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PREFACE

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

We are living in a modern world where all the systems are interconnected
for effective performance. By the year 2050, the demand of electrical energy
is double or even becomes triple due to the advancement in Electrical
Technology. Now-a-days affordable knowledge is essential in the field of
electrical sciences for better understanding of electrical appliances.

This book has been written primarily as a text book for the higher
secondary vocational students and is designed to serve the introductory
part of electrical engineering. The basic concepts of electrical sciences are
explained with neat diagrams for better understanding. This book is intended
for the clear understanding of electrical engineering and its applications.

This book has been written in a simple language and easy to understand
by the students. Various stages of the electrical system such as generation,
transmission, distribution and utilization of electrical power is clearly written
and the concepts are described with color diagrams. This book is made to
meet the requirements of International standards and made to compete with
the global level.

The chapters are designed and formulated from the inspiration
and interaction of experts from India and abroad in the field of Electrical
Engineering. The design of the book is based on bloom’s taxonomy which
is a learning tool for all students. The concepts available in this text book
obviously motivate the students for better understanding. The contents of this
book are mainly confined to the content of syllabus fulfilling the objectives an
electrical engineer.
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@ LEARNING OBJECTIVE

Alternating current (AC) and direct current (DC) supply play a vital role and are
more important to study the applications of these supplies in our life. This lesson has
dealt with the methods of power supply of both AC and DC power transmission and
distribution, advantages and disadvantages.

®  Understanding the concepts of electric power transmission and distribution

B Application of electric power in residential, commercial and Industrial

TABLE OF CONTENTS Overhead line and underground
cable transmission, single phase and

three phase main components-types

Introduction to Power transmission
and distribution e
Power distribution systems

Types of power transmission system Applications of electric power

Primary and secondary distribution

transmission

Conclusion

Introduction to Power economical method of power between

transmission and power transmission and distribution. The

distribution power is transmitted through the overhead

line and underground cable. These types

Power distribution is one of the of transmission have their own electrical

most important for power system. properties and have significant effects
Sub transmission is the efficient and during power distribution.
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The properties of various types of
electrical power stages are explained as
high voltage and low voltage transmission
(HT & LT), overhead transmission and
underground cables are explained. Let us
see the various types of poles, insulators,
and protective devices.

1.1.1 Necessity of electric
power transmission and
distribution

Power transmission is the large scale
movement of electricity at high voltage
levels from a power plant to a substation.
Whereas power distribution is the
conversion of high voltage electricity at
substations to lower voltages that can be
distributed and used by private, public
and industrial customers.

Electric power transmission systems
distribute the power from generating station
to the consumers. If no Electric power cause
losses and it affectes day-to-day life.

1.1.2 Method of Electric power
transmission system
i. DC transmission system
ii. AC transmission system

a) Single phase AC transmission
system

b) Three phase AC transmission
system

Types of power
transmission system

Electrical Power transmission plays vital
role in the power supply system. There are
three main areas of power system. They
are power generation, transmission and
distribution. Transmission is done by

i. Overhead lines

ii. Underground cables

1.2.1 DC Transmission system

HVAC HVDC HVAC
— - - - — AC

® @
Rectifier Inverter

(©) ()

t— - - - <

FIG. 1.1 Schematic diagram of DC transmission

The transmission of DC power
from the AC power is shown in above.

The single line diagram of high
voltage direct current transmission is
given in fig 1.1. Alternating current is
generated and stepped up to high voltage
through the sending end transformer. This
high voltage AC is converted to DC by a
mercury arc rectifier. The transmission
of electric power is carried out at high
DC voltage. In the receiving end, the DC
voltage is converted into AC through the
help of thyratrons. This alternating current
is reduced to low voltage with step-down
transformer for distribution.

1.2.2 AC transmission system

a) Single phase AC transmission
system

Single-phase power consists of two-wire
AC power circuit. Typically, there is one
phase and one neutral wire, with current
flowing between the power to the load
and the neutral wire. (Ref fig 1.2)

Single-phase distribution is used
for domestic purpose (Lights, motors
and other heating appliances). Standard
frequency of single-phase power system is
50 Hz

2 CHAPTER 01 Power transmission and distribution
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FIG. 1.2 AC Single phase power supply system

b) Three phase AC transmission
system

From the power generating stations, a
large quantity of AC supply is produced
and is transmitted through transmission
lines. Fig. 1.2 shows the layout of a typical
AC power supply system. The existing
transmission is by 3 phase 3 wire and 3
phase 4 wire systems.

Three-phase power can be defined
as the common method of AC power
generation, transmission, and distribution.

Amplitude >
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It is a type of poly phase system and is the
most common method used by electric
grids worldwide to transfer power.

The generator generates voltage
and three phase supply is received through
transformer. In India, the frequency
adopted is 50 Hz and the phase angle is of
120° as shown in fig. 1.3.

There are two types of connections,
namely delta (A) connection and star (Y)
connection. The load can be connected
either in delta or star.

\ |/
A

150 180 210 240 270 300 330 360

T S NN NN,

FIG.1.3 Three phase AC transmission system

CHAPTER 01 Power transmission and distribution 3
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i Star connection

The star connection requires four
wires in which there are three phase
conductors and one neutral conductor
as shown in fig. 1.4. This type of
connection is mainly used for long
transmission because it has a neutral
point. The neutral point passes the
unbalanced current to the earth and
makes the system balance.

. |

Phase voltage
Line voltage l

‘R’ Phase

A2,B2,C2

Neutral

Y’ Phase

‘B’ Phase

FIG.1.4 Star connection

The star connected three phase
system gives two different voltages, i.e., the
230 V and 440V. The voltage between the
single phase and the neutral is 230V, and the
voltage between phase to phase 440V.

it Delta connection

The delta connection has three phase
wire and no neutral as shown in
tig. 1.5. The line voltage of the delta
connection is equal to the phase
voltage. V, =V,

> VYB

FIG.1.5 Delta connection

1.2.3 Advantages and
Disadvantages of DC
transmission

a) Advantages

1. Two conductors are sufficient for
distribution of power supply.
2. Thereisnoinductanceand capacitance.

3. No skin effect in DC transmission
lines.

4. The corona loss is less as compared
to AC system.

5. Voltage drop is very low.

b) Disadvantages

1. Itis difficult to produce high voltage

2. The voltage cannot be increased or
decreased by using a transformer

1.2.4 Advantages and
disadvantages of
AC transmission

a) Advantages

1. AC can produce voltage (33 KV) to a
maximum level.

2. The voltage can be increased or
decreased.

3. High voltage transmission reduces
losses.

4. It is easy to maintain in sub-stations.
5. Its cost is cheap.

b) Disadvantages

1. The AC line has the capacitive and
inductive effect.

2. Due to skin effect, it requires more
conductors.

3. The construction of AC transmission
is complicated.

4. More copper conductors are required
for transmitting AC.

4 CHAPTER 01 Power transmission and distribution
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Primary and Secondary
transmission

Electricity is generated in power plants,
which transmits through different levels and
finally it reaches to consumers. Generated
power is transmitted by stepping up or
stepping down by using transformers. The
power generating plants are located at
Kalpakkam, Koodankulam (Nuclear power
station), Neyveli (Thermal power station),
Bhavani sagar Dam, Pykara, Mettur Dam
(Hydro power station) and Kamuti (Solar
power station) etc, The generated power is
distributed to the consumers through the
substations by transmission lines.

Two types of transmission are

i. Primary transmission

ii. Secondary transmission

1.3.1 Primary transmission

In primary transmission, the voltage
produced from power plants, transmitted
over the transmission lines to the substations
with the help of step-up transformer.

1.3.2 Secondary transmission

The voltage transmitted by the primary
transmission is reduced by a step-down
transformer is transmitted to the sub-
stations in the city is known as secondary
transmission

Overhead line and
underground cable
transmission, single

phase and three phase
main components-types

Overhead line transmission

The overhead lines are used to transmit
electricity from power generating station

to consumers. A network of electrical
power lines are used to transmit the
electricity over a geographic area is
called power grid. The electric power
transmission system for single phase is of
two conductor viz. phase and neutral as
shown in fig 1.6.

FIG 1.6 Overhead transmission — Single phase
system

a) Type of poles

Line supports or the poles which hold
the conductors to a height they are above
the ground level. In general, four types of
poles are used, depending on the size and
shape of the conductor used.

1. Wooden poles (Single phase)
2. Concrete poles (Three phase)
3. Tubular steel poles (Three phase)
4. Latticed steel tower (Three phase)

1) Wooden poles

FIG. 1.7 Wooden poles

CHAPTER 01 Power transmission and distribution 5



www.tnschoolbooks.in

Wooden poletypeisused for LV transmission
lines as in fig. 1.7. The limitations of wooden
poles are that they must be straight, strong
with gradual tapper and free from knots.
These poles are cheap. Some portion of the
pole below the ground level is coated with
creosote oil. These poles are suitable for
short spans between 40 m to 50 m and to a
voltage level of 11 KV.

2) Concrete poles

FIG. 1.8 Concrete pole

The concrete poles are strong
and reinforced with iron rods and it is
shown in fig 1.8. It has high mechanical
strength and durable. These poles are
used for longer spans (80 m to 100 m).
The maintenance cost is very low. These
types of poles are used for transmission of
power up to 33 KV.

3) Tubular steel poles

o

-5\/:
f’ N7

-
TN

J;E L Jig

Single arm Double arms Dislocation arms

FIG. 1.9 Tubular steel poles

The iron tubular pole is shown in
tig 1.9. It is stronger than the concrete
pole. The poles are coated with zinc. Since
it is circular in shape, the pressure due
to air is less. Earthing is required for this
type. It is suitable for low voltage and the
span is 50 m to 80 m.

4) Latticed steel tower

FIG. 1.10 Latticed steel tower

A Latticed steel tower is shown
in fig. 1.10. It is having high strength,
designed for transmitting power to long
distance and durable. It is used for HT
voltage and the span is 100m to 300m.

b. Main components used in
overhead lines
Electric conductors

Poles and towers
Insulators

Hwn

Cross arm that holds electrical
insulation materials

5. Transformer, lightning arrester,
blocking barriers to the pole and
circuit breakers

c. Transmission line conductors

Electric power is transmitted from power
generating station to the consumers
through conductors. Copper, aluminium,
steel, Aluminium Conductor with Steel

6 CHAPTER 01 Power transmission and distribution
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Reinforced (ACSR), are exclusively used
as line conductors.

d. Properties of conductors

1. High electrical conductivity
2. High tensile strength
3. Low cost

4. Less weight

The properties of Copper, Aluminium
and ACSR conductors are detailed below.

i) Copper

Copper is used to transmit large quantity
of electricity from one place to another.
Hard-drawn copper is often used for
power transmission, because it is twice as
strong as soft drawn copper. Hard drawn
conductor has high conductivity with less
cross-sectional area is used. It has low
specific resistance and durable.

ii) Aluminium

Next to copper, Aluminium is having high
conductivity. It is cheaper than copper
and less in weight. But conductivity of
aluminium is 60% as that of copper. Its
diameter is about 1.27 times thicker
than that of copper. The melting point of
aluminium conductor is less.

ifi) ACSR (Aluminium Conductor
with Steel Reinforced)

FIG.1.11 ACSR conductor

CHAPTER 01

Aluminium conductor having a
central core of galvanized steel wire is used
for high voltage transmission purpose as
shown in fig. 1.11. This ACSR conductor
is mostly used for power transmission. It
has high tensile strength and less sag.

1.4.1 Overhead transmission -
Three phase system

Three-phase system consists of a three-
phase voltage source connected to a three-
phase load by means of transformers and
transmission lines as in fig. 1.12.

FIG 1.12. Overhead transmission — Three phase
system

a. Types of overhead lines

The overhead transmission lines are
classified as

1) Shorttransmission lines —up to 50 km
and line voltage about 20 KV

2) Medium transmission lines - 50 km
to 150 km and line voltage 20 KV to
100 KV

3) Long transmission lines — more than
150 km and line voltage is 100 KV

Power transmission and distribution 7
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b. Guarding

Low, medium and high voltage conductors
can cause disasters, such as rain or storm
which cause electrical accidents makes
risk to life. When a live conductor is cut
down, the earthed cradle part protects
the life of human things. This part is
called as guarding. When the conductor
touches the guarding, the circuit breaker
automatically disconnects the supply.

c. Line insulators

The overhead line conductors are
supported with the poles and towers by
means of insulators, to avoid leakage of
current between the conductor to earth.

d. Properties of insulators

A good insulator possess the following
properties.

1. Very high mechanical strength.
2. Its dielectric strength is very high.

3. Insulators must be free from internal
defects such as impurities to leakage
current.

4. Insulation value of the resistance is
high.

5. Should not affect the environmental
conditions.

6. Do not have porous.

e. Line insulator materials

Porcelain, glass, magnesium silicate etc.
are used as line insulators. The porcelain
is made by suitable heat in combination
with plastic, white clay and glass. It is
having good stability, smooth and free
from porosity.

f. Type of Insulators

1. Pin type insulator

2. Suspension type insulators

i. Hewlett suspension type
ii. Cemented cap type
iii. Core and link type

3. Strain type insulator
4. Shackle insulator

5. Stay insulator

Let us see the various types of insulators
used in the transmission lines.

1) Pin type insulator

S
p—
l

FIG. 1.13 Pin type insulator

This type of insulator as (in fig. 1.13) is
fixed in the crossing arm of the pole. The
conductor is tightened at the top of semi-
circular groove. This type of insulator is
used to hold the conductors in straight.

2) Suspension type insulator

Arcing
horn

Conductor

FIG. 1.14 Suspension type insulator

8 CHAPTER 01 Power transmission and distribution
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The suspension type insulator is connected
to the steel tower as shown in fig. 1.14. The
line conductor is connected at the bottom
of the insulator. In this type, a number of
similar units are connected one over one
by bi-metallic links. This type of insulator
is designed up to 11KV. Usually three
types of suspension insulators are used.

i. Hewlett type
ii. Cemented cap type
iii. Core and link type

3) Strain type insulators

Strain insulator

Conductor

«— Pole

FIG. 1.15 Strain type insulator

Strain type insulator is as shown in fig. 1.15.
These insulators are used in places where
there are having very high tensions such as
dead ends, sharp curves, corners and line
which crosses the river. This type of insulator
can be used for low voltages up to 11 KV.
For the longer spans across river, two or
more strings of insulators are connected in
series. For high tension two or more strings
of insulators were used in parallel.

4) Shackle insulator

A Shackle insulator is as shown in fig. 1.16.
This type of insulator is commonly used
for low voltage distribution lines. Such
insulators can either be used in a horizontal
position or in a vertical position.

Shackle
insulator

D-Strap

FIG. 1.16 Shackle insulator

5) Stay insulator

FIG.1.17 Stay insulator

The insulator used with stay wires are
called stay insulator. This type of insulator
is as shown in fig. 1.17. It is made of
porcelain. The size of insulator depends
upon the tensile strength of stay wire. It is
used to prevent the leakages from the poles
up to 33KV. Stay insulators are provided
to a height of 3m above the ground level.

1.4.2 Underground cable
transmission system and
its components

a) Underground cables

The power is transmitted from the
generating station to the consumers by
means of underground cables too. The
underground cable consists of one or
more conductor covered with suitable
insulation and surrounded by a protecting
core. Normally the number of cores in
underground cables are 1, 2, 3, 3 % and 4.

CHAPTER 01 Power transmission and distribution 9
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i) Advantages of cables

1.

Underground cables are not
subjected to lightning discharges,
thunder, storms, birds and other
severe weather conditions.

. As there is no tension on the

conductor, it will not break due to
any reasons after being installed. It
reduces accidents.

. Less maintenance.

. There is no interference with tele-

communication cables.

ii) Disadvantages of cables

. The cost of installation is high.
. High voltage cables are difficult to

manufacture.

. Difficult to join.
. Identification of fault is difficult.

ili) Classification of cables

a. According to the rating of voltage
the cables are classified into
1) Low tension cables up to 1 KV
2) High tension cable upto 11KV
3) Super tension cables 22 KV to
33KV

4) Extra high-tension cables
33KV to 66 KV

5) Oil filled cables 66KV to 132
KV

6) Extra super voltage cables
beyond 132 KV

b. According to insulation, cables
are classified into
1) PVC insulated cables
2) Mineral insulated cable

3) Paper insulated lead sheathed
cable

4) Cross linked poly ethylene
cable

5) Paper insulated lead covered
double tap armoured cable

c. According to number of
conductors, cables are classified
into
1) Single core cable
2) 2 core cable
3) 3 core cable
4) 4 core cable
5) 3% core cable

iv) Cross section of a cable

FIG 1.18 Cross section of a cable

1.4.4 Difference between Overhead line and Underground cables

Si. No. ‘ Overhead Lines ‘ Underground Cables

1

voltage, it is enough to change the
insulator.

To increase the load, conductors can be
included easily. To increase the working

Change the new cable for two reasons like
to increase the load and the conductors
cannot be included easily.

If need, load can be easily increased.

Load cannot be increased, otherwise
cable will get damage.

10

CHAPTER 01 Power transmission and distribution
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3 More space is required to install. Less space is required to install.

4 Maintenance is easy. Maintenance is complicated.

5 Easy to find the fault. Difficult to find the fault.

6 Power factor loss is high. Power factor loss is low.

7 It is suitable for long transmission It is suitable for short transmission
8 It can be affected by lightning. It cannot be affected by lightning.
9 Installation cost is low. Installation cost is high.

10 It is cheap It is costly.

Power distribution
system

The generated power is distributed to
the consumer through a step-down
transformer, the feeder lines, distributors
and service mains.

1.5.1 Single phase distribution
system

Single-phase distribution systems are
used for residential, small scale industrial
and commercial applications.

Single-phase power distribution
systems are classified as

1. Two wire system

2. Three-wire system

1.5.2 Three phase distribution
system

The High voltage AC supply is stepped
down in to three phase through three
phase transformers. The three-phase
distribution system is used in domestic,
commercial and industries.

Three-phase power distribution
systems are classified according to the
number of phases and number of wires
required. These systems are the three-

phase, three-wire system and three-phase,
four-wire system. The primary winding
is not considered here. The three-phase
three-wire system is used to supply motor
to a load of 230 volts or 440 volts.

1.5.3 Feeder line

The feeder line is nothing but similar
as power transmission conductors. It
connects the power from sub-station
and power supply to the consumers.
The voltage is uniform throughout the
conductor.

1.5.4 Distributor

Electric power is distributed to the consumer
by tappings. Since electric power is taken
from many tappings and the current is not
uniform in all. Therefore, when designing
the distribution system, care must be taken
to the voltage drop.

1.5.5 Classification of
distribution system

The distribution system is classified as,
1. Radial distribution system
2. Ring main distribution system

3. Grid or interconnected distribution
system

CHAPTER 01 Power transmission and distribution 11
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1. Radial distribution system

In this system, each load junctions are
connected through separate feeders and
they are controlled by the sub-stations.
This method is used when the low voltage
exists in the centre of the city. If there is a

fault in any feeder, the whole circuit will
be affected.

2. Ring main distribution system

This system designed like a closed ring.
Each load junctions were constructed one
after another. Electricity is provided from
two supply sources in different places for
each load junctions. If one gets faulted,
the other can be used to get power supply.
This system is used in places where low
and medium voltage is required. In
this way there may be a chance of low
voltage fluctuations happening for the
consumers. Power supply can be provided
by more than one feeder. Reliability can be
generated by supply of electricity through
each of the two feeders.

3. Grid or inter-connected
distribution system

More than one power plants and sub-
stations are connected in series feeders
are called as Inter-connected distribution
system. It is also called as grid. In this
system, the power plant and sub-station
are connected together, and the voltage
is reduced to 33KV, by using transformer.
This method increases the reliability and
efficiency. Electricity can be provided
from different power plants during high
power consumption.

1.5.6 Service lines

Service line is low length connecting
conductor. These service lines act as

conductor between distribution pole and
consumer.

power distribution

. Applications of Electric

Applications of Electrical
distribution can be classified as:

power

1. Residential application
2. Commercial application

3. Industrial application

1. Residential applications

In residential applications are
toaster, refrigerator, microwave oven,
washing machine, electrical chimney and
other electrical appliances.

Fig. 1.19 shows how power
generated from a generating station
reaches its final destination, a residential
area. It is stepped down to 240 volts using a
step-down transformer. Only single-phase
supply is used in a residential application.

1.6.2 Commercial applications

B Electricity is commercially used in
the offices, stores, complexes and
shopping malls. Usually commercial
applications have higher demand
of electrical power than residential
applications.  For = commercial
applications, the consumption of
electric supply will be of high wattage
of power to operate machines,
elevators and conveyors.

B Thelargeamountofpowertodistribute
in safely by the way of highly insulated
cables and bus ways are used. High
rated service equipment is used in
commercial application.

12 CHAPTER 01 Power transmission and distribution
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Electric pole

Energy meter

box

Main switch

Light 2

Celling fan

Switch board

FIG. 1.19 Residential applications

B Panel boards and switch boards can
be used in commercial application
to distribute the power safely to the
machines.

1.6.3 Industrial applications

Industrial areas require high quantity
of electric power for the operation of
high load motors, high wattage bulbs,
halogens, air conditioners, and water
coolers, cranes, milling machines and
grinding machines (fig. 1.20). Industries

other power plants
and consumers

requires high electric supply for operating
the heavy loads.

In thisunit, students can know about power
transmission and distribution, its types,
primary and secondary transmission,
over load line and underground cable
transmission single phase and three phase
components, its types and the applications
of electric power distribution.

TYPES OF LOADS
houses

[

power plant

[l

energy storage facility

factories

[—»: arrows represent energy flow]

FIG.1.20 Commercial applications

CHAPTER

01 Power transmission and distribution
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POINTS TO REMEMBER

The power supply from power plants to the consumers is called power transmission.
A large amount of alternating current is produced at power stations.

The specific resistance of copper is less than aluminium.

Aluminium Conductor with Steel Reinforced is extensively used for power
transmission..

The Lattice steel tower is suitable for the distance between 100 meters and 300 meters.

®  Types of guarding
1) Cradle guarding
2) Cage guarding
B The insulator used in the stay wire is called stay insulator.

B  When electrical power is unable to transmit by overhead lines area underground
cables are used.

® The underground cable is not affected by lightning

L
Eeesssssssssseesssssssss ACtivities m

1. Students are motivated to do a small project in connected with solar energy.

(By using LED lamp)
s GlOSSary \‘\\é
Di-electric strength LO\6BTSHMLIL| 6uedemLo
Feeder lines oer” |efllIyg QSTLIT
Grid e EOUTNeMETOTLIL] (1) LO\6BTEL L 6mLOLIL]
Insulator LO6OT SMLILIT 60T
Peak load o _58&6&LL LIEH
Regulation &(RMIG (LMD
Power factor Hmeorsyevof]
Receiving station e hlemeouiib

14 CHAPTER 01 Power transmission and distribution
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PART-A

Choose the correct option:

. Which of the following is not the
distribution system?

a) 3 phase - 4 wire
b) 3 phase - 3 wire
c) Single phase - 3 wire
d) Single phase - 4 wire

. The disadvantage of constant voltage
transmission is

a) shortcircuit current ofthe systemis
increased

b) load power factor in heavy loads

c) large conductor areais required for
same power transmission

d) less current during short circuit

. The voltage of low-tension
transformer is
a) 132KV b) 220 KV
¢ 33KV d 400 KV

. Generally which conductor is used
for power transmission

a) Steel
¢) Aluminium d) ACSR

b) Copper

poles for supporting
transmission lines are used for
voltages up to

a) 440V
c) 22KV

b) 11 KV
d) 66 KV

. Which of the following regulation is
considered to be the best?

a) 2% b) 30%

CHAPTER 01 Power transmission and distribution

10.

11.

12.

=.Evaluation

c) 70%

d) 98%.

. The power transmission will be

maximum while

a) sending end voltage is more
b) receiving end voltage is more
c) reactance is high

d) less corona loss

Stranded conductors are used for
transmitting power to a high voltage
because of

a) increased tensile strength
b) better wind resistance

c) ease-in handling

d) low cost

. The frequency supply in India is

b) 70 Hz
d 45Hz

a) 180° b) 120°

c) 150° d) 90°

Three phase transformer require ----
——————————— coils

a)6 b) 8

c)3 d) 4

What is the voltage between phase
and neutral?

a) 200V
<) 220V

b) 210V
d) 230V
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13. What is the voltage between phase to

phase?
a) 440V b) 430V
c) 400V d) 450V
PART-B (3 Mark)

Answer the questions in brief

1. Whatismeantbypowertransmission?

2. State some electrical
generating stations.

3. What are the advantages of DC
transmission?

4. What are the disadvantages of AC
transmission?

5. What are the advantages of high
voltage transmission?

power

6. What are the properties of overhead
line conductors?

7. Write short
conductor.

notes on ACSR

8. List out the types of electrical poles.
9. What are uses of guarding?

10. What are called service lines?

PART-C (5 Marks)
Answer the Questions not
exceeding one page

1. What are the various methods of
power transmission?

2. Write down the types of distributors.

3. What are the main objectives,
advantages and disadvantages
of underground cable for power
distribution?

4. Draw the diagram of suspension type
insulator.

PART-D (10 Mark)
Answer the Questions not
Exceeding two page
1. Explain with a neat sketch about
types of electrical poles.

2. Tabulate the differences between
the overhead transmission lines and
underground cables.

(m] | N
.H Reference book

1. A text book of ‘Electrical Technology’
Volume-III  B.L.Theraja  and
A K.Theraja, S.Chand & Company
Ltd.

w@o Reference internet source

o

1. http://www.wikipedia.org

2. https://www.electrical4u.com
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Engineering Materials

(©) LEARNING OBJECTIVE

In this unit, the study regarding properties and the applications of engineering
materials, classifications, properties of electrical and mechanical and its types with
updated materials were to gain the knowledge in the field of engineering.

TABLE OF CONTENTS

2.1 Introduction
2.2 Properties of engineering materials

2.3 Classification of engineering
materials

|2.1 Introduction

A material is a substance used to make
physical things. The term property
means quality, which defines the specific
characteristics of a material. Materials have
different properties and characteristics
depending on what they are used for.

Properties of
engineering materials

Properties of materials can be classified
under several heads. As a matter of fact
the following classification of materials

2.4 Conducting and insulating
materials

2.5 Conclusion

are important for an engineer, to select a
suitable material for the specific purpose.

2.2.1 Physical properties

Physical properties determine the micro
and macro structure of the materials.

Example: shape, size, colour, lustre,
density, structure, finish, etc.,

2.2.2 Electrical properties

Electrical properties determine the ability
of material to permit or resist the flow of
electricity.

17 ]I
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Ex: conductivity, resistivity, di-
electric, insulation, etc..

2.2.3 Magnetic properties

Magnetic properties determine the
property of the materials with presence of
applied magnetic field.

Ex: permeability,
hysteresis, temperature, etc..

retentivity,

2.2.4 Optical properties

Optical properties of a material determines
about a material under the action of light.

Ex: emission of light, absorbance,
colour luminosity, photo sensitivity,
reflecting, refractive index, scattering,
transmission etc.

Transmittance Ellipsometry
Regular Diffuse, BTDF
I
Reflectance Polarimetry
Regular Diffuse, BRDF
I
4” %é
Absorptance Index of
. refraction
Regular Diffuse
— —
Emittance Extinction
Regular Diffiuse coefficient

FIG 2.1 Optical properties

2.2.5 Chemical properties

Chemical properties determine the
corrosion rate, chemical reaction rate of
material.

18 UNIT 02 Engineering Materials

Ex: corrosion resistance, reactivity,
chemical composition, PH, hydroscope etc.

2.2.6 Thermal properties

Thermal properties determine the
property of the materials when they are
subjected to thermal changes.

Ex:  specific  heat, thermal
conductivity, thermal expansion, thermal
stress, thermal shock, latent heat, specific
heat, etc..

2.2.7 Mechanical properties

Mechanical properties are the properties
which dealt about the behaviour of
material under force or load.

Weldability @

t

Mechanical
properties

@ Malleability

FIG 2.2 Mechanical properties

i) Strength

Itis defined as the ability of a material
to resist loads without failure and
fracture.

ii) Stiffness

Itis defined as the ability of a material
to resist deformation or deflection
under load.
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iii) Elasticity
The property of a material gets
deformation when the load is applied
and then back to its original shape after
the load is removed. Stiffness within
the elastic limit is known as elasticity.

iv) Plasticity
The ability of a material gets
deformed due to load and retain to a
new shape after the load is removed
is called plasticity.

v) Ductility
The property of a material to be
deformed without rupture under
tensile load is called ductility.
Materials possessing ductility can be
drawn into thin wire.

vi) Brittleness

The property of sudden fracture
without any deformation is called
brittleness.

vii) Machinability
The ease in which a given material
may be shaped into required shape
with the tools is called machinability.

viii) Hardness

The ability of material to resist
scratching or indentation by another
hard object is called hardness.

ix) Toughness
The ability of a material to resist
energy and gets fracture during
the plastic deformation is called
toughness.

x) Malleability
The ability of material gets deformed
without rupture with compressive
load is called Malleability. Malleable
materials can be hammered and
rolled into required measurement of
thin sheets.

xi) Creep

The slow and progressive
deformation of a material to a long
time with a constant stress is called
creep.

xii) Fatigue

Failure of materials under repeated
stress is called fatigue.

xiii) Resilience
The capability of a strained body
to recover its size and shape, after

deformation by compressive stress is
called resilience.

2.2.8 Points to be kept in
mind before selecting
engineering materials

The substances which are essentially
used in the field of engineering are called
engineering materials. Following criteria’s
are required for selection of engineering
materials.

Availability of material
Cost of material
Sustainability

Ease of manufacture
Compatibility
Reliability

Recyclability

Classification of
Engineering Materials

The Engineering materials are classified
into Metals, Non- metals and Alloys. It
plays an important role in the field of
engineering and in industries. Non- metals
are classified as polymer and ceramics.

UNIT 02 Engineering Materials 19
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ENGINEERING
MATERIALS

METALS

NON-METALS

FERROUS NON-FERROUS
METALS METALS | POLYMER | CERAMIC
THERMO- SETTING THERMO
COPPER PLASTICS PLASTICS
CAST IRON ALUMINIUM
WROUGHT IRON LEAD | |
STEEL IRON ZINC
MIXED STEEL BRASS BAKELITE PVC
BRONZE POLYSTER POLYTHENE
REXIN ACRYLIC
EBONITE
FIG 2.3 Classification of engineering materials
l Metals l
Ferrous Non Ferrous
Pure Non Non
e Ferrous Ferrous
Pure Allovs
Ferrous Alloys ‘ l
Metals l
Brass || Bronze || Solder
l Steel I I I
Iron l Zinc Tin Copper || Copper || Lead
+ + +
High Zinc Tin Tin
Speed Lead Silver
Steel
Gold Mercury

Mercury is the only non
ferrous metal that is liquid

at room temperature.

20

FIG 2.4 Classification of metals
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i. Ferrous metal

The metal which contains iron as its main
constituent is ferrous metal.

Example: Cast iron, wrought iron
and steel.

The ores of iron are hematite,
magnetite, limonite and siderite. The
main ore is hematite.

Indians have specialized in
metallurgyofironandsteel manufacturing.
Asokas pillar at New Delhi and Puri
Jagannath temple shows the intellectual
skill of Indians in the field of Engineering.

ii. Non- ferrous metal

The metals which contain other than iron
are called non-ferrous metal.

Example: Copper, Aluminium,
Zinc, Lead, Tin, Platinum, Silver, Gold,
Tungsten.

iii. Alloy metal

Alloy metals are the metals where two or
more metals are mixed.

Example: Brass, Bronze, Stainless
steel and Nichrome.

Conducting and
insulating materials

Conductivity is the property of a material
which allows the electric current to flow.
Conducting materials are classified into
low resistivity, high resistivity and zero
resistivity.

2.4.1 Conducting materials

Silver: Used in contact surface of switch
gears and circuit breaker points

Copper: Used in winding, wires,
transformer and in transmission lines.

Aluminium: Flexible in nature used for
wires, bus bars and wiring.

Tungsten: Filaments in bulb.

Platinum: Used in thermo couple as
constant material

Manganese: Used in standard resistance
and shunts.

Constantine: In Thermo couples,
Rheostats and starters for electric motors.

Nichrome: Used as heating element in all
heating appliances.

Carbon: Used as brushes in electrical
machines.

2.4.2 Comparison of Copper and
Aluminium

Factors | Aluminium | Copper

Colour Silverly white | Reddish brown
Density | 2700 kg/m? 8900° kg/m?
Melting | 660°C 1085°C

point

Resistivity | 2.65x 107°Q-m |1.72 x 107°Q-m

2.4.3 Advantages and
disadvantages of
aluminium

. Advantages

Cheaper

1/3 Lighter than the weight of copper.
Softer.

Non-reactive to acids.

Availability - Aluminium is the third most
abundant element available in nature. It
consists of 7.28% of earth crust.
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b. Disadvantages

B Higher resistivity: Due to high resistivity,
aluminium is not used for winding.

B Having high contact resistance.

B Tensile strength is very poor.

B Possibilities for getting loose contacts.

2.4.4 Advantage and
disadvantage of Copper

. Advantages
Light in weight.
Safe, Formable and dependable.

Easy to join and durable.
100 % Recyclable.

b. Disadvantages

Susceptibility to corrosion. i.e.,

Oxidation.

B Price is costly.

2.4.5 Insulating materials
i. Solid insulating materials
a) Plastics

It is an organic polymer, which can be
moulded into desired shape and size with
the heat and pressure or both. The plastic
in liquid forms is known as resin. There
are two types of plastics namely Thermo
plastic and Thermo set plastic. Thermo
plastic can be softened and hardened by
heating and cooling by any number of
times. (e.g.) Polythene, PVC, Acrylic.
Thermo set plastic cannot be softened
once they are moulded. It is formed by
condensation and polymerization. E.g.
Polyester, Bakelite, Epoxy
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Plastic

P
—

FIG 2.5 Application of Plastic

b) Ceramics

Ceramics are inorganic, non-metallic,
covalent compounds. They are produced
from earthy material clay by the heat
treatment of fire. Refractories and glasses
are the types of ceramics. Porcelain is used
as an insulators in transformer bushing
pin, switches, fuse holder, socket, discs of
electric stove, kettle and in heating element.
Aluminium is an important refractory
material used in furnaces. Silica glass, fibre
glass, Pyrex are important glass insulation
materials used in capacitor, radio & TV
tubes, lamps and in laminated boards.

c) Rubber

Rubber is an organic polymer, which
elongates on stretching and regains its
original shape after the removal of the
stress. Rubber may be classified as natural
rubber and synthetic rubber.

d) Mica

Mica is a compound of aluminium silicate
with soda potash and magnesium. It has
high dielectric strength and low power
loss. Mica is used in tapping stator coils,
electric irons, hotplates, toasters, motor
slot lining and transformer insulation.

e) Asbestos

It is a natural material having fibrous
structure, low dielectric strength and
high dielectric loss. It is used in electrical
machines to withstand temperature.
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2.4.6 Liquid insulating materials
a) Mineral insulating oils

These oils are obtained from distillation
of crude petroleum. It has high oxidation
resistance and good thermal stability.

This oil is used as an insulator and cooling
agent in a transformer (winding and core).

b) Synthetic insulating oils

Compared to mineral oil, these oils are very
cheap and inflammable. Askarel is used
as coolant in High Voltage transformer
(upto 110° C) Aroclors, sovoland sovtol
are other synthetic insulating oils.

2.4.7 Gaseous insulating
materials

a) Air

It is an important insulating material
available in nature used in HT lines and
capacitor.

b) Nitrogen

It is chemically inert, prevent oxidation
and reduce deterioration. It is used in
oil filled transformers, capacitors and in
cables under pressure.

c) Inert Gases

They are used in electronic tubes and
discharge tubes as insulators.

2.4.8 Optical materials

Optical materials are currently important
for communication. In this, an entire
network of optical fibre, LED’s, LASER and
detectors were installed for transmission

of voice and data. Optical disk recording
with semi conductor, laser playback are
replacing the conventional piezo electric
pickups.

2.4.9 Optical materials and their
application

Technology | Application

1. Optical
communication

To guide the light inside
the fibre by total internal

reflection (eg. optic fibre
cable)

To modulate the intensity or

phase of light by an electric
field / magnetic field /
ultrasonic waves

i) Wave guides

ii) Optical To do fast switching

modulator | produce light
iii) Optical
switches

iv) Optical

source
2. Energy To convert light energy
convertors | into electrical energy (solar
panel, silicon, selenium
sulphate)
3 Thermal To detect thermal
energy radiation
detectors
4 Display To display electrical
device signal in the visual (eg

LED, LASER)

5 Optical fiber | To measure mechanical

sensor quantities like displacement,
acceleration, pressure &
electrical quantities likes
field strength, current
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FIG 2.6 Examples of optical fibres

In this unit, we have gained the knowledge about the properties of engineering materials,
classification of engineering materials and the conducting and insulating materials were

updated with the sources provided.

<
Eessssssssesseeeseessssss ACtivities m
1. Collect any 15 insulating materials?

[ Glossary \‘\\i

Engineering materials
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Stiffness
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»_‘Z‘—*Evaluation "- ot

(1 Mark)

Choose the correct answer

1.

Steel is an example for___
a) Non metal

b) Ferrous metal

¢) Non-Ferrous metal

d) Alloy metal

. Which one of the following is an

a) Cast iron
b) Copper
¢) Brass

d) Platinum

. Which of the following are the

thermal properties of materials?
a) Fatigue

b) Specific heat

¢) Thermal conductivity

d) Creep

Zinc is an example of

a) Non metal

b) Ferrous metal

¢) Non-ferrous metal

d) Alloy

. Refractive index and reflectivity are

properties of material is known as

a) Mechanical
b) Thermal
¢) Chemical
d) Optical

10.

. Which one of the following is an

organic material ___
a) Zinc

b) Iron

¢) Silicon carbide

d) Wood

Shape and density are properties of
materials is knownas

a) Physical

b) Chemical

¢) Mechanical

d) Electrical

. Which state of material resists tension,

compression and shear stress?
a) Gaseous

b) Liquid

¢) Solid

d) Heat

. Which of the following metals are

bothmalleableandductile_
a) Copper

b) Castiron

¢) Porcelain

d) Zinc

The following list gives the four metals
Gold (Au), Silver (Ag), Aluminium (Al)
and Copper (Cu) arrange the metals in
the increasing order of resistivity.

a) Ag, Cu, Au, Al
b) Au, Ag, Cu, Al
c) Ag, Au, Cu, Al
d) Cu, Ag, Au, Al
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11 Aluminium is found
percentage of earth crust

a) 7.28
b) 8.27
c) 7.82
d) 8.72

12 Which one of the following is used
as energy convertor in optical
materials?

a) Optic fibre cable
b LED

c¢) LASER

d) Solar panel

13 Most widely wused
materials are_

conducting

a) Gold and silver

b) Copper and aluminium
c) Copper and silver

d) Gold and platinum

PART B (3 Mark)

Answer the questions in briefly

1. Listoutthe broad classification of the
properties of engineering materials.

2. Write short notes on types of metals.

3. Differentiate Thermo setting plastic
and Thermo plastic.

4. State the different properties of
material.

5. Write down the thermal properties
of materials.

6. What is meant by optical properties
and give some examples?

7. State the factor to be considered
for the selection of materials for
engineering applications.
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PART C (5 Mark)

Answer the questions not
exceeding one page
1. Explain the various properties of
engineering materials.

2. Tabulate the applications of optical
materials and technology.

3 Explain the types of conducting
materials.

4 Comparethepropertiesof copperand
aluminium

PART D (10 Mark)

Answer the questions not
exceeding two page
1. Explain the mechanical properties of
materials.

2. Explain the classifications of
engineering materials.

3. Explain the classifications of
insulating materials.

(W] | N
'H Reference Book

1. ‘An introduction to Electrical
Engineering Materials’ by Dr. C.S.
Indulkar and Dr. S. Thiruvengadam,
4t edition, S. Chand & company.

o@ Reference Internet Source
o

1. https://www.electrical4u.com



DC Machines

(©) LEARNING OBJECTIVE

In this unit, the students can enable to:

B Understand the various parts of DC machines

®  Know about the principle of operation of DC machine

B  Know about the applications of DC machines

TABLE OF CONTENTS

3.1 Introduction

3.2 Construction of DC machines
3.3 DC generators

3.4 DC motor

3.5 Conclusion

|3.1 Introduction

DC machines are electro mechanical
energy conversion devices which functions
as generators which converts mechanical
energy to electrical energy. It can also
operate as DC motors, taking electrical
energy from DC supply and converts
to mechanical energy. DC motors are
widely used in electric traction, cranes,
etc. The extension of these DC machines
leads to the development of brushless

DC machines which are mostly used in
modern scenario.

The electrical machines functions
on AC supply are called AC machines.
Functions on DC supply are called DC
machines. In this unit, we will discuss the
topics connected to DC machines.

DC machines are classified into
two types:

1. DC generator
2. DC motor
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Construction of DC
machines

The construction of the DC generator
and DC motor are same. Hence the DC
generator can be treated as DC motor.
The construction of a 4-pole DC machine
is given in the fig 3.1.

All DC machines have mainly two parts:

1. Stator (outer stationary part)

2. Rotor (inner rotating part)

The stator consists of Yoke or Magnetic
frame, poles, pole shoe, field winding.

Rotor has the following parts:

B Armature - Armature core, Armature
winding
B Commutator — Brushes,

B Bearing, end plates, shafts

3.2.1 Yoke

1. It provides mechanical support to
the poles and acts as a protecting
cover for the whole machine.

2. Itcarries the magnetic flux produced
by the poles.

3.2.2 Field system

Field system consists of two main parts
namely poles and field winding.

i) Poles

Each pole is divided into two parts,
namely:

1. Pole core

2. Pole shoe

The functions of pole core and pole
shoe are:
1. Pole core carries field winding which
is necessary to produce the flux.
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2. Pole shoes spread out the flux in the
air gap uniformly.

3. It supports the exciting coils (or)
tield coils.

4. It is made up of cast-iron or cast-
steel.

ii) Field winding

The field winding is placed on the pole core.
It is made up of aluminium or copper. Its
function is to carry the current and produce

the magnetic flux. The pole structure of a
DC machines is shown in fig 3.1.

Terminal

— N OX
f — K/

W AR
(i
\SEV

FIG 3.1 Yoke and Poles

Yoke

vd

3.2.3 Armature system
It is further divided into two parts namely:

1. Armature core

2. Armature winding

i) Armature core

It is cylindrical in shape with slots on its
outer periphery and is mounted on the
shaft and is used to house the armature
conductors in the slot. It is made of cast-
steel laminations to reduce the eddy
current loss.

ii) Armature slots and windings

The armature windings are placed into
the slots on the armature surface. When
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the armature rotates, emf is induced in
the armature conductors. The ends of
the coils are soldered with commutator
segments. These segments are made up of
copper materials.

3.2.4 Commutator

The emf induced in the armature conductor
is alternating in nature. This alternating
emf is made into unidirectional by means
of a device called as commutator. It is
made up of copper segments.

3.2.5 Brushes and bearings

The function of brushes is to collect
current from commutator. It is made
up of carbon or graphite in the shape
of rectangular block. These brushes are
housed in brush-holders usually of box-
type. Ball bearings are used because it is
reliable, but for heavy duty machines,
roller bearing is preferred. The structure
is shown in fig 3.2

Terminal
Box

[l

Yoke

Pole

Field
winding \ \

Commutator
Armature

Armature Brushes

conductors

FIG 3.2 Poles and armature of DC machines.

- DC Generator

A DC generator is a rotating machine
that supplies an electrical output with
unidirectional voltage and current. The
basic principle of operation is same as
that of synchronous generator.

3.3.1 Principle of operation of a
DC Generator

AccordingtoFaraday’slawofelectromagnetic
induction, ‘when a conductor is rotated in
a magnetic field, the magnetic lines of flux
lines were bisects and dynamically induced
emf is produced can be seen in fig. 3.3. The
emf causes a current flow when the circuit
is closed. The direction of the current can
be known with the help of Fleming’s Right-
hand rule.

The basic requirements for the
dynamically induced emf are:

1. A static magnetic field
2. A conductor or coils

3. Relativemotionbetweenthemagnetic
field and the conductors.

e.m.f 5 6 7 8 9

<«—— One cydle —— >
E— e

FIG.3.3 Principle of EMF generation
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3.3.2 Elementary DC Generator

Consider a single-turn rectangular
copper coil ABCD rotating clockwise
in a magnetic field provided by N and S
magnets (or) electromagnets as shown
in fig 3.4. The two ends of the coil are
joined to two split-rings ‘a’ and ‘b’ which
are insulated. Two collecting brushes (of
carbon or copper) press against the split-
rings. Their function is to collect the
current produced in the coil and to carry
it to the external load resistance R. The
rotating part is called as ‘armature’ and
the magnets as “field magnets” or “poles”.
The coil is rotated in clockwise direction
at a uniform magnetic field.

At position 1, where 6 = 0 degrees,
the plane of the coil is perpendicular to
the direction of lines of the flux. Now, the
flux linked with the coil is maximum, but
the rate of change of flux is minimum.
So, no emf is induced in the coil. At the
starting position the emf induced is zero.

When the coil is rotated further,
the rate of change of flux linkage increases
up to position 3, where 0 = 90 degrees.

At this position, the plane of the coil is
parallel to the lines of flux. Now, the flux
linked with the coil is minimum, but rate
of change of flux linkage is maximum.
Therefore, at this position emf induced in
the coil is maximum. On further rotation
the value of generated emf continues to
decrease from maximum to minimum
value.

At position 5, where 0 = 180 degree,
the generated emf is reduced to zero. The
magnitude of emf with respect to the coil
position is represented in fig 3.3. from
position 5 to position 7 (180 degrees to
270 degrees), the induced emf value starts
again from zero to maximum and from
position 7 to positonl (from 270 degrees
to 360 degrees) maximum to zero in
opposite direction.

In this way the generated emf goes
on one cycle as alternating emf. The two
halved split-rings make the bidirectional
emf into unidirectional emf to behave as
DC generator. This set up is shown in fig
3.4. In the first half revolution current
flows along the path A-B-a-M-L-b-C-
D-A, (fig 3.4a). The coil in the second half

\ \
0 90° 180° 270° 360°

— >0

FIG.3.4 AC into DC waveform
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rotation, the induced currents is reversed.
But the positions of brushes a and b’ are
also reversed so that current through the
load remains the same direction, that is
the loop D-C-b-M-L-a-B-A-D (fig 3.4b).
The device making the alternating supply
into unidirectional supply is by means of
a device called ‘commutator’.

3.3.3 EMF equation of DC
generators

Let @ = flux in weber

Z = no. of armature conductors
N = speed in RPM

P = no. of poles

A = no. of parallel paths

(A=P) - for lap winding

(A=2) - for wave winding

According to Faraday’s law of
electromagnetic induction, the value of
generated EME,

EMFE—d—g
9 dt

Flux cut/conductor in one revolution for
‘P’ poles ‘d@’ = QP
_60
N
The value of induced EMF per coductor,

E
8

The time for one revolution ‘dt’

_d0_0OP _OPN
dt 60 60
N

For Z = Number of conductors
A = Parallel path
P = No of poles

0ZN _ P

=——X—volts
g 60 A

3.3.4 Types of DC Generator

DC generators are classified according
to the manner in which field windings
are connected. The process of giving DC
voltage to the field winding for producing
magnetic field is called field excitation.
The generators are classified based on the
excitation, as:

1. Separately excited DC generator

In separately excited DC generator,
the excitation to the field winding
is given by an external DC supply as
shown in Fig 3.5

In
A > 0
i i A

] LOAD

I
<
F|

< <

FIG 3.5 Separately excited DC generator

2. Self-excited DC generator

In this type of DC generators, the
generation of emf is due to its
property of residual flux or residual
magnetism present in the field
winding. They are mainly of three

types:
a) DC series generator
b) DC shunt generator

c) DC compound generator

a) DC series generator

In DC series generators the field
winding (R ) is connected in series
with the armature winding (R,).
Therefore, the series current (I,) is
equal to the armature current (I,)
and the load current (lL), as shown
in the fig 3.6
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EgM I
Ra

v [Juow

A

FIG 3.6 DC Series generator

The current equationis I =1, =1,

The Voltage equationis E, =V + I, (R +R_,)
V = Load voltage

b) DC shunt generator

In shunt generator the field winding
is across (shunt) the armature
winding. Here the armature current
(L) is the sum of shunt field current
(I;,) and load current (I;) as shown
in Fig 3.7

Ish IL

% Reh Egt I
Ra

v [Jow

v

FIG 3.7 DC Shunt generator

The current equationis I = I, + I,

The voltage equation is E, = V + [ R,

c) DC compound generator

These types of generators are again
classified into long shunt generator and
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short shunt generator based on the field
winding connections. In long shunt
compound generator, the shunt field
winding is connected in parallel with the
series combination of series field winding
and armature winding. (fig 3.8a)

In short shunt compound generator,
the series field winding is connected in series
with the parallel combination of armature
and shunt field winding. (Fig 3.8b)

Ish IL

v D LOAD

Rsh

FIG 3.8 (a) DC Long shunt

Ish Rse IL

<

Eg T
Rsh Ra v |::| LOAD

FIG 3.8 (b) Short shunt compound generator

Where,

[, = Armature current

R, = Armature resistance
I, = Load current

[, = Shunt field current

I = Series field current
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R, = Series field resistance

R, = Shunt field resistance

V. = Load voltage

E, = Generated voltage from armature.

4

~Universal motors are known to over-
speed, perhaps dangerously and
destructively, when run with no load.

This article deals with different methods of

universal electric motor speed control.

- 'KNOW?

-~

A motor which can be operated either on DC
or on single phase AC is
called a universal motor.
On both AC and DG, it
gives approximately the
same speed and output.
Universal motors often
run at dangerously high speed when operated
at no load. This means that motor speed will
be low at full load, but the speed of the motor
will start increasing as the load on the motor
decreases. Finally at no load, the motor will
run at very high speed (perhaps about 20,000
rpm in some cases) and cannot make to run
at less than about 2,000 rpm. The speed of
universal motor varies just like that of a DC
series motor. Being a series wound motor, it
has a high starting torque and variable speed
characteristics, and if the motor is started
at no load, due to its high starting torque it
will attain high speed quickly. Thus it is not
advisable to start a universal motor at no load.

3.3.5 Applications of DC
generator

1. DC series generators

i) They are used for series arc
lighting

ii) Theyare used asboosters for the
purpose of compensating the
drop in voltage in the lines on
loading.

iii) Used for regenerative braking of
DC locomotives.

2. DC shunt generators

i) In shunt generator, terminal
voltage is more or less constant.
So these are used for supplying
loads needing constant voltage.

ii) In Electroplating
iii) In Battery charging purpose.
iv) As Exciters for AC generators.

3. DC compound generators

i) Bymeansofcompoundgenerator
it is possible to give constant
voltage at the line end by proper
compounding.

ii) Differentially, compound
generator may be used for
welding purpose.

iii) Theyare used to supply power to

railway circuits, elevator motors
etc.

4. Separately Excited Generators
These generators are used for:

i) Supplying DC motors whose
speed is to be varied widely.

ii) WhereawiderangeofDCvoltage
is required for testing purpose.

3.4.1 Principle of operation of DC
motor

An electric motor is a machine which
converts electrical energy into mechanical
energy. Its action is based on the principle
that when a current-carrying conductor is
placed in a magnetic field, the conductor
experiences a mechanical force. The
direction of this force is given by Fleming’s
left-hand rule and magnitude is given by;
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F = BIl (N)

B = flux density due to the flux
produced by the field winding

I= Magnitude of current passing
through the conductor

1 = Active length of the conductor

In construction, there is no difference
between DC generator and DC motor. In
fact, the DC machine can be interchanged
as a generator or as a motor. In generator
the input is mechanical energy by a prime
mover and the output is voltage, while in
a DC motor the input is electrical energy
and it produces rotating torque as output.

3.4.2 Fleming’s left hand rule

Conductor __ , Motion of the conductor
N > ) S
L N/
Direction of current
Direction of
lines of flux

Motion of the conductor

Direction of the
lines of flux

Direction of current

FIG 3.9 Fleming’s left hand rule

Main Flux
Conductor

/

Z
YYVYVYY
KDK
®
N

According to Fleming’s left hand rule,
keep the forefinger, middle finger and
thumb of the left hand perpendicular to
one another as in fig.3.9. The forefinger
indicates the direction of the magnetic
field (B), the middle finger indicates the
direction of current (I) in the conductor,
and the thumb indicates to the direction
of motion (F) of the conductor.

3.4.3 Principle of operation of DC
motor

In principle and design, a DC motor is the
reverse process of DC generator.

Consider a single conductor placed
in a magnetic field as shown in fig 3.10.
The two diagrams indicate the direction
of magnetic fluxes considering separately.
The resultant force takes place in a DC
motor is clearly shown in the fig 3.10

A steady current is passed through
thearmature coil from the commutatorand
the brushes are arranged so that reverse
the current for every half revolution.
When a coil, carrying a current is placed
in a magnetic field, it experiences forces,
as per Flemings left-hand rule, which
turn to a direction perpendicular to the
field and the current.

The fig 3.11 (a) shows the upper
side of the conductor, the magnetizing
forces of the field due to the current is

Flux by
' conductor

Current carrying
conductor

FIG 3.10 Resultant force developed
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FIG3.11 (a)

N

—_ -

=~
\\@
K?

/

FIG 3.11 (c)

FIG3.11 (b)

FIG 3.11 Torque development in DC Motors

progressive while on the lower side it is
retrogressive. The result is to increase the
flux density into the region directly above
the conductor and to reduce flux density
below the conductor.

If the current is reversed in the
conductor, the strengthening of flux
lines occur below the conductor and the
conductor will be pushed upwards as
shown in fig. 3.11(b).

As above, one of the coil side A’
will be forced to move downward and ‘B’
moves upward. These two forces are equal
in magnitude and opposite to each other
as in fig. 3.11(c). These forces make the
armature to rotate through the two ends
by the help of bearings. But practically, a
DC machine will have multiple conductors
and each conductor will be experiencing
a force F=BIL Newton. These forces
collectively produce a driving torque
which sets the armature rotating. The
machine is then said to be motoring.

3.4.4 Back EMF of DC Motor (E,)

When the armature of a DC motor rotates
in the magnetic field, the armature
conductor cuts the magnetic flux.
Hence an emf will be induced in the
conductor. According to Faraday’s law of
electromagnetic induction, the induced
emf acts in opposite direction to the
applied voltage and it is referred as the
back emf E,.

The back EMF is given by,
PZN

P
= x —volts
60 A

b

which is same as that emf induced in a DC
generator.

The relationship between the
current, back emf and the applied voltage
for a dc shunt motor is given by,

E,=V-LR,
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Where,
E, = back emf in volts
V = supply voltage in volts
[, = armature current in amperes

Ra:armature resistance in ohms.

YY L,

FIG 3.12 DC motor circuit

The back emf E is always less than that of
the applied voltage and hence the current is
flowing against the direction of back emf.

3.4.5 Types of DC motors
The DC motor is classified into three types

based on the field winding connection
with the armature.
i) DC series motor
ii) DC shunt motor
iii) DC compound motor
a) Long shunt compound motor

b) Short shunt compound motor

i) DC series motor

In DC series motor, the field winding is
connected in series with the armature as
shown in Fig 3.13 The series field winding
carries the input current, I, =1 =1_. The
series field winding is relatively small
in number to give minimum value of
resistance drop.
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FIG 3.13 DC series motor

ii) DC shunt motor

In DC shunt motor, the field winding is
connected parallel (shunt) with the armature
as shown in fig 3.14. The field winding
has a large number of turns and relatively
smaller in cross sectional area. Therefore,
the shunt field winding has high resistance
and hence shunt field current is relatively
small compared with armature current. The
speed of DC shunt motor is almost constant
during no-load to full-load.

[_
&

+ O >
Iﬂ
A Z
V Rsh
AA 7
- O

FIG 3.14 DC shunt motor

ifli) DC compound motor

In compound motors both series and
shunt windings are connected as of
long shunt and short shunt compound
motor.
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a) Short shunt compound motor

In short shunt compound motor, the
series field winding is connected in
series with the parallel combination
of armature and shunt field winding.
The connection diagram for this
compound motor is as shown in Fig

3.15.

_O <

b) Long shunt compound motor

In long shunt compound motor, the
shunt field winding is connected in
parallel with the series combination
of series field winding and armature
winding as shown in fig. 3.16.

I

L

+0
Y
Ish
Z
YY
\%
A
7z
AA
-0

FIG 3.15 DC short shunt compound motor

3.4.6 Applications of DC motors

Type of motor

1. DC series motor

‘ Characteristics

i) Variable speed

ii) Speed can be controlled

iii) No load condition is dangerous

iv) High starting torque

FIG 3.16 DC Long shunt compound motor

‘ Applications
i) Electric traction
ii) Cranes hoists

iii) Conveyors, Elevators,
Trolleys

2. DC shunt motor

i) Speed is fairly constant
ii) Adjustable speed

iii) Medium starting torque

i) Lathe machines

ii) Blowers and fans

iii) Centrifugal pumps
iv) Reciprocating pumps
v) Machine tools

vi) Drilling machines

3. DC compound
motor

i) Variable speed
ii) Speed can be controlled

iii) High starting torque

i) Punches

ii) Elevators
iii) Shears

iv) Rolling mills

v) Printing presses

vi) Air compressors
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B In this unit, the knowledge about the various parts, its principle of operation and the
applications of DC machines were known with updated contents.

<
Eeeeeeeeeeeeeeeeeessssss ACtivities m
1. With the help of DC supply, run DC motor and know the speed.

1 Glossary \‘\\i

Generator LO\60T60TITSEh
Motor leoTGeprTiTig
Magnetic poles SMNbS &I(H6UMIS6T
Carbon brush sniueT Gflena
Bearings Srhil&elr

[ ]

§=-Evaluation s '|

1

PART 1 (1 Mark) 3. The Yoke of a DC machine is made up
of

a) Copper b) Aluminium

Choose the correct answer

1. In DC generator, the alternating emf is . _
. . ¢) Zinc d) Cast-iron
converted into direct by means of ------

4. Which of the following is a function of
brushes?

a) To convert AC to DC
b) To convert DC to AC

a) Slip-ring
b) Commutator
¢) Carbon brush

d) End rings ¢) To collect the current and to deliver to

load

2. The ------------ rule gives the direction
d) To regulate the speed

of induced emf in DC generator.
5. The armature is made up of

a) Fleming’s left-hand rule
a) Solid aluminium

b) Solid steel

¢) Laminated aluminium

d) Laminated steel

b) Fleming’s Right-hand rule
c) Faraday’s law
d) Kirchhoff’s law
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PART B
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. The principle of a DC motor is based

on
a) Fleming’s left-hand rule
b) Fleming’s Right-hand rule
c) Faraday’s law

d) Ohm’s law

. For electric traction, the motor used

a) DC shunt motor
b) DC series motor
¢) DC compound motor

d) Stepper motor

. Which of the following motor is

constant speed motor?
a) DC shunt motor
b) DC series motor
¢) AC series motor

d) Transformer

. DC compound motor is having

a) series winding

b) shunt winding

c) series or shunt winding
d) series and shunt winding

Commutator is made up 10) ST ——

a) Copper b) Brass
¢) Aluminium d) Silver
(3 Mark)

Answer the questions in briefly

1.

A O

What are the main parts of DC
machines?

Write some short notes on commutator.
Define yoke?

What are the types of DC generators?
State Fleming’s left-hand rule.

6. State the applications of DC series
motor.

7. Mention the applications of DC
shunt motor.

PART C (5 Mark)

Answer the questions not
exceeding one page
1. Derive the emf equation of a DC
generator.

2. Draw the circuit diagram of DC
shunt and series generators.

3. Draw the circuit diagram of DC
shunt and series motors.

4. Write down the various applications
of DC generator.

5. Listoutthe applications of DC motor.

PART D (10 Mark)

Answer the questions not
exceeding two page

1. With neat diagram explain the
construction of DC machines.

2. Explain the principle of operation of
DC motor.

3. Explain the different types of DC
generators with neat diagram.

[U=] |
'H Reference Book

1. ‘AtextbookofElectrical Technology’
Volumell B.L. Theraja and A.K.
Theraja, S. Chand & Company Ltd.

o—@o Reference Internet Source
o

http://www.globalspec.com
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This unit enable the students to know about basic principle, construction, operation

of single phase and three phase AC motor.

TABLE OF CONTENTS

4.1 Introduction
4.2 AC Generator (Alternator)
4.3 AC Motor - Single phase motor

- Introduction

The machine which generates alternating
current is called as alternator or
synchronous generator.

AC Generator
(Alternator)

In power supply system alternating current
is supplied to a great extent to direct
current supplies because of the following
reasons.

1. AC power can be generated in large
quantity without difficulty.

2. AC s cheap in cost.

4.4 AC Motor - Three phase motor
4.5 Stepper motor

4.6 Conclusion

3. AC voltage can be step up or step
down by using transformer.

4. AC can be easily converted into DC.

4.2.1 Requirement of Alternator

The generation of AC emf of the alternator
requires the following basic systems:

1. Magnetic field system to produce
the magnetic field.

2. Armature system which house the
conductor on which emf is induced.

3. A prime mover is required which gives
rotational power for generation of emf
in the alternator.
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4.2.2 Parts of motor

1. Frame:

It is made up of cast iron alloy which
gives shape to the machine.

2. Stator and rotor core:

It is built from high quality of laminated
silicon steel to reduce losses.

3. Stator and rotor windings:

Stator and rotor windings have
moisture proof insulation embodying
mica and varnishes. For most effective
air circulation, it is uniformly spaced.

4. Air gap:
It is designed for the air gap to retain
uniform space in the stator.

5. Shafts and bearings:

The motor shaft is fixed in the rotor.
Rotor shaft holds the bearings on
either end of the motor casing.
Ball and roller bearings are used in
the shaft for free rotation to avoid
friction.

6. Fans:

Light aluminum fans are used for the
circulation of air to reduce heat.

Generally single phase motors are used
for domestic purposes. The motors less
than 1 HP (1HP = 746 watts) are called
as Fractional Horse Power motors
(FHP).

Advantages

i) Simple in construction

ii) Cheaper in cost

iii) Reliable

iv) Repairs and maintenance is very
easy.

4.2.3 Types of Alternator

According to the position of armature and
field, the alternators are classified into
two types

a) Stationary field and rotating
armature type.

b) Stationary armature and rotating
field type.

a) Stationary field and rotating
armature type

Itiscommonlyusedinsmallsize generators
in low voltages. The DC supply given to
the field windings and the alternating
current generated is delivered to the slip
ring. The mechanical construction of the
revolving armature alternator is similar to
that of the DC generator except that there
is no commutator.

b) Stationary armature and rotating
field type

Alternator with the stationary armature and
revolving field type is used in the generation
of high voltages. In this rotating armature
type, it difficult to get generated voltage by
using sliding contact brushes on slip rings at
high voltages. But in stationary armature, the
power from the generator is delivered through
copper by connecting firmly. The rotating
fields are supplied to DC to a uniform voltage
of 110V, can be through a pair of slip rings.

Advantages

1. The armature windings are fixed
in the stator. So it can be easily
insulated, .

2. Outputcurrent can be easily collected
and supplied to the load.
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3. Rotating field system has two slip
rings which are insulated.

4. Rotating field is light in weight and
run at high speed.

5. In stationary armature the winding
may be cooled easily.

On basis of its construction, Alternators
are classified in to two types.

1. Salient pole alternator

2. Non - salient pole alternator
(Cylindrical)

4.2.4 Salient pole alternator
(a) Stator

It is the stationary part of the machine and
it is built up of silicon steel laminations
having slots on its inner periphery to house
the armature conductors. The armature
core in the form of a ring is fitted to a
frame which may be of cast iron or welded
steel frame which is called stator frame.

The armature core is laminated
to reduce the eddy current loss. The
laminations are stamped out and insulated
from each other with paper or varnish.
The stampings also have holes which
make axial and radial ventilating ducts to
provide efficient cooling.

(b) Armature Siot

Slots provided on the stator core are
mainly of three types.

1. Wide open slots
2. Semi-closed slots
3. Closed slots
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Semi-closed Closed

N

Wide-open

FIG 4.1 Types of slots

1. Wide open slots

The open slots are more commonly
used because the coils can be form
wound and pre - insulated before
placing in the slots. This type of
slots also facilitates easy removal
and replacement of defective
coils. But this type of slots creates
uneven distribution of flux, there by
producing ripples in the emf. This
type of slots are used in alternator.

2. Semi-closed slots

In semi closed type, the slots the
wounded coils are inserted gradually
which are quiet requires time to
process the winding.

3. Closed slots

These closed slots not disturb the flux
lines in air gap. It is rarely used.

(c) Rotor

Salient pole type rotor is used in low and
medium speed alternators. It has a large
number of projecting poles, having their
cores bolted on to a heavy magnetic wheel
made of cast iron or steel. The diameter
of this alternator is large and the length
is small. The poles and pole shoes are
laminated so as to reduce the heat due to
eddy currents. In large machines, the field
winding consists of rectangular copper
strip wound on edge.



www.tnschoolbooks.in

4.2.5 Turbo alternator

The alternator which coupled directly to the
steam turbines are called turbo-alternator.
The turbine converts heat energy in the steam
into mechanical work and the alternator
converts mechanical energy into electrical
energy .The bulk power is generated by
three phase turbo alternators at frequency
50 Hz. Turbo alternators are cylindrical pole
machines having synchronous speeds 3000
rpm (two pole machines) or 1500 rpm (for
four pole machines).

Large centrifugal force produced
at these speeds, restricts the diameter of
the turbo alternators and is characterized
by small diameters compared to their
length. The generated voltage is either
6.6 KV or KVA separated DC generator is
mounted on the same shaft of the turbine
and alternator and supplies the exciting
current for the field winding of alternator.
Air cooling is used up to a capacity of 100
MW generating units. Hydrogen cooling
can be used for 500 MW generating unit.

(i ) Stator

The diameter of non salient pole alternator
stator is small and the length is long. Stator
is the stationary part of the machine, and it
is built up of laminated silicon steel having
slots on its inner periphery to house the
conductors. Normally this type of alternator
has double layer winding. But in high voltage
machines, single layer winding is used in
semi-closed slot. Lengthy ventilating ducts
are provided for cooling purpose.

(ii) Smooth cylindrical type rotor

This rotor is used in very high speed
alternators driven by steam turbines. The
rotor of turbo alternator physically is in
the form of smooth cylinder, having long

axial length and smaller diameter as in
fig 4.2.

Non salient
pole

FIG 4.2 Cylindrical pole rotor

Poles are not projected out from the
surface of the rotor. The outer periphery
of the rotor stampings has radial slots.The
tield windings are accommodated in these
slots. Generally copper strips are used
for the field winding, Radial ducts are
provided for ventilation purposes.

4.2.6 Applications of alternators

1. Automotive alternators are used in
modern automobiles.

2. Diesel-electric locomotive alternators
are used in diesel-electric multiple
units.

3. Marine alternators are used in

marine applications.

4.2.7 Comparison of Salient pole
type rotor and Smooth
cylindrical type rotor

No

Salient pole

rotor

Cylindrical
rotor

1 | The diameter of | The diameter of
rotor is large rotor is small

2 | Poles are Poles are not
projecting outside | projecting outside

3 | Length of rotor is | Length of rotor is
short long
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speed. (100 rpm
to 1500 rpm)

Damper winding | No damper

is required winding is
required

Runs at slow Runs at very high

speed. (1500 rpm
to 3000 rpm)

Suitable for hydro
generators

Suitable for turbo
alternators run by

steam turbines

4.2.8 Principle of operation of
alternators

Magnetic poles

Magnetic flux

N7 (the conductor)

rotation

FIG 4.3 Basic principle of Alternator

An alternator works on the principle
of electromagnetic induction like DC
Generator. When the flux linked to a
conductor, an emf is induced in the
conductor. Alternator consists of armature
and field winding as in fig 4.3.

The frequency of output AC
voltage of a synchronous generator is
directly proportional to the rotor speed.
To maintain constant frequency, the rotor
must always move at synchronous speed.

4.2.9 EMF equation of an
alternator

EMF Equation of Alternator
Let,

P = Number of poles

¢ = Flux per pole in Weber
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N = Rotor speed in RPM

f = Frequency of the induced EMF
in Hz

Z = Number of conductors in series
per phase

T = Number of coils or turns per
phase

As the flux per pole is ¢, hence, in one

revolution, each stator conductor cut a
flux of,

de = Pe¢

And the time taken to complete one
revolution is,

60
dt—ﬁ

Therefore, according to electromagnetic
induction, the average EMF induced in

one stator conductor is given by,

P
EMF per conductor = a9 _ PN
da 60

Since there are Z conductors in series
per phase, thus,

EMF per phase = EMF per conductor x
60
Speed of the rotor N =120f/ P

. EMF per phase = (%j (120f _ 2

60
toZ g

AC motors - Single
phase motor

4.3.1 AC Single phase motor

A single phase motor with coil is the
simplest type of AC motor. AC single phase
induction motor is not a self starting.
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Single phase induction motor has
distributed stator winding and squirrel
cage rotor. When single phase supply is
feeded, the stator winding produces a
flux which is only alternating. It is not a
synchronously revolving (or) rotating flux
as in the case of a two or three phase stator
winding fed from a two or three phase
supply. Now, alternating or pulsating flux
acting on a stationary squirrel cage rotor
cannot rotate (only a revolving flux can
produce rotation).

To make itself starting, it can be
temporarily converted into a two phase
induction motor while starting. This can
be achieved by introducing an additional
starting winding called auxiliary winding.

i) Stator winding

Stator of a single-phase Induction motor
has two windings

1. Main winding (Running
winding)

2. Starting winding (Auxiliary
winding)

These two windings are connected in
parallel across a single phase supply to
an angle of 90° electrical degrees, phase
difference of 90° electrical degree can
be achieved by connecting capacitor in
series with the starting winding. Hence it
functions like a two phase motor and the
stator produces revolving magnetic field
which causes rotor to run. Once motor
speed, reaches to 80% of its normal speed,
the starting winding gets disconnected
from the circuit by means of a centrifugal
switch and the motor runs only with main
winding.

ii) Rotor

It consists of a laminated cylindrical core
having parallel slots on its outer periphery.
One copper or aluminum bar is placed

in each slot. All these bars are joined at
each end by metal ring called end rings.
The entire construction resembles like
a squirrel cage motor. The rotor is not
electrically connected to the supply. The
rotor functions with the current induced
by the transformer.

4.3.2 Classification of Single
phase motor

a) Split phase induction motor

b) Capacitor start capacitor run motor

c) Universal motor

a) Split phase induction motor

The starting torque of this type of motor
is relatively small and starting current is
high. These motors are commonly used
for rating up to 0.5 HP where the load
could be started easily.

Main winding

1-phase
supply

Starting winding

Centrifugal switch

FIG 4.4 Split phase induction motor

i) Construction

The schematic diagram of the split phase
induction motor is shown in figure 4.4.
The starting winding is designed to have
a high resistance and low reactance than
the main winding. The main winding is
having high inductance when surrounded
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by more iron which could be made by
placing it deeper into the stator slots.

i) Working principle

The starting current I, will lag the main
supply voltage V, by 15° and the main
winding current I lags the main supply
voltage by 80°. Therefore, these current will
differ in time phase and their magnetic field
will combine to produce a rotating magnetic
field. When the motor has reached to about
80% of synchronous speed the starting
winding is opened by a centrifugal switch
and the motor will continue to operate as a
single phase motor. At the point the starting
winding is disconnected, the motor develops
nearly as much torque with the main winding
alone as with both windings connected.

ili) Changing the direction of
rotation

The direction of rotation of a split phase
motor is determined by the way the
main winding and auxiliary windings
are connected. By changing the main
winding or starting winding terminals,
the direction of rotation can be reversed.

iv) Applications

The motors used for easy starting loads to
a range of 1/3 HP or less in

1. Washing machines

2. Fans

3. Grinders

4. Carpentary tools

b) Capacitor start Capacitor run
motor

A Capacitor start capacitor run motor is
similar to that of a single phase Induction
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motor that employs a capacitor in the
auxiliary winding to produce a greater
phase difference between the current in
the main and the auxiliary windings.

Main winding

1-phase
supply

Starting winding

Centrifugal switch

FIG 4.5 Capacitor start-Capacitor run motor

i) Working principle

Capacitor start capacitor run motor
starts with a capacitor in series with the
starting winding, which produce high
starting torque. When a motor is in run,
capacitor also run in supply and the
running and starting windings remains
in the circuit. In start, the centrifugal
switch gets closed when two capacitors
are in parallel. When a motor reached
to a speed 80% of full load speed, the
centrifugal switch opens and running
capacitor remains in the circuit. It is used
to disconnect the starting capacitor from
the supply after attaining 80% of load
speed. The direction of the rotation can
be changed by changing either the main
or starting winding terminals.

i) Applications

The capacitor start capacitor run motors
are used for low noise and high starting
torque applications like,
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1. Compressors
2. Pumps
3. Air Conditioners

4. Refrigerators.

c) Universal motor

The universal motor is defined as a motor
which can be operated on both DC and AC
supply with the same speed and output.

o—— |
AC or Dc

supply

FIG 4.6 Universal motor

i) Construction

Basically universal motor is similar to
DC series motor. The universal motor
is usually of two poles with a winding of
few turns which gives opposite magnetic

polarity. The armature is of wounded
type and it consists of laminated cores
having either straight (or) skewed slots.
The armature windings are connected to
a commutator.

i) Working principle

Universal motor develop unidirectional
torque, operates on both DC and AC
supply. Universal motor works on the
principle of DC motor, (i.e. force between
the main pole flux and the current carrying
armature conductors).

In AC operation, both field and
armature currents change their polarities,
atthe same time resulting in unidirectional
torque.

iili) Application
Universal motor is used in
1. Vacuum cleaners
2. Mixer
3. Portable drills and

4. Domestic sewing machines

4.3.3 Comparison of various types of single phase motors

Starting
Types of motor | torque Windings Applications
1 Split - phase Low Low Main winding, | Driving fans, wood
motor Starting working tools
winding
2 Capacitor start | High Constant Main winding, | Compressors,
capacitor run Starting refrigerators, air
motor winding -Conditioners
3 | Universal motor | Very Varies Field winding, | Vacuum cleaners,
high according to | armature mixie, portable drills,
load winding sewing machine
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AC motor - three phase
motors

Three phase induction motors are widely
used in industries and domestic motors.
The rotor of induction motor gets power
from the stator by means of induction from
transformer. In this, primary winding
is stationary and secondary winding is
rotating one.

Based on construction, three phase
induction motors are classified as

i) 3-phasesquirrelcageinductionmotor

ii) 3-phase slip-ring induction motor

4.4.1 Construction of 3 phase
induction motor

Eyebolt

Fan Cover

Bearings Frame

/Nameplate

o

Rotor

~ Endshields
 Drain
| Pugs

Fan e
- / Stator V—Ringer’
/ Slider

Stator

Windings Shaft

FIG 4.7 Parts of 3 phase induction motor

i) Stator

The stator is made up of number of
stamping, with alternate slot and tooth.
Stampings are insulated from each other.
More number of stampings are combined
together to build the stator core. The stator
core is fitted in a casted or fabricated steel
frame. The slots in the stator, houses the
three phase winding and produce the
required rotating magnetic field.
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ii) Rotor

Two types of rotor used in Induction
motors are:

a. Squirrel cage rotor

b. Slip ring (or) Wound rotor

a) Squirrel cage rotor

The rotor is made up of a cylindrical
laminated core with slots to carry the rotor
conductors. The rotor conductors are heavy
bars made of copper or aluminum, short
circuited in both ends called end rings. The
value of rotor resistance is low. From the
rotor side no supply is given or taken. Motors
having such type of rotors are extremely
rugged in construction. The majority of
induction motors are cage rotors.

i) Advantages
1. Cheap in price
2. Light in weight
3. Rugged construction
4. Higher efficiency

5. Requires less maintenance

i) Disadvantages
1. Moderate starting torque

2. Starting torque cannotbe controlled

iii) Applications

. Lathes

. Drilling machines
. Fans

. Blowers

. Water pumps

. Grinders and

N N o W

. Printing machines
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b) Slip ring (or) Wound rotor

In Slip ring (or) Wound rotor type, the
construction, rotor winding is exactly
similar to the stator. The rotor carries
a three phase star or delta connected,
distributed winding, wound for same
number of poles as that of stator. The rotor
construction is laminated and slotted. The
slots contain the rotor winding. The three
ends of three phase winding, available
after connecting the winding in star or
delta, are permanently connected to the
slip rings. The slip rings are mounted on
the same shaft. We have seen that slip rings
are used to connect external stationary
circuit to the internal rotating circuit. So
in this type, the external resistances can
be added with the help of brushes and
slip ring arrangement, in series with each
phase of the rotor winding.

i) Advantages

1. The starting torque can be
controlled by varying the rotor
circuit resistance.

2. The speed of the motor can also
be controlled by varying the rotor
circuit resistance.

ii) Disadvantages
1. Slip-ring type motor is heavy.
2. Higher in cost
3. High rotor inertia
4. High speed limitation

5. Maintenance problems due to
brushes and slip - rings

iili) Applications

These motors are used when speed control
and high starting torque is required.
Mainly used in:

1. Lifts
2. Hoists
3. Cranes

4. Compressors

4.4.2 Slip

The differencebetween synchronousspeed
and rotor speed is called the slip speed.
It is usually expressed as a percentage of
synchronous speed (N,) and represented
by the symbol °S.

Slip speed= N_ - N
SlipS =

% Slip = x 100

4.4.3 Synchronous motor

Amotorwhichisrunninginitssynchronous
speed is called as synchronous motors.

3 Phase supply

Rotor

Stator \

supply

Synchronous motor

FIG 4.8 Stator and Rotor Synchronous Motor

1. For a given frequency, the
synchronous motor runsata constant
average speed, whatever the load.

2. Synchronous motor can be operated
over a wide range of power factors,
both lagging and leading.
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3. The synchronous motor is not a self-
starting motor.

4. The changesin applied voltage do not
affect synchronous motor torque.

5. For synchronous motor, DC
excitation is required.

6. Synchronous motors are usually
more costly and complicated

i) Applications of synchronous
motor

1. Power factor correction
2. Constant speed, constant load drives

3. Constant voltage

4.4.4 Principle of operation of 3
phase induction motor

In 3 phase induction motor, three phase
supply is given to the stator winding. The
current flows through the stator winding
produces a rotating magnetic field in
the space between stator and rotor. This
magnetic field rotates at synchronous

speed given by
120f
NN

Whereas, N = Synchronous speed
f = Supply frequency

P = Number of poles in which stator
is wounded.

Rotor
(Squirrel cage type)

The rotating magnetic field cuts the rotor
conductors and an emf is induced in the
rotor. This induced emf produces current
and this current produces magnetic field
in the rotor and rotates. Both the stator
and rotor fields develop a torque. Now
the rotor is rotating in the same direction
produces rotating magnetic field. In an
induction motor, the rotor speed is always
less than the synchronous speed.

14
ﬁ]*Electric motors are used to
T WOW? - “actuate” something in your

robot: its wheels, legs, tracks,
arms, fingers, sensor turrets, or
weapon systems. There are literally
dozens of types of electric motors (and
many more if you count gasoline and
other fuelled engines), but for amateur
robotics, the choice comes down to
these three:

~—

In a stepping motor, applying power
causes the shaft to rotate a few degrees,
then stop. Continuous rotation of the
shaft requires that the power be pulsed
to the motor. As with continuous DC
motors, there are sub-types of stepping
motors. Permanent magnet steppers
are the ones you’ll likely encounter,
and they are also the easiest to use.

Rotor
(Slip-ring type)

FIG 4.9 Stator and rotor of 3 phase induction motor
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-1-] Stepper motor

A stepper motor is an electromechanical
device which converts electrical pulses
into discrete mechanical movement.

4.5.1 Step angle

Step angle is defined as the angle which
the rotor of a stepper motor moves when
one pulse is applied to the input of the
stator. The position of a motor is decided
by the step angle and is expressed in degrees

Step angle, (6) = 360/m x n, whereas
m — Number of phases.
n — Number of rotor teeth.

Stepper motor can be divided into the
following three categories.

1. Variable reluctance (VR) stepper motor

2. Permanent magnet (PM) stepper
motor

3. Hybrid stepper motor

4.5.2 Variable reluctance
stepper motor

It is the most basic type of stepper motor.
The VR stepper motor has stator and rotor.

The stator windings are wound on the stator
poles. The rotor carries no windings. Rotor
poles are of a ferromagnetic material. The
rotor is a salient pole type. This motor may
be single stack or multi stack type. This is
called variable reluctance motor because the
reluctance of the magnetic circuit formed
by the rotor and stator teeth varies with the
angular position of the rotor. The direction
of motor rotation is independent of the
polarity of the stator current.

4.5.3 Permanent magnet stepper
motor

Inthis motoralso stator winding are wound
on the stator poles. The stator is multipolar.
The rotor is generally cylindrical and
rotor poles are permanently magnetized.
The direction of motor rotation depends
on the polarity of the stator current.

4.5.4 Hybrid stepper motor

It combines the features of variable
reluctance and permanent magnet stepper
motors. This is the most popular type of
stepper motor. It has wound stator pole
and permanently magnetized rotor poles.

0=0"
~ T~
L
VR Motor PM Motor Hybrid Motor
(@) (b) ©

FIG 4.10 Types of stepper motor
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The important features of the
hybrid motors are its rotor structure. A
recent type motor, a disc rotor is used
which is magnetically, axially to give a
small stepping angle and low inertia.

i) Advantages of stepper motor
1. The rotating angle of the motor is
proportional to the input pulse
2. The motor has full torque at stand

3. Excellent response to starting,
stopping and still reversing

ii) Disadvantages of stepper motor
1. Resonances can occur if not
properly controlled

2. Not easy to operate at extremely
high speeds

iii) Uses of stepper motor

1.1t can be held at a particular
position of the shaft

2. Ideal for many autonomous robots
requiring higher precision

Points to remember

1. AC generator is also called as
alternator or AC Synchronous
generator.

2. Stationary armature and rotating
field is most advantageous one.

3. Stator is the stationary part and rotor
is the rotating part.
4. Alternator are constructed in two

types
a) Salient pole alternator

b) Non- salient pole alternator
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10.

11.

12,

13.

14.

15.

16.

. Salient pole type the diameter of

stator is large and length is short

. Non - Salient pole type the diameter

of stator is short and length is long

. AC motors are classified into

a) Synchronous motor
b) Induction motor

Synchronous motor is running at

synchronous speed which is Ny = %Of

. Synchronous motors are used for

power factor correction

Induction motor can also be treated
as rotating transformer

Induction motors are widely used in
industrial drives

For cooling purpose, light aluminum
fans are used in three phase AC motors

No external supply is given or taken
in squirrel cage rotor

In a single phase motor, stator
windings are:

a) Main winding

b) Auxiliary winding

Either by changing main winding
terminals or by changing auxiliary
winding terminals, the reversal of

direction of rotation is obtained in
capacitor type motors

Stepper motor is an electro mechanical
device

In this unit the students can gain the
knowledge of AC Generator (Alternator),
AC Motor - Single phase motor, AC Motor
— Three phase motor, Stepper motor and
its applications with updated technology.
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A

1. Construct a small working model by using stepper motor (children toy)

2. Identify the motors which is used in the following domestic appliance.
a) Mixie b) Grinder c¢) Washing machine d) Fan

| Glossary Q

¢

Alternator (or) AC generator

wrn$lens LledTeorT &

Stator Blemeoud
Rotor Si1ped
Slot LieTeib

Squirrel cage rotor

S1600fl6D (b 6UME HrLP6dl

Stepper motor

Ul Hlemeo LoleoTBeoTrmiq

PART A

Choose the correct answer

1. Armature core is laminated
a) To reduce hysteresis loss

b) To reduce eddy current loss

¢) To reduce copper loss

d) To reduce mechanical losses

2. Slot types in the stator
alternator are

a) Wide open slots
b) Semi - closed slots
¢) Closed slots

d) Semi - open slots

%Evaluation —— 0

(1 mark) 3. Which type of rotor is used in low and
medium speed alternators?

a) Salient - pole type rotor
b) Cylindrical type rotor
c) Squirrel cage type rotor
d) None of the above

4. The stator having small in diameter
and large in axial length is called
core of an a) Salient — pole type alternators
b) Turbo alternators

c) DC generator

d) DC motor
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. Which type of rotors is used in

alternator for getting very high
speed?

a) Salient pole type

b) Smooth cylindrical type

¢) Squirrel cage type

d) slip ring type

. Axial ventilating holes are provided

to

a) Increase eddy current
b) Increase cooling effect
c) Reduce eddy current

d) Reduce cooling effect

. A motor which is running in

synchronous speed is called as
a) Synchronous motor

b) Induction motor

¢) Three phase motors

d) Single phase motors

. The rotor used in three phase

induction motor is

a) Squirrel cage rotor

b) Salient - pole type rotor

¢) Non- salient pole type rotor

d) Cylindrical type rotor

. Which is not the advantage of three

phase Induction motor?

a) Very simple in construction
b) Cost is low

c) Very reliable

d) Not easy to operate

Squirrel cage induction motors are
used in

a) Lathes

b) Drilling machines
c) Fans

d) Crane

UNIT 04 AC machines

11. In which the slip ring induction motor
is not used?

a) Lifts b) Hoists
c) Compressors  d) Lathes
12. One horse power is equal to
a) 736 watts b) 756 watts
c) 746 watts d) 766 watts
13. In India, frequency is
a) 25 Hz b) 50 Hz
¢) 60 Hz d) 40 Hz
14. Which one is in correct?

a) Single phase motors are not self
starting

b) Single phase motors are self
starting

c) Three phase motors are not self
starting

d) Three phase motors are self
starting

15. Which motor is used in electric
mixie?
a) Split phase motors
b) Shaded pole motors
c¢) Capacitor start motors
d) Universal motors
16. Which motor is used in both AC and
DC supply?
a) Split phase motor
b) Shaded pole motor
¢) Universal motor

d) Capacitor start motor

PART B (3 mark)

Write down the answers shortly

1. What are the advantages of AC
generator?

2. State the types of armature slots.
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3. Mention some of the advantages of
three phase induction motor.

4. What are the advantages of a single
phase motor?

5. State the applications of synchronous
motor.

6. Write some of the applications of
squirrel cage induction motor.

7. Write down the few applications of
slip ring induction motor.
8. Why single phase motor is not a self
starting?
9. Name the two windings in stator of a
single phase induction motor.
10. What is meant by ‘Slip speed’?

11. Write some of the disadvantages of
squirrel cage induction motor?

PART C (5 mark)

Answer the questions not
exceeding one page
1. Compare the salient pole type rotor
with smooth cylindrical type rotor.

2. Explain the advantages of stationary
armature and rotating field system.

3. What are the types of single phase
motors?

4. Explain the construction of squirrel
cage rotor.

5. What are the applications of following
motors?

a. Spilt phase motor

b. Universal motor

PART D (10 mark)

Answer the questions not
exceeding two pages

1. Explain the salient pole alternator
with neat sketch.

2. With neat sketch, explain the
operation of an alternator.

3. Explain the construction and
operation of single phase capacitor
start Induction run motor.

4. Explain with neat sketch about
universal motor.

[N |
'E Reference Book

1. ‘Atextbook of Electrical Technology’
Volume II by B.L. Theraja and A.K.
Theraja, S. Chand & Company Ltd.

w@o Reference Internet Source

o

https://www.electrical4u.com/
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Starters and
controlling devices

(©) LEARNING OBJECTIVE

Starters and controlling device equipments are used to control electrical machines
for proper operation and their durability. It is necessary for the operators and students to
know about starters and controlling equipment devices.

TABLE OF CONTENTS

5.1 Introduction

5.2 Direct Current (DC) motor starters

|5.1 Introduction

For DC and AC motors, starters are
generally used for starting and safety
purposes.

|5.2 DC motor starter

DC motor starter consists of an electronic
motor and a solenoid. It is an electrical
device used to start and stop the motor safely

5.2.1 Essential of starter

Generally, while starting all the motors it
requires high starting current. Let us see
how the DC motors take more current
while starting.

5.3 Alternating current (AC) motor
starters

5.4 Conclusion

The armature current of the DC
motor is given by I
_ V- Eb
: R

a

I

V = Voltage
E, = Back emf or counter emf

R .= Armature resistance

When the motoris at rest, the induced back
emf (E,) in the armature is zero. Because
the back emf is directly proportional to
the speed of the motor (E, a N). During
start, the armature current is restricted
by the resistance of the armature circuit.
The armature resistance is very low if full
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voltage is applied across the terminals of
the motor and the armature will receive
heavy current, since the armature current
(Ia) is inversely proportional to the
resistance of armature circuit.

Example

10HP, 200 volt shunt motor has full load
rated current 40A and armature resistance
is about 0.2Q. If the motor is directly
switched ON to the supply, it would take
armature current.

2000
)

I

I = 200 =1000A
0.2

a

The back emf is zero while starting.
The value of this current is 25 times of
the full load current. This high starting
current may result in:

i. Large current flowing through
the armature winding causing
production of heat and it will damage
the armature winding.

ii. Excessive
commutator.

sparking of  the

iii. Excessive voltage drops in the line
to which the motor is connected.
Thus, the operation of the appliances
connected to the same line, may not
work.

To avoid this excessive current, a
variable resistance is connected in series
with the armature circuit. This additional
resistance limits the starting current. This
serves the necessity of starters.

The starter has two basic functions.
i. Reducing starting current.

ii. Ensuring safe operation during start.

5.2.2 Types of DC motor starter

1. Three point starter.

2. Four point starter.

1. Three point starter

Three point starters are used to start the
shunt motor. The diagram of the three
point starter is shown in 5.1. In three
point starter, three terminals L, A and F
(Line, Armature and Field) are available.
In this starter, the resistance elements are
mounted on the back side of a slate board.
On the front side of the board, brass studs
are provided and the resistance junctions
are connected with each brass stud. Two
protective devices overload release and no
volt release is incorporated in the circuit.
The handle of the starter is fixed in such a
way to move the brass studs.

When the handle touches the first
stud, the full resistance is connected in
series with the armature. The field circuit
is connected across the supply voltage.
The handle is moved over the studs, the
resistance connected in series with the
armature circuit is gradually cut off. The
handle movement is controlled by the
spring tension as in fig. 5.1.

A soft iron piece is attached to the
handle by the electro-magnet (NVR) while
the handle reaches the ‘ON’ position. In
case of power failure or low voltage, the
electro magnet de-energizes and releases
the armature. The tension of the spring
forces to bring the handle ‘OFF’ position.

a) Protective devices

A device used to protect equipments,
machineries, components and devices in
electrical and electronic circuit against
short circuit, over current and earth fault,
is called as protective devices.
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Starting
resistance

piece

Starter

handle

Spring

4 A

SOA

No volt coil

a

| » L

F® A®

Oo——=O

DC supply I
oO——O0

Lever Triangular iron

F, A
% Motor
F, A,

FIG.5.1 Three point starter

i) No-Volt Release (NVR)

NVR consists of an electromagnet which
is connected in the field circuit. As soon as
the field circuit is connected with supply,
it gets energized and makes the handle in
the ‘ON’ position. In case of power failure,
it de-energizes and the handle is released
from ‘ON’ position. Then the handle
returns to ‘OFF’ position, due to the action
of the spring. If this system is not, the
supply restores and current through the
armature becomes high and will damage
the armature windings.

ii) Over load release (OLR)

OLR is an electro magnet which is energized
by the line current. When the load on the
motor is increased to a pre-determined
value, the magnetizing force established
is sufficient to lift movable iron. When
it is lifted by the electro magnet of OLR,

it short circuits the terminals of the coils
of no volt release (NVR). Hence, the no
volt coil is de-energized and the starter
handle back to ‘OFF’ position. Thus the
overload release protects the motor
against overloads.

This starter is not generally used
where the field current is often adjusted
for a higher speed than the normal speed,
the handle returns to the ‘OFF’ position.
This may cause reduction in field current.

iii) Disadvantages

The drawback of 3 point starter for
motor is with a large variation of speed
by adjustment of the field rheostat. To
increase the speed of the motor, the field
resistance should also be increased. Now,
the current in the shunt field is reduced.
The field current becomes very low when
we add high resistance to obtain a high
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speed. Very low field current will hold
electromagnet too weak to overcome the
force exerted by the spring. The holding
magnet may release the handle of the
starter during the normal operation of the
motor. Thus, disconnects the motor from
the line.

Hence, to overcome this difficulty a
four point starter is used.

2. Four point starter

The four point starter is used for starting
shunt and compound motors. The diagram
of four point starter is shown in fig. 5.2.

In four point starter, the four
terminals L+, L-, A and F (Line +, Line-,
armature and field) are available.

RZ R,

Starting ——»
Resistance

OFF ~ -

Soft iron
Piece

Starter handle ———>

Over load
release \

Brass arc

The construction and operations
are the same as that of the three point
starter, except the having some difference.

In three point starter, the coil of the
no volt release is connected in series with
the field circuit. But in a four point starter,
it is connected across the supply by a line
through protective resistance R, The no
volt coil is independent from field current.
So any change in shunt field current does
not affect the current through the no volt
coil. The current through the no volt coil
does not decrease even when the field
rheostat is adjusted to vary the speed. The
electromagnetic produced by the no volt
coil will always same and sufficient to
hold the handle in ‘ON’ position.

R,

Rs Parallel connection
‘ of NVC and field

No volt coil /

NO NON

Triangular
iron

Lever

+
DC IO—O
Suppl

PPy

FIG. 5.2 Four point starter
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5.2.3 Differences between three point starter and four point starter

S1. No. | Three point starter | Four point starter

1 It has three terminals. It has four terminals.
(L, Fand A) (L+, L-,A and F)

2 NVR is connected in series with the field | NVR is connected in parallel with the
coil. field coil.

3 Used for DC shunt motors Used for DC shunt and compound motors.

- AC motor starter

5.3.1 Types of induction motor
starter

i. Full voltage direct on line starter
ii. Star- delta starter
iii. Auto transformer starter
iv. Rotor resistance starter

v. Soft starter

i. Full voltage direct-on-line starter

It is recommended to three phase squirrel
cage induction motors and be started
with reduced voltage applied across the
stator terminals. But the motors up to 5
HP ratings may however be started with
Direct-On-Line (DOL).

DOL method of starting the
induction motor is applicable to a rating
of 5 HP is shown in fig.5.3. In this, in
addition to fuses, thermal overload relay
is used to protect the motor windings
against over load.

When the ‘Start’ push button is pressed,
the contactor coil ‘A’ becomes energized
and its open contacts are closed. The
motor gets connected across the supply
mains through the main contact. The
motor continues to get supply even
when the pressure on the push button is

released. The contact coil will then gets
supply through the sealing contact ‘A’

Three phase supply

L]T LZT L;T

\ \ Fuses

C a
N ——eo|A oM M M

OLC

Remote stop

FIG. 5.3 DOL starter

Contact point A’ is therefore called
the hold on contact. When the ‘STOP’ push
button is pressed, the coil gets de-energized
the main contacts get open and the motor
stops. In case of over load, the contact of
the over load relay (OLR) will open and
subsequently the motor will stop. Fuses are
provided for short circuit protection.

(a) Advantages of DOL starter
i. Simple in construction.
ii. Easy to install.
iii. Easy to maintain.

iv. Less expensive.
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(b) Disadvantages of DOL starter

i. Used only for fractional horse
power motors.

ii. Starting current is high.

iii. Suitable only for the motors
which attains rated speed in a
very short time.

ii. Star-Delta starter

In this method, the stator-phase windings
connected in ‘Star’ and full voltage is
connected across its three terminals. As
the motor picks up speed, the windings
are disconnected through a switch and
they are reconnected in ‘Delta’ across the
supply terminals. The current drawn by
the motor from the line is reduced to 1/3
as the current if connected in delta.

3 Phase supply

23]

Stator +—>

14 2 & 34 Running
’ position

"2’

O Startin
O g
O position

FIG. 5.4 Star delta starter

a) Reduce torque due to star
connection

Torque developed by an induction motor
is proportional to the square of the applied
voltage. As the phase voltage is reduced
to 1/3 times that in star connection, the
starting torque will be reduced to one

third. To get full torque in the motor it
must be switched over to delta connection.
A simple manual star-delta starter is in
fig. 5.4.

While making connections for star
delta starter, care should be taken such
that sequence of supply connections to
the winding terminals does not change,
while changing from star to delta
connection. Otherwise the motor will
start to rotate in the opposite direction
and connections are changed from star
to delta. Star-delta starters are available
for manual operation by using push
button control. In an automatic star-delta
starter, Time Delay Relay (TDR) is used
through which star to delta connections
take place automatically with some pre-
fixed time delay. The delay time of the
TDR is fixed, keeping in view the starting
time of the motor.

(b) Advantages

i. Less expensive.

ii. Starting current reduced to one-
third of direct online starting
current.

iii. Easy to operate.

(c) Disadvantages

i. Low starting torque.

ii. Six terminal motor required.
(Delta connected)

iii. It requires 2 sets of cables from
starter to motor.

iii. Auto-transformer starter

Auto transformer starter consists of an
auto transformer and a switch as shown
in fig. 5.5.
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Starting
Position

! u Running

Position

Stator

FIG. 5.5 Auto transformer starter

When the switch ‘S’ is put in start
position,areducedvoltageisapplied across
the motor terminals. When the motor picks
up speed, then say to 80 % of its normal
speed, the switch is put to run position.
Then the auto transformer cut the circuit
OFF and full rated voltage gets applied
across the motor terminals.

The circuit diagram in fig. 5.5 is of
a manual auto-transformer starter. This
can be made by push button operated

automatic controlled starter, so that the
contact switches over from start to run
position as the motor speed picks up 80%
of its speed. Over load protection relay
has not been shown in fig. 8.5.

The switch ‘S’ is an air break type
for small motors. There are more than one
tapping to enable the user to select any
suitable starting voltage depending upon
the conditions.

iv. Rotor resistance starter

The easiest method of starting slip ring
induction motor is to connect some extra
resistance in the rotor circuit as in fig.5.6.

Connection of extra resistance in
the rotor circuit decreases the starting
current and at the same time increases the
starting torque.

As the motor starts rotating the
extra resistance is cut off. When the motor
attains rated speed, the resistance is fully
cut off and slip ring terminals are short
circuited. The motor now operates on
its own characteristic which gives rise to
maximum torque at a low slip.

Slip Rings
3 Phase Supply
® o
| || o—\/\/ N\
I Rotor Starting Position
Stator Position

FIG. 5.6 Rotor resistance starter
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v. Soft starter

5.7 Soft starter

Soft starter is a starting device used
for the acceleration, de-acceleration and
protection of the three phase electrical
induction motors through the controlling
applied voltage to three phase motor. Soft
starter is another form of reduced voltage
starter use for starting 3 phase induction
motor. Soft starter also called a Solid-State
controller.

Soft Starter does not change
frequency as VFD. Instead it Ramp up
voltage level applied to motor from initial
value to full voltage.

a) Soft starter block diagram

Soft starter contains only a few main
components thyristor to regulate the
voltage to the motor. In addition to this
heat sink and fan for dissipate the heat to
the environment.

Depending on the model of
the soft starter, it can be equipped with a
built-in electronic overload relay (EOR)
eliminating the need for an external relay.

Main contactor

Overload relay

Softstarter

¥
o

FIG 5.8 Soft starter single line diagram

Three phase motor soft starter

Back to back SCR
module

Re—
Induction
motor

B®—

FIG 5.9 Soft starter -3 phase motor line diagram

(b) Advantages of soft starter

1. Improved efficiency: The efficiency
of soft starter system using solid-
state switch is more owing to the
low on-state voltage.

2. Controlled startup: The starting
current can be controlled smoothly
by easily altering the starting
voltage and this ensures smooth
starting of the motor without any
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jerks this is big advantage of the
soft starter.

3. Controlled acceleration: Motor
acceleration is controlled smoothly
using a soft starter.

4. Low cost and size: This is ensured
with the use of solid-state switches.

Eeesssseseesseeessssssss A Ctivities m'

In this unit, we have learned about the
starters and controlling device equipment
that is used in bothAC and DC motors to
be control for proper operation and their
durability. It is necessary for the operators
and students to know about starters and
controlling equipment devices

A

1. Collect different starters from the repaired motor which is not in use.

2. Check the types of starters used in the home appliances.

3. Create a portfolios for each starters collected.

| Glossary Q

=

Armature

LO\60T 60T LD

Back electro motive force

a & 6T QuisES eNend

Induction motor

&mevorLed LleoTGevTiig

Three point starter

CLPEOTM)| (LPEDEDT &S

Symmetrical fault

SEET LQ&ISeT

Part-A (1 Mark)

Choose the correct answer

1. While starting, value of current
taken by all the motor is

a. Zero
b. Less
c. High
d. Very high

C""* Evaluation

1

2. The wvalue of armature current
depends upon

a. Capacitance
b. Inductance
c. Resistance

d. Impedance
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3. Due to high current in armature,

which of the following effect does
not occur?

a. Over heat

b. Sparking

c. Voltage drop

d. Increase in efficiency

. In what type of DC motor, the three
point starter is used?

a. Shunt motor

b. Compound motor

c. Shunt and compound motor
d. Series motor

. The terminal of the three point
starter is

a. Line, Armature, Field coil

b. Line, Resistance, Field coil

c. Armature, Field coil, Resistance
d. Resistance, Line, Armature

. The protective devices used in the
three point starters are

a. No volt release coil
b. Over load release coil
c. No volt and over load release coil

d. Electromagnet coil

. What should be done to obtain the

increase speed in three point starter?
a. Increase resistance value
b.Fieldcurrentvalueshouldbechange
c. Decrease resistance value

d. Voltage should be maintained

. In four point starter, how the no volt
release coil should be connected with
field coil.

a. in series
b. in shunt
c. directly

d. in series and parallel

10.

11.

12.

13.

. The current taken by the induction

motor is in the order of ------- times
that of full load current at starting
time.

a.1to8 b.5to 8
c.1to 10 d.5to 10

Induction motor is operated with
tull voltage in

a. Star-delta starter

b. Rotor resistance starter
c. Direct-on-line starter

d. Auto-transformer starter

—————————— induction motor is operated
with low voltage.

a.Direct-on-lineandautotransformer
starter

b.Star-deltaandrotorresistancestarter

c. Star-delta and auto transformer
starter

d. Direct-on-line and rotor resistance
starter

In which starter, the starting current
is reduced to one - third value?

a. Direct-on-line starter

b. Star delta starter

c. Rotor resistance starter
d. Auto transformer starter

Which is the component is used for
voltage reducing in soft starter?

a. Over load relay
b. No volt release coil
c. thyristor

d. contact pointers
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(3 Mark)

Answer the questions in brief

4. Draw the diagram of 3 point starter
and label its parts.

5. Draw the diagram of 4 point starter
and label its parts.

PART-D (10 Mark)

Answer the questions in two
page

1.

. Explain the

Explain the construction and
operation of three point starter with
a neat sketch.

. With a neat diagram, explain the

construction and working principle
of star-delta starter.

construction and
operation of direct-on-line starter
with a neat sketch.

(m] | N
.‘H Reference Book

1.

A text book of ‘Electrical Technology’
Volume-III B.L.Theraja and
A K.Theraja, S.Chand & Company Ltd.

07@0 Reference Internet Source
(@)

1.
2.

1. State the effects caused by the flow of
heavy armature current in DC motor
without starters.

2. What are the two basic functions of
starter?

3. What are the draw backs of three
point starter?

4. State the difference between three
point and four point starter.

5. What are the different types of
starters used in an induction motor?

6. What are the advantages of soft
starter?

7. Draw the block diagram of soft
starter?

PART-C (5 Mark)
Answer the questions in one
page

1. State the necessity of starters in DC
motor with example.

2. Draw the circuit diagram of four
point starter.

3. With a neat sketch, explain the
operation of auto-transformer
starter.
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Electric drives

(@) LEARNING OBJECTIVE

In this lesson, students have to learn about the electric drives needed for various
requirements and its control systems.

TABLE OF CONTENTS

6.1 Introduction 6.4 Electric traction

6.2 Electric drives 6.5 Conclusion

6.3 Selection of drives

|6.1 Introduction

Electric drive is a device which converts
electrical energy into mechanical energy
to do a particular work connected to it.

The electric drive designed electric
train is shown in figure 6.1. It is operated
by a high-torque electric DC series motor.
The system used to control the speed
is called power drive. While using this
electric motor, its speed is controlled by
the current, voltage and frequency.

FIG. 6.1 FElectric train
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- Electric drives

Cooling
<= air flow

Non-drive end
Drive end

FIG. 6.2 Electric drive

The internal construction of an electrical
driveis showninfig. 6.2. Depending on the
applications, the motor can be classified
into different categories. According to the
design, the drives are classified as

i. Individual drive
ii. Group drive

iii. Multi-motor drive.

6.2.1 Classification of electrical
drives
1. Depending on the power supply,
A. Direct current electric drive
B. Alternating current electric drive

2. According to the process of electric
drives,
A. Continuous duty drive

B. Short-term duty drive
C. Intermediate duty drive

3. According to the control of drives,
A. Manual
B. Semi automatic
C. Automatic

4. According to the
machines,

number of

68 UNIT 06 Electric Drives

A. Individual drive

B. Group drive

C. Multi-motor drive
6. Based on speed

A. Reversible and non reversible speed
control

B. Variable speed control

6.2.2 DC drives

Generally DC drive is one type of electric
machine. This converts electrical energy
into mechanical energy. Its structure is in
tig. 6.3. The speed of the drive will depend
on the amount of voltage given to it. Small
type drive is used in toys. Large size of
electric drive is used in electrical vehicles
such as Hoists and Steel rolling mills.

Rotor coils

Commutator

Stator

magnets

Shaft Brushes

FIG. 6.3 DC drive

a. Definition

DC drive is a driving speed control system
which converts the input AC supply to the
DC using converter circuit to control the
speed of DC machines. Earlier, the variable
DC voltage was generated by DC generator
to control the speed of a DC drive.
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b. Construction of a DC drive

Field winding

Armature
winding

FIG.6.4 Schematic diagram of a DC drive
DC drive consists of six main parts.

They are as follows:

i. Yoke

ii. Magnetic field system

iii. Armature core

iv. Armature winding

v. Commutator

vi. Brushes

i) Yoke

The outer frame of a DC drive is a hollow
cylinder made up of cast steel or rolled
steel is known as yoke. The yoke serves
following two purposes

B ]t supports the field pole core and acts
as a protecting cover to the machine.

B ]t provides a path for the magnetic
flux produced by the field winding.

i) Magnetic field system

The magnetic field system of a DC drive
is the stationary part of the machine. It
produces the main magnetic flux in the
drive. It consists of an even number of

pole cores bolted to the yoke and field
winding wound around the pole core.
The field system of DC drive has salient
poles i.e. the poles project inwards and
each pole core has a pole shoe having a
curved surface. The pole shoe serves two
purposes

B [t provides support to the field coils.

B ]t reduces the reluctance of magnetic
circuitbyincreasing the cross sectional
area of it.

The pole cores are made of thin laminated
sheets made of steel which are insulated
to reduce the eddy current loss. The
field coils are connected in series with
one another in such a way that when the
current flows through the coils, alternate
north and south poles are produced.

ili) Armature core

The armature core of DC drive is mounted
on the shaft and rotates between the field
poles. It has slots on its outer surface and
the armature conductors are put in these
slots. The armature core is a made up of
soft steel laminations which are insulated
each other and tightly clamped together.
The laminated armature core is used to
reduce the eddy current loss.

iv) Armature winding

Armature is the winding of an electrical
machine which carries alternating
current. Due to the commutator action,
the armature winding conducts AC even
on DC machines

There are two types of armature
windings are used - Lap winding and
Wave winding.
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v) Commutator

A commutator is a rotary electrical switch
that is used to convert AC to DC that
periodically reverses the direction of the
current between the rotor and the external
circuits. The commutator assures that the
current from the generator always flows
in one direction. The brushes ride on the
commutator and make continuous electrical
connection between the generator and the
load. The commutator is made of wedge-
shaped copper segments insulated from
each other and from the shaft by mica sheets.
Each segment of commutator is connected
to the ends of the armature coils.

vi) Brushes

The brushes are mounted on the commutator
and are used to inject the current from the
DC source into the armature windings.
The brushes are made of carbon and are
supported by ametal box called brush holder.
The pressure exerted by the brushes on the
commutator is adjusted and maintained
at constant value by means of springs. The
current flows from the external DC source
to the armature winding through the carbon
brushes and commutator.

c. Types of DC drives:
There are four types of DC drive.
1. Permanent magnet DC drives.
2. Series field DC drives.
3. Shunt field DC drives.
4. Compound field DC drives.

6.2.3 AC drive
a) Definition

The drive which converts AC power
into mechanical power by using an

70 UNIT 06 Electric Drives

electromagnetic induction is called AC
drive. The stator and the rotor are the two
most important parts of the AC drive. The
stator is the stationary part and the rotor
is the rotating part. AC drive functions
with single phase or three phase.

AC drive is a device used to control
the speed of an electrical drive in order to

B  Enhance process control.

B Reduce energy usage and generate
energy efficiently.

B Decrease mechanical stress on drive
control applications.

B Optimize the operation of various
applications relying on electric drives.

b) Working principle of AC drive

The operation of an AC drive depends on the
principle of magnetism. When an electric
(AC) charge applies to the stator winding to
developanalternatingfluxand thisrotating
flux called “Rotating Magnetic Field”. The
induced current produces alternating flux
around it. It should be noted that the stator
flux lags behind the rotor flux. Due to
the relative velocity between the rotating
stator flux and the rotor, the rotor rotates
in the same direction as that of the stator
flux to minimize the relative velocity.
This is the basic working principle of the
induction drive. The difference between
the synchronous speed (N ) and the actual
speed (N) of the rotor is known as the slip.

c) Classification of AC Drives
The different types of AC Drive are

B Induction drives

B Synchronous drives
B Single phase drives
B  Three phase drives
|

Squirrel cage induction drive
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rotor bars

Terminal box

Stator iron

Stator winding

Roller bearing

Short-circuit ring

FIG.6.5 Construction of AC drive

6.2.4 Comparison of DC and AC drives

1 Energy and method of control is Energy and method of control is difficult
simple

2 More maintenance is required. Less maintenance is required.

3 Commutator is required Commutator is not required

4 Rapid speed control Gradual speed control

5 Speed and design ratings are less Speed and design ratings are high

6.2.5 Variable Frequency Drive
(VFD)

Definition

A variable frequency drive (VED) is a type

of motor which controls the speed of an

AC motor by varying the frequency and

voltage of its power supply. The VFD also

has the capacity to control raise-up and

raise-down of the motor during start or

stop, respectively.

Functions of variable frequency
drive

Whenever three phase supply is given
to three phase induction motor rotating
magnetic field is produced which rotates
at synchronous speed given by

N, = 120f

S0P
Thus by controlling the supply
frequency smoothly, the synchronous
speed can be controlled over a wide speed
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AC Input

Constant Voltage ‘ Converter
and frequency

=)

Variable Voltage
Variable Frequency

‘ AC Motor

Inverter

FIG.6.6 Schematic diagram of VFD

range. But form the basic transformer
voltage equation we have the expression
for the air gap flux

V =4.440 KNf or ® =
Whereas

vV
4.44 KNf

V - Supply voltage

K - Winding constant,

N - Number of turns per phase and
f - Frequency.

If the frequency is reduced the flux will
gets increase which results in saturation
of the stator and rotor magnetic cores.
This saturation in turn results increase
in no load current which is unwanted.
Hence it is required to maintain the air
gap flux constant when supply frequency
is changed. From the above expression for
flux ® we can see that this can be achieved
by changing the voltage correspondingly
so as to maintain a constant variable
frequency ratio. Hence with variable
frequency control method which ensures
constant flux @, we can get smooth speed
control.

Such a constant variable frequency
with variable voltage and frequency can be
obtained using electronic converter and
an inverter as shown in the fig. 6.6 above.
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6.2.6 Advantages of electric
drives

i. It has flexible control characteristics.

ii. Drives with fixed and dynamic
characteristics change according to
load requirements.

iii. Computers can be used to control
the drive movements automatically
by closed loop operation.

iv. Available with wide range of torque,
speed and power.

v. Itisapplicable to function in the state
such as explosion and radiation.

vi. It can start immediately even at full
load of the drive.

vii. Tocontrol the speed and also simplest
way to start and stop the drive.

- Selection of drive

The choice of an electric drive depends on
many factors. Some of the key factors are
given below:

i. Dependingonthe nature of the speed,
torque characteristics, speed control,
speed limit, performance, the level of
operation, speed of performance.
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ii. Uninterrupted operating requirements
will depend on the acceleration and
initial loss and performance change.

iii. The source and the ability to meet
the source will consist of voltage,
voltage optimization, power factor
and other loads, and restoration of
power adaptability

iv. Basic capital and running cost and
maintenance is required.

v. Space and weight should be less.

vi. Environmental and area of the space
be selected.

vii. Reliability.

i. Individual drive

As shown in fig.6.7, this drive is driven
by an electric machine with an individual
machine. It provides movement to various
areas and all the operations are done by
the individual machine.

LOAD

FIG. 6.7 Individual electric drive

It is applicable in automobile
systems, computers, radios, and television.

ii. Group drive

This drive has an electric motor. It is
connected with one or more roller bearing
and axis as shown in fig.6.8. This axis is

fitted with belts or gears. With this, a
group of electrical drive are operated.

FIG. 6.8 Group electric drive

Group drive

FIG. 6.9 Block diagram of group drive

a. Advantages

i. Alargesize of motor can be used instead
of using small number of motors

ii. Low price.

b. Disadvantages

i. If the motor is in fault, the entire
operation will be stopped

ii. The efficiency will be reduced due to
losses by conduction of energy.

iii. Less security measures.
iv. No flexibility.

v. There will be more noise in the
working area.
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iii. Multi motor drive

Many electric drives combined with a
single common controlled structure are
known as multi motor drive system.

a. Advantages

i. Each drive is powered by a single
electric motor. It can only stop or use
the required motor.

ii. Individual drives can be controlled.

iii. If any drive fails, it will not affect the
other drives.

b. Applications
i. Rolling mills

i. Paper mills
ili. Escalators

iv. Mixer metal works.

- Electric traction

The electric traction is divided into two
types.
1. The Urban train and

2. The Sub-urban train.

1. Urban train

In this way the drives are given necessary
power for two ways, as shown in fig 6.10.

S Y AV S Sl ) 2 P P

E

FIG. 6.10 Electric train
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1. Getting power from the overhead
lines.

2. Getting power from the diesel drive.

3. The collector is mounted and the
current passes through the overhead
transmission line in it.

2. Sub-urban train

Sub-urban trains are used to travel short
distances. The train is called the local
train. The sub-urban train can be used to
stop and park to a distance of 2 to 6 km
intervals.

The main features of electric
drives are given below

I. During starting the drive needs more
torque.

ii. For economic reasons, AC traction
requires single phase supply.

iii. For ACand DG, it causes interference
in telephone lines and signals.

iv. Traction machines are mainly used
for dynamic braking.

v. Mechanical brake is used where the
engine need to stop at exact place.

The importance of drives, its types,
working principles, and advantages
and disadvantages were detailed which
will be benefitted to learn the updated
technology.
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Very high speed trains (Bullet trains)

There is no engine in most high-speed trains. It runs to a speed of 600 km/hour.
These trains operate in magnetic levitation mode. If attraction and repulsion forces
are in equal, the train will be above the track. When the speed of the force increases,
connecting trains will also run at high speed.

L
Eessssssssssssssesssssss ACtivities m

1. Create a small toy for children with an electric motor.
2. See the types of electric motor used in home appliances.

3. Select a toy car and identify what type of a drive it is.

| Glossary Q

S
Squirrel cage motor 16001160 & (b LOl6OTBEOTIIG.
Synchronous motor RSP Wirki@ 0ledTBeuTmig
Induction motor &mevor(h LOl6oTB6uTIg.
Variable motor orm Geus ileorBeorimiq
Motor shaft L5160TB 6DTITLG. SIEF & 5FHE00T(H
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\/_‘Z"'\—*Evaluation —

(1 Mark)

Choose the correct answer

1.

76

. In electric

Elements of electric drive

a) Electric motor and control system
b) Electric motor

c) Control system

d) Voltage

drive the energy

conversion is

a) Mechanical energy converted into
electrical energy

b) Electrical energy converted into
mechanical energy

c) Electrical energy converted into
chemical energy

d) Mechanical energy converted
into sound energy

. The individual drive is used in

a) Computers
b) Vacuum cleaner
¢) Cranes

d) Jet pump

. The speed of the DC drive depends

on

a) Current
b) Voltage
c) Frequency
d) Power

UNIT 06 Electric Drives

10.

O

. In motors, the brushes are made of

a) Bakelite
¢) Carbon

b) Nylon

d) Porcelin

. Depending upon the load current the

power in the motor
gets changed.
a) Voltage b) Current
c) Speed d) Power

. Low and medium electric motors are
a) 400-440V b) 200-230V
c) 160-180V d) Above 11KV

. The speed of variable frequency

drive is by varying the __ and
voltage
a) Frequency b) Current

¢) Resistance d) Heat

. Some electric drive runs through

a) Capacitor
b) Resistance
c) Battery

d) Inductance

type of energy is used
in electric trains.

a) Wireless
b) Direct coupling exchange
c) Wire

d) Remote control
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(3 Mark)

Answer the questions in brief

1. What is an electric drive?

2. Define speed control methods.

3. What is called multi motor drive?

4. Define DC electric drive.

5. Define AC electric drive.

6. State Variable frequency drive.

7. What are the types of electric drives?
Part-C (5 Mark)
Answer the questions in one
page

1. Explain the functions of individual

electric drive.

. Write about group drivewith block

diagram.

. Compare the DC and AC electric

drives.

Part-D

(10 Mark)

Answer the questions in two
page

1.

What are the advantages of electric
drives, and how are they selected?

. Explain the working principle of DC

drive with suitable diagram.

. Explain the working principle of AC

drive with suitable diagram.

[I=] |
'E Reference Book

1.

A text book of ‘Electrical Technology’
Volume-III ~ B.L.Theraja  and
A.K.Theraja, S.Chand & Company
Ltd.

o@o Reference Internet Source
o

1.
2.

http://www.wikipedia.org

https://www.electrical4u.com
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Control Panel Board& PLC [of%:

@)’ LEARNING OBJECTIVE

To understand about Panel board, Busway in distribution system, Load centre, Electro
mechanical system, Switch board construction and PLC.

TABLE OF CONTENTS

Introduction

Panel board- Definition

Busway in distribution system -
Definition

Load centre — Definition

|7.1 Introduction

The main panel is the heart of an electrical
distribution system. Through its outgoing
wires flows the lifeblood of the electricity
used throughout the distribution system.
The main service panel has several
important functions:

It serves as a distribution centre for all
branch circuits.

It houses all overcurrent devices that
protect individual branch circuits.

It houses a master switch that you can
manually throw to cut off all outgoing

78 |l

Electromechanical System

Switch board construction & its
types
Programming logic controller

Conclusion

electrical power from the service
panel.

The master switch also monitors the
total amount of current the house uses
and automatically cuts the power if it
exceeds a specific amount.

The main service panel has many
sections, and each one performs a
specific function. The three most
important sections of the main panel
are the main breaker, the hot bus, and
the neutral/grounding bus.
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- Panel Board- Definition

Panel board is an important part of any
electrical power distribution system.
The panel board is a type for overcurrent
protection devices, the busses and
connections that provide power to those
devices and their associated circuits.

Simply to say a panel board is

®  Used to control light, heat, or power
circuits

B Placed in a cabinet or cut-out box

B  Mounted in or against a wall or support

B Accessible only from the front

7.2.1 Construction &Types

Panel board is a component of an electric
power supply system. It divides electric
power into sub-circuits with a separate
fuse or circuit breaker provided for each
circuit, in a common enclosure.

Panel boards are available in different
sizes with variation in construction. They
contain a can, interior, circuit protection
devices, label and trim.

The “can” is constructed using
galvanised steel, and houses other
components. It is designed to provide
component and personnel protection.
Removable blank end panels allow the user
to cut whatever conduit holes are necessary.
Mounting studs are used to support the
interior or group mounted devices. The can
is shown in fig. 7.1.

Mounting Stud

Remcvabio
End Paned

FIG7.1 Can

The interior consists of several
components, including  overcurrent
protection devices, bus bars and insulated
neutral bus bars. A lighting panel interior
is mounted to the four mounting studs in
the can. Jacking screws (not shown) allow
adjustment of the interior within the
enclosure.

FIG7.2

The “circuit protection device” is
an electrical device used for preventing an
unnecessary amount of current otherwise
a short circuit. To ensure the highest
security, there are many protection devices
available in the market which offers you
a total range of protection devices for
circuits such as a fuse, circuit breakers,
RCCB, gas discharge tubes, thyristors, and
more.

The label identifies the panel
board’s type, voltage rating, and ampacity.

The dead front and trim are the
front surfaces of the panel board that cover
the interior. The trim includes an access
door. These components provide access
to the overcurrent devices while sealing
off the bus bars and internal wiring from
contact.
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FIG.7.3 (a) Fuse

Types of panel board
There are three types of panel board.

i. Main breaker panel board

The incoming supply cables of a main
breaker type panel board are connected
to the line inside of the main breaker,
which, in turn feeds power to the
panel board and its branch circuits.
The main breaker disconnects power
from the panel board and protects the
system from short circuits, overloads,
and ground faults.

ii. Main lug only panel board

A mainlugonlytype panelboard does
not have a main circuit breaker.
The incoming supply cables are
connected directly to the bus bars.

Adairs Ly Oy

Lirs S

Tt

FAaa Bus Bais

Pl ir Braddone

FIG.7.3 (b) Miniature circuit breaker FIG.7.3 (c) Earth leakage circuit

breaker

Primary overload protection for the
panel board is not provided as an
integral part of the panel board.

iii. Main switch panel board

The term switch refers to a fusible
switch and main switch panel board
refers to a power panel types only.

7.2.2 Testing of control panel

The electrical panel test also
involves checking all the wiring and the
signals to the relays and instruments, for
the proper operation of the protection
logic and the measuring reliability. The
continuity and operation of the protection
of the control circuits during the panel
test is a key factor in the security.

Al Savitch
[Dnky o Porer Parsdsl)

FIG. 7.4 Control panel board
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1. Relay tests

As a main protection element, the
testing of the relay performance
and settings is always included in
any panel test; the different relay
types, relay generation and specific
protection functions will define the
suitable relay test set.

. Secondary injection tests

The electrical panel test also involves
checking all the wiring and signals
to the relays and instruments, for the
proper operation of the protection
logic and the measuring reliability.

. Primary injection tests

Primary current injection testing is
utilised in high current/high voltage
scenarios found at large electrical
installations such as substations.
A large current (between 100A
and 20,000A depending on system
specifications and test requirements)
is injected directly on the primary
side of the electrical system such as
a circuit breaker. The objective of
the test is to identify how the system
operates under various levels of
current load.

. Polarity tests

A reversed polarity may cause
the protection does not work
or be unstable; the raptor
Polarity Tester provides a more
straightforward and efficient
checking of the polarity in the
panel test, with a special waveform
generated by the raptor at the
beginning of the circuit, which is
comfortably traced downstream by
the small handheld polarity tester.

. Busway in distribution

system - Definition

Busway is an excellent alternative to cable
and conduit in commercial and industrial
applications because it’s not as complex
to configure, less expensive to install and
easier to replace, especially in applications
where load locations are likely to change.
Power is distributed using enclosed bus
bars is referred as busway distribution
system.

FIG. 7.5 Busway distribution system

7.3.1 Construction & Types

Busway 1is a prefabricated electrical
distribution system that consists of bus
bars in a protective enclosure (busway
enclosure), including straight lengths,
devices, fittings, and accessories.

FIG.7.6 Busbar
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Busway and cable and conduit
are often compared for several reasons.
However, they both provide the same
function, which is to deliver power
between electrical equipment. The major
difference is that busway uses less material
since each piece is designed for a specific
job and comes with a small cross-sectional
area.

a) Non-segregated phase busway

These bus ducts have copper phase bars
situated in an enclosure separated by
air and epoxy insulation. The enclosure
or housing materials tend to vary from
steel, aluminium, and stainless steel. Its
environmental ratings include outdoor,
indoor, and dust tight. Non-segregated
phase busway can provide both medium
and low voltage solutions and is well
suited for harsh environments.

b) Sandwich-style busway

These bus ducts have phase bars stacked
together inside a non-ventilated steel
or aluminium enclosure. You can use a
sandwich-style busway to deliver power
between gear with feeder pieces.

A plug-in busway, which is
typically a busway with tap-off locations
placed on it, is used to power equipment
below the busway. Generally, a sandwich-
style busway is a cost-efficient solution
in different sectors since it can provide
high ampacity with high short-circuit
withstand ratings.

c) Track busway

The bus duct is a continuous rail design
where tap-off boxes can be removed or
installed almost anywhere along the bus
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ducts system. These boxes have fixed
receptacles and cord whips that allow for
distributing power to equipment under
the busway.

d) Air-insulated busway

These bus ducts feature either aluminium
or copper phase bars held in place with
polymer support in an aluminium
enclosure. It has plastic clips that keep
the conductors isolated and spaced,
guaranteeing air circulation.

7.3.2 Busway in distributed
system

A major advantage of busway is the ease
with which busway sections are connected.
Electrical power can be supplied to any
area of a building by connecting standard
lengths of busway. It typically takes up to
35% fewer man-hours to install or change
a busway system than cable and conduit
assemblies.

Many power distribution systems use
both busway and cable and conduit. Busway
is used in a wide variety of applications,
including complex industrial plants, data
centres, offices, high-rise buildings and
many other types of facilities.

Generally, there are two major
types of busway installations: horizontal
and vertical.

Horizontal busway is often used
in industrial locations to supply power
to heavy equipment, lighting, and air
conditioning.

Vertical busway, also referred
to as busway risers, can be installed
economically in high-rise buildings where
it is used to distribute lighting and air
conditioning loads.
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7.3.3 Components used in - Load centre - Definition

Busway system In an electrical distribution system, ‘load’

Busway components include: means the appliance which consumes
electric power and ‘centre’ means the
point from where an activity or process is
directed. The power is then distributed by
a load centre to various branch circuits for
lighting, appliances, and electrical outlets.

Bus  bars, or  conductors,
conduct electricity; they are made from
aluminium or copper and vary in size.
In electric power distribution, a busbar
is a metallic strip or bar, typically
housed inside switchgear, panel boards,
and busway enclosures for local high 7.4.1 Construction

current power distribution. Load centres are constructed of the

® Housing, an aluminium or steel following three parts: enclosure, interior,
enclosure to contain the busbars and trim.

B Insulating system made of a The enclosure is  typically
combination of air, epoxy and mylar; constructed of cold rolled steel (for indoor
it separates the conductors from each use) or galvanized steel (for outdoor use).

h | ical faul ) .
other to prevent electrical faults The load centre interior mounts

W Fittings such as elbows, offsets and inside the enclosure and includes bus bars
tees help to properly route busway and related hardware.
from one electrical connection or
termination

Utility power
CD— Meter
e — Load center
Main circuit breaker ——| )
LA CA~1|  Branch circuit breakers
CAll A
awllvawl
Al A
A A
awlivaw|

&

I

FIG.7.7 Load centre
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The trim assembly, sometimes
called a dead front, attaches to the front
of the load centre and covers the interior.
The trim assembly includes an access door
and an adjustable upper pan. The trim
assembly provides access to the circuit
breakers while sealing off live parts and
internal wiring.

Together with the trim, the enclosure
is designed to provide component and
personnel protection.

7.4.2 Types

There are two types of load centres, main
breaker type, and main lug type

a) Main breaker load centres

Main breaker load centres are suitable for
use in service entrance applications. The
incoming supply cables of the main breaker
type load centre are connected to the main
breaker which in turn feeds power to the
load centre and its branch circuits. The main
breaker disconnects power from the load
centre and provides overcurrent protection.

b) Main lug-type load centre

A main lug-type load centre does
not have a main circuit breaker. The
incoming supply cables are connected
directly to the main lugs and bus bars.
Primary overload protection for the load
centre is not provided as an integral part
of the load centre. Main lug units are
primarily used as a distribution panel
where there is a main breaker upstream in
the system.

7.4.3 Rating

Load centres are also limited to 240 V or
less and typically are provided at 100 A or
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less, with a maximum current rating of up
to 400 A. Panel boards can be applied at
up to 600V and with a maximum current
rating of 1,200 A. Load centres are typically
offered with no or minimal options where
panel boards can be provided with various
optional features including main and
branch circuit energy monitoring, and
integrated surge suppression devices.

7.4.4 Service entrance in load
centre

Sometimes panel boards are used as service
entrance equipment for a building. This
is the equipment located near where the
power enters the building. The incoming
power is connected to this equipment
which provides a means to control and cut
off the supply.

Electromechanical
System

Electromechanical systems, sometimes
referred as mechatronics, and it is a new
and rapidly growing field that integrates
electrical, electronics, mechanics,
pneumatic, hydraulics, & computer
control systems to create new & improved
automated manufacturing production
systems.

7.5.1 Components of
Electromechanical assembly

The term “electromechanical assembly”
can refer to anything from wire and cable
subassemblies to full system assemblies
known as box builds. In all of them,
electrical and mechanical components and
sub assemblies work as a unit to perform a
mechanical operation.
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7.5.2 Types of assembly
a) Switch and sensor assemblies

Two essential elements of electronic
systems are switch assemblies and sensor
assemblies, which differ in the function
they provide and the components used in
their construction.

Switch assemblies are typically used
to connect or disconnect a power supply
to electrical components, while sensor
assemblies are designed to convert stimuli,
such as sound, heat, light, or motion, into
electrical signals.

Switch assemblies generally consist
of the following components:

B Contacts for controlling the flow of
electrical current to the switch

B Wiring harness for holding the switch in
place and providing a site for electricity
to enter or exit the switch body

B Switching mechanism—usually a
toggle device or pushbutton—for
controlling the operation of the device

While sensor assemblies typically include:

B Sensing elements for detecting
physical properties (temperature,
pressure, radiation, etc.), motion, or
proximity

® Housings for protecting the sensing
elements

B Transmitters for transmitting the data
gathered about the targeted property

® Connection heads for allowing the
connection of the sensor wires to the
transmitter

b) Panel assemblies

Some electromechanical assemblies are
integrated into panels. They typically serve

as a method of controlling the distribution
of electrical power into connected circuits.
The process of creating these assemblies
can involve:

B Positioning each component in the
correct location on the back panel

® Punching or
components

sawing holes for

® Drilling holes for mounting hardware

B  Wiring the panel

c) Power supply assemblies

A power supply provides electrical power to at
least one electric load by converting a current
to the correct format and voltage required
to power it. Power supplies can be designed
as either standalone devices or incorporated
into appliances. General components of a
power supply assembly include:

B Housing for protecting the other
components

B Transformer for
incoming voltage

modifying the

B Rectifier for converting incoming
power from AC to DC

B Filter for smoothing out waves in the
DC output after rectification

B Regulator for reducing ripple voltages
left by the filter

d) Transformer assemblies

Transformers are designed to transfer
electrical energy between two or more
electrical circuits. They work by increasing
or decreasing the voltage level according
to the requirements of the application.

Transformer assemblies generally
include:

B Laminated core

B Primary and secondary windings
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® Insulating materials

B  Application-specific tanks and
accessories (oil conservator, breather,
cooling tubes, etc.)

7.5.3 Wiring instruction &
guidance for assembly

Wiring industrial control panels is a
complex process and it needs a number of
carefully planned details. There are some
general points that should be taken into
account when wiring the control panel.

1. Connections should be secured
against accidental loosening.
Correctly tighten terminal screws
and where a connecting plug is fitted,
use the clamps or screws provided to
secure it to its mating socket.

2. Particular attention in this respect
should be taken with for protecting
bond circuit, for example by using
star washers and a lock nut where
necessary.

3. Two or more conductors may only
be connected to a terminal that is
designed for the purpose.

4. Add an additional terminal and
connect it to the other by a link laid
in the cable trucking to gain an extra
connection point.

5. Soldered connections should be
made only to terminals suitable for
that purpose only.

6. Ensure that identification tags and
cable markers are legible, marked
with a permanent ink and suitable
for the environment where the panel
is to be used.
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7.5.4 Process of panel assembly

Some electromechanical assemblies are
integrated into panels. They typically serve
as a method of controlling the distribution
of electrical power into connected circuits.
The process of creating these assemblies
can involve:

B Positioning each component in the
correct location on the back panel

® Punching or
components

sawing holes for

® Drilling holes for mounting hardware

B  Wiring the panel

Switch board
construction & its types

A group of panels, load centres, etc., called
a switchboard are used in substations,
buildings, organisations, institutes, etc.
A switchboard is a large single panel,
frame, or assembly of panels. Overcurrent
device, switches, protective devices and
buses aremounted on a switchboard.
They are usually mounted on the front or
back, or both. Switchboards are generally
accessible from the rear as well as from
the front.

There are several components that
make up a switchboard. They consist of
a frame, overcurrent protective devices,
buses, instrumentation and outer covers.

a) Frame

The frame of a switchboard houses and
supports the other components. A typical
switchboard frame is 90 inches high and
38 inches wide. Optional heights of 70
inches and width of 32 inches and 46
inches are also available.
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b) Bus

A bus is a conductor that serves as a
common connection between two or
more circuits. Buses are mounted within
the frame. Horizontal buses are used to
distribute power to each switchboard
section. Verticalbusesareused todistribute
power via overcurrent devices to the load
devices. Vertical and horizontal busbars
are shown in fig. 6.5. Standard busbars on
switchboards are made of aluminium, but
copper busbars are available as an option.

c) Splice plates

Splice plates are used to join the horizontal
busbars and adjoining switchboard
sections. The horizontal busbar is pre-
drilled to accept the splice plates,

d) Protective devices

Operator components are mounted on the
front side of the switchboard. This includes
protective devices, such as circuit breaker,
disconnect switches, meters and fuses,
which can be covered by a trim panel.

e) Service section

A typical switchboard consists of a service
section also referred to as the main
section, and one or more distribution
sections. The service section can be fed
directly from the utility transformer.
In addition to the main disconnect, the
service section usually contains utility or
customer metering provisions.

Programming logic
controller

Nowadays, advanced technology is
used for controlling the equipment and
electricity is the resource for running
most of the household equipment’s which
uses relays. This relay makes the simple
logical control decision. The development
of low-cost computer has brought the
most recent revolution, the Programmable
Logic Controller (PLC). The advent of PLC
began in the 1970s, and has become the
most common choice for manufacturing
controls.

FIG. 7.8 Programming logic controller
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B  Programmable means ‘able to provide
coded instructions for the automatic
performance of a task’

B Logic means ‘a system or set of
principlesunderlying the arrangements
of elements in a computer or electronic
device so as to perform a specified
task’.

B Controller means ‘a thing that directs
or regulates something’

Hence, PLC is a set of instructions
in an electronic device that help perform
the regulatory task. PLC is an industrial
computer that contains hardware
and software used to perform control
functions. PLC is used for automation of
industrial processes to control machinery
placed on assembly lines of manufacturing
units, and food processing.

Some of the additional advantages
of PLCs are as follows:

B  Smaller physical size than hard-wire

B Easier and faster to make changes.

B PLCs have integrated diagnostics and
override functions.

B  Diagnostics are centrally available.

B Applications can be immediately
documented.

®  Applications can be duplicated faster
and less expensively.

7.7.1 PLC Architecture & wiring

A PLC consists of two basic sections,
input/output (I/O) interface system, and
central processing unit (CPU).Input and
output are the physical interface between
a processing unit and user.

PLC’s consists of Input and
output modules (I/0), a Power supply,
Programming device and a Central
Processing Unit (CPU). The CPU also
has memory for logic functions and data
tables for I/O storage and will be covered
later.

solutions.
PLC system
Power supply
| !
I m | Central processing | Om
| ; |
—0 | O—+— n o | unit (CPU) | u o Output
p d : . i; t d \C Y load
O—— u || I devices
g u 1 I Memory | | Y lll 407
t l | L /TN
—Q 70 e : Program Data : t el 5 7
I Y I
Optical / v .Optic‘al
isolation — isolation

Programming device

FIG.7.9 PLC Architecture & wiring
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a) Input and output modules

Inputs and outputs can be digital or analog
depending on the field device needed. An
input is a field device that updates the PLC
on how the process is running. An input
field device could be a pushbutton switch,
pressure sensor, or photo sensor to name a
few. An output is a command supplied by the
CPU Logic to control an output field device.
These field devices may include, relays,
timers, motor starters, lights, counters or
displays. The output command is driven by
the updated input tables, the CPU logic, and
a signal sent to the output field device to be
controlled.

b) Power supply

The power supply provides different
voltage sources that are required for the
different field devices, CPU, and internal
memory operations.

c) Programming device

Programming devices are a way for
the programmer to write and load the
program. Programming devices may also
be used to monitor the I/O and the process
in real time and for trouble shooting when
the process doesn’t function correctly.

d) Central Processing Unit (CPU)

The central processing unit provides all
the logic functions as well as directing
communication flow with other
components; both internal and external.
It is the “brain” of the PLC. Internally,
the CPU provides data space to store the
program instructions. It also performs
math, counting and timing functions
based on the program logic. Externally,
the CPU updates the input file status from

field devices and executes the appropriate
output function.

Input _ | Central processing unit
module (CPU)

Output
module

Programming Operator
device interface

FIG.7.10

In programmable logic controller,
electronic components are used.
These electronic components work on
digital signal. This digital code, such
as ‘101101010’ is not understood by a
human. In such a condition, there is a gap
between the machine and thehuman. To
cover this gap, human machine interface
is used. Human machine interfaceis user
interface that connects an operator to the
controller for an industrial system.There
are three basic types of HMIs, pushbutton
replacer, data handler and overseer.

7.7.2 Human Machine Interface
(HMI)

A Human-Machine Interface (HMI) is a
user interface or dashboard that connects
a person to a machine, system, or device.
While the term can technically be applied
to any screen that allows a user to interact
with a device, HMI is most commonly used
in the context of an industrial process.

In industrial settings, HMIs can be
used to:

B Visually display data

B Track production time, trends, and tags
B Oversee KPIs
i

Monitor machine inputs and outputs
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FIG.7.11 Human Machine Interface HMI

HMI technology is used by almost
all industrial organizations, as well as a
wide range of other companies, to interact
with their machines and optimize their
industrial processes.

7.7.3 HMI wiring

Wiring an HMI into a system may be an
easy task if a PLC is already integrated.
This connection is as simple as connecting
a USB/RS-232/RS-485 cable between
the HMI and PLC. In some instances,
both units are equipped with wireless
features, making the connection even
easier. Although the wiring between
the PLC and HMI may be an easy task,
the wiring between the PLC and the

eesssssseesssssssssssss A Ctivities

actual automation line could prove more
difficult. Depending on the size and
complexity of the application, PROFIBUS
extensions may be required for the PLC. A
PROFIBUS extension is similar to a power
strip that extends one input/output to
multiple input/outputs by connecting to
the expansion port of the PLC. A wiring
schematic from the production line to
the PLC is highly recommended, making
programming the HMI significantly faster.

Students will gain knowledge about Panel
board, Busway in distribution system,
Load centre, Electro mechanical system,
Switch board construction and PLC.

oA

1. Prepare a sketch of panel board existing in your school laboratory

2. Draw the assembling flow chart of a computer
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| Glossary g

S —N
Control panel &L (LILML.(h LIED6MS
Load centre LOGOTLIETH 6DLOWILD
Splice plate HereysHL(b
Central processing unit emLOW AFWIEOTSHGLD Lifley

o
§=-Evaluation s

1

PART- A (1 Mark) 5. To prevent short circuit ---------- is
used in the panel board.

Choose the correct answer
. o a. Circuit protection device
1. For electrical power distribution

c. Galvanised steel
d. Aluminium

. Jacking screws are provided in the
interior for ----------

a. Tightening
b. Loosening
. Fitting

d. Adjustment

. . b. Interior

system ---------- is an important

part. c. Can

a. Panel board d. Label

b. Switch 6. To identify the panel board’s type

c. Control switch and voltage rating ---------- is used.

d. Power circuit a. Trim
2. Panel board divides electric power b. Label

into sub circuits with a separate ----- c. Interior

T d. Can

a. Relay b. Circuit breaker 7. The ---------- are the front surfaces

c. Switch d. Device of the panel board that cover the
3. In parallel board, the can is made of interior.

__________ a. Label

a. Steel b. Interior

b. Copper c. Dead front and trim

d. Can

8. Primary injection testing is utilized
in----------

a. Residence
b. Factories
c. Commercial buildings

d. Sub-stations
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10.

11.

12.

13.

14.
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. The current rating injected on the

primary side of the electrical system
i§ ----oenee-

a. 100 A to 20000A
b. 100 A to 2000 A
c. 100 A to 200 A

d. 100 A to 1000 A

The object of primary injection test
is to identify how the system operates
under various levels of ----------

a. Potential load
b. Current load

c. Resistive load
d. Inductive load

The  prefabricated  electrical
distribution system is called --------

a. Transformer

b. Bus way

c. Megger

d. Fuse

Generally bus way installation
consists of ---------- types.

a. Five b. Four

c. Three d. Two

To supply power to heavy equipment,
lighting and air conditioning --------
-- type of bus way is used.

a. Vertical
b. Inclined
c. Horizontal
d. Parallel

Bus bar conductors are made of -----

b. Zinc
d. Copper

a. Iron
c. Lead
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15.

16.

17.

18.

19.

20.

In an electrical distribution system,
load means ----------

a. Appliance which consumes electric
power

b. Current
c. Current
d. Total value of resistance

In an electrical distribution system,
centre means ----------

a. Working area

b. Point from where an activity or
process is directed

c. Generating stations

d. Distributing area

Load centre is of ---------- types.
a. Six b. Four
c. Two d. Eight

Electromechanical system is referred

a. Pneumatic

b. Computer control system
c. Technotronics

d. Mechatronics

Two essential elements of electronic
systems are switch assembly and ----

a. Sensor assembly

b. Mechanical assembly

c. Contact assembly

d. Transmitter

The expansion of PLC is ----------
a. Progressive Logic Controller

b. Protected Logic Controller

c. Programming Logic Controller

d. Prevented Logic Controller
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Part-B (3 Mark)

Answer the questions in brief
1. Define — Panel board.

2. Write about ‘Circuit protection
device.

3. List out the types of Panel board.

4. What is called Track bus way?

5. What is meant by Air insulated bus
way?

6. What are the components used in
bus way system?

7. Define - Load centre.

8. What is called Electro-mechanical
system?

9. Write about programming device.

10. Define - Control Processing Unit
(CPU).

11. Write about HMI - wiring.

Part-C (5 Mark)

Answer the questions in one
page
1. Write about the list of Panel board.

2. Briefly explain the various tests
adopted in Bus way system.

3. Write about the components used in
Bus way system.

4. Draw the diagram of PLC system and
label its parts.

5. Draw the schematic diagram of HMI
wiring.

6. What are the general points that
should be taken into account when
wiring the control panel?

Part-D (10 Mark)

Answer the questions in two
page

1. Explain the construction and types
of Control panel board with a neat
sketch.

2. Explain the construction and types of
Load centre with a suitable diagram.

3. Explain briefly about the types of
assembly in Electro-mechanical
system.

[im] |
'H Reference Book

1. A text book of ‘Electrical Technology’
Volume-III ~ B.L.Theraja  and
A K.Theraja, S.Chand & Company
Ltd.

w@o Reference Internet Source
(@]

1. http://www.wikipedia.org

2. https://www.electrical4u.com
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DC and AC Windings

(©) LEARNING OBJECTIVE

Winding is the heart for motors and generators. It is important to keep the windings in
good condition for the good operation of the electrical machines used in domestic and
industries. It is required to gain knowledge to study about motors and generator operation
for its operation. The students if they trained properly, they can exhibit their potential in
motor rewinding in electrical platform.

TABLE OF CONTENTS

8.1 Introduction 8.4 DC winding

8.5 AC winding

8.6 Conclusion

8.2 Winding materials
8.3 Winding parameter

5] Introduction 771 Winding materials

Windings are used in motors, generators, Generally two types of materials used in
transformers, loud speakers and in winding motors and generators. They are,
all measuring instruments. The main
objective of a winding is to produce the
magnetic field according to the rating of
the electrical machine. In this unit, we

i. Electric conductors

ii. Electrical insulating materials.

have to gain theoretical experience about i. Electric conductors
types of DC and AC windings. which allow an electric supply to the

conductors are called electric conductors.
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Copperand Aluminium are the conductors
mostly used as for winding.
a. Types of conductors
The types of conductors used are
i. Cotton covered winding wires.
ii. Silk covered winding wires.
iii. Paper covered winding wires.
iv. Varnished glass paper covered
winding wires.
v. Enamel coated round shaped
winding wires.

Enamel coated round wires are mainly
used in small and medium type of motors
having semi-closed slots while rectangular
conductors are used in larger types of
motors having open type slots.

ii. Electric insulating materials

Materials having the property of high
resistance which not to permit the electric
supply are called insulating materials.

Ex: Mica, wood, glass, varnish

8.2.1 SWG (Standard Wire
Gauge) plate

a. Method of representing the size
of the winding wires

The size of the conductors may be notified
in two ways as follows:

i. By SWG numbers - a steel “SWG
plate” is used

ii. By its diameter in millimetre -
Micrometer instrument Screw gauge
is used.

b. To Find gauge number of a
conductor with SWG plate

The sizes and the gauge of the wires can
be found by a device called SWG plate.

It consists of a circular steel plate having
notches of different widths around their
edges. The diameter of the plate is of 3 %
inches (95mm) with thirty six notches.
Each notch is marked with a number. The
size of the conductor found is inserted
into the notches. The wire which just
fits with a particular notch stated to be
the exact gauge of the wire. The number
represented near that notch will be the
gauge number of that wire.
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FIG. 8.1 Standard wire gauge plate

By finding gauge of a wire, we can
determine the amount of electric current
the wire can carry as well as its electrical
resistance and weight per unit length.

The electrical energy to earth for one
year can be produced by the sun in 15
minutes.
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We can measure the diameter of the winding coil by using screw gauge. After measuring
the diameter of the wire, using the above instrument, we can find the gauge number of the wire
from the following table given below.

Standard wire gauge SWG SWG
Inch m Area mm? WD m Area mm?
0 0.324 8.23 53.17 26 0.018 0.457 0.164
1 0.3 7.62 45.6 27 0.016 0.417 0.136
2 0.276 7.01 38.6 28 0.015 0.376 0.111
3 0.252 6.401 32.2 29 0.014 0.345 0.0937
4 0.232 5.893 27.3 30 0.012 0.315 0.0779
5 0.212 5.385 22.8 31 0.012 0.295 0.0682
6 0.192 4.877 18.7 32 0.011 0.274 0.0591
7 0.176 4.47 15.7 33 0.01 0.254 0.0507
8 0.16 4.064 13 34 0.009 0.234 0.0429
9 0.144 3.658 10.6 35 0.008 0.213 0.0357
10 0.128 3.251 8.3 36 0.008 0.193 0.0293
11 0.116 2.946 6.82 37 0.007 0.173 0.0234
12 0.104 2.642 5.48 38 0.006 0.152 0.0182
13 0.092 2.337 4.29 39 0.005 0.132 0.0137
14 0.08 2.032 3.24 40 0.005 0.122 0.0117
15 0.072 1.829 2.63 41 0.004 0.112 0.0098
16 0.0064 1.626 2.07 42 0.004 0.102 0.0082
17 0.056 1.422 1.59 43 0.004 0.091 0.0065
18 0.048 1.219 1.17 44 0.003 0.081 0.0636
19 0.04 1.016 0.811 45 0.003 0.071 0.0557
20 0.036 0.914 0.657 46 0.002 0.061 0.0479
21 0.032 0.813 0.519 47 0.002 0.051 0.04
22 0.028 0.711 0.397 48 0.002 0.041 0.0322
23 0.024 0.61 0.292 49 0.001 0.03 0.0236
24 0.022 0.559 0.245 50 0.001 0.025 0.0196
25 0.02 0.508 0.203 BASIS: IS 13730-0-1/IEC 317-0-1
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:7] Winding parameter

There are various factors that decide
the output of any rotating electrical
machines. Out of these parameters such
as inductance, insulation strength and
strength of the magnetic field greatly
influence the design of coil windings. Coil
winding can be structured into various
type and the method of wounding the coil.

8.3.1 Coils

A coil consists of a single turn or it may
consist of many turns connected in series.
Each coil having two coil sides as shown
in the fig. 8.2.

/\‘\4\— Back end side —>/\‘\
e 3
= Activeside =2} 5

C0 O O

A A

B

A D )
NG

<«<— Front sidle ——>|

S F

FIG. 8.2 Winding coil representation

8.3.2 Active side of a coil

A part of the coil placed in the slots is
called as active side. Magnetic field or
EMF is induced in this part and hence it is
called as active side of the coil.

8.3.3 Inactive side of a coil

The part of the coil which comes out from
the slots of a motoris called as inactive side.
Here no magnetic field and emf is induced
and hence it is called as inactive side of
the coil. It is also called as “overhang” part
of the coil.

8.3.4 Winding

Winding is made up of many coils with
proper connections between them.

8.3.5 Winding diagram
The diagram which describes the type of

winding, coil group and its connection,
etc. related with winding is called winding
diagram.

In DC machines, the drum type armature
windings are used. In this, the armature
conductors are placed in the slots around
the surface of cylindrical or drum shaped
armature core. DC machines consists of
two windings, namely

i. Field winding placed in main poles.

ii. Armature winding placed in armature.

8.4.1 Types of winding in

armatures
Progressive winding Retrogressive winding
A A
\] [ ¥
Lap \zinding Wave winding
Simplex
Duplex
Triplex

8.4.2 Progressive winding

In progressive winding, finishing end of a
coil is connected to the starting end of a
coil which is placed in the right side of the
starting point as shown in the fig. 8.3.

Coil 1 Coil 2 Coil 3

[ ———

I l l «H Commutator

FIG. 8.3 Progressive lap winding
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8.4.3 Retrogressive winding

In Retrogressive winding, finishing end of
a coil is connected to the starting end of a
coil which is placed in the left side of the
starting point as shown in the fig. 8.4.

Coil 1 \

Coil 2
~ \/
~
~

Al Al
I [
I I
I [
I I
\ \
J J

-

FIG. 8.4 Retrogressive winding

8.4.4 Lap winding

As shown in the fig. 8.5, winding in which
successive coils arranged in the manner
that they overlap each other is called Lap
winding.

N

«— V)p——>

N,

|
|
1
|
|
| Sl
|

J

|
l€«——Y —> <;Yff4>\
I

N
|
|
|
|
|
|
|
1
|
|
|

! |

- ~
- -
- ‘/’ -~
[ €—Yc—> T

Commutator segments

FIG. 8.5 Lap winding

8.4.5 Wave winding

As shown in the fig. 8.6, winding in which
successive coils arranged in the manner
that it does not overlap each other and
it forms like a waveform and hence it is
called wave winding.
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Commutator segments

FIG. 8.6 Wave winding

8.4.6 Simplex lap winding

In simplex lap winding, finishing end of the
first coil is connected with the starting end
of the adjacent coil as shown in the fig. 8.7.

Here, only one circuit is available.

FIG. 8.7 Simplex lap winding

8.4.7 Duplex lap winding

FIG. 8.8 Duplex lap winding

In duplex lap winding, finishing end of the
first coil is connected with the starting end
of the third coil as shown in the fig. 8.8.
There are two separated circuits in duplex
windings.

Coils for the 1%t circuit - 1, 3, 5, 7,.....

Coils for the 21 circuits - 2, 4, 6, 8, ...
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8.4.8 Back pitch (Y,)

The distance between two coil sides of a
coil is referred to as back pitch. It is always
an odd number.

8.4.9 Winding pitch (or) coil
pitch (y)

The distance between two starting leads of
successive coils is referred to as winding
pitch or coil pitch. It should be always an
even number.

8.4.10 Front pitch (Y;)

It is the distance between two coil sides
connected to the same commutator
segment. It should be an odd number.

8.4.11 Necessary details needed
for DC winding

i. First calculate the number of coils. The
number of coils must be equal to the
number of commutator segments.

li. According to the formula concerned
to the lap or wave winding, calculate
the back pitch (Y,) coil pitch (Y),
and the front pitch (Y;)

iii. Back pitch and front pitch must be of
odd number only and the coil pitch
must be of even number.

iv. Formula for lap winding

Back pitch, Y = % +K

Here, C — number of coils
P - number of poles

K-whole number a decimal or a
fraction needed for making back
pitch as an odd number.

Coil pitch, Y =+ 2m
m = 1 for simplex winding
m = 2 for duplex winding

Vi.

vii.

viii.

Here ‘+° symbols denotes the
progressive winding while ‘-’ sign
denotes the retrogressive winding.
Generally all machines are winded
by progressive method and hence
we are using this type of winding
methods in this lesson.
Front pitch, Y, =Y -Y
Formula for wave winding
Back pitch, Y, = %iK

Here ‘C’ denotes the number of coils
and ‘P’ denotes the number of poles
and ‘K’ may be a whole number or
a decimal or a fraction needed for
making back pitch as an odd number.

2C+2m

P/2
Here, m = 1 (for simplex)

Coil pitch, y =

m = 2 (for duplex)
Front pitch, Y =Y-Y,

In wave winding, back pitch and front
pitch must be equal.

Hence, Yb = Yf

In double layer windings, the top
layer coils should be numbered
by odd numbers and the bottom
layer should be numbered by even
numbers.

To find the direction of current,
use Fleming’s right hand rule for
generators and use Flemings left
hand rule for motors.

The number of brushes must be equal
to the number of parallel paths. For
lap winding, the number of parallel
paths will be equal to the number
of poles and for wave winding, the
number of parallel paths should be
equal to 2
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For lap winding, 5-2=3

Number of brushes = number of poles Selected Y, and Y,are
For wave winding, Y, =7
Number of brushes = 2 Y,=5

ix. Mark positive brush connected lead
as ‘A’ and negative brush connected Winding table
lead as “AA”

These two leads will be the armature Yi=5

leads of the DC machine. 1 8

x. Draw solid vertical lines of equal 10

length for the top layer coil sides and 12

draw dotted vertical lines of same
14(2)

O | |V | W | =

length for the bottom layer coil sides.
16(4)

QN |G| W

8.4.12 Double layer simplex Lap

11 18(6)

winding diagram

Draw the double layer simplex lap winding
diagram for a 2 poles, 6 slots DC machine
having 6 commutator segments. Indicate
the position of brushes.

Solution

Number of poles P = 2

Number of slots S = 6 FIG. 8.9 Winding-commutator connection

N
. . 2 4 6
.
. <
N .
N .
N
. N
. N
s N
{
\ \
I
I

P
¥

Number of commutator segments = 6 PN

We know,

No. of coils C = No. of commutator
segments

Hence, C=6

2C
Back pitch, Y, = ? +K
2X6

— 224K 5
2

=6+1=7(or)6-1=5
Coil pitch, Y = +2m

m = 1 (for simplex)
Then, Y=2X1=2

>0——@ + | —

Front pitch, Yf - Yb - FIG. 8.10 2 Poles 6 slot simplex lap winding
=7-2=5(or) diagram
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The winding of DC machines starts
from the first coil side and finally ended
with the same and hence the DC machines
windings are generally called as “closed
coil winding”.

In making winding table for lap
winding, it is important that we must add
back pitch to obtain back end side and
subtract front pitch to obtain front end
side.

8.4.13 Double layer simplex
wave winding diagram

Develop a double layer simplex wave
winding diagram for a 2 poles, 6 slots, DC
machine having 6 commutator segments.
Indicate the position of brushes.

Solution
Number of poles P=2
Number of slots S=6
Number of commutator segments =6
We know
No. of coils C = No. of commutator
segments
Hence C=6
Back pitch Y| = % +K
_ 2x6 < K
2
(or)
6-1=5
2C+2m

Coil pitch Y =——73-—
P
%2

m = 1 (for simplex)
2761271
2/2

=12=x2

Then v =

=12 +2 =14 (or)

12-2=10
Front pitch Y, =Y - Y,
Also Y, =Y
So Y,=14-7 =7 (or)
10-5=5
Selected Y, and Y;are
Y, =Y;=7 (or)
(Y,=Y;=5)

Winding table (Y, = Y, = 5)

1 1-6 6-11
2 11 -4 4-9
3 9-2 2-7
4 7-12 12 -5
5 5-10 10-3
6 3-8 8-1

In preparing winding table for wave
winding, it is important that we must add
back pitch and front pitch to obtain back
end side and front end side respectively.

97 11T 1 3f 5L 7 9fi 11f 20 4

st

8 10 o ia Jie Jis Jl0)i12,1 U3 s
—>{ 1273 4‘ 5|6‘|
m -
A AA

FIG. 8.11 2 Poles 6 slots simplex wave winding

The AC winding of a machine is defined
as an arrangement of conductors design
to produce an emf by relative motion in a
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magnetic field. Electrical machines employ
groups of conductors distributed in slots over
the periphery of the armature. The group of
conductors are connected in various type of
series-parallel combination to form armature
winding. The conductors are connected in
series so as to increase the voltage rating. If
the conductors are connected in parallel the
current rating will be increased. In general,
the winding connected with AC machines
are called AC windings.

8.5.1 Types of AC windings

Generally three types of winding are in
AC machines. They are

i. Lap winding
ii. Wave winding and

iii. Concentric winding

i. Lap winding

Lap windings are generally used in low
voltage and high current electrical machines.

ii. Wave winding

Wave windings are used in high voltage
and low current electrical machines.

ili. Concentric winding

The centre of all the coils in a coil group
confined to a constant centre as shown in
the figure 8.12 is called concentric winding.

N1 ‘ ’ S1

FIG. 8.12 Concentric winding
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1. Coil group

One coil or more than one coil connected
in series are called coil group. When
preparing AC winding calculation, the
number of coils per pole should also be
calculated. Then the coils in the pole
should be separated for three phases also.
Thus the coils per pole per phase are made
into a coil group. By making coil groups,
the number of end connections can be
reduced and hence we can prevent short
circuits in the end connection areas.

2. Pole pitch

It is the distance between the centre of two
adjacent poles. It is also denoted by the
number of slots per pole.

number of slots

Pole pitch = number of poles
3. Winding pitch or coil pitch or
coil span

It is the distance between the two coil
sides of a coil.

Coil pitch = 1+ pole pitch

4. Full pitched winding

In full pitched winding, pole pitch and
coil pitch are equal. There will be 180°
(electrical degree) between the coil sides.

5. Fractional pitched winding

If we reduce or increase the coil pitch by
one or two in number than the pole pitch,
then it is called as fractional pitched
winding. The angle (electrical degree)
between the coil sides may be less than or
more than 180°.

Fractional pitched winding may be
divided into two types. They are
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i. Short pitched winding (or) short
chorded winding

ii. Long chorded winding

6. Pitch factor (K,)

It is the ratio between the coil pitch and
pole pitch. It is denoted by ‘K.

coil pitch

Pitch factor, K = - =
¢ pole pitch

(04
cos —
2

7. Short pitched winding or short
chorded winding

If we reduce the coil pitch by one or two
in number than the pole pitch, then it
is called as short pitched winding. The

reducing value should not exceed % of the

pole pitch value. Electrical degree between
two coil sides of short pitched winding
will be less than 180°. This reduced angle
is represented by short pitch angle (a).
Here pitch factor will be less than one.
This process reduces the weight of copper
needed for winding the motors.

8. Long chorded winding

If we extend the coil pitch by one or
two than the pole pitch, it is called as
long chorded winding. Electrical degree
between two coil sides of long chorded
winding will be more than 180°. Here
pitch factor will be more than one. This
method of winding is rarely used.

9. Single layer winding

If each slot of a motor contains one activated
coil, then it is called as single layer winding.
Here the number of coils will be equal to the
half of the total number of slots.

Hence,

Total number of slots.
2

Number of coils =

10. Double layer winding

Two different sides of two activated coils
are inserted in the same slot is called
double layer winding. Here the number of
coils are equal to the number of slots.

Hence,

Number of coils = Total number of slots

11. Balanced winding

If the number of coils in all coil groups per
phase are equal, then this type of winding is
referred to as balanced winding.

12. Unbalanced winding

If the number of coils in all coil groups per
phase are unequal, it is called unbalanced
winding.

14
~
v D
~

Metal-Air batteries are small in size
and have light weight batteries.

But its ranges are high. When not in
use, they quickly disrupt.

Because metal electrodes are affected
by corrosion.

13. Whole coil winding

If the number of coil groups per phase
is equal to the number of poles, then the
winding is called as whole coil winding.
All the three phase lap windings and single
phase concentric windings are belongs to
this type.
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14. Half coil winding

If the number of coil groups per phase is
equal to the half of the number of poles,
then the winding is called as half coil
winding. This type of winding is used in
three phase concentric winding.

15. Concentric winding

If all the conductors of one coil side are
inserted in single slot for making one
complete pole or if we place a single coil
for making one complete pole, it is called
as concentric winding.

Example:

Three phase half coil winding, field winding
of DC & AC generators

16. Distributed winding

Here the coils for a pole should not be
made as a single coil and hence the pole
contains several coils and inserted in
several slots. This type of winding is
known as distributed winding. All the
stators and rotor windings of AC machines
and armature winding of DC machines
followed this type of winding.

8.5.2 AC single phase concentric
winding
A.C, 1¢, 4 poles, 24 slots concentric

winding for a split phase capacitor type
motor.

Number of slots

Pole pitch = Number of poles
24
- —_ 6
4
Coil pitch =1 + pole pitch
=1+6=7
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=1-7 (full pitched)
1-6 (short pitched)

For single phase concentric winding, we
choose pole pitch as short pitch.

Total no. of coils = No of slots
(Single layer)
-2
2
N 1
No. of coils per pole = M
No of poles
(coils / pole)
12
- — = 3
4
No. of coils per phase = No of coils
phases
(coils / phase)
12
== =12
1
No. of coils per pole per phase
_ Noof coils
poles ~ phases
(coils / pole / phase)
4x1 4

Total no. of coil groups = poles x phases

=4x1=4

No. of coils per coil groups

No of coils
~ No of coil groups

(coils / coil group)

:—:3
4

L s 13| 5 | 3 |
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K - calculation
(No of slots for 90°)

Electrical degree for a slot
(or)
Electrical degree between adjacent slots
5 Px180°
S

4x180°
24

_ 720°
24
=30°

90°

No of slots for 90° (K) = 30°

3

Hence,

So the starting winding must be inserted
from the 1° slot and the running winding
must be inserted from the 4'" slot.

Winding table for starting coil

Pole 1 Pole 2 | 0 e Pole 4
1-6 7-12 13-18 19-24
2-5 8§-11 14-17 20 - 23
3-4 9-10 15-16 21-22

Winding table for running coil

Starting slot of the starting winding = R |4-9/10-15|16-21| 22 - 27(3)
15t slot
Starting slot of the running winding = Y |5-8[11-14 |17 -20 | 23 - 26(2)
1+ K
B|6-7|12-13|18-19| 24 -25(1)
=1+3
= 4th g]ot
1]2(3[4 |5 6|7 |8 |0 [10]11}12{13|14l15[16}17]18] 19 [o0|21[22]23|24
ASA A[[Y Y YNyY v Y[|A A ASA A Al|]Y Y YNY ¥ Y||A ASA
/ / / /
A r Y

FIG. 8.13 10, 4 Pole, 24 slots concentric starting winding diagram
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- -3
_ _ _ =2
1
12134 516 7489 o1 12;11415 1641718 19§20)2122 2324
TS Y :
R1 R2
FIG. 8.14 10, 4 Pole, 24 slots concentric running winding diagram
8.5.3 AC three phase single layer 24
lap winding T 12
AC, 1¢, 4 poles, 24 slots single layer lap
winding diagram for an induction motor No. of coils per pole = No. of coils
Pole pitch — Number of slotsl No. of poles
P Number of poles (coils / pole)
12
24 =—=3
== =6 4
4
Coil pitch = 1 + pole pitch No of coils per phase = No. of coils
phases
=1+6=7
(coils / phase)
= 1-7 (full pitched) .
1-6 (short pitched) -3
=4
In single layer winding, successive coils
must be placed by leaving one slot between No. of coils per pole per phase =
them. Hence the left coil sides should be ,
) . . . No. of coils
inserted in odd slots and the right coil lesx bl
sides should be inserted in even slots. potesx phases
So, coil pitch = 1 - 8 (or) (coils / pole / phase)
1.6 _ 12
4x3
Total no. of coils = No. of slots _ 12
(Single layer) 12
=1
106 UNIT 08 DC and AC Windings



www.tnschoolbooks.in

Total no. of coil groups = poles x phases
=4x3=12
No. of coils per coil groups

___No. of coils
~ No of coil groups

(coils / coil group)

1
12
=1
Because of the coils per pole per

phase is a whole number, this winding is a
balanced winding.

pole pitch

No of slots for 120° (K) =
Phase

6
3

2

Hence,
Starting slot of ‘R’ phase = 1! slot

Starting slot of Y’ phase=1+K=1+2=
31 glot

Starting slot of ‘B’ phase=3+K=3+2=
5t slot

Polel Pole2 Pole3 Pole4

RIY|/B/IR|Y/B|R|Y|IB|R|Y|B R|1-6|7-12]|13-18 19 - 24
1]ijtjejaj1j1jujijajt Y [3-8|9-14|15-20| 21 -26(2)
K - calculation(No of slots for 120°) B |5-10]11-16| 17 -22 | 23-28(4)

For a balanced winding,

21 23 1| 2|3|4|l5|6|7|8|9|10[11|12[13|14|15|16]17|18|19|20| 21|22 23| 24 2 4

? A ASA A Ally Y YNY VY VYI||A ASA A AllY ¥ YNY VYV V¥ ASQ
21 23 2 4

NT DT DN N T DN DT DT N DT D
SR S Ea
) N F r mMm r L{\ M nY
[ rE
A A A Y Y A

FIG. 8.15 Winding diagram for AC 3@ induction motor, 4 pole 24 slots single layer lap winding

In this unit we learned about the knowledge of winding materials, winding parameter, DC
and AC windings and updated the technologies connected with windings.
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L
messssssseessseeesssssss A Ctivities m

1. Prepare a winding diagram with table for 4 poles 6 slots simple lap winding

2. Prepare a winding diagram with table for 4 poles 6 slots for simple wave winding

1 Glossary \'\\i

Gauge number &56)| 6T600T
Winding coil ©_G6mEDF Si(HET
Phase blemen
Stator Blemeoull
Rotor & Lpedl
Armature LOl6DT 60T HLD
[ J .
“"i Evaluation = f
PART-A

(1 Mark)
Choose the correct answer

1. Heart of a motor is

a) Stator
b) Rotor
¢) Winding
d) Bearings

2. The basic property needed for a good
conductor is
a) Low resistance
b) High mechanical strength
c) Best soldering property
d) High dielectric strength

3. The diameter of the SWG plate is

a) 3 Y inches
b) 3 % inches
¢) 3 % inches
d) 4 % inches
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4. The instrument used to measure the
diameter of a conductor is
a) Wire gauge plate
b) Feeler gauge
c) Dial gauge
d) Screw gauge

5. Example for the liquid insulating
material is
a) Asbestos
b) Varnish
c) Glass
d) Mercury

6. The winding placed in the rotating
part of DC machine is
a) Main field winding
b) Armature winding
c) Inter pole winding
d) Compensating winding



10.

11.

12.
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. The closed type of slots are used in

a) Stators of small size motors

b) Stators of medium size motors

c) Stators of squirrel cage induction
motors

d) Rotors of squirrel cage induction
motors

. The value of back pitch will be in

a) Odd number
b) Even number
¢) Fraction
d) Decimal

. The value of ‘m’ in simplex winding

is
a) 1
b) 2
c) 3
d) 4

Which law is applicable to know
the direction of current in a DC
machine?

a) Fleming’s right hand rule

b) End rule

c) Fleming’s left hand rule

d) Ohm’s law

The number of parallel paths in DC
lap winding is

a) P/2 b) 2P

c) 2P d) 2

The number of parallel paths in DC
wave winding is

a) P

b) 2P

c) P/2

d) 2

13.

14.

15.

16.

17.

18.

UNIT 08 DC and AC Windings

The number of brushes in a DC
machine is

a) Equal to the number of parallel
paths.
b) Equal to the number of slots.

c) Equal to the half of the number
of slots.

d) Equal to the half of the number
of poles.

The distance between two active
sides of a coil in DC winding is called
a) Front pitch

b) Coil pitch

c) Back pitch

d) Fractional pitch

The distance between the starting
ends of two adjacent coil is

a) Front pitch

b) Back pitch

c) Coil pitch

d) Pole pitch

The type of winding used in DC
armature is

a) Main field winding

b) Inter pole winding

c) Open type winding

d) Closed type winding

Pole pitch is referred to as
a) The number of slots per pole
b) The number of slots per phase

c) The number of slots per pole per
phase

d) Half of the number of slots

In full pitched winding, the electrical
angle between two coils are

a) 60° b) 120°
c) 180°  d) 360°

109
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20.

21.

22.

PART-B
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The number of coils in single layer

winding is

a) Equal to the half of the number
of slots

b) Equal to the number of slots

c) Equal to the half of the number
of poles

d) Equal to the number of poles

If the numbers of coils are equal to
the number of slots, then the type of
winding is

a) Single slot winding

b) Double slots winding

c) Single layer winding

d) Double layer winding

If the coil groups of a phase winding
having unequal number of coils, then
the winding is called as

a) Half coil winding

b) Whole coil winding

c) Unbalanced winding

d) Balanced winding

The number of coil groups in a phase
of a full pitched winding is
a) Equal to the number of poles

b) Equal to the half of the number
of poles

c) Equal to the number of slots

d) Equal to the half of the number
of slots

(3 Mark)

Answer the questions in brief

1.
2.
3.

110

What is the use of winding in motors?
What is called a conductor?

What are the devices used to measure
the thickness of conductors.

. What is lap winding?

UNIT 08 DC and AC Windings

5.

What are the three types of windings
used in AC machines?

. Write briefly about concentric
winding?
. What is called pole pitch?

8. Define pitch factor.

PART-C

. What is whole coil winding?

(5 Mark)

Answer the questions in one
page

1.

PART-D

Draw the diagram of a standard wire
gauge plate and explain how to find
the thickness of a conductor.

. Write short notes on —

a. Back pitch
b. Front pitch
c. Coil pitch

. Explain the method of calculating

the number of coils and coil groups
in AC winding.

(10 Mark)

Answer the questions in two
page

1.

Draw the double layer simplex
lap winding diagram for a DC
machine having 2 poles, 6 slots and 6
commutator segments. Also mention
the position of brush.

. Draw the simplex wave winding

diagram for a DC machine having
2 poles, 6 slots and 6 commutator
segments. Also indicate the position
of brush.

. Develop the winding table for a single

layer lap winding of 4 poles, 24 slots,
AC three phase induction motor.
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[im] |
'E Reference Book

1. A text book of ‘Electrical Technology’ Volume-III B.L.Theraja and A.K.Theraja,
S.Chand & Company Ltd.

w@ Reference Internet Source

o

1. http://www.wikipedia.org

2. https://www.electrical4u.com
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Earthing

(©) LEARNING OBJECTIVE

To understand about Earthing, types, safety measures, lightning arrester and Electro

static discharge.

TABLE OF CONTENTS

9.1 Introduction
9.2 Earthing importance and types

9.3 Safety measures followed in earthing

|9.1 Introduction

Earthing is defined as “the process in
which the instantaneous discharge of
the electrical energy takes place by
transferring charges directly to the earth
through low resistance wire.

To ensure safety, earthing can be
done by connecting the electrical appliance
to earthing systems or electrodes placed
near the soil or below the ground level.
Selection of earthing is very important for
human safety, safety for houses and electrical
equipment. Earthing brings the body of
electrical equipment to zero potential and

9.4 Lightning arrester, its importance
and application

9.5 Electro Static Discharge (ESD)

9.6 Conclusion

thus provides safety to the person operating
the equipment from electrical shock. When
an earth fault occurs then a heavy current
flows through the circuit and due to this
heavy current fuse in the circuit melts or the
MCB of the circuit gets down and the faulty
circuit will be disconnected from the supply.

Definition

Earthing is defined as the process of
connecting a non-current carrying
metallic parts of electrical equipment or

the neutral of the supply system to the
earth.
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Electric Power Distribution

FIG. 9.1 Electric power distribution

Earthing importance
and types

Importance of earthing

(A) Minimises risk of electric shock

The main purpose of earthing is to avoid
or minimize the chance of electrocution.
Any leakage or faulty current in the circuit
causes the presence of electric charge on
exposed conductive surfaces.

Earthing provides a low resistive
conductive path directly to the earth,
which carries any such fault or leakage
current.

As the earth line is always in contact
with the earth, the entire point of the earth
conductor will not have enough potential
to cause an accident. That is no potential
difference to cause a serious amount of
current flow through another path. Hence,
the metal parts, chassis of the device,
etc., which are connected to the earth
line will be always safe to touch. So, It is
better to earth any non-insulated body of
the electrical appliances which may have
human contact. Also, it is recommended
to provide earthing for appliances which
have contact with water or liquids.

So earthing is essential to protect
human lives as well as provide safety to
electrical devices and appliances.

(B) Dissipation of static charge

In a perfectly earthed system its potential
remains approximately equal to zero. So
it can remove most of the static charge
build-up in the conductors.

(C) Eliminate stray voltage

Similar to static chargeitalso prevents stray
voltage in the line. That is no potential
difference in the conductor.

(D) Voltage stabilization

In a network which has multiple feeders
or sources there must be a common point
which acts as a universal reference point.
The earthing acts as a balance point.

(E) Protection from power surges

Earthing can protect sudden excessive
surges; it also provides protection from
lightning strikes. Any lightning strikes
on the exposed metal or received through
another path which is connected to earth,
phase get discharged directly to earth.
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(F) For proper functioning of

equipments

Proper earthing is very important for the
functioning of the devices connected to
the system. Mainly protective devices like
ELCB, earth fault relays, etc. needs proper
earthing for its functioning. These devices
used for the reference of leakage current
through the earth line.

Earthing providesasurfacearoundand
under a substation that is at a uniform
potential and is approximately equal
to zero potential or absolute earth
potential as possible.

It provides protection from electrical
shock.

Earthing also improves the
performance of an electrical system.

Earthing is required to maintain the
line voltage constant.

It also serves as a return conductor for
telephone and fraction work.

Earthing is broadly classified as a.

System earthing and b. Equipment earthing.

a System earthing - In this type of

earthing the conductor having
current is connected to the
ground. System earthing is used to
protect from lightning and voltage
stabilization.

Examples - Earthing in substation,
generation station.

. Equipment earthing- This type of

earthing is usually done in houses to
protect the household equipment.

Types of earthing

1 Plate earthing
2. Rod earthing
3. Pipe earthing
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9.2.1 Plate earthing

Plate earthing

i

Earth electrod

FIG. 9.2 Plate earthing

In this type, a plate is placed vertically
in the ground and then an earth
electrode is attached to it.

In this earthing, a layer of 15 cm of salt
and a layer of 15 cm of coal is placed
below the earth plate.

The earth plate used here is generally
made up of copper of size 60 cm X
60 cm x 3.18 mm and this plate is
embedded 3meter in the ground.

Galvanized iron (GI) is also used as an
earth plate having dimensions 60 cm
x 60 cm X 6.3 mm.

Generally for normal work galvanised
iron plates are preferred due to its
lower cost in comparison to copper
plates of dimension 30cm X 30cm
which is found to be the most effective
earth electrodes as these electrodes
are not affected by the soil moisture.

Here, Galvanised iron is preferred
instead of copper plates due to its high
cost.
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9.2.2 Rod earthing

FIG. 9.3 Rod earthing

B In this type, zinc or copper is used as
an earth electrode.

B This type of earthing is used especially
in hill areas where earth pit digging is

difficult.

B Solid rod should be used in this
earthing, not hollow.

B Here therodis grounded up to 1 meter
to 1.5 meters.

B The dimension of the rod used is 12
mm to 20 mm.

B This type of earthing is the cheapest
and less time to do.

9.2.3. Pipe earthing

B In this type, the GI pipe having a
diameter of 38 mm and length of 2
meters is used.

B Here the holes (12 mm diameter) are
made in the GI pipe and earth wire
of 8 SWG of GI is fastened to the top
section of the pipe with the help of
bolt and nuts.

B The GI pipe is placed up to a depth
of 2.5 to 3 meters from the earth’s
surface.

Pipe earthing

Castironlid — 5

//////////

Earth lead

Earth electrod
pipe

<«—— Salt

Coal

FIG. 9.4 Pipe earthing

B Three layers of 15 cm of salt and coal
are used around the GI pipe.

B The layer of a mixture of salt and coal
is used to improve the soil condition
and efficiency of the earthing system.

B The pipe is always placed vertical and
ifany rocks come in the pipe’s way then
the pipe would be bent a maximum of
up to 30°.

B In case of pipe earthing, the earth wire
connection with the GI the pipe is
fixed above the ground. So it is easy to
check for carrying out continuity tests,
when required. But this is difficult in
case of plate earthing.
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Value of earthing electrodes at
various places

Value of earthing

No. | Place electrode

1 Large power 0.5 Q
station

5 Mec-hum power 10
station

5 Smgll power 20
station

n Dorr.lest%c 10
application

Methods to reduce the resistance
of the earth electrode

By pouring water into the surface
where the earth electrode is dipped.

By increasing the depth of the rod or
plate.

By adding salt and charcoal (salt and
charcoal maintain moisture for a
longer period of time).

By increasing the area of the plate we
can reduce the earth electrode.

By connecting plates in parallel
(by connecting plates in parallel
equivalent resistance of the plate
becomes smaller).

Safety measures
followed in earthing

1.

All the material supplied for the
earthing work should be inspected
by RDSO.

. Site location for earthing

i) Low line areas close to the building
are good for locating earth
electrode.
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ii) Dry sand, lime stone, granite
and any stony ground should be
avoided.

iii) Earth electrode should not be
installed on high bank or made-
up soil.

|\ J‘ l Funnel
Earthing ﬂ ?/

leads l«—  Oil pipe

19mm
Reducer

Salt 2 g +—— Gl pipe

Charcol Pipe Earthing
animation

FIG.9.5 Pipe earthing animation

3. The copper coating on earth
electrode should not be cracked due
to damage during storage / transport
and should be free from corrosion.

4. The packing bags of earth
enhancement compound should be
in sealed condition.

5. For the earth pit, a hole of 100mm-
125mm diameter should be drilled
to a depth of approx. 3m and the
earth electrode is placed in the hole
with about 150mm of bottom part
inserted in the natural soil.

6. Earth enhancement material
(minimum 30-35Kg) shall be filled
into the drilled hole in a slurry form
such that it spreads evenly around

the electrode covering entire length
of the hole.

7. Inorder to achieve earth resistance of
less than or equal to 1 ohm, multiple
earth pits should be provided
depending upon soil resistivity if
required.
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. The distance between two earth

electrodes shall be minimum 3m and
maximum up to 6m (approx.).

. The 25 x 2 copper strip or 8mm

round solid copper inter connecting
the earth electrode shall be at a depth
not less than 500mm below ground
level.

Proper size of cable should be used

for connection of equipments to
equi-potential busbar, SPDs, and to
earth electrode.

The length of cable connection
between SPDs and equi-potential
busbar and between equipment and
equi-potential busbar should be as
short without bends.

9.3.1 Procedures followed during

earthing

The following procedures were to be
adopted during earthing.

a.

Clean the surfaces of the various
components i.e. earth electrode,
cable, copper busbar, copper tape
and mould etc. With the help of
card cloth brush before performing
exothermic welding to ensure that
surface is free from oil & dust.

. Pre heat the welding surfaces of

various components to ensure that
the surface is free from moisture.

. Mould used should be correct for the

component size and application. Do
not use worn out or broken moulds
which could result in leakage of
molten weld metal.

. Ensure that handle clamp is attached

to the mould and properly adjusted.

. Ensure that all the components to be

jointed properly fit into the mould and
the mould is in level position.

f. Place the correct size of steel disc

into the mould crucible and make
sure the disc sits well at the base of
the welded metal cavity.

. Pourrecommended size of weld metal

powder into the mould crucible.

. Check out leaks, make sure that weld

metal do not enter into the weld
cavity.

. Ignite the weld powder at the

lid opening. Use only firm’s
recommended igniter. Make sure that
no inflammable items are around the
mould.

. Once welding is completed, wait for

two minutes before opening mould
to allow metal to cool.

. Gently scrap off the un- wanted

slag from the crucible with a mould
scrapetr.

. Clean the crucible and the weld

cavity with a mould cleaning brush.

. Welding should be carried out

only by the well trained staff of the
supplier.

. Pour sufficient water so that the salt,

sand and coal mixture is in paste /
mud form.

. Allow the pit to absorb the water and

become compact.

. Test the earth pit before connecting

to the electrical circuit.

. Avoid excess watering.

Do not hammer the earth electrode.

. The surroundings of the earth

electrode should be kept moist by
periodically pouring water through
the pipe in order to keep the
resistance below specified value.
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t. Coke treated electrodes shall not
be situated within 6 meters of other
metal structure.

u. The protective earth of telecom
system shall not be connected to the
earth of main power supply system.
A minimum distance of 10 meters is
desirable.

Lightning Arrester

Its Importance and
Application

A lightning arrester is a device that is used to
provide a path to the static electric discharge
between the charged clouds and the earth.
Lightning arresters typically have a high
voltage terminal and a ground terminal. As
it is used for the protection of power system
against high voltage surge so it is also called
a surge diverter.

Definition

A lightning arrester is an apparatus or a
device which is used in electrical power
systems and telecommunication system
for the protection of insulation and
conductors of the system from lightning
strokes.

Lightning is a huge spark developed
due to massive electrostatic discharge
taking place between the electrically
charged regions within the same cloud or
between a cloud and a surface of the earth.

These electrical discharges occur
between or within clouds than to earth
and most of them are terminated into the
earth results in serious hazards.

A lightning arrester is a protective
device that is used in substations,
generating stations, DTR structure, etc

Lighting arrester

Electrical service board

Earth wire
Sale earth electrode

Back fill compound
Fault

Current

Dissipation

FIG.9.6 Lightning arrester
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to provide protection against surge and
lightning strikes. The lightning arresters
are composed of ZnO or SiC material.
The ZnO or SiC material has the unique
property that they don't allow current
to pass through them under normal
conditions but allows current to through
them when a high electric potential is
applied.

The lightning arresters provide
protection under two conditions, they are

1. Lightning Strikes

Supposeifalightningtender orstrikes
occur which has high current, high
voltage, and high frequency then this
high current flows through arrester
then to ground.

2. Surge

When we suddenly isolate the circuit
in stations, then surge will occur in
lines, these surges are also passed to
ground with the help of lightning
arresters. The lightning arrester allows
surge current to pass through them.

Simple
lighting IR
Earth

down-conductor
(copper strip)

Check
terminal N

“Crow’s foot”
earth lead

FIG.9.7 Line diagram of lightning arrester

The lightning arresters in substations are
always connected at the starting side and
also at the end side. The lightning arresters
always come first in substations.

9.4.1 Working principle of
Lightning Arresters

The principle is that once the voltage surge
travels across the conductor and reaches
the place where it is to be installed. So it
will break the insulation of the conductor
for a moment so that the voltage surge can
be discharged towards the ground.

Once the system is less than
the voltage, the insulation will be re-
established between the ground and the
conductor. The current flowing towards
the ground is turned off.

9.4.2 Advantages of lightning
arrester

The advantages of Lightning arrester are
as follows:

B Damage caused by lightning can be
minimized.
B Easy to use.

® Provides protection of equipment
outside the substation.

® Damage to the overhead line can be
avoided.

B OQutlet surgeies can be avoided.
B Electromagnetic interference.

9.4.3 Disadvantages of lightning
arrester

The Disadvantages of Lightning Arrester
are as follows:

B Installation costs are higher.
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Electro Static Discharge
(ESD)

Electrostatic discharge is when an
electrostatic charge builds upon a
conductor. This is due to a difference in
voltage potential. When we release this
charge, it causes the release of kinetic
electrostatic energy. This energy can have
destructive effects if it can flow through
a conductive medium includes air or
touches something conductive. As a result,
ESD can damage sensitive electronics.
This makes it essential to understand and
control ESD.

FIG. 9.8 Electro Static Discharge (ESD)

In a typical environment like your
home, you will encounter electro static
energy. They come from rubbing your
clothes or your bed sheets against the
carpet. This is why you need to store your
valuables in a dry place away from carpet
and clothing.

Electro static charges build upon
items that come into contact with one
another. This is when moving between
points of different potential. If the
potential difference is too great, an electro
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static discharge can occur. The electro
static charge created when this happens
can have destructive effects. Some of the
most affected include sensitive electronics
and even cause fires.

FIG.9.9 Contact of ESD

ESD can occur in four ways: physical
contact, generation (atmospheric),
accumulation, and discharge. The
discharge of static electricity Is a result of
physical contact.

9.5.1 Types of ESD damage

The most common form of ESD damage
is the electrical breakdown of air
surrounding an object. When charges
build upon an object, they cause the air
around it to become ionized. A conductive
path develops when this happens. Then a
discharge will occur, negatively affecting
electronics. In addition, bringing
equipment into this electrostatic field can
create a short circuit. Damaging effects
can occur even if the human body only
connects with an object’s surface.
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Electrostatic discharge (ESD) Flooring system
(@)
OO
0022° 0 3 @

Electronic Electric  For safety
components shock

o)
O0,
(o)

000000000

High glass coating material
Conductive ground

Concrete substance

AN

AC electrical ground

FIG.9.10 ESD flooring system

a) Catastrophic damage

Suppose there is something conductive
close to the ESD discharge, as equipment.
In that case, the discharge can transfer all
its energy into the conductive object. If the
object is a person, it could result in death.
In addition, it could cause a huge loss
of damage to expensive electronics and
equipment. Some types of ESD damage
are so serious that they can cause fires.
Risk areas include computer labs or copy
shops with expensive type-in machines.

b) Latent damage

ESD can cause slight damage to sensitive
electronics. But the damage isnt
immediately obvious. However, the large
discharge will destroy the device if moved
into another electrostatic field. Therefore,
ESD is a real issue for all work areas for
health and safety at work, industrial
settings, and heavy industry.

ESD occurs due to friction from

B Human contact

B Machinery rubbing against other
machinery

B Materials rubbing against each other

® Conductive material rubbed on
conductive materials like vinyl floors
or carpets

ESD can be a damaging force for
many industries, and it is essential to know
about it and how to prevent it. Some of the
most common electronic equipment used
in heavy industry is ICs. They are very
susceptible to ESD.

9.5.2 The most common times
for ESD damage are during

(i) Goods input:

As you bring goods into a storage area,
ESD damage can occur when you move
the material into an ESD field.

(ii) Acceptance

When picking goods from storage, ESD
damage can occur when the material
comes into contact with another ESD field.

(iii) Transfer

The transfer of goods around a workplace
increases the risk of ESD damage. For
example, as you move goods from one
place to another on forklifts, ESD occurs.

(iv) Production

When producing goods, they risk ESD
damage, causing potential differences.
This means that machines close to
each other can generate enough voltage
differences. This will cause electrostatic
discharges.

(v) Assembly

Complex electronics, particularly
computers and other equipment, that
ESD can fail. You should be careful not to
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assemble them within an ESD zone. It is
essential to consider ESD protection when
developing machinery or equipment.
There are a few different methods to
help prevent electrostatic damage from
occurring. These include insulation,
grounding, air ionization, and shielding.

(vi) Insulation

This involves wrapping the item that
could cause a discharge with an insulating
material. It helps the material cannot come
into contact with something conductive.

(vii) Testing

Testing is an integral part of preventing
ESD damage. You need to test your
machinery and equipment before using
them. This ensures that they are not
causing electrostatic discharge. Also,
perform tests if the machinery needs to
contact something conductive. You can
test to see the ESD damage that may result
from this type of contact. Each time you
move the equipment, one must do the
testing.

(viii) Storing

It’'s essential to store electrical and
electronic materials in an ESD safe
area. This means you should not store

electronics or other sensitive items on the
floor.

(ix) Grounding

You need to ground electronic components
and equipment when brought into the
building. This helps prevent electrostatic
damage from occurring within the facility.

(x) Air ionization

Air ionization is vital for preventing
electrostatic damage within a facility. It
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creates a conductive layer of air around
each object to protect it from electrostatic
buildup.

(xi) Packing

Packing can cause electrostatic damage. It
occurs if you do not handle the materials
within an ESD-safe environment. For
example, you should wrap the materials
with non-conductive bubble wrap and
wrapped in a plastic, non-conductive
film. In addition, you should seal the
plastic bags that hold cords and computer
mice when not used. Packing is vital for
ESD prevention because goods get to your
facility.

(xii) Shipping

We often ship goods from one facility to
another. ESD damage can occur if you do
not pack the goods in a way that avoids
ESD damage. You must send materials
without any conductive material that can
generate ESD.

(xiii) Sorting

We use sorting machines, especially when
delivering goods. Unfortunately, sorting
machines have wires that can become

charged by ESD. So, you must protect the
goods from them.

(xiv) Maintenance:

Proper maintenance of ESD-safe
machinery can help prevent electrostatic
damage from occurring. Dust and debris
accumulating on sensitive machinery can
build up enough static electricity to cause
a discharge. Therefore, maintaining ESD-
safe machinery is essential for avoiding
ESD-damaged equipment.
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Ey 4 ESD Protected Area '\

FIG.9.11 ESD Protected area

9.5.3 ESD is a Huge Problem for
Many Industries

ESD damage can happen to any industry
that deals with sensitive electronics. This
includes chemical plants and storage
facilities to industrial factories and
assembly lines. Electrostatic damage is a
repeatable problem for many companies.
It affects the heavy industry dealing with
machinery and electronics, especially
computer equipment. ESD damage

meesssssessssessssssssss ACtivities m'

occurs when friction between two things
generates an electrostatic charge. This
causes the item with the charge to discharge
into another conductive object. It also has
an electrostatic charge. In the electronics
industry, ESD damage is a hazard that
everyone has experienced. Damage can
have devastating effects. The highest risk
is where product damage and data loss
are often problematic. In addition, many
companies are dealing with equipment
failures—some lost sales due to the
mistakes caused by ESD damage.

The importance of earthing, its types,
safety measures, lightning arresters and
electrostatic discharge were detailed
with its classification and which will be
benefitted for the present technology
and also very much useful for getting
employment opportunity.

A

1. Test the earthing resistance in your house

2. Identify which type of earthing is installed in your house

| Glossary Q
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Choose the correct answer

1.

124

. Earthing provides a

Earthing is provided for
a) safety purpose

b) regulating the phase supply
c) only in generating stations

d) disconnecting the supply

¢

(1 Mark)

1

conductive path direct to the earth.

a) High resistive
b) Low resistive
c) Static charge
d) Low potential

. Electric shock can be protected by

doing ----------
a) Relay b) Fuse
c) Earthing d) MCB

- Which type of material is not used

to create earthing rods?

a) Carbon bonded polymer
b) Stainless Steel

¢) Galvanised iron

d) Copper bonded to steel

. How many types of earthing are

commonly used?
b) Three
d) Five

a) Two

¢) Four

. How the plate is placed in plate

earthing?

a) Vertically

b) Horizontally

c) Parallel to earth
d) Slanting
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10.

11.

12.

[
2 Evaluation =

a)30cm X 30 cm X 3.18 mm
b) 60 cm X 60 cm X 3.18 mm
¢) 20cm X 20 cm X 3.18 mm
d) 40 cm X 40 cm X 3.18 mm

. The Galvanised Iron used in earth

plating is of size ----------
a)30cm X 30 cm X 6.3 mm
b) 40 cm X 40 cm X 6.3 mm
¢) 60 cm X 60 cm X 6.3 mm

d) 50 cm X 50 cm X 6.3 mm

- In Rod earthing, the earth electrode

is made of ----------
a) Aluminium

b) Iron

c) Copper

d) Silver

In rod earthing, the rod grounded
under the earth is

a)ltol.5m b) 1.5to 2 m
c)2to2.5m d)25to3m

The dimension of the rod used in
rod earthing is

a) 6 mm to 10 mm

b) 10 mm to 12 mm

¢) 12 mm to 20 mm

d) 20 mm to 25 mm

In pipe earthing, the pipe is made of

a) Steel

b) Copper

¢) Galvanised iron
d) Iron
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20.
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In Pipe earthing, the GI pipe is
having the diameter of ----------

a) 30 mm b) 34 mm

¢) 38 mm d) 42 mm
The GI pipe is placed up to a depth
of ------mm-- from the earth’s surface
in pipe earthing.

a)1.5to2m b) 2to2.5m
¢)2.5to3m d)3to3.5m

The value of earthing electrode in
domestic application is ----------

a) 0.5 ohm b) 5 ohm
¢) 2 ohm d) 1 ohm

All the material supplied for
earthing work should be inspected

a) DRO b) ISO
c) ISI d) RDSO

The distance between two earth
electrodes in earthing is ----------

b)2mto3m
d)2mto5m

a)3mto6m
d)5mto7 m

Lightning arresters typically have a
high voltage terminal and a --------
-- terminal.

a) Phase
¢) Neutral

b) Ground

d) Supply
Lightning arrester is used to provide
a path to the static electric discharge
between ----------

a) Charged clouds and phase
b) Charged clouds and neutral
c) Charged clouds and earth
d) Charged clouds and supply

Electro static discharge can occur in
how many ways?

b) Three
d) Five

a) Two

¢) Four

PART-B

(3 Mark)

Answer the questions in brief

1. Define - Earthing.

2. What is meant by voltage
stabilization?

3. Name the types of earthing.

4. Tabulate the value of earthing
electrodes at various places.

5. Write short notes on lightning
arrester.

6. State the term Surge in lightning
arrester.

7. Write down the applications of
lightning arrester.

PART-C (5 Mark)

Answer the questions in one
page

1.
2. Explain rod earthing with diagram.
3.

4. What are the methods for reducing

PART-D

Explain plate earthing with diagram.
Explain pipe earthing with diagram.
the resistance of the earth electrode?

Write down the working principle of
lightning arrester.

. Write the advantages and the

disadvantages of lightning arrester.

(10 Mark)

Answer the questions in two
page

1.

2.

Explain briefly the safety measures
followed in earthing with suitable
diagram.

Briefly explain the various types of
ESD damages.
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1. A text book of ‘Electrical Technology’ Volume-III B.L.Theraja and A.K.Theraja, S.Chand
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1. http://www.wikipedia.org

2. https://www.electrical4u.com
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PROJECT

(@) LEARNING OBJECTIVE

In this unit, the method of doing this project is to create the skill of exposure in the
domain of the engineering field. The systems adopted in doing this project inculcate the
knowledge of new innovations in connection with the electrical and electronic subject
and gain the updated existing techniques adopted right now.

TABLE OF CONTENTS

10.1 Introduction 10.4 Smart cell phone jammer

10.2 Solar-powered car 10.5 Conclusion

10.3 Bridge rectifier

|10.1 Introduction

Projects in schools usually dealt with the basic terms related to the platform of electrical
engineering, which really motivates the students to develop the skill of new techniques
on par with the theory that we have studied. Both theory and practical study of a thing
conquer the project to design the skill technically which is required exclusively.
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PROJECT 1: Solar-powered car

Title of the project
Design and build a car with a source of solar power.
Aim:

To design and build a car by using renewable sources of solar power energy.

Components required:

S. No | Tools and materials Range / Value Quantity
1. | Centre shaft DC gear motor 12v 1
2. | Cardboard 15cmx30cm 1
3. | Thin metal rods - 2
4. | Tiny wheels - 4
5. | Solar panel 12v 1
6. | Tape and glue gun with the glue stick - 1 each
7. | Crimp alligator clips - 1
Procedure:

1. Solder the wires or crimp alligator clips with the wires
B Remove the plastic covers from the alligator clips, and slide them onto the wires.

B Use needle-nose pliers to tightly crimp the alligator clips onto the bare metal
ends of the wires.

®m  Slide the plastic covers back over the alligator clips.

FIG 10.1
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2. Take 2 straws and insert a metal rod 6. Fix the metal pins as a support to the
inside the straw. solar panel

3. Fix the metal rod along with the
straw inside the wheels.

FIG 10.5

7. Fix the alligator clips to the two tabs
on the back of the solar panel, and

FIG 10.2 secure the solar panel to the chassis.
4. Construct the chassis of the car and 8. Now solar powered car is built
connect the wheels and axels to the completely.

chassis

FIG 10.3

5. Connect the motor to the chassis.

FIG 10.6
Result:

Thus, a solar-powered renewable car
was designed and built as per the stated
nomenclature.

Reference:

FIG 104 httpS: / /youtu.be/ SyQQt0jzLu4

UNIT 10 Project 129



www.tnschoolbooks.in

PROJECT 2 - Bridge rectifier

Title of the project

Construction of a Bridge Rectifier

Aim:

To construct a Bridge Rectifier with the help of available simple electronic components.

Components required:

S. No | Tools and Materials Range / Value Quantity
1. |Breadboard Jumper - As required
2. | Diode IN4007 4Nos
3. |Load LED 1
4. |Breadboard or dot board - 1
5. | AC Power supply 9v 1
6. |Soldering kit - 1
7. | Capacitor 470uF 1

Connection diagram:

Bridge rectifier
A 1N4007 x 4

AC power
supply

B

O+

+ 470uF/16V

|
.

—\

Stepdown transformer
230V ACto 9V AC
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Procedure:

1. Select two 1N4007 diodes and make an “L” shape with the cathode of the two diodes
(the ends with white bands).

2. Repeat the same to the other two diodes which make an “L” shape with the anode of
a diode (the ends without white bands).

3. Connect the set of the assembled diode as a bridge in a box shape, as shown above.
4. Connecta 9V AC input voltage as the source for the power supply.
5. Finally connect the load (LED)

Result:
Now I have completed the project bridge rectifier abiding the procedure.

Reference:

https://www.instructables.com/Make-A-Bridge-Rectifier-From-Diodes/

https://content.instructables.com/FCG/VT95/124LZHH8/FCGVT95124L. ZHH8.gif ?for-
mat=mp4
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Title of the project:

Smart cell phone jammer circuit.

Aim:

www.tnschoolbooks.in

To design and build a smart cell phone jammer circuit

List of components required:

S. No Tools and Materials Range / Value Quantity
1. Dot Board/ Breadboard - 1
2. Battery 3.7V- 4V 1
3. On/Off switch - 1
4. Transistor BF 495 1
5. Resistor 39K, 1000 1 each
6. Capacitor 4.7pF 2Nos
7. Capacitor 104pF 2Nos
8. Capacitor 22pF 1
9. Capacitor 15pF 1
10. Capacitor 1pF 1
11. Copper wire antenna 25 round 1
12. Inductor coil 20 Turn 1
13. Soldering kit - 1
14. Black wire, Red wire Im 1 each
Connection diagram:
D Battery
-
TioapF Tipr 53%9%_721_'1_ 15 pF =F22PF
Turn
{ J—4.7 PF J:4.7 PF
Tio4pF T
%00 Q

132
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PROCEDURE:

B Insert the components in the dot board as per the connection diagram.
Solder the components with the help of soldering iron.
Connect the battery and ground using red and black wire respectively.

Place the Cell phone near the jammer circuit.

When we turn ON the switch of jammer circuit, the mobile network will be
automatically cut off.

B  When we turn OFF the switch of jammer circuit, the mobile network will automatically
be activated.

®m If the circuit is not working, just increase the value of resistance and capacitance in
the circuit. Increase the frequency of tuned circuit by using this formula F = 1/ (2 x
pix (LC)). To increase the frequency value, the inductance and the capacitance value
can be increased.

Result:

The project smart cell phone jammer was done with all the necessary components. Now
the project is working in good condition.

Reference:
https://youtu.be/CezuothbGow

These devices are good interesting real-time project which helps in implementing new
ideas using advanced technology of the project. The learning outcome of the project idea
is just a model. Beyond this, students can develop their own innovative project ideas
which is different from an existing project.
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Model Question Paper

Basic Electrical Engineering - Theory

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

STANDARD XII MARKS: 90
Time: 3.00 Hours XII - Standard
PART - A

Choose the correct answer: 15x1=15

1. Which of the following is not the distribution system?

a) 3 phase - 4 wire b) 3 phase - 3 wire
c) Single phase - 3 wire d) Single phase - 4 wire
2. Generally which conductor is used for overhead line transmission ____
a) Steel b) Copper
¢) Aluminium d) ACSR
3. Which of the following metals are both malleable and ductile_
a) Copper b) Cast iron
¢) Porcelain d) Zinc

4. The armature is made up of
a) Solid aluminium b) Solid steel

¢) Laminated aluminium d) Laminated steel

5. Squirrel cage induction motors are used in

a) Mixie b) Hair drier ¢) Fans d) Electric pump

6. In four point starter, how the no volt release coil should be connected with field coil.

a) in series b) in shunt c) directly d) parallel

7. What should be done to obtain the increase speed in three point starter?
a) Increase resistance value
b) Field current value should be change
c) Decrease resistance value

d) Voltage should be maintained
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8. Which is the component is used for voltage regulating in soft starter?
a) Over load relay b) No volt release coil
c) thyristor d) contact pointers
9. The speed of the DC drive depends on
a) Current b) Voltage c) Frequency d) Power
10. Panel board divides electric power into sub circuits with a separate ----- ----
a) Relay b) Circuit breaker
¢) Switch d) Device
11. Bus bar conductors are made of ----- -----
a) Iron b) Zinc c) Lead d) Copper
12. Which law is applicable to know the direction of current in a DC motor?
a) Fleming’s right hand rule b) End rule
c) Fleming’s left hand rule d) Ohm’s law
13. The distance between the starting ends of two adjacent coils is
a) Front pitch b) Back pitch
c) Coil pitch d) Pole pitch
14. In pipe earthing, the pipe is made of ----------
a) Steel b) Copper ¢) Galvanised iron d) Iron
15. Lightning arrester is used to provide a path to the static electric discharge between
a) Charged clouds and phase b) Charged clouds and neutral
c) Charged clouds and earth d) Charged clouds and storage supply
PART - B

Answer any TEN questions. Q. No. 28 is compulsory. 10x3 =30

16.
17.
18.
19.
20.
21.

Write short notes on ACSR conductor.

Write down the thermal properties of materials.

State the applications of DC series motor.

State the difference between three point and four point starter.
Why single phase motor is not a self starting?

What is meant by ‘slip speed’?
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22, State variable frequency drive.

23. What are the properties of overhead line conductors?

24. What are the components used in bus way system?

25. What are the devices used to measure the thickness of conductors.
26. What is called pole pitch?

27. What is meant by voltage stabilization?

28. State the different types of stepper motor.

PART - C
Answer any FIVE questions. Q. No. 35 is compulsory 5x5=25

29. What are the main objectives, advantages and disadvantages of underground cable
for power distribution?

30. Draw the circuit diagram of DC shunt and series generators.
31. What are the applications of following motors?

a. Spilt phase motor b. Universal motor
32. Define speed control methods.
33. Explain the functions of individual electric drive.
34. What are the three types of windings used in AC machines?
35. Write down the working principle of lightning arrester.

PART - D
Answer the following questions. Draw the diagrams wherever necessary. 2x 10 =20
36. Explain with a neat diagram about the construction of the DC machines.
(or)
Explain with neat sketch about universal motor.

37. Explain the working principle of DC drive with suitable diagram.
(or)

Explain the safety measures followed in earthing with suitable diagram.
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using a three-point starter
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PRACTICAL

Dismantling and Assembling of
DC machine

To know the method of Dismantling and Re-assembling the DC machine practically.

PRACTICAL PROCEDURE:
Dismantling of DC

machine

Re-Assembling of DC
Machine

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and Materials Range / Value Quantity

1 | Pulley puller 6 inches 1 No

2 | Hammer 500 grams 1 No

3 | Combination plier 200 mm 1 No

4 | Centre punch 100 mm length 1 No

5 Spanner set 5mm to 20 mm 1 Set

6 | Screwdriver - Complete set
7 | DC machine 5 KW 1 No

8 | Multimeter AC/DC 1 No

9 | Cotton waste - Required quantity
10 | Kerosene - 1 litre
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Procedure:
Task 1: Dismantling of DC machine

Step 1: Make punch marks on both the
end plates and yoke, so that the original
position may not be changed while
assembling.

@
 —

-\.. F

e R

Identification punch marks
Step 2: Mark the rocker arm position with
respect to the end plate.

Step 3: Remove the brushes from the
brush-holder

———— BRLEH

BRUSHHOLDER

FHETAIL WIRE

o BRLISH TERMMAL

COMMUTATOR
SEGMENTS

BRUSH HOLDER MECHANISM

Step 4: Remove the pulley with a pulley
puller. If the pulley is found tight, check
the tightness of the pulley and adjust it.

L END PLATE {COVER)

SHAFT . — PLULLEY
&
&

“— GREASE CUP
GREASE CUP STUD

_ I TURHN M CLOCKWISE
| 1 I | cRECTIONTD
REMDOVE PLUILLEY

-

“-— PLLLEY PLILLER

REMOVAL OF THE PULLEY

Step 5: Remove the grease cup stud and

open it.

J
o

5 || ==

=— GREESE CLIP

n
. GREESE GUP STUD

"~ EMDPLATE
REMDOVAL OF THE GREESE CUF

Step 6: Loosen the studs of both the end
plates and then remove the shaft.

Step 7: Remove the armature from the
body of the DC machine.
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REMOWaL OF THE BEARING

Nl COMMUTATOR

REMOWAL OF THE ARMATURE

Step 9: Clean the bearings. If the bearings
are found defective, replace it.

Step 10: Grease the bearings and fix
them to the shaft above the bearing by
: . hammering with a metal tube of mild steel
Step 8: Check the bearings for wear and for further insertion.

tear, breakage or stop or delay.
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LD TR Al

1118 WD 5P FLAT Al
T ARG O A L

7i Lot A WA FAL TUBE 8D RTERL
B (e wi] pyl & el F e
(AT PO T W P T

Step 11: Clean the yoke and armature with a brush and air blower.

Task2: Re-Assembling of DC Machine
Step 1: Reassemble the yoke, armature and end plates.
Step 2: Check the freeness of the shaft by rotating it by hand.

Step 3: If you feel it is tight, loosen the end-plate studs and tighten it gradually in the
proper sequence, till the shaft rotates freely.

Step 4: Insert the brush in the holder, adjust the brush tension as per the procedure.

Windings —

Brush

T SLICON
- t ABRASIVE PAPER

METHOD OF BEDDING THE BUSHES = 1 2

Step 5: Position the rocker arm in the end plates as per the marking.
Step 6: Check the DC machine is operating smoothly without any vibration or noise.

Step 7: Connect the machine with DC supply to run it as a motor or couple the machine
with a motor to run as a generator.

RESULT:

I have known the method of dismantling and re-assembling of the DC machine practically
as per the procedure.
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PRACTICAL

Connect, Start and Run the DC

shunt motor using a three-point

starter

To connect, start and run the given DC shunt motor by using the three-point starter.

PRACTICAL PROCEDURE:

Connect the DC shunt motor with a three-point starter and
check the functioning of motor

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and materials ‘ Range / Value ‘ Quantity
1 DC Shunt Motor 3 Hp, 220V 1 No

2 3-point starter AS per specifications to 3HP motor 1 No

3 Combination plier 200mm 1 No

4 Screw Driver 4 x 200mm 1 No

5 Wire stripper 150 mm 1 No

6 Test Lamp 230V, 40W 1 No

7 PVC multi-strand copper wire |2.5 Sq mm 8 m

8 ICDP (or) MCB 20 Amps 1 No
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Procedure:

Step 1: Open the 3-point starter, trace the connections and sketch the internal parts.

Starting No volt coil
resistance /
piece
Starter
handle
Spring
OLR coil ﬁ
R
RC)
Al
| ®r F® A®
Lever Triangular iron
+
o——oO0
F, &
DC supply % Motor
- E, A,

144 BASIC ELECTRICAL ENGINEERING - PRACTICAL



www.tnschoolbooks.in

Step 3: Switch "ON’ the ICDP or MCB and gradually to move the starter handle into the
"ON’ position.
Step 4: By switching ' OFF’ with ICDP or MCB the motor gets stopped.

Result:

The method of connecting, starting and running the given DC shunt motor by using
three-point starter was known.
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PRACTICAL

Dismantling and Assembling

of Single-phase capacitor start
induction motor

To dismantle and re-assemble the Single-phase capacitor start induction motor

PRACTICAL PROCEDURE:

Dismantling the Single-phase motor

Re-Assembling the single-phase motor

TOOLS AND MATERIALS REQUIRED:

S. No | Tools and Materials Range / Value Quantity
1 Single phase capacitor start 230V, AC, 1 Hp 1 No
induction motor

2 |Pulley puller 6 inches 1 No

3 | Bearing puller 3 legs 1 No

4 Hammer 500 grams 1 No

5 | Combination pliers 200 mm 1 No

6 | Centre punch 100 mm length 1 No

7 Spanner set 5 mm to 20 mm 1 set

8 | Screwdriver 4 x 200mm, 6 x 200mm | Each 1 No
9 | Waste Cotton cloth - As Required




www.tnschoolbooks.in

Procedure:

Task 1: Dismantling the single phase motor

i

e =

= _on

Identification punch marks

Step 2: Identify the terminal box and note down the capacitor terminals.
Step 3: Remove the capacitor from the terminals.

Step 4: Remove the pulley from the shaft with a pulley puller.

Step 5: Unscrew all the bolts one by one at the end of the cover.

Step 6: Pull the rotor from the stator.

Step 7: Remove the bearings from the shaft by using a bearing puller.
Step 8: Identify the dismantled parts as given below.

Eyebolt
Fan Cover _ f r
\ Bearings ; rame

| Nameplate
| Rotor

g Endshields
\ " Drain
Pugs

-

Fan ¢

’ Stator | V-Ringer

Slider

Stator SHaft

Windings

BASIC ELECTRICAL ENGINEERING - PRACTICAL

Step 1: Make punch marks on both the end plates and yoke, so that the original position
may not be changed while assembling.
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Task 2: Re-assembling the single-phase motor

Step 1: Reverse the dismantling process for reasembling and connect the terminals as per
the circuit diagram.

Starting
L winding .
O—e To—F— Ly 2
|
|
|
| U, .
| —— Capacitor
Single :
phase |
AC :
supply | !
|
l Uz q
: Centrifugal
| switch

O—e ™
N
Step 2: Connect the motor with single-phase power supply and ensure it is working.

Result:

The method of dismantling and re-assembling the Single-phase capacitor start induction
motor was done and the motor is in good condition.
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PRACTICAL

Dismantling and Assembling

of Three-phase squirrel cage
induction motor

To dismantle and re-assemble the three-phase squirrel cage induction motor

PRACTICAL PROCEDURE:

Dismantling the three-phase induction

motor

Re-Assembling the three-phase induction motor

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and Materials Range / Value Quantity
1. [Squirrel cage induction motor 3 Phase 3Hp 1 No
2 | Spanner 5 mm to 30 mm 1Set
3 | Ring spanner 5 mm to 30 mm 1 Set
4 | Chisel 25 mm x 200 mm 1 No
5 |Ball peen hammer 500 grams 1 No
6 | Nylon mallet 75 mm x 100 mm 1 No
7 | Pulley puller 200 mm with 3 jaws 1 No
8 | Centre punch 10 mm x 150 mm 1 No
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9 | Insulated cutting plier 200mm 1 No

10 |Allen key Standard size 1 set

11 | Cotton cloth - As Required
Procedure:

Task 1: Dismantling the three-phase induction motor

Step 1: Remove the shaft by holding the pulley.

Step 3: Make a centre punch alignment mark on the stator and the end cover for easy
identification while re-assembling. To avoid confusion make a single punch mark on one
side and a dual punch mark on the other end of the end cover.

=
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Step 4: Remove the grease cup screw.

Step 5: Loose the bolts gradually till they
are removed.

Step 6: Keep the chisel tip between the
stator and cover by gently chisel with a
hammer and separate the stator and the
end cover.

Step 7: Pull the end cover and rotor
together, parallel to the motor shaft.

Step 8: Hold the shaft in one hand, rotate
the end cover and tap it lightly with a
nylon mallet to remove it from the rotor.

Step 9: Remove the other end cover also.

Step 10: Check the rotor and bearings are
in good condition.

Step 11: Dismantled parts are given below.

.-'II-"'
y .".. =21  SMAFT
ng = ; |
’ . "o
FaMN BLADES .
EMD CONVER

Task 2: Re-assembling the three
phase induction motor

Step 1: Reverse the dismantling process
for re-assembling.

Step 2: Connect the motor with starter in
three phase supply and check whether it is
in working condition.

Result:

The method of dismantling and re-
assembling three-phase squirrel cage
induction motor was done in scheduled
procedure.
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PRACTICAL

Connect, Start and Run the three-

phase squirrel cage induction

motor using DOL Starter

To connect, start and run the three-phase squirrel cage induction motor by using DOL

starter.

PRACTICAL PROCEDURE:

Connect, start and run the squirrel cage

motor by using DOL starter

Tabulate the reading

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and Materials Range / Value Quantity
1 | Squirrel cage Induction motor 415V, 3Hp 1 No
2 DOL starter 3Hp Motor 1 No
3 | PVC multistrand copper wire 2.5 Sq.mm 10 m
4 | Combination plier 200 mm 1 No
5 Wire stripper 150 mm 1 No
6 | Screw driver - Complete set
7 Ammeter (0 -10) A (MI) 1 No
8 Voltmeter (0 - 500) V (MI) 1 No
9 |ICTP or 4 Pole MCB 10 Amps, 440 Volt 1 No
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Procedure:

Taskl: Connect, start and run the squirrel cage motor by using DOL
starter

Step 1: Connect the motor with DOL starter as per the given circuit diagram.
Three phase supply

L1'|’ LZT L3‘[

\
\ Fuses
C
YN M
< |
S, e
T‘ Stop Start
== e
S3
Remote
stop

Step 2: Switch on the ICTP.

Step 3: Start the motor with the start button (S3) of the starter.

Step 4: Ensure the motor is running.

Step 5: Note the reading of current value in ammeter at the time of starting.

Step 6: Note the readings of voltmeter and ammeter when the motor is running in normal.

Step 7: Switch OFF the motor by using stop button(S2) of the starter.

Task 2: Tabulation

S. No Starting current | Volt meter readings (In Running Current (In

(In Amps) Volts) Amps)

Result:

Squirrel cage induction motor was connected, started and made run by using DOL starter
and tabulated the reading at normal speed.
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PRACTICAL

Connect, start and run the three-

phase squirrel cage induction
motor using star delta starter

To connect, start and run the three-phase squirrel cage induction motor by using star
delta starter.

PRACTICAL PROCEDURE:

Connect the motor with the given starter, check the direction of
running and know the starter changes from star to delta

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and materials Range / Value Quantity
1 Squirrel cage Induction motor 3ph, 5 Hp, 415V 1 No
2 | Automatic star delta starter For 3ph, 5Hp Motor 1 No
3 PVC multistrand copper wire 2.5 §q.mm 10 m
4 | Combination plier 200 mm 1 No
5 Wire stripper 150 mm 1 No
6 | Screw driver -- Complete set
7 |ICTP or 4-pole MCB 440V, 16 A 1 No
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Procedure:

Step 1: Open the cover of the automatic star delta starter and know the circuit diagram
given below.

Step 2: Wire up the control circuit on the star-delta starter according to the circuit diagram
given below.

3 Phase supply

1} 2] 3]

Stator+——= g

3
f 14 24 3. Running

% % position

-
o) : Starting
)
ok L7171 posiion
O

Rotor
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Step 3: Wire up the power circuit on the star-delta starter according to the circuit diagram
given below.

R Y B
@
@
@
@
Main Delta Star
contactor contactor contactor
KM 23\ ----- \ ----- \ KM 2 \ ----- \ ----- \ KM 1 \ ----- \ ----- \
o———

U1 V1 W1 [

E E :I :I i Over load relay

U2 V2 W2

Step 4: Start the motor and observe while starting. Check the starter switch change over
from star to delta within a few seconds.

Result:

The method of connecting, starting and runing of the three-phase squirrel cage induction
motor by using star delta starter was done.

156 BASIC ELECTRICAL ENGINEERING - PRACTICAL



www.tnschoolbooks.in

PRACTICAL

07

underground armoured cable of
4 core 16 sq.mm cable

Practice on crimping

AIM

To undergo practice on crimping the underground cable of 4 core 16 square mm.

PRACTICAL PROCEDURE:

Skinning out the sheath

Removing the insulation of conductor

Inserting the barrel over the conductor

Crimping the barrel of the lugs

TOOLS AND MATERIALS REQUIRED:

S. No ‘ Tools / Materials ‘ Range ‘ Quantity
1 Crimping tools 6 to 25 sq.mm Ino
2 Electrician knife -- Ino
3 Insulated side cutting plier 200 mm Ino

| 157 JI|
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4 Hacksaw frame 300 mm Ino

5 Hacksaw blade 24 teeth 300mm Ino

6 Stainless steel tape 10mts Ino

7 Lugs 16 sq. mm long barrel 4 nos

8 PVC Insulation tape (Red, Yellow, Blue, Black)10mts Each 1no
Procedure:

Step 4: Remove the PVC non adhesive

tape.
Step 1: Measure 300 mm over the cable P

sheath and cut the sheath with Hacksaw
and ensure it won’t touch the armour.

Step 5: Clean all the conductor insulation
with cotton waste.

Step 6: Measure the length of the barrel
placing over the insulation.

- o ,

Step 3: Cut the armour with the insulated
cutter.
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Step 7: Remove the insulation of the Step 10: Insert the lug in crimping tools
conductor. and press the lever of the crimping tool.

Step 8: Insert the lug over the conductor.

Step 11: Repeat the crimping for all
conductors.

|

Step 9: Adjust the crimping tools for
16 sq.mm crimp.
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Step 12: Ensure the lugs barrel is crimped
properly.

Step 15: Ensure all the lugs are insulated
with respect color.

Result:

Thus 4 core 16 sq.mm UG armoured cable
conductor’s lugs are crimped accordingly

Step 13: Check all the Lugs properly
crimped.

Step 14: Cover the lugs with insulation
tape respect to the color of insulation.
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PRACTICAL

Fault finding in 4 core armoured
cable using Megger

AIM

To find the fault in 4 core armoured cable by using Megger.

PRACTICAL PROCEDURE:

Connect megger with the

cable under fault

Varying the probe of megger

TOOLS AND MATERIALS REQUIRED:

S.No ‘ Materials ‘ Range ‘ Quantity
1 Megger with connecting probes 500 V (analog) 1 no

2 Test UG cable As available As required
Procedure:

Step1: Connect the Megger with test UG cable as shown in the figure.

Step2: Rotate the handle of the megger uniformly at rated speed and see the deflection of
the pointer. Then note the reading in the table.

Step3: Varying the terminal of megger with UG Cable, note the reading in the table.
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Step4: Ensure all the conductors and armoured are tested.

conductor under test

Insulation Tester
3 conductor cable

e d W
R It \
A ) X [

Other conductors

connected together and
sheath
Tabulation
Connection of probe with UG cable | Megger reading

Between conductors
Conductor 1 and conductor 2
Conductor 2 and conductor 3

Conductor 1 and conductor 3

Between earth and conductors
Conductor 1 and earth
Conductor 2 and earth
Conductor 3 and earth

Conductor 1, 2, 3 shorted and earth

Result:

If the reading of the Megger shows a very low value, it indicates no short circuit. If it

shows an infinity value then it indicates a short circuit in the UG cable.
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PRACTICAL

Control the speed of three phase

induction motor using a variable
frequency drive (VFD)

AIM

To control the speed of three phase induction motor by using variable frequency drive
(VED).
PRACTICAL PROCEDURE:

Connect the motor with VFD Drive

Controlling the speed of motor by varying frequency

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and materials Range / Value Quantity
1 | Three-phase induction motor Squirrel cage 3PH, 3 HP, 415 v 1 No
2 | VFD drive For 3phase, 3 HP motor 1 No
3 |MCB 4 Pole, 20 Amps 1 No
3 | Tacho meter 3000 rpm 1 No
4 | Combination plier 200 mm 1 No
5 Screw driver 4mm, 5 mm Each 1 No
6 | Wire stripper 150 mm 1 No
7 | Multi-strand copper wire 2.5 Sq.mm 5m
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Procedure:

Step 1: Read the VFD manual carefully and ensure the drive is suitable for the specifications
specified in the motor.

Step 2: Identify the input and output terminals of the VFD drive.
Step 3: Connect the three-phase input supply at the input terminals of the VFD via MCB.

3PH
INDUCTION
MOTOR

MCB VFD DRIVE

v F Sl

S ESEEEEEE.EN

Ground wire

Output UV W three phase 380V (connected motor)
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Step 5: Fix the sensor facing the motor pulley and connect the other end of the sensor to

the VFD drive in correct provision.

VED drive

Y Converter DC link Inverter
B >
11
1530 > Control Feedl.)ack
NNk logic device
Q]
Operator
interface

Step 6: Switch the power supply ON.

Step 7: Set the frequency at different values and note down the speed below and check the

speed variations with frequency.

Tabulation:

S.No ‘ Frequency in Hz
1

‘ Speed in RPM

QN | U W

Result:

Thus, the speed of three phase induction motor is controlled by using variable frequency

drive.
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PRACTICAL

Identify the various components
in the existing control panel

To identify the various components in the existing control panel.

PRACTICAL PROCEDURE:

Identify the components in the panel

Note down the reading in the table

TOOLS AND MATERIALS REQUIRED:

S. No ‘ Tools and materials ‘ Range ‘ Quantity
1 | Panel box As required 1 no
2 Contactor 240V, 4 pole,16A 3 no
3 | Timer relay - 1 no
4 Push button Green, red, blue Each 1 no
5 |Indicator lamp with holder - 5 no
6 | Overload relay 415V, 0-15A 2 no
7 MCB 415V, 3 Pole 25A 1 no
8 | Copper wire multistrand 2.5 Sq.mm 10 m




www.tnschoolbooks.in

9 | Race ways -- 2m
10 | Wire clips -- As required
11 | Terminal connectors 16 Amps As required
12 | Wire ferrule -- As required
13 | Grommets -- As required
14 | Cable binding straps and buttons -- As required
15 | Nylon cable ties -- As required
Procedure:
Task: 1.

Identifying the control panel components

List of components

‘ Identification of the components
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List of components ‘ Identification of the components
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List of components ‘ Identification of the components
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List of components ‘ Identification of the components

Result:

Thus the various components in the control panel are identified and specified in the table.
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PRACTICAL

Wire up the control panel for the
given circuit

AIM

Connect the circuit in the control panel with the given automatic Star delta starter to run
three phase induction motor
PRACTICAL PROCEDURE:

Draw the circuit diagram

Fix the accessories on the panel

Wire up the components as per the circuit diagram

Start and run the motor

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and materials Quantity
1 Panel box As required 1 no
2 | Three phase induction motor 415 volt, 3 phase, 5SHP 1 no
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3 Contactor 240V, 4 pole,16A 3 no

4 | Timer relay 1 no

5 Hand drilling machine 6mm capacity 1 no

6 HSS drill bit 6mm & 3mm 1 no

7 | Hacksaw blade with frame 300 mm 1 no

8 Crimping tool 200mm 1 no

9 Combination plier 200 mm 1 no

10 | Screw driver 4mm, 5mm, 6mm Each 1 no
11 | Wire stripper 150 mm 1 no

12 | Push button Green, red, blue Each 1 no
13 | Indicator lamp with holder - 5 no

14 | Overload relay 415V, 0-15A 2 no

15 |MCB 415V, 3 Pole 25A 1 no

16 | Copper wire multistrand 2.5Sq mm 10 m

17 | Race ways - 2m

18 | Wire clips - As required
19 | Terminal connectors 16 Amps As required
20 | Wire ferrule - As required
21 | Grommets - As required
22 |Lug - As required
23 | Cable binding straps and buttons - As required
24 | Nylon cable ties - As required
25 | Assorted size bolt and nut - As required
26 | Steel rule U As required
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Procedure:

TASK 1: Draw the circuit diagram in the control panel

Step 1: Draw the layout diagram of the automatic star delta starter.

3 Phase

[ t Supply

. Vo
Starting f A f l
Position xV,

y

U Running

Step 2: Mark the layout inside the control
panel by using steel rule.

Step 3: Mark the holes for control
accessories, etc., as specified in the layout
diagram.

Position

Stator

Step 4: Mark and cut the DIN rail, ‘G’
channel and raceways as per layout. Mark
the points in drills and fix it inside the
control panel.

Step 5: Mark the drill holes in the front
door of the control panel and fix the
indicator lamp and push button switches.

Step 6: Mark the holes for the wire clips
in the control panel door to run the wires.

Step 7: Make drills inside the control
panel to fix control accessories, DIN rails,
‘G’ channel and raceways as per marking.

Step 8: Make the holes in raceways, DIN
rails and the ‘G’ channel.

Step 9: Fix the control accessories in
raceways, DIN rails and ‘G’ channel with
screws, bolt and nuts.
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Step 10: Make drills in the door of the panel for indicator lamp, push button and wire clips
as per marking.

R

Task 2: Connect the control and power circuit with an automatic star
delta starter

Step 1: Draw the control circuit and power circuit diagram.

F3
 —
L1

F1 S0 = ‘OFF’ Push button
S1 = ‘ON’ push button
K1 = Line contractor
) K2 = Stat contractor
K3 = Delta contactor
K4 = Star delta timer
F2 = Overload relay

F1 = Backup fuse

SO

S1 4’ K1

K4~~~

Al

K4 K2 K3 K1
A2
L2

Control circuit

Control circuit
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L1

L2

ON/ Start

o
¥ ’JHF:;_L

K1 K3 T
3-@ Induction Motor (8) (Y)
Automatic Star / Delta
(Y-4) Starter
1 o2
%" fiad | L1, 12,13 » Red, Yelow, Bius { 3 Phase Lines)
AEEE—— :K-:Bs;'m Circuit Breaker
L Vou a vz L 4=Deha
e L e ;l. m}i = Contatcors
OXL = Thurmal Over Load Relay

E = Earth Wire

Power circuit

Step 2: Label the terminal number in the
control and power circuit.

Step 3: Measure and cut the cable as per
the layout.

Step 4: Run the wires in the raceway one
by one. Prevent cross-over of wires.

Step 5: Skin the wire ends and crimp with
suitable lugs/thimbles and label using
ferrules.

Step 6: Connect the power and control
circuit wires as per the diagram.
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Step 7: Route the wires in the raceways.
Punch and ties the wires in the raceways
using cable binding straps and button.

Step 8: Earth the panel, door and control
devices.

Step 9: Set the OLR in accordance with
the full load current of the motor.

Step 10: Set the time in timer relay to shift
the motor from star to delta connection.

Step 11: Connect the panel with motor
and test it with the auto star delta starter.

Step 12: Ensure the motor starts with
star connection and moves to a delta
connection after the time set in the timer
relay.

Result:

Thus, the three-phase induction motor is
connected with the automatic star delta
starter in the control panel and verified.
Now it is working.
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PRACTICAL

Draw and test the ladder diagram for

staircase wiring in Programmable
Logic Controller (PLC)

To draw and test the ladder diagram of staircase wiring in Programmable Logic Controller
(PLC).
PRACTICAL PROCEDURE:

Identify the components in the panel

Note down the reading in the table

TOOLS AND MATERIALS REQUIRED:

S.No |Tools and materials required ‘ Range / Value ‘ Quantity
1 Desktop / Laptop Latest version 1
2 PLC software (latest) Licensed version 1
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Procedure:
Step 1: Install the PLC software in the computer.
Step 2: Draw the ladder logic diagram as given below.

%10.1 %10.2 %Q0.0
||SW 1 " ||SW 2" ||Lamp|1
] | ] | I
11 11 \ !
%10.1 %10.2
||SW 1 " |1SW 2”
/1 /1

List of inputs / outputs:
Digital Inputs

B SWI:10.1
m SW2:10.2

Digital Outputs
B Lamp: Q0.0

Step 3: Run the program and verity with the given table.

OUTPUT
0 0 0 OFF
0 1 1 ON
1 0 1 ON
1 1 0 OFF

Result:

The ladder diagram of PLC staircase wiring was drawn, tested and verified.
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PRACTICAL

Draw and test the ladder diagram

for Automatic ON and OFF by using
timers in PLC

To draw and test the ladder diagram for Automatic ON and OFF of lamps by using timers
in PLC
PRACTICAL PROCEDURE:

Draw the ladder diagram

Simulate the ladder logic in PLC software

Set the timings in timer

Run and test the program
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TOOLS AND MATERIALS REQUIRED:

S.No Tools and materials Range / Value Quantity
1 Desktop / Laptop Latest version 1

2 PLC software (latest) Licensed version 1
Procedure:

Step 1: Simulate the ladder diagram PLC software in the computer.
Step 2: Draw the ladder logic diagram as given below.
Step 3: Run and check whether the lamp is ON and OFF as set in the timer.

Start Stop
1.0 1:0 B3:0
0000 J E T
0 1 0
Bul. 1763 Bul. 1763
B3:0
-
1 C
0
Light 1
B3:0 T4:3 0:0
0001 1 E 1 E
0 DN 0
Bul. 1763
TON
Timer on delay —CEN>——
Timer T4:0
Time base 1.0 —OND
Preset 3<
Accum 0<
AND)
END)
Result:

Thus, the ladder diagram is drawn for controlling lig the lamps by using PLC software and
timer.
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PRACTICAL

Prepare pipe earthing and measure
its resistance by using Megger

To prepare pipe earthing and measure its earth resistance by using megger.

PRACTICAL PROCEDURE:

Preparing pipe earthing

Measuring the earth resistance

TOOLS AND MATERIALS REQUIRED:

S.No | Tools / Machineries / Materials ‘ ‘ Quantity
1 | GI die stock 12.7 mm, 19 mm and 38 mm dies 1 Set
2 | DE spanners 5 mm to 20 mm of six 1 Set
3 | Blow lamp 1 litre with kerosene 1 No
4 | Crowbar hexagonal 800 mm long 1 No
5 |Spade - 1 No
6 | Pick axe - 1 No
7 | Cement mortar tray - 2 Nos
8 | Tongs 300 mm 1 No
9 | Measuring tape 5m 1 No
10 |Ladle - 2 Nos
11 |Combination plier 200 mm 1 No
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12 | Pipe wrench 50 mm 1 No
13 | Hacksaw 32 TPI blade 1 No
14 | Wooden box 150(1) x 150(b) x 300(h) mm 1 No
15 | Soldering iron with stand 25 watt 1 No
16 |Sledge hammer 2Kg 1 No
17 | Megger - 1 No
18 | GI pipe 12.7 mm 5m
19 | GIbend 12.7mm 2 Nos
20 | CI cover hinged to CI frame 300 mm square 1 No
21 | GI pipe 19 mm I m
22 | Gl pipe 38 mm having 12mm hole 25m
23 | Reducer 38 x 19 mm 1 No
24 | Funnel with sleeve & wire mesh 19 mm 1 No
25 | GI nut for sleeve & wire mesh 19 mm 1 No
26 | GI check-nuts for GI pipe 19 mm 4 Nos
27 | GI washer 40mm with 19mm hole 1 No
28 | GI wire 8 SWG 10 m
29 | Copper lug 200 amps with 19 mm dia hole 1 No
30 |Soldering lead 60/40 100 gm
31 | Match box - 1 No
32 | Soldering paste - 10 gms
33 | Cement - 10 kg
34 | Blue metal chips 6 mm size 40 kg
35 | River sand - 80 kg
36 | Salt (common) - 3 bags
37 | Coke or charcoal 3 bags
Procedure:

Task 1: Preparing pipe earthing

Step 1: Collect GI pipes and accessories.

Step 2: Make a slant or inclined cut of 30 degrees in the 38 mm GI pipe and make it sharp.
Step 3: Make threads in the other end of 38 mm GI pipe to a length of 25 mm.

Step 4: Make threads in both ends of 19 mm GI pipe to a length of 25 mm on one side and
75mm on the other side.

Step 5: Fabricate the 38mm and 19 mm GI pipes.

Step 6: Select an earth pit site to a distance of 1.5 metre away from the building basement
foundation.

Step 7: Dig an earth pit of dimensions 1 m width x 1 m breadth x 3.75 m depth.
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Step 8: Place the fabricated pipe in an upright position as shown below and make correct
position with the help of bamboo sticks.

Step 9: Place the wooden box around the pipe and fill it to a height of 15cm with charcoal,
and fill the surrounding outer space of the box with soil.

Step 10: Place the wooden box above the charcoal layer and fill it up with salt to a height
of 15 cm to 150 x 150 mm area around the pipe.

Step 11: Repeat the above steps 10 and 11 up to 2.5 metres.

Step 12: Place the GI pipe 12.7 mm meter with GI bends in the proper position for ECC
connection.

Step 13: Prepare the concrete mixture and build the structure.

Step 14: Fix the GI cover.

Step 15: Insert the GI 8 SWG wire through the 12.7mm GI pipe.

Step 16: Use the ladle and the blow lamp to melt the solder.

Step 17: Insert the lug in the 19mm GI pipe and tight it with the GI nut.

6.3 MS d
Cement fm S ro GI cover hinged
concrete —> to GI frame

4 10 n
(1:4:8) ¢ 10 GL
- \ J ] K
300sq SA F L
Funnel —=53 [ [ SWire mesh [ <. - 7
75 |- 125 } G.I. Check | - - o
. ] N / nut B
g N / D 4
E A ’ 'é’o g
= (r . oY ‘g
E 1 | D - 2
= AN | T =) !
g L R A IV R Q
200 | 300 ‘]\ G.I. washer
1 @19 mm G.I. pipe
\—012.7 mm G.I pipe b
| 38x19mm reducing
H / socket
J h A
A B ——— Charcoal
layer

—— ©38 mm G.I. pipe

T~ Salt layer
4

150

75

Alternate layer
of charcoal or
coke and salt

2500 (Minimum)

-1 Hole. Q12 mm]

@

Section ‘XX’

A

Note: Dimensions are in m unless otherwise specified

Pipe earthing
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Step 18: Pour three or four buckets of
water in it.

Step 19: Test the earth electrode resistance
with an Megger.

Task 2: Measuring the value of
earth resistance by using
an Megger

Step 1: First, isolate the grounding
electrode by disconnecting it from the
other for measurement.

Step 2: Connections are made as per the
diagram.

Step 3: In this method, four small-sized
electrodes are driven into the soil at
the same depth at equal distance from one
another in a straight line.

Step 4: Press START and read out the
resistance value. This is the actual value
of the ground resistance of the electrode.

Step 5: Check the value of the earth’s
resistance. If it is found higher than the
acceptable value, make one more pipe
earth electrode at a distance of 8 metres
from the previous one and connect both
of them in parallel.

Result:

Thus, the pipe earthing was done and the
value of earth resistance was measured by
using an Megger.
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PRACTICAL

Practice Soldering and De-soldering

techniques with different electronic
component

To practice the Soldering and De-soldering techniques with the different electronic
components in the given printed circuit boards (PCBs).

PRACTICAL PROCEDURE:

Fixing the Electronic components in the

PCB

Soldering the components

De-soldering the components

TOOLS AND MATERIALS REQUIRED:

S.No | Tools and materials Range / Value Quantity
1 Soldering Iron with stand 25 Watt, 230 V 1 No
2 | Soldering lead 0.7mm thickness 100 grams
3 Soldering paste - 20 Grams
3 Soldering wick - 1 No
4 De-soldering pump - 1 No
5 General purpose board - 1 No
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6 Diode IN4001 4 No
7 Resistor 100 ohm 1 No
8 Capacitor 470 Microfarad,16v 1 No

Procedure:

Task 1: Soldering process

Step 1: Collect all the required components
for soldering

Step 2:Insert the componentleads through
the holes present in the given PCB.

Step 3: The components should be
positioned with the leads running through
the holes on the board’s opposite side from
the soldering pads.

Step 4: Switch on the soldering iron and
wait for a few minutes to warm up.

Step 5: Hold the soldering iron (like a
pen) touch the component’s lead and the
solder pad with the tip.

Step 6: To enable the solder to flow
uniformly and make a perfect electrical
connection, the lead and component both
are heated simultaneously. Hold for one
to two second to make the soldering iron
point to hold the component.

Step 7: Touch the junction between the
component lead and the circuit board
with the solder by keeping the soldering
iron pad in that point.

Step 8: When the pad is evenly covered,
remove the solder and the soldering iron.

Step 9: Repeat the procedure until all the
components are soldered in the board.

Step 10: Cut and remove the excess leads
of the component.

Step 11: Connect the power supply to the
circuit and ensure the LED glows when
connected to the output of the circuit.
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Task 2: De-soldering process

Step 1: Use a soldering iron to heat the
solder until it melts.

Step 2: Press the plunger of the de-
soldering pump and place it on the molten
solder.
A

Step 3: Release the button.

Step 4: Remove the
components.

de-soldered

Step 5: Repeat the same steps until you
remove the excess solder.

Result:

Thus, the soldering and de-soldering
process were done with the help of the
given components.
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