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Preface

Vocational Education is a dynamic and evolving field, and ensuring that every student has
access to quality learning materials is of paramount importance. The journey of the PSS
Central Institute of Vocational Education (PSSCIVE) toward producing comprehensive and
inclusive study material is rigorous and time -consuming, requiring thorough research, expert
consultation, and publication by the National Council of Educational Research and Training
(NCERT). However, the absence of finalized study material should not impede the educational
progress of our students. In response to this necessity, we present the draft study material, a
provisional yet comprehensive guide, designed to bridge the gap between teaching and learning,
until the official version of the study material is made available by the NCERT. The draft study
material provides a structured and accessible set of materials for teachers and students to
utilize in the interim period. The content is aligned wit h the prescribed curriculum to ensure
that students remain on track with their learning objectives.

The contents of the modules are curated to provide continuity in education and maintain the
momentum of teaching -learning in vocational education. It encomp asses essential concepts and
skills aligned with the curriculum and educational standards. We extend our gratitude to the
academicians, vocational educators, subject matter experts, industry experts, academic
consultants, and all other people who contribut ed their expertise and insights to the creation of
the draft study material.

Teachers are encouraged to use the draft modules of the study material as a guide and
supplement their teaching with additional resources and activities that cater to their studen ts
unique learning styles and needs. Collaboration and feedback are vital; therefore, we welcome
suggestions for improvement, especially by the teachers, in improving upon the content of the

study material.

This material is copyrighted and should not be p rinted without the permission of the NCERT -
PSSCIVE.

Deepak Paliwal
(Joint Director)
PSSCIVE, Bhopal
Date: 04 Oct. 2024
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Module 1 Basic Mechanical Systems

Module Overview

Understanding mechanical systems begins with a foundational overview of simple
machines, which are the fundamental building blocks of both, simple and complex
mechanical systems. Simple machines, such as the lever, inclined plane and wheel, play a
crucial role in manipulating mechanical forces such as distance and friction to achieve
desired mechanical outputs. A thorough understanding of the simple machines is
essential for working with any kind of ma chinery. Knowledge of how these machines
operate, their components, functions, and mechanical advantages provides the
groundwork for more advanced mechanical concepts. This foundational understanding
helps in recognizing how complex systems are constructed from these basic principles.

Mechanical Concepts:

Fitting: This involves the precise assembly of machine components to ensure that they
work together properly. Proper fitting is essential for the efficient and reliable operation of
mechanical systems.

Tools and Equipment: Familiarity with various tools and equipment is critical for
mechanical work. This includes hand tools like wrenches and screwdrivers, as well as
more specialized machinery for cutting, shaping, and assembling parts.

Sheet Metal Work: Thi s process involves forming and shaping metal sheets into various
components used in mechanical systems. Techniques include cutting, bending, and
stamping.

Welding: Welding is the process of joining two or more metal pieces by melting the edges
and applying heat. It is crucial for creating strong, durable connections in mechanical
assemblies.

Brazing: Similar to welding, brazing involves joining metals using a filler material that
melts at a lower temperature than the base metals. It is used for creating str ong bonds in
components that cannot withstand the high temperatures of welding.

Soldering: Soldering is the process of joining metal components together by melting a filler

metal, called solder, which has a lower melting point than the base metals. Solderi ng is
commonly used in electronics and precision work to make connections in circuit boards

and delicate assemblies. It provides a less permanent bond compared to welding or
brazing, but it is essential for creating reliable electrical connections and join ing small
components.

Without a solid grasp of these fundamental principles and processes, learners would
struggle to understand and work with more advanced mechanical systems. Mastery of

basic mechanical systems forms the bedrock for tackling more complex machinery and
engineering challenges.

Learning Outcomes

After completing this module, you will be able to:
1 Demonstrate identify and properly use basic tools and equipment in fitting operations.

1 Analyse and solve basic electric circuits using fundamental electrical laws and
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theorems.

1 We understand the processes and techniques involved in welding, brazing, and
soldering, and their applications in electrical work.

Module Structure

Session 1. Fitting, Tools and Equipment

Session 2. Electric Circuit Analysis

Session 3. Welding, Brazing and Soldering

Session 1. Fitting, Tools and Equipment

Fitting

Fitting involves a large number of hand operations to finish the work to desired shape, size and
accuracy. The various operations performed are marking, chipping, sawing, filing, scraping,

drilling, tap (Internal threading) and die (External threading). By performing these operations,

students acquire skills in using tools and basic fitting equipm ent, identifying materials,
describing and demonstrating various bench vices, holding devices, and files, as well as drilling

and threading tools.

The fittings shops are equipped with mechanized hydraulic bending attachment in which the
operations like dri lling, reaming, boring, counter sinking, tapping, threading and grinding etc.
are performed.

1.1 Tools and Equipment

Tools and measuring instruments have made routine tasks much easier. In our daily lives, we
frequently use common hand tools and measuring instruments for various household needs.
Additionally, different types of tools are essential for opening and repairing electrical and
electronic gadgets. For example, installing refrigerators and air conditioners requires tools such

as screwdrivers, phase testers, strippers, pliers, and more. In this chapter, you will learn about
and practice using the basic tools and equipment commonly found in mechanical workshops.
Some of the most common hand tools and equipment are shown in Figure 1.1.

‘A = -
v - < -
Spanner
Pher 4
o [ |-
=
Screwdriver Wrench

‘ Ladder
Wire Stripper K Hamm?

ere Cutter
\ Multimeter
Soldering

Drlll Machine Phase Tester Machine

Functions of
a Multimeter

Fig. 1.1 Common hand tools and equipment
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1.2 Hand, Power and Testing tools and safety precautions
1.2.1 Hand tools

A tool is any instrument or simple piece of equipment that can be held in the hand and used for
a specific task. Examples of tools include spades, hammers, and knives. Tools are generally
categorized into two types: hand tools and power tools.

Hand tools, which are operated manually without electricity, include items such as hammers,
screwdrivers, wrenches , clamps, pliers, sledges, and measuring tools. They are further classified

based on their functions, such as Holding Tools (e.g., clamps and pliers), Striking Tools (e.g.,

sledges and hammers), Measuring Tools, and Metal Cutting Tools (e.g., reamers, file s, and
drills).

Power tools, in contrast, are electrically powered and include equipment like drills, saws, and
sanders, which are used for more demanding tasks.

Commonly used hand tools are explained below.

1. Screwdrivers  d A screwdriver is a hand tool used to attach or remove screws. The two most
common types are the flat -blade and Phillips. The flat -blade screwdriver is used on screws that
have a slot in the screw head.

Philips Screw Driver 0 It is a screwdriver with a cross  -driving end. It is used to attach or
remove screws that have two slots crossing at right angles in the centre of the screw head as
shown in Figure 1.3 and Figure 1.4.

- T —

Fig 1.3 Flat -blade screwdriver

- o -

Fig 1.4 Philip Scre  w Driver

When using a Phillips screwdriver, exert more pressure downward to keep the tool in the slots.
Always use the largest Phillips size that fits snugly into the slots, just as with the flat -blade
screwdriver.

Never use worn -out screwdrivers when work ing on appliances. A worn screwdriver may damage
the head of the screw. It can also damage the product on which you are working.

flat -blade screwdriver @ It is available in many sizes and shapes. Always use the largest blade
size that fits snugly into the slot on the screw head so that it will not slip off the screw. The
screwdriver should never be used as a pry bar or a chisel, as it was not designed for that
purpose. As shown in Figure 1.5.

Fig. 1.5 Combination screwdriver set

2. Nut Drivers 8 Many manu facturers use metal screws with hexagonal heads. A nut driver is a
hand tool similar to a screwdriver. It is a handheld driver to drive or remove hex nuts or bolts.
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Mostly applicable to deep down places where our hand is not able to reach. Each size nut
requires a different -sized driver as shown in Figure 1.6.

Vi 4
y:
<

0o

Fig. 1.6 Hex -nut drivers
3. Wrenches & Wrenches are used to remove and fasten nuts and bolts. There are many
different types and sizes of wrenches. Their purpose is to hold and turn nuts, bolts, cap screws,
plugs, and various threaded parts. Wrenches are generally available in five different types as
shown in Figure 1.7. They are available in socket wrench, box, open -end, adjustable, and Allen
types.
-

\\L. — ‘F "__ '

o——of —
Fig. 1.7 Wrenches

Socket wrenches & Socket wrenches are used to slip over bolt heads, as opposed to other
wrenches, which are used at right angles to the nut or bolt. This arrangement allows more

leverage to be applied to loosen or tighten the nut or bolt as shown in Figure 1.8. It is used i n
the repair and maintenance of the air conditioner.

Fig. 1.8 Socket wrench

Box wrenches 0 It is a tool (Figure 1.9), used for assembling and disassembling mechanical

parts. Box wrenches, also known as "ring spanners" or "box -end wrenches," are tools us ed to
tighten or loosen bolts and nuts. They have a closed, circular end that fits snugly around the

bolt or nut, providing a better grip than an open -end wrench. The closed design of the box
wrench also helps prevent rounding or stripping of the corners o f the bolt or nut.  Box wrenches
come in a variety of sizes to fit different bolt and nut sizes. They may have a single box -end or a
double box -end, with two different size wrenches on each end.

Fig. 1.9 Box wrench
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Open -end wrenches & Open-end wrenches ar e tools used for tightening or loosening nuts and
bolts. They feature an open, U -shaped end that fits around the nut or bolt, as shown in the
figure 1.10. Unlike box wrenches, which have a closed, circular end, open -end wrenches are
particularly useful in  tight spaces where a box wrench cannot fit.

However, the open design of the wrench makes it more likely to slip off the nut or bolt, and
excessive force can round off the corners. Open -end wrenches are available in various sizes to fit
different nuts and  bolts. Some have different sizes on each end, while others have the same size
on both ends.

Fig. 1.10 Open wrench

Adjustable wrenches 0 It has a jaw, which can be adjusted as shown in Figure 1.11. It is used

to loosen or tighten nuts or bolts of different sizes. Adjustable wrenches, also known as crescent
wrenches, are versatile tools used for tightening or loosening nuts and bolts of varying sizes.
They have an adjustable jaw that can be moved up or down along a threaded shaft to
accommodate diff erent sizes of nuts or bolts.

£
\ - —_...__l:
N —

Fig. 1.11 Adjustable wrenches.

The adjustable jaw of the wrench is opened or closed by turning a thumbwheel or knurled knob

on the shaft of the wrench as illustrated in Figure 1.12. When the wrench is positioned around

the nut or bolt, the jaw is tightened by turning the thumbwheel or k nurled knob to provide a
secure grip. One of the advantages of an adjustable wrench is that it can be used on a variety of
different -sized nuts and bolts with just one tool.

(a) (b)
Fig. 1.12 U sing (a) socket wrench (b) adjustable wrench (c) open -end wrench

Select the size and type of socket to fit the nut with the proper drive size for the load. See Table
1.1 for the proper drive size loading recommendations.

Table 1.1 Drive Size and Hex Size L  oading Recommendations

Hex Size 1/4" Drive 3/8" Drive 1/2" Drive 3/4" Drive 1" Drive
" " DO NOT | DO NOT | DO NOT
1/8"to 7/32 USE USE USE USE DO NOT USE
1/4" to DO NOT | DO NOT
11/32" USE USE USE USE DO NOT USE
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Hex Size 1/4" Drive 3/8" Drive 1/2" Drive 3/4" Drive 1" Drive

3/8" to 9/16" USE USE USE SSE NOT DO NOT USE

19/32" to | DO NOT DO NOT

11/16" USE USE USE USE DO NOT USE

. N DO NOT | DO NOT

3/4"to 1 USE USE USE USE DO NOT USE

1 1/16" to 1 DO NOT | DO NOT

1/4" USE USE USE USE USE

; DO NOT | DO NOT | DO NOT

11/2 USE USE USE USE USE

1 9/16" to 3 DO NOT | DO NOT | DO NOT | DO NOT USE

1/2" USE USE USE USE
Always select the appropriate wrench for the task at hand. Box wrenches are best suited for
heavy -duty applications and tight spaces. Open -end wrenches are ideal for medium  -duty tasks
or when it's difficult to use a socket or box wrench on a nut, bolt, or fitting from above.
Adjustable wrenches are useful for light -duty jobs, accommodating odd -sized nuts and bolts,
and can replace a regular open -end wrench in many cases. They can be adjusted to fit various
sizes within their maximu  m range. Allen wrenches, which have a six -pointed flat face on each

end, are specifically used for adjusting and removing components secured with Allen set screws,
such as fan blades.

Practical activity 1.1 demonstrates the way to use an adjustable wrench for the fitting of a
bracket for an air conditioner.

Practical Activity 1.1 Demonstrate the use of an adjustable wrench for fitting an air
conditioner.

Material Required &

Adjustable wrench

Procedure

Step 1. Identify the nut or bolt you want to tighten/I oosen.

Step 2. Open the adjustable wrench by turning the screw mechanism. This will open the
jaw of the wrench, as shown in Figure 1.13

Fig. 1.13 Opening adjustable wrench

Step 3. Check if you opened it enough for the nut to fit in, or if it needs to be opened more.
Make sure it is open a bit more than the size of the nut as illustrated in Figure 1.14
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Fig. 1.14 Inserting adjustable wrench into nut

Step 4. Slip the open jaw over the nut and hold it in place. Turn the screw mechanism so
that it clamps ti  ghtly around the nut, the opening of the nut is illustrated in Figure 1.15.

Fig. 1.15 Opening nut using an adjustable wrench

Step 5. Turn the wrench in a clockwise direction to tighten it, or counter -clockwise to
loosen it. Keep on turning it, untill the nut is tight or loose as desired. Tightening of the nut
is illustrated in Figure 1.16.

Fig. 1.16 Tighten the nut using an adjustable wrench

Step 6. Remove the wrench by loosening the screw mechanism.

4. Hammers 0 A hammer is a tool designed for striking and is available in many sizes and
styles, as illustrated in Figure 1.17. Hammers are used for tasks such as driving nails, breaking
objects, or hitting surfaces. They typically feature a handle, or shaft, and a weighted metal head,
usually made o f steel. The hammer's head is used to strike objects, while the handle provides
the user with a secure grip.

Different types of hammers serve various purposes. For example, the claw hammer is commonly
used in appliance repairs for driving and removing nail s. Engineer hammers are suited for
heavy -duty tasks like breaking concrete, while ball -peen hammers are ideal for shaping metal.

i i i

Ball Dead Line
Pen Blow Mans
Hammer Hammer Hammers

Fig. 1.17 Hammers

Claw Mechanics
Hammers Hammers

Engg.
Hammers

5. Pliers & Pliers are among the most commonly used tools and are designed for gripping or
cutting, depending on the type. They are not typically used for tightening or unscrewing heavy

nuts and bolts. Pliers come in various sizes and shapes, as shown in Figure 1.18. It is important
to select the right type of pliers for the specific task at hand. Some common types of pliers
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include slip -joint pliers, adjustable slip  -joint pliers, vise -grip pliers, needle -nose pliers, and

diagonal -cutting pIiers.

Nail Puller Pliers Snap Ring Pliers Needle Nose Pliers Slip Joint Pliers.

-y o

i

Crimping Pliers Locking Pliers ‘Tanguo and Groove Pliers

Fig. 1.18 Pliers

Lon g Nose Plier 9 Long nose pliers, also known as needle  -nose or snipe -nose pliers, feature a
long, tapered nose that ends in a point, as shown in Figure 1.19. These pliers are ideal for
gripping, bending, and cutting small objects in tight spaces. The extend ed nose provides precise
control and manipulation of small parts, while the cutting edge allows for snipping wires or

other materials. They are versatile tools commonly used by electricians, HVAC technicians, and

other professionals who work with small com ponents or in confined areas.

Fig. 1.19 Long nose plier

Slip Joint Plier 0 Slip joint pliers, also known as adjustable pliers, are mechanical pliers with
an adjustable pivot point that allows the jaw opening to be resized to accommodate various
objects. The jaws, typically flat and serrated, are used for gripping, holding, twisting, and
bending materials such as wires, pipes, and nuts, as shown in Figure 1.20. These pliers are
commonly employed for loosening and tightening nuts and bolts, as well as for h olding and

bending wires in electrical work.
\

Fig. 1.20 Slip joint plier

Pump pliers 8 Pump pliers, also known as slip  -joint adjustable pliers, are versatile tools used
for general tasks, particularly with larger objects. Unlike standard slip -joint pliers , pump pliers
feature jaws that can be adjusted to multiple positions, providing greater adaptability. They
typically have long handles, which are designed to grip, hold, and turn large items such as

pipes, fittings, and nuts, as shown in Figure 1.21. The extended handles offer increased
leverage, making pump pliers ideal for tasks that require significant force, such as loosening

and tightening nuts and bolts or handling pipes during plumbing work.

~

Fig. 1.21 Pump plier
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Vise grip pliers & Vise grip pliers , also known as locking pliers or mole grips, combine the
functions of a clamp, pipe wrench, hand vise, and pliers into a single tool. Designed to lock onto

a workpiece, these pliers allow users to hold objects securely without continuous manual
pressure. The lever mechanism locks the jaws in position, providing up to one ton of clamping
force.

Vise grip pliers typically feature serrated jaws that can be adjusted to accommodate different

sizes of objects. The jaws are spring -loaded and can be locked in plac e using a trigger
mechanism, which ensures a consistent grip on the workpiece, as shown in Figure 1.22. Some

models also include additional features such as wire cutters, adjustable handles, and swivel

pads for enhanced versatility.

Fig. 1.22 Vise gripp  lier

Diagonal cutting pliers - Diagonal cutting pliers, also known as diagonal cutters or side
cutters, are designed specifically for cutting wire, cables, and other materials. They feature
sharp cutting edges angled relative to the pliers' axis, enabling them to cut flush with a surface,
as shown in Figure 1.23.

Available in various sizes and styles, diagonal cutting pliers can be made from materials such as
steel or aluminium. They are commonly used in electrical work, jewellery making, and other
applicat ions that require precise cutting of wires or small components.

4,

Fig. 1.23 Diagonal cutting pliers

Cutting Tools 0 Various cutting tools are designed for cutting different materials, and choosing

the right tool for each task is essential. Chisels, for ins tance, are used for cutting both metal
and wood. Made from high -carbon steel, they are durable enough to carve through metal, as
illustrated in Figure 1.24. Chisels are particularly useful for removing rusted bolts and nuts.

They come in a range of sizes a nd types, including wood chisels, metal chisels, and concrete
chisels, each suited to specific cutting tasks.

— ] < ——

Flat Chisel Diamond Point Chisel

e — ()

Cross Cut chisel Cow Mouth Chisel

e Gy

Round Nose Chisel

Side Cut Chisel

Fig. 1.24 Chisels

Hacksaws @ A hacksaw is a cutting tool equipped with a fine -toothed blade, ideal for cutting
through metal, wood, plastic, and other materials, as shown in Figure 1.25. The hacksaw
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comprises a handle, a frame, and a blade. The frame is adjustable, allowing it to accommodate
blades of various lengths. Additionally, blades come with different numbers of teeth per inch,
enabling use rs to apply appropriate force for making precise cuts.

Fig. 1.25 Hacksaws

File o Files are tools used to smooth rough edges on metals, wood, and plastic by removing

small amounts of material to shape or refine surfaces, a process known as filing. To use a file,
hold it by its handle and press the teeth against the material's surface. Move the file back and

forth, applying pressure primarily on the forward stroke. The file's teeth cut into the material,

gradually removing it with each pass.

Files come in v arious sizes and shapes, as illustrated in Figure 1.26. For example, a flat file is
used for filing flat surfaces, a round file is designed for round or curved surfaces, and a half -
round file can handle both flat and curved areas.

EP

200 mm Triangular file
For working on angles, grooves and corner 2

g

200 m nd file
For removing material from inside surfaces

200 mm Half-round file

Great for smoothing both flat and curved surfaces

200 mm flat file

For use with flat surfaceto create a consistent finish

Fig. 1.26 Files
Flat Fi le 8 A flat file is a hand tool designed for shaping, smoothing, and removing small
amounts of material from flat surfaces. It features a rectangular cross -section with teeth cut
into one or both sides of the flat surface. The teeth are typically angled in one direction, allowing

the file to effectively remove material when moved in that direction while resisting movement in
the opposite direction.

Flat files are used to eliminate rough edges, burrs, and other imperfections on a variety of
materials, includ ing wood, metal, and plastic. They come in different sizes and are commonly
made of high -carbon steel, ensuring durability and longevity, as shown in Figure 1.27.

Fig. 1.27 Flat file

Round File & A round file is a hand tool used for shaping and smoothing round or curved
surfaces. It has a cylindrical shape with teeth cut into its surface, angled in one direction, as

illustrated in Figure 1.28. Round files come in various sizes and are available in two forms: half -
round and full -round. They are typically m ade of high -carbon steel, ensuring durability and
longevity.

Round files are ideal for working on surfaces such as pipes, tubes, and dowels. They are also
useful for removing burrs and sharp edges from drilled holes and other circular openings.
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Fig. 1.28 Round file

Drill bits & Drill bits are cutting tools used for creating holes in materials such as metal, wood,

and concrete. A general -purpose twist drill set can meet most technicians' needs. For specialized
tasks, wood bits and masonry drill bits are commonly used. Drill bits come i n various sizes,
shapes, and materials, each tailored to specific drilling applications, as shown in Figure 1.29.

The most common types of drill bits include:

Twist Drill Bits: Made from high -speed steel with a helical shape, these are versatile and
suita ble for drilling in metal, wood, and plastic.
Masonry Drill Bits: Featuring a tungsten carbide tip, these are designed for drilling into brick,

concrete, and stone.

Forstner Bits: Used to create flat -bottomed holes in wood.
Spade Bits: Ideal for drilling | arger holes in wood.

Auger Bits:  Designed for drilling deep holes in wood.

25 mm

Spur wood Auger Flat wood SS metal SDS sink Quiek release
bit bit bit bit masonary -nd pilot bit holder

bit hole

Fig. 1.29 Drill bits

Assignment 1
Identify the name of hand tools used during the installation of an air conditioner

Picture of the tool Name of the tool

,,,,,,,,,,,

Fig. 1.30
Qmﬁm}ﬁ Name ééééeéeéecéeé
Fig. 1.31
—_a‘ Name éééééeéééééé
Fig. 1.32

,,,,,,,,,,,

Name éeeéeeéeéeecceté
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Name éééeééeécéécé
Fig. 1.34
Name ééééééeééeééeé
Fig. 1.35
Name éééeééeécéécé
QN
Fig. 1.36
1.2.2 Power Tools
Power tools perform the same tasks as hand tools but are designed to complete them more

quickly and efficiently. These tools can be powered either by electricity through a wired
connection or by batteries. Power tools, which include electric and pneumatic devices, are used
for functions such as cu tting, drilling, grinding, sanding, and polishing. They enhance
efficiency, accuracy, and speed across various industries, including construction, woodworking,
metalworking, and automotive.

When using power tools, it is essential to follow safety precautio ns to prevent injury. This
includes wearing protective gear such as gloves, goggles, and ear protection, adhering to proper
operating procedures, keeping the work area clean and well -lit, and ensuring that the tools are
in good working condition before use

There are various power tools available such as a Power drill, Circular saw, Angle grinder, Power

jigsaw, Impact driver, Reciprocating saw, and Power sander. some of which are shown in Figure
1.37

Circular saw Power drill Router tool Compound miter saw

Random orbital sander Table saw

Fig. 1.37 Power tools

Power drill - A power drill, also  known as an electric drill, is a tool powered by electricity rather
than manual effort. It is versatile and can be used for various tasks, including drilling holes,
driving screws, and mixing paint or other materials.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Field Technician o Air Conditioner , Grade Xl

Power drills come in two main types: corded and cordless. Corded drills are generally more
powerful and do not require a battery, but they are less portable. Cordless drills, on the other
hand, offer greater mobility but rely on a rechargeable battery. Examples of both types are
shown in Figu re 1.38 (a) and (b), respectively.

3

Fig. 1.38 Power drills (a) Corded electric drill (b) Cordless electric drill

Circular saw - A circular saw is a powerful handheld tool designed for making straight or
angled cuts through various materials, including woo d, metal, and plastic. It features a robust
electric motor, which can be either AC or DC.

Circular saws come in a range of sizes, from small, lightweight models suitable for home use to

heavy -duty versions intended for professional applications. It's cruci al to select the appropriate
blade for the material being cut and to ensure that the blade is correctly installed and adjusted.

A typical circular saw is shown in Figure 1.39.

Fig. 1.39 Circular saw

Angle grinder - An angle grinder, also referred to as a disc grinder or side grinder, is a versatile
handheld power tool designed for cutting, grinding, and polishing various materials, including

metal, stone, and concrete. The tool's name reflects the angle at which the abrasive disc is
mounted on its head. A ngle grinders are equipped with a motor that drives a rotating abrasive
disc or wheel. The choice of disc depends on the specific task, as shown in Figure 1.40. These
discs are commonly made from abrasive materials such as diamond, aluminium oxide, or

sili con carbide. They are used for tasks such as cutting metal, smoothing welds, removing rust

and paint, and shaping or polishing surfaces.

N
. %

Fig. 1.40 Angle grinder

Power jigsaw - A power jigsaw is a versatile handheld tool designed for cutting various
mater ials, such as wood, metal, plastic, and ceramic. It excels in making straight, curved, and
bevel cuts.

The power jigsaw operates with a motor that drives a reciprocating blade up and down. The

blade is mounted on a guide plate that can be adjusted to achieve different types of cuts.
Typically, the blade is made from high -carbon steel or tungsten carbide and features various
tooth configurations depending on the material being cut, as shown in Figure 1.41.
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Fig. 1.41 Power jigsaw

Impact driver - An impact driver is a powerful tool designed for driving screws and bolts into
various materials, including wood and metal. Unlike a standard cordless drill, an impact driver
delivers higher torque and faster rotational speed using a distinct mechanism.

The impact driver features a motor that drives a rotating shaft to strike an internal anvil. This
process generates a series of rapid, high -t or que bl ows to the toolds chuc
effective for driving long screws and bolts into tough mater ials, as shown in Figure 1.42.

Impact drivers are available in both corded and cordless models, with cordless versions being
more popular due to their convenience. They typically use hexagonal driver bits and can
accommodate a wide range of screw and bolt sizes.

Fig. 1.42 Impact driver

= ]

Reciprocating saw - A reciprocating saw, often referred to as a "recip saw" or "sawzall," is a

versatile handheld power tool that uses a push -and -pull motion to make cutting strokes. Its
blade moves rapidly back and forth, enabling it to cut through a wide range of materials,

including wood, metal, PVC, and drywall, as illustrated in Figure 1.43.

Reciprocating saws can be equipped with various blades, each designed for specific tasks, such
as metal -cutting blades, wood -cutti ng blades, and pruning blades. Many reciprocating saws also
feature adjustable speed controls, allowing users to modify the cutting speed based on the
material being worked on.

Fig. 1.43 Reciprocating saw

Power sander - A power sander is a handheld tool designed to sand and smooth surfaces more
efficiently than traditional hand -held sandpaper. It is powered by electricity, batteries or air
compressors. Power sanders are used for working on wood, metal, and other materials.

The most common types of power s anders include:
Belt Sanders: Ideal for heavy -duty sanding and removing large amounts of material quickly.
Orbital Sanders:  Used for finer sanding tasks and achieving a smooth finish.

Random Orbit Sanders: Combine the features of orbital and random motion for a versatile
sanding approach with minimal swirl marks. A typical power sander is illustrated in Figure
1.44.
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Fig. 1.44 Power sander
1.2.3 Specialty Tools

Specialty tools are designed for specific tasks and provide precise servicing for various
appliances. They are essential for operations such as installing or removing unique screws and
nuts, servicing bearings in air conditioners, and adjusting switch contacts. Figure 1.45 depicts
different types of specialty screws and the corresponding driver s needed for their removal.

Common types of specialty tools include:

Wire Stripper:  Used for removing insulation from electrical wires.

Alligator Jumpers: Electrical connectors used for temporary connections.
Flashlight:  Provides illumination in dim or ina ccessible areas.

Copper Tube Benders:  Used for bending copper tubing in plumbing or HVAC systems.
Allen Keys: Also known as hex keys, used for driving hexagonal screws.

Phase Tester: Checks the presence of electrical voltage in circuits.

Combination  Pliers: Versatile pliers used for gripping, twisting, and cutting.
Measuring Tape: Essential for taking accurate measurements.

Electric Drill Guns: Powered tools used for drilling holes and driving screws.
These tools facilitate precise and efficient work in various servicing scenarios.

EO 6S O

Phillips and Frearson

=C ®O S GO

Combination Socket, Hex or Allen

Fig. 1.45 Speciality screws
In addition to the basic hand tools, several special -purpose tools are used in appliance servicing

as shown in Figure 1.46.
T

Fig. 1.46 Special -purpose tools

Wire stripper 8 A wire stripper is @ hand tool used to remove insulation from electrical wires
without damaging the conductive core. This tool is crucial for electricians and electronics
technicians.
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Wire strippers come in various sizes and designs but generally feature cutting jaws with notches
tailored to specific wire sizes. To use the tool, insert the wire into the correct notch and squeeze

the handles to close the jaws around the wire. The insulation is then stripped away easily by

pulling the tool away from the wire, leaving the wire intact. Figure 1.47 illustrates the typical
appearance of a wire stripper.

=
Fig. 1.47 Wire stripper

Alligator jumper 0 An alligator jumper, also known as an alligator clip jumper, is a type of
electrical cable used for temporarily connecting two points w ithin an electrical circuit. This tool
features alligator clips at both ends of a length of insulated wire.

Alligator clips are spring -loaded clamps designed to attach securely to wires or other conductive
surfaces. They are commonly employed in electrical testing and troubleshooting for making
temporary connections between circuit components. Figure 1.48 shows the typical appearance

of an alligator jumper.

This flexible and convenient tool is useful for testing circuits, diagnosing electrical issues, and
establishing temporary connections across various applications. For example, an alligator
jumper can connect a power source to a circuit board for testing or link a multimeter to

&
‘

Fig. 1.48 Alligator jumper

Flash light & A porta ble hand -held electric lamp is an essential tool used in the repair and
maintenance of air conditioners. It provides illumination for viewing and working on the internal
components of the air conditioner. This type of lamp is particularly useful for inspec ting and
servicing areas that are otherwise difficult to see. Figure 1.49 illustrates a typical hand -held
electric lamp used for these purposes.

Fig. 1.49 Flashlight

Copper tube bender & A copper tube bender is a specialized tool used to bend copper pipe s or
tubing into specific shapes or angles. It is commonly employed in plumbing and HVAC (heating,
ventilation, and air conditioning) systems to create precise bends for routing pipes around
obstacles or fitting them into tight spaces. Figure 1.50 illustra tes a typical copper tube bender.

Copper tube benders come in various shapes and sizes, generally featuring a set of rollers or
mandrels that fit around the copper tubing. A bending arm or lever is used to apply force,
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bending the tube to the desired angle . To use the tool, insert the tube into the rollers or
mandrels and operate the bending arm or lever to achieve the desired bend. The angle of the
bend can be adjusted by repositioning the mandrels or rollers.

Fig. 1.50 Copper tube bender

Allen key & An Allen key, also known as a hex key or Allen wrench, is a hand tool used to

tighten or loosen screws and bolts with hexagonal sockets. It consists of a small, L -shaped
metal bar with a hexagonal end that fits into the corresponding hexagonal socket on the s crew
or bolt head, as shown in Figure 1.51.

Allen keys come in various sizes to match different screw and bolt sizes. To use the tool, insert

the hexagonal end into the socket on the screw or bolt head, and turn it to either tighten or

loosen the fastener. The L-shaped design allows for easy manoeuvrability in tight or hard -to-
reach areas.

Fig. 1.51 Allen key

Phase tester 8 A phase tester, also known as a voltage tester, neon screwdriver, or test pin, is a
tool used to detect the presence of AC voltage, a  Ithough some models can also measure DC
voltage. It is commonly used by electricians and homeowners to verify the presence or absence

of electrical current before performing maintenance, repairs, or installations.

A typical phase tester features a pointed probe at one end and a display or light indicator at the
other end. To use the tester, insert the probe into an electrical outlet. If voltage is present, the
display or indicator will light up, as shown in Figure 1.52.

—

%

Fig. 1.52 Phase tester

Measuring Ta pe & A measuring tape, also known as a tape measure, is a hand -held tool used to
measure distances, lengths, and widths. It consists of a long, flexible ribbon or blade made of
metal or fiberglass, marked with measurement increments, and housed in a plasti c or metal

case. A typical measuring tape is illustrated in Figure 1.53.

To use a measuring tape, extend the tape to the desired length, placing the end of the tape at
one point of the measurement. Read the measurement from the tape at the other end of the
measurement to obtain the distance. Proper use of a measuring tape ensures accurate
measurements.
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Fig. 1.53 Measuring tape
Practical activity 1.3 demonstrates the use of tools for the installation of the air conditioner.

Assignment 1
Match the correctt ool with its name.

Picture of the tool Name of the tool
\ Name éééééééeeeéeéeé
S
ps
Fig. 1.54
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Na me eeeeeeeeeceece

,,,,,,,,,,,

Name ééeeeeeeececee

,,,,,,,,,,,

Name ééeeeeeeeecece

,,,,,,,,,,,

Name ééeeeeeeeecece

,,,,,,,,,,

Na me eeeeeeeeecee

Fig. 1.59

1.2.4 TESTING TOOLS

Testing appliances are crucial for ensuring customer satisfaction, which is a top priority for
manufacturers. Before an appliance is launched into the market, it undergoes rigorous testing
across various parameters such as temperature and pressure to ensure that it meets quality
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standards. Over time, however, the performance of an appliance may decline. To maintain
optimal performance, regular testing is necessary.

Various test equipment is employed by technicians for performance testing and repair of
appliances. These tools are essential for monitoring, maintaining, and repairing air conditioners
and their components. Test instruments play a key role in diagnosing issues that may arise with
appliances, helping ensure they function efficiently and effe ctively.

Ammeter & An ammeter is a device used to measure the electrical current flowing through a

circuit. It is typically a compact, portable instrument connected in series with the circuit under

measurement. The ammeter measures current in amperes (A), which is the unit of electrical
current. It i s designed t o measur e t he circuitods
electricity, as shown in Figure 1.60.

Ammeters come in two main types: analog and digital. Analog ammeters use a pointer and a
scale t o indicate the current, while digital ammeters provide a numeric readout of the current
on a display. Some ammeters are calibrated to measure very small currents, whereas others are
capable of handling very high current levels.

Fig. 1.60 Ammeter

Wattmeter & A wattmeter is a device used to measure the electrical power consumed by a
circuit or electrical device. It calculates the power by measuring the product of the voltage and

current flowing through the circuit, with the result expressed in watts (W). Wattmeters are
widely used in industrial, commercial, and residential settings to monitor and manage energy
consumption, as illustrated in Figure 1.61.

The operation of a wattmeter involves measuring both the voltage and current in a circuit and

then multiplying these values to determine the power consumption. This is typically done using

a combination of current and potential transformers, which reduce the voltage and current to

safe levels for measurement. The wattmeter then displays the total power consumed by the
appliance or circuit.
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Fig. 1.61 Wattmeter

Temperature tester 0 A temperature tester is a device used to measure the temperature of an
object or substance. It can be either digital or analog, and it measures temperature either

through dir ect contact or by using infrared radiation. Temperature testers are versatile tools
commonly used to monitor temperatures in various applications, such as measuring the
temperature inside a washer tub or checking the inlet temperature of water supply. A ty pical
temperature tester is illustrated in Figure 1.62.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Field Technician o Air Conditioner , Grade Xl

Fig. 1.62 Temperature tester

Clamp Meter & A clamp meter is a measuring instrument used to measure the amount of
electrical current flowing through a wire. It operates by clamping around the wire wi thout
needing to disconnect it from the circuit. The meter then automatically measures and displays

the current value. This tool is highly convenient for measuring current in live wires. A typical

clamp meter is illustrated in Figure 1.63.

Fig. 1.63 Flex ible charging line

Digital Multimeter 0 A multimeter is a versatile instrument used to measure various electrical
parameters, including voltage, current, resistance, and continuity. It is available in two forms:
manual and auto -ranging. The device displays readings as numerical values on an LCD screen,
making it easy to interpret. While similar in function to an analog meter, the digital multimeter
provides more precise and easy -to-read measurements. A typical multimeter is illustrated in
Figure 1.64.

Fig . 1.64 Multimeter

Tachometer 0 A tachometer is an instrument used to measure the rotational speed of a motor,
typically in revolutions per minute (RPM). It is commonly used to check the RPM of wash motors
and spin motors in appliances. A typical tachometer is illustrated in Figure 1.65.
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Fig. 1.65 Tachometer

Practical activity 1.2 demonstrates the measurement of AC or DC current supply using a clamp
meter in the air conditioner.

Practical Activity 1.2. To demonstrate the measurement of AC or DC current supply
using a clamp meter in the air conditioner.

Material Required 0
Clamp meter, Electric wire
Procedure

Step 1. Set the rotary selector on the clamp meter to the correct function and range, as
shown in Figure 1.66.

Fig. 1.66 Setting the rotary sele ctor on the clamp meter

Step2. Set the clamp meter to the voltage symbol
as shown in Figure 1.67. Connect the black probe to the COM jack and the red probe to the
V/O jack.

gl
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Fig. 1.67 Setting the clamp meter to v oltage

Step 3. Push the trigger on the device to open the jaw. Clamp the device around the
conductor and close it as shown in Figure 1.68, making sure that the electrical conductor
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is connected to a power source.

)

Fig. 1.68 Clamp the device around conduc tor

Fig. 1.69 Taking the reading on the clamp meter

Practical activity 1.3 demonstrates the use of a multimeter to measure various electrical
guantities of the air conditioner.

Practical activity 1.3. Demonstrate the use of a multimeter to measure various electrical
guantities of the air conditioner

Material required o}

Digital multimeter, resistor, AC and DC power source, connecting cords.
Procedure

A. Measuring the resistance using a digital multimeter.

Step 1. |Insert the black probe into the common terminal and the red probe into the
terminal marked for measuring volts and ohms. Figure 1.70 illustrates that The D igital
multimeter has two probes.

Fig. 1.70 Volt/ohm terminal and common terminal of multimeter

Step 2. Twist the selector knob to set the multimeter to measure resistance, as shown in
Figure 1.71. This may be repr esent eithstangs far thes, G
the unit for measurement of resistance.
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Fig. 1.71 Multimeter knob set measure the resistance value
Step 3. Touch the tips of the probes to sides of the resistor, as shown in Figure 1.72.

Fig. 1.72 Measuring the resistance of resis tor by touching the resistor terminal to the
red and black probes

Step 4. Read the display, as shown in Figure 1.73, taking care to note the units. A reading
of 10 may indicate 10 ohms, 10 kilo -ohms or 10 mega -ohms.

Fig. 1.73 Resistance value in Kilo -ohm
B. Measuring AC and DC voltage using a digital multimeter.

Step 1. The Digital multimeter has two probes, as shown in Figure 1.74. Using these
probes measurement of voltage can be done. Put the black probe in the common terminal
and the red probe in the terminal marked for measuring volts and ohms.

Fig. 1.74 Connecting the red probe to the volt terminal and black probe to the
common terminal

Step 2. Set the multimeter to measure the voltage, as shown in Figure 1.75. You can
measure volts DC, millivolts DC or volts AC. If your multimeter has an auto -range function,
it is not necessary to sele ct the voltage you are measuring.
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Fig. 1.75 (b) Turning the knob to measure the AC voltage

Step 3. Measure AC voltage by placing the probes across the component. In case of AC it is
not necessary to observe polarity, as demonstrated in Figure 1.76

Fig. 1.76 Measuring AC voltage using multimeter
Step 4. Observe polarity when measuring DC voltage or mi llivolt. Place the black probe on
the negative side of the DC source and the red probe on the positive side of the DC source,
as demonstrated in Figure 1.77.

Fig. 1.77 Measuring DC voltage using multimeter

Step 5. Read the display, as shown in Figure 1.7 8. If you prefer, you can use the touch
hold feature to keep the reading on the display after removing the probes. The multimeter
will beep each time a new voltage is detected.

Practical activity 1.4 demonstrate measuring the rotation speed of the motor using a tachometer

Practical activity 1.4 Demonstrate measuring the rotation speed of the motor using a
tachometer.

Material required 0
Optical tachometer, contact tachometer, reflecting t ape.
Procedure
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Follow the following steps to measure the speed of the motor.
A. Measuring the speed using an optical tachometer.

Step 1. First, unplug the electric motor, and stick the reflecting tape on the shaft of the
electric motor as shown in Figure 1 79.

Electric
Motor

Motor
Shaft

\

Reflector

Fig. 1.79 Reflecting tape on the motor shaft

Step 2. Turn on the supply of the electric motor and press the test button, as shown in
Figure 1.80.

Fig. 1.80 Pressing the test button of a tachometer

Step 3. On pressing the test button, an optical ray will come out from the end of the
tachometer as shown in Figure 1.81.

W Light from the
Optical Tachometer

Fig. 1.81 Optical ray coming out from tachometer

Step 4. Focus the light ray on the reflecting tape and observe the reading in RPM on the
tachometer as shown in Figure 1.82.

Fig. 1.82 Reading in RPM

Step 5. Wait for the reading to get stabilized. Take three to four readings and calculate the
mean for accuracy.

B. Measuring the speed using a contact tachometer.

Step 1. Turn on the supply of electric motors. Now, touch the contact of the tachometer to
the shaft of the electric motor as shown in Figure 1.83.
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Contact between
saft and tachometer

Fig. 1.83 Touch the contact of tachometer to the shaft of electric motor

Caution: Do not apply too much pressure on the tachometer contact, while touching the
shaft of the electric motor.

Step 2. Press the test button of the tachometer. You will observe the reading in RPM on the
tachometer as shown in Figure 1.84.

Reading in RPM

Fig. 1.84 Reading in RPM
Step 3. Wait for the readi ng to get stabilized. Take three to four readings for accuracy.

1.3 Safety Guidelines for Fitting Work
1.3.1 Safety Precautions

When using tools for the installation, repair, and maintenance of an air conditioner, it is crucial

to take safety precautions, as safety begins with accident prevention. Without a proper
understanding of basic tools and their safety, one should not attempt these tasks. Improper
installation, maintenance, or repair can lead to personal injury and property damage.

Here are the safety precautions to follow to prevent injuries when using basic tools:

Always wear gloves when handling tools.

n

Avoid loose clothing when working with power tools.

w

Wear safety glasses to protect your eyes from flying debris.

»

Use tools according to  the manufacturer's instructions and never modify their intended
use.

Keep tools clean and in good working condition.

Use each tool only for its intended purpose.

Ensure that the power cord is kept away from the working end of power tools.
Check that any s hields or guards are functioning properly and always use them.

© 0o N o v

Use an extension cord in good condition; do not use it if bare wires are visible. Ensure it
is heavy -gauge to provide adequate voltage for the tool.

10. Make sure the extension cord is properly gro unded.
11. Grip tools firmly during use.

12. Never use worn -out tools, as they have a higher risk of causing injury. For example, a
worn screwdriver is more likely to slip, potentially leading to injury.

13. If a power tool malfunctions, unplug it before attempting an y repairs or adjustments.
14. Use insulated hand tools when working with electricity or electrical components.
1.3.2 Safety Guidelines for Fitting Work
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Safety is paramount when performing fitting work, and it is essential to adhere to safe working
practices at all times. Ignoring safety rules can lead to losing the privilege to work in the fitting

shop.

Improper or careless use of tools can make them dangerous, so working safely is a fundamental

skill for any fitter. The safe way is the only correct way. Before operating any machine tools, one
must first learn the safety regulations and precautions specific to each tool or machine. Most
accidents occur due to failure to follow these prescribed procedures.

1. Eye Protection

Wearing eye protection in the machine s hop is the most crucial safety rule. Metal chips and
shavings can be ejected at high speeds and over long distances, posing a significant risk of
serious eye injury.

Safety glasses must always be worn when using hand -cutting tools. These tools, typically m ade
of hardened steel, can break or shatter if not used correctly, making eye protection essential.

There are various types of safety glasses available, but those with side shields offer the best
protection. For individuals who wear prescription glasses, s afety goggles should be worn over
them, as demonstrated in Figure 1.85.

Fig. 1.85 Eye Protection

2. Foot Protection

The floor in a machine shop is often littered with razor -sharp metal chips, and heavy materials
may be accidentally dropped, posing a risk to your feet. To protect against these hazards, safety
shoes or solid leather shoes must be worn at all times.

Safety shoes are equipped with a steel plate over the toe area, designed to withstand impacts
and protect your feet from injury. Some safety sho es also feature an in -step guard for added
protection, as illustrated in Figure 1.86.

Fig. 1.86 Foot Protection
3. Grinding Dust and Hazardous Fumes

Grinding dust from abrasive wheels consists of extremely fine particles of both the metal being

worked on and the abrasive wheel itself. Some grinding machines come with a vacuum dust
collector to help manage this dust. When operating a grinder without a vacuum system, it's

crucial to wear an approved respirator to avoid inhaling the dust, which can be harmfu | to your
health.

Using coolant while grinding is highly recommended, as it helps in controlling dust and
reducing the risk of inhalation. This is especially important when grinding materials like
beryllium or components used in nuclear systems, where the dust requires meticulous control
due to its hazardous nature, as illustrated in Figure 1.87.
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Fig. 1.87 Face cover

4. Electrical safety

Machine operators are generally focused on the on/off switch of the machine they are using.
However, if any adjustment s or repairs need to be made, it's essential to disconnect the power
source. For machines that are permanently wired, the circuit breaker should be switched off
and tagged with a clear warning statement to prevent accidental re -energization.

While the powe r source is often not disconnected for routine adjustments, such as changing
machine speeds, caution is still necessary. If the speed change requires adjusting belts or pul-

leys, ensure that no one else can turn on the machine while the operator's hands are in contact
with these moving parts. This precaution is vital to avoid accidents.

1.4 Hazards
Hazards refer to conditions that pose a threat to the lives of humans and animals in their sur-
roundings. These hazards can lead to severe consequences such as nuclear fallout, the release

of poisonous gases into the atmosphere, oil or grease spills that can cause slips and falls, or
even fire accidents. Such hazards can result in serious health issues.

There are three primary types of hazards:

Chemical Hazard:  Involves exposure to harmful chemicals that can cause health problems or
environmental damage.

Physical Hazard: Includes physical conditions or objects in the environment that can cause
harm, such as noise, radiation, or extreme temperatures.

Ergonomic Haza rd: Arises from improper workstation setup, poor posture, or repetitive move-
ments, leading to musculoskeletal injuries and strain.

1.4.1 Chemical Hazards

The entry of foreign substances into the human body through various means is termed a chemi-
cal hazard. Chemicals can enter the human body through the following pathways:

Inhalation: ~ This is the most common way for chemicals to enter the body. When a person
breathes, chemicals can be inhaled and enter the respiratory system, leading to potential harm.

Inges tion: Chemicals can enter the body through swallowing, often occurring when eating,
drinking, or accidentally consuming contaminated food or liquids.

Absorption: - This process involves chemicals entering the body through the skin or eyes. Direct
contact wit h hazardous substances can lead to absorption, causing adverse effects.

1.4.2 Physical Hazards

There are of different types of physical hazards that are harmful for the workers:
i. Noise

ii. Vibration

iii. Temperature Extremes

Noise: When working with machinery, exposure to high noise levels can lead to temporary hear-
ing loss. Several factors significantly impact workers in this regard:
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Simultaneous Operation of Multiple Machines: When several machines generating high noise
levels are used at the same time.

Enclosed or Partially Enclosed Spaces: These environments can amplify noise, increasing ex-
posure levels.

Poorly Maintained or Malfunctioning Equipment: Machines that are not properly maintained

or are malfunctioning can produce exce ssive noise, further contributing to hearing risks.

Vibration:  While working with large equipment such as drillers, air mallets, pile drivers, trac-
tors, bulldozers, earth  -moving equipment etc., hand  -arm vibration usually occurs such as while
using power to ols, like pneumatic drills, grinders, etc.

Temperature Extremes d A transformation in body temperature due to risky work environmen-
tal conditions could incorporate stress or illness from heat or cold. If not treated in time, both
heat and cold stress/illne  ss can develop into life -threatening situations.

Heat illnesses causes and injuries: Substantial amount of work in very high temperatures
could lead to muscle cramps, dehydration and unconsciousness. A few symptoms of heat ill-
nesses are as follows:

1 Heatrash
Fainting

Heat cramps
Heat exhaustion
Heat stroke

= =4 =4 -4 -

Wearing resistant protective clothing when doing heavy work.

Cold illnesses cause and injuries: A cold temperature majorly causes tiredness, breathing dif-
ficulties and lack of consciousness (hypothermia). A few symptoms of heat illnesses are as fol-
lows:

1 Frostnip
1 Immersion injury (trench foot)
1 Frost bite
1 Hypothermia
1.4.3 Ergonomic Hazards

These hazards lead to aching & disabling injuries mainly in muscles and joints. These injuries
are due to following factors:

1 Repeating chores more than twice

1 Wrong way of holding a tool, wrong body language (gestures or movements) while work-
ing
Lifting heavy wei ght tools, regular lifting, or wrong method of lifting

Using unnecessary force
Using improperly maintained tools

= =4 =4 =

Using wrong tools for the job
 Hand -intensive work
The Ergonomic hazards also lead to musculoskeletal disorders (MSDs) and injuries.

Following a re the correct lifting procedures that must be followed at work to avoid Ergonomic
hazards:
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Chin tucked in
Comfortably straight back
Leaning slightly forward
Arms close to body
Secure grip

Bent knees

=A =4 =4 =4 =4 4 =

Proper foot position

Fig. 1.88 The correct lifting procedures

1.5 Common hazards that can lead to an accident:

Slip & fall at the work place due to spill of liquids, oils, water at the floors. To prevent this, non -
slip floor surfaces & fatigue mats must be provided at the shop floor.

Fig. 1.89 Spill of - liquids, oils, water at the floor

Use of faulty, defective & improperly maintained equipment to perform some operations leads to
accidents. A proper maintenance of equipment is recommended. Lifting heavy objects manually
leads to muscle tension & spinal in juries.

Improper store of chemicals & some dangerous substances leads to fire hazards & in few cases
it leads to explosions also. This can be prevented by make use of fire extinguisher.

Worn out hoses:

Naturally worn hoses over time

Fig. 1.90
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Precautionary Measures to Prevent from Workplace Hazards
1 Wear an appropriate PPE.
T Ensure that all tools, equipmentds, extension | e

 Ensure the machine and its tools are secured at all times. Also, check the work area is
kept free from any hazards.

1 Carry out regular maintenance of tools & equipment.

Fig. 1.92 Safety equipment to be used in workplaces
Summary
The tools and measuring instruments made human routine work easy.

Hand tools are simple pieces of equipment that you hold in your hands and use to do a par-
ticular kind of work.

A measuring tape, also known as a tape measure, is a hand -held tool used for measuring dis-
tances, lengths, and widths.

Drill bits are also cutting tools used with drill machines.
A round file is a hand tool that is used for shaping and smoothing round or curved surfaces.

A wattmeter is a device used to measure the electrical power consumed by a circuit or an
electrical device.

Phase tester is used for the detection of AC voltage.

Clamp meter is a measuring instrument, used to measure the amount of current flowing in a
wire.

Techo meter is used to measure the rotation of motors in air conditioner.
Power tools are used for installation work so fast and easily.

Allen key is a simple hand tool used to tighten or loosen screws and bolts with hexagonal
sockets.

An impact driver is a powerful tool used for driving screws and bolts into wood, metal, and
other materials.

CHECK YOUR PROGRESS

A. Multiple Choice Question

1. Ascrewisusually madeupof . (&) Treads (b) Springs (c) Threads (d) Strings

2. Which of the following equipment is used to measure the current without breaking the
circuit? (a) Ammeter (b) Voltmeter (c) Clamp meter (d) Multimeter

3. Which of the following equipment is used to measure the AC voltage? (a) Power meter (b)
Galvanometer (c) Ammeter (d) Megger meter

4. Which of the following tool is used for the removal of the insulation of wire? (a) Plier (b)
Wrench (c) Wire stripper (d) Hammer
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5. Which of the following is used to test the phase in t he wire? (a) Phase tester (b) Screwdriver
(c) Wire stripper (d) Combination plier

6. Wire is a portable handheld tool used by workers, especially electricians, for
removing the protective coating of an electric wire. (a) stripper (b) cutter (c) holde r (d)
breaker

7. Combination Plier can perform number of operations. It enables the user to perform the
operation such as cutting and gripping using a single tool. (a) combine (b) single (c)
double (d) Triple
8. Tong Tester/Clamp meter is a tool used to me asure flowing in a wire. (a) current (b)
voltage (c) Temperature (d) Power

9. A typical screwdriver has (a) has only shaft (b) has only handle (c) has a flat end at its tips
(d) a handle and a shaft

10. Multimeters are available in form. (a) digit al and analog (b) digital only (c) analog
only (d) Voltmeter

B. Fill in the blanks

1. Combination plier is used for and

2. Tong meteris alsoknownas __ meter.

3. InPhasetester _ bulb is used for the indication of live wire.

4. Multimeter is used for the measurement of resistance, voltage, and .

5. Clamp meter measure the

6. The flaring tool is a tool for piping for flaring that expands the pipe
opening of air conditioning piping.
Drill Machine is a tool primari ly used for making or driving fasteners
Hammer is a tool consisting of a piece of metal with a that is fixed onto the

end of a long, thin, usually wooden handle, used for hitting things, shaping of

9. Phase Tester is a tool, which is used to identify or conductor.
10. Metallic rod and mouth are a metal rod. The flat end (mouth) is used
asa

. State whether the following statements are True or False
Clamp meter is used to measure the current flowing inside the wire.
Multimeter is used for the testing of diode.
Combination plier is used for the stripping of the insulation in the wire.

C

1

2

3

4. Line tester is used for testing Resistance.

5. Multimeter can measure AC and DC voltage.

6. A screwdriver has a handle and a shatft.

7. A clamp meter requires unnecessary procedure of breaking the circuit to measure current.
8. The jaws of combination pliers open and close along with the handles.

9

Wire Stripper is a non-portable handheld tool used by workers, especially electricians, for
removing the protective coating of an electric wire.

10. Neon Bulb is used as phase indicator bulb.
D. Short Answer Questions

1. List out the uses of screwdriver.
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2. Does screwdriver have insulator and conductor. If yes, mention the parts, which are
insulator and conductor.

3. Write down the electrical quantities, which can be measure using multimeter?
Write down the different parts of combination plier. Mention its specific use.
5. Whatis the p urpose of line tester in electrical network?

Session 2. Sheet Metal

Sheet Metal

Sheet metal refers to metal and metal alloys that have been rolled into thin sheets, typically

ranging from 10 S.W.G. (Standard Wire Gauge) and thinner. It holds significant importance in

the manufacturing industry, playing a crucial role in meeting variou s everyday needs. Sheet
metal products are essential in numerous fields, including agriculture, construction, household

items, office and laboratory equipment, heating and air conditioning, transportation, decorative

work, toys, and more.

Using specialize d tools, various processes are applied, from surface development to actual
fabrication. Key operations in sheet metal work include cutting, rolling, bending, and shaping.

Common tasks involve creating seam joints, lap joints, fabricating cylinders and tray s, as well
as performing riveting and soldering applications.

Process of Metal working

Metalworking involves shaping and assembling metals to create individual parts, assemblies,

and structures. Hand tools play a crucial role in this process, allowing for the precise and
skilled manipulation of metal to achieve desired outcomes. These tools are indispensable in pro-

ducing a wide range of products, from intricate jewellery pieces to large -scale construction com-
ponents.

Metalworking hand tools are specificall y designed for tasks such as cutting, shaping, joining,

and finishing metal materials. Their primary characteristics include durability, precision, and

ergonomic design, ensuring effective and comfortable use. Additionally, features like non -slip
grips, ad justable settings, and compatibility with safety equipment enhance both the perfor-

mance and safety of these tools across various metalworking applications.

In the following sections, we'll explore some of the most essential metalworking hand tools,
highlig hting their features and specific uses.

Types of Metal Work Hand Tools

Along with all the high  -tech, electric, and pneumatic power tools used for metal fabricating, you
will need specific hand tools as well. Here are some types of metalwork hand tools:

Typ es of Metal Work Hand Tools

Hacksaw A fine -toothed cutting tool, designed for cutting metal such as steel and pipe.

Used for cutting metals in a cold state and designed to cut or shape thick met-

Cold Chisel
al.
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Ranging from lightweight  taper to a heavyweight sled, hammers are used for

Hammers shaping, forming, and striking metal surfaces during fabrication and forging
processes.

Mallet Generally used for shaping, forming, and pounding metal.

Snips Metalworking scissors that are able to cut metal roofing, flashing, metal

(Shears) sheets, and thin metal plates.

A bar of metal covered with serrations that is used for smoothing, shaping,

File .
and removing metal.
Bolt Cutters Designed for cutting through materials like bolts, chains, wire, and other met-
als.
Hacksaw

When considering metalworking hand tools, hacksaws are among the most essential. These fi-
ne-toothed cutting tools are specifically designed for cutting metal, such as steel pipes, but they
can also be quite effective for  cutting plastic when a specialized tool is unavailable.

Typically, hacksaws feature a C  -shaped frame that holds a blade under tension, making it easi-
er to cut through tubing and sheet metal. For optimal cutting results, you can adjust and use

different bla de sizes depending on your needs. A great example of this is the Ronix RH -3611
hacksaw, which features an ergonomic ABS grip and a sharp Bi -Metal blade, as illustrated in
Figure 2.1. This tool is designed for both comfort and precision, making it a reliabl e choice for

various cutting tasks.

Fig. 2.1 Hacksaw
Cold Chisel
Another essential metalworking hand tool worth highlighting is the cold chisel. These tools are
primarily used for cutting and shaping metals in a cold state, particularly when the material is
thick, making them a go  -to option when other tools like hacksaws or tin snips are less effective.
Cold chisels are made from hardened steel and feature a beveled cutting edge along with an oc-
tagonal handle, offering both durability and control. They ar e especially useful for tasks such as
chopping through metal screws, bolts, rivets, brackets, and nails, as illustrated in Figure 2.2.
Their robust design allows for precise cutting and shaping in various metalworking applications.
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Fig. 2.2 Cold Chisel
Hammers

A reliable hammer is a fundamental tool in any metalworking toolkit. When assembling your
collection of metalworking hand tools, a high -power hammer should be at the top of your list.

Hammers are available in various shapes and sizes, each tailored to specific tasks or metal
thicknesses. From lightweight hammers for delicate work to heavy -duty sled hammers for stub-
born metal pieces, the right hammer can make a significant difference in your project.

For instance, the Ronix RH -4726 and RH -4751 Claw Ha mmers are excellent choices for metal-
working. They feature non -slip rubber grip handles for enhanced control, and their heads are
made from drop -forged polished steel, ensuring maximum strength and a long service life, as
shown in Figure 2.3. These hammers are designed to meet the demands of various metalwork-
ing applications.

Fig. 2.3 Cold Chisel

Mallet
Mallets are among the most crucial metalworking hand tools, primarily used for shaping, form-
ing, and pounding metal in various work environments. These tools can have faces made of

wood, plastic, metal or rubber, depending on the specific application.

It's important to distinguish between hammers and mallets. Hammers typically have smaller,

metal heads designed to deliver blunt force, making them ideal fo r tasks requiring significant
impact. On the other hand, mallets feature larger, round heads made from softer materials like

wood, rubber, or metal. This design allows mallets to be used on surfaces without leaving
marks, making them suitable for more deli cate work.

Mallets are generally crafted from soft materials, which prevent damage to the workpiece, while
hammers are made of pure steel, enabling them to strike with maximum force. This difference is
visually represented in Figure 2.4.

Fig. 2.4 Mallet
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Snips, also known as shears, are essential hand tools in metalworking, specifically designed for
cutting through metal sheets and other tough materials. These tools come in various types,

each suited for different applications and metal thic knesses. Snips are versatile and can be used
to cut metal roofing, flashing, thin metal plates, and another sheet metal.

Snips (Shears)

There are two primary types of snips:

Tin Snips: These snips have long handles and short blades, making them ideal for cutting low -
carbon tin or mild steel.

Compound Action Snips: These snips, designed for cutting through steel or softer materials,
use a compound mechanism that enhances cutting power. W hile they are primarily used on
mild steel, they can occasionally be used on stainless steel without causing damage.

For those seeking a professional -grade tool, the Ronix RH -3901 Aviation Snip is an excellent
choice. It is capable of cutting through cold -rolled steel and stainless steel, featuring a high -
leverage design and an ergonomic TPR handle for comfort and efficiency, as shown in Figure

2.5.

Fig. 2.5 Snips

Files

A file is a crucial hand tool in metalworking, primarily used for the material removal process. It
is designed to remove fine amounts of material from a workpiece, allowing for precise shaping,
smoothing, and finishing of metal surfaces. A file is typically a metal bar covered with serrations

or sharpened scales, which effectively cut and s hape the material as it is moved across the sur-
face.

Files come in a wide range of types and are available in various lengths and shapes, including
cylindrical, triangular, and rectangular profiles, each suited for different applications.

For anyone starti ng in metalworking, whether a beginner or a DIY enthusiast, having the right

hand tools is essential. These tools are particularly valuable as they are more affordable than

electric or advanced metalworking tools, making them accessible even on a low budge t. Equip-
ping yourself with these basic hand tools can be easily done at any tool shop, ensuring you have

what you need to carry out metalworking tasks effectively.

Bolt Cutters

Bolt cutters are specifically designed to cut through tough materials such as b olts, chains,
wires, and other metals. In metalworking, they are especially useful for cutting through metal
rods, bolts, and other items that require significant force to cut.

Bolt cutters feature two long handles, often equipped with rubber or plastic gr ips to enhance
comfort and control. At the end of these handles are leveraged cutting jaws, which are typically

made from hardened steel for maximum durability and cutting efficiency. These jaws come in

various designs to accommodate different types and si zes of materials, making bolt cutters ver-
satile tools for a range of metalworking tasks.

Hand Tools for Sheet Metal Work
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Sheet metal work requires hand tools that are specifically designed to meet the unique demands

of working with thin metal sheets. Essen tial tools in this category include aviation snips (shears)
and sheet metal hammers, which are crucial for cutting and shaping the metal. Aviation snips

are perfect for making precise cuts, while sheet metal hammers help in forming and shaping the
material . Additionally, bench anvils play a vital role by providing a stable surface for secure join-

ing and forming operations, making these tools indispensable in any sheet metal workshop.

Hand Tools for Cutting Metal

Among Hand tools used for metal work, the fol lowing are specifically used for cutting the work-
piece.

Hacksaws
Snips

Bolt cutters
Metal shears

Files

Hacksaws are versatile tools ideal for cutting thin metal sheets, pipes, and rods. Aviation snips

are specifically designed for cutting sheet metal into various shapes with precision. Bolt cutters
are used for cutting through thick metal rods or bolts, providing significant cutting power. Metal

shears are excellent for making clean, straight cuts in thin to medium -thick metal sheets. Files
are used for sha ping and smoothing metal surfaces to achieve a refined finish.

Summary

A fine -toothed cutting tool ideal for cutting metal, typically featuring a C -shaped frame with an
adjustable blade.

Used for cutting and shaping thick metal in a cold state, made of har dened steel.

Available in different sizes for various metal -shaping tasks, from lightweight for delicate work to

heavy -duty sled hammers.

Similar to a hammer but with softer heads, often used for shaping metal without damaging the
surface.

Used for cutting metal sheets and thin metal plates. Tin snips and compound action snips are
common types.

Used for smoothing, shaping, and removing fine amounts of metal from workpieces.

Designed to cut through tough materials like bolts and chains, featuring long handle s for
greater leverage.

Hacksaws are crucial for cutting thin metal sheets and pipes with adjustable blade sizes for
different needs.

Cold Chisels are vital for cutting through thick metal, screws, bolts, and nails when more
delicate tools are insufficient

Hammers are versatile, with various types like claw hammers for shaping and striking metal
surfaces.

Mallets are essential for shaping metal without causing surface damage, useful for delicate
applications.

Snips (Shears) are specialized for precise cutt  ing of metal sheets, with tin snips for softer metals
and compound action snips for tougher materials.

Files smooth and shape metal surfaces, an essential step for finishing work.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Field Technician o Air Conditioner , Grade Xl

Metal cutting tools include hacksaws, snips, bolt cutters, metal shears, and files. Each serves
different purposes, from making precise cuts to shaping metal surfaces for a clean finish.

CHECK YOUR PROGRESS

A. Multiple Choice Question: -

1. What gauge of sheet metal is typically used in manufacturing? a. 5 S.W.G. b. 10 S.W.G. c.15
S.W.G. d. 20 SW.G.

2. Which of the following is not a common application of sheet metal products? a. Agriculture b.
Construction c. Painting d. Household items

3. What is the purpose of a mallet in metalworking? a. Cutting metal b. Shaping and form ing
metal c. Smoothing metal surfaces d. Riveting metal

4. Which metalworking tool is designed for cutting metal rods, bolts, and chains? a. Hacksaw b.
Cold Chisel c. Bolt Cutters d. Snips

5. Files are typically used for: a. Shaping and smoothing metal sur faces b. Cutting metal sheets
c. Riveting metal parts d. Welding

6. Which of the following tools uses a compound mechanism to increase cutting power? a. Tin
Snips b. Cold Chisel c. Hacksaw d. Compound Action Snips

7. What type of hammer is often used in de licate metalworking tasks? a. Sled hammer b. Claw
hammer c. Ball -peen hammer d. Mallet

8. Which tool is primarily used to cut metal in a cold state? a. Hacksaw b. Cold Chisel c. Snips
d. Mallet

9. In metalworking, what is the main feature of a hacksaw? a. Adjustable tension blade b. Com-
pound cutting mechanism c. Beveled cutting edge d. Large round head

10. Which tool is typically used for making straight cuts in sheet metal? a. File b. Hammer c.

Metal shears d. Bolt cutter

B. Fill in the blanks

1.Sheetmetal typically ranges from éééé.. S.W G. and th
2 . & é éjeéints are commonly used in sheet metal fabrication.

3. The tool used to cut bolts, chains, and wires is called eéeéée.

4. é¢éééé are designed for shaping and forming metal w

.A é é é é . isafine -toothed tool used for cutting metal pipes and sheets?

,,,,,

.Afileisusedfor é éé . and é é é é surfaces.

,,,,,

5
6
7. The tool with a beveled cutting edge used to cut t hick metaliscalleda é é é é .
8
9

10. The handles of bolt cutters are often equipped with € é é é grips for comfort and control.
C. State wheth er the following statements are True or False

1. A cold chisel is used for cutting metal in a heated state.

2. Hacksaws can be used to cut both metal and plastic.

3. Bolt cutters are primarily used for shaping metal surfaces.

4. Mallets are generally used for shaping metal without leaving marks.
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5. Files are used for cutting metal sheets into various shapes.

6. Snips, or shears, are used to cut through metal roofing, flashing, and thin metal plates.
7. Tin snips are used to  cut stainless steel regularly.

8. The shape of a hammer is not important in metalworking.

9. Files come in various shapes and are essential for smoothing metal surfaces.

10. A hacksawds frame hol ds t he bl ade underhsheg nsi o
metal.

D. Short/Long Questions: -

What is the primary function of a cold chisel in metalworking?

Describe the main difference between a hammer and a mallet in metalworking.
What are snips used for in sheet metal work?

Explain the role of bolt  cutters in metalworking.

ok Wb

What is the purpose of using a file in metalworking

Session 3. Welding, Brazing and Soldering

3.1 Welding

Welding is a fabrication technique that joins materials, such as metals, by applying heat at high
temperatures. Unlike  soldering and brazing, which do not melt the base metal, welding involves
melting the base metal along with the filler material to form a strong bond. Once cooled, both
the base metal and filler material fuse together, creating a solid joint.

The developme nt of welding can be traced back to the quest for efficient methods to shape iron.

Early welding efforts produced hardened steel blades through carburization of iron. Initially,

these blades were brittle, but the technigque evolved with the interlaying of r igid and soft iron
with high -carbon material and hammer forging, leading to tougher and more durable blades.

In welding, filler material is crucial; it forms a molten pool that bridges the base metal and
creates a robust connection. After the welding proce ss, shielding techniques protect the weld
from oxidation and contamination. Various energy sources are used in welding, including gas
flames, electron beams, electric arcs, LASERSs, and friction. Understanding the different types of
welding processes can he Ip in selecting the appropriate method for specific applications.

3.2 Types of Welding

There are many types of welding used for various purposes under different situations.

1. Arc welding
a) Shielded metal arc welding
b) Gas metal arc welding
c) submerged arc welding
d) flux -cored arc welding

2. Electroslag welding

3. Laser beam welding

4. Electron beam welding

5. Magnetic pulse welding

6. Friction stir welding
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7. Forge welding

8. Oxy -fuel welding

1. Arc Welding

Arc welding is a highly prevalent welding technique used today. It operates by generating an
electric arc between an electrode and the metal workpieces, creating intense heat that melts

both the electrode and the base metal. This melting allows the materials to fuse together.

During arc welding, small dropl  ets of molten metal are transferred from the electrode to the
weld joint, which solidify to form a durable bond. This versatile method can be applied to

various metals and thicknesses, utilizing the focused heat of the arc to achieve efficient and
effectiv e welding, as shown in Figure 3.1.

SMAW
welding
machine

Fig. 3.1 Arc Welding

a). Shielded Metal Arc Welding

Shielded Metal Arc Welding (SMAW), also known by various names such as flux shielded arc
welding, manual metal arc welding, or stick welding, is a manual welding proce ss. It involves
using an electrode coated with flux to carry out the welding operation, as depicted in Figure 3.2.

In SMAW, either an AC or DC power supply creates an electric arc between the electrode and
the metals being joined. The arc generates the necessary heat to melt both the electrode and the
base metal, facilitating the welding process.

A Welding Holder
Electrode ‘_
Weld \ > Welding
N Power Supply

Workpiece

Fig. 3.2 Shielded Metal Arc Welding
b). Gas Metal Arc Welding

Gas metal arc welding in which an electric arc is formed between a consumable metal inert gas
wire electrode and the workpiece metal. The generated heat melts the workpiece metal and is
then joined. It is a semi  -automatic or automatic process which uses AC or DC from the power
supply as shown in Figure 3.3.
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Shielding Gas
Regulator

Wire Drive

:

= ~———1 Electrode
Supply
Welding Gun Power Source ShigggquGas

Fig. 3.3 Gas Metal Arc Welding
¢). Submerged Arc Welding
Submerged arc welding is a type of arc welding process that involves forming an arc between the
electrode and the workpiece. A blanket of granular fusible material shields the arc on the work
as shown in Figure 3.4.

Wire reel Flux hopper

Electrode
wire

Power source Control system

lead

Wire guide and i
contact tube ——— Flux nozzle

Work lead - - [*» S e Workpiece

Travel direction

Fig. 3.4 Submerg ed Arc Welding
d). Flux -Cored Arc Welding
Flux -cored arc welding is a semi  -automatic or automatic arc welding process. Flux -cored arc

welding is similar to the metal active gas welding process. It uses a continuous wire fed
electrode and a constant  -voltage welding power supply as shown in Figure 3.5.

Current conductor
T _selt-shielded

cored wire

Self-shielded gas +———— Insulated guide

Solidified Contact tip
weld metal

I
Slag Molten weld metal

Fig. 3.5 Flux -Cored Arc Welding
2. Electroslag Welding

Electroslag welding is the most effective welding used to weld materials more significant than 25

mm up to about 300 mm. In electro slag welding, heat is generated by passing electricity
between the filler metal and the workpiece through a molten slag covering the weld surface as
shown in Figure 3.6.
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Wire reel
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Work
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ing shoe
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Fig. 3.6 Electroslag Welding
3. Laser Beam Welding

Laser beam welding is the process in which the metal o r thermoplastic materials are joined
together with the aid of LASER (Light Amplification by Stimulated Emission of Radiation). It is

an efficient technique that can perform deep welds. Laser beam welding is a non -contact
process requiring access to the wel d zone from one side of the welded parts. Since the LASER
beam is monochromatic and single phased, without any divergence, high energy light produced

is channelized to perform welding as shown in Figure 3.7.

>
Laser beam —— > Welding Direction
Melt pool ‘ |
Solidified seam \ <— "Plasma” plume
: Joining gap
Keyhole
Seem root
Fig. 3.7 Laser Beam Welding
4. Electron Beam W  elding
Electron beam welding is a technique in which high -velocity electrons are applied to the
materials to be welded. Electron beam welding is undertaken under vacuum conditions to
prevent dissipation of the electron beam. The kinetic energy from the ele ctrons is transformed

into heat, and the materials are welded. The electron gun is used to generate electrons, and the
electron gun helps control the flow of the electrons. Electron beam welding is performed in a
vacuum condition to avoid the scattering of electrons as shown in Figure 3.8.

Deflection/Focus
Coils

Vacuum Chamber

Fig. 3.8 Electron Beam Welding
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5. Magnetic Pulse Welding

Magnetic pulse welding is a technique that uses magnetic force to weld two materials together.
It is the solid -state welding developed in 1970 and is used extensi vely in automotive industries.
It is the fastest way of welding, which consumes only microseconds without the need for welding
consumables or shielding gases as shown in Figure 3.9.

Hoge-snelhe|ds Ultwendlg werkstuk

schakelaar
Oplader
. Magn.
Voeding ]| S == ved
|| apacnenen \

Inwendig werkstuk

Fig. 3.9 Magnetic Pulse Welding
6. Friction Stir Welding

Friction stir welding is also a solid -state welding process that uses frictional heat generated by a
rotating tool to join materials.

The tool, equipped with a profiled probe and shoulder, is rotated and plunged into the interface
between two workpieces. The tool, when moved along the joint line, causes the material to heat
and soften. The shoulder also acts to contain this plasticized material, which is mechanically
mixed to create a solid phase weld as shown in Figure 3.10.

Rotational speed
Tool material

Workpicce

__Axial Forc
of tensile = s eiat toree
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Fig. 3.10 Friction Stir Welding

7. Forge We |ding

Forge welding is the early version of welding where it was used to join the small iron pieces to
make larger valuable pieces. It is the simplest welding method where two metals are heated and
joined, and later hammered for the finishing purpose as shown in Figure 3.11.

&

S

Fig. 3.11 Forge Welding

8. Oxy -Fuel Welding

Oxy -Fuel Welding, also known as oxy welding, gas welding, or oxy -acetylene welding, utilizes the
combustion of fuel gases such as acetylene and oxygen to weld or cut metals. Developed by
French engineers Edmond Fouché and Charles Picard in 1903, this process involves mixing
acetylene and oxygen in specific ratios within a hand -held torch or blowpipe. The resulting
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flame can reach temperatures of up to 3,200 degrees Celsius. By adjusting the oxygen-to-
acetylene ratio, the flame's intensity can be controlled, making it suitable for various welding
tasks, as shown in Figure 3.12.

Welding

Torch Pressure Regulators

| I

Weld Joint

Formation 3 Needle Valves

| Oxygen Cylinder
L

Work Piece Fuel Gas Cylinder
(Black)

Fig. 3.12 Oxy -Fuel Welding
3.3 Advantages and Disadvantages of Welding
Advantages
1 Welding establishes strong, dura  ble, and permanent joint links.
1 Itis a simple process that results in a great finish.

1 The technique, when used with filler material, produces a stronger weld than the base
material.

1 It can be performed at any place
It is an economical and affordable proce SS

9 Itis used in various sectors like construction, automobile, and many more industries.
Disadvantages

9 Itis hazardous when performed under the safety and security guidelines.

1 Itis a difficult task to dismantle the joined material through welding.

1 Requires skilled labour and electric supply.
3.4 Step by step Guide to Welding and Repairs

Repair welding is a vital process in constructing and maintaining components and structures.

This technique ensures that the repaired sections achieve the same stati ¢ strength, impact re-
sistance, ductility, and tensile stress levels as the original base material. Repair welding is con-
sidered a standard practice, where the damaged or cracked portion of a component is removed

using arc gouging, and the material on both sides of the crack is then welded together to restore
the integrity of the component.

Repaired components are more serviceable than the original parts as it is possible to reinforce
them. Moreover, weld repairs are frequently more cost -effective because the expense of a re-
placement part generally exceeds the cost of repairing the damaged part.

Systematic process for Successful Repair Welding

Repair welding can be approached in a methodical way to ensure the creation of a functional
and reliable component.  Alternatively, it can be done sporadically, but this often leads to
poor construction quality, which can result in hardware failure, warranty repair claims, and
customer complaints. To prevent these negative outcomes, it's crucial to follow a systematic
process for successful repair welding:

1. Welding Procedure: All welders must be able to access the welding procedure, which
should include detailed information about the methods that will apply. The following tech-
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niques are the four most commonly used in t he welding industry.

1 Gas metal Arc welding

1 Gas Tungsten Arc welding

1 Shielded Metal Arc welding
1 Fluxed Cored Arc Welding

Fig. 3.13

2. Welding Equipment: Securing the appropriate and sufficient welding equipment is criti-
cal to avoid potential delays. The re should also be equipment on standby, including holders,
grinders, wire feeders, cables, and other welding accessories.

\\\ W/

Fig. 3.14
3. Materials:  Welders must ensure that adequate materials are available through the repair
welding process. These materials include properly -stored filler metals and insert and rein-

forcement pieces. The method also requires shielding gasses, fuel for temperature contro l,
and another fuel type for engine  -powered welding equipment.

Fig. 3.15

4. Alignment Markers: Alignment markers are indicators used before the welding process
for easy setting. They can be as simple as center draw marks placed throughout the joint.
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Fig. 3.16
5. Welding sequence:  The welding sequence is the order in which the weld beads are depos-
ited in the workpiece. I't can affect the wel dn

selecting an appropriate sequence for the application is critic

Fig. 3.17
The following are the most common welding sequences:

1 Stringer Beads
1 Skip Welding
1 Staggered Welding

6. Safety: You should not neglect safety throughout the welding process. For example, when
fuel gasses are used for preheating, ventilation is required to ensure that air contaminants
are removed from the welder6s breathing zone.

Fig. 3.18
7. Weld Quality: ~ You must check the weld quality regularly to ensure smoothness and the
absence of notching and reinforcing. It must also flow as smoothly as possible throughout

the existing structure to be usable. In addition, grinding is applied to keep the contours

smooth and flowing.

Fig. 3.19
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3.5 Brazing: Brazing is a joining process in which metals are bonded using a filler material that

has a melting (liquidus) temperature above 450°C (840°F) but below the melting point of the

base metals being joined. During the process, the molten filler metal is drawn into the narrow

gap between the closely aligned surfaces of the parts to be joined, utilizi ng capillary action to
create a strong bond.

3.6 Types of Brazing

Braze welding is a brazing technique used when the surfaces to be joined have a gap greater
than 0.5 mm. Due to the larger distance between the surfaces, the filler metal used must have a
higher strength than the parent material to ensure the joint's durability. It's important not to
significantly exceed the filler metal's liquidus temperature to prevent it from seeping out of the

joint. The seam preparation and working methods in braze weld ing are similar to those used in
gas welding. This technique is particularly useful for joining galvanized steel pipes, as depicted

in Figure 3.20.

Fig. 3.20
3.6.1 Gap Brazing

In gap brazing, the workpieces are carefully prepared to create narrow capilla ry gaps at the
joints. These gaps are uniformly heated to the brazing temperature along their entire length.

The liquid filler metal is then drawn into the gap by capillary action, ensuring a strong and pre-

cise bond, as illustrated in Figure 3.21. Gap braz ing is the predominant method used in most
brazing operations due to its effectiveness in creating robust joints.

Brazing filler metal

Parent material

Fig. 3.21 Flow of filler metal during gap brazing

When brazing a joint in an open atmosphere with the use of flux, the filler metal must be capa-
ble of displacing the flux from the gap as it penetrates. In gap brazing, it's common to exceed

the liquidus temperature of the filler metal by 20 to 50 °C to ensure that the gap is uniformly

filled with the molten metal, leading to a strong and comple te bond.

3.6.1.1 Capillary Attraction

The narrower the joint gap, the greater the capillary attraction will be. For instance, with a par-

allel gap of 0.1 mm, the capillary pressure can reach approximately 100 mbar (10 kPa), which
corresponds to a filler met al rise height of about 10 cm (assuming a filler metal density of 10
g/cm3), as illustrated in Figure 3.22. These theoretical rise heights have been validated through

practical testing, confirming the effectiveness of capillary action in filling narrow gap s during the
brazing process.
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Fig. 3.22 Capillary pressure dependent on gap width

Properly dimensioning joint gaps and ensuring the cleanliness of brazing surfaces are critical for
optimizing capillary attraction during brazing. If the gaps are too large or the surfaces are not
adequately cleaned, the capillary pressure decreases, which can result in only partial filling of

the brazing gaps. For brazing in protective gas atmospheres or vacuum, gaps smaller than 0.05

mm are ideal due to the high capillary pressure they generate. In mechanized brazing with flux-

es, a gap range of 0.05 to 0.2 mm is recommended, as this range provides sufficient capillary
attraction to ensure that the filler metal penetrates and fills the gap adequately. Gaps wider

than 0.2 mm are challenging to fill and are not suitable for mechanized brazing. Manual brazing

can handle gaps up to 0.5 mm, but beyond this size, the low capillary pressure makes it difficult

to achieve reliable and uniform filling of the gaps with filler metal.

The minimum gap size for brazing with flux is determined by the need to draw enough flux into
the gap to remove any oxides present on the surfaces. The appropriate gap width ranges for dif-
ferent brazing techniques are illustrated in Figure 3.23.

I
Gap Brazing

Brazing with inert gas
Brazing with flux, automated
Brazing with flux, manual

mareweiang | 11T

Brazing with flux, manual

0 005 010 015 020 030 0,40 0,50
Gap width [mm]

Fig. 3.23 Gap with for various brazing technique

Besides the gap size, the geometry of the gap plays a crucial role in capillary attraction and,
consequently, the quality of brazing results. The capillary pressure in a fillet joint is 4.5 times
higher than in a regu lar parallel gap between flat surfaces, as illustrated in Figure 3.24. This
increased pressure in fillet joints enhances the capillary action, leading to more efficient filling
of the brazing gap and better overall brazing performance.

500

400 —

300 —]

200 1= o 4

Capillary pressure [mbar]

100 +— —4— 4+ 4 4 -

= QAl

Fig. 3.24 Capillary pressure dependent on gap geometry

0

3.6.2 Surface Brazing
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Surface brazing is used to enhance the properties of component surfaces rather than joining

parts. In this process, filler metals and optional additives are applied to the surfaces of the p ar-
ent material to improve hardness and provide protection against wear and corrosion. Compo-

nents that experience high stress, such as ventilator fan blades, mill housings, heavy -duty
transport pumps, and hydraulic and pneumatic cylinders, pistons, and pist on rods, are coated

with a hard material brazing layer. This layer is then melted in a furnace to create a compact,
smooth surface with minimal porosity, offering increased durability and resistance to wear, as
shown in Figure 3.25.

Wire feed

Aluminium

Steel
A 125080
20°C l

Weld seam

Fig. 3.25 Surface Bra  zing
3.6.3 Torch brazing

A heating source for brazing can be supplied by a fuel gas flame, with gases such as butane,
acetylene, or propane being commonly used. This method often employs copper -phosphorus or
silver brazing fillers, making it versatile for both single and multiple joints. However, the process

is operator -sensitive, requiring careful control to achieve optimal results, as depicted in Figure

3.26.
()xéien /

Acctylene

C2H2
Filler Metal g

\Y

Flame

Joint Detail

Fill of filler metal

Basc Metal
(Copper)

P

Fig. 3.26 Torch brazing
3.6.4 Induction brazing

Electric coils, tailored for specific joint geometries, are employed to heat both the part and the
brazing filler material until the molten metal flows into the joint through capillary attraction.

This method is commonly used for brazing with copper -phosphorus and silver alloys. It provides
rapid he ating cycles, especially effective for ferrous metals, as illustrated in Figure 3.27.

Fig. 3.27 Induction brazing
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3.7 Working temperature

When a brazing material is heated to its solidus temperature, it begins to melt. As the tempera-
ture continues to ri  se, more of the alloy turns into a liquid until, at the liquidus temperature,
the alloy is entirely liquid. Throughout this melting range, the proportion of the liquid phase in-
creases relative to the solid phase as the temperature increases.

To achieve a s uccessful brazed joint, the brazing alloy must reach a temperature where it is suf-

ficiently fluid to flow into the capillary gap between the joined surfaces. This temperature is

known as the O6working temperatured of rttharethelsaliduz i ng ¢
temperature but lower than the liquidus temperature of the alloy. For example, the Phos series

alloys produced by Tesco Limited have a solidus temperature around 645°C and a liquidus tem-

perature near 800°C. However, these alloys become s ufficiently fluid for brazing at temperatures

as low as 700°C, allowing for effective capillary flow and joint formation.

3.8 Differentiation Between Welding and Brazing

In welding, materials of the same type, such as steel with steel or aluminum with alum inum,
are typically bonded together. The weld metal used has a similar composition to the parent ma-
terial, making it specific to the material being welded.

In contrast, brazing and soft soldering allow for the joining of both similar and dissimilar met-

als, such as steel with copper or copper with brass. The filler metal used in these processes,
known as the brazing alloy or solder, is generally not specific to the parent materials. The com-
position of the filler materials can vary significantly from that of the parent materials, as illus-
trated in Figure 3.28.

Temperature
Temperature

parent material and filler metal have Udifferent materials filler metal melts prior
| t identical melting temp to parent materials

Fig. 3.28 Schematic comparison of temperature of welding and brazing
3.9 Soldering

Soldering is a process of connecting any two metallic surfaces such as copper, brass and alloys
of these metals. Some types of solder joints are shown in Figure 3.29.

Fig. 3.29 Soldering
There are two types of soldering
1. Hard soldering or Brazing - used for joining large metal parts.
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2. Soft soldering & used to form good electrical joints/connection between electrical/electronic
parts.

Soft soldering is used extensively for electronic circuit wiring
Need for soldering
Requirements of an electrical joint

1. The electrical joint must provide ideally zero resistance or at least a very low resistance
path, for the flow of current.

2. The electrical joint made should be strong enough to with stand vibrations, physical shock,
bumps etc, without causing any deterioration to the quality and strength of the joint.

3. The electrical joint should be able to withstand corrosion a nd oxidation due to adverse at-
mospheric conditions.

All the above requirements of an electrical joint can be achieved by making a solder joint.
3.9.1 Solder

In a soldered joint, the solder typically consists of a mixture of metals, usually tin (Sn) and lead
(Pb). This alloy is designed to melt at a specific temperature and acts as a filler material between

the parts of the joint, creating a continuous, low -resistance metallic path for electrical conduc-
tion.

During the soldering process, the liquid solder wets the metal surface, ensuring a free flow over
it. This interaction initiates a complex chemical reaction that bonds the solder to the metal sur-

face. As the solder cools, the tin (Sn) content diffuses into the metal surface, forming a layer of a

new al loy. This alloy maintains the structural properties of the constituent metals, providing the
necessary metallic properties and strength for the joint.

3.9.2 Soldering and soldering irons

During soldering, the solder is melted between the metallic surfaces of the joint using a solder-
ing iron, as depicted in the figure. A soldering iron is a tool designed to generate the necessary
heat for soldering.

Soldering irons are available in various wattage ratings, ranging from 10 watts to over 150

watts. The choice of wattage depends on the type, size, and heat sensitivity of the components

being soldered. Most soldering irons operate on a 240V, 50Hz AC mains supply, although there

are specialized models that function on DC supply as well. For soldering delicate comp onents,
soldering irons with temperature control features, known as soldering stations, are used to en-

sure precise temperature regulation.

3.9.3 Soldering iron tips

Soldering irons come with a range of tip sizes and shapes, allowing for versatility in vari ous sol-
dering tasks. The selection of the soldering iron and tip should be based on the specific re-
guirements of the joint to be soldered. Choosing the right combination is crucial for achieving a

high -quality soldered joint. Additionally, to ensure effect ive soldering, it is essential to keep the

tip of the soldering iron clean at all times.

3.9.4 Soldering FLUX

Most metals develop a protective oxide layer on their exposed surfaces, which forms quickly on
newly exposed metal and thickens over time. This ox ide layer can interfere with the soldering
process, so it must be removed before making a soldered joint.

Flux is used to address this issue by first dissolving the thin layer of oxide from the metal sur-
faces to be joined. It then forms a protective blanke t over the metal to prevent further oxidation
until the solder can flow over and bond with the joint surface. However, for thicker oxide layers,
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an abrasive method may be necessary, as some fluxes are not effective at removing these more
substantial oxide layers.

3.9.5 Basics of Soldering
3.9.5.1 Materials required for Soldering
A. Soldering Iron
1 A soldering iron is used to heat the connections to be soldered.

9 For electronic circuits, you should use a 25 - to 40 -watt (W) soldering iron.
9 Higher wattage sold ering irons are not necessarily hotter; they are just able to heat larger
components.
1 A 40-W soldering iron makes joints faster than a 25 -W soldering iron does.
B. Solder/Soldering Lead (Rosin Core Solder)
Melting Point: Solder has a lower melting point th an the metals being joined. When heated by

the soldering iron, the solder melts while the metals remain solid.

Flux: The rosin core in solder acts as a flux, preventing oxidation of the metals being connected
and enhancing the solder's ability to wet the s urfaces and form a strong bond.

Core Types: Solder used for copper pipes typically has an acid core, which is suitable for
plumbing but can corrode electronic connections. For electronics, use solder with a rosin core.

Diameter. For most electronics work, solder with a diameter of 0.75 mm to 1.0 mm is ideal.
Thicker solder can make it challenging to work on small joints and increases the risk of solder
bridges between copper pads.

Alloy Composition: A common solder alloy for electronics is 60/40 (60% tin, 4 0% lead). Lead -
free solders are also available for those who prefer or require them.

C. Soldering Stand

1 There are a variety of stands available. It is important to always keep the hot iron in its
stand when not in use.

D. Sponge

9 The damp sponge is used to ~ clean the tip of the iron.
E. Solder Braid

9 This is used to remove solder.

9 To use the braid, place it over the solder to be removed and heat it from above with the
iron. The solder will flow into the braid.

9 Solder braid is used to extract an electronic comp onent that is soldered onto a board.
9 Itis also used to reduce the amount of solder on a connection.
F. Prototype Board
9 A prototype board is used to assemble the circuit.
9 Prototype boards have copper tracks or pads for connecting components.
G. Steel wool or Fine Sandpaper
1 This is used to clean connections prior to soldering.
1 Solder will not flow over a dirty connection as shown in Figure 3.30
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wm—_

\ Soldering iron in stand

—Damp sponge

Wire strippers

Prototype
board

Solder braid

Fig. 3.30 Materials of Soldering
3.10 Process of Soldering
1. Solder needs a clean surface on which to adhere.
91 Buff the copper foil of a PC board with steel wool before soldering.
1 Remove any oil, paint, wax, etc. with a solvent, steel wool, or fine sandpaper.

2. To solder, heat the connection with the tip of the soldering iron for a few seconds, then
apply the sold er.

9 Heat the connection, not the solder.

1 Hold the soldering iron like a pen, near the base of the handle.

91 Both parts that are being soldered have to be hot to form a good connection.
3. Keep the soldering tip on the connection as the solder is applied.

M Solder will flow into and around well -heated connections.

9 Use just enough solder to form a strong connection as shown in Figure 3.31.

Tip of soldering iron Solder wire
Circuit
board \ Copper pad on board
[ ]

[IIIP\ Lead from component

Fig. 3.31 Process of Soldering

4. Remove the tip from the connection as soon as the solder has flowed where you want it
to be. Remove the solder, then the iron.

5. Don't move the connection while the solder is cooling.

6. Don't overheat the connection, as this might damage the electrical component you are
soldering.

i Transistors and some other components can be damaged by heat when soldering. A
crocodile clip can be used as a heat sink to protect these components as shown in Figure
3.32.

Fig. 3.32 A crocodile clip for heat sink
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7. Soldering a connection should take just a few seconds.
8. Inspect the joint closely. It should lo ok shiny.

1 If you are soldering a wire (called the lead) onto a PC board (on the track), it should have
a volcano shape.

1 If the connection looks bad, reheat it and try again as shown in Figure 3.33.

Good join g

Fig. 3.33 Inspect the joint closely
9. Wipe the tip of the iron on a damp sponge to clean it. The tip should now be shiny.
10. Unplug the soldering iron when it is not in use.
3.11 Desoldering

The reverse process of soldering is desoldering. It is a process of removal of solder and compo-

nents mounted on circui  t boards. The soldered joint is removed by the process of desoldering.

For this purpose, a small vacuum pump is used to remove solder from the plated through holes.

The lead over which the desoldering tip was placed is moved in a circular motion for rounde d
leads and back and forth for flat leads as shown in Figure 3.34.

Fig. 3.34 Desoldering
3.11.1 Basics of Desoldering and Materials Needed for Desoldering
Solder Sucker/ Desoldering Pump

The most commonly used and convenient equipment needed for desoldering is the desoldering
pump. A good manual solder sucker like this one works pretty well for selectively removing
through holes parts from a PCB. Cheaper and smaller units do not work as well. They're
marketed as compact but they don't work as well due to the limited stroke length and smaller
cylinders as shown in Figure 3.35.
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Fig. 3.35 Solder Sucker/ Desoldering Pump

Desoldering Process

One of the nicest ways to desolder a component involves using a desoldering pump. A
desoldering pump is essentially a small, high pressure vacuum. After heating up the solder, you
can use the desoldering pump to suck the solder up and out of the way. Here are the basic
steps for using a hand -powered desoldering pump as shown in Figure 3.36.

Plung
&5 .g!

Release Button

N o=
Fig. 3 .36 Desoldering process
1. Heat up the solder you want to remove with a soldering iron (some desoldering pumps also
come with attached irons).
2. Press down on the plunger (If your pump has a bulb, just squeeze the bulb).
3. Once the solder is molten, place the tip of the desoldering pump against the solder that you
want to remove as shown in Figure 3.37.

Fig. 3.37 Solder remove

4. Release the plunger or bulb. Some desoldering pumps have a release button so that you don't
have to hold it the whole time as shown in Figure 3.38
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5. Remove free component.
6. Repeat steps 1 -4 to remove any excess solder.
7. Dispose of the solder inside the pump by repeatedly pressing down and releasing the plunger.

Know more...
1 Soft soldering with filler metals having a liquidus temperature under 450 °C.
1 Brazing with filler metals which have a liquidus temperature above 450 °C.

1 High-Temperature Brazing in a vacuum or protective atmosphere with filler metals
having a liquidus Temperature above 900 °C.

Check Your Progress

A. Multiple Choice Question

1. What is the main difference between welding and soldering? (a) Welding involves melting
the base metal; soldering does not (b) Soldering requires high temperatures; welding does
not (c) Welding uses flux; soldering does not (d) Soldering creates a stronger bond than
welding

2. Which welding technique uses an electric arc between an electrode and the workpiece?
(a) Laser Beam Welding (b) Electron Beam Welding (c) Shielded Metal Arc Welding (d)
Magnetic Pulse Welding

3. In which welding process is a blanket of gr anular fusible material used to shield the arc?
(a) Gas Metal Arc Welding (b) Submerged Arc Welding (c) Oxy -Fuel Welding (d) Friction
Stir Welding

4. Which welding technique requires a vacuum environment? (a) Laser Beam Welding (b)
Electron Beam Welding (c) Electroslag Welding (d) Flux -Cored Arc Welding

5. What is a key characteristic of Flux -Cored Arc Welding? (a) It uses a non -consumable
electrode (b) It requires shielding gases (c) It uses a continuous wire -fed electrode (d) It
operates in a vacuum environme  nt

6. Which welding process is known for using frictional heat generated by a rotating tool? (a)
Forge Welding (b) Magnetic Pulse Welding (c) Friction Stir Welding (d) Gas Metal Arc

Welding

7. What type of welding is commonly used in the automotive industry due to its speed? (a)
Submerged Arc Welding (b) Laser Beam Welding (c) Magnetic Pulse Welding (d) Elec-
troslag Welding
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8. Which welding process was developed by Edmond Fouche and Charles Picard in 19037
(a) Oxy-Fuel Welding (b) Gas Metal Arc Welding (c) Shielded Metal Arc Welding (d) Elec-
tron Beam Welding

9. What is a common disadvantage of welding? (a) It can be performed at any place. (b) It
requires skilled labour and electric supply (c) It is a simple process with a great finish (d)
It is used in various sectors  like construction and automobiles

10. Which welding technique uses the principle of carburization of iron to produce steel
blades? (a) Arc Welding (b) Forge Welding (c) Laser Beam Welding (d) Electroslag Welding

B. Fill in the blanks

1. Welding involves melting b oth the base metal and ¢é é é . material to create a strong
bond.

2. I n Gas Metal Arc welding, an electric arc is ¢c¢r
the workpiece metal.

the environment.

The primary advantage of welding is that it creates € é é é é and durable joint links.

Welding is considered a € é é é € é . process when it comes to cost -effectiveness com-
pared to replacement parts.

8. The é é é é . beam welding process requires access to the weld zone from one side of
the welded parts.

9. é é é é . .welding involves heating and hammering small iron pieces to form larger
items.

10. To protect the weld from oxidation and contamination, € é é é . .techniques are used.

C. State whether the following statements are True or False
1. Welding does not melt the base meta |, only the filler material.

2. Flux -Cored Arc Welding is similar to Gas Metal Arc Welding but uses a continuous wire -
fed electrode.

3. Electroslag Welding is best used for materials thinner than 25 mm.

4. Laser Beam Welding requires the weld zone to be accessib le from one side of the welded
parts.

5. Friction Stir Welding is a solid  -state welding process that uses a high -velocity electron
beam.

6. Oxy-Fuel Welding was developed in the 20th century and utilizes acetylene and oxygen
gases.

7. Magnetic Pulse Welding is a  slow process that requires welding consumables and
shielding gases.

8. Shielded Metal Arc Welding requires an electrode coated with flux and either AC or DC
power supply.
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9. Electron Beam Welding can be performed in open air without any vacuum conditions.
10. Forge Welding is a modern welding technique developed in the last century.

. Short/Long Questions

Explain the main difference between welding and soldering.

Describe the process and advantages of Shielded Metal Arc Welding (SMAW).
What is the role of filler material in welding, and why is it important?

How does Electron Beam Welding work, and what are the conditions required for it?

What are the main advantages and disadvantages of welding compared to other fabrication
techniques?

Module 2 Basic Elec trical

Module Overview

Electricity is a cornerstone of modern life, enabling a vast array of applications that are
integral to daily activities and industrial processes. It powers lighting, providing illumina-

tion in homes, offices, and public spaces, and drives heating systems that maintain com-
fortable temperatures in residential and commercial environments. In transportation, elec-
tricity fuels electric vehicles and supports railway systems, enhancing mobility and reduc-

ing reliance on fossil fuels.

In the realm of communication, electricity is essential for operating telecommunication
networks, including telephones, internet services, and broadcasting systems, facilitating

global connectivity and information exchange. Medical devices, ranging from life -support
systems to diagnostic equipment, rely on electricity to function, underscoring its im-
portance in healthcare and patient safety.

Manufacturing processes also depend on electricity for machinery and automation, driving
productivity and efficiency in various industries. Additionally, electricity powers enter-
tainment devices such as televisions, computers, and gaming consoles, enriching leisure

and recreational experiences.

At its core, electricity involves the flow of electrical charge through conducto rs, represent-
ing a critical form of energy that can be easily converted into other types of energy, such

as light, heat, and mechanical work. Its versatility and significance in numerous applica-

tions highlight its role as a fundamental and transformative f orce in contemporary society.
Key Concepts in Electricity Generation are presented in Table 2.1
Parameter Definition Details Unit of
Measurement
Electric The intrinsic property of Positive and negative | Coulombs (C)
Charge matter responsible for elec- charges
trical interactions
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electrical circuits.

Current The movement of electric Direct Current (DC) and Amperes (A)
charge through a conductor Alternating Current (AC)
Voltage The potential difference be- Drives the flow of current | Volts (V)
tween two points in an elec- through a conductor
trical circuit
Resistance The opposition to the flow Material, length, cross -|Ohms ( N)
of electric current through sectional area, and tem-
a conductor perature are the factors
that affect the resistance
Power The rate at which en ergy is | Power (P) = Voltage (V) x | Watts (W)
transferred or converted Current (1)
In this Module , we will cover the foundational principles of electricity generation, various
electrical laws, the operation of electrical motors and components, and their roles within

Learning Outcomes

After completing this module, you will be able to:

9 The basic principles of electricity, including charge, voltage, current, and resistance.
1 Analyze electrical circuits and apply circuit laws to solve for unknowns in circuits.

9 Identify and describe the function of common electrical components such as resistors,
capacitors, inductors, and diodes.

Module Structure

Session 1. Electricity

Session 2. Electric Circuit Analysis

Session 3. Electrical Components

Session 1. Electricity

One day Pinky is combing her hair. After combing she found that a few pieces of paper were
attracted to the comb. She wondered what to see. She asked her teacher about that incident.

The teacher told her this happens due to static electricity. Figure 1.1 illustrates th at the teacher
is demonstrating pinky about static electricity.

Fig. 1.1 Teacher is demonstrating the static electricity
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Electricity holds a crucial role in contemporary society, powering nearly all modern appliances
and even fueling advancements such as electric cars. Despite its ubiquity, electricity is silent,
invisible, and has no physical form. Understanding electrical theory is essential for safely
managing and troubleshooting electrical devices, as it helps us recognize and address potential
hazard s associated with their use.

In this chapter, we will learn the basic concepts of electricity, its generation, conductor and
insulators, electrical quantities, types of electricity, and magnetic fields.

1.1 ELECTRICITY

Everything around us is made up of ma tter. Matters have three states: solid, liquid, and gas.
Typical states of matter are shown in Figure 1.2

Melting Evaporation/
SN N
Liquid
E Condensation

Freezing
Fig. 1.2 States of matter

Every state of matter is composed of atoms, which have a central core known as the nucleus.

Atoms are made up of three types of subatomic particles: protons, electrons, and neutrons.
Protons and electrons carry electrical charges, with protons having a pos itive (+) charge and
electrons carrying a negative ( -) charge. Neutrons, however, do not have any charge and are
electrically neutral. Electrons orbit the nucleus, where the positive charge of the protons
attracts the negatively charged electrons, thus mai ntaining the stability of the atom. For
example, silicon, depicted in Figure 1.3, has an atomic number of 14, indicating it has 14
protons and 14 electrons.

Neutron
(No charge)

Protron
(+ve charge)

Electron
(-ve charge)

Fig. 1.3 Atomic structure

Know Mor eé.

Opposite charges attract each other and the same charges repel each other. The measuring
uni t of charge is coulomb 6C5&d. One coul omb B
el ectrons. A charge is represented using the | ¢

Natural lightning, commonly seen during thunderstorms, serves as a vivid demonstration of
electricity in action. Inside a storm cloud, strong winds cause the distribution of positive and

negative charges. Figure 1.4 (a) illustrates that positive charges ge  nerally accumulate at the top
of the cloud, while negative charges concentrate at the bottom. Figure 1.4 (b) demonstrates how
these negative charges in the cloud are drawn toward the positively charged ground, resulting in

a lightning strike.
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Positive Charge

o
o+

Negative Charge

Fig. 1.4 (a) Lightning within the cloud

Positive Charge
e e e b
e e

Negative Charge

Fig. 1.4 (b) Lightning between cloud and ground
So, we can say that the presence of electricity is due to the presence or flow of electric charges.
1.2 ELECTRICAL NETWORK
An electrical network is a system of interconnected e lements designed to transmit electrical
energy from power sources to various electrical loads. It typically includes generators,

transformers, transmission lines, distribution lines, and other key components that work
together to deliver electricity to con =~ sumers.

This network is crucial for supplying power to homes, businesses, and industries globally and
can be divided into three main sections: Generation, Transmission, and Distribution
Know Mor eé

Have you ever imagined how this electric power comes to our home? By observing the steps
mentioned below. You can know the steps that pass through them when electric power
reaches you.

Source b Generating station B Turwpg nBr abn s3eonrenmea
Vol tage Transmission Li ne BdowShu btsrt an s foor mke r Sthe p
Transmi ssion Line b Residential/ l ndustri al Ar e

1. 2.1 Conductors and Insulators

When electrons move among the atoms in a matter, a flow of electricity will take place. Based on
the structure of an atom, materials can be categorized as conductors and insulators.

Conductors 0 In conductive materials, electrons are loosely attached to their nuclei, allowing
them to move freely between atoms when a small external electric field is applied. These
materials, known as conductors , include metals like copper and aluminium, which are highly
effective at conducting electricity. Figure 1.17 demonstrates how electrons can easily flow
through such conductors.
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Fig. 1.17 Easy to move electrons in a conductor

Insulators @ In insulating materials, electrons are tightly bound to their atomic nuclei, making

it nearly impossible for them to move between atoms even when subjected to a high external
voltage. These materials, known as insulators, include substances like rubber, pl astic, cloth,
and glass. Figure 1.18 shows how electrons are unable to flow through an insulator.

Fig. 1.18 Tough to move electrons in an insulator

A typical example of conductors and insulators in practical use is the electric wiring found in

homes. Ele ctrical wires consist of both a conductor and an insulator. Figure 1.19 demonstrates
that the conductor carries the electric current, while the insulator provides protection by
preventing short circuits and electrical hazards.

Insulator

Conductor

P

Insulator Conductor

Fig. 1.19 Electrical wire h aving conductor and insulator

1.3 TYPE OF ELECTRICITY

As previously mentioned in this chapter, while lightning is a natural electrical phenomenon, it is
not harnessed for energy production. To understand electricity better, it's helpful to distinguish
betw een its two main types: static and dynamic electricity. Let's explore these concepts further.

Static Electricity Materials are composed of atoms, which are electrically neutral due to the
balance between positive and negative charges. Static electricity o ccurs when there is a
separation of these charges, leading to an imbalance. Unlike dynamic electricity, where
electrons flow through a conductor, static electricity involves charges remaining stationary. This

type of electricity is characterized by a stati onary electric field between positive and negative
charges. An example of static electricity is the energy stored in an electric cell or battery.

Practical activity 1.1 demonstrate the concept of electricity

Practical Activity 1.1 o Demonstrate the concept  of electricity
Material Required 0 a plastic comb, a few pieces of paper

Procedure
Step 1 8 Take a plastic comb. Figure  1.20 illustrates a comb  and it is made up of plastic
which is an insulator. Insulators have a positive charge and it is difficult to extract electrons

from the insulator.
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Fig. 1.20 Comb having positive charge

Step 2 8 Rub the comb in your head hair three or four times. Figure 1.21 illustrates that a
boy is rubbing a plastic comb on his head hairs.

Fig. 1.21 Comb rubbing on the hairs

Step 2 & Place the piece of paper near this comb. When we rub a comb on our head hair, it

will get negatively charged, because our body is a conductor. Through rubbing the negative
charge of the body will get transferred to the comb. Figure 1.22 illustrat e that the negative
charge accumulated on the bottom of the comb and is placed near the piece of paper

AT

bbb
bt
-

+H++++++ R
e o o
=

Fig. 1.22 Comb with Negative charge on the bottom of the comb placed near the piece
of paper
Step 3 0 A piece of paper, which is an insulator, can become positively charged. When a
charged comb is placed near the paper, it will attract the paper. Figure 1.23 demonstrates
how the charged comb pulls the piece of paper towards itself.

+ 4

Fig. 1.23 Piece ofthe  paper attracted towards the comb

Dynamic or Current Electricity d As the term "dynamic" implies, this type of electricity
involves the movement of charges. Dynamic electricity, or current electricity, flows through
conductors such as wires and delivers energy to various devices. This flow of electricity is
facilitated by moving charged particles, typically electrons. Unlike static electricity, dynamic
electricity cannot be stored directly; it must be converted into static electricity for storage.
Examples of dynamic electricity include the current flowing through electric al wires and
powering appliances. Figure  1.24 shows an LED connected to a cell, illustrating the flow of
current electricity.
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Fig. 1.24 Electrons motion in an electric circuit

Assignment 2

1. List the various conductors and insulators used in our day -to-day life.
2. List the source of static electricity.

1. 3.1 Electrical Quantities

Current, voltage, and resistance are the three basic building blocks of an electric circuit, called
electrical quantities.

An electric circuit is formed when a closed path is formed to allow free electrons to move
continuously. This continuous movement of free electrons in a conductor of a circuit is called a
current, and it is often referred to in terms of the "flow of electr ons", just like the flow of a liquid
through a hollow pipe. Figure 1.25 illustrates the flow of current in the circuit.

Bulb
=

—® —© e —

t
& e — &
l Direction of t
<& Current ®
¢ t
e L 2 = e

Battery I ©=—>Direction of

electron flow

Fig. 1.25 Electric circuit showing electrical quantities

Electrons require an external force to propel their movement through a conduc tor, and this
force is known as voltage or electromotive force (EMF). Voltage drives the electrons to flow
through the circuit. However, as electrons move, they encounter opposition, called resistance,

which impedes their flow. The current in a circuit is directly influenced by the applied voltage
and the resistance present. Essentially, voltage motivates the electrons to move, while
resistance acts to oppose this flow. The standard units of measurement for electrical current,

voltage, and resistance are su mmarized in Table 1.1.

Table 1.1 Measuring Units and Symbols of electrical quantities

Electrical Quantity Symbol Unit of Measurement
Current | ampere (A)

Voltage \% volt (V)

Resistance R ohm (Y)
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The symbols used for electrical quantities are standardized alphabetical letters representing
these quantities in algebraic equations. The units of measurement for electrical quantities are
named in honour of key figures in the field of electricity: André -Marie Ampeére, Alessandro Volta,
and Georg Simon Ohm.

Voltage & Let us understand the concept of voltage. Consider a situation, a person needs to pick
a stone from point A and drop it at point B. To complete this task, he must do some work.
Figure 1.26. demonstrate the person is moving from point A to B

i\
A*\ =] =
X X ~4¢——  Distance D’ ——

Point A Point A
Fig. 1.26 Work to be done to move the raw material from point A to point B

In the same way, voltage is the amount of work required to move one -coulomb charge from
point A to point B. The mathematical expression for voltage is written as

V=W/Q

where,

6V6 is the voltage,

OWO6 is the work in joule,

6Qd is the charge in coul omb.
Alessandro Volta (1745 061827)

Voltage establishes a potential difference in an electric circuit between two points i.e. one point
is at a higher potential and the other at a lowe r potential.

In an electric circuit, a battery is used as a source of electric potential. Inside a battery, a
chemical reaction provides the energy required to move electrons. A typical, general -purpose
battery is shown in Figure  1.27.

Fig. 1.27 General -purpose battery

When a voltage source such as a battery is connected to an electric circuit, negatively charged
particles are pulled towards a higher potential (+), while positively charged particles are pulled
towards a lower potential ( -). Therefore, the current in a wire or resistor always flows from
higher voltage towards the lower voltage as shown in Figure 1.28.

Direction of flow of current

+— Electrons /

1

Direction of flow of electrons

(|

UL
W =

Battery

Fig. 1.28 Flow of electrons on the application of DC supply
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A voltmeter is used to measure the voltage or potential difference between two points in an

electric circuit. The value of voltage is measured in volts or joules per coulomb. The symbolic
representation of voltage is 6 V@ 6 v @When one joule of work is d one to move one -coulomb
charge from one point to another point the potential difference between two points is said to be

one volt. Sources of AC and DC voltages are shown in Figure 1.29 and Figure 1.30.

Radiator

Generator

Diesel
Engine

Fig. 1.29 Diesel AC voltage generator used as AC vo Itage source

Fig. 1.30 Battery source of DC voltage

Example 1.1 How much work has to do to move a charge of 2 C across two points having a
potential difference of 12 V?

Solution  Given, the amount of charge Q, that flows between two points at potential
difference V (= 12 V) is 2 C. Thus, the amount of work W, done in moving the charge is

W =VQ
=12V x2C
=24

Assignment 3

1. Calculate the amount of work required to move a 10 C charge between the two points
having a potential difference 24V.

2. Calculate the amount of charge required when the 12 J of work is performed to move a
charge under the potential difference of 10V.

Electric Current 0 The flow of electric charges is called electric current. The electrons carry
charges with them. The electrons flow from one place to another. The amount of current flowing
from one place to another determines the amount of charge flowing through a section of the
conductor at a specific time. The measuring unit of current is ampere (A). The symbolic

representationoft he current is o661 0. Mat hematically, it can
I=Q/t
Where,
616 is current,
6Qd is the amount of charge in
6td is the time in seconds André -Marie Ampeére (1775 061836)
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Note Coulomb is the unit of charge.

If a 1 -coulomb charge passes through a cross  -section area A in 1 second, then it will represent
the current of 1 ampere. Conventionally, the direction of current is taken as opposed to the flow

of electrons.

Crossectional area (A) of wire

N

€C o ®C

w ©

Inside view
Conductor

oY
&

Electric Current (I)

Battery [

Bulb
Conductor=p |

Fig. 1.31 Flowofcharge t hrough a cross section

Example 1.2 Calculate the amount of current flowing through a wire. When the amount of
charge is 5 coulombs and the time is 10 seconds.

Solution  The relation between the current, charge and time.

= Q/t

I=5/10

I= 0.5 Ampere
Th e flow of Charge inside a Wire 0 Inside the conductor free electron randomly moves from
one point to another. Due to this random flow, the net electric charge of a conductor is zero.
When an external power source is attached across it, the net flow of elec trons is in one
direction. This movement of electrons results in a current. If there is a current of 1 ampere
passing through a wire, it theoretically means that 6 x 10 18 electrons are moving from one point

to another in 1 second. Figure 1.32 illustrates that when the electrons inside the conductor
experience the force they align in the same direction.

Random movement of electrons

Fig. 1. 32 Flow of charge

Assignment 4

1. Calculate the amount of current drawn by radio when the amount of charge flow is 120
coulombs in 1 minute.

2. Consider an electric circuit in which LED is used for indication. While observing it was
found that the rate of charge used by the LED is 180 coulombs in 2.5 minutes.
Calculate the current drawn by the LED.

3. What are the basic elements required to form an electric circuit?
4. Does electric current is dynamic in nature? how?

PSS Central Institute of Vocational Education, NCERT, Bhopal

6ADd



Field Technician o Air Conditioner , Grade Xl

Classification of Current 0 Depending upon the movement of electrons in an electric circuit,
current can be classified as & (i) Direct current (DC) and (ii) Alternating current (AC)

(i) Direct Cur rent & It is unidirectional, that is movement of electrons takes place only in one
direction. This means that current flows only in one direction. Figure 1.33 illustrates the typical
electric circuits having a DC voltage source and current are shown in.

'Bulb

Direction of
Current

— = + - @ —>

G =G «—0G

G (= (=

Battery l @=—>Direction of

electron flow

Fig. 1.33 DC voltage and current in an electric circuit

DC voltage sources such as batteries and cells produce direct current. Figure 1.34 illustrates
typical DC voltage sources are shown in. Direct current is used in wall clocks, remote control,
motor veh icles, cell phones, and many more.

Automobile Battéry

b

Cell Mobile Battery

9V Battery

% —

Fig. 1.34 Various sources of DC voltage source

(i) Alternating Current d It is bidirectional, that is movement of electrons takes place in two
directions. This means that the current flows in two directions. Figure 1.35 illustrates the
typical AC source applied in an electric circuit is shown in.
© >
£ . Bulb
M\_, ) AC Source
<> Electrons in conductor
© 7 @
&X

Fig. 1.35 AC source is applied in an electric circuit

During the positive half cycle of the AC signal, the upper part of the AC source becomes positive
and the lower part becomes negative. Observe the direction of the flow of current in Figure 1.36.

+ >
- B
e —E

& - T
| . X
. . &€ Bulb
] Direction ofl
@ Current ‘n
During Positive Half Cycle
\‘e-.\

of AC Source T
e&
&

l N,
©@—

Fig. 1.36 Positive half of the AC source is applied in an electric circuit

During the negative half cycle of the AC signal the upper part of the AC source becomes negative
and the lower part becomes positive. Observe the direction of the flow of current in Figure 1.37.
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Fig. 1.37 Negative half of the AC source is applied in an electric circuit

An AC voltage source like an AC generator produces alternating current. Hydel power plants,

thermal power plants, and many more are the places where AC voltage is generated. In India,

the standard AC generating frequency (f) of alternating current is 50 hertz. Generators at the

power pl ants work continuously to produce AC volta
generators are used to provide power supply for appliances in case of power cuts or

unavailability of genera ting power supply. Alternating current is used in ceiling fans, coolers,

washing machines, and many more. Various AC generators are shown in Figure 1.38.

Inverter Diesel Generator

Fig. 1.38 Various AC generators

Know Mor eé

Frequency can be defined as 0¢déaeomddnb eldlr89Fointghyac d
point B represents one cycle. Hertz (Hz) is the measuring unit of frequency.

Example 50 Hz represents 50 cycles in 1 second.

+ Amplitude Output with Slip Ring
AC sine wawe
A
0 B
One Complete Cycle

Fig. 1.39 Cycle of AC signal

The main difference between AC and DC is the directionality in the flow of electrons. In
alternating current (AC), the movement of electric charge periodically reverses direction. In

direct current (DC), the flow of electric charge is only in one direction . The usual waveform
which is generated by the AC generator is sinusoidal in nature i.e. sine wave. In certain
applications, different waveforms are used, such as triangular or square waves. Waveforms of
various shapes are shown in Figure 1.40.

Frequencycan be defined as o0the number of <c¢cycles in on
represents one cycle. Hertz (Hz) is the unit of frequency.

Example 1.3 Represent 50 Hz with the help of various type of waveform
Solution 8 50 Hz represents 50 cycles in 1 secon  d.
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Fig. 1.40 Various waveform

Assignment 5

Prepare a list of gadgets in tabular form. This table will have two columns. In the first column,
list out the gadgets which works on the alternating current and in the second column list out
the gadgets which  works on the direct current.

Resistance 0 We know that in conductors, electrons are loosely held and can move very easily.

In insulators, electrons are tightly bound to the nucleus of atoms. Therefore, they do not move

very easily. A very high voltage is required to move the electrons in an insula ting material. On
the other hand, a very small voltage is required to move the electrons in any conductor.
Conductors such as copper, and aluminium offer the least resistance, while insulators such as

rubber, and plastic offer high resistance as shown in F igure 1.41 and 1.42 respectively.
Therefore, it can be said that Resistance resists the flow of electrons and

hence, electric current in the circuit. Conceptually, the resistance controls

the flow of electric current. The resistance is represented by the s ymbol "R".

The SI wunit of electrical resistance is the ohm (N)

Georg Simon Ohm (1789 - 1854)
- Copper
Aluminium

Fig. 1.41 Copper and aluminium wire used as a conductor

Rubber Gloves PVC Plastic
Fig. 1.42 Rubber and PVC plastic used as insulators

In household applications, we use various appliances for our daily use. To control the amount of
current flowing into the appliance resistors are used. If the resistor is not used in the circuit,
then the excessive current may damage the appliance.
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