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UNIT -1

DC GENERATORS
OBJECTIVE
J To learn the working principle of a simple loop Generator.
o To learn the various types of DC Generators.
J To learn the applications of a different types of DC Generators.

1.0. INTRODUCTION

A Dynamo is a machine which converts either mechanical energy into electrical energy
or electrical energy to mechanical energy. When a Dynamo is driven mechanically by a
prime mover such as a steam turbine, water turbine, gas turbine or a diesel engine and
supplies electrical energy, it is called a Generator.

1.1. SIMPLE LOOP GENERATOR

1.1.1. Working principle. A Generator works on the principle of Faradays laws of
Electromagnetic induction which states that “whenever a conductor is placed in a
varying magnetic field, EMF is induced and this induced EMF is equal to the rate of
change of flux linkages”. Hence, the basic essential components of an electrical
generator are (i) a magnetic field (ii) a conductor or conductors which can so move as to
cut the flux and (iii) motion of conductor with respect to magnetic field.

1.1.2. Simple loop Generator. A single turn rectangular copper coil rotating about

its own axis in amagnetic field provided by either permanent magnet or an
electromagnet is shown in the figure 1.1.

Coll

Commutator

Carbon
Brush

=

Galvanometer

Figure.1.1. Simple loop Generator.
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The two ends of the coil are joined to two slip-rings which are insulated from each other
and from the central shaft. Two collecting brushes (carbon or copper) press against
these slip-rings. Their function is to collect the current induced in the coil and convey it
to the external load resistance. The rotating coil may be called ‘armature’ and the
magnets as ‘field magnets’.

1.2. PRODUCTION OF INDUCED EMF

1.2.1. Faradays laws of Electromagnetic Induction. A Generator works on the
principle of Faradays laws of Electromagnetic induction.

Faradays first law. It states that any change in the magnetic field of a coil of wire will
cause an emf to be induced in the coil. This emf induced is called induced emf and if the
conductor circuit is closed, the current will also circulate through the circuit and this
current is called induced current.
Faradays second law. It states that the magnitude of emf induced in the coil is equal to
the rate of change of flux linkages with the coil. The flux linkage of the coil is the product
of the number of turns in the coil and flux associated with the coil.
Consider, a magnet is approaching towards a coil. Here we consider two instants at time
T1 and time Ta.
Flux linkage with the coil at time,

Tl — lﬂl'l'r{'f;’l 'IUb
Flux linkage with the coil at time,

T = lﬂl'l'r{;:'z "l'.L"b

Change in flux linkage,
N(d2 — 1)
Let this change in flux linkage be,
¢ = (P2 — 1)
So, the Change in flux linkage
No
Now the rate of change of flux linkage
No
t
The rate of change of flux linkage
E =, “‘E
dt

But according to Faraday’s law of electromagnetic induction, the rate of change of flux

linkages is equal to induced emf.

E—_n%
elt

Various methods to change the magnetic field are:

(i) by moving a magnet towards or away from the coil

(ii) by moving the coil into or out of the magnetic field

(iii) by changing the area of a coil placed in the magnetic field
(iv) by rotating the coil relative to the magnet.

2
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1.2.2. Production of Induced emf by simple loop DC generator. A single turn
rectangular copper coil ABCD rotating about its own axis in a magnetic field provided by
either permanent magnet or an electromagnet is shown in the figure 1.1. The two ends
of the coil are joined to two slip-rings ‘a’ and ‘b’ are insulated from each other and from
the central shaft. Two collecting brushes (carbon or copper) press against these slip-
rings. Their function is to collect the current induced in the coil and convey it to the
external load resistance ‘R’.

{a) (b}

Figure.1.2. Current direction in external circuit with slip-rings.

Imagine the coil to be rotating in clock-wise direction. As the coil assumes
successive positions in the field, the flux linked with it changes. Hence, an emf is induced
in it which is proportional to rate of change of flux linkages. When the plane of the coil is
at right angles to lines of flux i.e. in position 1, the flux linked with the coil is maximum
but rate of change of flux linkages is minimum as the coil sides AB and CD do not cut or
shear the flux, rather they slide along them i.e. they move parallel to them. Hence, there
is no induced emf in the coil. Consider this no-emf or vertical position of the coil as the
starting position. As the coil continues rotating further, the rate of change of flux
linkages increases, till position 3 is reached where 6 = 902 Here, the coil plane is
horizontal i.e. parallel to the lines of flux. The flux linked with the coil is minimum but
rate of change of flux linkages is maximum.

0° — ‘
S N A ==
g7 ! <2 A 1%
s — A w| / \
'{v .4_: y TG 7 ‘ ) / ~.,\
e .'v 207 32 »B . - '3 " (‘ \\\75 6 7 & g
N j'nh ;' . ( D 9§ ]l - 4 1 2 3 4 '\\ /
e =
63K 8 N A
> » 5 (180%)
» . - Cycle —

Figure.1.3. Coil position and induced emf.

In the next quarter revolution i.e. from 902 to 180¢, the flux linked with the coil
gradually increases but the rate of change of flux linkages decreases. Hence, the induced
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emf decreases gradually till position 5 of the coil and is reduced to zero value. So, we
find that in the first half of the revolution, no emf is induced in position 1, maximum in
position 3 and no emf in position 5. The direction of this induced emf is from A to B and
C to D. Hence, the direction of current flow is ABMLCD. The current through the load
resistance R flows from M to L during the first half revolution of the coil.

In the next half revolution i.e. from 1802 to 3602, the variations in the magnitude
of emf are similar to those in the first half revolution. Its value is maximum when coil is
in position 7 and minimum in position 1. But it is found that the direction of the induced
current is from D to C and B to A. Hence, the path of current flow is along DCLMBA
which is just the reverse of the previous direction of flow. Therefore, we find that the
current obtained from such a simple generator reverses its direction after every half
revolution. Such a current undergoing periodic reversals is known as alternating
current. Alternating current not only reverses its direction, it does not even keep its
magnitude constant while flowing in any one direction. The two half-cycles may be
called positive and negative half-cycles respectively.

] 90= 180% 270% 360°
ML ML E

{a) (b)
Figure.1.4. Current direction in external circuit with Split-rings.

For making the current flow unidirectional in the external circuit, the slip-rings
are replaced by split-rings. The split-rings are made out of a conducting cylinder which
is cut into two halves or segments insulated from each other by a thin sheet of mica or
some other insulating material. The coil ends are joined to these segments on which rest
the carbon or copper brushes. It is seen that in the first half revolution current flows
along ABMLCD i.e. the brush No. 1 in contact with segment ‘a” acts as the positive end of
the supply and ‘b’ as the negative end. In the next half revolution, the direction of the
induced current in the coil has reversed. But at the same time, the positions of segments
‘@’ and ‘b’ have also reversed with the result that brush No. 1 comes in touch with the
segment which is positive i.e. segment ‘b’ in this case. Hence, current in the load
resistance again flows from M to L.
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current

]

| :
g — 1revolution

Figure.1.5. Waveform of current through the external circuit.

The waveform of the current through the external circuit is shown in the figure
1.5. This current is unidirectional but not continuous like pure direct current. It should
be noted that the position of brushes is so arranged that the changeover of segments ‘a’
and ‘b’ from one brush to the other takes place when the plane of the rotating coil is at
right angles to the plane of the lines of flux. It is so because in that position, the induced
emf in the coil is zero. It is only due to the rectifying action of the split-rings (also called
commutator) that it becomes unidirectional in the external circuit. Hence, it should be
clearly understood that even in the armature of a DC generator, the induced voltage is
alternating.

1.3. CONSTRUCTION DETAILS OF DC GENERATOR

A DC Generator mainly consists of three main parts i.e. Magnetic field system,
Armature, Commutator and Brush gear arrangement. The other parts of a DC Generator
are Magnetic frame and Yoke, Pole Core and Pole Shoes, Field or Exciting coils,
Armature Core and Windings, Brushes, End housings, Bearings and Shafts. The main
parts of a 4 pole DC Generator is shown in the figure 1.6.

Figure.1.6. Construction of a DC Generator.
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1.3.1. Magnetic Field System of DC Generator. The magnetic field system is the
stationary or fixed part of the machine. It produces the main magnetic flux. The
magnetic field system consists of Mainframe or Yoke, Pole core and Pole shoes and Field
or Exciting coils.

1.3.1.1. Magnetic Frame and Yoke. The outer hollow cylindrical frame to which main
poles and inter-poles are fixed and by means of which the machine is fixed to the
foundation is known as Yoke. It is made of cast steel or rolled steel for the large
machines and for the smaller size machine the yoke is generally made of cast iron. The
yoke supports the pole cores and provides mechanical protection to the inner parts of
the machines. It also provides a low reluctance path for the magnetic flux. The magnetic
frame and yoke are shown in the figure 1.7.

Figure.1.7. Construction of Magnetic frame and Yoke.

1.3.1.2. Pole Core and Pole Shoe. The Pole Core and Pole Shoes are fixed to the
magnetic frame or yoke by bolts. Since the poles, project inwards they are called salient
poles. Each pole core has a curved surface. Usually, the pole core and shoes are made of
thin cast steel or wrought iron laminations which are riveted together under hydraulic
pressure. The poles are laminated to reduce the Eddy Current loss. The pole core and
pole shoe are shown in the figure 1.8.

TOPPED H:;‘:S © LAMMINATED
FOR FIX POLE CORE

RIVETS
o
SECTION OFg
FIELD coaL_://jo- o
é/.
/o P LAMINATED
e POLE SHOE

Figure.1.8. Construction of Pole core and Pole Shoe.

The poles core supports the field or exciting coils. They spread out the magnetic
flux over the armature periphery more uniformly. It increases the cross-sectional area
of the magnetic circuit which reduces the reluctance of the magnetic path.
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1.3.1.3. Field or Exciting Coils. Each pole core has one or more field coils placed over it
to produce a magnetic field. The enamelled copper wire is used for the construction of
field or exciting coils. These are wound on former and then placed around the pole core.
The field or exciting coils are shown in the figure 1.9.

FORMER

WIRE ENDSAW
= ———

Figure.1.9. Construction of Field or Exciting Coils.

When DC passes through the field winding, it magnetizes the poles, which in
turns produces the flux. The field coils of all the poles are connected in series in such a
way that when current flows through them, the adjacent poles attain opposite polarity.

1.3.2. Armature of DC Generator. The rotating part of the DC Generator is called
the Armature. The armature consists of a shaft upon which a laminated cylinder, called
armature core is placed.

1.3.2.1. Armature Core. The armature core of DC Generator is cylindrical in shape and
keyed to the rotating shaft. The outer periphery of the armature has grooves or slots
which accommodate the armature winding. The armature core of a DC generator houses
the conductors in the slots. It also provides an easy path for the magnetic flux as shown
in the figure 1.10.

Figure.1.10. Construction of Armature Core.

As the armature is a rotating part of the DC Generator, the reversal of flux takes
place in the core, hence results in hysteresis losses. The silicon steel material is used for
the construction of the core to reduce the hysteresis losses. The rotating armature cuts
the magnetic field, due to which an emf is induced in it. This emf circulates the eddy
current which results in Eddy Current loss. Thus to reduce the loss the armature core is
laminated with a stamping of about 0.3 to 0.5 mm thickness. Each lamination is
insulated from the other by a coating of varnish.
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1.3.2.2. Armature Winding. The insulated conductors are placed in the slots of the
armature core. The conductors are wedged, and bands of steel wire wound around the
core and are suitably connected. This arrangement of conductors is called Armature
winding. On the basis of connections, the windings are classified into two types named
as Lap winding and Wave winding.

1.3.3. Commutator and Brush gear arrangement in DC Generator. The
Commutator and Brush gear arrangement consists of commutator, brushes, end
housings, bearings and shaft etc.

1.3.3.1. Commutator. The commutator, which rotates with the armature, is cylindrical
in shape and is made from a number of wedge-shaped hard drawn copper bars or
segments insulated from each other and from the shaft. The segments form a ring
around the shaft of the armature. Each commutator segment is connected to the ends of
the armature coils. The commutator construction is shown in the figure 1.10.

COPPER SESMENT
RISER
END RING

MICA INSULATION

ADJUSTING NUT
METAL SLEEVE

Figure.1.11. Construction of Commutator.

It connects the rotating armature conductors to the stationary external circuit
through brushes. It converts the induced alternating current in the armature conductor
into unidirectional current in the external load circuit.

1.3.3.2. Brush Gear. Carbon brushes are mounted on the commutator and with the
help of two or more carbon brushes, current is collected from the armature winding.
Each brush is supported in a metal box called a brush box. The brushes are pressed
upon the commutator and form the connecting link between the armature winding and
the external circuit. A typical Pigtail brush and holder is shown in the figure 1.12.

ADJUSTMENT FOR
SPRING TENSION

PIGTAIL

i SPRING FOR
BRUSH PRESSURE

BRUSH

Figure.1.12. Construction of Pigtail brush and holder.
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The pressure exerted by the brushes on the commutator can be adjusted and is
maintained at a constant value by means of springs. With the help of the brushes the
current which is produced on the windings, is passed on to the commutator and then to
the external circuit. They are usually made of high-grade carbon because carbon is
conducting material and at the same time in powdered form provides a lubricating
effect on the commutator surface.

1.3.3.3. End Housings. End housings are attached to the ends of the Mainframe and
provide support to the bearings. The front housings support the bearing and the brush
assemblies where as the rear housings usually support the bearings only.

1.3.3.4. Bearings. The ball or roller bearings are fitted in the end housings. The
function of the bearings is to reduce friction between the rotating and stationary parts
of the machine. Mostly high carbon steel is used for the construction of bearings as it is
very hard material.

1.3.3.4. Shaft. The shaft is made of mild steel with a maximum breaking strength. The
shaft is used to transfer mechanical power from or to the machine. The rotating parts
like armature core, commutator, cooling fans, etc. are keyed to the shaft

1.4. COMPARISON BETWEEN LAP WINDING AND WAVE WINDING

Table.1.1. Comparison between Lap winding and Wave winding

LAP WINDING WAVE WINDING

/ > s -
- b "<

~

T~ Coil2

i oliofin

|
l‘--_ 1 . ~
pe-__ : Endofcoill  © Endofcoil2 - 7
S \’L\\_— ° Startingendof | Coill--{-» i \[‘....Conlz
—— 1

Conductor--- -

Finishing end of

~ -

one coill 4+— ]’ [ * one next coil (TT1 T I 1T1]
Commutator----_1 | 2 | 3 1] Wave Winding
Lap Winding

The end of the armature coil is connected
to an adjacent segment on the commutator

The end of the armature coil is connected
to commutator segments some distance
apart

The number of parallel paths is equal to
the number of poles

The number of parallel paths is always
equal to 2(two)

The number of carbon brushes is equal to
the number of poles

The number of carbon brushes is equal to
2 due to 2 parallel paths

The conductor current in each parallel
path is equal to (I/a)

The conductor current in each parallel
path is equal to (I/2)

For same EMF generation, more number of
conductors are required

For same EMF generation, less number of
conductors are required

Equaliser ring is required for better
commutation

Equaliser ring is not required.

This is used for Low voltage and High
current rating machines

This is used for High voltage and Low
current rating machines
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1.5. EMF EQUATION

As the armature rotates, voltage is generated in its coils. In the case of a
generator, the emf of rotation is called the Generated emf or Armature emf and is
denoted as Er = Eg.

Let,

P - Number of poles of the machine

¢ - Flux per pole in Weber.

Z - Total number of armature conductors.

N - Speed of armature in revolution per minute.

A - Number of parallel paths in the armature winding.

In one revolution of the armature, the flux cut by one conductor is given as

Flux cut by one conductor = P wb.......(1)

Time taken to complete one revolution is given as
60

t= N seconds ... ...(2)
Therefore, the average induced emf in one conductor will be
Po
= S (<
e= L a3
Putting the value of (t) from Equation (2) in the equation (3) we will get
Po PN
e = m = W volts ... (4)

The number of conductors connected in series in each parallel path = Z/A.

Therefore, the average induced emf across each parallel path or the armature terminals
is given by the equation shown below.

_PeN _Z _ PZyN

E = 0 *A- E0A volts or
PZpn
E = wwaisd ok
5 e
Where n is the speed in revolution per second and given as
N
"7 60

For a given machine, the number of poles and the number of conductors per parallel
path (Z/A) are constant. Hence, the equation (5) can be written as

E = Kgn
Where, K is a constant and given as
—
A

Therefore, the average induced emf equation can also be written as

10
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E« @n or

E = K,oN

Where K; is another constant and hence induced emf equation can be written as
Ex N or

E < pw
Where w is the angular velocity in radians/second is represented as

2N

60
Thus, it is clear that the induced emf is directly proportional to the speed and flux per
pole. The polarity of induced emf depends upon the direction of the magnetic field and

the direction of rotation. If either of the two is reverse the polarity changes, but if two
are reversed the polarity remains unchanged.

w =

If the machine DC Machine is working as a Generator, the induced emf is given by the
equation shown below.

_PZLeN
& 60A

volts

1.6. TYPES OF GENERATORS

DC generators are classified based on how their fields are excited. There are
three methods of excitation, and thus three main types of DC generators:
Permanent Magnet DC Generators - Field coils excited by permanent magnets.
Separately Excited DC Generators - Field coils excited by some external source.
Self Excited DC Generators - Field coils excited by the generator itself.
Self-excited DC generators can further be classified depending on the position of their
field coils such as Series Wound Generators, Shunt Wound Generators and Compound
Wound Generators.

1.6.1. Permanent Magnet DC Generator. When the flux in the magnetic circuit is
created through the use of permanent magnets, then it is known as a Permanent magnet
DC generator. The construction of a Permanent Magnet DC generator is shown in the
figure1.13.

COIL WOUND ON
ARMATURE

-

Figure.1.13. Construction of Permanent magnet DC generator.
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It consists of an armature and one or several permanent magnets situated
around the armature. This type of DC generator generates does not generate much
power. They are normally used in small application like dynamos in motorcycles. They
are rarely found in industrial applications.

1.6.2. Separately excited DC Generator. When the flux in the magnetic circuit is
created through the use of permanent magnets, then it is known as a Permanent magnet
DC generator. These are the generators whose field magnets are energized by some
external DC source, such as a battery. A circuit diagram of separately excited DC
generator is shown in the figure 1.14.

Here,

[o = Armature current

If = Field current

I1. = Load current

V = Terminal voltage

Eg = Generated EMF (Electromagnetic force)

) (= Separate -
VO] E, ST = source of —
\ 4 = excitation

Figure.1.14. separately excited DC generator.

Voltage drop in the armature = I, x Ra.
Let,
I, =11 =1 (say)

Voltage across the load is equal to,

V=IR

@

Power generated is equal to

P,=E,x1I

Power delivered to the external load is equal to

P=VxI

1.6.3. Self excited DC Generator. Self-excited DC generators are generators whose
field magnets are energized by the current supplied by them. In these types of machines,
field coils are internally connected with the armature. Due to residual magnetism, some
flux is always present in the poles. When the armature is rotated, EMF is induced. Hence
induced current is produced. This small current flows through the field coil as well as

12


https://www.electrical4u.com/what-is-flux-types-of-flux/
https://www.electrical4u.com/magnetic-circuit/
https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/voltage-drop-calculation/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/what-is-flux-types-of-flux/

PAPER -1 ELECTRICAL MACHINES & POWER SYSTEMS

the load thereby strengthening the pole flux. As the pole flux gets strengthened, it
produces more armatures EMF, which causes the increase of current through the field.
This increased field current further raises armature EMF, and this cumulative
phenomenon continues until the excitation reaches the rated value.

1.6.3.1. Series wound Generator. In this type of generator, the field windings are
connected in series with armature conductors, as shown in the figure 1.15. The whole
current flows through the field coils as well as the load. As series field winding carries
full load current it is designed with relatively few turns of thick wire. The electrical
resistance of series field winding is therefore very low (nearly 0.50).

Here,

Rsc = Series winding resistance

Isc = Current flowing through the series field
Ra = Armature resistance

[. = Armature current

I1. = Load current

V = Terminal voltage

Eg = Generated EMF

A N/ Isc L
I = Series
1 = Field

L LLT
D E,_ :\ RMATL R E|

Figure.1.15. Self excited DC generator - Series wound.

Let,
Ia — I.-m — II.- =1 {Sﬂ.y}

Voltage across the load is equal to,

V=E,— I(I, x R,)

Power generated is equal to,

P,—E,x1I

Power delivered to the load is equal to,

PL=VxI
In series wound generators, output voltage is directly proportional with load current.

13
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1.6.3.2. Shunt wound Generator. In this type of DC generator, the field windings are
connected in parallel with armature conductors, as shown in the figure 1.16. In shunt
wound generators voltage in the field winding is same as the voltage across terminal.

Here,

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
Ra = Armature resistance

[a = Armature current

I = Load current

V = Terminal voltage

Eg = Generated EMF

I,
La

amyaTiRE|  Shunt Field —
P o .\-. "" =

Figure.1.16. Self excited DC generator - Shunt wound.

Here armature current I, is divided in two parts - one is shunt field current I,
and another is load current I.. So,
Ia = Ixh T IL

The effective power across the load will be maximum when [, is maximum. So, it
is required to keep the shunt field current as small as possible. So the resistance of
shunt field winding is generally kept high (100 Q) and large no of turns are used for the
desired EMF.

Shunt field current is equal to,

-[‘?h =

Rsh

Voltage across the load is equal to,

V—E,— LR,

Power generated is equal to,

P,—E,xI,

Power delivered to the load is equal to,

PL =V x IL

In shunt wound generators, output voltage is inversely proportional with load current.
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1.6.3.3. Compound wound Generator. The combination of series and shunt wound
generators can overcome the disadvantages of both. Compound wound generators have
both series field winding and shunt field winding. One winding is placed in series with
the armature, and the other is placed in parallel with the armature. This type of DC
generators may be of two types namely short shunt compound-wound generator and
long shunt compound-wound generator.

1.6.3.3.1. Short Shunt Compound Wound DC Generator. Short Shunt Compound
Wound DC Generators are generators where only the shunt field winding is in parallel
with the armature winding, as shown in the figure 1.17.

Here,

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
Ra = Armature resistance

[o = Armature current

I1. = Load current

V = Terminal voltage

E; = Generated EMF

L
= . -
= Series Field

Ia ., | § =
/- \-T‘-.).I

B, [rrvarire) Shunt Field =)

\nf ~)

A I

v

Figure.1.17. Short shunt DC generator - Compound wound.

Series field current is equal to,

Isr = jl—L
Shunt field current is equal to,
I {Ir( + ISER’SE')
sh =
Rsﬁ
Armature current is equal to,
IEI. = jr.sh T II.-

Voltage across the load is equal to,

V — Eq - IgRa. — I‘SER:?C

Power generated is equal to,

P,—E, x I,
Power delivered to the load is equal to,
PL =V xI L
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1.6.3.3.2. Long Shunt Compound Wound DC Generator. Long Shunt Compound
Wound DC Generators are generators where the shunt field winding is in parallel with
both series field and armature winding, as shown in the figure 1.18.

Here,

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
Ra = Armature resistance

[a = Armature current

I = Load current

V = Terminal voltage

Eg = Generated EMF

~ T Yy _,,\
A 1 IL. Iu[ | 1.‘31‘; I.\\.
: ] c;_'>3!
= Series Field j‘f}j
1;-1., _\ )
v - . I
Shunt Field <
E ., [swwarere) =
CIY ,-"I =
v A

Figure.1.18. Long shunt DC generator - Compound wound.

Shunt field current is equal to,

Vv
-[‘?h- =
Rsh
Armature current, I, = series field current,
-I.'h:' — IL + I.sh.

Voltage across the load is equal to,

V= Eg - IERE. - Isc‘.Rsr: - Eg - IEI.(RE. + Rsc)

Power generated is equal to,

P,=E,x1I,

Power delivered to the load is equal to,

PL=V><IL

In a compound wound generator, the shunt field is stronger than the series field.
When the series field assists the shunt field, generator is said to be commutatively
compound wound.

ﬂ total = ﬂ series T @ shunt
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The cumulative and differential compounding methods are as shown in the figure 1.19.

i |
e -)-J::; SERIES FIELD sc €3 k' SERIES FIELD

>
1sh-' 'sh >
SHUNT FIELD SHUNT FIELD
- «
~
CUMULATIVE COMPOUNDING DIFFERENTIAL COMPOUNDING

Figure.1.19. Cumulative and Differential Compounding.

On the other hand, if the series field opposes the shunt field, the generator
is said to be differentially compound wound.

Q total = Q series — ﬂ shunt

1.7. FAILURE OF BUILDING VOLTAGE

The various reasons due to which a self excited generator may fail to build up
voltage are as follows:

1. No residual magnetism: The start of the build up process needs some residual
magnetism in the magnetic circuit of the generator. If there is little or no residual
magnetism, because of inactivity or jarring in shipment, no voltage will be induced that
can produce field current.

2. Reversal of Field Connections: The voltage induced owing to residual magnetism acts
across the field and results in flow or current in the field coils in such a direction as to
produce magnetic flux in the same direction as the residual flux. Reversal of connections
of the field winding destroys the residual magnetism which causes the generator failure
to build up voltage.

3. In case of DC series wound generators: The resistance in the load circuit may be more
than its critical resistance, which may be due to (i) open-circuit (ii) high resistance of
load circuit (iii) faulty contact between brushes and commutator and (iv) commutator
surface dirty or greasy.

4. In case of DC shunt wound generators

(a) The resistance of the shunt field circuit may be greater than the critical resistance;
(b) the resistance in the load circuit may be lower than the critical resistance;
(c) the speed of rotation may not be equal to rated one.

Remedy: In the above cases, the field coils must be connected to a dc source (a storage
battery) for a short while to magnetise the poles to build up voltage. The application of
external source of direct current to the field is called flashing of the field.
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1.8. LOSSES, EFFICIENCY AND ARMATURE REACTION

The various types of losses that occur in a dc generator are as follows:

1. Copper losses

(i) Armature Cu loss

(ii) Field Cu loss

(iii) Loss due to brush contact resistance
2. Iron Losses

(i) Hysteresis loss

(ii) Eddy current loss
3. Mechanical losses

(i) Friction loss

(ii) Windage loss
4. Stray Losses

1.8.1. Copper losses. These losses occur in armature and field copper windings.
Copper losses consist of Armature copper loss, Field copper loss and loss due to brush
contact resistance.

1.8.1.1. Armature copper loss. This loss contributes about 30 to 40% to full load
losses. The armature copper loss is variable and depends upon the amount of loading of
the machine.
Armature copper loss = [.2R,

where, [, = Armature current and R,= Armature resistance.

1.8.1.2. Field copper loss. In the case of a shunt wounded field, field copper loss is
practically constant. It contributes about 20 to 30% to full load losses.
Field copper loss = IRt

where, If = field current and Rt = field resistance.

18.1.3. Brush contact resistance loss. Brush contact resistance also contributes to the
copper losses. Generally, this loss is included into armature copper loss.

1.8.2. Iron losses. As the armature core is made of iron and it rotates in a magnetic
field, a small current gets induced in the core itself too. Due to this current, eddy current
loss and hysteresis loss occur in the armature iron core. Iron losses are also called
as Core losses or magnetic losses.

1.8.2.1. Hysteresis loss. It is due to the reversal of magnetization of the armature core.
When the core passes under one pair of poles, it undergoes one complete cycle of
magnetic reversal.

The frequency of magnetic reversal is given by, f = (P.N)/120.
where, P = no. of poles and N = Speed in rpm.

Hysteresis loss is given by,
Steinmetz formula: Wp=nBmax1-¢fV (watts)
where, 1 = Steinmetz hysteresis constant

V = volume of the core in m3.
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The loss depends upon the volume and grade of the iron, frequency of magnetic
reversals and value of flux density.

1.8.2.2. Eddy current loss. When the armature core rotates in the magnetic field, an
emf is also induced in the core, according to the Faraday's law of electromagnetic
induction. Though this induced emf is small, it causes a large current to flow in the body
due to the low resistance of the core. This current is known as eddy current. The power
loss due to this current is known as eddy current loss.

1.8.3. Mechanical losses. Mechanical losses consist of the losses due to friction in
bearings and commutator. Air friction loss of rotating armature also contributes to
these. These losses are about 10 to 20% of full load losses.

1.8.3. Stray losses. In addition to the losses stated above, there may be small losses
present which are called as stray losses or miscellaneous losses. They are usually due to
inaccuracies in the designing and modelling of the machine. Stray losses are assumed to
be 1% of the full load mostly.

1.8.4. Efficiency. For a DC machine, its overall efficiency is given by,
total output
total input

%n = = 100
Let

Pout = total output of a machine

Pin = total input of a machine

Pcu = variable losses

P; = constant losses

Then, Pin= Pout + Pcu + Pi

P P
%N = —2ty)p)= —o x 100
n P, P + losses

In case of a d.c. generator the output is given by, Pout= VI
Where,

Pcu = variable losses =12 Ra= 12 R,

[. = (neglecting shunt field current)

- M 10 = — ' 100

— —x
2
VI+I*R, +P; l+[|R.+P|]

V VI
The efficiency is maximum, when the denominator is minimum in the above
equation. According to maxima-minima theorem, the derivative of denominator gives,

[2R,-Pi=0
Therefore, [2R, = Pi
Thus for the maximum efficiency, the condition is Variable losses = Constant losses.

1.8.5. Armature Reaction. Armature reaction is effect of armature flux over main

field flux. When we excite the field winding, it produces a flux which links with the
armature. This causes an emf and hence a current in the armature. This current in
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armature produces another flux which lags the main flux. This is referred to as armature
reaction. It has two effects on the machine:

1. Demagnetising effect: It reduces the strength of the main flux.

2. Cross magnetising effect: It bends/distorts the main flux line along the conductor.

Due to this, the output voltage is reduced and more sparking occurs at brushes.
This effect of armature reaction can be reduced by using interpoles in between the main
field poles and compensating windings placed in pole faces.

1.9. APPLICATIONS OF DC GENERATORS.

The applications of various types of DC generators are as follows.

1.9.1. Shunt wound Generators. The terminal voltage of DC shunt generator is
more or less constant from no load to full load. Therefore these generators are used
where constant voltage is required.

(i) Electroplating

(ii) Battery charging

(iii) Excitation of alternators

(iv) Ordinary lighting loads

1.9.2. Series wound Generators. The terminal voltage of DC series generator
increases with load current from no load to full load. Therefore these generators are
used where rise in voltage is required.

(i) Boosters in Electric distribution system

(ii) Arc lamps lighting

1.9.3. Cumulative compound wound Generators. The external characteristics of
cumulative compound generator can be adjusted for compensating the voltage drop in
the line resistance. Therefore these generators are used for motors which require DC
supply at constant voltage.

(i) For lamp loads

(ii) For supplying power loads such as hotels, offices etc..

1.9.4. Differential compound wound Generators. The external characteristics of
differential compound generator are similar to that of a shunt generator but with large
demagnetization armature reaction. Therefore these generators are used for

(i) Arc Welding

(ii) Compensators in feeders/electric traction.

1.9.5. Separately excited Generators. The terminal voltage of separately excited
generator gives a wide range of voltage output. Therefore these generators are used for
(i) Electroplating

(ii) Lighting loads with field regulators

(iii) Used in Laboratories for testing.

20



PAPER -1 ELECTRICAL MACHINES & POWER SYSTEMS

UNIT -2
DC MOTORS

OBJECTIVE

To learn the working principle of a DC motor.

To learn the various types of DC motors.

To learn the various types of starters used for DC motors.
To learn the applications of a different types of DC motors.

2.0. INTRODUCTION

A Motor is a machine which converts electrical energy into mechanical energy. It
is similar to a generator in construction. Therefore a DC machine can be used as
generator or a motor. The DC motor’s speed can be controlled over a wide range.

2.1. CONSTRUCTION OF MOTOR

2.1.1. Working principle. A motor works on the principle of Fleming's left-hand rule
which states that "whenever a current carrying conductor is placed in a magnetic field,
it experiences a mechanical force". When armature windings are connected to a DC
supply, an electric current sets up in the winding. Magnetic field may be provided by
field winding or by using permanent magnets. The direction of force would have
reversed every time when the direction of movement of conductor is reversed in the
magnetic field. Hence, commutator is made segmented to achieve unidirectional torque
as shown in the figure 2.1.

Main field

Commutator - Armature poie

segments

1o pcwe
supply

Figure.2.1. Simple loop Motor.

In this case, current carrying armature conductors experience a force due to the
magnetic field, according to the principle stated above. The direction of this force is
given by Fleming's left-hand rule. DC motor is used in many applications where constant
or low-speed torque is required.

2.1.2. Fleming’s left hand rule. If we stretch the first finger, second finger and
thumb of our left hand to be perpendicular to each other, the direction of magnetic field
is represented by the first finger, direction of the current is represented by the second
finger, and the thumb represents direction of the force experienced by the current
carrying conductor is as shown in the figure 2.2.
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Direction —
of Force

MaFglgl%tic

)
Direction

of Current

Figure.2.2. Flemings left hand rule.

The magnitude of the force is given by F = BIL newtons. Where, B = magnetic flux
density, | = current and L = length of the conductor within the magnetic field.

2.1.3. BACK EMF. When the armature of a DC motor rotates under the influence of the
driving torque, the armature conductors move through the magnetic field and emf is
induced in them as in a generator. This induced emf acts in opposite direction to the
applied voltage V according to Lenz’s law and is known as Back emf or Counter emf
(Eb). The equation to find out back emfin a DC motor is given below,

PopZN
Ey, = 0
60A
The back emf, (Ey) is always less than the applied voltage V, although this

difference is small when the motor is running under normal conditions. The magnitude
of back emf is directly proportional to speed of the motor.

2.1.4. Significance of Back EMF. When the motor is running on no load, small
torque is required to overcome the friction and windage losses. Therefore, the armature
current I, is small and the back emf is nearly equal to the applied voltage. The presence
of back emf E, makes a dc motor self-regulating.

Consider a shunt wound DC motor, equation of armature current is given below,

V-F
L,:R—ﬂb

Suppose if the load on the motor is suddenly decreased, the driving torque is
momentarily in excess of the requirement so that armature gets accelerated. As the
armature speed increases, the back emfEp also increases and causes the armature
current I, to decrease. The motor will stop accelerating when the armature current is
just sufficient to produce the reduced torque required by the load.

On the other hand, if the load on the motor is suddenly increased, the speed at
which the armature conductors move through the field is reduced and hence the back
emf E, falls. The decreased back emfallows a larger current to flow through the
armature [; which increase driving torque. Thus, the driving torque increases as the
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motor slows down. The motor will stop decelerating down when the armature current
is just sufficient to produce the increased torque required by the load. Thus, speed of
the motor will regulate in both conditions.

2.2. TYPES OF MOTORS

DC motors are classified based on the connection of the field winding with
armature. Mainly there are two types of DC Motors, Separately excited DC Motor
and Self-excited DC Motor. The self-excited DC motors are further classified as Shunt
wound motor, Series wound motor and Compound wound motor.

2.2.1. Separately excited DC Motor. The field coils or field windings are energised
by a separate DC source as shown in the circuit diagram shown in figure 2.3. Here,

[a = Armature current

If = Field current

Ra = Armature resistance

V = Load voltage

Ep = Back EMF
+ - 3
+
Field fa)
DC vV |3
Supply
o Armature
» Y

Figure.2.3. separately excited DC motor.
Voltage equation of a DC motor

Input Voltage provided to the motor armature can control Back emf, E, of the Motor
and provide supply to the ohmic drop, l.Ra.

V=Ep+LRa....(1)

Power equation of a DC Motor
Multiply both sides of Equation (1) by I., we get,

V Ia = Eb Ia + Iaz Ra .......... (2)

VI, = Input Power supply (Armature Input)
Epla = Mechanical Power developed in Armature (Armature Output)
[2Ra= Power loss in armature (Armature Copper Loss)
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2.2.2. Self excited DC Motor. Self-excited DC motors are motors where the current
to the windings is supplied by the motor itself. Self-excited DC Motor is further divided
into shunt wound, and series wound and compound wound.

2.2.2.1. Series wound motor. In the series motor, the field winding is connected in
series with the armature winding. The connection diagram of a series motor is as shown
in figure 2.4.

Here,

Rse = Series winding resistance

Ise = Current flowing through the series field
Ra = Armature resistance

I, = Armature current

I = Load current

V = Terminal voltage

Ep = Back EMF

Figure.2.4. Self excited DC generator - Series wound.

By applying the KCL in the above figure
IL = Ia = Ise ......... (1)

The voltage equation can be obtained by applying KVL in the above figure
V = E + Ia (Ra + Rse) ......... (2)

The power equation is obtained by multiplying equation (2) by I we get

V I= E I+ Iaz (Ra+ Rse) ......... (3)

The power equation is given as
Power input = mechanical power developed + losses in the armature + losses in the field

VI=Pn+I2Ry+ I2Rse . o ... (4)

Comparing the equation (3) and (4), we will get the equation shown below.

Pm = E Ia ......... (5)

Where, Vlis the electrical power supplied to the armature of the motor.
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2.2.2.2. Shunt wound Motor. In this type of DC motor, the field windings are connected
in parallel with armature conductors, as shown in the figure 2.5. In shunt wound motors
voltage in the field winding is same as the voltage across terminal.

Here,

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
Ra = Armature resistance

[a = Armature current

I = Load current

V = Terminal voltage

E, = Back EMF

Shunt Vv
Field Rsn @
=]

Armature

Figure.2.5. self excited DC Motor - Shunt wound.

By applying the KCL in the above figure
IL = Ia + Ish ......... (1)

The voltage equation can be obtained by applying KVL for the field winding circuit.
V = Ish Rsh (2)

For armature winding circuit the equation will be given as

V=E+IaRa ......... (3)

The power equation is given as
Power input = mechanical power developed + losses in the armature + loss in the field.

V IL = Pm + [22 Ra + Ish? Rsh .. e . (4‘)
VIL=Pm+I1:2Ra+ Vi

Pin=VIL -V I -2 Ra = V (I - Isn) - T2 Ra
Pin=VIa-I2Ra= (V-IaRa) Ta= (V- (V-E)) L
Po=Ela....(5)

Multiplying equation (3) by I, we get the following equations.
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V Ia= E Ia+ Iaz Ra ......... (6)
V Ia= Pm + Iaz Ra ......... (7)

Where, VI, is the electrical power supplied to the armature of the motor.

2.2.2.3. Compound Wound DC Motor. The combination of the series and shunt wound
motors can overcome the disadvantages of both. Compound wound motors have both
series field winding and shunt field winding. One winding is placed in series with the
armature, and the other is placed in parallel with the armature. This type of DC
generators may be of two types namely short shunt compound-wound generator and
long shunt compound-wound generator.

2.2.2.3.1. Short Shunt Compound Wound DC Motor. Short Shunt Compound Wound
DC Motors are motors where only the shunt field winding is in parallel with the
armature winding, as shown in the figure 1.17.

Here:

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
a = Armature resistance

[a = Armature current

IL. = Load current

V = Terminal voltage

E¢ = Generated EMF

|5h Rse IL
4= o ,-_rY“f‘f\_-.
Series [}
Field
Shunt \'

Field

Figure.2.6. Short shunt DC motor - Compound wound.

By applying the KCL in the above figure
Ise = IL = Ia + Ish ......... (1)

The voltage equation can be obtained by applying KVL for the field winding circuit.
V = Ish Rsh (2)

For armature winding circuit the equation will be given as

V=E+Ia Ra'l‘lseRse ......... (3)
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The power equation is given as
Power input = mechanical power developed + losses in the armature + loss in the field.

V Ise = Pm + 122 Ra + Ish? Rsh

VIse =Pm + 122 Ra+ Vsh

V (Ise = Ish) = Pm + [a2 Ra

Pm=1.2 Ra- V1. = Ia (Ia Ra - Ish Reh) o . . (4)

Therefore, VIa = Pm + [22 Ra... ... ... (5)

Where, V1 is the electrical power supplied to the armature of the motor.

2.2.2.3.2. Long Shunt Compound Wound DC Motor. Long Shunt Compound Wound
DC motors are generators where the shunt field winding is in parallel with both series
field and armature winding, as shown in the figure 1.18.

Here:

Rsh = Shunt winding resistance

Ish = Current flowing through the shunt field
Ra = Armature resistance

[. = Armature current

IL. = Load current

V = Terminal voltage

Eg; = Generated EMF

Figure.2.7. Long shunt DC motor - Compound wound.

By applying the KCL in the above figure
IL = Ia + Ish = Ise + Ish ......... (1)

The voltage equation can be obtained by applying KVL for the field winding circuit.
V = Ish Rsh (2)

For armature winding circuit the equation will be given as

V=E+IaRa+IseRse=E+Ia(Ra+Rse) ......... (3)

The power equation is given as
Power input = mechanical power developed + losses in the armature + loss in the field.

VIL=Pm+ 122 Ra+ Ish? Ren
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Vv (IL - Ish)= Pm + [a2 Ra
Pm = V Ia - Iaz Ra = Ia(lsh Rsh - Ia Ra) ......... (4‘)

Therefore, VIa = Pm + [22 Ra... ... ... (5)

Where, Vlais the electrical power supplied to the armature of the motor.

The cumulative and differential compounding methods are as shown in the figure 2.8. In
a compound wound motor, the shunt field is stronger than the series field. When the
series field assists the shunt field, motor is said to be commutatively compound wound.

@ total = @ series + D shunt

R — »
5E
P SERIES FIELD ic [ I SERIES FIELD
£ D > D

Ton P tan PG
SHUNT FIELD SHUNT FIELD

<« €

r

CUMULATIVE COMPOUNDING DIFFERENTIAL COMPOUNDING

Figure.2.8. Cumulative and Differential Compounding.

On the other hand, if the series field opposes the shunt field, the motor is said to be
differentially compound wound.

g total = g series — g shunt

2.3. LOSSES AND EFFICIENCY

The losses taking place in the motor are the same as in generators. These are (i)
copper losses (ii) magnetic losses and (iii) mechanical losses. The condition for
maximum power developed by the motor is

Ia Ra = V/Z = Eb

The condition for maximum efficiency is that armature Copper losses are equal
to constant losses. The various stages of energy transformation and also various losses
occurring in a motor are shown in the flow diagram 2.9.

A . RS &
| l}lil.i|:|5
Motar i PU::n o N Troe amd ) Maotor
et e I e W = T = i
1+ 1" Losses I A — 1" Losses L~ inWad | L”)
= V1 Wi Armuature
| =Egl, Wam

Figure.2.9. Stages of energy transformation and losses occur in a DC motor.
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Copper losses =A-B=(VI-Evli)
Iron and Friction losses = B = C = (Ep [a— Ta w)
Overall or commercial efficiency T¢ = C/A
Electrical efficiency ne = B/A
Mechanical efficiency Mm =C/B

2.4. SPEED AND TORQUE

Torque is the turning or twisting moment of a force about an axis. It is measured
by the product of force, F newtons and the radius, r metres at which the force acts.

Then, torque,

T=Fxr(N-m)

Work done by this force in one revolution
= F x distance = F x 27r joules.

Therefore, Power developed
= F x 27tr X N joules/sec or watt
=(Fxr)x2nm N =T X w watts, IfNisinrpm,then w = 21 N/60
= (2t N/60) x T = NT/9.55

Therefore, Power developed, P= NT/9.55

2.4.1. Armature torque of a DC Motor. Let Ta be the torque developed at
armature of a motor running at N rps.

Then Power developed, P= (F X I') X 2T N =TaX W watts ... ... ... (1)

The electrical power converted into mechanical power in the armature

P = Ep X [a watts ... ... ... (2)
_ P$ZN
B =504

Equating (1) and (2), we get, Ta = 0.159 N Newton-metre
Therefore, Armature torque, Ta = 0.159 ¢ Z 1. x (P/A) N-m

From the above equation, Taa Cl)Ia
In case of series motors, (1) is directly proportional to Ia, Therefore Ta o [.2.

In case of shunt motors, (1) is practically constant, Therefore Ta O la.
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2.4.2. Shaft torque of a DC Motor. Let Ts, be the torque available at the shaft for
doing useful working at N rps.

The motor output is given by, Output = Tsh X 27t N watts
Tsh= output/(2m N/60)
= (60/2 1) x (Output/N)
= 9.55 (Ooutput/N) N-m

Therefore, Shaft Torque, Tsh=9.55 x (Output/N) N-m

The difference (Ta — Tsh) is known as Lost torque and is due to iron and friction losses
of the motor.

2.4.3. Speed regulation of a DC Motor. The change in speed when the load on
the motor is reduced to zero from its rated value, expressed as percent of the
rated load speed.

% speed regulation = {(N.L. speed - F.L. speed)/ F.L. speed} x 100

2.5. SPEED CONTROL OF DC MOTORS.

The series DC motors are used where high starting torque is required, and variations in
speed are possible. The shunt motors are used where constant speed is required and
starting conditions are not severe.

2.5.1. Speed Control of DC Series Motor. Speed control methods for a DC series
motor can be classified as:

1. Armature Control Method

2. Flux control Method

2.5.1.1. Armature Controlled Method. The controlling resistance is connected directly in
series with the supply of the motor as shown in the figure 2.10. By increasing the
resistance in series with the armature the voltage applied across the armature terminals
can be decreased. With reduced voltage across the armature, the speed is reduced.

3
I
Ra -
v i

AMATIHE

1| T

Figure.2.10. Armature controlled method for DC Series motor.
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2.5.1.2. Flux Control Method. Speed adjustment of a DC series motor by field
control may be done by:

1. Armature Diverter method

2. Field Diverter Method

3. Tapped Field Control Method

2.5.1.2.1. Armature Diverter Method. A Diverter across the armature can be used for

obtaining speeds lower than the normal speed is as shown in the figure 2.11. The
variation in speed can be controlled by varying the diverter resistance.

I Is +

Vv 'r}/

WM ATURE

, 1

Figure.2.11. Flux control - Armature Diverter method for DC Series motor.

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 for DC series motor driving
cranes, hoists, trains etc.

2.5.1.2.2. Field Diverter Method. This method uses a diverter. Here the field flux can
be reduced by shunting a portion of motor current around 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 drives in which speed
should rise sharply as soon as load is decreased.

Diverter
Vv i ARMATURE
Series Field
[
1y

Figure.2.12. Flux control - Field Diverter method for DC Series motor.
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2.5.1.2.3. Tapped Field Control Method. This is another method of increasing the
speed by reducing the flux and it is done by lowering number of turns of field winding
through which current flows. In this method a number of tapping from field winding are
brought outside. This method is employed in electric traction.

Tapped Series Field

Y A .
teoe :
-
//
o
|
v ARMATURE
I
l
- & -

Figure.2.13. Flux control - Tapped field control method for DC Series motor.

2.5.2. Speed Control of DC Shunt Motor. Speed control methods for a DC shunt
motor can be classified as

1. Flux control method

2. Armature control method

3. Voltage control methods

2.5.2.1. Flux Control Method. The flux of a DC motor can be changed by changing Ish
with the help of a Shunt field rheostat as shown in the figure below. Since I is relatively

small, shunt field rheostat, R has to carry only a small current, which means I2R loss is
small, so that rheostat is small in size. This method is very efficient.

. ® .
|
Tlr

v 1 I_

ARMLATL N
- | | ‘
& l

Figure.2.14. Flux control method for DC Shunt motor.
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2.5.2.2. Armature Control Method. As the supply voltage is normally constant, the
voltage across the armature is varied by inserting a variable rheostat or controller
resistance in series with the armature circuit as shown in the figure below. As the
controller resistance is increased, potential difference across the armature is decreased,
thereby decreasing the armature speed. This method is used when speeds below the no-
load speeds are required.

-
|
Y
\\ Iy
= N
Ra /
la
v
AEMATLRE
- ‘
! . |

Figure.2.15. Armature control method for DC Shunt motor.

2.5.2.3. Voltage Control Methods. Speed adjustment of a DC shunt motor by voltage
control may be done by:

1. Multiple voltage method

2. Ward-Leonard Method

2.5.2.3.1. Multiple Voltage Method. As the shunt field of the motor is connected
permanently to a fixed exciting voltage, but the armature is supplied by different
voltages by connecting it across suitable switchgear. The armature speed will be
approximately proportional to these different voltages. The intermediate speeds can be
obtained by adjusting the adjusting the shunt field regulator. This method is rarely used.

2.5.2.3.1. Ward-Leonard Method. This method is used where an unusually wide
and very sensitive speed control is required as for elevators, excavators, colliery
winders and main drives in steel mills, paper mills etc. The main disadvantage of this
system is its low overall efficiency especially at low loads.

2.6. STARTERS OF DC MOTORS.

2.6.1. Necessity of a starter. While starting a DC motor huge amount of current can be
driven to the windings due to the absence of the back emf. The current may rise about 4
to 6 times higher than the rated load current of the winding wire. So, it can damage the
winding of motor at the time of starting itself. To prevent such high current rush in
armature, starters are used in DC motors.
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Figure.2.16. Construction of DC motor starter.

Actually, a starter consists of a variable series resistance which is added to the armature
of the motor. It is used in order to reduce the starting voltage across the winding. When
the motor speeds up the starter resistance decrease gradually and it will disconnect
completely when the armature attains enough speed to generate the back emf. At full
speed, the starter has no effect on the armature circuit of the motor. Then the contacts
of the motor terminals will be directly connected. The various types of starters used for
DC motors are three point starter, four point starter and drum controller starter.

2.6.2. Three Point Starter. The 3 point starter is a device whose main function is to
start and maintain the speed of the DC shunt motor. It connects the resistance in series
with the circuit which reduces the high starting current and hence protects the machine
from damage.

Construction of three point starter. It consists of a variable resistance having a
number of contact points Off, 1, 2, 3, 4, 5...Run and is called studs. There are three main
points or terminals in 3 point starter of DC motor. They are ‘L’ Line terminal (Connected to
positive supply), ‘A’ Armature terminal (Connected to armature winding) and ‘F’ Field
terminal (Connected to field winding). Point L is further connected to electromagnet
called OLR (overload release).

The second point of OLR is connected to the starter handle. The handle is free to
move on other side towards RUN against the force of spring. A soft iron piece is attached
to handle. A parallel path is derived from stud 1 to No Volt coil (NVC) and other end of
NVC is connected to ‘F’ terminal as shown in the figure 2.13. The Overload release (OLR)
and No volt coil (NVC) are two protective devices.

Working of three point starter. Initially the handle is in OFF position. When the power
is switched on for motor, the handle is slowly moved to stud ‘1’ against the spring force,
then the field winding gets supply via parallel path provided through stud 1 and NVC.
Now the entire starting resistance is in series with the armature and limits the starting
current. As the handle moves further to stud 2,3,4,5 and finally RUN position. It
bypasses the starting resistance and the motor rotates at normal speed. NVC coil holds
the starter in RUN position so it is also called as Hold on the coil.
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Figure.2.17. Connection diagram of a Three (3) Point starter.

Functions of No Volt Coil (NVC). The field winding is supplied through NVC and field
current makes it an electromagnet. The soft iron piece on handle gets attracted by the
magnetic force produced by NVC when the handle is at the RUN position. Whenever the
field supply is broken then NVC loses its magnetism and leaves the handle. The spring
action brings back the handle to OFF position. NVC perform the similar action during
low voltage condition and save the device.

Functions of Overload release (OLR). The motor current is supplied through OLR coil,
which makes it an electromagnet. Below the OLR coil, there is an arm which is fixed at
its fulcrum or lying horizontally. At the end of the arm, a small triangular iron piece is
fitted which is in the proximity of two ends of the shorting cable of NVC.

It is so designed that, till the full load current, OLR coil magnetism and
gravitational force are balanced and OLR is unable to lift the lever. Whenever motor
draws high current the magnetism of the OLR coil pulls the arm and triangular piece of
the arm shorts both points of NVC coil. NVC coil loses its magnetism and leaves the
handle. The handle then retracts back to OFF position because of spring action. The
motor will stop.

Drawbacks of three point Starter. It experiences a huge difference of speed with a
modification of the field rheostat. To amplify the motor speed, the field resistance must
be amplified. So the flow of current throughout the shunt field is decreased. When NVC
is associated in series by shunt field, then minute current will decrease the strength of
the electromagnet. This holding magnet may release the arm of the handle during
normal operation of the motor and disconnect it from the supply. This can be overcome
by Four-Point Starter, where NVC is connected in the parallel field.
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2.6.3. Four Point Starter. The 4 point starter is similar to a 3 Point Starter. The four
point starter acts as a current limiting device while starting the DC motor in the absence
of back EMF. The basic difference is that the Hold ON coil (No Volt Coil) removed from
the shunt field circuit is connected across the line in series with a current limiting
resistance R.

Construction of four point starter. [t consists of a variable resistance having a number
of contact points Off, 1, 2, 3, 4, 5...Run and is called studs. There are four main points or
terminals in 4 point starter of DC motor. They are ‘L’ Line terminal (Connected to positive
supply), ‘A’ Armature terminal (Connected to armature winding) and ‘F’ Field terminal
(Connected to field winding) and terminal ‘N’ connected to the Hold ON coil. L is further
connected to electromagnet called OLR (overload release). The second point of OLR is
connected to the starter handle. The handle is free to move on other side towards RUN
against the force of spring. A soft iron piece is attached to handle.

Working of four point starter. The circuit diagram of a four-point starter is shown in
the figure 2.14, and its arrangement can form three parallel circuits. (i) Armature, shunt
field winding and starting resistance. (ii) The shunt field winding & a variable resistance
coil. (iii) The current limiting resistance and holding coil

Ry

l\

R
) Ry . AN ‘,\ -ﬁlf\ VWA, Parallel connection
Starting ¢J\ s TV, "’1’1,1/ of NVC and field
Resistence < Vo 03 44 ¥ ’ No volt coi
OFF,, 1 _‘
Soft iron \‘ r{‘?'\
piece Brass arc ‘«\,,y,"ﬁ" .
Starter handle *\\\ _E, ,/'// o
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Over load- =
release g, ;
oL ND ¢ AT
Lever Triangular S
iron =
o L . A
, < =
ao—aff—— 55 = M
V B K "-:= . e:-j
DCYo—o =T _‘-’ '

Figure.2.18. Connection diagram of a Four (4) Point starter.

From the above three circuit arrangements, the current passing through the
electromagnet (Hold ON coil) is completely unaffected by any change of current in the
shunt field circuit. This happens due to the independency of both the circuits from each
other. This means that the functioning of electromagnet will not be affected by the
regulator (or field rheostat) adjustments. In any case, the Hold ON coil will be able to
exert sufficient electromagnetic pull to the starting handle and hence the starting
handle will always remain in ON position except when the circuit gets open.
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Drawbacks of four point Starter. The four point starter has one major drawback i.e. it
does not offer high speed protection to the motor. If the field opens while the motor is in
running, the field current will decrease to zero. It should be noted that there is always a
little amount of residual flux available in the field winding. The speed of the motor is
directly proportional to flux available. Hence, the motor will attempt to run with
extremely high speed.

2.7. APPLICATIONS OF DC MOTORS.

The applications of various types of DC motors are as follows.

2.7.1. Series Motors. The series DC motors are used where high starting torque is
required, and variations in speed are possible. For example - the series motors are used
in Traction system, Cranes, air compressors, Vacuum Cleaner, Sewing machine, etc.

2.7.2. Shunt Motors. The shunt motors are used where constant speed is required and
starting conditions are not severe. The various applications of DC shunt motor are in
Lathe Machines, Centrifugal Pumps, Fans, Blowers, Conveyors, Lifts, Weaving Machine,
Spinning machines, etc.

2.7.3. Compound Motors. The compound motors are used where higher starting torque
and fairly constant speed is required. The examples of usage of compound motors are in
Presses, Shears, Conveyors, Elevators, Rolling Mills, Heavy Planners, etc.

The small DC machines whose ratings are in fractional kilowatt are mainly used as

control device such in Techno generators for speed sensing and in Servo motors for
positioning and tracking.
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UNIT -3

AC FUNDAMENTALS

OBJECTIVE

To learn about various waveforms of voltage and current.

To learn the definitions related to sinusoidal wave.

To learn about the calculation of impedance, power and PF.

To learn about voltage and current relations in star and delta circuits.

8.0. INTRODUCTION

An alternating current or voltage is the one which changes periodically both in
magnitude and direction. Such change in magnitude and direction is measured in terms
of cycles. Each cycle of AC consists of two half cycles, namely positive and negative cycle.
AC can be generated at high voltages and can be stepped up (11 KV to 400 KV). The high
voltage reduces transmission losses.

3.1. VOLTAGE AND CURRENT WAVEFORMS

Waveforms are basically a visual representation of the variation of a voltage or
current plotted to a base of time. The most common periodic signal waveforms that are
used in electrical and electronic circuits are the Sinusoidal waveforms.

Sine wave Complex wave
+V +V
i)
L=
£ : |y i
= 0 time 0 = fime
£
<<
v -V
Triangular wave Square wave
+V +V
o
L=
£ _ .
o 0 time I t 1 I = time
E
<
A -

Figure.3.1. Types of AC wave forms.

However, an alternating AC waveform may not always take the shape of a
smooth shape. AC waveforms can also take the shape of Complex Waves, Square
Waves or Triangular Waves as shown in the figure 3.1. Generally, for AC waveforms this
horizontal base line represents a zero condition of either voltage or current. Any part of
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an AC type waveform which lies above the horizontal zero axis represents a voltage or
current flowing in one direction and any part of the waveform which lies below the
horizontal zero axis represents a voltage or current flowing in the opposite direction.

3.2. SINUSOIDAL WAVE

Instantaneous Values

/
+1 ¥ Amax= 1 N
I A, =A__x0.707
Aavg= Amaxx 0.636
3 +Amax 350°
2 g In 4t 3 sz Ux O
2 &6 3 2 3 6 2nrad
=0 et o e N t ] ' v -
= I X X <X 2R © (rad)
< 6 3 2 3 & oF
0 7T rad |
-Amax Apk
-1 \
Periodic Time (T)
- ~

Figure.3.2. Sinusoidal AC wave form.

3.2.1. Cycle. A complete set of all positive half and negative half values of an
alternating quantity (voltage or current). Each cycle consists of a positive half cycle and
negative half cycle.

3.2.2. Time period. The time taken by the waveform to complete one full cycle and is
denoted by T.

Time period, T =[1 / f] Seconds

3.2.3. Frequency. The number of complete cycles completed within one second and is
denoted by f.

Frequency,f=[1/T] Hertz
3.2.4. Amplitude. The maximum value of an alternating quantity (voltage or current).

3.2.5. Peak value. The highest value to which an alternating quantity (voltage or
current) rises in a cycle.

3.2.6. Instantaneous value. The magnitude of an alternating quantity (voltage or
current) at a particular instant.

I = Imax Sll’l CD
V= Vmax Sll’l CD
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3.2.7. RMS value. The effective value of a sine wave produces the same [2*R heating
effect in a load fed by a constant DC supply. It is known as the Root Mean Squared value.

Irms = Imax / \/2
Vims = Vinax / \/2

3.2.8. Average value. The average value will be the addition of all the instantaneous
values added together and then divided by the total number.

lave = 2 Imax / T =0636 Imax
Vave = 2 Vmax/ ™= 0636 Vmax

3.2.9. Form Factor. It is the ratio between Average value and RMS value. For a pure
sinusoidal waveform the form factor will always be equal to 1.11.

Average Value _

Form Factor= ————=1.11
RMS Value

3.2.10. Peak Factor. It is the ratio between Peak value and RMS value. For a pure
sinusoidal waveform the form factor will always be equal to 1.414.

Peak Value

Peak Factor= ———=1.414
RMS Value

3.3. PHASE AND PHASE DIFFERENCE

Divisional
Part

Cycle

Figure.3.3. Phase in a sinusoidal waveform.

Phase. The phase of an alternating quantity is defined as the divisional part of a cycle
through which the quantity moves forward from a selected origin. When the two
quantities have the same frequency, their maximum and minimum point achieve at the
same point, then the quantities are said to have the same phase as shown in the figure
3.2. The Phase difference equation is represented by
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A=A nmaxxSin(wt + O)
Where,
Amax = Amplitude of the waveform.
wt = Angular frequency of the waveform in radian/sec
® = Phase angle in degrees or radians

Maximum
Peak Voltage

I\

=L
= ®
Phase |
difference
Minimum
Peak Voltage

Figure.3.4. Phase difference in a sinusoidal waveform .

Phase difference. The phase difference between the two electrical quantities is defined
as the angular phase difference between the maximum possible values of the two
alternating quantities having the same frequency. When the two alternating quantities
have phase difference when they have the same frequency, but they attain their zero
value at the different instant. The angle between zero points of two alternating
quantities is called angle of phase difference as shown in the figure 3.4.

3.4. SINGLE PHASE AC CIRCUITS

AC through Pure Resistive circuit. When the switch is closed, an AC voltage, V will be
applied to resistor, R. This voltage will cause a current to flow which in turn will rise
and fall as the applied voltage rises and falls sinusoidally. As the load is a resistance, the
current and voltage will both reach their maximum or peak values and fall through zero
at exactly the same time as shown in the figure 3.5.

| 5‘«
switch :
Vi @)

o

Figure.3.5. AC through pure resistive circuit.
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In a pure resistive circuit the voltage and current is in phase and there is no
phase difference between the current and voltage as shown in the phasor diagram in the
figure 3.6.

j o)

—# -'-'

+v

Figure.3.6. Vector diagram of Voltage and current in a pure resistive circuit.

AC through Pure Inductive circuit. When the switch is closed the sinusoidal voltage
will cause the current to rise from zero to its maximum value. This rise or change in the
current will induce a magnetic field within the coil which in turn will oppose or restrict
this change in the current. But before the current had time to reach its maximum
value the voltage changes polarity causing the current to change direction. This change
in the other direction once again being delayed by the self-induced back emf in the coil,
and in a circuit containing a pure inductance only, the current is delayed by 90°.

v:t:n

Figure.3.7. AC through pure inductive circuit.

In a purely inductive circuit the voltage leads the current by 90°. This effect can
also be represented by a phasor diagram. But by using the voltage as our reference, we
can also say that the current lags the voltage by one quarter of a cycle or 90° as shown
in the vector diagram in the figure 3.8. So for a pure loss less inductor, Vi leads I, by 90°
or I lags V.. by 90°.

+]
IVL ‘\@
90° I
o » +

Figure.3.8. Vector diagram of Voltage and current in a pure inductive circuit.
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AC through Pure Capacitive circuit. When the switch is closed in the circuit above, a
high current will start to flow into the capacitor as there is no charge on the plates at ¢t =
0. The sinusoidal supply voltage, V is increasing in a positive direction at its maximum
rate as it crosses the zero reference axis at an instant in time given as 0°. Since the rate
of change of the potential difference across the plates is now at its maximum value, the
flow of current into the capacitor will also be at its maximum rate. As the sinusoidal
supply voltage reaches its 90° point on the waveform it begins to slow down and for a
very brief instant in time the potential difference across the plates is neither increasing
nor decreasing therefore the current decreases to zero as there is no rate of voltage
change. At this 90° point the potential difference across the capacitor is at its maximum
(Vmax), no current flows into the capacitor as the capacitor is now fully charged.

At the end of this instant in time the supply voltage begins to decrease in a
negative direction down towards the zero reference line at 180°. Although the supply
voltage is still positive in nature the capacitor starts to discharge some of its excess
electrons on its plates in an effort to maintain a constant voltage. This results in the
capacitor current flowing in the opposite or negative direction. When the supply voltage
waveform crosses the zero reference axis point at instant 180°the rate of change or
slope of the sinusoidal supply voltage is at its maximum but in a negative direction,
consequently the current flowing into the capacitor is also at its maximum rate at that
instant. Also at this 180° point the potential difference across the plates is zero as the
amount of charge is equally distributed between the two plates.

I:[t} );a

switch

q+
Vig @ Ve C

]

Figure.3.9. AC through pure Capacitive circuit.

In a purely capacitive circuit the voltage lags the current by 90°. But by using the
voltage as our reference, we can also say that the current leads the voltage by one
quarter of a cycle or 90° as shown in the vector diagram in the figure 3.10. So for a pure
capacitor, V¢ lags Ic by 90°, or we can say that I¢c leads V¢ by 90°.

+j

II° T\

a0° Ve
b » +

Figure.3.10. Vector diagram of Voltage and Current in a pure capacitive circuit.
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3.5. IMPEDANCE AND POWER FACTOR

Impedance. AC circuits contain both resistance and reactance that are combined
together to give a total impedance (Z) that limits current flow around the circuit. But an
AC circuit’s impedance is not equal to the algebraic sum of the resistive and reactive
ohmic values as a pure resistance and pure reactance are 90° out-of-phase with each
other. But we can use this 90° phase difference as the sides of a right angled triangle,
called an impedance triangle, with the impedance being the hypotenuse as determined
by Pythagoras theorem.

_ 7=R+ (0
- F ) v cgsﬂ- = E
Reactance, X 7
) .4
) sing= —
A =2 sing Z
x
o tang = =l
Resistance, R
i R =7 coss

Figure.3.11. Impedance Triangle.

The geometric relationship between resistance, reactance and impedance can be
represented visually by the use of an impedance triangle as shown in the figure 3.9.
Impedance is the vector sum of the resistance and reactance has not only a magnitude
(Z) but it also has a phase angle (8), which represents the phase difference between the
resistance and the reactance. Also note that the triangle will change shape due to
variations in reactance, (X) as the frequency changes. But the resistance (R) will always
remain constant. The capacitive reactance, inductive reactance and impedance for
various circuits are given below.

Capacitive reactance, Xc=1/2nfC

Inductive reactance, XL=2nfL

Impedance, Z=R (pure resistive circuit)
Impedance Z=jXc=1/2nfC (pure capacitive circuit)
Impedance Z=jX.=2nfL (pure inductive circuit)
Impedance, Z= \/(RZ + Xc?) (For R-C series circuit)
Impedance, Z= \/(RZ + X12) (For R-L series circuit)
Impedance, 7= \/(RZ + [XL - Xc]?) (For R-L-C series circuit)

Power factor. Power factor (Cos 0) is defined as the ratio of real power (P) to apparent
power (S) and is generally expressed as either a decimal value. Phase angle is the angle
between the current and voltage waveforms, where I and V are the magnitudes of r.m.s
value of the current and voltage.

Real Power in Watts

Power factor = -
Apparent Power in Volt—Amperes
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3.6. COMPARISON BETWEEN SINGLE AND THREE PHASE SYSTEMS

Table.3.1. Comparison between Single Phase and Three Phase system

SINGLE PHASE SYSTEM THREE PHASE SYSTEM
The Power is supplied through a single The Power is supplied through three
conductor conductors
The capacity of power transfer is The capacity of power transfer is
minimum maximum
The voltage of the single phase is 230 V The voltage of the single phase is 415 V
The connection is simple The connections are complicated
The efficiency is less The efficiency is high
This system is inexpensive This system is expensive
Losses are maximum Losses are minimum
The insulation required is less The insulation required is more.
Maintenance is easy Maintenance is difficult

3.7.STAR AND DELTA CONNECTIONS

The general methods of inter connections in a poly phase system are Star or Wye
(Y) connection and Mesh or Delta (A) connection. The total power on a balanced load is
same in star and delta connection.

Star Connection. In this method of inter connection, the similar ends (starting or
finishing end) of the three coils are joined together at point N. The point N is known as
the star point or neutral point. The three conductors meeting at point N are replaced by
a single conductor known as neutral conductor as shown in the figure 3.10. This system
is known as a four wire, three phase system. The Current and Voltage relations in a star
connection are as follows.

tC
IR VR I
nlat—aE .
» Neutral * wire
Ig Vy
- W i
P —

(b)

Figure.3.12. Star connected system.
(i) Line Voltage (VL) = V3 x Phase Voltage (Vpn)
(ii) Line Current (I.) = Phase Current (Ipn)
(iii) Total Power = V3 V1, I, Cos ® = 3 Vpy Ipn Cos @, where Cos ® is the power factor.
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Figure.3.13. Vector diagram of a Star connected system.

From the vector diagram shown in the figure , we conclude that Line voltages are
120° apart from each other, Line voltages are 30° leading from the corresponding phase
voltages, The angle between line currents and respective line voltages are (30° + @), i.e.
each line current is lagging (30° + @) from the corresponding line voltage

Delta Connection. In this method of inter connection, the dissimilar ends of the three
phase windings are joined together (starting end is joined to finishing end) and so on to
form a closed mesh as shown in the figure 3.13. The voltage between two lines is
equal to the phase voltage of the phase winding. This system is a three wire, three
phase system. The Current and Voltage relations in a delta connection are as follows.

. (Ig ~Ig) l
. = T i oR
I Iy
r/ \IR p/ \IR Wy  VBr
Iy s l
f. S 00D .- }%Y
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: ] - i v =B
@) Ug-ly) (&

Figure.3.14. Delta connected system.
(i) Line Voltage(VL.) = Phase Voltage (Vpn)
(ii) Line Current (I.) = V3 x Phase Current (Ipn)

(iii) Total Power = V3 Vpn Ipn Cos @ = 3 V;, I, Cos @, where Cos ® is the power factor.
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4 VRY

Figure.3.15. Vector diagram of a Delta connected system.

From the vector diagram shown in the figure 3.15., the line currents are 120°
apart from each other, line currents are lagging by 30° from their corresponding phase
currents. The angle @ between line currents and respective line voltages is (30° + @), i.e.
each line current is lagging (30° + @) from the corresponding line voltage.
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UNIT - 4

TRANSFORMERS
OBJECTIVE
J To learn about the working principle of a Transformer.
o To learn about various types of Transformers.
J To learn about Losses and efficiency of Transformer.
o To learn about various cooling methods of Transformer.

4.0. INTRODUCTION

Transformer is a static piece of apparatus by means of which electric power in
one circuit is transformed into electric power of same frequency in another circuit. It
can lower or raise the voltage in a circuit but with corresponding increase or decrease
in current. Transformers are used in both electrical and electronic circuits.

4.1. CONSTRUCTION OF TRANSFORMER

4.1.1. Working Principle. The Transformer works on the principle of mutual
induction between two circuits linked by a common magnetic flux. It consists of two
inductive coils which is electrically separated but magnetically linked through a path of
low reluctance as shown in the figure 4.1.

nots il Trary
Prim any Transformer Cora Secondary Magnetic
; Qi Coi code
e primany | secondarny Wi
Sl —e iy : P
i 3| ~
AE . |
Ve W E Ve o |
T
'
& . — W
= e Transformer
Th, s
Transformer Construction e

Figure.4.1. Transformer construction.

When an input ac voltage is applied to the primary winding, alternating current
starts to flow in the primary winding. As the current flows, a changing magnetic field is
set up in the transformer core. As this magnetic field cuts across the secondary winding,
alternating voltage is produced in the secondary winding according to faradays laws of
electromagnetic induction.

4.1.2. Construction. An elementary transformer consists of a soft iron or silicon steel
core and two windings placed on it. The windings are insulated from both the core and
each other. The core is built up of thin soft iron or silicon steel laminations to provide a
path of low reluctance to the magnetic flux. The winding connected to the supply main
is called the primary and the winding connected to the load circuit is called the
secondary. Although in the actual construction the two windings are usually wound one
over the other.
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4.1.3. EMF Equation. EMF equation gives the r.m.s value of the induced emf in the
primary and secondary winding in a Transformer.

Let,

N1 = No. of turns in primary winding

N2 = No. of turns in secondary winding,.

®,= maximum flux in the core in Weber = B A

f =frequency of AC input in Hertz

A

+—— 7 SECOND———

FLL, &

i
I TIME, t

=y,

Figure.4.2. Sinusoidal variation of flux with time.

Form factor = (r.m.s value/average value) = 1.11 for sinusoidal AC input.
The r.m.s value of emf/turn =1.11x4 f Py volts

Induced emf in primary winding, E1=4.44fN1®n =444fNiBnA ... .....(1)
Induced emf in secondary winding, E2 =4.44 f N2 @y, =4.44fN2BnA .............(2)

From (1) and (2), It is seen that E1/N1 = E2/N2 = 4.44 f ®,. It means that
emf/turn is same in both primary and secondary windings. In an ideal transformer on
No-Load, Vi = E1 and E; =V, where V1 is the input voltage and V> is the terminal voltage.

4.1.4. Transformation Ratio. The voltage transformation ratio is derived from
equations (1) and (2),

we get, E2/E1 = N2/N:1 = K which is a constant. This constant K is the voltage
transformation ratio. If K > 1, then transformer is a step-up transformer and If K < 1,
then transformer is a step-down transformer.

For an ideal transformer, input VA = output VA,i.e. Vi I1=Va I or Vi/V2 = 12/11 = 1/K.

4.1.5. Classification of Transformers. Transformers are classified as given below.

1. Based on the construction - Core type, shell type and berry type

2. Based on the phase - Single phase, three phase

3. Based on the voltage - Step-up transformer, step-down transformer

4. Based on the purpose - Power transformer, distribution transformer, welding -
transformer, instrument transformers.

4.2. SPECIAL PURPOSE TRANSFORMERS

4.2.1. Auto transformer. An autotransformer has only one single winding which is
common to both sides. This single winding is tapped at various points along its length to
provide a percentage of the primary voltage supply across its secondary load. The
autotransformer has usual magnetic core but has one winding only, which is common to
both the primary and secondary circuits.
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Therefore in an autotransformer the primary and secondary windings are
linked together both electrically and magnetically as shown in the figure 4.3. The
voltage at the secondary terminals can be obtained from zero to maximum value of the
primary side voltage by slowly moving the sliding brush arrangement over the winding.
Auto Transformer works as a voltage regulator.
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Figure.4.3. Autotransformer.

The main advantage of this type of transformer design is that it can be made a lot
cheaper for the same VA rating, but the biggest disadvantage of an autotransformer is
that it does not have the primary/secondary winding isolation of a conventional double
wound transformer.

4.2.2. Instrument transformer. Instrument transformers are used in AC system
for measurement of electrical quantities i.e. voltage, current, power, energy, power
factor, frequency. They are also used with protective relays for protection of power
system. They transform high currents and voltages to standardized low and easily
measurable values that are isolated from the high voltage. When used for metering
purposes, they provide voltage or current signals with accurate representation of the
transmission line values in both magnitude and phase. There are two types of
instrument transformers namely potential transformer (PT) and current transformer
(CT).

0-5 A AC movement range
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Figure.4.4. Potential transformer and Current transformer circuit.
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4.2.2.1. Potential transformer. These transformers are extremely accurate ratio step-
down transformers and are used in conjunction with standard low-range voltmeters
(usually 0-120V) whose deflection when divided by voltage transformation ratio, gives
the true voltage on the high voltage side. A typical potential transformer is as shown in
the figure 4.4. They are used for measuring high alternating voltages.

4.2.2.2. Current transformer. These transformers are used with low-range ammeters.
They step down the current in a known ratio. The current transformer has a primary
coil of one or more turns of thick wire connected in series with the line whose current is
to be measured. The secondary consists of a large number of turns of fine wire and is
connected across the ammeter terminals (usually 0-5A). A typical current transformer
is as shown in the figure 4.4. They are used for measuring high alternating currents.

4.2.3. Welding transformer. A welding transformer is a step down transformer that
has thin primary winding with more number of turns and a thick secondary winding
with less number of turns. This transformer reduces the source voltage to a very low
voltage suitable for welding. The secondary has several taps for adjusting the voltage to
control the welding current. When high current flows, heat produced melts the tip of the
electrode and fills the gap between the two pieces due to the contact resistance between
the electrode and the pieces to be welded.

Single phase transformer are light in weight and generally rated for 200 A
welding current. There are few tapping in secondary winding for different current like
100, 125, 150 etc. These transformers work at 230 volt single phase supply. For heavy
duty transformers, the input supply voltage is three phase 400 volt. Output current
rating is 300 to 600 A. There are three points on output side Common, Low and High.
Common is connected to ground and welding lead is connected to low for up to 300 A
and high for 300 to 600 A. The open circuit output voltage of welding transformer is
nearly 90 volt while during welding it reduces to 50-60 volts. The primary and
secondary winding uses strip conductor for winding. Primary winding have tapping for
connection to 380 volt or 415 volt by jumper strip setting.

Handle
Screw
Nut o | ;
—dl Mov ang c:;-re
i ixed core

Phase 2 my P
415 Volt = A 1 1; - High
380 Volt ] Secondary
Primary <H J‘ .. Low

41 ¥ 1+

A ¥
0 Volt I 1 | Common
Phase 1 ——— - ———

Core

Figure.4.5. A typical Welding Transformer.
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When supply is given to primary winding it produces an alternating flux in the
core. The secondary winding which is also wound on the same core cuts the flux
produced by primary winding. Hence we obtain the welding current as voltage is
induced in secondary winding. So to control the current we have to control the flux
linkage of the secondary winding. A bypass magnetic path is provided for flux with the
help of adjustable magnetic core as shown in the figure 4.5. This adjustable magnetic
core slides up and down in between the main core with the help of a current controlling
handle. The impedance of welding transformer is higher than that the impedance of a
general purpose transformer which helps in the process of establishing an arc and
controlling the current.

4.3. COMPARISON BETWEEN CORE AND SHELL TYPE TRANSFORMERS

Table.4.1. Comparison between Core type and Shell type transformers

CORE TYPE TRANSFORMER SHELL TYPE TRANSFORMER
The winding surrounds the core The core surrounds the winding
The primary and secondary windings are | The primary and secondary windings are
placed on the side limbs placed on the central limb
Concentric or cylindrical winding is used Sandwich or disc winding is used
The flux is equally distributed on the side | The central limb carry the whole flux and
limbs of the core side limbs carry half of the flux
The lamination is cut in the form of L The lamination are cut in the form of the
strips long strips of E and L
The no. of magnetic circuit is 2 The no. of magnetic circuit is 1
The copper required is more The copper required is less
The insulation required is more The insulation required is less.
The losses are more The losses are less
The output is less The output is high
Maintenance is easy Maintenance is difficult
This is used for Low voltage and High This is used for High voltage and Low
current rating machines current rating machines

4.4. LOSSES - EFICIENCY - REGULATION OF TRANSFORMER

4.4.1. Losses in a Transformer An electrical transformer is a static device, hence a
transformer only consists of electrical losses (iron losses and copper losses) and
mechanical losses (windage or friction losses) are absent in it. The various losses in a
transformer are

4.4.1.1. Core Losses or Iron Losses. Iron losses are caused by the alternating flux in the
core of the transformer as this loss occurs in the core it is also known as Core loss. Iron
loss is further divided into hysteresis and eddy current loss.

Hysteresis Loss. The core of the transformer is subjected to an alternating magnetising

force, and for each cycle of emf, a hysteresis loop is traced out. Power is dissipated in
the form of heat known as hysteresis loss and given by the equation shown below
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B, = KI|BL8. fV watts

Where f is the supply frequency, Bmax is the maximum or peak value of the flux
density and KI] is proportionality constant which depends upon the volume and quality
of the material of the core used in the transformer. The iron or core losses can be
minimised by using silicon steel material for the construction of the transformer core.

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

P, = K.B2t%f2V watts

Where, Keis co-efficient of eddy current. Its value depends upon the nature of
magnetic material like volume and resistivity of core material, thickness of laminations,
Bm is maximum value of flux density in wb/m?2, T - thickness of lamination in meters, F
is frequency of reversal of magnetic field in Hz, V is volume of magnetic material in m3.

4.4.1.2. Copper Loss or Ohmic Loss. These losses occur due to ohmic resistance of the
transformer windings. If I1 and I2 are the primary and secondary currents, R1 and Rz are
the resistance of primary and secondary windings, then the copper losses occurring in
the primary and secondary winding will be 112R1 and 122R; respectively. Therefore, the
total copper losses will be

P.= IRy + IR,

These losses vary according to the load as the square of the load current and
hence also known as variable losses.

4.4.1.4. Stray Loss. The occurrence of these stray losses is due to the presence of leakage
field. The percentage of these losses is very small as compared to the iron and copper
losses so they can be neglected.

4.4.1.5. DielectricLoss. Dielectric loss occurs in the insulating material of the transformer
that is when the oil gets deteriorated or the solid insulation gets damaged, or its quality
decreases. The efficiency of transformer is affected by these losses.

4.4.2. Efficiency. The efficiency of a transformer at a particular load and power factor
is defined as the output divided by the input.

Efficiency = output/input
{output/ (output + losses)}
= {output/ (output + cu loss + iron loss)}

i.e. Commercial Efficiency, N = (input - losses)/input =1 - (losses/input)
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Condition for maximum efficiency, Cu loss = Iron Loss, i.e. =~ Wi =112 Ro1 or 122 Ro2
Output current corresponding to maximum efficiency is I = \/ (Wi/ Ro2)

The maximum efficiency at Full Load is given by

iron losses

max = Full load KVA XJ

copper losses at full load
The efficiency at any Load is given by

X X Full Load KVA x PF

= X1
(X X Full Load KVA x PF) + Wcu + Wi 00

N

All day efficiency. The ratio of output in KWh to input KWh for one day is given by,
N all-day = (Output in KWh/input in KWh) [for 24 Hours]

4.4.3. Voltage regulation. The voltage regulation is defined as the change in
secondary terminal voltage from no-load to full load and is expressed as a percentage of
the secondary no-load terminal voltage.

IR, cos@ +1,X, sin @
21\2 - 2432 XlOO
2

Note: + sign is for inductive load and - sign for capacitive load.

% voltage regulation =

4.4. COOLING SYSTEMS OF TRANSFORMERS

A large amount of heat is developed in the transformer winding due to the
presence of copper and iron losses in a transformer. Therefore, in order to remove the
excess heat to protect the damage of windings and core various types of cooling systems
employed in a transformer. They are oil-filled self-cooled, oil-filled water-cooled and
air-blast type.

The oil-filled self-cooled system is used in small and distribution transformers.
The assembled windings and cores of such transformers are mounted in a welded, oil-
tight steel tank provided with steel cover. After putting the core in its place, the tank is
filled with purified, high quality insulating oil. The oil serves to convey the heat from the
core and windings to the case from where it is dissipated to its surroundings.

The oil-filled water-cooled system is used in high voltage transmission lines. The
assembled windings and cores are immersed in oil, but they are mounted near the
surface of the oil, a cooling coil through which cold water is kept circulating. The heat is
carried away by this water. These transformers require only periodic inspection.

The air-blast type system is used for voltages below 25 KV. This transformer is

not immersed in oil, but is housed in a thin sheet-metal box open at both ends through
which air is blown from the bottom to the top by means of air-blast fans or blowers.
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4.5. PROTECTION OF TRANSFORMERS

The choice of protective gear for a transformer depends upon several factors
such as (1) type - distribution transformer or power transformer (2) size of the
transformer (3) type of cooling (4) physical location of it in an electrical network.

For protection of transformers against external faults within the shortest
possible time, relay systems and fuses are most suitable. For protection of transformers
against internal faults such as (i) earth fault (ii) short-circuit fault between phases and
(iii) turn to turn fault on the same phase, differential protection (merz-price system of
protection) is widely used. The other protection systems against internal faults are
Buchholz protection, core-balance leakage protection and combined leakage and
overload protection.

Figure.4.6. Buchholz relay.

Buchholz Relay. Buchholz relay is a gas actuated relay installed between the
transformer and conservator tank and is used to give warning in case of less
severe internal faults in oil immersed transformer and to disconnect it from
supply mains in case of severe internal faults which protects the transformer
from severe damage. Buchholz Relay is as shown in the figure 4.6.

4.6. APPLICATIONS OF TRANSFORMER

The transformer is used to isolate two electric circuits electrically, increasing or
decreasing the alternating voltages in electrical applications and in impedance
matching. The transformer is used in rectifiers, voltage regulators, voltage stabilizers,
power supplies, voltmeters, ammeters and protective relays etc. Transformers are used
to distribute power at high voltages and provide electrostatic shielding for transient
noise protection.
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UNIT -5

ALTERNATORS

OBJECTIVE

J To learn the working principle of an alternator.
o To learn the various types of alternator.
J To learn the applications of a different types of alternators.

5.0. INTRODUCTION

An alternator is an electrical machine which converts mechanical energy into
alternating electric energy. They are also known as synchronous generators. Alternators
in power stations driven by steam turbines are called turbo-alternators. Large 50Hz or
60 Hz three-phase alternators in power plants generate most of the world's electric
power, which is distributed by electric power grids.

5.1. PRINCIPLE AND OPERATION

An alternator operates on the same fundamental principles of Electromagnetic
induction as DC generators. They consist of an armature winding and a magnetic field.
The armature winding is mounted on the stationery element called stator and field
windings on a rotating element called rotor, where as in DC generators, the armature
rotates and the field system is stationery. The stator consists of a cast-iron frame, which
supports the armature core, having slots on its inner periphery for housing the
armature conductors. The rotor is like a fly wheel having alternate N and S poles fixed to
its outer rim.

Stator Frame

& ___ Stator Core

A ' "% _Cage winding
‘ ~———— End rings
( P A — Cage Bars
LW Y\ Exciter
. ~ Brushes

) Rings

Stator terminals

Figure.5.1. Construction of an Alternator.
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The magnetic poles are excited (or magnetised) from a DC source of 125 to 600
volts. Because the field magnets are rotating, this current is supplied through two slip-
rings. As the exciting voltage is relatively small, the slip-rings and brush gear are of light
construction. Recently, brush less excitation systems has been developed in which an
AC exciter and a group of rectifiers supply DC to the alternator. Hence, brush, slip-rings
and commutator are eliminated. The construction detail of an alternator is as shown in
the figure 5.1.

When the rotor rotates, the stator conductors are cut by the magnetic flux, Hence
induced emf is produced in them. Because the magnetic poles are alternately N and S,
they induce an emf and hence current in armature conductors, first flows in one
direction and then in the other. Hence an alternating emf is produced in the stator
conductors (1) whose frequency depends on the number of N and S poles moving past a
conductor in one second and (2) whose direction is given by Fleming’s right-hand rule.

5.2. SPEED AND FREQUENCY

In an alternator, there exists a definite relationship between the rotational speed
(N) of the rotor, the frequency (f) of the generated emf and the number of poles (P).

Let,

P = total number of magnetic poles

N = speed of the rotor in rpm

f = frequency of generated emf in Hertz

Since one cycle of emf is produced when a pair of poles passes past a conductor,
the number of cycles of emf produced in one revolution of the rotor is equal to the
number of pair of poles.

~ Number of cycles/revolution = P/2 and Number of revolutions/Second = N/60

Frequency = (P/2)x(N/60)
or f = (PxN)/120 Hertz
or N; =120xf/P

Ns is known as the synchronous speed, because it is the speed at which an
alternator must run, in order to generate an emf of the required frequency.

5.3. DETAILS OF CONSTRUCTION

5.3.1. Stator Frame. The frame is used to house armature stampings and windings in
position. Low speed large diameter alternators have frames which are cast in sections.
Ventilation is maintained with the help of holes cast in the frame itself. Instead of
castings, frames fabricated with mild-steel plates are welded together these days. The
construction detail of an alternator stator frame is as shown in the figure 5.2.
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Stator Slot

Stator Lam|natlons
Shaft

Alr Gap

Rotor Laminations
Rotor Slot

Figure.5.2. Construction of Alternator stator and rotor frame.

5.3.2. Stator core. The armature core is supported by stator frame and is built of
laminations of special magnetic iron or steel alloy. The core is laminated to minimise
loss due to eddy currents. The laminations are stamped out in complete rings for
smaller machines and in segments for large machines. The laminations are insulated
from each other and have spaces between them for allowing the cool air to pass
through. The slots for housing the armature conductors lie along the inner periphery of
the core and are stamped out at the same time when laminations are formed. The
various shapes of armature slots are wide-open, semi-closed and closed type.

LAMINATED
CORE

ARMATURE
WINDINGS
(IN SLOTS)

ASSEMBLY

Figure.5.3. Construction of stator core and armature windings.

5.3.3. Armature windings. The alternator armature windings are open. There is no
closed path for the armature currents in the winding itself. One end of the winding is
joined to neutral point and the other is brought out for a star connected armature. The
armature windings used for three phase alternators are single-layer and double-layer
winding. The construction detail of armature windings is as shown in the figure 5.3.
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5.3.3. Rotor. Rotors used in alternators are salient-pole and smooth-cylindrical type.
The construction detail of an alternator stator frame is as shown in the figure 5.4.

Stator slots with
rotating magnetic
field

Rotor

Excitation
winding

Stator

Stator

Cylindrical rotor Salient-pole rotor

Figure.5.4. Construction of rotors of an alternator.

5.3.3.1. Salient or Projecting pole type. The rotor has a large number of projecting
poles, having their cores bolted or dovetailed onto a heavy magnetic wheel of cast iron
or steel. These alternators have large diameters and short axial lengths. The poles and
pole shoes are laminated to minimise heating due to eddy currents. In large machines,
field windings consist of rectangular copper strip wound on edge. It is used in low and
medium speed (engine driven) alternators.

5.3.3.2. Non-salient or Smooth cylindrical type. The rotor consists of a smooth solid
forged steel cylinder, having a number of slots milled out at intervals along the outer
periphery for accommodating field coils. In this type, poles do not project out from the
surface of the rotor. To avoid excessive peripheral velocity, such rotors have very small
diameters and long axial lengths. It is used for steam turbine driven alternators called
turbo alternators. The cylindrical construction of the rotor gives better balance and
quieter operation and also less windage losses.

5.4. EMF EQUATION

Let,

Z = No. of conductors or coil sides in series/phase = 2T
T = No. of coils or turns per phase

P = No. of Poles

f = frequency of induced emf in Hertz

® = flux pole in webers

k4= distribution factor = (sinm 3/2) / (m sinf3/2)

ke or kp = pitch or coil span factor = cos /2

k¢= form factor =1.11

N =rotor speed in rpm
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RMS value of emf/phase =1.11x4 f® T =4.44 f D T volt.
The above equation is exactly same as the emf equation of a transformer

Actual available voltage/phase = 4.44 krkckqf @ T volts.
If the alternator is star connected, the line voltage is V3 times the phase voltage.

5.5. APPLICATIONS OF ALTERNATORS

Three phase 50Hz or 60Hz alternators are used for generation of power in power
plants and are connected to electrical power grids for distribution. Automotive
alternators are used in automobiles to charge the battery and to power the electrical
system when its engine is running. High frequency alternators of variable reluctance
type were applied commercially to radio transmission in the low-frequency radio
bands. Marine alternators are used in yachts with appropriate adaptation to salt water
environment. Diesel electro locomotive alternators are used in traction.
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UNIT -6

THREE PHASE INDUCTION MOTORS

OBJECTIVE

o To learn the working principle of a three phase induction motor.

o To learn the various types of three phase induction motor.

o To learn the various types of starters used for three phase induction motor.
o To learn the applications of a different types of three phase induction motor.

6.0. INTRODUCTION

A Three phase induction motor is a machine which converts electrical energy
into mechanical energy. An induction motor is also called asynchronous motor as it runs
at a speed other than synchronous speed. These motors are used widely in industrial
applications as they are self starting.

6.1. CLASSIFICATION OF AC MOTORS

The different methods of classifying AC motors are given below.

(a) On the basis of principle of their operation
(i) Synchronous motors
(1) Plain
(2) Super

(ii) Asynchronous
(1) Induction motors
1) Squirrel cage motors (single/double)
2) Slip-ring motors (external resistance)

(2) Commutator motors
1) Series (single phase/universal)
2) Compensated (conductively/inductively)
3) Shunt (simple/compensated)
4) Repulsion (straight/compensated)
5) Repulsion-start induction
6) Repulsion induction

(b) On the basis of phase
(i) Single phase
(ii) Three phase

(c) On the basis of speed
(i) Constant speed motor
(ii) Variable speed motor
(iii) Adjustable speed motor
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(d) On the basis of construction
(i) Enclosed type
(ii) Semi-enclosed type
(iii) Open type
(iv) Ventilated type
(v) Pipe-ventilated type
(vi) Reverted frame eye type

6.2. WORKING PRINCIPLE

6.2.1. Production of a rotating magnetic field. The stator of an induction motor
consists of a number of overlapping windings offset by an electrical angle of 120°. When
the primary winding or stator is connected to a three phase alternating current supply,
it establishes a rotating magnetic field which rotates at synchronous speed. The
direction of rotation of a motor depends on the phase sequence of supply lines, and the
order in which these lines are connected to the stator. Thus interchanging the
connection of any two primary terminals to the supply will reverse the direction of
rotation. The number of poles and the frequency of the applied voltage determine the
synchronous speed of rotation in the motor’s stator. Motors are commonly configured
to have 2, 4, 6 or 8 poles.

6.2.2. Production of a magnetic flux. To produce torque and thus rotate, the rotors
must be carrying some current. In induction motors, this current comes from the rotor
conductors. The revolving magnetic field produced in the stator cuts across the
conductive bars of the rotor and induces an emf according to faraday’s laws of
electromagnetic induction. The rotor windings in an induction motor are either closed
through an external resistance or directly shorted.

~ =i RE.MF. direction

Stator : I
()
P or ;
F by Cancellation of
Addition of P Y VL™ tvic Auxes

two fluxes W, Il : : : "' (low flux area)
igh flux area
(hig ) s TN Mechanical force
: | | LA
Rotor B Rotloi;'
Conductor

Figure.8.1. Working principle.

Therefore, the emf induced in the rotor causes current to flow in a direction
opposite to that of the revolving magnetic field in the stator according to Lenz’s law, and
leads to a twisting motion or torque in the rotor. This result the rotor starts rotating in
the same direction of the stator rotating magnetic field. If the rotor speed is more than
stator speed, then no current will induce in the rotor because the reason for rotor
rotation is the relative speed of the rotor and stator magnetic fields. The rotation of the
magnetic field in an induction motor has the advantage that no electrical connection is
to be made to the rotor.
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6.3. SLIP

In an induction motor, the rotor never succeeds in catching up with the stator
field. The rotor always runs at a speed which is always less than the speed of the stator
field. The difference in speeds depends upon the load of the nature.

The difference between the synchronous speed Ns and the actual speed N of the
rotor is known as Slip. It is usually expressed as a percentage of the synchronous speed
as shown below.

. Ns - N
% Slip, § = = x 100
Where,
N; = Synchronous speed in rpm
N = Rotor speed in rpm
(Ns - N) = Slip speed. Obviously, rotor (or motor) speed, N = Ns (1 - S)

6.4. FREQUECNY OF ROTOR CURRENT

When the rotor is stationary; the frequency of rotor current is same as the supply
frequency. But when the rotor starts revolving, then the frequency depends upon the
relative speed or on slip speed.

For any slip speed, the frequency of the rotor current be f .

Then,Ns - N=(120x ) /P Also, Ns = %Of

f' Ns—-N
Dividing one by the other, we get, rh ( S;\Is ) S

6.5. CONSTRUCTION DETAILS

An induction motor consists of two parts (a) a stator and (b) a rotor.

6.5.1. STATOR. The stator of an induction motor is similar to that of a synchronous
generator. It is made up of number of stamping, which are slotted to receive the
winding. The stator carries a three phase winding and is fed from a three phase supply .
[t is wound for a definite number of poles, the exact number of poles determined by the
requirements of speed. The construction of stator is a shown in the figure 8.2.

Laminated
Stator
Core

Slots

Paper
Insulators
/ Insulated
e Wire (Winding
Coil)
Silicon Sheet
Steel Material

Figure.8.2. Stator construction.
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The stator windings, when supplied with three phase currents, produce a
magnetic flux of constant magnitude but which revolves at synchronous speed. This
revolving magnetic flux induces an emf in the rotor by mutual induction.

6.5.2. ROTOR. The two types of rotors generally used in three phase induction motors
are (a) squirrel cage rotor and (b) phase wound or slip-ring motors.

SQUIRREL CAGE ROTOR. This type of rotor has the simplest and most rugged
construction. The rotor consists of a cylindrical laminated core with parallel slots for
carrying rotor conductors (i.e. heavy bars of copper or aluminium or alloys not wires).
One bar is placed in each slot, rather the bars are inserted from one end when semi
enclosed slots are used. The rotor bars are brazed or electrically welded or bolted to
two heavy short circuited end rings, thus giving us a squirrel cage construction as
shown in the figure 8.2.

Squirrel cage rotor

Conductor Bars

Figure.8.2. Squirrel cage rotor construction.

They do not have the possibility to add any external resistance in series with the
rotor circuit for starting purposes. The rotor slots are usually not quite parallel to the
shaft but are purposely given a light skew to make the motor run quietly by reducing
the magnetic hum and also the locking tendency of rotor. Almost 90% of the induction
motors are squirrel cage type.

PHASE WOUND ROTOR. This type of rotor is provided with three phase, double layer,
distributed winding consisting of coils as used in alternators. The rotor is wound for as
many poles as the number of stator poles and is always wound three phase even when
the stator is wound two phase. The three phases are starred internally. The other three
winding terminals are brought out and connected to three insulated slip rings mounted
on the shaft with brushes resting on them. These three brushes are further externally
connected to a three phase star connected rheostat as shown in the figure 8.3.

This helps in increasing the starting torque during starting period and for
changing its speed torque characteristics by introducing additional resistance in the
rotor circuit. When running under normal conditions, the slip rings are automatically
short circuited by means of a metal collar, which is pushed along the shaft and
connected all the rings together. Next the brushes are automatically lifted from the slip-
rings to reduce the frictional losses and the wear and tear. Hence it is observed that
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under normal conditions, the wound rotor is short circuited on itself just like a squirrel
cage rotor.

4-" - -\\\
l’ \\
/’ Y Slip rings
! \ — /
/ \
! \
! i Shaft
1 C ' D
i H
1 - ~—— Brush
\ il | BT ¥l @
VB
S ) ) >\
‘ External star
/ connected rheostat
Star connected Rotor frame '

rotor winding
Figure.8.3. Phase wound rotor circuit.

6.6. STARTERS OF 3 - PHASE INDUCTION MOTORS.

6.6.1. Necessity of a starter. If an induction motor is directly switched on from the
supply, it takes 5 to 7 times its full load current and develops a torque which is only 1.5
to 2.5 times the full load torque. This large starting current produces a large voltage
drop in the line, which may affect the operation of other devices connected to the same
line. Hence, it is not advisable to start induction motors of higher ratings (generally
above 25kW) directly from the mains supply. To prevent such high current rush in
armature, starters are used in Induction motors.

Normally with motors beyond 5 HP, starters are provided. For reduction in the
starting current, a lower voltage is applied to the stator, especially for the squirrel cage
induction motors. Full voltage is only applied when the motor picks up speed. The
various types of starters used for induction motors are DOL starter, Star-Delta starter,
Auto transformer starter and Rotor resistance starter.

6.6.2. DOL Starter. Small three phase induction motors can be started direct-on-line,
which means that the rated supply is directly applied to the motor. Induction motors
can be started directly on-line using a DOL starter which generally consists of a
contactor and motor protection equipment such as a circuit breaker.

A DOL starter consists of a coil operated contactor which can be controlled by
start and stop push buttons. When the start push button is pressed, the contactor gets
energized and it closes all the three phases of the motor to the supply phases at a time.
The stop push button de-energizes the contactor and disconnects all the three phases to
stop the motor. In order to avoid excessive voltage drop in the supply line due to large
starting current, a DOL starter is generally used for motors that are rated below 5HP.
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3 Phase Supply
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Figure.8.4. Connection diagram of a DOL starter.

6.6.3. Star-Delta Starter. Star Delta Starter, which is sometimes called as Y - A or Wye -
A Starter, is a common type of reduced voltage starter. It can reduce the starting current
without the need of any external devices. In this Starter, the initial connection of the
stator windings is in the form of ‘Star’ in START position. When the rotor gains speed
about 80% of its rated speed, the starter is quickly changed to RUN position then the
connection of stator windings changes to ‘Delta’ and the motor runs normally.

3 phase supply

544
—_—
5 b
r—T—e
R
Stator | .
Winding
\‘ ) ) L Run
- [ h .9 o Delta
O3\ TPDT _—»77"7" Start
L@%J ql Switch I_I,T Star

L,
Squirrel Cage Rotor

Figure.8.5. Connection diagram of a Star-Delta starter.

A Y-A Starter reduces the starting current by connecting the motor winding in
Star at the time of starting. This reduces the voltage across the winding. The voltage
across the winding will be 1/v3 times of Line voltage. The current flowing in each
winding is also reduced by the same amount. Hence, the phase current or the current
through winding becomes Ip = I/v/3. Since the Line current and phase current in star
connection are equal, the Line current I = I/v/3. As the motor accelerates and gains
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speed, the stator windings are disconnected from the Star configuration and connected
in the form of Delta. We know that the Line voltage and Phase voltage are equal in Delta
connection and let the voltage across the stator windings be V. If I is the Phase Current
through the stator winding in Delta connection, then line current is I = V3 x I. We can
conclude that the starting current is approximately reduced to 58% of its rated current.

6.6.4. Auto transformer Starter. An Auto transformer Starter is suitable for both star
and delta connected motors. In this method, the starting current is limited by using a
three-phase auto transformer to reduce the initial stator applied voltage. The figure
below shows the motor with the Auto transformer starter. It is provided with a number
of tappings. The starter is connected to one particular tapping to obtain the most
suitable starting voltage. A double throw switch S is used to connect the auto
transformer in the circuit for starting.

Three Phase
Supply
Auto transformer
Start
y / Ji /

Stator

&

Figure.8.6. Connection diagram of an Auto transformer starter.

When the handle H of the switch S in the START position. The primary of the
auto transformer is connected to the supply line, and the motor is connected to the
secondary of the auto transformer. When the motor picks up the speed of about 80
percent of its rated value, the handle H is quickly moved to the RUN position. Thus, the
auto transformer is disconnected from the circuit, and the motor is directly connected
to the line and achieve its full rated voltage. The handle is held in the RUN position by
the under voltage relay. If the supply voltage fails or falls below a certain value, the
handle is released and returns to the OFF position. Thermal overload relays provide the
overload protection.
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6.6.5. Rotor resistance Starter. To limit the rotor current which consequently reduces
the current drawn by the motor from the supply, the resistance can be inserted in the
rotor circuit at the time of starting. This addition of the resistance in rotor is in the form
of 3 phase star connected rheostat which is normally wire-wound. They are tapped with
points brought out to fixed contactors. The arrangement is shown in the figure 8.7.

Stator

Rotor :
3 Phase \ 2
supply Slip rings
-—Brush
Starting
i esistance
i e
Supply o—

? Run/‘ Start
TPDT switch

Figure.8.7. Connection diagram of a Rotor resistance starter.

The external resistance is inserted in each phase of the rotor winding through
slip ring and brush assembly. Initially maximum resistance is in the circuit. As motor
gather speed, the resistance is gradually cut-off. The operation may be manual or
automatic. We have seen that the starting torque is proportional to the rotor resistance.
Hence important advantage of this method is not only the starting current is limited but
starting torque of the motor also gets improved. The only limitation of the starter that it
can be used only for slip ring induction motors as for squirrel cage motor the rotor is
permanently short circuited.

6.7. COMPARISON SQUIRREL CAGE AND SLIP RING INDUCTION MOTOR

Table.6.1. Comparison between Squirrel cage type and Slip ring type induction motor

SQUIRREL CAGE IM SLIP RING IM
The rotor is similar to that of a cage. The rotor is similar to that of a DC machine
It does not have slip rings on the rotor It has slip rings on the rotor
Starting current is high Starting current can be reduced
Speed of the motor is constant Speed of the motor is variable
It can be started by DOL, Star-Delta and It can be started by Rotor resistance
Auto transformer starters starter
Power factor is low Power factor is high
Maintenance is low Maintenance is low Maintenance is high
Used in lathe machines, drill machines and | Used in Lifts, Cranes and Hoists
blowers
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6.8. APPLICATIONS OF 3-PHASE INDUCTION MOTORS.

The applications of various types of poly phase induction motors are as follows.

6.8.1. Slip ring motors. Slip ring motors are suitable for loads requiring high starting
torque and where a lower starting current is required. The wound rotor induction
motors are used in conveyors, cranes, pumps, elevators and compressors.

6.8.2. Squirrel cage motors. Squirrel cage motors are classified according to class.

Class A motor. These motors have normal starting torque, high starting current and low
operating slip. This design has low resistance single cage. The efficiency of the motor is
high at full load. Applications of Class A are fans, blowers, centrifugal pumps, etc.

Class B motor. These motor have normal starting torque, low starting current and low
operating slip. This design withstands the high leakage reactance as a result, the starting
current is reduced. The starting torque is maintained by use of a double cage or deep
bar rotor. These motors are commonly used for full voltage starting. Applications of
Class B are fans, blowers, centrifugal pumps, etc.

Class Cmotor. They have high starting torque and low starting current. Such motors are
of the double cage and deep bar and has higher rotor resistance. Applications of Class C
are compressors, conveyors, reciprocating pumps, crushers, etc.

Class D motor. They have the highest starting torque as compared to all the other class of
motors. The bars of the rotor cage are made up of brass. These types of motors have low
starting current and high operating slip. The value of full load operating slip varies
between 8 to 15%. Thus, the efficiency of the motor is low. These motors are suitable
for driving intermittent loads which require frequent acceleration and high loads such
as punch presses, bulldozers and die stamping machines etc.

Class E motor. They have a low lip at rated load. For motors above 5 KW rating, the
starting current may be sufficiently high as to require a compensator or resistance
starter.

Class F motor. They have low starting torque and low starting current and may be started
on full voltage. Such motors are of the double cage and deep bar and has higher rotor
resistance. Applications of Class C are compressors, conveyors, reciprocating pumps,
crushers, fans, blowers, centrifugal pumps, etc.

69



PAPER -1 ELECTRICAL MACHINES & POWER SYSTEMS

UNIT -7

SINGLE PHASE INDUCTION MOTORS

OBJECTIVE

J To learn the working principle of a single phase induction motor.

o To learn the various types of single phase induction motor.

o To learn the applications of various types of single phase induction motor.

7.0. INTRODUCTION

We use the single-phase power system more widely than three phase system for
domestic purposes, commercial purposes and some extent in industrial uses. Because,
the single-phase system is more economical than a three-phase system and the power
requirement in most of the houses, shops, offices are small, which can be easily met by a
single phase system. The single phase motors are simple in construction, cheap in cost,
reliable and easy to repair and maintain.

7.1. SINGLE PHASE MOTORS

7.1.1. Classification of Single Phase motors. The single phase AC motors may be
classified as below.

(1)Single Phase Induction motors

(a)Split-phase motors
(i) Resistance start motor
(ii) Capacitor start motor
(iii) Permanent (single value) capacitor motor
(iv) Two value capacitor motor

(b) Shaded pole motor
(c) Reluctance start motor
(d) Repulsion start motor

(2) Single Phase Commutator motors
(a)Repulsion motor
(b)Repulsion induction motor
(c) AC series motors
(d) Universal motor

(4) Single Phase Synchronous motors
(a) Reluctance motor
(b) Hysteresis motor
(c) Sub-synchronous motor
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7.1.2. Working Principle. The construction of a single phase induction motor is
similar to that of a three phase induction motor having squirrel cage rotor, except that
the stator is wound for single phase supply. Stator is also provided with a 'starting
winding' which is used only for starting purpose. When the stator of a single phase
motor is fed with single phase supply, it produces alternating flux in the stator winding.

The alternating current flowing through stator winding causes induced current
in the rotor bars (of thesquirrel cage rotor) according to Faraday's law of
electromagnetic induction. This induced current in the rotor will also produce
alternating flux. Even after both alternating fluxes are set up, the motor fails to start.
However, if the rotor is given an initial start by external force in either direction, then
motor accelerates to its final speed and keeps running with its rated speed. This
behaviour of a single phase motor can be explained by double-field revolving theory.

The double-field revolving theory states that, any alternating quantity (i.e.
alternating flux) can be resolved into two components having magnitude half of the
maximum magnitude of the alternating quantity, and both these components rotating in
opposite direction. Each of the two component fluxes, while revolving round the stator,
cuts the rotor, induces an emf and this produces its own torque. This two torques
(forward torque and backward torque) are oppositely directed and are numerically
equal and produces no resultant torque. That is why a single phase induction motor is
not self starting. The torque speed characteristics curve is as shown in the figure 7.1.

Torque

{ Torque due to forward
" field, Tf

____ Resultant Torque, T

-

e

.~~~ Ns  Forward Speed

Backvie‘red Speed 1 < e
Torque dueto  —=*. SN

backward field, Tb
Figure.7.1. Torque speed characteristics.

To make it self-starting, it can be temporarily converted into a two-phase motor
while starting. This can be achieved by introducing an additional 'starting winding' also
called as auxiliary winding. Hence, stator of a single phase motor has two windings: (i)
Main winding and (ii) Starting winding (auxiliary winding). These two windings are
connected in parallel across a single phase supply and are spaced 90 electrical degrees
apart. Phase difference of 90 degree can be achieved by connecting a capacitor in series
with the starting winding.

Hence the motor behaves like a two-phase motor and the stator produces
revolving magnetic field which causes rotor to run. Once motor gathers speed, say up to
80 or 90% of its normal speed, the starting winding gets disconnected from the circuit
by means of a centrifugal switch, and the motor runs only on main winding.
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7.2. SINGLE PHASE INDUCTION MOTORS

7.2.1. Resistance start Split-phase motor. Resistance start split phase induction
motor is a single phase induction motor which has two windings called the run winding
and a start winding and are connected in parallel. At 75% full speed the centrifugal
switch opens, disconnecting the start winding. The centrifugal switch is a normal closed
control device that is wired into the start winding.

Centrifugal
switch

<
Main winding
‘»> @
Auxiliary winding

Figure.7.2. Resistance start split phase induction motor.

The purpose of this configuration is that the motor start winding would be taken
out the circuit once motor reaches 75 to 80% of its rated speed. Even though it is
considered to be a reliable motor this centrifugal switch is a moving part that
sometimes fails to reengage when the motor stops spinning. This type of motors is
generally found in ceiling fans, washing machines tubs, blower motors for oil furnaces,
and small pumps etc.

7.2.2. Capacitor Start Split-phase motor. Capacitor start split phase induction
run motor is a single phase induction motor with the capacitor connected in series with
the start winding and the centrifugal switch of the motor. This configuration gives the
motor past starting power but the application does not require a lot of power doing the
runtime.

Centrifugal

switch
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Starting
capacitor

<
Main winding
‘> ®

\T Auxiliary winding

Figure.7.3. Capacitor start split phase induction motor.
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The purpose of this configuration is that the motor start winding and the
capacitor would be taken out the circuit once motor reaches 75 to 80% of its rated
speed. The capacitor of these motors are sometimes built onto the motor or located
remotely away from the motor primarily making it easier to replace. This type of motors
is generally found in AC units, large blower motors, and condenser fans.

7.2.3. Permanent Capacitor motor. Permanent capacitor motor is a single phase
induction motor run with the exception of the start winding and run winding stay in the
circuit at all times. The start winding is permanently connected to the capacitor in
series. It uses a lower rated capacitor because the capacitor is in the circuit at full load
speed at all times for higher running torque.
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Figure.7.4. Permanent Capacitor split phase induction motor.

This type of motor requires low starting torque but needs to keep a constant
torque while running. This type of motor can sometimes be found in the air-
conditioning compressor.

7.2.4. Capacitor Start and Run motor. Capacitor start and run motor is a single
phase induction motor is a single phase induction motor has two windings called the
run winding and a start winding and is connected in parallel. It consists of two
capacitors of different rating. One capacitor of higher value is connected in series with
the start winding and the other capacitor of lesser value is connected in series with the
run winding.

Centrifugal
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Run

)
/

<
Main winding

Auxiliary winding

Figure.7.5. Capacitor start and run split phase induction motor.
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Capacitor start and run motor has high starting torque and high running torque
because of more capacitance in the circuit. This type of motor is generally found in the
air-conditioning compressor, large blower motors etc.

7.2.4. Shade pole motor. The shaded pole induction motor is simply a self-starting
single-phase induction motor. The shaded pole motor may have two or four poles. The
poles of the motor are laminated. The stator of the shaded pole motor has a salient pole.
Each pole of the motor is excited by its exciting coil. The slot is constructed at some
distance apart from the edge of the poles. The short-circuited copper coil is placed in
this slot. The part which is covered with the copper ring is called the shaded part and
which are not covered by the rings is called unshaded part.

HShadlng band

/1

Stator”’
Winding |

Salient
II| Paole

Shading band

it

Sqmrrei’cage“a& - // Salient pole with shading band
rotor

4-pole construction

Figure.7.6. Shaded Pole motor.

The copper rings shade the loops. The loops are known as the shading coil. The
shading coil acts as a secondary winding of the motor. The shaded pole motor uses the
squirrel cage rotor. The bars of the rotor are skewed at an angle of 602. The skew can be
done for obtaining the better starting torque. The shaded pole motor rotates only in one
particular direction, and the reverse movement of the motor is not possible. The
direction of rotation is from the unshaded side to the shaded ring. This type of motor is
generally found in small fans, electric wall clocks, hair driers, ventilators, toys etc.

7.2.4. Reluctance start motor. Reluctance-start induction motor characteristics are
similar to that of shaded pole motor. In this motor the magnetic field shifts across the
pole, but the effect is obtained by the non-uniform air gap of salient poles. Where there
is a greater air gap, the flux in that portion is more nearly in phase with the current.
There is a greater lag between flux and current where there is a lower reluctance or
where the air gap is smaller. Since both fluxes are produced by the same current, the
flux across the larger air gap leads the flux across the smaller one. The two fluxes are
obviously displaced in time, and so the magnetic field shifts across the poles from larger
air gap to the shorter gap. Thus the direction of rotation is firmly fixed by the
construction, and the motor cannot be reversed at all. This motor is an induction motor
and should not be confused with reluctance motor which is actually a non-excited
synchronous motor.
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For most small power applications, the shaded-pole motor is preferred, and the
reluctance-start motor has limited use, usually where starting torque requirements are
low.

7.2.5. Repulsion start motor. Repulsion start induction run motors starts as a
repulsion motor, but normally runs as an induction motor, with constant speed
characteristics. It consists of a stator winding, one rotor which is similar to the wire
wound DC armature, a commutator and a centrifugal mechanism which short circuits
the commutator bars all the way round when the motor has reached nearly 75% of full
speed. Then it runs as an induction motor, with a short circuited squirrel cage rotor.
Hence brushes do not carry current and are lifted from the commutator to avoid wear
and tear. These motor are used where starting period is of comparatively long duration,
because of high inertia loads. This type of motor is generally found in machine tools,
compressors, pumps, commercial refrigerators, floor polishing and grinding devices etc.

7.3. COMPARISON STARTING WINDING AND RUNNING WINDING

Table.7.1. Comparison between starting winding and running winding

STARTING WINDING RUNNING WINDING
This winding makes the motor self starting | This winding makes the motor run
It does not have slip rings on the rotor It has slip rings on the rotor
Starting winding is disconnected when the | Running winding is permanently
motor reaches 70 % of its rated speed connected in the motor circuit
Speed of the motor is constant Speed of the motor is variable
It can be started by DOL, Star-Delta and It can be started by Rotor resistance
Auto transformer starters starter
Power factor is low Power factor is high
Maintenance is low Maintenance is low Maintenance is high
Used in lathe machines, drill machines and | Used in Lifts, Cranes and Hoists
blowers
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UNIT -8

POWER SYSTEMS
OBJECTIVE
J To learn about various sources of electrical energy.
J To learn about the generation of power from various sources.
o To learn about transmission and distribution systems.
J To learn about the accessories used in substations.

8.0. INTRODUCTION

Electrical energy is generated by conversion of energy available in different
forms from different natural sources such as kinetic energy of blowing winds, pressure
head of water, chemical energy of fuels and nuclear energy of radio-active substances
into electrical energy. For conversion of mechanical energy into electrical energy,
electrical machines (generators or alternators) driven by prime-movers (petrol engines,
diesel engines, steam turbines, gas turbines or hydraulic turbines) are employed.

The electrical machines employed for generating DC is called generators and
those for generating AC is called alternators. The alternate method of generating
electrical energy without the use of prime-mover consists of magneto-hydro dynamics,
thermionic and thermo-electric generation. The main sources of energy are the sun,
wind, terrestrial heat, ocean tides and waves, water, fuels and radio-active substances.

8.1. SOURCES OF ELECTRICAL ENERGY

8.1.1. Conventional Sources. These conventional sources are also known as non-
renewable sources of energy. These natural energy resources are present in a limited
quantity and are being used for a long time. Once they are depleted, they cannot be
generated at the speed which can sustain its consumption rate. The examples include
Thermal energy, Hydro electric energy, Nuclear energy, Oil and natural gas.

8.1.2. Non-Conventional Sources. These non-conventional sources are also known
as renewable sources of energy. These energy sources are continuously replenished by
natural processes. These cannot be exhausted easily, can be generated constantly so can
be used again and again. The examples include solar energy, bio energy, tidal energy,
geothermal energy and wind energy.

8.2. CONVENTIONAL SOURCES OF ENERGY

8.2.1. Hydro Power station. Power is generated from the generator coupled with
the turbine - the turbine being rotated by water energy. The following factors should be
considered while selecting the site of a hydro power station. They are (1) Quantity of
water available (2)Storage of water (3) head of water (4) distance of power station site
from load centres (5) Accessibility of the site.
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The different methods of classifying Hydro-electric plants are given below.

(a) Quantity of water available
(i) Run-off river plants without pondage
(ii) Run-off river plants with pondage
(iii) Reservoir plants

(b) Available head
(i) Low head plants
(ii) Medium head plants
(iii) High head plants

(c) Nature of load.
(i) Base-load plants
(ii) Peak-load plants
(iii) Pumped-storage plants for peak-load

A hydro-electric power plants consists of a reservoir for storage of water, a
diversion dam, an intake structure for controlling and regulating the flow of water, a
conduit system to carry the water from the intake to the water wheel, the turbines
coupled with generators, the draft tube for conveying water from water wheel to the tail
race, the tail race and a power house i.e. the building consists of turbines, alternators
and other miscellaneous items etc. The size, location and type of each of these essential
elements depend upon the topography and geological conditions and the amount of
water to be used.

A typical layout of a hydroelectric power plant and its basic components are as
shown in the figure 8.1.
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Figure.8.1. Layout of a Hydro power plant.
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Dam and Reservoir. The dam is constructed on a large river in hilly areas to ensure
sufficient water storage at height. The dam forms a large reservoir behind it. The height
of water level called as water head in the reservoir determines how much of potential
energy is stored in it.

Control gate. Water from the reservoir is allowed to flow through the penstock to the
turbine. The amount of water which is to be released in the penstock can be controlled
by a control gate. When the control gate is fully opened, maximum amount of water is
released through the penstock.

Penstock. A penstock is a huge steel pipe which carries water from the reservoir to the
turbine. Potential energy of the water is converted into kinetic energy as it flows down
through the penstock due to gravity.

Water turbine. Water from the penstock is taken into the water turbine. The turbine is
mechanically coupled to an electric generator. Kinetic energy of the water drives the
turbine and consequently the generator gets driven. There are two main types of water
turbine (i) Impulse turbine and (ii) Reaction turbine. Impulse turbines are used for
large heads and reaction turbines are used for low and medium heads.

Generator. A generator is mounted in the power house and it is mechanically coupled
to the turbine shaft. When the turbine blades are rotated, it drives the generator and
electricity is generated which is then stepped up with the help of a transformer for the
transmission purpose.

Surge tank. These are usually provided in high or medium head power plants when
considerably long penstock is required. A Surge tank is a small reservoir or tank which
is open at the top. It is fitted between the reservoir and the power house. The water
level in the surge tank rises or falls to reduce the pressure swings in the penstock.

When there is sudden reduction in load on the turbine, the governor closes the
gates of the turbine to reduce the water flow. This causes pressure to increase
abnormally in the penstock. This is prevented by using a surge tank, in which the water
level rises to reduce the pressure and also it provides excess water needed when the
gates are suddenly opened to meet the increased load demand.

8.2.2. Thermal Power station. A Steam power plant basically operates on the
Rankin cycle. Coal is burnt in a boiler, which converts water into steam. The steam is
expanded in a turbine, which produces mechanical power driving the alternator
coupled to the turbine. The steam after expansion in prime mover (turbine) is usually
condensed in a condenser to be fed into the boiler again. The factors to be considered
for site selection of steam power plants are nearness to load centre, supply of water,
availability of coal, availability of land at a reasonable price, transportation facilities,
availability of labour and distance from populated area.

The working of a modern coal-fired steam power plant can be divided into four

main circuits namely, (1) Fuel and Ash circuit (2) Air and Fuel gas circuit (3) Feed water
and steam circuit and (4) Cooling water circuit.
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A typical layout of a Thermal power plant and its basic components are as shown
in the figure 8.2.
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Figure.8.1. Layout of Thermal power plant.

Coal. Coal is transported from coal mines to the generating station. In general
bituminous coal or brown coal is used as fuel. The coal is stored in either 'dead storage'
or in 'live storage'. Dead storage is generally 40 days backup coal storage which is used
when coal supply is unavailable. Live storage is a raw coal bunker in boiler house. The
coal is cleaned in a magnetic cleaner to filter out if any iron particles are present which
may cause wear and tear in the equipment.

The coal from live storage is first crushed in small particles and then taken into
pulveriser to make it in powdered form. Fine powdered coal undergoes complete
combustion, and thus pulverized coal improves efficiency of the boiler. The ash
produced after the combustion of coal is taken out of the boiler furnace and then
properly disposed. Periodic removal of ash from the boiler furnace is necessary for the
proper combustion.

Boiler. The mixture of pulverized coal and air (usually preheated air) is taken into
boiler and then burnt in the combustion zone. On ignition of fuel a large fireball is
formed at the centre of the boiler and large amount of heat energy is radiated from it.
The heat energy is utilized to convert the water into steam at high temperature and
pressure. Steel tubes run along the boiler walls in which water is converted in steam.
The flue gases from the boiler make their way through super-heater, economizer, air
preheater and finally get exhausted to the atmosphere from the chimney.

Super-heater. The super-heater tubes are hanged at the hottest part of the boiler. The
saturated steam produced in the boiler tubes is superheated to about 540 °C in

the super-heater. The superheated high pressure steam is then fed to the steam turbine.

Economizer. An economizer is essentially a feed water heater which heats the water
before supplying to the boiler.
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Air pre-heater. The primary air fan takes air from the atmosphere and it is then
warmed in the air pre-heater. Pre-heated air is injected with coal in the boiler. The
advantage of pre-heating the air is that it improves the coal combustion.

Steam turbine. High pressure super heated steam is fed to the steam turbine which
causes turbine blades to rotate. Energy in the steam is converted into mechanical
energy in the steam turbine which acts as the prime mover. The pressure and
temperature of the steam falls to a lower value and it expands in volume as it passes
through the turbine. The expanded low pressure steam is exhausted in the condenser.

Condenser. The exhausted steam is condensed in the condenser by means of cold water
circulation. Here, the steam loses its pressure as well as temperature and it is converted
back into water. Condensing is essential because, compressing a fluid which is in
gaseous state requires a huge amount of energy with respect to the energy required in
compressing liquid. Thus, condensing increases efficiency of the cycle.

Alternator. The steam turbine is coupled to an alternator. When the turbine rotates the
alternator, electrical energy is generated. This generated electrical voltage is then
stepped up with the help of atransformer and then transmitted where it is to be
utilized.

Feed water pump. The condensed water is again fed to the boiler by a feed water
pump. Some water may be lost during the cycle, which is suitably supplied from an
external water source.

8.2.3. Nuclear Power station. The concepts of nuclear power generation are much
similar to that of conventional steam power generation. The difference lies only in the
steam generation part i.e. coal or oil burning furnace and the boiler are replaced by
nuclear reactor and heat exchanger. Thus a nuclear power plant consists of a nuclear
reactor (for heat generation) , heat exchanger(for converting water into steam by using
the heat generated in nuclear reactor), steam turbine, alternator, condenser etc. The
reactor and the cooling system have to be heavily shielded to eliminate radiation
hazards.

The different methods of classifying Nuclear reactors are given below.

(a) On the basis of Neutron energy
(i) Thermal reactors
(ii) Fast reactors

(b) On the basis of fuel used
(i) Natural uranium
(ii) Enriched uranium

(c) On the basis of Moderator used
(i) Graphite reactors
(ii) Beryllium reactors
(iii) Water (ordinary or heavy water) reactors
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(d) On the basis of coolant used
(i) Water (ordinary or heavy) cooled reactors
(ii) Gas cooled reactors
(iii) Liquid metal cooled reactors
(iv) Organic liquid cooled reactors

(e) On the basis of type of core used
(i) Homogeneous reactors
(ii) Heterogeneous reactors

A typical layout of a Nuclear power plant and its basic components are as shown
in the figure 8.3.
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Figure.8.3. Layout of Nuclear power plant.

A Nuclear reactor consists of reactor core, moderator, reflector, thermal
shielding, control rods, reactor vessel and coolant. Reactor core contains a number of
fuel rods made of fissile material. The moderator material in the reactor core is
provided to moderate, or reduce the neutron speeds to a value that increases the
possibility of fission occurring. Reflector completely surrounds the reactor core within
the thermal shielding arrangement and bounces back most of the neutrons that escape
from the fuel core. This conserves the nuclear fuel, as the low speed neutrons thus
returned are useful in continuing the chain reactor.

Thermal shielding is provided to prevent the reactor wall from getting heated.
Coolant flows over the shielding to take away the heat. Control rods are meant for
regulating the fission in the reactor by absorbing the excess neutrons and usually made
of boron and are inserted into the reactor core from the top of the reactor vessel.
Reactor vessel encloses the reactor core, reflector and the thermal shielding and
provides the entrance and exit for the coolant and also the passage for its flow through
and around the reactor core. Coolant is a medium through which heat generated in the
reactor is transferred to the heat exchanger for further utilisation in power generation.
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8.3. NON-CONVENTIONAL SOURCES OF ENERGY

8.3.1. Solar Power generation. Solar energy is harnessed by converting solar energy
directly into electrical energy in solar plants. Photovoltaic technology converts sunlight
directly into electricity. Photovoltaic cells often electrically connected and encapsulated
as a module. When a group of modules are oriented in one plane is referred as a solar
panel. Solar cells are usually connected in series in modules, creating for additional
voltages and connected in parallel to yield higher currents. It gives non-polluting
environment-friendly output and is available abundantly. The largest solar plant of India
is located at Madhapur, near Bhuj, where solar energy is used to sterilise milk cans.

8.3.2. Biomass Power generation. Biomass is the organic matter that originates from
plants, animals, wood, and sewage. Decomposition of organic matter yields gas, which
has higher thermal efficiency in comparison to kerosene, dung cake and charcoal. Biogas
plants are set up at municipal, cooperative and individual levels. The plants using cattle
dung are known as ‘Gobar gas plants’ in rural India. The residue left after the removal of
biogas is a good source of manure. Biomass energy is also applicable for cooking, lighting,
and generation of electricity.

8.3.3. Wind Power generation. Wind energy describes the process by which wind is
used to generate electricity. As the wind increases, power output increases up to the
maximum output of the particular turbine. Wind farms prefer areas, where winds are
stronger and constant. These are generally located at high altitudes. Wind turbines use
wind to make electricity. There is no pollution because no fossil fuels are burnt to generate
electricity. One of India’s largest windmill farms is in Kanyakumari which generates
380mW of electricity.

8.4. SINGLE LINE DIAGRAM OF A POWER SYSTEM

An electric power system or electric grid is known as a large network of power
generating plants which are connected to the consumer loads. The main components in

a Power system are as shown in the figure 8.4.
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Figure.8.4. Single line diagram of Electrical power system.
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Generating station. The place where electric power is produced by the parallel
connected three phase alternators/generators is called a Generating Station. The
generation voltage is usually 11kV and 33 KV.

Primary transmission. High voltages of the order of 66 kV 132 kV 220 kV and 400 kV
are used for transmitting power by 3 phase 3 wire overhead system. This is supplied to
substations usually at the out skirts of major distribution centre or city.

Secondary transmission. The primary voltage is reduced to low values of the order of
3.3kV, 11 kV or 33 kV for secondary transmission.

Primary distribution. The transmission lines or inner connectors terminate at large
main substations from which the power is distributed to small secondary substations
scattered throughout the load area. The voltage may range from 11 kV to 132 kV.

Primary distribution. The transmission lines or inner connectors terminate at large
main substations from which the power is distributed to small secondary substations
scattered throughout the load area. The voltage may range from 11 kV to 132 kV.

Secondary distribution. This consists of the low-voltage network laid along the
streets, localities and over the rural areas. From these sources connections to individual
customers are provided. The circuit used for this is 3 phase 4 wire, 440 V/220 V from
which either 3 - @, 440 Vor 1 - ®, 220 V supply to the consumers may be provided.

8.5. CLASSIFICATION OF SUBSTATIONS

The different methods of classifying Sub stations are given below.

(a) On the basis of design
(i) Indoor type
(ii) Outdoor type
(iii) Pole mounted type
(iv) Plinth mounted type

(b) On the basis of service rendered
(i) Transformer substation
(ii) Switching substation
(iii) Converting substation
(iv) Frequency changer substation
(v) Power factor correction substation

(c) On the basis of application
(i) Step-up or Primary substation
(ii) Primary grid substation
(iii) Secondary substation
(iv) Step down or Distribution substation
(v) Bulk supply and Industrial substation
(vi) Mining substation
(vii) Mobile substation
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(d) On the basis of operating voltage
(i) High voltage substations
(ii) Extra high voltage substations
(iii) Ultra high voltage substations
(iv) HVDC substations

(e) On the basis insulation type
(i) Natural Air
(ii) SF6 Gas

8.6. TRANSFORMER SUB STATIONS

A Substation is a power transformer with termination equipment for cable and
overhead lines. The Distribution Transformer may be mounted on a single pole, H pole
structure or on a plinth depending upon site requirements, size and weight of the
transformer. The decision for installation of a Pole mounted or Plinth mounted
distribution transformer substation is based on the capacity and availability of space.
Distribution transformers above 500 KVA have necessarily to be mounted on a plinth
and of capacity less than 500 KVA may be mounted on single pole, double pole, 4 pole or
on a plinth based on the size of distribution transformer, space available.

8.6.1. Pole mounted substation.
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Figure.8.5. Layout and schematic connections of Pole mounted substation.
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A single phase distribution transformer up to 25 KVA are installed on single
pole/2 pole structure and 3 Phase distribution transformer up to 500 KVA are mounted
on 2 pole or 4 pole structure or on plinth. The two poles structure is made of poles with
channels and associated accessories creating an H type pole configuration to locate the
distribution transformer at certain minimum height from the ground level to meet the

ground clearance. The layout of Pole mounted substation and its basic components are
as shown in the figure 8.5.

This arrangement of pole type substation needs about 3 meters by 2 meters
space (on ground) around the H Pole structure to locate Distribution box and
other accessibility. This area is to be provided with suitable fencing and lockable doors
to prevent unauthorized access to Distribution box. The structures should also be
provided with anti-climbing devices and danger board.

8.6.2. Plinth mounted substation. The distribution transformer above 500 KVA
have necessarily to be mounted on a plinth which is a low height platform normally
made of concrete structure. It can also be prefabricated by fibre blocks on which the
transformers can be mounted. The Plinth should be capable to carry the weight of the
distribution transformer and should also have the facility for cable entry and exit at two
sides as per the terminals available at the transformer
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Figure.8.6. Layout and schematic connections of Pole mounted substation.

The layout of Pole mounted substation and its basic components are as shown in
the figure 8.6. The plinth shall be higher than the surroundings. Plinth mounted
distribution sub-stations should be adequately protected by fencing so as to prevent
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access to the equipment by unauthorized persons, animals and should be provided with
standard danger boards. The enclosure should also permit free circulation of air on all
sides. This substation can be indoor type or outdoor type and the rating of
transformer may normally be more than 250KVA to 1000KVA depending on load
requirement in the localities and also for economic reasons as this needs control
gears/ switchgears and proper enclosed wall boundary.

8.7. EQUIPMENT IN OVER HEAD LINES

The main components of an overhead line are the supports (poles or tower),
cross arms and clamps, insulators, conductors, Guys and stays, lightening arresters,
fuses and isolating switches, phase plates, continuous earth wire, vee guards, guard
wires, bird guards, barbed wire, danger plates, beads for jumpers, vibration dampers.

8.7.1. Line Supports. The supports used for transmission and distribution of
electrical power must have the characteristics like - high mechanical strength, light in
weight, low initial as well as maintenance cost, longer life, good looking and easily
accessible for painting and erection of line conductors. Wood, steel, reinforced concrete
poles and lattice steel towers are generally used for this purpose.

8.7.2. Conductor materials. The conductor materials used for transmission and
distribution of electrical power should have the characteristics like - high conductivity,
high tensile strength in order to withstand mechanical stresses, low specific gravity
(low weight per unit volume), low cost and no brittleness. Copper, aluminium, steel,
ACSR and galvanised steel conductors are generally used for this purpose.

Span - The distance between two successive poles.
Sag - The difference in level between the points of supports and the lowest point. Sag of
a conductor suspended between two equal level supports is given by expression,

S = (wL2/8T)

8.7.3. Over head insulators. The conductors of an over head transmission (or
distribution) lines are secured to the supporting structures by means of insulating
fixtures in order that there is no current leakage to the earth through the supports. They
should have the characteristics like - high mechanical strength, high relative
permittivity, high dielectric strength, high insulation resistance and high ratio of
rupture strength to the flash over voltage. Pin type insulators, Suspension type
insulators, Strain insulators, Shackle insulators and Egg or Stay insulators are generally
used for various voltage levels.

8.7.4. Lightening Arresters. A surge diverter/Lightening arrester is connected
between the line and earth to divert the high voltage wave to earth. The choice of
lightening arresters depends upon - voltage of the line, frequency of lightning, cost,
weather conditions and reliability. Rood gap Arresters, Horn gap Arresters, Electrolyte
Arresters, Oxide film arresters, Thyrite arresters, Expulsion type arresters, Valve type
arresters are generally used to protect the power system.
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8.8. EQUIPMENT IN SUB STATION

The main equipments required for substations and switchgear installations are
main bus-bars, insulators, isolators, circuit breakers, load interrupter switches, fuses,
power transformers, instrument transformers (CTs and PTs), indicating and metering
instruments, protective relays, control cables and carrier-current equipment.

8.8.1. Bus-bar arrangement. The aim of bus-bar arrangements is to achieve
adequate operating flexibility, sufficient reliability and minimum cost. Single bus-bar
arrangement, Single bus-bar system with sectionalisation, Duplicate bus-bar system,
Double main and transfer bus-bar arrangement are various bus-bar arrangements used.

8.8.2. Fuse. Fuse is essentially a short piece of metal (or a fusible material) inserted in
a circuit which melts when a predetermined value of current flows through it and thus
breaks the circuit. The suitable material for the fuse element must have a low melting
point material such as tin, lead or zinc. Fuses may be low voltage type or high voltage
type. Low voltage fuses can be further sub-divided into two classes namely the semi-
enclosed rewireable fuses and HRC cartridge type fuses. High voltage fuses can be
further sub-divided into two classes namely the cartridge type and Liquid type fuses.

8.8.3. Circuit Breakers. Circuit Breakers are mechanical devices designed to close or
open contact members, thus closing or opening an electric circuit under normal or
abnormal conditions. They carry the full load current continuously without overheating,
open and close the circuit on no load, makes and breaks the normal operating current
and also makes and breaks the short circuit currents of designed magnitude. Oil circuit
breakers, low voltage air circuit breakers, air blast circuit breakers, vacuum circuit
breakers and SFe circuit breakers are generally used to protect the power system.

8.8.4. Switches. A switch is a device for making or breaking the electric circuit.
Switches are classified into Air switches and Oil switches. Air switches are further
classified into Air-break switches and isolators.

8.8.5. Bushings. Bushes are necessary to take out live conductor through earthed
tanks or metallic parts. The bushings are necessary for transformers, reactors, bulk oil
circuit breakers, metal clad switch gear, generators etc. The central conductor is in the
form of a copper rod or stranded conductor, passing through brass tube or aluminium
tube supporting the bushing core. The bushing assembly is held in position by lock nuts.
The bushings are filled with electric insulating oil. The bushings are designed for
vertical upright mounting or horizontal mounting.

8.8.6. Instrument transformer. Instrument transformers are used in AC system for
measurement of electrical quantities i.e. voltage, current, power, energy, power factor,
frequency. They are also used with protective relays for protection of power system.
They transform high currents and voltages to standardized low and easily measurable
values that are isolated from the high voltage. When used for metering purposes, they
provide voltage or current signals with accurate representation of the transmission line
values in both magnitude and phase. There are two types of instrument transformers
namely potential transformer (PT) and current transformer (CT).

87



PAPER -1 ELECTRICAL MACHINES & POWER SYSTEMS

ELECTRICAL TECHNICIAN
Intermediate 2"d Year
ELECTRICAL MACHINES & POWER SYSTEMS

Questionnaire (Chapter-wise)

Chapter - 1
Short Answer Questions
1. Write the emf equation of a DC Generator.

Write the Faradays laws of Electromagnetic induction.
What is a commutator?

Write the various types of losses in DC Generators.
List the applications of various DC Generators.

vt

Long Answer Questions
1. Compare Lap winding with wave winding in any six aspects.

2. Listvarious reasons for failure to build up voltage in a self excited generator.

Chapter - 2
Short Answer Questions

1. Define Fleming’s left hand rule.

Write the emf equation of a DC Motor.

What is the necessity of a starter in DC motor?

Write the various types of starters used in DC motor.
Write the equation for % speed regulation in DC motor.
List the applications of various DC Motors.

AN

Long Answer Questions
1. Explain the three point starter with a neat sketch.

2. Explain the four point starter with a neat sketch.

Chapter - 3
Short Answer Questions

1. Draw the different waveforms in AC circuits.
Define Form factor of an alternating quantity
Define Peak factor of an alternating quantity
Define RMS vale of an alternating quantity
Define Average value of an alternating quantity

g1 W

Long Answer Questions
1. Compare Single phase system with three phase system in any six aspects.

2. Write the voltage and current relations in star and delta connection.
3. Calculate the current, Power factor and Power in the following RLC series circuit
with R = 6 ohms, X¢ = 4 ohms and X, = 12 ohms.
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Chapter - 4
Short Answer Questions
1. Write the emf equation of a transformer.
What is transformation ratio?
List the various types of special transformers.
What are the losses in a Transformer?
Name the types of cooling systems in a Transformer.

v W

Long Answer Questions
1. Compare Core type with Shell type transformer in any six aspects.

2. Write a short note on instrument transformers with a neat sketch.
3. Explain the welding transformer with a neat sketch.
4. Write a short note on auto transformer with a neat sketch.

Chapter - 5
Short Answer Questions

1. Write the relation between speed and frequency in an alternator.
2. Write the emf equation of an alternator.
3. List the application of alternators.

Long Answer Questions
1. (a) Write a short note on rotor construction of an alternator with a neat sketch.

(b) Calculate the Speed and Phase voltage of a 4-pole, 3-phase, 50 Hz, star
connected alternator. Take form factor, ks = 1.11, coil span factor, ke = 1,
distribution factor, kq = 0.96, turns/phase = 180 and flux per pole, ® = 0.05 Wb.

Chapter - 6
Short Answer Questions

1. Define Slip.

Write the types of AC motors on the basis of construction.

List the types of AC motors on the basis of speed.

Write the applications of Slip ring motors?

Name the various types of starters used in three phase induction motors.

g1 W

Long Answer Questions
1. Explain the DOL starter with a neat sketch.

2. Explain the Star-Delta starter with a neat sketch.
3. Explain the Auto transformer with a neat sketch.
4. Explain the Rotor-resistance starter with a neat sketch.

Chapter - 7
Short Answer Questions

1. List the types of single phase induction motors.
2. List the types of single phase commutator motors
3. Write the various configurations of Transistor.
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Long Answer Questions

1.

AN

Write a short note on resistance start split phase motor with a neat sketch.
Write a short note on capacitor start split phase motor with a neat sketch.
Write a short note on permanent capacitor motor with a neat sketch.
Write a short note on capacitor start and run motor with a neat sketch.
Write a short note on shaded pole motor with a neat sketch.

Write a short note on reluctance start motor with a neat sketch.

Chapter - 8

Short Answer Questions

1.

0O No WD

Give the classification of Hydro electric power plants.

Write the different circuits in a thermal plant.

Give the types of Nuclear reactors on the basis of coolant.

Draw the single line diagram of an Electric power system.

Name the types of Sub Stations on the basis of services rendered.
Define Span and Sag.

Write the types of Lightning arresters.

List the types of Over head insulators.

Write the types of line supports used in transmission and distribution.

10. Write the properties of conductor materials used in a power system.

Long Answer Questions

1.

A

Write a short note on Plinth mounted transformer with a neat sketch.
Write a short note on Pole mounted transformer with a neat sketch.
Write a short note on Hydro power plant with a neat sketch.

Write a short note on Thermal power plant with a neat sketch.

Write a short note on Nuclear power plant with a neat sketch.

(a) Explain about solar power generation in brief.

(b) Explain about wind power generation in brief.
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Sol.

Sol.

Sol.

Sol.

Sol.

Solved Problems (Chapter-wise)

Chapter - 1 :: DC Generators

An eight-pole DC generator has 500 armature conductors, and a useful flux of 0.05 Wb
per pole. What will be the emf generated if it is a lap-connected and runs at 1200 rpm.

With lap-winding, P=A=8
Here, ® =0.05,Z=500,N=1200,P=8,A=8
E=(®ZN/60)x (P/A) = (0.05x500x1200/60) x (8/8) = 500 Volts.

An four-pole DC generator has 51 slots each slot containing 20 conductors, and a useful
flux of 7 mWb per pole. What will be the emf generated if it is a wave-connected and
runs at 1500 rpm.

With wave-winding, A =2
Here, ® = 7x10-3,Z =51x20=1020,N=1500,P=4,A=2
E=(®ZN/60)x (P/A)=(7x10-3x1020x1500/60) x (4/2) = 357 Volts.

The armature of a four pole DC shunt generator is lap-wound and generates 216 Volts
when running at 600 rpm. Armature has 144 slots, with 6 conductors per slot. If the
armature is rewound, wave connected, find the emf generated with the same flux per
pole but running at 500 rpm.

Total number of armature conductors, Z = 144 x 6 = 864

For a Lap winding, the number of parallel paths in armature, A = number of poles, P
E=(®ZN/60)x (P/A) & 216 = (P x864x600/60) & @ =25 mWh.

Hence if the armature is rewound with wave connection, number of parallel paths = 2
Therefore, at 500 rpm, with 25 mWb as the flux per pole

Armature emf = (25x10-3x864x500/60) x (4/2) = 360 Volts.

Chapter - 2 :: DC Motors

A DC motor connected to a 460 Volts supply takes an armature current of 120 Amps on
full load. If the armature circuit has a resistance of 0.25 Ohms, Calculate the value of
back emf at this load.

Here I, =120 Amps, V =460 Volts, R, = 0.25 Ohms
Therefore, Back emf, E, =V - 1, Ry =460 - (120 x 0.25) =430 Volts.

A DC motor connected to a 460 Volts supply has an armature resistance of 0.15 Ohms.
Calculate (a) back emf when the armature current is 120 Amps. (b) Armature current
when the back emfis 447.4 Volts.

(a) Here I, =120 Amps, V =460 Volts, R, = 0.15 Ohms

Therefore, Back emf, E, =V -1, Ra =460 - (120 x 0.15) = 442 Volts.

(b) Here Eb =447.4 Volts, V = 460 Volts, R, = 0.15 Ohms

Since, E, =V -1, R, © la=(V-Ep)/Ra = (460-447.4)/0.15 = 84 Amps

Therefore, Armature current, [, = 84 Amps.

A 4-pole, 240 V, wave connected shunt motor gives 11190 W when running at 1000 rpm
and drawing armature and field currents of 50 A and 1.0 A respectively. Assuming drop
of 1 volt/brush. Its resistance is 0.10hms. It has 540 conductors. Find (a) total torque
(b) useful torque (c) useful flux/pole (d) rotational losses (e) efficiency.
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Here, V =240 Volts, [, = 50 Amps, [ =1 Amp, R, = 0.1 Ohms,
Then, E, =V - I, Ra - Brush drop =240 - (50 x 0.1) - 2 =233 Volts.
(a) Armature Torque, Ta=9.55x (Ep [, / N) =9.55 x (233x50/1000) = 111.3 N-m

(b) Shaft Torque, Tsh = 9.55 x (Output/N) =9.55x (11190/1000) = 106.9 N-m

(c) Backemf, Eb = (® ZN/60) x (P/A) & 233 = (P x540x 1000/60) x (4/2)
< Useful flux/Pole, @ = 25 mWhb.

(d) Armature input =V I, = 240x50 = 12,000 Watts.
Armature Copper loss = [,2 Ra = 502x0.1 = 250 Watts
Brush Contact Loss = 50x2 = 100 Watts
Therefore, power developed = 12000 - 350 = 11,650 Watts
Rotational Losses = Power developed - Output = 11650 - 11190 = 460 Watts
Therefore, Rotational Losses = 460 Watts

(e) Total motor input = VI = 240x51 = 12,340 Watts

Motor output = 11,190 Watts
Efficiency,n=(11190/12340) x100 =91.4 %.

Chapter - 3 :: AC Fundamentals

A RLC series circuit has following components, R = 50 Ohms, L = 0.15 Henry, C = 25 pF
Ohms, Voltage = 230 Volts, Frequency, f = 50 Hertz. Find (a) Impedance (b) the Current
(c) Power factor (d) Power in the circuit.

We know that Current, I = V/Z, Power factor, Cos 6 = R/Z, Power, P = VI Cos 8 and
Z=V[R2 + (X.- X0)?]

(a) Xi. = 2mfL = 2x3.142x50%0.15 = 47.12 Ohms
Xc=1/2nfC =1/(2x3.1412x50x25x10-6) = 127.34 Ohms

(b)Impedance, Z = V[502 + (47.12 - 127.34)2] = V[2500 + 6435.24] =/8935.24 = 94.53
Impedance, Z = 94.53 Ohms

(c)Current, 1 =V/Z =230/94.53 = 2.43 Amps
(d) Power factor, Cos 6 =R/Z =50/94.53 = 0.53
(e) Power, P =VI Cos 6 = 230x2.43x0.53 = 296.22 Watts.
A RLC series circuit has the following components, R = 6 Ohms, Xi. = 12 Ohms, Xc = 4
Ohms, Voltage = 200 Volts, Frequency, f = 50 Hertz. Find (a) the Current (b) Power
factor (c) Power in the circuit.
We know that Impedance, Z = V[ R2 + (Xi.- X¢)?]
(a) Impedance, Z = V[62 + (12 - 4)2] =V[36 + (64)] = V100 = 10 Ohms
Current, [ =V/Z =200/10 =20 Amps
(b) Power factor, Cos®=R/Z=6/10=0.6

(c) Power, P = VI Cos 6 = 200x20x0.6 = 2400 Watts.
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Chapter - 5 :: Alternators

Calculate the speed and phase voltage of three phase, 4-pole, 50 Hz, star connected
alternator. Take form factor as1.11, coil span factor as 1, distribution factor as0.96, turns
per phase as 180, useful flux per pole as 0.05 Wh.

Here,

Kf=1.11,kc=1,kd = 0.96, f= 50 Hz, Poles, P = 4

Total conductors, Z = 2T = 2x180 = 360

Synchronous Speed, Ns = 120xf/P = 120x50/4 = 1500 rpm

Voltage, Eph = 2 kf kc kd @ fZ = 2x1.11x1.0.96x0.05x50x360 = 1918 Volts.

A three phase, 16 pole alternator has a star connected winding with 144 slots and 10
conductors/slot. The flux/pole is 0.03 Wb, sinusoidally distributed and the speed is 375
rpm. Find the frequency rpm and the phase and line emf. Assume full-pitched coil.

Frequency, f=PN/120 = 16x375/120 = 50 Hertz.

Since, k. is not given, it is assumed as unity.

n=144/16=9

B =180°/9 = 20°

m=1414/16=3

kq = (Sin m $/2)/(m Sin 3/2) = [sin 3x(20°/2)] / [3 Sin (20°/2)] = 0.96
Z =144x10/3 =480 and T =480/2 =240

Phase voltage, Epn = 4.44x1x0.96x50x0.03x240 = 1534.5 Volts

Line voltage, E;. = V3 Epp = x1534.5 = 2658 Volts

Chapter - 6 :: Three Phase induction motors

A 4 Pole three phase induction motor operates from a supply whose frequency is 50
Hertz. Calculate (a) the speed at which the magnetic field of the stator is rotating (b) the
speed of the rotor when the slip is 0.04. (c) the frequency of the rotor currents when
the slip is 0.03. (d) the frequency of the rotor current at stand still.

(a) Stator speed revolves at Synchronous speed, Ns = 120xf/P = 120x50/4 = 1500 rpm

(b) Rotor or motor speed, N =Ns(1-S)=1500 (1 - 0.04) = 1440 rpm.

c) Frequency or rotor current, Po@s-N_ S f=Sf=0.03x50=1.5rps =90 rpm
f Ns

(d) Since at stand still, S=1 and f =S f= 1x50 = 50 Hertz.

The stator of a three phase induction motor has 3 slots/pole/phase. If supply frequency
is 50 Hz, Calculate (a) number of stator poles produced and total number of slots on the
stator. (b) speed of the rotating stator flux.

(a) Here, P =2xn = 2x3 = 6 Poles.
Total no of slots = 3 slots/pole/phasex6 polesx3 phases = 54
(b) Ns = 120xf/P =120x50/6 = 1000 rpm.

A Slip ring induction motor runs at 290 rpm at full load, when connected to 50
Hertz supply. Determine the number of Poles and Slip.

Assuming Ns to be nearer and greater to the rotor speed, as N = 290 rpm
Let Ns =300 rpm, Since Ns = (120xf)/ P & 300 = (120x50)/P & P =20

% Slip, $ = =2 x100 =" %100 =333 %.
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Introduction to Domestic Appliances

1.1 Classification of Electrical Domestic Appliances

Electricity is one of the most important blessings that science has given to mankind.
It has also become a part of modern life and one cannot think of a world without it.
Electricity has many uses in our day to day life. It is used for lighting rooms, working fans
and domestic appliances like using electric stoves, A/C and more. All these provide comfort
to people. In factories, large machines are worked with the help of electricity. Essential items
like food, cloth, paper and many other things are the product of electricity. These Appliances
are named as Electrical Domestic Appliances

The significant role played by a number of electrical appliances in our daily lives is
quite undeniable. Man is undoubtedly dependent on different types of home and kitchen
appliances likefans, Coolers, air conditioners,CFL lamps, LED lights LCD TVs, heaters,
vacuum cleaners, coolers mixer grinder, juicers, toasters, bun warmers, electric hot plate and
so forth.

Electrical Domestic Appliances
Domestic Appliances can be classified on the working principle
1. Heating Appliances
2. Motorized Appliances
3. Motorized Heating Appliances
4. Luminous Appliances
5. Other Appliance

Electrical Domestic Appliances

Heating Appliances Motorized Appliances Motorized Heating Appliances Luminious Appliances  Other Appliance
Ex:Electric Iron Ceiling Fan Dish washer Incandescent Lamp Electric bell
Electric Rice Cooker Dish Washer Electric Hair drier Fluorescent Tube Inverter
Electric Room Heaters Washing Machine Electric Room Heaters [ CFL lamps Voltage Stabilizerl

Heating Appliances

Electric heating is a process in which electrical energy is converted to heat energy.
Common applications include space heating, cooking, water heating and industrial processes.
An electric heateris anelectrical device that converts an electric current into
heat. The heating element inside every electric heater is an electrical resistor, and works on
the principle of Joule heating: an electric current passing through a resistor will convert that
electrical energy into heat energy. Most modern electric heating devices use nichrome wire as
the active element; the heating element, depicted on the right, uses nichrome wire supported
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by ceramic insulators. A warning that these can go to very high temperatures and create
excruciating burns

Alternatively, a heat pump uses an electric motor to drive a refrigeration cycle, that draws
heat energy from a source such as the ground or outside air and directs that heat into the
space to be warmed. Some systems can be reversed so that the interior space is cooled and the
warm air is discharged outside or into the ground.

Motorized Appliances

All MOTOR-DRIVEN Appliances are named as Motorized Appliances. Motor is
very important part ofMotorized Appliances.Motor appliances convert electrical energy into
movement.This power cuts and blends foods, opens cans, grinds waste, picks up dirt, and
moves air. A motor converts electrical energy into mechanical energy that rotates a shaft. The
end of this shaft may have a blade or other attachment that does the actual work. Electric
motors have found large use also in the household appliance industry, both for essential
functions, as it happens in the washing machine case, where the electric motor is the core of
the household appliance, and to carry out auxiliary functions, as in the case of fanned electric
ovens. The same happens in refrigerators, in freezers and in the products for the environment
conditioning, where the electric motor controls the operation of the compressor, which is the
element on which depend all the performances of these household appliances, as it happens in
kitchen suction hoods.

Same importance, finally, is hold by electric motors in a broad number of small
household appliances, both for their use in kitchen, like food processors, mixers and juicers
and in cleaning products, vacuum cleaners, electric brooms and steam appliances, as well as
small appliances for shaving, epilation, massage and, more in general, the body care.
In all these products, often the electric motor does not represent the most expensive
component but it often constitutes their most critical element

Motorized Heating Appliances [Combination Appliances]

Some Heating Appliances includes motors for various purposes. Such appliances are
called as Motorized Heating Appliances. These combination appliances have both heat and
move. The most popular is the Vacuum Cleaners, Hair Driers, Dish Washers, Room Heaters
stirring popcorn poppers, electric bread maker. It mixes dough, then bakes it into bread.

Luminous Appliances

The Appliances which produce illumination by using Electrical Energy are termed as
Electrical Luminous Appliances.Without light during the night, you won’t be able to see.
When you can’t see, you can’t work, you can’t continue on with most of your chores. That
would be more than 4 hours lost every day.
An electric lightis a device that produces visible light from electric current. It is the most
common form of artificial lightingand is essential to modern society, providing
interior lighting for buildings and exterior light for evening and night-time activities.
Luminaire or Luminaries provide support and electrical connection to Lamp or Lamps within
it. They control, distribute and direct the Light on to the object. They ensure that lamps are
operated in a way such that operating temperature is kept within prescribed limits. They
should be easy to install and maintain, aesthetically pleasant and economically viable.

Other Appliance
Many more Appliances which are not included in the above category like Electric bell
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and Emergency Light/Rechargeable Torch, Voltage Stabilizer, UPS and Inverter etc. They
work under different principles. Such appliances are categorised as Other Appliances

1.2.1General procedure for servicing

Appliances are an important part of any household. However, these appliances
account for about one-fifth of your household’s energy consumption. Among all the
household electrical appliances, refrigerators, clothes washers, and dryers use the most
energy. Different household appliances use different amounts of energy depending upon their
efficiency. There are several factors that affect the energy consumption of different
appliances. For example, a water heater having improper insulation is less efficient and will
use more energy than one with proper insulation. In the same way, a clothes washer in an
open location is likely to use more electricity than one located inside the home.

The age of the appliance is an important factor that affects the amount of energy
consumption. If you are using a 12-year-old refrigerator, chances are that you are paying
more for electricity consumption. If you have purchased a refrigerator within last five years,
it is likely to be more energy efficient as most of the newer appliances are becoming more
energy efficient in general. In addition, the model and brand of the appliance also decides the
energy usage.

When looking to answer this question, keep in mind that every appliance that is
plugged in consumes energy. Several appliances consume energy even if they are not “turned
on.” For example, TVs, computers, VCRs, and other electronic devices use energy when they
are in standby mode, albeit a lower amount. Even your mobile charger for your phone or iPod
consumes about 4 watts of electricity per hour.

Electrical Power is measured in kilowatts. One kilowatt means 1000 watts, and one
thousand watt-hours mean one kilowatt-hour (1kwh) or one kilowatt used over one hour.
Your utility bills show kilowatt-hour usage. Let us see how much electricity a typical
appliance uses (in watts per hour):

o Electric clothes dryer: 6000 watts o Toaster oven: 1200 watts
o Cloth washer: 425 Watts e Heat pump: 5000 watts

o Refrigerator: 188 watts e Ceiling fan: 60 watts

o Dishwasher: 200 watts o Coffeemaker: 1200 watts
« Central AC: 6000 watts e Blender: 300 watts

e Window AC: 1300 watts e Mixer: 200 watts

o Flat screen TV: 150 watts e Iron: 1000 watts

e LCD TV: 213 watts o Toaster: 1000 watts

e Vacuum: 1100 watts o Computer:95 watts

e Humidifier: 90 watts o DVD player: 25 watts

o Freezer: 273 Watts o VCR: 11 Watts

o Water heater: 473 Watts o Electric blanket: 250 watts
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o Cable Box: 20 watts o Laptop: 50 watts

e PC monitor: 150 watts

Servicing and Maintenance of Home Appliances

Refrigerators and washing machines are an essential part of our daily routine. People
find much comfort in washing their clothes at home than giving them away at the laundry
houses where clothes are often not dealt with reasonable care. These have become an
essential and an important aspect of modern living. It is nearly impossible to find a home
which does not use a washing machine or a refrigerator. Even small apartments have these
appliances for carrying out their routine activities. Finding a home without refrigerators is
nearly impossible. Likewise, heat systems and heat pumps become an essential part of the
house during the winter season. In winter, people prevent themselves from the cold and low
temperatures by enjoying the heat of these systems. These systems are specially installed in
houses to provide a central heating.

Common Problems:

Sometimes most of the households experience some interruptions and malfunctions of
service at some point in their lifespan. These appliances face many challenges such as much
leakage, electric disorders, burned out switches, dusty and molded ducts, etc. Refrigerators
mostly run out of certain oils and lubricants. Their condenser coils get dirty and molded.
Likewise, in washers, the faults in timers is the most common problem faced. Much wear and
tear take their tolls on the agitator, motor, and timers of these machines. Heat systems face
same problems as much of the air conditioning, and air duct systems face.

Assistance and Services:

Many of the daily used appliances encounter a lot of repair and maintenance
problems. These may arise due to various reasons which are responsible for decreasing the
overall efficiency and lifespan of our appliances. Appliances including heat pumps, heating
systems, refrigerators, and washers need a proper repair and maintenance at regular intervals
so that your systems keep on running efficiently. Some of the methods include:

* Checking loose fittings

* Checking internal parts for any damages

* Examining external parts and outer coverings for cracks and damages
* Lubricating parts where necessary

* Adjusting and fitting thermostats for heating systems

* Cleaning the condenser coils for refrigerators

* Replacing waterproof switches and wires for washers

Benefits of Servicing:

Repairing the appliances is far better than replacing and using new systems. Improving and
maintaining your appliances at regular intervals can speed up the performance, lifespan, and
activity of your households. These little steps can go a long way in saving our money.
Periodic maintenance would help you lowering your monthly bills, provide comfort and
much reliability of your households. Such repairing can prevent many costly breakdowns,
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makes
overall

your home more efficient, extend life of appliances, save energy and improve the
efficiency of your home appliances

Energy conservation while using Kitchen appliances

Dry grinding of food in mixers and grinders takes longer time than liquid grinding.
Microwaves ovens consume 50 % less energy than conventional electric / gas stoves.
Electric stoves can be turned off several minutes before the specified cooking time.
Flat-bottomed pans that make full contact with the cooking coil reduce loss of heat.
Pressure cookers should be used as much as possible

Refrigerated items like vegetables, milk, meat etc. should be brought to room
temperature before heating / cooking.

Solar Water Heaters can be used to replace electric water heaters / fuel based heating
systems.

Tips to conserve energy during use of household electronic devices

When devices like TV, Computers and Audio Systems are not in use, the power
should be switched off.

If computers have to be left on, the monitor should be turned off.

Screen savers on computer screens are not energy efficient. Shutting computers down
when not using them reduces system wear and saves energy.

Regularly defrosting manual-defrost refrigerators and freezers makes them more
energy efficient.

There should be enough space left between a refrigerator and the walls so that air can
easily circulate between them.

Refrigerator door seals should be airtight.

A strange but true fact is that a full freezer uses less energy than an empty one. It is
because, in an empty freezer, the cold air escapes and the warm air takes its place
every time we open the door. The fridge has to work almost double the time to cool it
again. Hence, its suggested that zip lock bags filled with water can be placed in the
freezer. The stocked up ice will not allow the cool air to escape — so the fridge doesn’t
have to work extra time and energy is saved. Moreover, the ice filled bags will keep
the fridge cool during power cuts

Avoid putting hot or warm food straight into the refrigerator.
Washing machines should be used only with full loads.
Air conditioners having automatic temperature cut off should be preferred.

The ceiling fan should be operated in conjunction with the air conditioner to spread
the cooled air more effectively throughout the room. The air conditioner can then be
operated at a higher temperature.
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e Doors and windows should be sealed properly.

« Planting trees or shrubs to shade air-conditioning units makes them use less electricity
than the same one operating in the sun.

Do you waste more electricity by turning lights on and off?

While turning off lights saves energy generally, the answer about whether you waste
more electricity by turning lights on and off is that it depends. Sometimes it can actually be
cheaper to leave a light on rather than turn it off. It all depends, on the light bulb.
Incandescent lights — assuming you still have any of these — are the easiest. If you’re not
using them, turn them off. They’re the least efficient light and 90% of the energy they use is
heat. Turning them off will also help cool a room in summer, which could potentially affect
other energy costs as well, such as air conditioning.

Halogen lights should also be turned off when not in use. They use the same technology as
incandescent lighting and are less efficient than CFL or LED bulbs.

Lighting savings get a little trickier with CFL or LED lights. weoffer this general rule of
thumb for deciding if turning off CFL lights saves energy: Leave them on if you will return to
a room within 15 minutes; if you’re going to be gone for more than 15 minutes, turn them off.
This strategy can also help extend the life of a CFL bulb because its operating life is more
affected by the number of times it’s switched on and off.

LED, or light emitting diode, bulbs are not affected at all by being turned on and off. This
characteristic makes LED bulbs a top energy savings lighting choice. They’re a great option,
when used with sensors that rely on on-off operation. They also turn on at full brightness
almost instantly.

Disassemble of Major Appliances

. '.\p Panel

Front Panel

Spring Clip
Putty Knife

Fig
1.1Releasing the Spring clip

Before you can repair a major appliance, you'll have to disassemble all or part of it. All major
appliances are different, but the disassembly procedure is about the same: Remove the parts
in reverse of the way the manufacturer put them together. Check your owner's manual for
assembly diagrams and instructions. Remember that you'll have to put the appliance back
together again, so lay the parts out in the order in which you remove them, with fasteners in
hand. If you aren't sure you'll be able to put the appliance back together, take notes and make
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drawings as you work. Label all terminals and wires if you must disconnect more than one
wire at a time.

To disassemble a major appliance, start with the obvious knobs and fasteners. Many knobs
and dials are push-fit. Simply pull them off their control shafts. Knobs may also be held in
place by setscrews, springs or spring clips, or pins; or they may be screwed on. All of these
types of fasteners are easy to release. Housing panels are usually held by screws or bolts.
They may also be held in place by tabs. Sometimes, parts are force-fitted and may be hard to
remove. Never force parts apart; look for hidden fasteners. For instance, there may be no
obvious fasteners holding the top of a washer in place. However, you can locate the clips that
hold the top of the washer down by sticking the blade of a putty knife into the seam where the
top panel meets the side panel. Run the knife along the seam until you hit an obstruction; this
is a spring clip. To release the clip, push the blade of the knife directly into the clip, at a right
angle to the seam, while pushing up on the top panel. Repeat this procedure to locate and
remove any other spring clips holding the top panel in place. Then lift the panel off.

Fasteners may also be hidden under a nameplate or company logo, behind a scarcely visible
plastic plug, under a cork pad on the bottom of the appliance, or under an attachment plate.
Carefully pry up the part that is hiding the fastener. When you reassemble the appliance, snap
the concealing part back over the fastener, or, if necessary, glue it into place. If you can't find
hidden fasteners on force-fitted parts, warm the parts gently with a heating pad; the heat may
make disassembly easier. Inside the appliance, watch for clips holding parts to the housing
panel.

Before reassembling a major appliance, carefully vacuum inside the appliance to remove all
dust and lint. Check for other problems and make any necessary repairs or adjustments. If the
appliance has a motor, lubricate the motor. Check carbon brushes in universal motors for
wear and replace them if necessary. Lubricate moving parts sparingly and make sure
electrical contacts are clean.

Reassemble the appliance in reverse of the way you took it apart. Never force parts together
or overtighten fasteners. Make sure moving parts, such as armatures or gears, don't bind.
After reassembly, connect the power and turn it on. If it makes noise, smells, or overheats,
turn it off and disconnect the power. Then go back over your repair.

Grounding Systems

Many homes today are equipped with electrical outlets that have a three-wire system. The
third wire is a grounding device and operates the same way as the grounding wire on
stationary appliances. Large appliances, whose plugs have two blades and a prong, should be
plugged into a grounded outlet or grounded with a special adapter plug. Caution: Never
remove the prong from a three-wire plug to make it fit an ungrounded outlet; always use an
adapter plug.

Proper grounding is vital for metal-framed appliances. If the insulation on the power cord of
a metal-framed appliance (such as a washer or dryer) is broken or worn away at the point
where the cord enters the frame, contact between the current conductor and the metal frame
could charge the whole appliance with electricity. When this happens, dampness can cause a
shock hazard even if the appliance is properly grounded. If you accidently touch a charged
metal frame in a damp location or while touching a water faucet or radiator, the current
would surge through you and could kill you.
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There are three things you can do to eliminate this hazard. First, make sure your major
appliances are properly grounded. Second, make sure that all appliance cords are in good
repair, and that they are not chafing against burrs or rough spots where they enter the
appliance frame. Third, add a ground-fault circuit interrupter (GFI or GFCI) to the circuit.
GFls are monitoring devices that instantly shut off a circuit when a current leak occurs. They
are required by the National Electrical Code on all new 15-amp and 20-amp outdoor outlets
and for wiring in bathrooms, where dampness is a common problem. GFls are available to
plug into existing outlets as adapters, to replace outlets, and to replace circuit breakers in the
electrical entrance panel. A professional electrician should install the circuit-breaker type;
you can install the other types yourself. Ground-fault circuit interrupters are available at
electrical supply and home center stores.

Double-Insulated Appliances

In double-insulated appliances and power tools, the electrical components are isolated from
any parts of the appliance that could carry electrical current. However, these appliances are
not completely shock-safe. You should use caution with any electrical device. For example,
never operate an electric drill while standing on a wet surface--and never drill into a wall
where power lines may be present. Double-insulated appliances and tools should almost
always be repaired by a professional, because the double insulation depends on a plastic
housing and a plastic buffer between parts that carry electricity. If these plastic parts are not
properly positioned, the appliance or tool could produce a harmful electrical shock.
Appliances and tools that are double
insulated are usually labelled as such.

Repairing Power Cords and Plugs

Major appliances have many components in
common, making repairs easier. For
example, once you've learned to repair a
power cord on a refrigerator, you can apply
the same skills to repairing a washing
machine's power cord.

Closed Lugs The following sections explain common

devices that are used on major appliances
and offers tips on how to repair them.

Contacts ———

Power Cords and Plugs

Many appliance "breakdowns™ are really due
to worn, frayed power cords or plugs that no
longer make proper electrical contact. To
ensure safe operation, you should check all
appliance cords for problems periodically
and replace frayed or broken cords

immediately. When you suspect a cord is
T S —@ faulty, remove it from the appliance and test

it with a continuity tester. Clip the tester to
one blade of the plug and touch the probe to

one of the two wires -- or, if it's a plug-in cord, insert the probe into one of the two holes -- at
the appliance end of the cord. If the tester lights or buzzes, move it to the other wire or hole

Molded Shell
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and test again. Repeat this procedure to test the other blade of the plug. If the tester lights or
buzzes at every test point, the cord is not faulty; if it fails to light or buzz at any point, the
cord or the plug is faulty. You can pinpoint the defect by cutting Fig 1.2When a female plug
malfunctions, open it and check the conductor wires. If the wires are loose, tighten the
terminal screws. For other problems, replace the plug.

off the plug and testing the cut end of the cord; if the tester lights or buzzes at all test points
now, the plug is the defective part. The damaged component -- cord, plug, or both -- should
be replaced.

Often, the hardest part of replacing an appliance cord is determining how the appliance
comes apart so that you can remove the old cord and attach a new one. Sometimes all you
have to do is remove the cover from a connection box. In other cases, as with a small hair
dryer, the unit itself must be partially disassembled before you can reach the terminals. In
nearly all cases, the cord is held in place by a clamp or by a fitted strain-relief device. To
remove the cord, unscrew the terminal screws or pull the pressure connectors apart, loosen
the clamp or remove the strain-relief device, and pull the cord out. Installation of the new
cord is simply a reverse procedure. Be sure to save the strain-relief device and replace it on
the new cord. If you damage the strain-relief device when you remove it, replace it with a
new one of the same type.

In some equipment, the conductor ends are looped around terminal screws, making new
connections easy. Carefully strip off the outer insulation (not the insulation on the inner
wires) for about 2 inches at the end of the cord. Then, using a wire stripper, remove about 1/2
inch of insulation from the end of each conductor wire. Twist the exposed filaments of each
wire clockwise into a solid prong. Loosen the terminal screws and loop each bare wire end
clockwise around a screw. Tighten the screws firmly. Connect the wires at the appliance end
of the new cord the same way the old wires were connected.

If only the plug on a major appliance is faulty, you can attach a new plug to the old cord.
Male plugs, with two blades or with two blades and a grounding prong, plug into an outlet.
Female plugs, often used at the appliance end of the cord, have terminal holes instead of
blades. Male plugs can usually be taken apart so you can access the terminal screws. Female
plugs may be held together by rivets or by screws. Screw-held plugs can be taken apart, but
rivet-held plugs cannot be repaired.

When a plug malfunctions, open the plug, if possible, and check to make sure the conductor
wires are properly attached to the plug's screw terminals. If the wires are loose, tighten the
terminal screw. This may solve the problem; otherwise, the plug should be replaced. To
attach a new male plug:

Step 1: Insert the cord end through the plug opening and pull it through for about five or six
inches.

Step 2: Carefully strip off the outer insulation for about 2 inches. Then, using a wire stripper,
remove about 1/2 inch of insulation from the end of each conductor wire.

Step 3: Twist the exposed filaments of each wire clockwise into a solid prong. After twisting
the conductor ends, tie a tight knot with the inner wires of the cord. Then pull the plug down
over the knot, leaving the exposed ends of the conductor wires sticking out. Loosen the
terminal screws in the plug.

Step 4: On a two-wire plug, loop each wire around one prong and toward a screw terminal.
Loop the bare wire end clockwise around the screw terminal and tighten the screw. If the
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screws are different colours, connect the white wire to
the white screw and the black wire to the yellow screw.
On a three-wire plug, use the same technique to
connect each of the three wires to a terminal screw.
Connect the green grounding wire to the green screw
terminal.

Step 5: When the conductor wires are firmly secured
to the terminal screws, slide the cardboard insulator

"/ over the blades of the plug. If the plug has a clamp-

type sleeve, clamp it firmly around the cord.

Repairing  Gaskets, Wiring, Switches, and
Thermostats

We will continue our tour through the inner-workings

of your major appliances with an examination of three of the most common components.
Let's get started with an item you'll find in most machines that use water -- gaskets.

Retaining
Strip

Gasket

Gaskets

Gaskets do two things: They
prevent leaks of water and air,
- and they increase the efficiency
of the appliance. When a gasket
fails, it should be replaced as
soon as possible. To determine
whether a gasket is faulty,
inspect it for cracks and tears. It
should feel spongy.

Fig 1.3 A flush-mounted gasket
is held in place by a retaining
strip, fastened by screws or
clips.

If the gasket has hardened, it
should be replaced. Be sure to
replace a faulty gasket with a
new one made specifically for
the appliance. Do not use a
universal, fit-all gasket.

Faslening
Screw

|

There are two common types of gaskets -- flush-mounted and channel-mounted. A flush-
mounted gasket is secured to the door by a series of screws or clips, or held in place by a
retaining strip or a panel. A channel-mounted gasket is held in a retaining groove. A splining
or gasket tool makes installation easier. Use gasket cement to install either type of gasket if
specified by the manufacturer. To replace a gasket:

Fig 1.4 A channel-mounted gasket is held in a retaining groove.

Step 1: Remove the old gasket. If it's channel-mounted, pull it carefully out of the channel. If
it's flush-mounted, remove the fasteners, retaining strip, or panel to release the gasket.
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Step 2: Clean the gasket area thoroughly with warm water and liquid detergent, or with
mineral spirits, if necessary. Dry the door.

Step 3: Install the new gasket, smoothing it evenly into place and easing it around corners.
Use gasket cement if specified by the manufacturer. If you're installing a channel-mounted
gasket, press it into place with a splining tool. Make sure the gasket is properly and smoothly
positioned, with no part sticking up or curled under.

Step 4: Replace the fasteners or the retaining strip or the panel and its fasteners. Remove any
excess gasket cement with mineral spirits, but be very careful not to damage the appliance's
finish.

Wiring

Many appliance repair tasks involve wiring or connecting wires to install a new electrical
component. The electrical wires in appliances may be connected in one of several ways,
including the basic screw-terminal connection, the push-in terminal, and sometimes the
sleeve-type lug terminal. Wires may also be joined with the solderless connectors called
wirenuts. Components that have many wires -- washer timers, for instance, which control
several operating cycles -- are often connected in a wiring harness: a group of wires enclosed
in a plastic sleeve. Each type of wire connection, for each individual wire and each wire of a
harness, must be properly made when you install a new component. Before you disconnect

any wiring in an appliance, make sure you know how it's attached. When you install the new
component, attach its wires the same way.

Switches

Switches operate by making contact with the conductor of an electrical circuit. When an
appliance is plugged in, it's connected to a circuit in your home. Power runs through the wires
of the circuit to the appliance. When the appliance's on/off switch is turned on, the conductors
of the appliance cord are moved into contact with the circuit conductors, and electricity flows
through the switch to operate the appliance. The current flows in a loop through the
appliance, making a complete circuit back through the switch to the line wires. Other basic
appliance components are variations of switches. Rheostats, thermostats, solenoids, and
timers, for example, are all switches or secondary switches. These components operate inside
appliances to turn on motors, open and close valves, control heating elements, and turn on
different parts of the appliance during different cycles, such as the rinse and spin cycles of a
washer. There are several common types of switches -- push buttons, toggles, rockers, slides,
throw switches, and so on.

All switches consist of electrical contacts in a mechanical housing. Switch failure can be
caused by problems with either the contacts or the housing. When a switch malfunctions, turn
it to the ON position and watch to see if the contacts are moved into position so that they
touch. If the contacts are not operating properly, the switch housing is faulty, and the switch
should be replaced. If the switch's mechanical operation is all right, its contacts may be dirty
or misaligned. If the switch has terminal screws, they may be loose. If the contacts are dirty
or corroded, rub them gently with a fine emery board and then with a soft cloth. If they're
misaligned, bend them gently back into place. Tighten any loose terminal screws. If the
contacts or screws are badly corroded, the switch should be replaced. To determine whether a
switch is working properly:

Step 1: Disassemble the appliance to test the switch with a continuity tester or a VOM set to
the RX1 scale.
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Step 2: With the appliance unplugged, hook the clip of the continuity tester to one lead of the
switch and touch the probe to the other; or touch one probe of the VOM to each terminal.

Step 3: Turn on the switch. If the switch is functioning, the continuity tester will light or
buzz, and it will stop glowing or buzzing when the switch is turned off; or the VOM will read
zero. If the tester doesn't light or buzz, or the VOM reads higher than zero, the switch is
faulty and should be replaced. (Note that some switches should have a higher reading than
zero, as detailed for each appliance.)

Step 4: Replace a defective switch with a new one of the same type, and connect it in exactly
the same way the old switch was connected.

Thermostats

A thermostat is a switch that controls temperature in a heating element or a cooling device.
Thermostats used in appliances may use a bimetal strip, bimetal thermodiscs, or a gas-filled
bellows chamber to control the electrical contact. Faulty bimetal-strip and thermodisc
thermostats should be replaced. Gas-filled thermostats can sometimes be professionally
repaired. If repair is possible, it is much less expensive than replacement. To determine
whether a thermostat is functioning:

Step 1: Disassemble the appliance to access the thermostat, and test it with a continuity tester
or a VOM set to the RX1 scale.

Step 2: With the appliance unplugged, hook the clip of the continuity tester to one lead of the
thermostat and touch the probe to the other; or touch one probe of the VOM to each terminal.
The continuity tester should light or buzz; or the VOM should read zero.

Step 3: Turn down the temperature control dial; you'll see the contact points open at the
thermostat. The tester should stop glowing or buzzing when the contacts open.

Step 4: If the thermostat is faulty, replace it with a new one. Follow the manufacturer's
instructions.

As we mentioned in the introduction, most major appliances have two types of parts --
mechanical and control. Up to now we have covered only mechanical parts. In the next
section, we will start to learn how to repair control devices.

Repairing Heating Elements and Timers

Many appliances perform several functions -- for example, the various cycles of a washer or
dishwasher. These appliances operate automatically; once the on/off switch is turned on,
switch components inside the appliance take over to control heat, water or fuel flow, motor
speed, and other variables. The most important of these devices -- used to operate switches,
levers, and valves automatically -- are solenoids (a current-carrying coil), relays, and
sensor/responder pairs.

Heating Elements

Heating elements work very simply. Unlike conductors, they are made of metal with high
electrical resistance. When current flows through the element, this high resistance prevents it
from flowing easily. Current must work to get through the element, and this work is
converted into heat. When the current is turned off, the element cools. There are three types
of heating elements: wire, ribbon, and rigid. To determine whether a heating element is
functioning:

Step 1: Disassemble the appliance to access the element and test it with a continuity tester or
a VOM set to the RX1 scale.
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Step 2: With the appliance unplugged, hook the clip of the continuity tester to one terminal
of the heating element and touch the probe to the other terminal; or touch one probe of the
VOM to each terminal. If the element is functioning, the tester will light or buzz; or the VOM
will read from 15 to 30 ohms. If the tester doesn't light or buzz, or the VOM reads higher than
30 ohms, the element is faulty. Replace it.

Note: If you use a continuity tester, look closely at the tester, especially if it is the light-up
type. Some heating elements have an extremely high resistance factor, and the light may
produce only a dim glow or a faint buzz. This reaction does not mean that the element is
faulty, but rather that it converts current to heat efficiently.

Mechanical Timers

The operation of a major appliance that has several cycles (for example, a washer,
dishwasher, dryer, frost-free refrigerator, or range) is controlled by a timer -- a complex
rotary switch powered by a small synchronous motor. The timer consists of a shaft, gears, and
a series of notched cams, one for each circuit or cycle. The timer itself is powered by the
timer motor; the appliance is powered by the much larger appliance motor. When the switch
is turned on, electrical contact is made with the timer motor, and a spring on a trip arm is
coiled. The arm trips when the spring is tight, releasing the spring and moving the cam of the
switch to the next circuit. At the last cycle, contact with the motor is broken, and the timer
turns the appliance off.

When a timer malfunctions, it should usually be replaced. Professional rebuilding is
sometimes possible, but this is likely to be more expensive than replacement. Many timers
are sealed units. Some timers have an adjustment shaft, which can be turned with a
screwdriver blade. To determine whether a timer is functioning:

Step 1: Test the timer with a continuity tester or a VOM set to the RX1 scale. Make a sketch
of the timer wires and then, with the appliance unplugged, disconnect all timer wires from
their terminals. Make sure you'll be able to reconnect the wires exactly the same way.

Step 2: Touch or clip one probe of the tester or the VOM to the common terminal. Touch the
other probe to each cycle terminal in turn. Rotate the timer control knob as you work. The
continuity tester should light or buzz at each circuit; the VOM should read zero.

Step 3: If one or more circuits do not give these results, the timer is faulty and should be
replaced. To replace a timer, disconnect its wires one at a time, connecting the corresponding
wires of the new timer as you progress in order to avoid the chance of a misconnection.

Digital timers typically cannot be repaired and must be replaced.

Repairing a heating element didn't seem that dangerous, right? Well, heating elements lack a
key ingredient that makes the repairs in our next section so dangerous -- combustible gas.
Move on to the next to learn how to repair a pilot light or thermocouple.

1.2.7 Repairing Motors

Major appliance motors are usually dependable and long-wearing. You can prolong their life
and increase their efficiency by keeping them clean and well lubricated. Use motor-driven
appliances sensibly. Don't overload them, don't abuse them, and don't ignore problems until
they become serious.

There are several basic rules for operating motor-driven appliances:
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o Always connect an appliance to an adequate power source; a 220-240-volt appliance
must be connected to a 220-240-volt outlet. If the outlet for a major appliance is not
grounded, use a grounded adapter plug to ground the appliance.

o Never use a small appliance that's wet, and never operate any appliance while your
hands are wet. If a large appliance, such as a washer or dryer, gets wet, do not operate
it or try to unplug it. Have the motor examined by a professional before you use the
appliance again.

o Never overload an appliance. Overloading causes inefficient operation and motor
overheating, and can cause excessive wear. If a motor turns off because it's
overloaded, reduce the load before restarting the appliance.

? Nolar Housog

P

Conmmutior Rematies

Fig 1.5 A universal motor has an armature and a rotating commutator, mounted on a motor shaft.
Carbon brushes make the electrical contact; worn brushes are the most common problem.

Universal Motors: Universal motors consist of a rotor called an armature, with coils of wire
wound around it, and a rotating cylinder called a commutator, with alternating strips of
conducting and non-conducting material. The armature and the commutator are both mounted
on the motor shaft. On each side of the commutator, a carbon brush carries current from the
circuit. When the carbon brushes press against the commutator, the armature is magnetized
and rotates. Most universal motors also have a cooling fan at the end of the shaft. Universal
motors are used in many small and medium-size appliances. They provide strong power at
both low and high speeds. Universal motors can operate on either AC or DC current. Their
speed is controlled by a rheostat, a tapped-field control, a rectifier, or a governor, or by
physical movement of the carbon brushes away from the armature.

Most universal motors are permanently lubricated and sealed by the manufacturer and require
no further attention. Some universal motors, however, have covered lubrication ports, usually
marked "oil," at the ends of the motor shaft. This type of motor should be oiled every six
months, or according to the manufacturer's instructions. Lift each port's lid and apply a drop
or two of No. 30 nondetergent motor oil (not all-purpose oil). Do not over-lubricate.

Many universal motor malfunctions are caused by wearing down of the carbon brushes, the
soft blocks of carbon that complete the electrical contact to the motor's commutator. When
these brushes become worn, the motor will spark, and electrical contact may be incomplete.
You can solve both problems by replacing the brushes.

Brushes can be checked visually or tested with a continuity tester. Here's how:
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Step 1: To sight-check the carbon brushes, remove the screws that hold the brushes and brush
springs into the brush holders at the sides of the commutator. The screws will pop out of the
screw holes; turn the motor over to tap out the brushes. The ends of the brushes should be
curved to fit the commutator; if they're worn down, new brushes are needed.

Step 2: To check carbon brushes with a continuity tester, remove the motor lead wires from
the circuit. Tag the wires as you disconnect them so that you'll be able to reconnect them
properly. Hook the tester clip to one motor lead and touch the probe to the other lead; the
tester should light or buzz. Slowly rotate the motor shaft, keeping the tester in position. If the
tester doesn't light or buzz, or if it flickers or stutters when you turn the motor shaft, the
brushes should be replaced. If the springs behind the brushes are damaged, they should be
replaced as well.

Step 3: Replace worn carbon brushes and damaged springs with new ones made specifically
for the motor. The model information (number and make) is stamped on a metal plate
fastened to the motor, or embossed on the metal housing of the motor. If you can't find the
model information, take the worn brushes and springs with you to an appliance-parts store to
make sure you get the right kind. Insert the new springs and brushes in the brush holders,
replace the brush assemblies, and secure the new brushes with the mounting screws that held
the old brushes.

Don't attempt other repairs to a universal motor. If a serious malfunction occurs, buy a new
motor or take the faulty motor to a professional for repairs. Most large universal motors are
fastened to plate-type mountings. To remove the motor, disconnect the wires and remove the
holding bolts and any belts that are present. If the faulty motor is in a small appliance, take
the entire appliance to the repair shop. It may sometimes be less expensive to buy a new
appliance than to have the old one repaired.

Split-Phase Motors

Split-phase motors consist of a rotor turning inside a stator (the non-moving portion of a
motor) that has two wire coils: a starting winding and a running winding. Current flows
through both windings when the motor is starting up, but when the rotor has reached about 75
to 80 percent of its top speed, the starting winding is turned off and only the running winding
receives current. Split-phase motors operate on AC current. They are fairly powerful, and are
used in appliances such as washing machines, dryers, and dishwashers.

These motors require no maintenance except cleaning and lubrication. Split-phase motors
have a special auxiliary winding -- the starting winding. Don't try to make any repairs
yourself. When a motor malfunctions, buy a new motor or take the faulty motor to a
professional service person, whichever is less expensive. You can save the expense of a
service call by removing the old motor from its mounting and installing the repaired or new
motor yourself.

Capacitor-Start Motors

A capacitor-start motor is a shaded-pole motor with a capacitor (an energy-storing device)
wired into the starting winding. The capacitor stores current and releases it in bursts to
provide extra starting power. When the motor reaches about 75 percent of its top speed, the
starting winding is turned off. Capacitor-start motors operate on AC current. They are very
powerful and are used in appliances that require a high starting torque or turning power, such
as air conditioners and furnaces.
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Capacitor-start motors require regular cleaning to keep them free of lint and oil. Ventilation
to the motor must be adequate. If the motor has oil ports, lift each port's lid and apply a drop
or two of No. 30 nondetergent motor oil (not all-purpose oil). Do not over-lubricate.

Capacitor-start motors are usually hard to get at and have a capacitor and special auxiliary
windings. Don't try to make any repairs yourself. When a motor malfunctions, call a
professional service person.

Caution: Capacitors store electricity, even after the power to the appliance is turned off.
When working with a capacitor-start motor, you must discharge the capacitor with a 20,000-
ohm, 2-watt wire-wound resistor, as detailed for each appliance.

As with most do-it-yourself projects, repairing your own household appliances can save you
both time and money. If you can remember to take it slow and label your steps, you can
disassemble and reassemble most of the simple machinery in your home.

1.2.2 Tools used for repairing domestic appliances

So you want to start doing home maintenance to save money or you're fed up taking time off
from work and waiting for tradesmen who don't turn up on time? Anyone can do basic DIY
and whether you want to progress to more advanced DIY projects depends on how brave you
are, your level of patience and if you are willing to learn by trial and error with a couple of
disasters on the way! This guide outlines the most common tools required for basic home
maintenance. Of course you don't have to buy them all at once! A toolkit is put together over
a lifetime and tools can be bought as the need arises.

1. Hammers 11. Ladders
2. Philips and flat screwdrivers 12. Voltage testers
3. Pliers 13. Torches
4. Snips 14. Paint brushes
5. Saws 15. Drill bits
6. Locking pliers 16. Metal detector and live wire
. detector

7. Measuring tapes

17. Cordless drill
8. Wrenches (Spanners)

18. SDS drill
9. Socket set

10. Pipe wrench and water pump pliers 19. Knife with disposable blades

20. Tippex marker
Choosing Tools

These tools are sufficient for doing basic maintenance jobs around the home like tightening
screws on cupboard doors, hanging pictures, tightening loose nuts, wiring mains plugs,
tightening power sockets, cutting and fixing sections of timber and basic plumbing.

It's also a good idea to stock up on essential materials and fixings such as nails, screws,
assorted nuts and machine screws, insulating tape, super-glue, epoxy resin and cable ties etc.

1. Hammers
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e Aclaw hammer is used for hammering nails, pulling them out and general bashing of
stuff. A standard hammer head weighs 1 Ib, however you can buy lighter hammers for
use with smaller gage nails

e Alump hammer or builder's hammer has a heavy head, useful for breaking bricks or
blocks, driving large nails, using with a cold chisel for chopping concrete and any other
application that requires brute force

' =

Sledge hammer Stoning hammer Machinist hammer
! 4
/ LY — M
P me -
Chipping hammer Roofing hammer Cross pein hammer
Claw hammer Ball pein hammer Mallet hammer

Fig 1.6 Various Hammers
2. Philips and Flat Screwdrivers

Various sizes of Phillips and flat head
screwdrivers, large and small. There are two
options:

» Buy screwdrivers individually or as
set

» Buy a screwdriver handle with a tip
that takes various sizes of screwdriver bits

Sets of screwdrivers sometimes include an awl for making holes prior to driving screws or
drilling. This looks like a screwdriver but has a pointed tip  Fig 1.7 Phillips screws which is
pushed into wood or plastic and turned to

make a hole.

3. Pliers

Standard pliers for holding, pulling, bending, twisting etc. They
can also be used to undo small nuts.A long (snipe) nose pliers is
better for reaching into places that a standard jaw pliers can't
access. It's also used for bending ends of wires, holding parts and
is a standard tool for electrical/electronic work.

Fig:1.8 Different pliers

4. Snips

A wire snips is useful for cutting and stripping the insulation from
wire when wiring plugs, socket outlets, lighting outlets, cutting plant
ties when gardening or cable ties.
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Fig:1.9 Different Snips

5. Saws

e A standard carpenter's hand saw for cutting wood (lumber). You can use it for
crosscutting lengths of timber or for cutting through sheets of plywood or MDF

e Atenon saw is smaller with finer teeth and better suited for neater cutting of e.g.
architrave

e Ajunior hacksaw 12A junior hacksaw can be used for
cutting copper and plastic tubing, bolts and other light

pipe

Fig 1.10 A hand Saw Fig 111 A
Tenon saw Fig 1.12A junior hacksaw

6. Locking-Pliers

A locking pliers (also known by the brand name
"Vice Grip" or "Mole wrench™) can be used for
holding nuts, bolts, bars or anything to prevent it
turning. It can also be used as a general purpose

clamp for holding two parts together.

Fig 1.13Using a locking pliers to hold the body of an outside tap while undoing the top
7. Measuring Tapes
e A 6 m (20 foot) measuring tape is perfect for general purpose use

e A smaller 3 m tape is small and compact and you can slip it into your pocket for
measuring stuff while you go shopping for furniture or building materials

Fig 1.14 Measuring Tape
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8. Wrenches (Spanners)
Worenches, known as spanners in the UK, are used for tightening nuts, bolts, taps, plumbing
fittings, wall fixings and anything else that requires a nut to be tightened.

You can buy either open ended wrenches or combination wrenches. The latter are open at
one end and ring at the other end. The ring part makes for quicker tightening of nuts without
having to take the wrench off the nut or bolt head and put it back on again. Ring or
combination spanners can also be used for situations when a nut needs to be undone but the
threaded section of the bolt extends too far beyond the nut to fit into a socket.

For domestic work, sockets or wrenches don't need to be greater than 3/4 inch AF (across the
flats) or about 22 mm in size.

1.15 Combination spanners (wrenches) 1.16Combination spanners

9. Socket Set

A socket wrench and socket does the same job as a wrench but the ratchet action makes things
quicker and easier because you can just pump the handle to tighten or release a nut or bolt.
With a wrench you have to continually remove and replace the jaws of the wrench onto a
nut/bolt head. A socket wrench is often used in conjunction with a standard wrench, the wrench
for holding a nut and the socket wrench for releasing/tightening the bolt (or vice versa).
The disadvantage of a socket wrench is that you can't Fig 1.17Socket wrench set  use it
to tighten nuts on long bolts or threaded bar because a socket mightn't be deep enough. You
can always use a ring spanner in this scenario or a through socket and wrench.

10. Pipe Wrench (*'Stilson’") and Water Pump Pliers
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Fig 1.18(a)Pipe wrenches or "Stilsons"Fig 1.18(b) Tightening a nut on a compression fitting
with water pump pliers and vice grips (locking pliers).

If you're going to do any home plumbing, these are useful tools to have for dismantling taps,
radiator valves, unscrewing and tightening pipes and plumbing fittings and large nuts (which
would normally require a very large wrench). The jaws and handles of a water pump pliers
aren't in line, so it's easier to access and turn nuts on e.g. a radiator valve without the handles
being obstructed by the wall.

11. Voltage Testers

o A digital multimeter (DMM) can be used to measure voltage, current, test continuity of
fuses and wires and check batteries

e A neon phase tester can be used for detecting whether a cable or other electrical parts
are "live". The neon bulb in the tester glows when mains voltage is detected. It's
essential to use one of these to double check power is definitely off after switching the
power off using the MCB at the electrical panel

Figl.19 Digital multimeter Figl.20 Phase tester

A Fluke non-contact detector "VoltStick" is a standard tool in any
electrician’s tool kit, but useful for homeowners also. | use one of these for
identifying which conductor is live whenever I'm doing any home
maintenance. Unlike a neon screwdriver (phase tester), you can use one of
these in situations when live parts/wires are shrouded or covered with
insulation and you can't make contact with wires. It also comes in useful
for checking whether there's a break in a power flex and where the break
occurs.

Note: It's always a good idea to use a neon tester to double check that
power is definitely off when doing any electrical maintenance.

12. Ladders
e Astep ladderis virtually essential for interior and exterior maintenance. You'll
inevitably need to clean windows, cut hedges, water hanging baskets, paint, clean
cobwebs or clean low-level gutters. A step ladder is safer than standing on a chair or
stool because you have a top bar to hold onto to prevent losing your balance

e Anextension ladder allows you to access top gutters, paint your house, clean the
outside of windows, cut limbs from trees etc.
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13. Torches

o High powered LED torches are now available that produce a lot lighter than traditional
types that used an incandescent bulb. LEDs also last practically forever and don't break
if you drop the torch.

e A head torch is extremely useful, one for all sorts of maintenance around the house
when we need two hands free

Figl.22 A head torch keeps your hands free so you can use
your tools more effectively in badly lit locations

14. Paint Brushes

At some stage you might decide to try your skills at painting.
The 4 most useful sizes are 1/2 inch, 1 inch, 1 1/2 inch and 2
inch. For painting walls, a larger brush about 5 to 6 inches wide is needed.

You can also use a roller for painting internal walls and external flat render.

15. Drill bits

You're going to need these for making holes
e HSS bits for drilling metal or plastic

¢ Wood bits for timber. There are several choices:
Flat bits, lip and spur bits, auger bits and hole saws for large
holes

e Masonry bits for drilling concrete, breeze blocks,
bricks and stone

Fig 1.23 Drill bits - From left to right masonry bit, lip and spur bit and HSS bit

16. Metal Detector and Live Wire Detector
This tool is for finding metal in walls and live wires before drilling
17. Cordless Drill

A cordless drill is an essential power tool if you need to drive a lot of screws. A combi drill is

used for drilling and driving screws. Most 18 volt drills can be used for drilling holes in

. concrete if you need to insert wall plugs for fixing stuff to walls, but an

& inexpensive corded SDS drill is faster and more powerful for drilling large
holes.

Fig 1.24Cordless drill / screwdriver

.
18. SDS Drrill
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You can buy a corded or cordless version. A corded version is a lot cheaper, but obviously has
the inconvenience of a trailing power cord.

SDS drills have pneumatic percussion action so they can rapidly
drill holes in masonry for wall plugs if you need to fix cupboards
to walls. You can also easily drill larger holes in concrete when
running plumbing tubing or cables.

Fig 1.25 SDS drill

19. Utility Knife with Disposable Blades - (Stanley Knife)

These are sometimes referred to generically as "Stanley knives" from the name of the
manufacturer. Disposable blades are now a standard size for all manufacturers knifes and
readily available from discount stores. The most common type has a retractable blade, but
folding versions are also available that stowaway the blade safely into a hollow slot in the
handle.

Fig 1.26 Carpet knife or "Stanley" knife

20. Tippex Marker

Yes, | know they're used as correction pens, but a Tippex marker is great for marking dark
surfaces. If you use a pencil or felt tip marker, it can be difficult to see the mark, but a Tippex
marker produces a white line that's really prominent.

1.2.3Electrical Drive

Definition: The system which is used for controlling the motion of an electrical machine, such
type of system is called an electrical drive. In other words, the drive which uses the electric
motor is called electrical drive. The electrical drive uses any of the prime movers like diesel or
a petrol engine, gas or steam turbines, steam engines, hydraulic motors and electrical motors as
a primary source of energy. This prime mover supplies
the mechanical energy to the drive for motion control.

The block diagram of the electrical drive is shown in the
figure below. The electrical load like fans, pumps, trains,
etc., consists the electrical motor. The requirement of an
electrical load is determined regarding speed and torque.
The motor which suited the capabilities of the load is
chosen for the load drive.
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Fig 1.27 Parts of Electrical Drive

The main parts of the electrical drives are power modulator, motor, controlling unit and sensing
units. Their parts are explained below in details.

Power Modulator — The power modulator regulates the output power of the source. It controls
the power from the source to the motor in such a manner that motor transmits the speed-torque
characteristic required by the load. During the transient operations like starting, braking and
speed reversing the excessive current drawn from the source. This excessive current drawn
from the source may overload it or may cause a voltage drop. Hence the power modulator
restricts the source and motor current.

The power modulator converts the energy according to the requirement of the motor e.g. if the
source is DC and an induction motor is used then power modulator convert DC into AC. It also
selects the mode of operation of the motor, i.e., motoring or braking.

Control Unit — The control unit controls the power modulator which operates at small voltage
and power levels. The control unit also operates the power modulator as desired. It also
generates the commands for the protection of power modulator and motor. An input command
signal which adjusts the operating point of the drive, from an input to the control unit.

Sensing Unit — It senses the certain drive parameter like motor current and speed. It mainly
required either for protection or for closed loop operation.

Advantages of Electrical Drive

The following are the advantages of electrical drive.
e The electric drive has very large range of torque, speed and power.
e Their working is independent of the environmental condition.
e The electric drives are free from pollution.
e The electric drives operate on all the quadrants of speed torque plane.
e Thedrive can easily be started and it does not require any refuelling.
e The efficiency of the drives is high because fewer losses occur on it.

The electric drives have many advantages shown above. The only disadvantage of the drive is
that sometimes the mechanical energy produced by the prime mover is first converted into
electrical energy and then into a mechanical work by the help of the motor. This can be done
by the help of the electrical link which is associated with the prime mover and the load.
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Because of the following advantages, the mechanical energy already available from a non-
electrical prime mover is sometimes first converted into electrical energy by a generator and
back to a mechanical energy of an electrical motor. Electrical link thus provides between the
non-electrical prime mover and the load impact to the drive flexible control characteristic.

For example — The diesel locomotive produces the diesel energy by the help of the diesel
engine. The mechanical energy is converted into an electrical energy by the help of the
generator. This electrical energy is used for driving the other locomotive.

Disadvantages of Electrical Drive
The power failure completely disabled the whole of the system.

1. The application of the drive is limited because it cannot use in a place where the power
supply is not available.

It can cause noise pollution.
The initial cost of the system is high.
It has a poor dynamic response.

The output power obtained from the drive is low.

© g ~ w D

During the breakdown of conductors or short circuit, the system may get damaged due
to which several problems occur.

Application of Electric Drive

It is used in a large number of industrial and domestic applications like transportation systems,
rolling mills, paper machines, textile mills, machine tools, fans, pumps, robots and washing,
etc.

Different types of motors and their use

When purchasing a motor, it’s often asked which technology is better, AC or DC, but the fact
is that it is application and cost dependent.

AC Motors

AC motors are highly flexible in many features including speed control (VSD - Variable Speed
Drives) and have a much larger installed base compared to DC motors, some of the key
advantages are:

e Low power demand on start
« Controlled acceleration

e Adjustable operational speed
e Controlled starting current

« Adjustable torque limit

« Reduced power line disturbances
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Chart 1.1

The current trend for VSD is to add more features and programmable logic control (PLC)
functionality, which are advantages for the experienced used, but require greater technical
expertise during maintenance

Types of AC motor include:

Synchronous

In this type of motor, the rotation of the rotor is synchronized with the frequency of the supply
current and the speed remains constant under varying loads, so is ideal for driving equipment at
a constant speed and are used in high precision positioning devices like robots, instrumentation,
machines and process control

Induction (Asynchronous)

This type of motor uses electromagnetic induction from the magnetic field of the stator
winding to produce an electric current in the rotor and hence Torque. These are the most
common type of AC motor and important in industry due to their load capacity with Single-
Phase induction motors being used mainly for smaller loads, like used in house hold appliances
whereas Three-Phase induction motors are used more in industrial applications including like
compressors, pumps, conveyor systems and lifting gear.

DC Motors

DC motors were the first type of motor widely used and the systems (motors and drive) initial
costs tend to be typically less than AC systems for low power units, but with higher power the
overall maintenance costs increase and would need to be taken into consideration. The DC
Motors speed can be controlled by varying the supply voltage and are available in a wide range
of voltages, however the most popular types are 12 & 24V, with some of the advantages being:

o Easy installation

e Speed control over a wide range

e Quick Starting, Stopping, Reversing and Acceleration
« High Starting Torque

o Linear speed-torque curve
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DC motors are widely used and can be used from small tools and appliances, through to
electric vehicles, lifts & hoists

The two common types are:

Brushed

These are the more traditional type of motor and are typically used in cost-sensitive
applications, where the control system is relatively simple, such as in consumer applications
and more basic industrial equipment, these type of motors can be broken down as:

e Series Wound — This is where the field winding is connected in series with rotor
winding and speed control is by varying the supply voltage, however this type offers
poor speed control and as the torque to the motor increase, then the speed falls.
Applications include automotive, hoists, lifts and cranes as it has a high starting torque.

e Shunt Wound — This type has one voltage supply and the field winding is connected in
parallel with the rotor winding and can deliver increased torque, without a reduction in
speed by increasing the motor current. It has medium level of starting torque with
constant speed, so suitable for applications include lathes, vacuum cleaners, conveyors
& grinders.

e Compound Wound — This is a cumulative of Series and Shunt, where the polarity of
the shunt winding is such that it adds to the series fields. This type has a high starting
torque and run smoothly if the load varies slightly and is used for driving compressors,
variable-head centrifugal pumps, rotary presses, circular saws, shearing machines,
elevators and continuous conveyors

e Permanent Magnet — As the name suggests rather than electromagnet a permanent
magnet is used and are used in applications where precise control and low torque, such
as in robotics, servo systems.

Brushless

Brushless motors alleviate some of the issues associated with the more common brushed
motors (short life span for high use applications) and are mechanically much simpler in design
(not having brushes). The motor controller uses Hall Effect sensors to detect the rotors position
and using this the controller can accurately control the motor via current in the rotor coils) to
regulate the speed. The advantages of this technology is the long life, little maintenance and
high efficiency (85-90%), whereas the disadvantages are higher initial costs and more
complicated controllers. These types of motors are generally used in speed and positional
control with applications such as fans, pumps and compressors, where reliability and
ruggedness are required.

An example of brushless design are in Stepper Motors, which are primarily used in open-loop
position control, with uses from printers through to industrial applications such as high speed
pick and place equipment.

Brushless motors are also available with a feedback device which allows the control of the
Speed, Torque and Position of the motor and the intelligent electronics control all three so if
more torque is required to accelerate quicker to a certain speed then more current is delivered,
these are knownas Brushless Servo Motors

120




Paper Il Domestic Appliances & Rewinding

Fig 1.28Example of a DC Brushed and Brushless Motors
Motors Everywhere

Look around your house and you will find that it is filled with electric motors. Here's an
interesting experiment for you to try: Walk through your house and count all the motors you
find. Starting in the kitchen, there are motors in:

e The fan over the stove and in the microwave oven
e The dispose-all under the sink

e The blender

e The can opener

e The refrigerator - Two or three in fact: one for the compressor, one for the fan inside
the refrigerator, as well as one in the icemaker

e The mixer
o The tape player in the answering machine
o Probably even the clock on the oven
In the utility room, there is an electric motor in:
e The washer
e Thedryer
e The electric screwdriver
e The vacuum cleaner and the Dustbuster mini-vac
e The electric saw
e The electric drill
e The furnace blower
Even in the bathroom, there's a motor in:
e Thefan
e The electric toothbrush
e The hair dryer

e The electric razor
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Your car is loaded with electric motors:
e Power windows (a motor in each window)
e Power seats (up to seven motors per seat)
o Fans for the heater and the radiator
e Windshield wipers
e The starter motor
« Electric radio antennas

Plus, there are motors in all sorts of other places:
e Several inthe VCR
« Several ina CD player or tape deck
e Many in a computer (each disk drive has two or three, plus there's a fan or two)

e Most toys that move have at least one motor (including Tickle-me-Elmo for its
vibrations)

o Electric clocks

e The garage door opener

e Aquarium pumps
In walking around my house, | counted over 50 electric motors hidden in all sorts of devices.
Everything that moves uses an electric motor to accomplish its movement.
Short Answer Questions

1. Classify the Domestic Appliances
List any 4Tools used for repairing domestic appliances
Write the uses of Water Pump Pliers and Locking-Pliers
Write the uses of SDS Drill and lump hammer
What are the types in Ladders?
Name the parts of electrical drives

Write the advantages of electrical drives
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Write Disadvantages of Electrical Drive
9. Name any 4 Drives used in Domestic Appliances.

Essay Questions

Write the General Procedure for Servicing of domestic appliances
How to maintain domestic appliances

Write the Tips to conserve energy during use of household electronic devices

W e

Write the advantages and Disadvantages of electrical drives
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2.Non-motorised Heating Appliances

2.1.1 HeatingEffectofElectricCurrent

Whiledealingwithelectricityaveryimportantphenomenonisheatingeffectofelectriccurrent. When
everthereiscurrentflowthereismotionofelectrons.Duringtheirjourneyelectronscollidewithotherel
ectrons ,atonkorionspresentintheconductor.Ateachcollision,apartofthekinetic
energy.i.e.energyofamovingelectrongetsconvertedtoheat.Heatgeneratedbysinglecollisionishard
todetectbutthereareinfinitenumberofcollisionsintheconductor. Theheatgeneratedbyallthesecollis
ionsissufficienttoraisethetemperatureofconductor.

"The phenomenaofproductionofheatenergyintheconductorduetocurrent

flowingthroughitiscalledHeatingEffectofElectricCurrent."

The heating effect of an electric current depends on three factors:

e The resistance, R of the conductor. A higher resistance produces more heat.

e The time, t for which current flows. The longer the time the larger the amount of heat
produced

« The amount of current, 1. the higher the current the larger the amount of heat generated.

Hence the heating effect produced by an electric current, | through a conductor of resistance, R
for a time, t is given by H = I?Rt. This equation is called the Joule’s equation of electrical
heating.

Electrical energy and power

The work done in pushing a charge round an electrical circuit is given by w.d = VIt

So that power, P =w.d /t = VI

The electrical power consumed by an electrical appliance is given by P = VI = I’R = V?/R

Example
1. An electrical bulb is labelled 100W, 240V. Calculate:

a)The current through the filament when the bulb works normally
b)The resistance of the filament used in the bulb.

Solution

1. 1=P/V =100/240 = 0.4167A
2. R=P/I>=100/ 0.4167% = 576.04Q or R = V?/P =240%/100 = 576Q

1. Find the energy dissipated in 5 minutes by an electric bulb with a filament of resistance
of 500Q connected to a 240V supply. {ans. 34,5607}

Solution
E = Pt = V2/R *t = (240? *5*60)/500 = 34,560J

1. A 2.5 kW immersion heater is used to heat water. Calculate:
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1. The operating voltage of the heater if its resistance is 24Q
2. The electrical energy converted to heat energy in 2 hours.

{ans. 244.9488V, 1.8*10"J}
Solution
1. P=VI=I°R
| = (2500/24)2 =10.2062A
V=IR=10.2062 * 24 = 2449488V
1. E =VIt =Pt =2500*2*60*60 = 1.8 * 10"J

OR E= VIt = 244.9488 * 10.2062 * 2 * 60 * 60 = 1.8 * 10"J

An electric bulb is labelled 100w, 240V. Calculate:
The current through the filament
The resistance of the filament used in the bulb.

Solution

P=VII=P/V =100/240 =0.4167A
From Ohm’s law, V =IR R=V/I =240/0.4167 = 575.95Q

2.1.2 Applications of heating effect of electric current

Most household electrical appliances convert electrical energy into heat by this means. These

include filament lamps, electric heater, electric iron, electric kettle, etc.

In lighting appliances

1. Filament lamps- it is made of a tungsten wire enclosed in a glass bulb from which air
has been removed. This is because air would oxidize the filament. The filament is
heated up to a high temperature and becomes white hot. Tungsten is used due its high
melting point; 3400° The bulb is filled with an inactive gas e.g. argon or nitrogen at low
pressure which reduces evaporation of the tungsten wire. However, one disadvantage of
the inert gas is that it causes convection currents which cool the filament. This problem
is minimized by coiling the wire so that it occupies a smaller area which reduces heat

loss through convection.

2. Fluorescent lamps- these lamps are more efficient compared to filament lamps and last
much longer. They have mercury vapour in the glass tube which emits ultraviolet
radiation when switched on. This radiation causes the powder in the tube to glow
(fluoresce) i.e. emits visible light. Different powders produce different colours. Note

that fluorescent lamps are expensive to install but their running cost is much less.

In electrical heating

1. Electric cookers- electric cookers turn red hot and the heat energy produced is absorbed

by the cooking pot through conduction.
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2. Electric heaters- radiant heaters turn red at about 900°C and the radiation emitted is
directed into the room by polished reflectors.

3. Electric kettles- the heating element is placed at the bottom of the kettle so that the
liquid being heated covers it. The heat is then absorbed by water and distributed
throughout the whole liquid by convection.

4. Electric irons- when current flows through the heating element, the heat energy
developed is conducted to the heavy metal base raising its temperature. This energy is
then used to press clothes. The temperature of the electric iron can be controlled using a
thermostat (a bimetallic strip).

To heat and cool your house efficiently, it is important to know how heat transfers to and
from objects.

Understanding how heat is transferred from the outdoors into your home and from your home
to your body is important for understanding the challenge of keeping your house cool.
Understanding the processes that help keep your body cool is important in understanding
cooling strategies for your home.

Principles of Heat Transfer

Heat is transferred to and from objects -- such as you and your home -- via three processes:
conduction, radiation, and convection.

Conduction is heat traveling through a solid material. On hot days, heat is conducted into your
home through the roof, walls, and windows. Heat-reflecting roofs, insulation, and energy
efficient windows will help to reduce that heat conduction.

Radiation is heat traveling in the form of visible and non-visible light. Sunlight is an obvious
source of heat for homes. In addition, low-wavelength, non-visible infrared radiation can carry
heat directly from warm objects to cooler objects. Infrared radiation is why you can feel the
heat of a hot burner element on a stovetop, even from across the room. Older windows will
allow infrared radiation coming from warm objects outside to radiate into your home; shades
can help to block this radiation. Newer windows have low-e coatings that block infrared
radiation. Infrared radiation will also carry the heat of your walls and ceiling directly to your
body.

Convection is another means for the heat from your walls and ceiling to reach you. Hot air
naturally rises, carrying heat away from your walls and causing it to circulate throughout your
home. As the hot air circulates past your skin (and you breathe it in), it warms you.

Cooling Your Body

Your body can cool down through three processes: convection, radiation, and perspiration.
Ventilation enhances all these processes. You can also cool your body via conduction -- some
car seats now feature cooling elements, for instance -- but this is not generally practical for use
in your home.

Convection occurs when heat is carried away from your body via moving air. If the
surrounding air is cooler than your skin, the air will absorb your heat and rise. As the warmed
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air rises around you, cooler air moves in to take its place and absorb more of your warmth. The
faster this convecting air moves, the cooler you feel.

Radiation occurs when heat radiates across the space between you and the objects in your
home. If objects are warmer than you are, heat will travel toward you. Removing heat through
ventilation reduces the temperature of the ceiling, walls, and furnishings. The cooler your
surroundings, the more you will radiate heat to the objects, rather than the other way around.

Perspiration can be uncomfortable, and many people would prefer to stay cool without it.
However, during hot weather and physical exercise, perspiration is the body's powerful cooling
mechanism. As moisture leaves your skin pores, it carries a lot of heat with it, cooling your
body. If a breeze (ventilation) passes over your skin, that moisture will evaporate more quickly,
and you'll be even cooler.

Heating elements

A heating element converts electrical energy into heat through the process of Joule heating.
Electric current passing through the element encounters resistance, resulting in heating of
the element.

A typical heating element is usually a coil, ribbon (straight or corrugated), or strip of wire that
gives off heat much like a lamp filament. When an electric current flows through it, it glows
red hot and converts the electrical energy passing through it into heat, which it radiates out in
all directions.

Heating elements are typically either nickel-based or iron-based. The nickel-based ones are
usually nichrome, an alloy (a mixture of metals and sometimes other chemical elements) that
consists of about 80 percent nickel and 20 percent chromium (other compositions of nichrome
are available, but the 80-20 mix is the most common). There are various good reasons why
nichrome is the most popular material for heating elements: it has a high melting point (about
1400°C or 2550°F), doesn't oxidize (even at high temperatures), doesn't expand too much when
it heats up, and has a reasonable (not too low, not too high, and reasonably constant) resistance
(it increases only by about 10 percent between room temperature and its maximum operating
temperature).

Does a heating element need a high or a low resistance?

You might think a heating element would need to have a really high resistance—after all, it's
the resistance that allows the material to generate heat. But that's not actually the case. What
generates heat is the current flowing through the element, not the amount of resistance it feels.
Getting the maximum current flowing through a heating element is much more important than
forcing that current through a large resistance. This might seem confusing and counter-
intuitive, but it's quite easy to see why it is (and must be) true, both intuitively and
mathematically.

Intuitively...

Suppose you made the resistance of your heating element as big as you possibly could—
infinitely big, in fact. Then Ohm's law (voltage = current x resistance or V = IR) tells us the
current flowing through your element would have to be infinitely small (if | = V/R, |
approaches zero as R approaches infinity). You'd have a whopping great resistance, no current,
and therefore no heat produced. Right, so what if we went to the opposite extreme and made
the resistance infinitely tiny. Then we'd have a different problem. Although the current I might
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be huge, R would be virtually zero, so the current would zip through the element like an
express train without even stopping, producing no heat at all.

What we need in a heating element is therefore a balance between the two extremes: enough
resistance to produce heat, but not so it reduces the current too much. Nichrome is a great
choice. The resistance of a nichrome wire is (roughly) 100 times higher than that of a wire the
same size made from copper (an excellent conductor), but only a quarter as much as a similar-
sized graphite rod (a fairly good conductor) and maybe only a million trillionth that of a really
good insulator such as glass. The numbers speak for themselves: nichrome is an average
conductor with only moderate resistance, and not remotely an insulator!

Materials Used for Heating Elements

Many heating equipment’s or appliances such as electric furnace, electric oven, electric heaters
etc. utilizes the electrical energy to produce the heat. In these equipment’s or appliance heating
element is used to convert the electrical energy in the form of heat. The working of heating
elements is based on heating effect of electric current. When a current is passed through a
resistance, it produces the heat.

To produce the heat, the electric energy consumed by resistance is given by,

E = I?2Rt Joules

Where,

‘I’ is the current through the resistance (in A)

‘R’ is resistance of element (in Q)

‘t’ is the time (in seconds)

The performance and life of heating element depend on properties of the material used for
heating element. The required properties in material used for heating elements-

High melting point.

Free from oxidation in open atmosphere.

High tensile strength.

Sufficient ductility to draw the metal or alloy in the form of wire.
High resistivity.

Low temperature coefficient of resistance.

Followmg material are used for manufacturing heating element

ocoarwhE

Nichrome
Kanthal
Cupronickel
4. Platinum
Nichrome

wrh e

Composition of Nichrome
Ni=80% +Cr=20%
Properties of Nichrome
1. Resistivity: 40 uQ -cm
2. Temperature coefficient of resistance: 0.0004 /°C
3. Melting point: 1400°C
4. Specific gravity: 8.4gm /cm?®
5. High resistance to oxidation
Use of Nichrome
Used in making heating elements for electric heaters and furnaces.
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Note

Nichrome is best suitable and ideal material for making heating element. It is having
comparatively high resistance. When the heating element is heated first time, chromium of
alloy reacts with oxygen of atmosphere and form a layer of chromium oxide on outer surface of
heating element. This layer of chromium oxide works as a protective layer for element and
protect the material beneath this layers against oxidation, preventing the element wire from
breaking and burning out. Heating elements made of Nichrome can be used for continuous
operation at a temperature up to 1200°C.

Kanthal

“Kantahl” is trademark name for alloys made by composing Iron-Chromium-Aluminum (Fe-
Cr-Al). These alloys are used in wide range resistance and heating applications.
Composition of Kanthal

Fe = (625 — Tﬁ)% + Cr = (20 — 30)% + Al = (4 — T,E}J%
Properties of Kanthal

1. Resistivity at 20°C: 145 pQ -cm

2. Temperature coefficient of resistance at 20°C: 0.000001/°C

3. Melting point: 1500°C

4. Specific gravity: 7.10 gm /cm?®

5. High resistance to oxidation

Use of Kanthal
Used in making heating elements for electric heaters and furnaces.
Note

When the element made of “Kanthal” is heated first time, the aluminium of alloy react with
oxygen of atmosphere and form a layer of aluminium oxides over heating element. This layer
of aluminium oxides, is an electrical insulator but have good thermal conductivity. This
electrical insulating layer of aluminium make the heating element shock proof. Heating
elements made of Kanthal can be used for continuous operation at a temperature up to 1400°C.
Therefore, it is very much suitable for making heating elements for Electric Furnaces used for
heat treatment in ceramics, steels, glass and electronic industries.

Cupronickel

Cupronickel is also called as copper-nickel. It an alloy made by composing copper, nickel and
strengthening elements such as iron and manganese.

Composition of Cupronickel

Cu = 66% + Ni = 30% + Fe = 2% + Mn = 2%
Properties of Cupronickel
1. Resistivity at 20°C: 50 uQ -cm
2. Temperature coefficient of resistance at 20-500°C : 0.00006 /°C
3. Melting point: 1280°C
4. Specific gravity: 8.86gm /cm?®
5. High resistance to oxidation
Use of Cupronickel
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Used in making heating elements for electric heaters and furnaces, for making coins.
Note

Cupronickel is having high electrical resistance, high ductility and good corrosion resistance.
Heating elements made of “Cupronickel” can be used for continuous operation at a temperature
up to 600°C.

Platinum
Platinum is a chemical element. It is having the chemical symbol Pt and atomic no. 78.
Platinum is least reactive metal. It has remarkable resistance to corrosion, even at high
temperature. Therefore, it is considered as noble metal.
Properties of Platinum
Resistivity at 20°C: 10.50 pQ -cm
Temperature coefficient of resistance at 20°C: 0.00393 /°C
Melting point: 1768.30°C
Specific gravity: 21.45gm/cm?®
High resistance to oxidation
High ductility
Highly malleable
Good mechanical strength
. Good stability with temperature and mechanical stress
Use of Platinum
1. Platinum is an incredible material with high resistivity and melting point. It is very
much suitable for electrical heating elements, rheostats. But due to very high cost, its
use in electrical engineering is limited to laboratory furnaces with a working
temperature of 1300°C, rheostats, and resistance thermometers.
2. Platinum is a precious metal; it is very popular for making jewellery.
3. In medical platinum is used in chemotherapy for treatment of certain types of cancers.

CoNoR~LNE

The major types of heating elements
e Electrical heating elements that have nichrome used bare
e Electrical heating elements that use nichrome surrounded by ceramic materials that help
it become durable and robust.

Electric heaters

Electric heater can be categorized into various types. The different types of electric heaters are—
1. Electric stove

2. Hot plate

3. Room heater ( rod type, bowl type )

4. Immersion heater (U type, coil type), water heater

2.1.3 Electric Room Heaters

Room heaters are great, inexpensive ways of heating various rooms within your home, on your
RV or even taking on an ice fishing or camping trip. They also make ideal heaters for college
dorms and basements. But like all heating appliances, they are not without safety hazards. They
present a potential fire risk; sadly, people are hurt or tragically killed in house fires caused by
the incorrect use of space heaters every year. But, if used sensibly, they can be an inexpensive,
quick and easy solution to heating various spaces around your home.
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As with all appliances, it is important to carefully read the manufacturers guidance and adhere
to any safety advice given. And ensure you keep the leaflet for future reference. In this article
we’re going to look at some of the safety issues these heaters present along with the features to
look out for to ensure you and your loved ones are warm and safe.

TYPES OF SPACE HEATERS

Space heaters are simply small, portable heaters which can be used to heat rooms in your
home, the garage, basement, shed etc. Or they can be taken on vacation in your RV or trailer or
if you’re going ice fishing or camping — they’ll be a space heater for that too.
Fuel types used are primarily:

* Electric,
» Kerosene,
* Propane.

Having a small space heater available could ensure you have heat in an emergency where there
1s a power outage or issues with your natural gas supply for example. So, it’s well worth
considering purchasing one, or several units, to keep on hand should you ever need them.
They’re compact, easy to store and highly portable providing a blast of heat when you might
need it most.
Within the fuel sources there are different ways in which the heaters work including:

» Ceramic,

* Oil-filled radiant,
* Infrared,

* Fan heaters.

Electric heaters have been around for decades as a source of heat in homes to provide warmth
to us. One of the reason for their popularity is because of lower cost to purchase and easy
maintenance compared to other sources of heat. They are usually powered by electricity though
a small percentage are still using propane or kerosene as fuel.

They work by converting electricity into heat using metals as heating elements. The metals
have high resistance that permit a certain amount of current to flow through them to provide
the required heat. Electrical energy is changed into heat energy and the the relationship
between the wattage and Btu/hr is:

1 Watt = 3.415 Btu/hr.

There are three types of electric resistance heating wires that are in used today:

e Open Wire consists of nickel chromium resistance wire which is mounted on ceramic
or mica insulation. For safety reason, they must be protected and should not be
contacted by users or metal objects. This protection is vital to prevent the danger of
electric shock.

e Open Ribbon is similar in material to the open wire type but has more surface area that

are exposed for air contact. It too must be protected to prevent the danger of electric
shock to the users.
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e Tubular cased wire uses nickel chromium resistance wire that is surrounded by a
magnesium oxide powder which are then enclosed in a heat resistance steel tube. This
tube protects the users from the danger of electric shock.

One of the commonly used natural convection heating equipment is known as Baseboard
Heating Unit. This unit has electrical resistance mounted in a casing which is designed to
move air over the elements naturally. They are usually mounted under the window on the wall.

Basically room heaters are of two types :
1. Rod type room heater
2. Bowl type room heater.

Rod type room heater is again of two types :
(a) Single rod room heater
(b) Two rod room heater.

2.2.2 Rod Type Room Heater

Fig 2.1 Rod Type Room Heater

Essential parts of a basic rod type of room heater are—

1. Stand 2. Reflector

3. End connectors 4. Rod

5. Heating element 6. Connecting lead
7. Power cord 8. Plug and Switch

The stand is made of sheet of mild steel or cast iron. The room heater rests on the stands. The
function of the reflector is to reflect more heat. It is a concave shaped rectangular chrome
plated sheet. The end connectors hold the rod and are made of copper or brass thin sheets.
Heating element is wound over the rod. The rod is made of insulating material like china clay
and has grooves for placing the heating element. The rod is placed between the two end
connectors. The heating element is nichrome wire and is wound on the rod. The connecting
leads are three core PVC flexible cable of appropriate rating to which a three pin plug is fitted.

In two rod room heater, there are two rods and two heating elements, one in each rod. In some

models a rotary switch having four positions is provided for off position, low, medium and
high heat positions. For low heat, the two heating elements are connected in series, for medium
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heat only one heating element is connected and for high heat both the heating elements are
connected in parallel.

2.2.3 BOWL TYPE OF ROOM HEATER
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e

Fig 2.2 Bowl type of room heater

The parts of a bowl type of room heater are

1. Stand 2. Reflector
3. Bowl 4. Heating element
5. Guard 6. Power cord and plug

The stand and the body are made of mild steel sheet. The bowl is made of china clay and is
fitted in the body. The bowl may be screw type or pin type and has slots. The reflector is a
polished metal body behind the bowl. The heating element is made of coiled nichrome wire
wound on the bowl. The guard is a net in front of the bowl. The two end terminals of the
heating elements are taken out. A three core PVC power cord with three pin plug is used to
give input power. The body of the heater is earthed. Break in heating element and sparking at
the point of terminal joints are common problem. A broken heating element should be
replaced.

Room heaters should be placed directly on the floor and should be in clear sight. A room heater
should be plugged directly into the power outlet and extension cord should never be used. It
must not be placed on enclosed areas and combustible materials should be sufficiently away
from it.

Electric room Heater Working

Electric baseboard and wall heaters are room air-heating units. A baseboard heater has one or
more horizontal heating elements and is controlled by a thermostat. Baseboard heaters are
mounted at the base of a room wall. Air is drawn in through the bottom and heated by the
electric elements. The warm air then rises into the room. The electric elements are often shaped
like metal fins, and some are filled with fluid to maximize their heat retention. Often several
units are installed around the perimeter of a room.
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An electric wall heater is a forced-air heating device. The wall heater fits into the wall and uses
a fan to circulate air that has been warmed by an electric heating element. The fan and row of
heating elements inside the unit are controlled by a thermostat. Wall heaters are often installed
in bathrooms, laundry rooms, and other areas to provide supplemental or occasional heat.

A portable electric or “space” heater is designed to warm a small area. There are two types. In
convective heaters, air heated by one or more heating elements is blown into the room by a fan.
In radiant heaters, the elements heat a liquid that radiates heat into the room rather than
blowing it in.

A ceramic heater, a type of convective heater, uses a larger ceramic element that allows the
heater to be run at lower temperatures, making it somewhat safer than other convective heaters
that rely on conventional elements.

Additional components in a typical electric heater include control switches, elements, and a
motorized fan. Heaters also typically have a thermostat. For safety, portable heaters usually
include a tip-over switch, which shuts off the heater if it’s knocked over, and a thermal cut-off,
which shuts off an overheating unit. Some cut-offs reset after the heater has cooled down, but
others must be replaced if they trip.

Trouble shooting guide of Electric Room Heaters

Electric heaters are relatively simple in operation and simple to troubleshoot and repair. This
topic tells how an electric heater works, what often goes wrong, how to identify the electric
heater problem, and what parts and tools you will need to fix it. It then gives simple step-by-
step instructions for how to disassemble radiant and convective heaters and how to service a
ceramic heating element.

Most replacement parts for electric heaters need to come from the manufacturer or an
aftermarket supplier. Because there are so many brands and models, hardware and electrical
stores don’t carry very many. However, you can disassemble the heater, remove the problem
component, and take it to a knowledgeable clerk for assistance in replacing it. Here are the
tools you’ll need:

e Screwdrivers

o Adjustable pliers
e Long-nose pliers
e Multimeter

Steps to Repair Electric Heater

Disassemble a radiant electric heater:

1. Unplug the heater and let it cool completely before disassembling it.

2. To access wiring, remove the screws holding the control housing in place at the edges
and lift it away.

3. To remove the thermostat, pull off the knob and remove the electrical leads, marking
their location with tape. You may need to remove the retaining nut to free the
thermostat.

4. To remove the power switch, label and disconnect the leads. Some switches are secured
by clips on the top and the bottom; others are fastened by screws.
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Disassemble a convective electric heater:

1. Unplug the heater and let it cool completely before disassembling it.

2. Remove the rear grille and the control knobs. Remove the front grille by unscrewing the
fasteners on the back of the housing.

3. Remove the front grille by lifting the control housing and pulling the front grille toward
you. The motor, fan, and heating element are now accessible for testing and repair.

4. Remove the thermostat from the control housing and disconnect the wires. Remove the
heat control’s mounting screws and clips to access and disconnect wires.

Service a ceramic electric heater element:

=

Inspect the unit for screws and hidden fasteners, removing them as needed.

Remove clips, fasteners, and other components to reveal the heating element.

3. Test each element using a multimeter set on the RX1 (resistance times 1) scale. The
reading should be approximately 10 ohms.

4. To replace a faulty ceramic heating element, disconnect the terminal lead on each side

and lift the element out of its housing. Be sure to note the element’s position, so it or a

replacement can be reinstalled with the least effort.

N

Electric heater not working: causes and solutions

An electric heater is a very useful appliance in the winter months or colder countries. Not only
does it heat a room but also provide with comfort and cosiness. These heaters are of many
types such as wall mounted, portable and others. No matter what the type, the appliance may
stop working for a number of reasons. If this happens, then it is important to first understand
the cause and then find a suitable solution. Moreover, there are certain problems with electric
heaters that you can resolve on your others whereas others may need professional approach.
The following are the causes and solutions for electric heater not working:

1. Check the power
CAUSE: The first and most common cause for electric heater not working or turning on is
problem with the power supply.

SOLUTION: You need to make sure that power is available from the main supply. If yes, then
check whether the power switch is working properly or not. This can be done by connecting
another power device to the switch and checking whether it is working or not. If not, then there
is an issue with the power switch and it needs to be repaired.

2. Blown fuses
CAUSE: The most common cause for electric heater not working isblown fuses.

SOLUTION:

e To check this, first unplug the device and check the fuse box of the house for blown
fuses as well as tripped circuit breakers.

o Ifitis fuses or tripped, then what you can do is that you can replace the fuse or reset the
circuit breakers if required.
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e Now plug the appliance back in and switch it on.
o See if the problem has been resolved. If not, the following given points might prove
useful.

3. Auto safety shut off

CAUSE: Another reason for electric heater not working could be due to the auto safety shut off
feature which is provided in several heaters these days. When heaters get too hot, then this
feature shuts off the device for safety purposes. May be because of this feature your heater may
not be working.

SOLUTION: So what you can do is that you can reset the feature by moving the power switch
to the off position if the device does not turn back on. Unplug the device and let it cool down
for 10-15 minutes. Plug it back again and turn the switch on.

4. Check the thermostat
CAUSE: In most cases of electric heater not working, the problem comes out to be with the
thermostat. It could either be stuck, gone loose or may have become faulty.

SOLUTION:
e Check the thermostat and see which level it is set at. If it is at an off position or a low
temperature, then try turning it on a higher level. See if it starts working now.

o However, keep an eye on it to check that it doesn’t stop working due to auto safety shut
off feature.

o Also in some cases, the thermostat dial tends to get stuck or become faulty. Because of
this reason too the electric heater may not work or not provide enough heat.

o Check the thermostat and if need be, get it replaced by contacting a professional.

5. Problem with the electric cord

CAUSE: Another cause of electric heater not working could be an issue with the electric cord.
An electric cord can go faulty and may stop working which in turn effects the working of the
heater.

SOLUTION: So make sure you check the cord for any breaks. It must not be torn or broken
from anywhere in between.

6. Problem with the heating element
CAUSE: Another possible cause for electric heater not working is heating element gone bad

SOLUTION: To check this issue, you will need to test the continuity of the heating element.
This can be done by following the given steps:

e Unplug and turn off the heater from the main supply and power switch.

o Disassemble the electric heater to access the heating element and set the multimeter to
RX1 or resistance times 1.

« Now touch the probes of the multimeter to each end of the heating element of the
heater.
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« If the meter shows high resistance, then this means that the heating element is fine and
if the reading is infinity then this means that there is a problem with the element and it
is broken.

e In case it is faulty, you need to replace it but make sure you get the same size, make,
shape, power rating and resistance.

Now that you know the main reasons for electric heater not working as well as the various
solutions for all the common issues, you can repair your heater on your own.

Room heater not blowing hot air: causes and solutions

Room heaters prove to be extremely useful devices during the winter months as they keep us
warm and cosy. These appliances usually work smoothly throughout the cold season and may
not show any problems if kept well maintained. However, every once in a while you may
notice some or the other problem cropping up and one of them is heater not blowing hot air.
Well there could be many reasons for the same and some of them have been given as follows
along with the appropriate solutions:

1. Blown circuit or resistor
CAUSE: The most common cause of heater not blowing hot air could be a blown circuit or
resistor.

SOLUTION: For this you may have to open the case and start testing the circuit by making use
of a voltage regulator See if there are any breaks in the electrical path. You must be aware of

~ the fact that the voltages will change between the circuits
8 which are divided by resistors. If the circuit is broken,
you can either replace it yourself or have a professional
do the job for you.

Fig 2.3Blown resistor

2. Broken heater coil
CAUSE: Another common reason for room heater not blowing hot air is broken heater coil.

SOLUTION: Check if there are any breaks in the line after opening up the case. The wires
together work as a complete circuit and in case any of them snaps from the constant heating
and then cooling then the circuit may get broken and may stop giving off heat. If the heater coil
is in factbroken, then in that case you can take a soldering gun to heat up the contacts and
remove it. You can then replace them with suitable parts which must meet voltage

Fig 2.4Broken heater coil standards.

3. Check the thermostat

136




Paper Il Domestic Appliances & Rewinding

CAUSE: Another cause for room heater not blowing hot air could be an issue with the
thermostat. It may either not be set up at the right temperature or could be faulty.

SOLUTION: So check the setting at which the thermostat is fixed. If it is at a colder setting,
then make sure you turn it and set it correctly. However also check whether it is moving
properly because in some cases it becomes free and thus faulty. Replace it in case it is not
working properly.

4. Dirty air filter
CAUSE: Sometimes due to constant usage, the air filters of centralised room heaters become
dirty and this may lead to the heater not blowing hot air.

SOLUTION: If this is the case then you will need to clean the filters so that the heating can be
proper again. For this, first clean the surface of the heater and remove loose dust with a
microfiber cloth. Make sure the heater is turned off at this point. After that unscrew the heater’s
cover spray the interior compartment with an air duster. Use a damp sponge for further
cleaning. If the need be, replace the filters and check if the heating has become better.

Key Safety Tips For All Types Of Heaters

These basic safety tips are relevant no matter which type of heater you own:

* Never place anything on top of or covering a heater, especially wet or damp clothes,

* Never plug a heater into an extension cord, or strip, this may cause overheating and is a
potential fire hazard,

* Never place a heater on to an uneven or unsafe surface, ensure it’s on a flat, heat safe surface,
* Never place a heater where it might touch clothes, curtains, fabrics, towels etc.

» Never leave your space heater unattended.

« Switch off your heater when leaving the room,

» Keep heaters at least 3 feet away from any flammable furniture, cushions, curtains etc.
* Keep heaters away from young children and babies,

Room Heater side effects
Room heaters are great to save yourself from the harsh winters. But at the con side there are
few issues to consider related to safety and health.

Room Heater disadvantages -1: Fire accidents

« Room heaters can cause potential fire accidents. Many accidents are reported due to
room heaters. Never leave them unattended.

e Do not cover the room heater outlet. It will catch instant fire if you do so. Do not put
any polyester clothes near to room heater.

e Avoid any inflammables near to room heaters.

o Be aware, do not allow children to touch the room heaters. Especially the halogen room
heaters surface gets very hot and can be very dangerous to children.

e Choose room heater with thermostat so that you can stop the heater when it reaches
some degree of temperature. Otherwise at least consider timer based room heaters so
that they get switch off after some duration.

Room Heater disadvantages -2: Health issues
Room heaters burn oxygen and reduce the humidity in the air. This is the case with fan based
convection room heaters and halogen room heaters.

e Burning of oxygen leads to potential oxygen levels drop and leads to suffocation. You
need to open the door little for this.
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o Apart from that these heaters reduce the humidity leading to dry eyes, nasal blockage.
Try to use humidifier in the room or at least place bowl of water in the corner of room

o By using the oil based filter you can save yourself from low oxygen levels and reduced
humidity as oil room heaters do not modify these levels.

e Room Heater makes unwanted noise,lIt is quite annoying to bare it all night leading to
disturbed sleep.

Suggestion
o If possible, drink so many fluids to save yourself from dehydration
o Wear good wool clothes so that you can reduce the dependency on the room heater.

It is evident from the above explanation that Oil filled room heater reduce significant fire
accidents and protect from oxygen burning and low humidity levels. Indeed, oil based filters
come with advanced features like thermostat and timer. Qil filled room heater are child safe but
still user monitoring is essential for perfect safety while it operates.

2.2.4Electric iron

Introduction

There are various electrical inventions used for domestic purposes such as the electric fire,
electric iron, and electric water heater that all depend on one common principle; when a current
is passed through a piece of wire, the wire heats up and emits heat radiation. This heat is
distributed and used for various purposes. Learn more about how this works with information
on the electric iron invention. In this article, we will discuss about the various types, parts, and
theory of operation.

The Electric Iron

An electric Iron is a general household appliance used to press the wrinkles out of the clothes.
This works on the basis that the combination of heat and pressure removes wrinkles. The
principle of the electric iron is that when current is passed through a coil, the coil gets red hot
and transfers the heat to the base plate of the electric iron through conduction.

Ironing of different types of fabrics like nylon, rayon, silk, wool, cotton, linen etc require
different temperatures. Electric irons operate with 220-volt AC and are available with usual
power rating between 450 watts and 2.0 kilowatt. The common working temperature is around
100°C and safety devices are provided in some models to prevent temperature rise beyond
2000C or 2500C. Small irons of power rating as low as 300 watts are also available. Now a
day’s numerous models from various manufacturers are available. Modern electric irons have
attractive features like beautiful look, light weight; multiple adjustable temperature levels to
suit different fabrics, non-stick coated sole plate, thermal fuse for safety etc.

In the earlier day’s steam irons were used, but now the electric iron is preferred over the steam
ones. Steam irons have some maintenance issues due to clogging. Steam irons usually have
vents through which the water passes. As the steam iron gets used, slowly the minerals from
the water accumulate at the vents and blocks the water from passing through. Thus the
efficiency of the steam iron is compromised. So the steam iron has to be cleaned and
maintained regularly to ensure its proper working. If you live in an area where hard water is
used, then clogging is a major problem.

This drawback is eliminated in electric iron as it uses a heating element and there are no vents
in it. There is considerably less maintenance in an electric iron when compared to a steam iron.
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The working of an electric iron is very simple — it takes current from the mains and heats up a
coil inside it. This heat is then transferred to the base plate which is pressed against clothes to
remove creases.
There are basically two types of electric irons:

e Automatic

+ Non-Automatic

There is not much difference between the two types. The former has one regulator to control
the temperature of the element and in-turn the temperature of the iron.

Now you may ask, why do we need to control the temperature of the iron?

The answer is simple. Now-a-days we use various types of fabrics such as cotton, silk, linen,
etc. So to suit the temperature required for different kinds of fabrics, we use the temperature
control.

To Thesmostat Heating Element

—

Schematicof Automatic ElecticIron Body

(a) Schematic of an electriciron

Fig2.5 Wire Diagram

2.3.2 Essential parts of a basic electric iron
1. Sole plate 2. Heating element

3. Pressure plate 4. Cover plate and handle

5. Power cord and plug

Additional parts in automatic irons

1. Indicator Lamp 2. Thermostat

Additional parts in steam iron

1. Steam chamber 2. Water reservoir

Thermostat
Behind Cover

I*.’:: ::- — a —
W W
i 3 },f‘“\ Soleplate

Vg
ﬁij_ Heating Tube | h

Fig 2.6 Schematic Diagram of Electric iron

ok

Sole plate
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The sole plate is the thick, triangular-shaped slab of iron that forms the base over which the
electric iron is built up. The bottom surface and edges are heavily chromium plated, to prevent
it from rusting. The base plate should hold the iron pressure plate and cover plate in position.
For this purpose we can see two or sometimes three studs in the base plate. These studs aid in
holding the position of cover plate and pressure plate.

Aluminium soleplate: This soleplate surface conducts heat well, but may be hard to clean and
can scratch easily. It may become sticky after many uses, causing wrinkles instead of gliding
smoothly over fabric.

Ceramic soleplate: This soleplate surface offers a high-quality ironing experience. Ceramic
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soleplates feature a durable, non-stick
surface while distributing steam and heat evenly. These soleplates glide over fabric smoothly.
Non-stick soleplate: A soleplate surface that prevents starch residue from building up, making
the iron easier to clean. It allows the iron to move smoothly on fabric for top speed and
performance.
Stainless steel soleplate: This durable soleplate surface is corrosion, rust and scratch resistant.
Highly-polished stainless steel makes ironing even more effortless.
Steam: This feature distinguishes an iron from the basic iron. Steam is key to removing tough
wrinkles from clothes, which can save you time and frustration.
Vertical steam: Vertical steam irons offer the benefits of a standard steam iron, but also offer a
quick and convenient solution to smoothing hanging clothes and drapes, and reducing musty
odours.
Wattage: Higher iron wattage reduces heat-up time and may increase performance.
The pressure plate is made of cast iron or steel sheet and in some older models the pressure
plate is comparatively heavy. The shape of the pressure plate is similar to that of sole plate.

Heating Element

Fig 2.7 Heating Element Fig 2.8

The heating element is a nichrome wire or ribbon wound over a sheet of mica and this sheet is
insulated by placing between other two mica sheets. In recent models the heating element is
encapsulated in a metal tube. The heating element is properly insulated and remains tightly
pressed between sole plate and the pressure plate. The construction of heating element of non
automatic and automatic irons is different. In case of automatic iron, there is provision for
placing the thermostat assembly for temperature regulation. The two ends of the nichrome wire
are connected to the contact strips. The contact strips are connected to the terminals of the iron.
There are two reasons for which mica is chosen in the heating material. Mica is a very good
insulating material. Besides that mica can also withstand very high temperatures. The entire
assembly of mica sheet, nichrome wire and contact strips are riveted together resulting in a
mechanically sound and robust construction. There is an asbestos sheet, which separates and
thermally insulates the top plate from the heating element.
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When current flows through the heating element, heat is produced. This heat gets transferred to
the sole plate by convection.

ST ] The two end terminals of the heating
| elements are taken out by means of
! insulated lead to the power socket on the
i
I

top plate. In recent models, the input
power cord is directly connected to the
heating element leads and the power cord
is not detachable. A three core power cord
is used and the metallic portions of the
! body of the iron always remain connected
i to the earthing point. In some models a
small capacitor is connected across the two
contact points to save the possible damage
of the contact points because of frequent
on and off of power supply.
‘*Q\_«mm PLATE In non automatic iron there is no provision
@R for controlling or regulating temperature,
~COVER PLATE When the iron is too hot, it is to be
manually switched off and when the
WASHER AND ———322D temperature is less than required, it is to be
G switched on manually.

i

CAST IR0
PRESSURE FLATE Pressure plate

This plate is generally called the top plate
as it follows the shape of sole plate. The
pressure plate has some holes through
which the studs form the base plate passes
through. We should tighten the nuts on the

(Lo studs in such a way that the pressure plate
| oM pup and sole plate are pressed tight against
: each other. In some iron the pressure plate
is heavy and made of cast iron while in some other cases, it is a thin sheet of steel, about ¥ cm
thick.

In automatic type of electric iron, the pressure plate has a rectangular or circular hole for
locating the thermostat.

Cover Plate

The cover plate is made of thin sheet of iron. It is placed on top of the base plate and it covers
all the internal parts of the iron. The handle and connector are only attached to the cover plate.
The cover plate is usually made of nickel plated iron sheet and it covers the parts of the iron.

Handle
The handle is made of plastic material and is attached to the cover plate. In some earlier
models there were handles made of wood also.

Thermostat

When it comes to an automatic electric iron, the thermostat is the most important item. It uses a
bimetallic strip to operate the switch which is connected in series with the resistance (or)
heating element.
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The bimetallic strip is a simple element which converts a temperature change into mechanical
displacement. A bimetallic strip consists of two different metals bonded together. The two
metals should have a Fig 2.9 Alignment Diagram

different coefficient of expansion. If such a strip is heated, it starts to curve towards the metal
having the lower co-efficient of expansion. On cooling, it straightens and comes back to the
normal position.

Now we might wonder why such an element is used in iron. What is the purpose of this
element in an electric iron?

The bimetallic strip is attached to a contact spring through small pins. The contact point
between the strip and contact points remains closed. When the temperature rises significantly,
the unusual expansion causes the strip to curve and the contact between strip and contact spring
opens. Thus the supply to heating element is temporarily stopped (until the temperature goes
down to normal). A special device called the cam is placed is placed near the contact spring,
with which we specify the amount of curving of bimetallic strip required to separate the
contact.

Thus using bimetallic strip the temperature is kept constant within certain limits.In the
automatic iron thermostat is widely used to regulate temperature and there is an indicator lamp.
The indicator lamp is on the top cover and glows when the heating is going on.

( Contact spring 1
/ CAM |
KNOB(FOR ADIYSTING L )
£ e sETTING) e

,—@1 “Contact point: pomts

_ (Closed)

— iy

SN - 1”. Blmatallu: stnp [ ————————

ROLLER
(CERAMIC)

BIMEJALLIC STRIF

Fig2.10 (a) Under normal temperature, (b) When the iron becomes too hot

The thermostat is a device which makes and breaks the connection between two points
depending on temperature. It is like an automatic on off switch. The transition between on and
off depends on temperature which can be chosen or set. There is a dial knob by rotating which
temperature can be set as per requirement of the type of fabric. If the set temperature is say
1500C, then when the iron is switched on, the thermostat will act as on switch and will allow
current flow through the heating element. As current flows through the heating element,
temperature rises. Once temperature rises above 1500C the thermostat acts as a off switch and
cuts off current flow through the heating element. Then the temperature gradually decreases.
Once the temperature is below 1500C the thermostat acts as on switch and allow current flow
through the heating element. These on and off conditions continue and the temperature of the
iron remains constant at approximately 1500C.

Pilot Lamp

Pilot Lamp located on the cover plate of the iron. One side of the lamp is attached with supply
and another side is related to the heating element. There is a shunt resistance across the pilot
lamp that provides a voltage drop of 2-5 volts.
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Capacitor

A capacitor with specific range also connected across the two contact points. Often making and
breaking of circuit damage the contact points. It can lead to interference with radio reception.
This is why capacitor is an important part of an electric iron. A capacitor prevents those issues.
In steam iron there is a water reservoir on the cover plate and a steam chamber above the sole
plate and the sole plate has slots. As the iron is switched on heat produced by the heating
element boils the water and steam is produced. The steam gets emitted from the slots of the
sole plate ensuring better quality ironing.

The common problems are break in heating element, defect in power cord or thermostat loose
connection and improper earthing. A broken element has to be replaced. Defects in power cord
and thermostat sometimes can be rectified by adjustment. Loose connection and improper
earthing has to be rectified.

2.3.3Working of electric iron

The electric iron that we use to press the creases out of our garments also contains a thermostat,
which makes sure that the iron doesn’t get too hot if it’s kept switched on or left unattended for
an extended period of time. Let’s take a look at exactly how the mechanism works.

An electric iron relies on a basic combination of heat and pressure to remove creases from
clothes. When an electric current is passed through a coil (or any other heating element present
in the iron), it gets very hot. This heat is then transferred to the base plate (the smooth, flat
surface that you place against clothes while ironing) through conduction, which elegantly and
precisely irons your clothes.

However, if the iron is continuously drawing electricity from the power supply, the heating
element continues getting hotter. This causes a lot of energy wastage (as an iron consumes a lot
of electricity even in a few minutes), ruins your clothes, and in the worst cases, causes nasty
(and potentially dangerous!) accidents.

Therefore, it’s essential that the iron doesn’t heat up to hazardous temperatures. This is where
the thermostat enters the picture.

2.2.5 Steam lron
D F
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Fig 2.11 Steam Iron

A---Spray Nozzle B---Water Filling Hole C---Steam Regulator
D---Burst Steam Button E---Spray Button  F---Thermostat Dial G---Water
Reservoir H---Power Indicator Light I---Soleplate
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Filling with Water:
1. Set the steam regulator to 0(=no steam) (only for steam iron).
2. Hold the iron by hand and slant the iron with 45°down.

3. Fill the water in the box through the Water-Filling Hole, if the water is too hard, it is
advisable to use distilled water, do not put the chemically water in the water reservoir.

4. Wipe off the water over the box; pour out the remaining water after use.
Dry Ironing:

1. Before running the iron, please classify the clothes as per its washing label, as it will be
quicker for the iron to heat up that to cool, the clothes (such as synthetic fabric, silk etc)
with lower ironing temperature shall be ironed firstly, and then iron the clothes(such as
wool, cotton and linen etc.)with higher temperature.

2. Stand the iron on its end, and turn the thermostat dial to the MIN position.

3. Plug in the iron and select the temperature by turning the thermostat dial. If there is
water in the reservoir, turn the steam regulator to OFF position. Wait until the indicator
light goes off showing that the required temperature has been reached.

Steam Ironing:
1. Fill water in the iron as per the water-filling methods.
2. Plug the appliance in the socket.

3. If only set thermostat dial to MAX position as per the temperature indicator, steam iron
will be available, otherwise water may leak from the soleplate.

4. Itindicates that the temperature has been ready until the indicator light goes off.

5. Set the steam regulator correctly, increase the steam output by rotating the steam
regulator anticlockwise. otherwise decrease.

Caution: Synthetic Fabric, Nylon, Synthetic Silk and Silk cannot use the steam iron.
otherwise it will damage the finish of surface.
Burst of Steam:
This function will be able to provide more steam to remove stubborn creases.
1. Set the thermostat dial button to MAX until the indicator light goes off.
2. Release the steam by pressing the steam button.

3. Wait for several minutes and let the steam penetrate through the fabric, and then release
more steam through pressing this buttons again.

Note:

1. There should be 3-5 seconds rest between two times of pressing Steam Button in order to
obtain the best steaming result.

2. Fill the water to the MAX position before using this function.
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3. In order to prevent the water leaking from soleplate, please do not press the steam button
continuously with more than 5 seconds.

Spraying Methods:
1. Fill the water in the iron as per water-filling methods.

2. Press water spray button.

3. Note: No matter what steam ironing of dry ironing is, spray will always be available in
any case.

Table 2.1 Type of Fabric and Thermostat Dial Form:

Caution: gPlease note that Qon the label means that this article may
not ironed.

Instructions on Label | Type of Fabric | Thermostat dial
: MIN
@ Nylon Silk
A z
=
@ Wool o
z
5 Cotton
Linen MAX

Caution: If the fabric consists of various kinds of fibers, always select the lowest ironing
temperature of the composition of those fibers.
After Ironing:

To extend the working life of the iron, whenever you finish ironing, you are
recommended to empty the reservoir as follows:

Unplug from the mains socket. Empty the iron. Shake it lightly above a sink. To dry the
remaining moisture, turn the iron on again with the thermostat dial in the MAX position with
steam regulator in MAX position until Power Indicator Light goes off. Unplug from the mains
socket and allow to cool. Clean the plate with a dry cloth as traces of moisture could mark it.

Cleaning and Maintenance:
Before cleaning, remove the plug from the socket and allow the iron to cool down sufficiently.

1. Wipe off the soleplate with a damp cloth and a non-abrasive(liquid)cleaner.

2. If the fiber is adhered to the soleplate, use a damp cloth with vinegar to wipe off the
soleplate.

3. Never use strong acid or alkali in order to avoid damaging the soleplate.

4. If the scale blocks the steam hole, please remove the scale with toothpick; do not
damage the surface of soleplate.

5. Stand the iron on the end and let it cool down sufficiently, and meantime pour any
remaining water out of the box, set the steam regulator to positon™0".

145




Paper Il

Domestic Appliances & Rewinding

Simple Repair Methods:

Table 2.2

Failure Possible reasons

Measurement

heat improperly

Not enough heat or too |Rotate thermostat dial button

Correct thermostat dial button in
position

No steam produces

Check if the thermostat dial has been
set towards the steam range

Adjust the regulator towards the
steam range

Check if the steam regulator has been
set towards the steam position

Set steam regulator towards the
steam range

No or too little water in box

Fill water into the box

Leaking water
from soleplate range

Set the thermostat dial out of steam

Set the thermostat dial as per steam
range

The heat is still not enough

Open steam button only after the
indicator light goes off

The water is over than max position

Pour out the remaining water

Little steam Check if the steam regulator is in Set the steam regulator to the proper
proper location location
Steam hole or box is blocked Clean hole with distilled water
Too little water in the box Fill water into the box

No spraying No enough pressure or air inside Press the spray nozzle by hand, and

push the spray button several times
continuously

No or little water in the box

Fill water into the box

2.3.4 Trouble shooting guide of Electric Irons

Steam Iron Disassembly

Note: Screws inside the steaming Iron may be rusted, therefore it will be difficult/impossible to

unscrew them.

Step 1 Steam Iron Disassembly

Fig 2.12

o Start your disassembly on a clean desk, make sure you have trays to store
screws and other components, to prevent losing them
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Step 2

Fig 2.13
o Image 1: Remove the plastic cover to expose the screw
o Image 2: Unscrew the screw with your screwdriver
o Image 3: Detach the top of the handle with your hand.

o The handle can't be fully detached at this point , because the plug cable goes
trough the handle in the back

Step 3

Fig 2.14

o Take the top part of the handle, which you removed from the iron in the step
before.

o Image 1&2: remove the two large buttons from the handle by pushing them
down if they didn't fall out already

o Rotate the handle so you see the inner side of the part

o Image 3: Remove the small sliding button by pushing one of the legs outwards.
The sliding button pops from the handle.

Step 4

o To replace the rubber component in the front of the appliance, remove it with
your hand and replace it with a new one.

o This component needs to be replaced if the rubber is dameged, this rubber
prevents water leaking into parts of the appliance it is not supposed to be.
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Step 5

e}

Fig 2.15 Fig 2.16 [Step5]

To replace the lamp on top of the handle of the steaming iron, detatch te wires
carefully from the plastic components

Step 7

o

O

O

O

Fig 2.17

Follow the instructions at this step if you experience trouble with the top sliding
button of the appliance

Image 1: Remove the screws which connect the white plastic part to the main
part of the appliance. (these are the screws on the left and right of the white
plastic part, closest to it)

Image 2: Use your hand to lift the white plastic part, which covers the
component you will remove in image 3

Image 3: Use your hand to lift the part to remove it from the steaming iron. If a
spring or another component is broken, replace it and put the part back at its
place.

After replacing one of the components put the part back with the tallest pin
facing the front of the iron!! See image 3

This step removes the remaining part of the handle to gain access to the bottom
part of the steaming iron
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o Image 1: Remove both screws at the front top of the product

o Image 2: Remove the screw at the top back of the steaming iron. This screw is
located near the power wire

o Image 3: Remove the remaining part of the handle with your hand

Fig 2.19

o By following step 8 and 9 you will detach the back surface of the steaming iron
and expose the electrical wires. These steps also need to be completed to
remove the water tank

o The plastic covering plate is connected by snap fits to the product. A hinch is
placed between both. apply some pressure with a lever (we used a flathead
screwdriver) and pull the part back with your hand to remove the transparent
plastic part

o Image 3: Unscrew the exposed screw to remove the blue plastic part

o Be careful with the snap joints !! You don't want to break them
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o Image 1: Remove the 'back’ of the steam iron with your hand
Image 2 & 3: Unscrew the 2 screws next to the electrical wire. This step is
needed if you want to replace the power cord

Step 10

Fig 2.21

o Step 10,11 &12 will help you remove the water tank
o Remove the 2 screws at the back of the screwdriver as shown in the images
Step 11

Fig 2.22

o Remove the 2 screws in front of the steaming iron as shown in the pictures. After
removing these pictures, the water tank can be removed, which is described in
the next step

Step 12

o Image 1: Use your screwdriver to ‘unclick’ the snap joint at the front to detach
the water tank from the bottom of the product, as shown in the image.

o Make sure you don't apply too much force to the snap joint! You don"t want to
break it
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Fig 2.23

o Image 2: Detach the water tank bylifting it up with your hands.
o Make sure you don't pull any of the cables in the back while lifting the water
tank
Step 13 Fig 2.24

Fig 2.24

This step shows how to remove the metal plate
o Image 1: Remove the screw at the front of the steaming iron
o Image 2: Lift the plate with your hand to remove it

Step 14

Fig 2.25

o Image 1: Detach the white sides of the steam iron by pulling them away from
the assembly.
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CONCLUSION
To reassemble your device, follow the following instructions in reverse order.

Tools for Electric Iron Repair/Service

Larger hardware stores may have replacement parts for popular brand electric irons. Also, you
can get them from the manufacturer or an aftermarket supplier. Maintenance and repair tools
you’ll need to fix an electric iron include these:

e Screwdrivers

o Toothpicks or pipe cleaners

e Sewing needle

o Commercial electric iron cleaning solution or vinegar and water
o Commercial soleplate cleaner or baking soda and water

o Steel wool

e Emery cloth

e Metal cooking pot

2.3.1Electric Stove
An electric stove is a common domestic appliance used for cooking. It works with 220-volt AC
supply and different models are available with power rating usually from 750 to 1500 watts.

Electric stoves are the main alternative to conventional gas stoves. They offer a means of
cooking using electricity to produce heat. Electric ranges and ovens are available separately or
in a combined package for versatility and space-savings in the kitchen. Electric stoves use
several parts to provide clean, consistent cooking heat.

Electric stoves avoid the need for a gas line in the kitchen.

Construction and Working

Fig 2.26 Electric Stove

Parts of an Electric Stove
o Heating element.
o Insulator base with grooves.
o Metal frame
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Thermostat
Fuses

Racks

Control Knobs
Timer

Power cord

O O O O O O

Heating Elements

Some of the most important parts of an electric stove are the heating elements, which convert
electrical energy into heat for cooking. An electric range may use one of a number of different
heating element styles, including traditional coil elements, metal disks, hidden radiant heating
elements below the range surface or magnetic induction elements.

Electric ovens generally feature two heating elements. One is located near the top of the oven
for broiling or heating food from above. The other is located near the base of the oven and
supplies heat for baking. Cooks can activate one or both heating elements, depending on
cooking needs.

A heating element generally consist of 3 parts:
Fig 2.27

1. A resistance wire that conducts electricity and heat
2. An insulating layer that conducts heat but not electricity
3. An outer layer that conducts heat whose main purpose is to hold the inside elements together

The outermost layer is pretty boring. It's usually made of 304 stainless steel.
The resistance wire on the inner-most layer is commonly made of Nichrome, a nickel-
chromium alloy. It is usually 80% nickel with 20% chromium but that composition can vary.
Nichrome is relatively inexpensive and works great as a heating coil for low-temperature
(relatively speaking, as it can handle up to 1040 °C) applications like a home stove. For higher
temperatures, Molybdenum or Platinum based materials are used.

The mid-layer -- the insulation that the question asks about -- is usually ceramic (ceramic
powder, to be exact). The ceramic powder is tightly packed into the tube so that it completely

separates the resistance wire from the steel outer shell.
—
B ' Insulator base with grooves

Ceramic is a great conductor of heat, but is an insulator to
The insulator base is made of porcelain and the heating
Steel Alloy

electricity, making it a perfect material for this application.
areatn . €lement is placed in the grooves of the base. The base is fitted

_ _Insulation to the metal frame.
Resistance Wire
Cross-Section of a Metal frame

Conventional Coil Element  The metal frame acts as a stand for the whole electric stove.

The two ends of the heating element are taken to the power

supply connector terminals by means of flexible leads. These flexible leads are insulated by
covering them with beads of insulating material like porcelain

Thermostat
An electric stove's thermostat is a simple device that monitors the temperature inside the oven
and disengages or engages the heating elements as necessary. The thermostat is connected to
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the control knobs and may also supply a digital read-out of the desired temperature or activate
a light when the oven is heated to the desired level.

Fuses

Electric stoves use a series of fuses to protect the heating elements. These fuses will blow if too
much electricity flows through them, preventing the surge from reaching the heating elements.
Electric stove fuses are generally located in a closed fuse box near the base of the oven or
behind the stove assembly.

Racks

Electric stoves use conventional oven racks as the cooking surface within the oven. Instead of a
separate compartment for broiling, as some gas ovens have, electric stoves require the cook to
raise one of the oven racks to a higher position to place the food directly below the upper
heating element.

Control Knobs

An electric stove's control knobs give the user a way of setting the temperature of the oven and
activating each of the burners on the range individually. The knobs also control the oven's self-
cleaning feature and set the timer.

Timer

Electric stoves usually include a digital or mechanical timer for ensuring that food stays in the
oven for the proper amount of time. The timer may be linked to a clock or separate from it.
Some electric stoves also include a self-timer for setting the oven to turn on or off at a specified
time. Other timers simply buzz or beep when they reach the desired time, alerting the user that
it's time to check the food or add ingredients.

The heating element is exposed. If water or any other item like tea, milk, curries etc falls on the
heating element when it is red hot, the oxidation of the heating element becomes rapid and it
may get broken soon. When the heater is ON, anyone getting contact with the exposed heating
element through any conducting item (say utensil or spoon) will get electric shock. Earthing
should be proper and the metal frame should be properly earthed. Because of alternate
expansion and contraction due to alternate heating and cooling loose connection and hence
sparking at the power supply terminals is a common problem. The end terminal connection
should be tightened properly. When the heating element is broken there is a common tendency
to join the broken parts. This should be avoided and the whole heating element should be
replaced. The connecting power cord should be of suitable capacity capable of carrying the
current safely. The power cord should not become warm or hot when the stove is ON. It should
not be operated when the supply voltage is considerably less or more than 220 volts. A modern
electric stove may contain controls for variable heat.

2.3.2 Hot plate

Construction and Working
A hot plate is a heating appliance similar to an electric stove. It is basically an electrically
heated plate on which flat bottomed containers
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Fig 2.28Hot plate

with items to be heated are placed. It requires 220-volt AC input for operation and are usually
available in power rating of 1kW and 2kW. It is used for cooking and for heating liquids in
laboratory. A hot plate may be a single unit type or double unit type. Different models are
available. A modern hot plate may contain feature such as temperature control.

A basic hot plate consists of
1. Base 2. Plate 3. Heater plate
4. Heating element 5. Switch

The base is made of cast iron or mild steel and may be circular or rectangular in shape. The
plate is a thick circular plate made of sheet of cast iron or iron alloy and is on the top of the
heater plate. Heater plate is made electrically insulating but thermally conducting material like
china clay or fire clay, cement or plaster of Paris. The heating element is a nichrome wire or
ribbon. The heating element is embedded in the heater plate and the heater plate is attached to
the metal plate. The metal plate along with the heater plate and heating element embedded into
it appears as single sealed unit fitted in the base. The end terminals of the heating elements are
brought out to the power socket fitted in the base. In case of a single unit type hot plate having
one heating element two end terminals come out. In case of twin unit type hot plate having two
heating elements, three terminals come out, one terminal being common to both the heating
elements.

In twin unit type hot plates, a rotary selector switch connects the heating elements in different
positions.

There may be four positions of the rotary switch: (1) Low heat (2) Medium heat (3) High heat
and (4) Off position. In low heat position the two heating elements get connected in series. In
medium heat position only one heating element gets connected. In high heat position the two
heating elements get connected in parallel. In off position no heating element gets connected.

When the hot plate is switched on, current flows through the heating element, and heat is
generated. The plate becomes gradually hot. Items to be heated or cooked are taken on flat
bottomed containers like sauce pan and are placed on the plate. After it is switched off, the
plate gradually cools down and remains warm for some time.

The heating element is not exposed. Common problems are (1) burning out of supply lead
elements and (2) break in the element. Supply lead contacts should be cleaned and tightened
properly. In case of break in the heating element, it is to be replaced
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Electric Stove/Hot Plate Repair

Hot plates are still handy for heating up a pot or skillet of food when a stove isn’t handy or
necessary. This Guide on hot plate repair tells how a hot plate works, what often goes wrong,
how to identify a hot plate problem, and what parts and tools you will need to fix it. It then
gives simple step-by-step instructions for how to disassemble and test a hot plate. This article
also refers to electrical cord repair and heating element repair for further information.

How Does a Hot Plate Work?

Fig 2.29 Hot Plate Alignment
A hot plate is simply an electric heating element with temperature controls.

A hot plate is a small electric appliance for cooking in a small space. The main parts of a hot
plate are the heating element(s) and one or more devices to regulate the heat. Some hot plates
have a calibrated thermostat while others simply have an on-off switch.

What Can Go Wrong with a Hot Plate?

A Dburned-out heating element is one of the most common problems with hot plates. The
electrical cord or the thermostat may be faulty. Internal wiring can be damaged. Contacts may
have become fused.

Tip

If the cord is detachable, always plug one end firmly into the hot plate before plugging the
other end into the wall outlet.

Identify the Hot Plate Problem?

e If the hot plate doesn’t heat, make sure power is on at the outlet and test the electrical
cord. You may need to examine internal wiring for damage or wear and replace any
wiring or connections that look burned or otherwise faulty. Test the thermostat and
the thermal fuse (if the appliance has one) and replace as necessary. Test the heating
element and replace it if it is faulty.

o If the hot plate is not level or tips when used, check for damaged feet and repair or
replace as needed. If the unit includes a levelling leg, adjust it with a screwdriver.

e If'the hot plate doesn’t shut off or heats whenever it’s plugged in, inspect the thermostat
contacts and repair or replace the thermostat.
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Tip
Food spills can dramatically reduce the life of your hot plate. Keep the burners and plugs
clean.

Tools required for Hot Plate Repair

Replacement cords can be found at many larger hardware stores. If you need to buy a
replacement part, check with the manufacturer or an aftermarket appliance supply source. The
tools you’ll need to disassemble and test a hot plate include these:

e Screwdrivers
e Wrenches
e Multimeter
Steps to Repair Hot Plate

Disassemble and test a hot plate:

1. Unplug the hot plate from the electrical receptacle.
2. Find the screws or bolts holding the hot plate together and carefully remove them,
noting where they should be reinstalled.

3. Remove the housing to access the burner(s), internal wiring, and other components.

4. Use a multimeter to test each electrical component; replace as needed.
Caution!
Don’t plug a hot plate into an extension cord, plug it directly into the electrical receptacle to
reduce the chance of fire.

2.3.3Rice Cooker

Who said cooking rice is easy? If you are someone using a traditional method of cooking rice
in a vessel, you know, you need to stand around in the kitchen to keep an eye until it gets
ready. Even if you are using a pressure cooker, you need to add sufficient water in it to get
perfect fluffy steamed rice. What if we told you there is a product that is more convenient than
pressure cookers? They are electric rice cookers. Electric rice cookers are in demand, since
they make the rice cooking an easy task. Electric rice cookers are packed with a bunch of
features and they are very effective. They’re exactly as essential as washing machines,
refrigerator and the lot. However, there are things you should take note of while buying an
electric rice cooker.

Size and capacity

Rice cookers come in different sizes and capacities. Unlike most kitchen appliances, these
cookers don’t take more space than a large vessel. The capacity of a rice cooker is measured by
a total number of rice cups it can cook. Electric rice cookers are available with capacities
ranging from 1 to 6 litres, and some even more. While buying an electric cooker, the first thing
to consider is the size of your family. If you are a small family of 5 to 6 people, consider
buying a cooker of 3 to 5 liters of capacity. Also, consider how many cups of rice you typically
need.

Construction and Working

Working of Rice Cooker

Rice needs two things to evolve from a hard, little grain to big, fluffy morsels -- lots
of water and lots of heat. For this reason, cooking rice happens in four phases:
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Fig 2.30 The inner workings of a typical rice cooker

How a Rice Cooker Cooks?

After rice and water are measured into the basin, the basin is placed into the container. The
container is closed, and the heating element is turned on by flipping a switch. The heating
device inside the container begins to heat up the water in the pot to its boiling point. The
boiling water is absorbed by the rice, while the cover or lid keeps steam from escaping.

Quick Science Lesson: Water and the Boiling Point

Under normal heating conditions, water cannot heat past its boiling point, which is 212 degrees
Fahrenheit (100 degrees Celsius). Any hotter than that, and the water converts to steam. Thus,
as long as liquid water remains in the pot, the water will absorb the heat from the heating
mechanism, not the rice. Because the water cannot get any hotter than 212 degrees, the pot
cannot get hotter than 212 degrees. The thermal sensor monitors this.

How Rice Cookers Prevent Burning and Overcooking
Once it has absorbed all of the water, the rice itself can be heated past 212 degrees F, leading to
overdone or burnt rice. Once the rice cooker's thermal sensor detects the pot going above 212
degrees, it means the water has all been absorbed. At that point, the rice is done. To prevent the
rice from cooking any further, the sensor automatically trips the shut-off switch for the heating
mechanism. This immediately stops the cooking process.

Keeping Rice Warm After Cooking

Many rice cookers come equipped with a warming setting. With this, as soon as the thermal
sensors detect the pot going over 212 degrees F, rather than shutting the rice cooker off, it turns
the heating to a much lower setting. This is temperature is not hot enough to cook the rice
further, but warm enough to prevent any bacteria from growing in the rice. This setting usually
keeps rice warm for hours after it finishes cooking. Without a warming setting, rice should not
remain in a rice cooker for more than a half hour.

Rice Cooker Circuit/Wire Diagram
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Fig 2.31Rice Cooker Circuit/Wire Diagram

Cleaning of a Rice Cooker

A rice cooker is a piece of electrically powered kitchen equipment that makes it quick and easy
to cook rice to exactly the specifications you want. As with any piece of electrical equipment, it
should be cleaned and maintained with care. When it is time to clean and care for your rice
cooker, the first thing you should do is make sure it is unplugged. The following tips will give
you everything you need to know about how to clean a rice cooker.

1. Before Cleaning Your Rice Cooker
These safety precautions will ensure that you avoid any hazards of improper rice cooker
maintenance.

e The number one rule with any electrical appliance is not to expose any of the electrical
parts to water. The base of your rice cooker that plugs into the wall should be kept dry
at all times. This includes the hot plate inside the rice cooker that provides the heat
when you turn it on.

e Remove the lid and pot and you will see the hot plate inside the cooker. Cleaning
should only be conducted when this plate is completely cool.

e If you have recently used your rice cooker, give the plate at least 30 minutes to cool.
The time it takes to cool will depend on which brand and model of rice cooker you
have. It is a good idea to read the safety instructions that come with the cooker if you
are not sure how long to wait.

2. General Advice
Before reading the rest of these tips on how to clean a rice cooker, you should review and keep
in mind these general advice tips.

e The way to maintain a rice cooker and keep it working as long as possible is to clean

after each use. Make sure you give the hot plate ample time to cool down if you are
cleaning it right after using.
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o See the above tip if you’re uncertain as to how long you should wait for the cooker to
cool down. You can also check with the manual that came with your rice cooker.

« If any food particles such as bits of rice are left on the hot plate when you use it again,
they will become even further baked on, making cleaning more difficult and possibly
compromising the effectiveness of the cooker.

e If you are using a cleaning solution, do not allow any excess chemical to get inside the
rice cooker or around the hot plate. It’s better to avoid using any cleaner on the cooker
itself. Use a moist rag to absorb any cleaner that accidentally drips down into the
cooker.

e Mop up excess moisture that gets inside the cooker and make sure everything is totally
dry before you plug it back in and use it again.

e Avoid using abrasive sponges or a scouring cleaner. A smooth cooker functions best.

3. Cleaning the Individual Rice Cooker Parts
To get the most thorough clean for your rice cooker, it is best to wash each part individually.
This will help your unit look and preform at its best.

e The inner pot can be removed and left to soak. Use soap and hot water. If there is a
thick layer of rice stuck to the inside of the pot, remove it with a plastic spoon or
spatula before soaking for optimal results.

e Wash the utensils of the rice cooker while the pot is soaking.

o If there are still some hard bits of rice stuck to the inside of the pot, you can take a
spoon and carefully scrape them off. Be gentle with this process as you do not want to
scratch the surface of the pot. After removing food remnants, give the pot another quick
scrub with a sponge or brush, followed by another rinse.

e The lid may detach. If this is the case, you can wash and clean it just like the other
detachable parts.

o If the lid does not detach, use a sponge soaked in hot soapy water to remove any residue
and stains, and then go back over it with a rinse cloth, being careful not to get the inside
of the cooker wet.

« If you have a dishwasher, you can place all the removable parts in with your other
dishes for a deeper clean that’s less work for you.

« Allow each of the parts to fully dry after you have finished washing them.

4. How to Clean the Inside

Any residue can be gently removed with a moist cloth. Make sure all moisture dries out before
putting the clean pot back in.

Consider using sand paper to scrape hard-to-remove residue off of the hot plate. If you use a
metal utensil to scrape off the bits of food or rice that get stuck on the plate, you could
accidentally scratch it, making the rice cooker more difficult to clean in the future and possibly
inhibiting its functionality. Instead, using the rough side of the sandpaper, give the hot plate a
complete rub-down, making sure that there is nothing left caked on. Any bits that are left loose
after this process can be wiped away with a moist rag.

5. How to Clean the Outside
Sometimes the exterior of the rice cooker can get food residue or stains on it, especially after a
messy recipe. A moist rag should do the trick. If a stain is being particularly stubborn, you may
want to use cleaning solution.
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It is imperative that you not get any cleaner inside the cooker itself. The best way to prevent
this from happening is to spray the cleaning solution directly onto the rag and rub the stain until
it is totally removed. Then use a damp cloth to remove any residual cleaner left over.

The cord of the rice cooker might get dirty or stained as well, especially if the color is white or
grey. You can clean the cord in much the same way, but remember that you will have to be as
gentle as possible as a cord is a delicate part of the equipment and can render the rice cooker
unusable if you damage it.

As with all the other steps, make sure every part is completely dry before you plug the cooker
back in for the next use.

By following these pointers on how to clean a rice cooker, you will find your rice cooker’s life
to be extended as long as possible. Following the safe and most effective practices is the best
way to maintain any piece of kitchen equipment at optimum efficiency.

Rice Cooker Dismantling
1. Step 1 _Rice Cooker Teardown
o Start with the rice cooker unplugged, on a flat surface.

2. Step 2.Remove Pot and Lid

Fig2.32Remove the lit and pot and turn upside down.

3. Step 3_Remove Bottom Plate

Fig2.33
o Use a Phillips #1 screwdriver to remove the two screws.
o Remove the bottom plate by lifting one of the rubber feet.

4. Step 4 Remove Internal Screws
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o We're inside! Here's our first look at the circuitry. Let's take it apart.
o Use a 3/8" or 8 mm flathead screwdriver to remove these six screws.

5. Step 5.Bend Tab

Fig2.35

o Find the metal tab that connects the center button to the switch lever.
o Use pliers to bend the metal tab into a U shape.
o Align the tab with the slot so that it falls through.

6. Step 6 Remove Heating Element
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o Turn the rice cooker right-side up.

o Grab the center button and pull the heating plate upward. The gray metal ring

should come out with it.

7. Step 7 Remove

Temp. Sensor

o Use a Phillips #1

screwdriver to remove the screw
connecting the temperature sensor to the heating element.
o Remove the temperature sensor.Fig2.37

8. Step 8_Remove Centre Button

Fig2.38Remove Centre Button
o Three bent metal tabs connect the center button to the heating element. Use
pliers to flatten these three tabs.
o Remove the center button from the heating element.

9. Step 9 Remove Control Panel
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o Use a Phillips #1 screwdriver to remove the screw that secures the
control panel.

o Remove the control panel from the outside of the rice cooker.

10. Step 10_Disassemble Control Panel

Fig2.40
o Use a Phillips screwdriver to remove the screw securing the rectangular
fiberglass plate. This should free the two light bulbs.
o Use a Phillips screwdriver to remove two screws securing the switch
lever to the control panel plate. Remove the switch lever.

11. Step 11 Disassemble Switch

Fig2.41

o Use pliers or hex wrench to hold the nut while using a Phillips #1
screwdriver to remove the screw holding the switch assembly
together.

o Pull the switch assembly apart into its parts. Careful not to lose any of
these small parts!

Step 12 All Done!

164




Paper Il Domestic Appliances & Rewinding
ey |
°. @

Fig2.42

CONCLUSION
To reassemble your device follow the following instructions in reverse order.

Fuzzy Logic and Rice Cookers

Fuzzy-logic rice cookers have computer chips that direct their ability to make proper
adjustments to cooking time and temperature. Unlike basic rice cookers, which complete tasks
in a single-minded, mechanical manner.

2.6.5 How to Repair an Electric Rice Cooker

An electric rice cooker is a great appliance that is often used to save a lot of time and effort in
preparing fast meals after a long day. By using one, the user can quickly make some rice
without worrying of overcooking or burning. As such, many people will choose to make rice in
place of pasta or potatoes as a side dish.

Like many electrical appliances, a rice cooker can have some problems as it ages. There are
electrical problems that surface as the appliance gets some age on it. Many owners will simply
throw it in the trash and buy a new one. However, with the right types of components.

Step 1 - Unplug Power Cord from Wall

Before you start to work on the electric rice cooker, you will want to make sure it is not
plugged into any power source.

Step 2 - Remove All Extra Pieces

Take the covering dish out and place it aside. You will also need to remove the burner plate
and inner bowl. This will allow you to get to the inner parts of the cooker.

Step 3 - Remove the Base

On the bottom of most electric rice cookers, there are some tabs or screws that hold the base
together. Remove the screws or fold back the tabs so that you can remove the base.

Step 4 - Test Heating Element

The cooker's heating element may not be working properly so you'll need to test it first.
Disconnect the heating wire from the terminal and test it with a multimeter. Set the meter to
read ohms and touch the wire to the terminals. If it reads "0", the wire is fine; otherwise, this
part must be replaced.
Step 5 - Test Resistor

If the heating element is fine, then the next space to test i