaded pole to shaded pole
c) Doesn't depend on the poles
d)None of these

9. Which of the following meter is an integrating type instrument?
(8) Ammeter.

(b) Voltmeter.

(c) Wattmeter.

(d) Energy metre.

10. Creeping irenergy metre implies

(a) Slow rotation of rotor with only voltage colil excited.
(b) Slow rotation of rotor with only current coil excited.
(c) Fast rotation of rotor with only voltage colil excited.
(d) Fast rotation of rotor with only current coil excited.

Fill In The Blanks

1. PMMC type instrumentises permanent magnets in order to create stationary
magnetic field

2. Moving iron type instrumentare of mainly two types those are-----------------

3. Stepper Motogives the variation of an electromagnetic torque as a function of stepping rate

IM=mmmm e

4. which byelectromagnetic inductigrrauses currents to flow in threecénnected secondary
windings fixed at to each other on éwstator

5. Basically these types of tachometers have small which translate the

rotational speed into voltage.
This rotor is connected to the electrical input at rated voltage at a :

N o
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8. The motor will start without any humming noise.However, after the auxiliary winding is
disoonnectedtherewill besome :

9. Thephaseanglebetweerthetwo currentsis about comparedo about in asplit-
phasemotor.

10. Therotor of shadedbole inductionmotorsis

MCQ Answers:
1. 2. 3. 4 5 6. 7. 8 9 10.
b a C a C a b b d a

Fill in the blank Answers:

1. Two 2. Attractive
and repulsive

10. Squirrel Cage
type rotor.




