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— About this Book

This Participant Handbook is designed to enable training for the specific Qualification Pack
(QP). Each National Occupational (NOS) is covered across Unit/s.
Key Learning Objectives for the specific NOS mark the beginning of the Unit/s for that NOS.
e Define matter, its states and change in states

e Explain properties of heat

e Explain types of heat transfer and energy conservation

e Explain the working of refrigerators

e Describe electric circuits

e Describe voltage, current and resistance

o Define Ohm's law

e List the different types of tools used for installing appliances
e |dentify the correct methods of using tools

e Explain the working of DC refrigerator

e Explain the working of FF refrigerator

e Install DC and FF refrigerators

e Define the factors, comfort zone and heat load of ACs

e |dentify the different parts and working of Window ACs

e Follow safety precautions for installation of Window ACs

e |dentify the different types of washing machines

e Describe the basic functions of washing machines

e |dentify the different parts of washing machines

e Install semi-automatic washing machines

e Understand customer requirements

e Interact with customers

e Suggest resolution to the problems of customers

The symbols used in this book are described below.

— Symbols Used

¢| [ [@] [@] [2] [e

Unit
Objectives

Key Learning Steps Role Play Tips Notes
Outcomes

A
¥

Activity

— B
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B

- Key Learning Outcomes

At the end of this module, you will be able to:

Define matter, its states and change in states

Explain properties of heat

Explain types of heat transfer and energy conservation
Explain the working of refrigerators

Explain the refrigeration cycle

Explain the working of air conditioners

Identify the AC comfort zone factors

Identify the types of AC and basic differences between them
Explain the working of washing machines

10. Explain the role of a field engineer for RACW

11. Explain about e-waste and e-waste management
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UNIT 1.1: Basic Science Related to RACW

_ Unit Objectives ©

At the end of this unit, you will be able to:
1. Define matter, its states and change in states
2. Explain properties of heat and types of heat, to show the conversion of temperature

from one scale to other
3. Explain types of heat transfer and energy conservation

— 1.1.1 Matter and its States

The basic working of refrigeration and air conditioning (RAC) involves changes in states of
liquids and gases over different temperature ranges. Therefore, to understand the concept
of RAC, first it is important to understand the basics of matter, its states and changes in its

states.

Matter is defined as anything that occupies space, has length, width, height and mass. The
following image shows the definition of matter as explained in the preceding statement:

Height

4—— lenght —p»

Fig 1.1.1: Definition of matter
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Typically, matter is classified into three states as shown in the following figure:

4 N

Solid

eSolid possesses a definite, fixed shape and volume.

Liquid
eLiquid conforms to the shape of its container and has
constant volume.

Gas

eGas does not have a definite shape or volume. It takes
the shape of its container and expands to fill the
w P container.

\ J

Fig. 1.1.2: States of matter
Change in States

When a state of matter is subjected to any kind of pressure or temperature change, the
structure of matter and its property, change from one state to another. For example, water
below zero degrees Celsius is in ice form which is solid and above 100 degrees Celsius is in
steam form which is gaseous state.
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The following image shows change in states as depicted in the above statement:

Solid

Shape Fixed
Volume Fixed

900
00
0 -0--0-

Force Between Molecules is Very Strong
Molecules Do Not Move Around, but Vibrate

/ Sublime ‘

Fig 1.1.3: Change in states

Melting .~~~ ——-._ Vaporizing
A~ ..
ou e O ® O
W’ Yo @
Freezing - = _— Condensing @

State of Water

WATER WATER VAPOR

Liquid
Shape Not Fixed
Volume Fixed

Gas

Shape Not Fixed
Volume Not Fixed

N\
Iy

Force Between Molecules is Not so Strong No Force Between Molecules

Molecules Can Move Around

Deposition
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The following figure defines the process of change in states based on temperature changes:

r
N
*The process in which there is a change in the state of a
Melting substance from solid to liquid, due to increase in temperature
on application of heat or pressure, is known as melting.
J
. . . . N
*The process in which there is a change in the state of a
Freezing substance from liquid to solid, below the freezing temperature
of the substance, is known as freezing.
J
* The process in which there is a change in the state of a )
— substance from liquid to gaseous (vapour), at temperatures
Vaporisation 1 . )
below the boiling temperature at certain pressure, is known as
vapourisation. )
e . . )
¢ The process in which there is a change in the state of a
Condensation substance from gaseous form to liquid form is known as
condensation.
J
. . . . N
¢ The process in which there is a change in the state of a
Sublimation substance directly from solid form to gaseous form, without
becoming a liquid, is known as sublimation.
J
. . . . N
*The process in which there is a change in the state of a
Deposition substance directly from gaseous form into solid form is known
as deposition.
\ J

Fig. 1.1.4: Basic terms in change of states of matter

— 1.1.2 Heat and Transfer of Heat

Heat can be defined as a form of energy which is transmitted from a hotter object to a
cooler one, as shown in the following image:

Fig. 1.1.5: Heat transfer
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Temperature can be measured in terms of temperature using a thermometer. It is a
measure of amount of heat (whether a substance is hot or cold). It is measured by a device
known as thermometer. For measuring temperature, there are several scales and units.
Most commonly used scales are the Celsius scale (denoted by °C), the Fahrenheit scale
(denoted by °F) and the Kelvin scale (denoted by K).

Temperature Conversion

To convert temperature from one scale to another there are some basic standard formulae
which are as shown in the following figure:

Fahrenheit scale to Celsius scale: Kelvin scale to Celsius scale:
T (°C) = (T(°F) —32) x 5/9 T (°C) =T(K) — 273.15

Fig. 1.1.6: Basic standard formulae

Types of Heat

Heat can be classified into different types. The following figure shows the different types of
heat:

Sensible heat

e|t is the form of heat energy, which is commonly sensed by touch or
measured directly with a thermometer.

Latent heat

e|t is the form of heat energy, which cannot be sensed by touch or
measured using a thermometer. It causes an object to change its phase.

Specific heat

e|t is the ratio of the quantity of heat needed to increase the temperature
of unit mass of a substance by one degree to the quantity of heat needed
to increase the temperature of same mass of water by the same amount

Fig. 1.1.7: Types of heat

Latent heat which is involved while melting a solid or while freezing a liquid is known as the
latent heat of fusion. Latent heat which is involved while vaporizing a liquid/solid or
condensing a vapour is known as the latent heat of vaporization.

The unit for latent heat is joules or calories.
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For example:

e When water is continuously boiling, the temperature stays at 100 °C until the entire
amount of water evaporates. This happens because all the heat is transmitted to the
liquid as latent heat of vaporization and is taken away by the vapour.

e When ice melts, the temperature stays at zero degrees C. The temperature of liquid
water that results due to the latent heat of fusion is also zero degrees C.

Heat of vaporisation in a substance is in a very large amount. Hence, steam carries immense

thermal energy that is released on its condensation. This quality makes water a suitable and

desirable working fluid for heat engines.

Types of Heat Transfer

Heat transfer occurs in three ways, as shown in the following figure:

Conduction Convection Radiation

Conduction Radiation

«v\q\

By

The heat transfer The heat transfer The heat transfer

between two objects by between two objects by between two objects

direct physical contact some medium without any medium or
contact

Fig.1.1.7: Types of heat transfer

— 1.1.3 Energy Conversion

The law of conservation of energy states that energy can be transformed from one form to
another, but it cannot be created or destroyed. Energy is the capacity to perform any kind of
action such as lifting or heating of an object.

Energy is used to provide heating, refrigeration, lighting or performing mechanical work.
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UNIT 1.2: Basics of Refrigerators

— Unit Objectives ©

At the end of this unit, you will be able to:

1. lIdentify the need for refrigerators
2. Explain the working of refrigerators and basic components .
3. Explain the refrigeration cycle E

1

b
ey

— 1.2.1 Refrigerator E’ '

A refrigerator is used to cool substances to a temperature below the temperature of the

surrounding environment to preserve substances.

Refrigeration is a process of transferring the temperature from low to high temperature
reservoir by removing heat which cools the substances inside the refrigerator. The following
image shows a refrigerator

Typical refrigeration cycle

Evaporator

| : Metering device

(expansion valve)

Filter drior

- Condenser

Compressor -

—_ — —_ —

high temperature low temperature low temperature low temperature
high pressure high pressure low pressure low pressure
vapor state liqquid state vapor state liquid state

Fig. 1.2.1: A refrigerator

The basic principle of refrigeration is passing a liquid at low temperature continuously
around an object which needs to be cooled, by taking the heat away from the object.

In refrigeration, the low temperature reduces the reproduction of bacteria and other
microorganisms to reduce the spoilage rate. The temperature range for food storage is
around three to five-degree C.
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The technology utilizes a compartment that is thermally insulated and a heat pump which
conveys the heat from the interior of the fridge to the exterior environment. It has four main
components—compressor, condenser, capillary tube and evaporator.

— 1.2.2 Refrigeration Cycle

In the refrigeration cycle, the refrigerant liquid flows through the compressor to the
condenser where the condenser fan liquefies the refrigerant. The drier then collects the
refrigerant fluid and sends it to the evaporator. In the evaporator, the fluid then transfers
the cooled fluid to the substance in the chamber. This continues through the suction and
discharge line between the components to complete the refrigeration cycle. The following
image shows a refrigeration cycle:

Capilary tube Dryer High Pressure Liquid

Low Pressure
Liquid/Vapor

Condenser

—p -—p

Low Pressure Vapor

High Pressure Vapor
Compressor

Fig. 1.2.2: A refrigeration cycle

— 1.2.3 Basic Components in a Refrigeration Cycle

The basic components in a refrigeration cycle are:

e Compressor
e Condenser
e Capillary Tube

e Evaporator

o
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The following figure shows the basic components of a refrigeration cycle:

Condensor

Compressor Capillary Tube

Evaporator

Fig. 1.2.3: Components of a refrigeration cycle

Compressor

The function of a compressor is to receive the refrigerant from the evaporator through a
suction valve which is at low pressure and send it to the condenser through an exhaust valve
which is at high pressure and temperature.

A compressor is utilized to increase the pressure of the refrigerant. The following image
depicts a compressor:

Fig. 1.2.4: A compressor
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Types of Compressors:

The following image shows different types of compressors:

4 N\

\ = L _J

Reciprocating Rotary Compressor Scroll type Compressor
Compressor

Fig. 1.2.5: Types of Compressors

In household refrigerators, reciprocating type of compressor is used.

Working of a reciprocating compressor:
The following figure shows the steps of a reciprocating compressor:

Fig. 1.2.6: Steps of a reciprocating compressor

Condenser

The condenser is also known as the heat exchange coil. The refrigerator is equipped with a
condenser on the outside because the refrigerant temperature is more than the
atmospheric temperature. So, the vapour is condensed to liquid state to get it at normal
temperature.

The input of the condenser is the refrigerant from the compressor. This refrigerant is a
vapour at a high pressure and a high temperature. The output of the condenser is the
refrigerant at high-pressure and in a liquid form.
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The following image shows types of condensers used in refrigerators:

Skin condenser Wire mesh condenser

Fig. 1.2.7: Types of condensers
Capillary Tubes

Capillary tubes are used as an expansion valve which restricts the flow of liquid to reduce
the pressure. These tubes are about 2 m in length and have an inside diameter of 0.6 mm
which allows considerable resistance to the flow. This causes a sudden drop in pressure and
temperature.

The high-pressure refrigerant in the liquid form from the condenser is the input of the
capillary tubes and a low pressure refrigerant in the liquid form to the evaporator is its
output.

The following image shows a capillary tube:

Fig. 1.2.8: A capillary tube

Evaporator

Evaporator is used as a heat exchanger which carries the cold refrigerant over a body and
the refrigerant absorbs the heat. The liquid refrigerant expands in the evaporator.

The low-pressure refrigerant in the liquid form from the capillary tube is the input of the
evaporator and a low-pressure refrigerant in the vapour form to the compressor is its
output.
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The following image shows an evaporator:

Fig. 1.2.9: An evaporator

The following image shows different types of evaporators:

~N

J

Fin type evaporator Roll bond evaporator

Fig. 1.2.10: Types of evaporators

. J

Tube plate evaporator
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UNIT 1.3: Basics of Air Conditioners

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Explain the working of air conditioners (AC)
2. Identify the AC comfort zone factors
3. Identify the types of AC and basic differences between them

— 1.3.1 Air Conditioner

Air conditioners (AC) are used to attain a comfortable environment by cooling or
dehumidifying rooms or any closed environment. As per the requirements of an individual,
there are different types of ACs used in different conditions. The capacity of the AC is
measured in tons.

There are some basic requirements for a comfort zone created by an AC.

e Fresh air supply with supply of oxygen and removal of carbon-dioxide.

e Heat removal and moisture removal.

e Sufficient air movement and air distribution in the space.

e Removing odour and dust.

Air conditioning controls the following three attributes of atmosphere in a closed
environment:

Parameters Winter Summer
Temperature 230C~250C 190C~210C
Relative Humidity 50%~60% 35%~40%

Air movement 4.5~7.5 Air movement

Fig 1.3.1: Three attributes of atmosphere

Any heat generated from the space to the air conditioner is called “Load”.
Heat load depends on:

¢ Dimensions of the room

e Electrical equipment in the room

e Type of room

¢ Incident heat from wall/ceiling/door/windows

e Number of human beings

e Work performed by a human body

o
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For the calculation of AC load comfort zone there are some basic parameters that need to be
maintained by the AC. The following image shows the AC load calculation factors:

A Radiant Heat
Conduction Heat

ULighting o

L 0%
[
[ 3
-

Ly

Fig. 1.3.2: AC load calculation factors
Working of Air Conditioners

Air conditioner uses a fan which distributes the conditioned air to help maintain a thermally
comfortable and improved air quality environment. The AC works on the principle of
refrigeration cycle.

— 1.3.2 Types of AC

There are different types of ACs available and the AC system used depends upon factors
such as the dimension of the area which needs to be cooled, heat generated in the area and
so on. So, it is on the technician to calculate and understand the load capacity and select an
AC system appropriate for the area.

Window AC

Window AC is a unitary air conditioning system which is most commonly used for a medium
sized single room. In this type of AC all the basic components of an AC system like
condenser, compressor, evaporator, cooling coil etc. are installed in a single compartment.
As the name suggests, this type of AC can be installed or fitted in a window slot provided in a
room’s wall.
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The following image shows a window AC:

Fig. 1.3.3: A window AC

Split or Ductless AC

Split or ductless AC is a split AC system which is used in hotels and apartments. They are
made up of an indoor and an outdoor unit. The indoor unit contains the evaporator and the
cooling fan and the outdoor unit contains the compressor, expansion valve and a condenser.
This type of AC gives convenience where there is no slot present in the room or the wall.
These types of ACs take more space than window AC. The following image shows a split AC:

Fig. 1.3.4: A split or ductless AC
Portable AC
Portable AC is a unitary type AC system. It is an AC system which can be placed anywhere on
the floor of a room. It uses a hose vent to discharge the exhaust heat through the exterior
wall of the room. The following image shows a portable AC:

Fig. 1.3.5: A portable AC




el  Participant Handbook

Central Air Conditioning

Central AC system is used in large areas such as halls, factories, hotels and big spaces. It
saves the cost of installation of individual AC units which is expensive and helps maintain an
environment with similar conditions.

In a central AC system, large compressors are used. A condensing unit is placed outside the
building or the room which includes a compressor, a condensing fan and a condenser coil.
Another unit which is the evaporative unit is placed in a central location and different
locations are air conditioned by using a ductwork. The following image shows a central AC

system:

Fig. 1.3.6: A central AC system

The following table shows the comparison among window AC, split AC and cassette AC:

AC Parameter Window AC Split AC Cassette AC
Suitability Small rooms Any room with no Extensive indoor
having a window mandatory spaces
sill requirement of a
window
Noise On the higher side Very less Silent
production
Capacity Ranges from 0.75 Ranges from 0.8 Ton Ranges from 1 Ton
Tonto 2 Ton to2Ton to 4 Ton
Advanced Possesses features Possesses features Possesses
Features such as humidity such as humidity features such as
control, dust filter control, dust control, humidity control,
bacteria control dust control,
bacteria control
Interference Slight chances of Designer indoor units Minimal
with home interference with match nicely with the interference
decor the curtains on wall décor with the
the windows and interior décor
drapes
Ease of Requires very less Indoor and outdoor Requires special
Installation effort units require a little false ceiling
amount of effort

Fig. 1.3.7: AC parameters
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UNIT 1.4: Basics of Washing Machines

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify types of washing machines
2. Explain the basic working of a washing machine

— 1.4.1 Washing Machines

A washing machine is a machine which is used to perform all the laundry work such as
soaking, washing, rinsing and drying clothes. The machine uses electrical energy which is
supplied to the motor and the motor thus performs the mechanical work of spinning. In the
spinning compartment water, soap and clothes are put. Due to constant spinning in different
directions the clothes are cleaned. The machine can perform all the laundry functions and
are available in various types and models as per the use of any individual. The following
image shows a washing machine:

Fig. 1.4.1: A washing machines
The Washing Cycle

The complete process of washing of laundry including soaking, washing, rinsing and drying is
known as a wash cycle of a washing machine. The following figure shows the components of
a spinning cycle of a washing machine:

Drying

Spinning

Soaking

Fig. 1.4.2: Components of a spinning cycle of a washing machine

o ___________
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— 1.4.2 Working of Washing Machine

The washing machine contains several parts which work together to complete the washing
of the laundry. The following image shows the components of a washing machine:

Rubber Hose ——p» Tub
< Agitator
—— Drive Belt
Agitator
Transmission 44— Drain Pump

To Water ¢ Y ——» To Drain

Source ]” ‘[[ —

Motor

Fig. 1.4.3: Components of a washing machine

The detailed working of components of a washing machine is as follows:

Tub or drum: It consist of basically two drums an inner drum and an outer drum. The
outer drum is the bigger drum which we cannot see. It holds the water in it and remains
stationary whereas the inner drum or tub is the one in which the clothes are loaded. It
consists of small holes and paddles around the edges to slosh the cloths. The drum can
be mounted vertically or horizontally as per the machine type.

Agitator: In a top loading washing machine, mostly a paddle in the middle of the drum
rotates to turn the clothes around in the water instead of an inner drum (which is mostly
used in front loaded washing machines). This is called as an agitator.

Motor: Motor is used to provide the rotatory motion to the drum or agitator of the
washing machine.

Drive belt: Drive belt is used to transfer the motion from the motor to the drive shaft of
the tub.

Inlet and outlet ports: Motorised pumps are used to fill water in the tub, through the
inlet port located at the top of the machine up to a safe limit. There is an outlet port
which removes the dirty water after the completion of a wash cycle. The outlet port also
opens if the water is filled in the tub above the safe limit.
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— 1.4.3 Types of Washing Machines

There are basically two types of washing machines, categorised on the basis of loading of the
laundry in the machine.

Top loading washing machines

This type of design for washing machine allows the user to place the laundry in a vertically
mounted perforated basket which is in a tub filled with water with an agitator in the centre.
When the laundry is loaded from the top the motor on the bottom rotates the basket in
circular motion. The shape is designed such that the clothes hit the wall of the basket and
then fall in the middle of the basket. Due to this constant turbulent movement, the clothes
are washed. The following image shows a top loading washing machine:

Fig. 1.4.4: A top loading washing machine
Front loading Washing Machines

In the case of a front-loading washing machine (also known as horizontal axis washer) the
laundry is loaded in the machine from the front of the machine and the container is placed
in a horizontal position.

The horizontally installed washer motion helps the fabric to be soaked in only as much water
as is needed to moisten the fabric. This helps in less usage of water and detergent as well as
good washing of clothes. The following image shows a front-loading washing machine:

Fig. 1.4.5: A front loading washing machine

o




Participant Handbook

UNIT 1.5: Electronic Waste (e-waste) Management

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Explain about electronic waste (e-waste)
Identify the properties of e-waste

Identify the methods of e-waste management
Explain the role of field engineer for RACW
Identify the importance of work

v W

— 1.5.1 Electronic Waste (E-waste)

Electronic waste also called as e-waste is the electrical/electronic waste. Used electronic

devices or their part which cannot be resold, recycled or disposed comes under e-waste. This
kind of waste can be harmful for the environment and living organisms. Some examples of e-
waste are shown in the following images:

Fig 1.5.1: Electronic waste (e-waste)
Some of the examples of e-waste are:

e Copper or other metal parts from the refrigerator/AC
e Housing of electrical components

e Electrical wires

e Chips of electronic circuits

Effects from E waste:

e Air pollution: The burning of waste and chemical reaction due to contact of different
electrical components or their decomposition produces harmful gases in the air.

e Land pollution: E-waste dumped in the soil makes the soil infertile and also reacts with
the natural nutrients of the soil to make it poisonous.

e Water pollution: The chemicals in e-waste react with water to create chemicals which
poison the water.

— 1.5.2 E-waste Management

Electronic waste management includes all the actions which are performed to manage the e-
waste from its origin to its final disposal. Basically, it includes collection, transportation,
treatment and disposal of e-waste. It also includes monitoring of the waste and
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regulations to control its management. It also includes legal and regulatory framework that

are related to the waste management for e- waste recycling.

Basic steps included in e-waste management to be performed by the field engineer are:

e |dentification of e-waste:
The field engineer should be able to identify the items which cannot be used again and
then properly discard the waste safely.

e Handling the waste:
The field engineer should be able to handle the waste properly without affecting the
environment or any living organism.

e Recycling the waste:
E-waste such as old metallic tubes and electric housing components which can be reused
in another place can be sold to recyclers by the field engineer for the recycling process.

— 1.5.3 Role of a Field Engineer

Field engineers are the front-line executives who are directly in contact with the customer.
They must be present in the field, on the location to carry out any kind of servicing or
installation. It is important to understand the technical features of RACW as per the latest
market trends. The field engineer should also be able to interact with the customer,
colleague or supervisor effectively to resolve the issues quickly and take actions to get 100%
productivity from the work.

Some basic responsibilities of a field engineer for RACW are:

1. The individual at work is responsible for installation of various appliances at customer’s
premises.

2. Responsible for identifying and rectifying faults in various appliances of the customer.

3. The individual attends to the machine in the field and tries to solve the issues at the site
only.

4. The job requires the individual to have attention to details, ability to listen, patience,
steady hands, logical thinking and customer orientation.

5. The individual must work on the desk with different types of equipment used for testing
and repairs.







2. Basics of Electricity
. and Electronics

Unit 2.1 — Basics of Electric Circuits
Unit 2.2 — Components of Electric Circuits
Unit 2.3 — Inverter Technology

Unit 2.4 — Units of Measurement in RACW




Participant Handbook

B

— Key Learning Outcomes

At the end of this module, you will be able to:

Describe electric circuits

Describe voltage, current and resistance

Define Ohm's law

Explain the difference between alternating current (AC) and direct current (DC)
Measure power and energy

Describe the active components

Describe the passive components

List electromagnetic components

W NV R WDNR

List the basic functions of inverters
10. Identify the advantages of inverters
11. Explain the controller functions




Field Engineer RACW

UNIT 2.1: Basics of Electric Circuits

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Describe electric circuits

Define voltage, current and resistance

Define Ohm's law

Explain the difference between alternating current (AC) and direct current (DC)
Measure power and energy

v wnN

— 2.1.1 Electric Circuits

An electric circuit is a path made by the interconnection of electrical components. Electrons
from a voltage or current source flow along this path. The following figure lists the elements
present in a basic electric circuit:

A device in a circuit which consumes
electric power is called load.

Example: Bulb

A source that provides electrical pressure
known as voltage or EMF to electrical
equipment to enable them to work.

Example: Battery

A conductor that connects the supply
source and the load.

Example: Wires

Fig 2.1.1: Electric circuit constituents

An electric circuit consists of two paths/loops, as shown in the following image:

Closed Path Open Path

Fig 2.1.2: Closed and open path
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In a typical circuit, a battery provides voltage for the load through wires. For example, the
required voltage for a bulb to glow is provided by a battery. The following image shows such
an electric circuit:

light bulb

|

wire

Fig 2.1.3: An electric circuit

— 2.1.2 Types of Electric Circuits

An electric circuit is classified into two types:
e Series circuit
e Parallel circuit

Series Circuit

In this type of a circuit, all components are connected as a chain and the current flowing
through each one of them is the same all over the circuit. There is a single route through
which the current flows. So, the current passes through each and every component. Opening
or breaking any point in a series circuit causes the whole circuit to stop functioning which
then needs to be replaced. The following image represents a series circuit:

298

)

< @:

Fig 2.1.4: A series circuit
Parallel Circuit
In this type of a circuit, two or more components are connected in a parallel manner. In a
parallel circuit, the components are of the same voltage. The current flow varies across the

components. If any point of the circuit gets damaged, only that part needs to be replaced.
The following image represents a parallel circuit:

— | —,

Il

&

I

—r | —>

Fig 2.1.5: A parallel circuit
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— 2.1.3 Parameters of Electric Circuit

Electricity is a natural force that comes into existence whenever there is a flow of electric
charge between any two components. When working with circuits, awareness about some
of the basic concepts of electricity is needed, otherwise a wrong connection in a circuit may
cause high damage to the user and the circuit components. The main parameters associated
with electricity are as follows:

e \Voltage

e Current

e Resistance

Voltage

A force that causes electricity to move across the wire/cable is known as voltage. It can also
be defined as the variance in the charge between the points of a circuit. Depending on the
voltage, the electric current flows through a medium of a specific resistance. Volt is the unit
of voltage and is denoted with letter V.

Current

Electric current, or simply current, is the flow of electric charge carried through electrons
moving across wires. Ampere is the unit of current and denoted with letter I. The units of
current are listed in the following table:

Unit Denoted by
Micro-Ampere (HA) = 10-6A
Millie-Ampere (mA) =10-3A
Ampere (A)

Fig 2.1.6: Units of current
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AC and DC Current

The following figure lists the two types of current sources that are dependent on the
direction in which the electrons flow:

(r

+ Alternating Current

/\
VoV

+ Direct Current

)

AC can be defined as the flow
of current in which electrons
keep switching directions,
going either forward or
backward.

In this the magnitude of
induced current varies with
time.

Types of AC are Sinusoidal,
Trapezoidal, Triangular,

\Square.

J

Resistance

Fig 2.1.6: Difference between AC and DC current

DC can be defined as the flow
of current in which the drift of
electrons remains steady
either in a single direction, or
forward.

In this the magnitude of
induced current remains
constant.

Types of DC are Pure and
Pulsating.

\_

J

current to flow from one point to the other with a 1V voltage difference.

Resistance, as the word suggests causes hindrance to any occurring force. In other words, it
is an obstruction caused by a substance to the current flow. The unit of resistance is ohm
and it is denoted with the symbol, Q. According to Ohm’s law, 1Q resistance allows 1A of

follows:

where,

2.1.4 Ohm's Law

According to Ohm's law, the flow of current through a conducting material is directly
proportional to the conductor’s voltage. The mathematical equation of Ohm’s law is as

| is the current
V is the potential difference
R is the resistance

I=V/R
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Ohm's law states that R in the preceding relation is constant and independent of the current
flowing through it as shown in the following image:

Fig 2.1.7: A simple electric circuit

2.1.5 Power Calculation and Energy Consumption

When electricity flows in an electric circuit, it results in some work done. For example, when
it flows in a fan, the fan’s blades rotate and when it flows in a refrigerator, it cools the things
inside. Thus, when electricity flows through an appliance, it results in some work done. To
calculate the electricity consumed, the following two parameters need to be considered:

e Power
e Energy
Power

The rate at which electrical energy flows through an electric circuit is known as electrical
power. Similar to mechanical power, electric power is the rate of doing electrical work,
measured in watts (one joule per second) and denoted by P. The term wattage often refers
to electric power in watts.
Thus, to denote the electric power (in watts) given by an electric current | consisting of a
charge of Q coulombs in every t seconds through an electric potential (voltage) difference of
V, use the following equation:

P= work done per unit time =VQ/t = VI
Energy

If the electric power is the rate or speed of work done, then electric energy is the total
amount of work done in a given time period. It is a product of the power of an electrical
appliance and the duration of its usage. Electric energy can be explained with the following
equation:

Electrical Energy (E) = Power (P) x Duration of Energy usage (T) = Power (Watt) x Time (hour)
E(Wh)=P (W) xT(h)

Power = Energy / Time

Example:

Electricity charges are paid based on “Units of Consumption”

1 unit =1 kWh
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If 500W is used for a device for 4 hours, then consumption is = 0.5 kW * 4 Hrs. = 2 KWh (2
units). By multiplying the power consumption with rate of electricity, the electricity bill for
the usage is determined.
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UNIT 2.2: Components of an Electric Circuit

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Describe the active and passive components

2. List electromagnetic components

A circuit consists of a number of components that may be electrical, electronic, mechanical
and so on. The following figure represents various types of circuit elements or components
that are used in a control panel:

N\
Active
Components
\ 5 V.
Passive
Components
4 - N
Electromechanical
Components
\ V.
\

Fig. 2.2.1: Circuit elements

— 2.2.1 Active Components

Active components depend on a source of energy to perform their functions. These
components can amplify current and can produce a power gain.

The following figure lists the different types of active components in a circuit:

L'.gh.t Active
Emitting Components
Diode(LED) P

Integrated
Circuit(IC)

Fig. 2.2.2: Active components

o
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Diode

A diode is a specialized electronic component with two terminals known as the anode and
the cathode. It has asymmetric conductance, which means that it conducts mainly in one
direction. It has very less resistance, ideally zero, to the flow of current in one direction
whereas it has high resistance, ideally infinite, in the other direction. Diodes are usually
made up of semiconductor materials such as germanium, silicon or selenium. Appliances
such as refrigerators, air conditioners and washing machines have this component. The
following image shows diodes:

Fig. 2.2.3: Diodes
Transistor

A transistor is an electronic device, made up of a semiconductor material. Usually, it consists
of three or more terminals for connecting to an external circuit. It is utilized to amplify or
switch electrical power and electronic signals. Appliances such as refrigerators, air
conditioners and washing machines have this component.

The following image shows a transistor:

Fig. 2.2.4: A transistor
IC
An IC, also known as a microchip, is a semiconductor wafer on which a number of small
resistors, capacitors and transistors are fabricated. It can work as an oscillator, an amplifier,
a timer, a counter, a microprocessor or as computer memory. Appliances such as

refrigerators, air conditioners and washing machines have this component. The following
image shows an integrated circuit:

Fig. 2.2.5: An integrated Circuit (IC)
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LED

An LED is made of a p-n junction diode which releases light when it is activated. It is a two-
lead semiconductor source of light. Energy is released as photons when a suitable voltage is
applied to the leads. Appliances such as refrigerators, air conditioners and washing machines
have this component. The following image shgws an LED:

Fig. 2.2.6: An LED

2.2.2 Passive Components

Passive components are those components which can perform their specific functions
without any power source. These components are incapable of controlling current.

The following figure lists the different types of passive components in a circuit:

Passive

Components

Capacitor

Fig. 2.2.7: Passive components

Transformer

A transformer consists of a metal core with coils of wire around it. It is a device used to
convert alternating current (AC) to the required values by decreasing or increasing the
alternating voltages in an electronic or electric system. Appliances such as refrigerators, air
conditioners and washing machines have this component.
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The following image shows a transformer:

Fig. 2.2.8: A transformer

Resistor

A resistor is a component in an electronic circuit which is built to resist or limit the flow of
current in that circuit. It may be a small carbon device or big wire-wound power resistor. Its
size varies in length from 5mm up to 300mm. Appliances such as refrigerators, air
conditioners and washing machines have this component.

The following image shows resistors:

e

e
iy

Fig. 2.2.9: Resistors
Capacitor
A capacitor is a device which is made up of one or more pairs of conductors and an insulator
separating them. It is used to store electric charge. Appliances such as refrigerators, air
conditioners and washing machines have this component. The following image shows
capacitors:

Fig. 2.2.10: Capacitors

Inductor

An inductor consists of a coil or a wire loop. This component is used to store energy in the
form of a magnetic field. The more the turns in the coil, the more will be the inductance.
Appliances such as refrigerators, air conditioners and washing machines have this
component.
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The following image shows inductors:

Fig. 2.2.11: Inductor
Thermistor

A thermistor is a kind of resistor which is more sensitive to temperature as compared to
other resistors. It is extensively used as an inrush current limiter, temperature sensor, self-
regulating heating element and self-resetting overcurrent protector.

Appliances such as washing machines have this component. The following image shows a
thermistor:

Fig. 2.2.12: A thermistor
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— 2.2.3 Electromechanical Components

Electromechanical components convert electric energy into mechanical energy (mechanical
movement) or vice versa for carrying out electric operations. The following figure lists
various electromechanical components:

Electromechanical

Components

Circuit
‘ Breaker

Fig. 2.2.13: Electromechanical components
Motor
A motor is an electrical component which is used to transform electrical energy into
mechanical energy to produce linear or rotary force. Unlike magnetic solenoids, they
generate usable mechanical powers.
In a normal motoring mode, force is generated inside the motor through the interaction
between its winding currents and magnetic field. Appliances such as refrigerators, air
conditioners and washing machines have this component. The following image shows the
motor used in a mixer grinder:

Fig. 2.2.14: Amixer grinder motor
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Types of motors are:

1. Capacitor start motor
2. Relay start motor

Capacitor Start Motor

In a capacitor start motor, the capacitor is connected in series with the starter winding,
which causes current in starter winding. When the motor reaches 75% of the rated speed,
the capacitor and the starter winding is disconnected by a switch.

A capacitor start motor is used in air conditioners and washing machines. The following
image shows a circuit diagram of a capacitor start motor:

Line 1
Start
RUN Winding
Winding
Start
T Capacitor
Line 2

Fig. 2.2.15: Circuit diagram of capacitor start motor
Relay Start Motor

In a relay start motor a relay is connected between the starter and run winding, which
causes current in starter winding. Then the resistance of motor increases with current, which
cuts the start winding then the motor works only on run winding.

Relay start motor is used in refrigerators. The following image shows a circuit diagram of a
relay start motor:

OLP Start
12 / Winding

Start Run
C
Relay S Winding

iy

Fig. 2.2.16: Circuit diagram of relay start motor

B f

=

Printed Circuit Board (PCB)

A PCB acts as a base for the components that are mounted on its surface and are
interconnected with wires, conductive tracks and so on. The components are generally
soldered on the circuit board according to the specified design. Appliances such as
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refrigerators, air conditioners and washing machines have this component. The following
image shows a PCB:

Fig. 2.2.15: A PCB
Connector
A connector is a device which is used to join two circuits together. The connector may be a
port, a plug, a cable connector and so on. All appliances have this either in the form of a
cable connector or a plug, as shown in the following image:

Fig. 2.2.16: Plug
Switch
A switch is a component used to make or break connections in an electrical circuit. A switch
is used to divert the current from one conductor to another. It can be operated manually to
control a circuit such as a light switch or can be operated by a moving object. It is made to
control a wide range of currents and voltages.

The following image shows a typical switch used in small appliances such as refrigerators, air
conditioners and washing machines:

Fig. 2.2.17: A rotary switch
Relay

A relay is a switch that controls an electrical circuit by opening and closing contacts in
another circuit, electromechanically or electronically. In electromechanical relays, the
opening and closing of contacts is done by a magnetic force. The electromechanical relays
are operated by an electromagnet which is a coil of wire wrapped round an iron core. In
solid state relays, the switching is electronic as there are no contacts. Appliances such as
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refrigerators, air conditioners and washing machines have this component. The following
image shows both the relays:

Fig. 2.2.18: Solid state relay and electromagnetic relay
Circuit Breaker

A circuit breaker is a requisite component of an electrical power system required for its
control and protection. It is a switching device which can be operated manually as well as
automatically. Its main function is to shield an electric circuit from harm caused by overload
or short circuit. It interrupts the current flow when protective relays find out a fault.
Appliances such as refrigerators, air conditioners and washing machines have this
component. The following image shows a circuit breaker:

Fig. 2.2.19: A circuit breaker
Starter
A starter is a device that is used to start, stop, reverse and protect a motor. It controls the
supply of electric power to the motor. It has two important parts, contactors and overload
protection. Appliances such as air conditioners and washing machines have this component.
The following image shows a starter:

Fig. 2.2.20: A starter

Timer

A timer, also known as a time switch, is a special type of clock that measures time intervals.
It operates a switch that is controlled using a timing device. A timer may be built into a
power circuit such as a water heater timer. It may also be built into the equipment such as a
timer that turns on/off washing machine after a set period.
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Even air conditioners have timers that turn it off after a set period. In case of refrigerators,
there is a defrost timer that turns on after a set period of 15 to 30 minutes to melt the frost

from the evaporator coil.
The following image shows some appliances that have a timer:

Fig. 2.2.21: A timer
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UNIT 2.3: Inverter Technology

— Unit Objectives ©

At the end of this unit, you will be able to:
1. List the basic functions of inverters

2. ldentify the advantages of inverters

3. Explain the controller functions

— 2.3.1 Inverter

The inverter technology is used to control the motor speed of the compressor. A DC inverter
has an adjustable electrical inverter with variable frequency drive which helps control the
speed of the electromotor. This drive converts the input AC current flow to DC and then the
current is modulated to a desired frequency. This helps improve the efficiency of the
appliances and the life of the compressor. It also reduces the noise produced by the
appliances.

The following figure shows the basic workflow of an inverter in an AC:

Qver cooling: Poor temperature control

Temperature i o
and inefficient use of energy

Inverter AC

Minimal Temperature Fluctuation
Efficient use of energy

Non-Inverter AC

Time
Fig. 2.3.1: Basic workflow of an inverter in an AC
The inverter's main functions are listed in the following figure:
4 \
— Converting DC electricity into AC —
\L J
— Wave shaping of the produced AC electricity —
4 \
— Regulation of the value effectiveness of the produced voltage —
\L J

Fig. 2.3.2: Basic functions of an inverter
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appliances:

— 2.3.2 Advantages of Inverters

The following table shows advantages of inverter-based appliances over non-inverter-based

Item

Non-Inverter

Inverter

Time to reach pre-
set temperature

Relatively long due to
fixed capacity

Short because of increased
capacity

Fluctuations after
reach pre-set
temperature

Major fluctuations due
to start/stop operations

Minor fluctuations due to load
adaptable operations

Sudden current
flow when the
compressor
started

5-6 times rated value

1.5 times rated value due to
gradual increase at the start

Low temperature
range

during heating

Decrease in capacity

Decrease in capacity
compensated by increased
rotational speed

Defrosting time

Relatively long due to
fixed capacity

Short due to maximum capacity
operations

Unit composition

Relatively simple

Extra parts required

Trouble diagnosis

Relatively easy

Complicated

Fig. 2.3.3: Advantages of inverter-based application

— 2.3.3 Controllers

Refrigerators, air conditioners and washing machines all require a control system to regulate
the heating, cooling and air conditioning operations. A sensing device compares the actual
state like the current temperature and pressure with the target state. Then it is the function
of the control system to take action to start or stop the functioning of components like
compressor, condenser etc. The following image shows an AC controller:

oG

Fig. 2.3.4: An AC Controller
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There are different types of controllers as shown in the given figure:

-

~

e|t starts working as per the set temperature and
the ambient temperature status.
Compressor On/OFF *While cooling, the compressor is turned ON
Controller when the ambient temperature is higher than
the set temperature and when the temperature
drops below the dead band temperature.

J

\ oThis type of controller has better control as the \
compressor in this does not turn OFF completely.

e|n it the frequency of the compressor rotation

varies as per the load.

¢This type of controller is more energy efficient

and ecofriendly.

eFor cooling function a setting of 24 °C and in

heating function a setting of 28 °Cis considered

) as a good energy saving setting. )

\_
-

Compressor AC/DC Inverter
Controller

\_
-

~

*The fan controller enables us to put the fan is
Low, Medium, High or Auto mode.

*The Auto mode works by determining the room
temperature and set temperature.

Fan Controller

J

\ et is a clock based controller which turns the \
system ON/OFF as per the settings.

*To make the user set the time to enable working
of the systems.

Timer Controller e|n air conditioning, customer can set the AC to
switch ON or OFF for a set time.

¢ In washing machine systems user can set the
spin period and drying period by using timer

) control. J
\

Y4

Y4

elt is located in the indoor unit and has a module
of high voltage electronic setting that ionizes the

lonizer Controller air with negative ions.

*This helps remove dust and contaminants from
the surrounding air

\_

Fig 2.3.5: Type of controllers
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— 2.3.4 Four Way Valves

A four-way valve is an electro mechanical valve which is used to reverse the refrigerant flow
of direction by using an electrical magnet. This is basically a heat pump reversing valve
present in air conditioners and refrigerators. The heat pump is made up of four valves (A, B,
C, D). The working of four-way valves involves two modes — heating and cooling mode.

Cooling Mode

Tube A is connected to the compressor discharge port which is at high pressure. Tube B is
connected to the return valve return port of the compressor which is at low pressure. Thus,
A has high pressure refrigerant and B has low pressure refrigerant.

The heat pump pushes the valve and allows the refrigerant at high pressure from tube A to
tube D to outer coil, which drops the pressure of the metering device. Then the inner coil
cools the area (inside of a house) and then comes back into tube C. The following image
shows the working of a four-way valve in cooling mode.

Fig. 2.3.6.: A four-way valve in cooling mode
Heating Mode
In the heating mode the refrigerant at high pressure goes from tube A to tube C which
enables the refrigerant to flow in the inner coil to heat the inner area (inside of the house).
This provides heat in the inner area. Then the pressure drops as the refrigerant goes through
a metering device which lowers the pressure and it comes back into tube D.
Then the slider enables the refrigerant at low pressure to go from tube D to tube B and
come back to the compressor to repeat the cycle. The following image shows a four-way
valve in the heating mode

Iy

Ve

B c

h’%,J
8

Fig. 2.3.7.: A four-way valve in heating mode
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UNIT 2.4: Units of Measurement in RACW

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the standard units

2. List the conversion of BTU into other units

3. Explain efficiency and ratings of refrigeration and air conditioning

— 2.4.1 British thermal unit (BTU)

BTU or Btu (British thermal unit) is a traditional unit used in heat measurement. The BTU can
be defined as the amount of heat which is required to raise the temperature of one pound
of water by one-degree Fahrenheit. In metric system this unit is Calorie which can be defined
as the amount of heat required to raise the temperature of one gram of water by one
degree Celsius.

Heat is considered equivalent to energy.

1 BTU = 1055 joules
Conversions
One BTU is approximately equal to all these units as shown in the following figure:

| 1.054 to 1.060 kJ (kilojoules)

1 0.293071 Wh (watt hours)

—— 252 to 253 cal (calories)

—— 0.25 kcal (kilocalories)

Fig. 2.4.1.: Conversion of BTU
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— 2.4.2 Tons of Refrigeration and Rating

TR (Ton of refrigeration) is a unit of power which is used to explain the heat extraction of a
refrigerator or an air conditioning system.

Ton of refrigeration can be defined as the rate of transfer of heat which causes the melting
of one ton (907 kg) of pure ice which is at 0°C (32 °F) in a time period of 24 hours.
Refrigeration ton is equal to 12,000 BTU/hour or 3.5 kW.

The performance of refrigerators and air conditioners are specified by its capacity in BTU/h.

EER (Energy Efficiency Ratio)

The EER (Energy Efficiency Rating) is a score rating for the appliance used to measure their
capacity and efficiency. It can be calculated by the ratio of cooling capacity to power
consumption.

Higher EER means better efficiency

Calculated EER of 1TR

Cooling capacity = 3,514 W

Power consumption = 1,500 W

EER =3,514/1,500 = 2.34

BEE standards

BEE (Bureau of Energy Efficiency) star rating system is based on EER. It is ranged from 0 to
six. The higher the number of stars, better the efficiency of the appliance. This rating is
mandatory as per the ACT to be followed by all the manufacturers. The following is the table
which shows the EER ratings as per the BEE standards star rating band.

EER (W/W)
Star Rating Min Max Star Rating Min Max Star Rating Min Max
1 Star * 2.70 2.89
2 Star ** 2.90 3.09
3 Star *** 3.10 3.29
4 Star **** 3.30 3.49
5 Star ***** 3.50

Fig. 2.4.2.: EER ratings
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- Key Learning Outcomes

2.
3.
4

B

At the end of this module, you will be able to:

1.

List the different types of tools used for installing appliances
Identify the correct methods of using tools

Maintain and handle tools properly

Identify the safety methods to be followed while handling tools
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UNIT 3.1: Identify the Use of Tools and Equipment

- Unit Objectives ©

At the end of this unit, you will be able to:
1. Identify the types of tools used for installation
2. Identify the equipment used in installation of appliances

— 3.1.1 Introduction to Tools

Tools are non-consumable items that can be used in installing or servicing electronic
appliances. Tightening of bolts, stripping wires and measuring angles and length can be
easily done with the help of specific tools.

Hand tools are the tools which are operated easily to perform tasks by using power and grip
of hand. Some examples of hand tools are screw driver, hammer, measuring tape, wrenches
and so on.

Tools are essential for a field technician as it helps the technician to complete the task of
installing appliances easily with less effort.

The following is an image of basic tools used in installation of appliances:

Fig. 3.1.1: Tools used in appliance installation

— 3.1.2 Basic Tools

The following tools are used for basic installation and servicing of appliances:

1. Detachable small handle screwdriver: A screw driver which can be used from either
end. One end has a ‘+’ shape for ‘+’ shaped screws and other end for ‘-’ shaped screws.

2. Detachable long handle screw driver: A similar kind of screw driver with long stem. This
also can be used from either end. One end has a plus '+' shape for '+' shaped screws and
other end for minus'-' shaped screws.

3. Slim line slot head screw driver: Used where we cannot reach with our hands or even
fingers. It has a long and thin stem and has a minus'-' shape.

o
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4. Round screw driver: Used to screw and un-screw the minus '-', plus '+, star '*,
hexagonal or any other type of screws. It has a magnetic front socTat which can hold bits
of various shapes.

5. Bit pad: A pad with eight-ten bits of varied shapes to use with round screw driver.

6. Extension bit/rod: A component that is attached to the front of the round screw driver
to increase its length. Once attached, it increases the reach of the screw driver by an
inch to three-four inches. The following is an image of a screw driver set:

Fig. 3.1.2: A screw driver set with bits

7. Tester: It is used to check the presence of electric current in various sockets and wires
during installation process. The following is an image of a tester:

Fig. 3.1.3: A tester

8. Double ended round spanner: A round spanner that can be used at either end. Each end
has a different size. Generally, a set of spanner has a combination of sizes 10-11mm,
12-13 mm or 13-14mm.

9. Simple spanner: A normal spanner (wrench) which can be used at either end. These are
also two in number. One is a combination of 10-11mm and other being a combination of
12-13mm and 14-15mm. The following is an image of spanner set:

Fig. 3.1.4: Spanner with wrench heads

10. Adjustable wrench: It is a spanner that can be adjusted as per the head size of a
nut/bolt. It is helpful in situations where the installation engineer encounters a head
which is either bigger or smaller than the limited sized spanner they otherwise carry
along with them.
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11. Measuring tape: It is a self-retracting pocket tape measure which is used to measure
wall thickness and other measurements while carrying out installation. The following is
an image of a measuring tape:

Fig. 3.1.5: A measuring tape

12. Spirit level meter: It is an ideal tool for precise determination of horizontals, inclines and
angles of surface. The following is an image of a spirit level meter:

Fig. 3.1.6: A spirit level meter

13. Heavy duty hammer: It is used for driving nails, fitting parts, and breaking objects. It has
a handle and a head, with most of the weight in the head. One side of the head has a
little slit that is used to pull out nails from walls or wooden brackets. The head of the
hammer can be used as a reliable guide for minimum bend radius of coaxial cable while
clipping it to the wall. The following is an image of a heavy duty hammer:

Fig. 3.1.7: A heavy duty hammer

14. Pliers: Pliers are hand tools, designed primarily for gripping objects by using leverage.
Three types of pliers are used by installation engineers:

a. Combination pliers: These are used for gripping small objects, to cut and bend wire
and cable and to hammer other small tools such as a chisel or screwdriver and small
nails. These pliers have a gripping joint at their snub nose, and cutting edge in their
craw. They also have insulated handle grips that reduce (but do not eliminate) the
risk of electric shock from contact with live wires.

b. Side cutter or heavy duty cutter: These are used to cut wires and nails.

c. Wire stripper/cutter: Used for stripping wires, removing insulation on electrical wire
while leaving the wire intact. It is an adjustable plier which can be adjusted using a
screw driver to enable its usage on a thicker wire as well.




el  Participant Handbook

15.

16.

17.

18.

19.

The following is an image of pliers and cutters:

e | ,
|

Fig. 3.1.8: Cutters and pliers

Compression tool: This is used to compress the connector on to the wire end. The
connector is then connected to the LNBF of Antenna or to STB jack.

Cable preparation tool: It is used to cut the cable and prepare it for use during
installation. The following is an image of cable crimping tools:

Mh

Fig. 3.19: Cable crimping tools

Note: Compression and crimping tools are generally used together. Crimp tool is used to
cut the wire and the compression tool is used to fix the connector to the end of a wire.
Never try to cut the outer sheet of coaxial cable manually as it may cause problems later

Component box: A small box to keep small spare parts like screws, nuts, bolts, p-clips
etc.

Drill machine: It is used to create holes and through-holes in concrete and masonry
(max. diameter 20 mm). It is also used for drilling metal sheets, wood, drywall and
driving screws. It operates at 600 W. It can be operated in two modes, normal as well as
hammer. The normal motion is a rotatory motion whereas hammer motion is a
combination of rotatory and hammer motion. There are separate bits for both the
modes. The following is an image of a drill and drill bits:

i

a Bl

Fig. 3.1.10: A drill machine and drill bits

Bits: The way drill machine has two modes, normal and hammer. Bits are also of two
types. One set of bit is used for normal drilling whereas the other for hammer drilling.
Hammer drilling bit has got a different shape and has grooves for better grip. Hammer
bit




Field Engineer RACW

is generally used for concrete and comes in varied sizes such as 6mm, 8mm, 10mm,
12mm and of 47mm length.

20. Digital multimeter: It is an electronic device which is capable of taking various electronic
measures such as current, voltage or resistance. The basic measurements that are
normally made include voltage, current (both AC and DC) as well as resistance.
Advanced multimeters have a variety of other functions such as measurement of
frequency (not up to a high level of precision), capacitance and temperature. The
following is an image of a multimeter:

L

Fig. 3.1.11: A digital multimeter

21. Torch: A battery operated source of light. It is kept in the tool kit to use in case the light
fades or is not appropriate during the time of installation.

22. Hacksaw: It is used by the installer to cut a plastic pipe or a plastic conduit. It is a hand
saw with a C shaped frame which holds a blade. The following is an image of hacksaw:

Fig. 3.1.12: A hacksaw

23. Cutting knife: It is used at workplace to cut the tape of sealed package without
damaging the packaging content. It is also known as a utility knife. The following is an
image of cutting knife:

Fig. 3.1.13: A cutting knife
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24. Keyhole saw: It is used to cut holes in drywall or softer woods for new electric switch in
the wall. It has a plastic or wood handle with a pointed blade. In some keyhole saw,
various blades can be fitted in the same handle. The following figure shows a keyhole

Saw:

Fig. 3.1.14: A keyhole saw

25. Tube cutter: This tool is used to cut a copper or a plastic pipe in a clean, convenient and
faster manner. It is also known as a pipe cutter. The following image shows a tube

cutter:

Fig. 3.1.15: A tube cutter

26. Torque wrench: It is used to measure the torque in nuts or bolts. It is mainly used in
prevention of over tightening of bolts and steam pipe and water pipe repairs
underground. The following figure shows a torque wrench:

Fig. 3.1.16: A torque wrench

27. Wrench: This tool is used to turn fasteners such as nuts and bolts by applying torque and
tighten the screw. The following image shows a wrench:

Fig. 3.1.17: A wrench
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28. Refrigerant gas detector: This tool is used to detect a gas leak around the appliance or in
the surrounding. The following figure shows a gas detector:

Fig. 3.1.18: A gas detector

29. Digital clamp meter: An electrical tester which combines a multimeter with a current
sensor is known as a clamp meter. The probes in the device measure voltage whereas
the clamps measure the current. The clamps are the hinged jaws joined to an electric
meter that allows users to clamp around the cable/wire anytime for measuring the
current without disturbing any other element. While using a clamp meter, the
wire/cable to be measured is not disconnected.

The following image shows clamp meter:

Fig. 3.1.19: A clamp Meter
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UNIT 3.2: Safety and Maintenance of Tools

— Unit Objectives €

At the end of this unit, you will be able to:

1. Safety measures to be taken while handling tools

— 3.2.1 Safety while Handling Tools

The tools selected for a particular set of job should be specifically suitable for the job. The
tool should have a proper handle grip so as to avoid slipping of the tool while working. The
tools should be used only for the purpose they are made for and not for any other purpose.
The tools should be used under the safe working limits as per the design specification of the
tool.

A technician should always wear personal protective wear such as safety gloves, safety
helmet, safety goggles, safety shoes, ear protecting plugs and safety mask. The following are
the images of personal protective equipment:

Fig. 3.2.1: Personal protective equipment (PPE)

The tools should be carried in proper toolbox in a managed and organised way. The tools
should be kept at a secure place to avoid any unauthorised access and accident from the
tools. Before working, check the work piece to prevent any damage to the tool to be used
on the work piece.

While working at heights, tools should be tied or put in safe place to avoid any slipping and
dropping of the tool. The tools should be operated in a correct position with proper strength
for holding and operating the tool effectively. While using tools, correct procedure should
be followed as per the manufacturer’s instruction to operate the tool. While using sharp
edged tools, ensure that the direction of movement of the tool should be away from the
body. After the completion of work tools should be put in the appropriate place securely.

o
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— 3.2.2 Maintenance and Housekeeping of Tools

As tools are essential for a service technician, regular maintenance and check needs to be
done to maintain the tools in good condition. Using or working with a damaged, broken or
unsuitable tool is hazardous.

To keep the tools in good conditions following steps should be checked:

e Get the tools from the store as per the requirement and return the tools in good
condition after completion of work.

e A regular routine check of the tools should be done to examine the condition of the
tools.

e Get the damaged and worn out tools fixed else get the tools replaced.

o Before and after completion of the work clean the tools properly.

e Edges of sharp edged tools should be maintained sharp.

e The tools should be kept in the store department in an ordered way in proper toolboxes.

e Sharp tools should be kept with protective guard over the sharp edges.

e Broken tools should be discarded with care.

e Regular examination, repair and maintenance of the tools should be carried out only by
a competent person.

e Report about any issue related to damage or faulty tool/equipment to the store

SUpervisor or senior.

— 3.2.3 Safety while Working

While working at a site, make sure you follow the safety regulations to avoid any accident.
Safety is the primary concern as per the company’s policy and standards.

Safety should be followed:

e While handling tools/equipment’s

e Climbing an elevated surface or using ladders

The given safety points should be considered while working:

e Qverloading — While using tools/equipment’s make sure that they are not overloaded or
operated beyond working limits. The ladder or structure over which you need to work
should not be overloaded as well.

e Qverreach — Do not try to reach beyond a point while working on a ladder or an elevated
surface. Keep the safety line tied with the safety belt while working.

e Resting tools — Avoid resting or hanging of tools over an elevated surface.

e Carrying tools — Always carry tools safely or use tool belts for carrying tools.

e Stability — Always ensure to make a stable point of contact on the ground and especially
on an elevated surface like a roof or a ladder. Ensure making three points of contact rule
for stable position before starting the work.

e Standardised equipment — Make sure you are using standardised equipment like tools,
ladders and safety equipment.

o
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e Maintenance — Always maintain your tools and equipment in good condition and clean
them before using.

First Aid

While working at the site and handling tools and equipment a person might suffer some
injury. So, to handle such a situation the technician should carry a first aid kit which can help
provide the first aid necessary. The first aid box may contain:

e Instructions to provide first aid.

e Sterile and antiseptic liquids.

e Bandages of appropriate sizes and cotton.

e Scissors, clippers and tweezers.

e (Cold pads.

e Disposable gloves.

The technician should also have a basic knowledge to provide first aid. Also in case of any
accident, contact emergency services as soon as possible via communication methods.
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B

- Key Learning Outcomes

At the end of this module, you will be able to:

Describe the refrigeration cycle

List the basic components of a refrigerator

Explain the properties and types of refrigerants
Describe environmental effects of refrigerants

List the types of refrigerators

Follow safety precautions, policies and procedures
Explain the working of DC refrigerator

Explain the working of FF refrigerator

©® NV R BN R

. Install DC and FF refrigerators

10. Repair DC and FF refrigerators
11. Describe sealed system

12. Explain copper pipe processing
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UNIT 4.1: Refrigeration Cycle

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Define refrigeration

2. ldentify the uses of refrigeration

3. Explain refrigeration cycle

— 4.1.1 Refrigeration

Imagine a scenario where a food item such as an apple is left out in the open at room
temperature. The food starts spoiling at a fast rate due to the presence of bacteria in the air.
The same apple stays fresh for a longer period of time if it is kept in a refrigerator. Since
ancient times, it was discovered that the growth rate of bacteria slows down in lower
temperature. This led to the development of refrigeration process as a way to preserve and
store food.

Refrigeration is the process of removing unwanted heat from an object or an area and
transferring it to another object or area. This enables an item to be stored below room
temperature by keeping it in a system that is designed to cool or freeze.

A system/ machine that provides refrigeration under controlled conditions is called
refrigerator. A refrigerator uses a chemical substance called refrigerant to transfer heat from
one area to another. The following figure shows a domestic refrigerator:

Fig. 4.1.1: A refrigerator

— 4.1.2 Uses of Refrigeration

Refrigeration has had a huge impact on lifestyle, agriculture, manufacturing and processing
industry. It has made it possible to preserve food for long periods of time, to store and
distribute agriculture produce over long distances, to facilitate many chemical processes, to
manufacture different medicines and to provide comfort air conditioning.

o
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The following image shows the major uses/ applications of the refrigeration:

Chemical and process
industry

qﬁ Air conditioning

Fig 4.1.2: Uses of refrigeration

Food industry

One of the most important applications of refrigeration has been in the food processing,
preservation and distribution industry. It has enabled processing of raw food into packaged
food such as beverages, dairy products and frozen foods. Processed food can be stored and
preserved at temperatures at or below zero-degree C. Cold storages, refrigerated trucks and
rail cars have made it possible to cover large distribution areas without affecting the quality
and taste of the produce.

Chemical and process industry

Many chemical processes require temperatures below zero-degree C to work. Refrigeration
has made it possible to separate and liquefy gases in petrochemical industry, dehumidify air,
solidify solutes, remove heat from chemical reactions, recover solvents and control
fermentation.

Pharmaceutical industry

Refrigeration has changed the face of the pharmaceutical and medical industry. It has made
it possible to manufacture several antibiotics and other drugs that require a process known
as freeze drying. It is now possible to store and distribute medicines, vaccines, blood plasma,
and tissues and preserve blood and bone marrow. It has enabled the use of local
anaesthesia for surgeries.

Air conditioning

Air conditioning is based on the principle of refrigeration and has been developed to provide
comfort to humans. Air conditioning in buildings such as homes, schools, offices, hotels,
restaurants and so on ensure that the core body temperature is maintained around 37
degrees C thereby providing comfort and satisfaction.
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Apart from comfort, refrigeration has provided suitable conditions in the industries to carry
out processes required in the manufacture of various products. Some applications of
industrial air conditioning are in:

e IT industry

e Printing industry

o Textile industry

e Semi-conductor industry

e Mines and power plants

4.1.3 Refrigeration Cycle

The basic principle behind the refrigeration process is that when a liquid expands into gas, it
extracts heat from its surrounding area. A refrigerant is a chemical liquid which evaporates
at a very low temperature enabling it to extract heat at a faster rate. This refrigerant is
propelled through a closed system to ensure that it is not dispersed in the surroundings and
can be used again and again.

The following figure shows the refrigeration cycle:

Capilary tube Dryer High Pressure Liquid

Low Pressure
Liquid/Vapor

Evaporator
Condenser

Low Pressure Vapor High Pressure Vapor
Compressor

Fig 4.1.3: Refrigeration cycle

A refrigeration cycle consists of two sides or pressure areas, the evaporating or low pressure
side and the condensing or high pressure side. A metering device such as an expansion valve
or a capillary tube separates the two areas on one side. On the other side, a compressor is
placed between the two areas. The metering device controls the flow of refrigerant and the
compressor compresses the refrigerant into high pressure gas. The low-pressure refrigerant
passes through the evaporator causing it to evaporate. This low-pressure vapour then enters
the compressor where it is compressed into a high temperature, high pressure vapour. It
then goes into the condenser where it gives up its heat to the cooler air passing through the
condenser. The refrigerant condenses back into high pressure liquid which travels to the
metering device. It is made to pass through a small opening resulting in a drop of
temperature and pressure. This low-pressure refrigerant then enters the evaporator again,
thereby completing the refrigeration cycle.
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UNIT 4.2: Basics Components

_ Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the basic components of a refrigerator
2. Describe the working of the components of a refrigerator

— 4.2.1 Components of a Refrigerator
A refrigerator consists of four main components as shown in the following figure:

Components
of a

Refrigerator

Expansion

Evaporator Compressor Condenser
Valve

Fig. 4.2.1: Components of a refrigerator
Evaporator
The evaporator turns the cold, low pressure refrigerant into vapour. It is in the freezer
section of the refrigerator and has a fan blowing across coils of copper or aluminium tubing.
The cooler refrigerant absorbs the warmer heat from the surroundings and its temperature
rises. This cools down the surrounding and a warm, low pressure refrigerant is sucked into
the compressor. The following is an image of an evaporator:

Fig. 4.2.2: An evaporator

Compressor

The compressor is the most important part of the refrigeration system. It pulls in the low-
pressure refrigerant from the evaporator through a suction line and compresses it into a
high pressure vapour. The following is an image of a compressor:

Fig. 4.2.3: A compressor

—______o___________
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The compressor is a mechanical device that consists of a power source, that is the motor and
a compressing mechanism sealed inside a metal housing. There are five main types of
compressors that are used in any refrigeration system. These are as shown in the following

figure:
4 N
Reciprocating . . . .
compressor A pos.ltlve ‘dlsplacement compressor that delivers gas at high pressure
by using pistons
4 N

Scroll compressor A positive displacement rotary compressor with a fixed and rotating

scroll. Gas is compressed by confining in between the two scrolls

A positive displacement rotary compressor made up of two
intermeshing screws/ rotors. Gas is compressed by confining in
between the two rotors

Screw compressors

Rotary compressors A positive displacement compressor that uses a rotary impeller to drive

the air through a curved chamber to compress it.

Centrifugal
compressors A compressor that uses centrifugal force generated by rotating
limpeller blades to compress gas

Fig. 4.2.4: Types of compressors

Condenser

The condenser is a device that removes heat from the refrigerant and changes it to a liquid
form. It consists of coils of aluminium exposed to the atmosphere and a fan that blows
across the coils. It is located at the back of a refrigerator. When the hot, high pressure
refrigerant flows through the copper tubes, fan cools the vapour refrigerant and changes it
into liquid. This liquid refrigerant enters the expansion valve. The following is an image of a
condenser:

Fig. 4.2.5: A condenser
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Thermal Expansion Valve

The thermal expansion valve is a type of metering device. It consists of a spring loaded valve
connected to a diaphragm. A thin, capillary tube connects the valve with a thermal bulb. The
expansion valve restricts the flow of the regular temperature; high pressure refrigerant. The
refrigerant expands as it passes through leading to a drop in its temperature and pressure as
it leaves the valve and enters the evaporator thereby completing the refrigeration cycle. The
following is an image of a thermal expansion valve:

Fig. 4.2.6: A thermal expansion valve
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Unit 4.3: Refrigerant

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Define refrigerant

2. List the properties of refrigerant

3. Identify the types of refrigerants

4. Explain the environmental effects of refrigerants

— 4.3.1 Refrigerant

A refrigerant is a chemical compound that is used in the refrigeration cycle to transfer heat
from one area to another. For ages, people have been using certain substances such as ice,
water, brine and air as natural refrigerants to bring down the temperature of an area or
substance. Refrigerants are used in all cooling devices such as refrigerators, freezers and air-
conditioners. Most commonly used commercial refrigerants are chlorofluorocarbons (CFCs),
ammonia, sulphur dioxide and non-halogenated hydrocarbons.
Refrigerants can be classified into two broad categories as shown in the following figure:

Primary Refrigerants

Secondary
Refrigerants

Used directly as
working fluids

Undergo phase
change

Examples:
— chemical
refrigerants

Fig. 4.3.1: Categories of refrigerants

Liquids used to
transport energy

Do not undergo
phase change

Examples: water,
brine

—______o___________
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Properties of Refrigerants

An ideal refrigerant should satisfy certain thermodynamic, chemical and physical properties
to be able to be used safely and efficiently in refrigerating equipment. In addition, they
should not pose any danger to health and property. The following figure shows the
properties that an ideal refrigerant should possess:

Chemical properties Physical properties Other properties
eQdourless eLow viscositry eEasy to handle
*Non-toxic eHigh thermal *Readily available

eNon inflammable conductivity eLow cost

eNon corrosive *Low specific volume eLow power requirement
eImmiscible with oil *Low specific heat

eHigh electric resistance

Low boiling point

Low freezing point

Thermodynamic
properties

Low condensing
pressure

High latent heat of
vaporization

Fig. 4.3.2: Properties of refrigerants

Selection of Refrigerants

Even though a variety of refrigerants are available commercially now days, no one
refrigerant has proved to be ideal under all circumstances. In some applications a non-toxic,
non-inflammable refrigerant is a must but in other application these two characteristics
might not be that important. Therefore, when selecting an appropriate refrigerant care must
be taken to choose the one which has properties closest to ideal refrigerant for that
application.
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— 4.3.2 Types of Refrigerants

There are two main categories in which refrigerants are divided. These are shown in the
following figure:

— Chloroflurocarbons (CFCs)
] Synthetic Hydrochl(o;glf:lclzjsr)ocarbons
— Hydroflurocarbons (HFCs)
Refrigerants —_ — Hydrocarbons
= Carbon dioxide
— Natural Ammonia
— Water
— Air

Fig. 4.3.3: Types of refrigerants

Synthetic Refrigerants

Synthetic Refrigerants are man-made refrigerants. They are very harmful to the environment
and have led to ozone depletion and a rise in global warming.

Chlorofluorocarbons (CFCs)

CFC is an organic compound that is made up of Chlorine, Fluorine and Carbon. They were
developed in the 1930s and were used in nearly all households, commercial, industrial and
automotive industries. CFCs are chemically very stable. They are compatible with most
substances. They are non-toxic, non-flammable and non-reactive. The most common CFC
refrigerants are R11, R12, R13, R13B1, R113, R114, R500, R502 and R503. However, it was
discovered that chlorine in CFC is damaging the ozone layer leading to its depletion.
Therefore, their use has been prohibited since 1987 by the Montreal protocol.

o
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The following image shows the molecular structure of CFC:

Fig. 4.3.4: Chlorofluorocarbon (CFC)

Hydrochlorofluorocarbons (HCFCs)

HCFC is an organic compound that is made up of Hydrogen, Chlorine, Fluorine and Carbon.
They too have been widely used since 1930s in household, commercial, industrial and
automotive industries. They are energy-efficient, low-in-toxicity and cost effective. They are
less stable than CFCs but are equally compatible with most substances. The most common
HCFC refrigerants are R22, R123 and R124. They are less damaging to the ozone layer and
have helped to bring down the CFC consumption by 75%. However, their main drawback is
that they are strong greenhouse gases. The following image shows the molecular structure

of HCFC:
oy
©0
G

Fig. 4.3.5: Hydrochlorofluorocarbon (HCFC)

Hydrofluorocarbons (HFCs)

HFC is an organic compound that is made up of Hydrogen, Fluorine and Carbon. They have
been widely used since 1990s in all applications that were initially using CFCs and HCFCs.
HFCs are chemically very stable. They are compatible with most substances. The most
common HFC refrigerants are R134a, R32, R125 and R143a. As they do not contain chlorine,
they pose no damage to the ozone layer. However, their main drawback is that they are
strong greenhouse gases.

The following image shows the molecular structure of HFC:

H
|

C InuF
~
\
Pk

Fig. 4.3.6: Hydrofluorocarbon (HFC)

—______o____________
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Natural Refrigerants

Natural Refrigerants are present in nature and do not need to be artificially created. As they
have no impact either on ozone layer or on global warming, they are considered safe and
cost-effective refrigerant.

Hydrocarbons (HCs)

HFC is an organic compound that is made up of Hydrogen and Carbon. They were widely
used until 1930s and have been reapplied since 1990s. HCs are chemically very stable and
are compatible with most substances. The most common HC refrigerants are R600A, R290,
R1270 and their blends. They pose no damage to the ozone layer. The following image
shows the molecular structure of HFC:

Fig. 4.3.7: Hydrocarbon (HC)
Ammonia (NH3, R717)

Ammonia is an organic compound that is made up of Hydrogen and Nitrogen. It has been
widely used as refrigerant since 1800s and is at present used for commercial refrigeration
and chillers. It is chemically stable but reacts with carbon dioxide, water or copper. It is very
cost effective and easily available. It has no impact on ozone layer. The following image
shows the molecular structure of ammonia:

Fig. 4.3.8: Ammonia
Carbon dioxide (CO2, R744)
Carbon dioxide is an organic compound that is made up of Carbon and Oxygen and has been
widely used as a refrigerant in 1800s and then reapplied from 1990s. It is used in industrial
refrigeration, cold storage and hot-water pumps. It is chemically very stable and compatible
with most substances. It is non-inflammable and has low toxicity. It is very cost effective and
easily available. It has no impact on ozone layer.
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The following image shows the molecular structure of carbon dioxide:

Fig. 4.3.9: Carbon dioxide

The following table shows the properties of different types of refrigerants used in
commercial applications:

Refrigerant Description Image

CFC R12 e Known by Dupont brand name ,
Freon

e Colourless and odourless

e Non-inflammable, non-toxic, non-
poisonous, non-corrosive and non-
irritating

e Used with reciprocating, rotary and
centrifugal compressors

e Has high ODP

e Phased out to be replaced by R134a

e Colour code: white

HCFC R22 e Suitable for installations requiring
low evaporating temperature

e Used with reciprocating, rotary and
centrifugal compressors

e Non-inflammable, non- poisonous,
non-corrosive and non-irritating

e Colour code: green

R290 Highest latent heat
Largest vapour density
Miscible in oil
Compatible with copper
Low molecular mass
Low vapour pressure

Saves up to 20% energy
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HFC R134a e Eco-friendly

e Used as replacement for R12

e Non-inflammable, non- toxic, non-
corrosive

e Used with reciprocating, rotary,
screw and centrifugal compressors

e Colour code: Light blue

HC R600a e Most common refrigerant for
refrigerators

e Colourless and odourless

e Inflammable

e Colour code: Orange

HC Blends | R410a Blend of R32 and R125

Ozone friendly

Does not contain chlorine
Chemically stable

Non-inflammable and non-
poisonous

e Colour code: Pink

Fig. 4.3.10: Properties of refrigerants

— 4.3.3 Environmental Impact of Refrigerants

The excessive use of refrigerating devices containing various types of refrigerants has led to
a very adverse impact on the environment. The two major consequences are depletion of
ozone layer and a rise in global warming.

Ozone Layer

Ozone is a naturally occurring molecule that consists of three oxygen atoms. The ozone
molecules form a deep gaseous layer in the stratosphere of earth’s upper atmosphere
known as ozone layer. This ozone layer protects life on earth by absorbing harmful ultra-
violet rays of the Sun and preventing them from entering the earth’s atmosphere. These
ultraviolet rays can cause disorders such as skin cancer, cataracts and can destroy cell
organism, terrestrial plant life and human immune system.




el  Participant Handbook

The following image shows the how ozone layer provides UV protection:

UV protection by
the ozone layer

Fig. 4.3.11: Ozone layer

Ozone Layer Depletion

Over the past few decades, an increase in UV_B radiation was observed. This was the result
of damage to the ozone layer. It was found that the main cause of ozone layer depletion was
increase in the level of chlorine and bromine gases in the stratosphere. These gases were
released due to the production and emission of refrigerants such as CFCs and HCFCs which
are now labelled as ozone-depleting substances (ODS).

When these ozone depleting substances reach the stratosphere, they get exposed to the
ultraviolet rays. The UV rays cause the chlorine atom to break away from the CFC molecule.
This free chlorine atom reacts with the ozone gas and displaces a free oxygen atom from the
ozone molecule. The oxygen atom hits the chlorine monoxide molecule and frees another
chlorine atom. Thus, the cycle repeats leading to the depletion of ozone layer. The following
figure shows the process of ozone layer depletion:

1. UV causes a
chlorine atom
break way from
CFC Molecule =
the CFC molecule.

o/' o Uv free chlorine
CIO - chlorine 0z - oxygen
free chlorine O3 - ozone CIO - chlorine 02 - oxygen free covgen monexide molecule
monoxide molecule from atmosphere
2. The free chlorine 3. The chlorine atom 4. A free oxygen 5. The result is
atom hits an ozone pulls one oxygen atom atom hits the chlorine another free chlorine

molecule. away. monaxide molecule. atom.
& 6. Free chlorine will continue to deplete ozone in the stratosphere. !—/

Fig. 4.3.12: Ozone layer depletion
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Ozone layer depletion reduces ozone in the stratosphere but increases its presence in the
lower atmosphere where it acts as a pollutant and a greenhouse gas. The depletion of ozone
layer leads to global warming, which in turn leads to climatic changes around the world.

Global Warming

Global warming refers to the gradual but continuous increase in the temperature of earth’s
surface, oceans and atmosphere. When the rays of the sun reach the earth’s surface, some
are absorbed by the atmosphere, some are reflected from land and clouds and the rest are
absorbed by the earth’s surface. This heats up the earth’s surface which then emits infrared
radiation. Normally these radiations are absorbed by the atmosphere. However, when the
concentration of air pollutants and certain gases known as greenhouse gases (GHG) increase
in the atmosphere, they trap the harmful infrared radiations and warm up the atmosphere.
This leads to global warming causing a change in the earth’s climate.

Greenhouse Gases (GHG)

The main cause of global warming is the emission of greenhouse gases. A greenhouse gas is
a gas that holds and traps heat in the atmosphere by absorbing infrared radiation. They
remain in the atmosphere for a long period of time and are causing the planet to get hotter.
The main greenhouse gases are carbon dioxide (CO2), methane (CH4), nitrous oxide (N20),
ozone (03) and artificial chemicals such as CFCs as shown in the following figure:

Fig. 4.3.13: Greenhouse gases

Greenhouse Effect

The greenhouse effect is the process of warming up of the earth’s atmosphere as a result of
trapping of heat by greenhouse gases. The greenhouse gases act like a blanket and allow the
sunlight to escape but trap the heat within the atmosphere. This hot air causes the earth to
heat up which in turn leads to global warming.
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The following figure shows the concept of the greenhouse effect:

Sun

Atmosphere

{48

Fig. 4.3.14: Greenhouse effect
Environmental Characteristics

Refrigerants are ranked according to their impact on the ozone layer (the Ozone Layer
Depletion Potential, ODP) or as greenhouse gases (the Global Warming Potential, GWP). The
following table shows the environmental characteristics of various refrigerants:

Refrigerant oDP GWP (100 years)
CFC CFC11 1 4000
CFC Blend R502 0.33 5260
HCFCs HCFC-22 0.555 1700
HFCs HFC- 134A 0 1300
HCs HC-290 0 3
HFC Blends R404a 0 3260

Fig. 4.3.15: Environmental characteristics of refrigerants

Montreal Protocol

The harmful effect of ODS led to the signing of an international treaty in September 1987
known as the Montreal protocol. The main aim of the treaty was to take steps to protect the
ozone layer by reducing and eventually banning global production of ozone damaging
chemicals such as CFCs, HCFCs and halons. The following table shows the phase out schedule

of the ODS:
oDS Developed countries Developing countries

CFCs Phased out by 1995 Total phase out by 2010
end

HCFCs Phased out by 2020 Total phase out by 2040
end

Halons Phased out by 1993 Total phase out by 2010
end

Fig. 4.3.16: Phase out schedule of ODs

—




Field Engineer RACW

UNIT 4.4: Types of Refrigerators

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify different types of refrigerators

2. Compare Direct Cool (DC) and Frost-Free refrigerators
3. Describe the working of Peltier refrigerators

— 4.4.1 Types of Refrigerators

A refrigerator is one of the most essential appliances in the kitchen. There are many types of
refrigerators that are available in the market today and it is very important to select the
right type of refrigerator.

Refrigerators can be divided into two broad categories:

e Direct Cool

e Frost Free

The following figure shows the different types of refrigerators:

Direct Cool

Single Door Top Freezer

Double Door Bottom Freezer

Refrigerators

Side-by-side

Frost Free (FF) Triple Door

‘
il

Four Door

Fig. 4.4.1: Types of refrigerators

Direct Cool (DC)
The Direct Cool refrigerator works on the principle of vapour condensation and natural
convection. They are single door refrigerators which need to be defrosted manually or semi-

automatically.
The following figure shows a direct cool refrigerator:

Fig. 4.4.2: A Direct cool refrigerator

—______o____________
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Frost Free

The Frost-Free refrigerators do not require manual defrosting. They contain a small element
that melts the built up ice without interfering in the cooling cycle of the refrigerator. The
following figure shows a frost-free refrigerator:

Fig. 4.4.3: A frost free Refrigerator

Top Freezer

The Top freezer has the freezer compartment on the top and the refrigerator at the bottom.
It has a spacious design with wide shelves which allow easy access to items at the back. It is
the most economical and energy efficient model.

The following figure shows a top freezer refrigerator:

Fig. 4.4.4: A top freezer refrigerator
Bottom Freezer
The bottom freezer has the refrigerator on the top and the freezer compartment at the
bottom. It makes it easy to reach the food items in the refrigerator without needing to bend.
The freezer section is either a door or a pull-out drawer. It is slightly expensive than the top

freezer model.
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The following figure shows a bottom freezer refrigerator:

Fig. 4.4.5: A bottom freezer refrigerator
Side-by-Side
The unit is divided vertically with the refrigerator and the freezer compartments parallel to

each other. The doors of both compartments open from the middle. It provides easy access
to both fresh and frozen foods. It is more expensive than the basic models.

The following figure shows a side-by-side refrigerator:

Fig.4.4.6: A side-by-side refrigerator
Triple Door / French Door

The French door features side-by-side refrigerator compartments and a bottom freezer. It is
one of the most expensive models and is available in many designs. They are wider than the
double-door models.
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The following figure shows a French door refrigerator:

Fig. 4.4.7: A French door refrigerator
Four Door
The four door model is a variant of the French door one where the freezer compartment is

also split in two.
The following figure shows a four door refrigerator:

Fig. 4.4.8: A four door refrigerator
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— 4.4.2 Direct Cool Vs Frost Free refrigerators

The following figure lists the various differences between Direct Cool and Frost-Free
refrigerators:

9 9
Single door model only Multiple door models

Cooling achieved by natural convection Cooling achieved by forced convection

' v
Single thermostat controls cooling Multiple thermostats control cooling
4 9
Non-uniform cooling Uniform cooling
9 9
Slow cooling Fast cooling
9 9
Manual defrost Automatic defrost
v .
Capacity upto 300 lites only Capacity upto 800 litres

Fig. 4.4.9: Direct cool Vs frost free refrigerators

— 4.4.3 Peltier Refrigerator

The Peltier refrigerator is based on the principle of thermoelectric cooling and uses the
Peltier effect to create a heat flux between two different types of conductors (a
thermocouple). The thermocouple consists of an array of positive or negative (P/N) type
semiconductors. This array is soldered between two ceramic plates, thermally parallel and
electrically in series. When DC voltage is applied to the module, current flows and a
temperature difference is created. The array absorbs heat from one surface and releases it
to other surface. This results in one surface becoming cold and the other becoming hot. The
following figure shows a typical thermoelectric module:

THERMOELECTRIC MODULE

P-type Ceramic substrate
semiconductor

N-type Conductive
semiconductor metal

Fig. 4.4.10: Thermoelectric module of Peltier refrigerator
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The Peltier refrigerator has a solid state active heat pump that transfers heat from one side
of the device to another.

The following figure shows the circuit diagram of Peltier refrigerator:

Switch
+
I:X:I Peltier 1
— +
b Battery
R Wi X | Peltier 2
Pump

Fig. 4.4.11: Circuit diagram of Peltier refrigerator

The Peltier refrigerator has certain advantages and disadvantages as shown by the following

figure:

Advantages Disadvantages
eEnvironment friendly (No CFC) eless efficient
eLight weight eFor low heat flux applications only
ePortable eDisspates limited amount of heat flux

*No vibrations/ noise
eNo moving parts

eCan alternate between heating and
cooling

eExcellent cooling

Fig. 4.4.12: Advantages and disadvantages of Peltier refrigerator
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UNIT 4.5: Safety Precautions, Policies and Procedures

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Explain the maintenance procedure to the customer
2. ldentify the safety precautions

— 4.5.1 Maintenance of Refrigerators

A refrigerator is one of the most important and expensive appliances in a kitchen. To ensure
that it runs well for years, it is essential to follow certain simple maintenance and cleaning
procedures. Regular maintenance will keep it working at highest efficiency and lower the
energy consumption.

The following table lists the checklist for routine maintenance of refrigerators:

Maintenance Description

Cleaning the exterior e (Clean the exterior with soft wet cloth
e Avoid using soap or detergent

Cleaning the interior e Remove all food items

e Remove drawers and shelves

e Mix % teaspoon baking soda in lukewarm
water

e Dipacleanclothinit

e C(Clean the interior with this solution

e Avoid using soap or detergent

e Store vegetables and fruits in the vegetable
tray

e Avoid overstocking to ensure that air
circulation is not blocked

e Store liquids in airtight containers

e Store all frozen foods in freezer
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Thermostat position e Use thermostat to vary the temperature
inside the refrigerator

e Always set the  thermostat as
recommended in the user manual

Remove all the stored items
Remove the ice trays

Defrost the refrigerator

Wipe the refrigerator dry
Leave the door open

Make sure to defrost regularly

Defrosting

Fig. 4.5.1: Routine maintenance of refrigerators

In addition to the routine maintenance, it is vital to do preventive maintenance of
refrigerators to prevent break downs.

The following table lists the checklist for preventive maintenance of refrigerators:

Maintenance Description
Clean the condenser coils e Pull the refrigerator out
' e Use long-handle bristle brush
e Remove dust and dirt from the coils
e Use vacuum cleaner to blow away dust
particles
Check door seal e Ensure seals are free of food residue
e Mix % teaspoon baking soda in lukewarm
water

e Dip aclean toothbrush in it
e Clean the door seals with this solution

Clean freezer vents e Keep food packages away from the vent
openings
— e (Clean the air return so that crumbs and twist
> ties don't clog them
¥

Fig. 4.5.2: Preventive maintenance of refrigerants
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Safety Precautions

It is critical to follow safety precautions while installing or servicing a refrigerator. Any
negligence or carelessness can pose a threat to health and safety and cause personal
injuries. The following figure represents the general guidelines to be followed while working

with electrical systems:

7

Follow the correct procedures to ensure zero accidents at work.

_

Obey safety signs, stickers and tags on the equipment/devices.

\

Use an appropriate tool for the respective task.

\

;
Read labels and instructions given on the components.

\

;
Wear appropriate clothing and remove metal objects before working.

\

7

Use prescribed protective safety equipment only.

;
Follow electrical safety rules when working with electrical machinery/equipment.

\

Report all unsafe acts or unsafe conditions to the supervisor.

\

Fig 4.5.3: Safety guidelines

In addition to these general guidelines, few more safety precautions should be followed
while installing or repairing refrigerators.
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The following figure shows the safety precautions that should be followed while installing or
repairing refrigerators:

Unplug the unit prior to Wear rubber gloves Check current, voltage and
service capacity

Ensure water does not Ensure that the power Do not use multi plugs in
drip into electrical parts cord or plug is not the same socket
damaged

Fig 4.5.4: Safety precautions




UNIT 4.6: DC Refrigerator

Unit Objectives ©
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At the end of this unit, you will be able to:

1.

2.
3.
4

Explain the working of a DC refrigerator
Identify the compartments

Describe the working of different parts
Explain the wiring diagram

4.6.1 Features of Direct Cool Refrigerator

DC refrigerators are single door refrigerators having separate compartments within one unit.
The top compartment is the freezer which stores frozen food. The middle compartment is
the storage where food items are kept. The bottom compartment consists of vegetable

drawers to store fresh vegetables and fruits.

The following image shows the compartments in DC refrigerator:

T —

e

Freezer

Storage

Fig 4.6.1: Compartments in a DC refrigerator

Vegetable drawer
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All the compartments are maintained at different temperatures according to their function
and the food they store. The following table shows the functions and temperatures of the
different compartments in DC refrigerator:
Compartment Food stored Temperature
Freezer Frozen meat, -16°Cto-18°C
fish, ice cream
Chiller Milk, butter, 1°Cto3°C
cheese
Refrigerator Cooked food, 3°Cto6°C
cut fruits
Vegetable drawer Fruits and 6°Cto8°C
vegetables
Door shelf Water bottles, 8°Cto 10°C
juices, eggs
Fig 4.6.2: Functions and temperatures of compartments in a DC refrigerator
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Working of DC Refrigerator

DC refrigerators are based on the principle of cooling through vapour condensation and
natural convection. The air within the inner compartments of the DC refrigerator is hot and
moist. This air rises up and comes in contact with the evaporator. The evaporator absorbs
the heat and moisture from the hot air. As a result, the air in the freezer compartment
becomes cold and dry. Being heavier, this cold air moves down and cools the remaining
compartments. The cold air again pushes the hot air up. In this way, the cycle keeps on
repeating till the set temperature is attained. The compressor then switches off. When the
temperature rises again, the thermostat restarts.

The following image shows the refrigeration cycle inside a DC refrigerator:

Freezer

Hot / Moist Air
ay Aag / jood

Food / Other Stuff

Fig 4.6.3: Working of a DC refrigerator
Components of DC Refrigerator

The following table shows the components inside a DC refrigerator:

Component Description

Drier e Absorbs moisture content in the sealed system and
prevents the moisture from entering the capillary.

Accumulator e Located in the suction line between the evaporator and
compressor

e Stores excess liquid refrigerant or oil that has not
evaporated

e Designed to avoid damage to the compressor

Overload protector (OLP) e Mounted in series with the common terminal of
compressor
e Designed to protect the compressor from overload
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Thermostat e Regulates the temperature inside the refrigerator
e Controls the running and stopping time of the
compressor
PTC Relay e Disconnects the power supply to the compressor when it

reaches 80% of its speed

Door Switch e Controls the operation of cabinet bulb
Cabinet bulb ¢ Glows when the refrigerator door opens
Drain pipe e Connects the chill tray with the drain pan
Drain pan e Collects the drain water

Door gasket e Located at the edges of the door

e Prevents flow of air from inside the refrigerator to
outside and vice versa

Fig 4.6.4: Components of DC refrigerator

Defrosting DC Refrigerator

The evaporator absorbs the moisture from the air in the freezer compartment. When this
moisture condenses, it results in the formation of frost on the evaporator. If the refrigerator
door is opened frequently or if the humidity in air is more, it will lead to more frost. As ice is
a bad conductor of heat, excess frost adversely impacts the heat transfer in the refrigerator.
Therefore, to ensure efficient cooling, a DC refrigerator needs to be defrosted regularly.

The following image shows frost formation in the freezer compartment of a DC refrigerator:

[P —— T— i |

Fig 4.6.5: Frost formation in the freezer of DC refrigerator
Defrost Method

Press the default switch manually. The power supply to the compressor gets switched off
automatically. The air inside the compartments starts to heat up making the frost on the
evaporator melt. The defrosted water gets accumulated in a chill tray and is carried by a
drain pipe to a drain pan. As soon as the temperature of evaporator reaches a pre-set value
(zero-degree C), the thermostat restores the power to the compressor and the cooling cycle
starts.
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Before defrosting the refrigerator, remember to:

e Turn off the freezer
e Remove frozen items from the freezer

Wiring Diagram of DC Refrigerator

A wiring diagram represents the electrical circuit of an appliance. It depicts the power and
signal connections between the devices and the components in an electrical circuit. This
information is useful while installing or servicing a device.

The following figure shows the wiring diagram of a DC refrigerator with electronic controls

(PCB):

Thermostat

Relay
® =

. Y N

PCB

oL
e

Door
Switch

i

Buzzer

-,

Frost Control s v R

Switch
Compressor g

Lamp

PTC
Relay

FA.:}

®

Fig 4.6.6: Wiring diagram of DC refrigerator with electronic controls
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The following figure shows the wiring diagram of a DC refrigerator with timer for auto

defrost:
Thermostat

=N

o [—f

L Frost Control

+

Compressor

+R

PTC
Relay

Fig 4.6.7: Wiring diagram of DC refrigerator with timer for auto defrost
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UNIT 4.7 — FF Refrigerator

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Explain the working of FF refrigerator

2. ldentify the compartments in FF refrigerator

3. Describe the working of different parts in FF refrigerator
4. Explain the wiring diagram

— 4.7.1 Features of Frost Free Refrigerator

FF refrigerators are multi-door units that that are based on the principle of auto-defrost
technique. In FF refrigerators, the freezer and the refrigerator compartments open
separately. This ensures that when one compartment is opened, there is no cooling loss in
another. They are spacious and wider than the DC refrigerators.

The following image shows a typical FF refrigerator:

Fig 4.7.1: A typical FF refrigerator

The following table shows the different compartments in FF refrigerator:

Compartment Food stored Temperature

Frozen meat, -16°Cto-18°C
fish, ice cream

Freezer

Milk, butter, 1°Ccto3°C
cheese

Chiller
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Refrigerator top Dairy products, | 2°Cto3°C
compartment cooked
meat/fish
Refrigerator Cookedorraw | 3°Cto6°C
middle vegetable or
compartment food
Vegetable Fruits and 6°Cto8°C
drawer vegetables
Door shelf Water bottles, | 8°Cto 10°C
juices, eggs

Fig 4.7.2: Compartments in a FF refrigerator

Working of FF Refrigerator

FF refrigerators work on the principle of forced convection wherein a fan is used to force the
heat transfer. The freezer and the refrigerator compartment are connected to each other to
allow air to pass from the freezer to the refrigerator compartment. A damper regulates this
flow of air. A blower fan generates forced air circulation to cool the compartments. The fan
sucks in the hot air and pushes it through the evaporator fins. The evaporator fins are at sub-
zero temperature and absorb heat and moisture from the hot air. The resulting cold, dry air
is pushed to the freezer and the refrigerator compartments. This cycle continues till the pre-
set temperature for both the compartments is achieved. An electrical thermostat regulates
the temperature in the freezer/refrigerator compartments by switching the compressor on
and off.
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Components of FF Refrigerator

Some of the components of the FF refrigerator are similar to the DC refrigerator.
The components which differ are shown in the following table:

Component Description
Evaporator fan motor e Drives the evaporator fan to facilitate the movement
of air
Condenser fan e Sucks hot air from the condenser and throws it
outside
Bi-metal thermostat e Contains a bi-metal coil that contracts when cold and

expands when heated
e Fixed in the evaporator
e  Cuts off the defrost heater after defrosting is over

Thermal fuse e Protects the freezer compartment from damage
e Fixed in the evaporator

Defrost timer e Automatically starts the defrost timer

Damper thermostat e Non-electrical device
e Regulates the temperature inside the refrigerator

Defrost heater e Melts the frost formed in the freezer

Door switch e Controls the operation of refrigerator lamp

Fig 4.7.3: Components of FF refrigerator
Defrosting FF Refrigerator

The defrost system of a FF refrigerator consists of the defrost timer, heater and thermostat.
The defrost timer is the most important component of the defrost system. It is a motorized
device with the defrost heater circuit on one end and the cooling system on the other. It
opens and closes these contacts at pre-set intervals such that when one of the contacts is
switched on, the other is switched off.
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The following image shows a typical defrost cycle:

Defrost Heater

Defrost Thermostat

Defrost Timer

Fan Motor
—LO—
o SO 0

Cold
Compressor Control &

Fig 4.7.4: Defrost cycle of a FF refrigerator

The defrost timer automatically starts the defrost cycle after an interval of eight hours of
compressor ON time. The defrost heater, located beneath the evaporator, starts melting the
frost around the evaporator coils. The melted water flows out of a duct into a drain pan
located on top of the compressor. The heat from the compressor evaporates the
accumulated water. A soon as the frost is melted, the temperature of the evaporator coil
increases due to the heat. The bi-metal sensor mounted on the evaporator coil senses the
increase in temperature and turns off the heater.

Wiring Diagram of FF Refrigerator

A wiring diagram uses symbols to give information about the arrangement and the relative
position of the components of an electrical circuit. It helps in understanding and
troubleshooting problems by ensuring that all the components are present, and all the
connection have been made.

The following figure shows the wiring diagram of a FF refrigerator with manual controls:

Defrost Timer

Thermostat 2
LTLP HT HP
? .“ [ Vapour [ Vapour

w
*

° o

Heater

Compressor

Evaporator

Condenser

" <4 HT HP
Capillary Brier

Fig 4.7.5: Wiring diagram of a FF refrigerator with manual controls
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The following figure shows the wiring diagram of a FF refrigerator with electronic controls
(PCB):

Magic Lamp PCB
{14V DC Out)

Fig 4.7.6: Wiring diagram of a FF Refrigerator with electronic controls
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UNIT 4.8: Install DC & FF Refrigerator

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Explain the site requirements for installation
2. Perform installation of DC/ FF refrigerator
3. Explain the steps involved in test run

4. Demonstrate and explain the features

— 4.8.1 Site Requirements for Installation

The first step of an installation process is to conduct a site survey and ensure that it meets
all the requirements. The successful operation of a refrigerator is dependent on proper
installation. The selected site should comply with all the safety codes and should not
interfere with normal movement of people.

The following figure shows the site requirements of installing DC or FF refrigerator:

Select a well-ventilated place

> Ensure a clearance of at least six inches on all sides

> Ensure path of delivery has enough clearance

> Avoid extreme heat and cold

> Place the refrigerator away from direct sunlight

> Avoid installing near any heating appliance

> Place on a firm, level floor

Fig 4.8.1: Site requirements

After checking the site requirements, the next step is to check the power supply at the
location site.

I —"T
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The following figure shows the power requirements for installation:

Ensure that voltage and electrical wiring is appropriate

Use a separate socket for refrigerator

Ensure wall socket is properly earthed

Place the refrigerator close to the electrical outlet

Do not use an extension cord

Fig 4.8.2: Power supply requirements

— 4.8.2 Installation Process

The installation process consists of transporting the unit from the delivery truck to the
location, unpacking the unit, disposing the packing material and installing the refrigerator at
the designated place.

Transporting Refrigerator

The refrigerator is an expensive electrical device. It should be handled with care during
transportation.
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refrigerator:

Place it
gently at
the
required
place

Do not drop
the
refrigerator

Unpacking Refrigerator

refrigerator:

Use rubber
wheeled
transport

vehicle

Do not drag
the
refrigerator

Lift the
refrigerator
in upright

position

Fig 4.8.3: Transporting precautions

The following figure shows the precautions that should be taken when transporting a

To protect the refrigerator from any kind of damage, it is properly packed and delivered.
Once it is transported from the delivery truck, it needs to be carefully unpacked.
The following figure shows the tools that are needed for unpacking and handling a

=

Trolley truck

Utility knife

Cutter

Fig 4.8.4: Tools used in handling and unpacking
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The following figure shows the steps for unpacking a refrigerator:

Remove the
adhesive tapes
and open the top
flaps

Cut the binding
strip of carton

Remove the top
buffers

Remove and
unpack the
accessories

Remove the base
plate assembly

Remove the
carton

Remove any tape
or glue residue
with mild soap
solution

Avoid using sharp
instruments or
abrasive cleaners

Fig 4.8.5: Unpacking guidelines

Check and understand the symbols on the package to know about the cautions and warnings
related to the installation. The symbols along with their meanings are shown in the following
images:

Caution : Refer to User

Risk of Electric Shock
Manual

Safety Grounding

Terminal RJ 45 Receptacle

Recycle

Pb

Fig 4.8.6: Symbols on a refrigerator package
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Disposing Packing Material

After the refrigerator has been unpacked, it is important to dispose of the packaging
material properly. Most of the packaging materials are nowadays made of recyclable
materials. Avoid disposing the packaging materials with domestic waste. Place them in
recycling bin. Dispose the non-recyclable materials such as Styrofoam in proper disposal
locations.

Fig 4.8.7: Disposing packing material

Installing the Refrigerator

Once the work area has been cleaned, inspect the refrigerator for any damage to the cabinet
or the sealed system. Lift the refrigerator gently and place it in its proper position. Level the
refrigerator properly with the help of the adjustable legs to ensure that it stands firm on the
ground. Keep the front end slightly higher than the rear end to help in door closing. Fit all
the accessories in their proper place.

Connecting Electric Supply

Before plugging-in the refrigerator, check the power supply with the help of a voltmeter. If
the voltage is below 170V or above 250V, advise the customer to install voltage stabilizer.
This will safeguard the sealed system from any possible damage due to voltage fluctuation.

The following figure shows the steps to connect the electric supply:

4 Y4 Y4 )

Check the position of

Check the power supply phase, neutral and earth Connect the plug to the
with the help of a in the supply socket and supply socket and switch
voltmeter the connections in three ON
pin plug

\ J J Y,

Fig 4.8.8: Connecting electric supply

I —T
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The thermostat should be switched on to normal position as shown in the following image:

Fig 4.8.8: Thermostat in normal

It takes two to three hours for the temperature in the refrigerator to stabilize. Observe the
compressor and fan for some time.

Complete the Documentation

After completing the installation at the site, the technician should complete the
documentation to record the details related to installation. Along with completing the
documentation, the field technician should tell the customer about some do’s and don’ts for
using the refrigerator such as, keep the area near the product clean and dry. The field
technician should also tell the customer about important pages to be referred to from the
owner’s manual.

The following figure shows the installation documents:

Documents
| |
| | | |
Work related Refrigerator related
| Customer hand over | Checklist

slip

Customer feedback | _|Status of refrigeratorat
form the time of installation

Servicing date or | | Installation date and
period model number

Warranty documents

Fig 4.8.9: Installation documents
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Interact with Supervisor or Superior

A technician must communicate with the supervisor in case they face problem with the
installation process. If there is any damage found in the product, the supervisor needs to be
informed immediately. In addition, the technician needs to report to the senior about the
task status and submit the documents collected from the customer’s site. Listen carefully to
the senior if he/she has any queries or any suggestions.

Achieve Productivity and Quality

To achieve productivity and quality as per company standards follow the working
instructions given by the company.
The following figure lists some ways to achieve productivity and quality:

Plan and Manage FV?IICI)?kW Learn from Maintain
organize time work cleanliness
Standards

Fig 4.8.10: Ways to achieve productivity and quality
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UNIT 4.9: Repair DC and FF refrigerators

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Repair DC & FF refrigerator

— 4.9.1 Break-Downs

A refrigerator is one of the few appliances that work continuously, day in and day out. It is a
vital part of a customer’s daily life. A breakdown or even a minor technical problem in the
refrigerator can bring his/her life to a halt. An RACW technician should have the knowledge
and skill to repair all kinds of refrigerators. He should be able to diagnose and troubleshoot
the problem. He should carry out repairs according to the requirements of that particular
model.

It is very important for a technician to correctly identify the fault in the refrigerator. Wrong
identification of fault will lead to waste of time and money and it can also cause damage to
the equipment.

The following figure shows the steps for identifying the fault:

Understand the Replace or repair Check the Achieve
symptoms and thepfault mogule functionality of productivity and
identify the fault y the repaired unit quality

Fig 4.9.1: Steps for identifying the fault
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Component Check Guide
It is very important to have the knowledge and skill to correctly perform a check on
individual components when they are out of circuit to ensure that they are working
properly.
The following table shows the check guide for various components:
S No. Part name Checking method Approximate value
1. oLp Continuity between terminals 0 ohm -> continuity
Cutln:65C
Cut Off: 125 C
2. Bi-metal Continuity between terminals Open ->no
continuity
CutlIn:-5C
Cut Off: +15 C
3. Thermostat Continuity between terminals in Open ->no
Switch OFF condition continuity
Continuity between terminals in 0 ohm -> continuity
Switch ON condition
4. Defrost timer Keep timer knob at cooling cycle, 0 ohm
Check continuity between 2 and 3
Keep timer knob at cooling cycle, Open
Check continuity between 4 and 3
Rotate timer knob to defrost cycle, | Open
Check continuity between 2 and 3
Rotate timer knob to defrost cycle, | Open
Check continuity between 4 and 3
5. Temperature sensor | Check resistance between 2 -3 ohm
terminals
6. PTC relay Check resistance between 10-33 ohm
terminals
7. Heater Check resistance between 300 - 370 ohm
terminals
8. Fan motor Check resistance between 0.3-0.35kohm
terminals
Fig 4.9.2: Check guide for components
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Troubleshooting Guide

The following table represents the common problems in the working of a refrigerator along

with their potential causes and solutions:

Fault/Symptoms

Potential Causes

Recommended Solutions

Excess frost in Defective bi-metal or thermal 1. Check the continuity of each
freezer fuse or defrost heater component
2. Replace defective component
Refrigerator Improper installation 1. Check installation
temperature not 2. Check ventilation
maintained
Condensation in Air leakage 1. Check for leakage
refrigerator 2. Do properinsulation
compartment
Improper cooling Gas leakage 1. Check for gas leakage
2. Repair the leakage
3. Refill refrigerant
Frequent Defective condenser fan motor | 1. Check condenser fan motor
compressor 2. Replace defective motor
tripping
Fan runs even Defective door switch 1. Check door switch
when door is open 2. Replace if defective
Internal bulb does Defective bulb 1. Replace light bulb
not switch ON
No cooling in Defective sealed system 1. Refer to unit on sealed
refrigerator system
Refrigerator unit Fuse blown 1. Check fuse
not working 2. Replace if defective
Defective thermostat 1. Short thermostat connection
2. Check if refrigerator working
3. Ifyes, repair/replace

thermostat




el  Participant Handbook

Refrigerator unit Low voltage 1. Check voltage
not humming 2. If not within range, connect
stabilizer
Defective relay 1. Short relay connection
2. Check if refrigerator working
3. Ifyes, repair/replace relay
Refrigerator Defective thermostat 1. Short thermostat connection
running 2. Check if refrigerator working
continuously 3. Ifyes, repair/replace
thermostat
Refrigerator very Improper installation 1. Check installation
noise 2. Check foundation
3. Ifloose, tighten base screws
Refrigerator Improper thermostat 1. Check thermostat
compartment very | adjustment 2. Replace if defective
hot Defective door seals 1. Check door gasket
2. Replace if defective
Defective fan motor 1. Check continuity between
fan and switch
2. Check fan and switch
3. Replace the defective part
No air circulation 1. Check air circulation
2. Check for any restriction in
air path
Excessive cold in Defective damper 1. Check damper
food compartment 2. |If blocked, remove ice and
dry it
3. Check if drain pipe is choked
Compressor not Low voltage 1. Check voltage
working 2. If not within range, install
stabilizer
Defective compressor 1. Check compressor
2. Replace if defective
Defective overload protector 1. Check continuity of overload
protector
2. Replace if defective
Defective start relay 1. Check resistance of relay
2. Replace if abnormal




Field Engineer RACW

Compressor motor | Excessive load 1. Reduce load
heats up Low voltage 1. Check voltage
2. If not within range, install
stabilizer
Compressor motor | Low voltage 1. Check voltage
stop intermittently 2. If not within range, install
stabilizer
Improper motor winding 1. Check resistance of motor
winding

2. Replace if abnormal

Current leakage Improper grounding 1. Check grounding of all
components
2. Replace if ungrounded

Earth wire removed 1. Connect earth wire to the
body

Fig 4.9.3: Common problems of refrigerator
Replacing Dysfunctional Module

In case the technician is unable to repair the components or fix the fault, or if the
components cannot be replaced at customer’s site, then the faulty module/component is
sent to the service centre. The field technician then collects the functional module from the
service centre and replaces the defective component at the customer’s site.

Confirming Functionality of the Repaired Module

After the dysfunctional module has been repaired or replaced, check the new module with
testing equipment such as multimeter and ammeter. This is done to ensure that the module
is working fine with the other parts of the refrigerator.
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-

-

-

A4

\J

Fig 4.9.4: Steps to confirm functionality of the repaired unit

A4

The following figure shows the steps for confirming functionality of the repaired module:

Fill in customer acknowledgement
form

After collecting payment, hand over an
invoice to the customer

Get the customer signature on the
form
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Achieving Productivity and Quality as per Company’s Norms
To achieve productivity and quality as per company standards, a technician should follow
the working instructions given by the company.
The following figure shows the steps for achieving productivity and quality practise the
following:
Diagnose Resolve Take feedback
v ) 'd _ ) 'd )
e Diagnose the eRepair and show the eEnsure 100%
problem correctly. working of the customer satisfaction
repaired unit with the service
eSuggest solution to eReceive the signature
the customer as per of the customer on
requirement work completion form
eResolve the eReceive feedback
customer’s problem from the customer
within stipulated time.
\_ J . J . J
Fig 4.9.5: Work flow to achieve productivity and quality in repairing
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UNIT 4.10: Sealed System

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Define sealed system
2. Perform sealed system repairs

— 4.10.1 Refrigerator Sealed System

A sealed system essentially means any system whose working is concealed and is closed to
the atmosphere. A refrigerator sealed system is the system in which the cooling takes place.
It consists of evaporator, condenser, compressor, suction tube and metering device. All the
parts containing refrigerant are sealed with brazing or welding and have capped valves and
service ports to enable repair.

The following figure shows the components of a sealed system:

Typical refrigeration cycle

Evaporator

Metering device
(expansion valve)

Filter drior

Condenser

Compressor
—_— — — —
high temperature low temperature low temperature low temperature
high pressure high pressure low pressure low pressure
vapor state liquid state vapor state liquid state

Fig 4.10.1: Components of a sealed system
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Advantages of Sealed System

The individual components and pipes in a sealed system have only brazed connections; they
do not have joints. The entire pipeline is in a single piece. The following figure shows the
advantages of sealed system:

. Possible to
Reliable .
. attain lower
operation
temperatures
No possibility of Unit can runin
air ingress vacuum
Advantages

Fig 4.10.2: Advantages of a sealed system

— 4.10.2 Sealed System Repairs

Proper repair of sealed system is dependent foremost upon a thorough understanding of the
normal operating procedures, the types of failures that can occur in a sealed system and the
correct diagnosis of the problem.

The following figure shows the types of failures that can necessitate repairs:

Undercharge/
Overcharge of
refrigerant

Failure of
compressor

Blockage in
refrigerant flow

Fig 4.10.3: Types of failures

Failure of Compressor

The inflow and outflow of refrigerant in a compressor is regulated by two valves. A defective
valve leads to inefficiency and subsequently a failure of compressor. The compressor is
unable to maintain correct pressure differential needed for proper evaporation and
condensation of refrigerant.
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Blockage in Refrigerant Flow

The system must be free of any contaminants or moisture. Moisture is especially very
harmful to the system. Water mixes with the refrigerant and forms salt and sludge. These
salts and debris block the flow of refrigerant through the capillary tube.

Undercharge/ Overcharge of Refrigerant

The system should be charged properly with the factory recommended refrigerant. It is
highly unlikely for a unit to leave the factory with incorrect charge. Undercharge or
overcharge of refrigerant is usually a result of poor system processing after repairs. It occurs
when a unit is incorrectly charged after performing repair. Undercharge reduces the
system’s ability to absorb heat and overcharge has an adverse impact on the cooling
efficiency as well as on power consumption.

Once the problem has been isolated, appropriate repairs can be undertaken. The following
figure shows the prerequisites for a successful repair:

‘ Follow

.Observe recommmended
safety procedures
Use correct  precautions
equipment
* Make
proper
diagnosis

Fig 4.10.4: Prerequisites for successful repair

Sealed system repair consists of specific steps that need to be followed. The following figure
shows the steps of sealed system repair:

eRecovery of refrigerant
Step 1

¢Cleaning and Flushing
Step 2

eLeak testing
Step 3

eEvacuation
Step 4

eCharging

Step 5

Fig 4.10.5: Steps of sealed system repair
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Recovery of Refrigerant

Recovery of a refrigerant refers to the process of removing a refrigerant from a system and
storing it in a recovery cylinder. A recovery cylinder is different from the conventional
cylinder in two ways. First, the cylinder valve has the refrigerant filling port enabled and
secondly, its upper part is painted yellow to mark it as a recovery cylinder. There are three
different methods of recovering a refrigerant, as shown in the following figure:

) Vapour recovery method

) Liquid recovery method

) Push-Pull method

Fig 4.10.6: Methods of refrigerant recovery

Vapour Recovery Method

It is the most common method of refrigerant recovery. The refrigerant which is in vapour
form is drawn into the recovery system from the refrigeration unit. It passes through the
compressor to the condenser. The gas cools down to liquid and is stored in the recovery
cylinder.
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The following figure shows the steps of the vapour recovery method:

Switch-off the
system and the
recovery machine

Connect one end of
the hose to
discharge side of
recovery machine

Connect the other
end of hose to liquid
port of recovery
cylinder and place it
on a scale

N

Connect one end of
the hose to low-side
service port of the
system

Connect other end
of the hose to
charging port of the
manifold set

Connect one end of
the hose to low-side
of the manifold set

N

Connect the other
end of the hose to
suction side of
recovery machine

Connect one end of
hose from vapour
port to high gauge

on manifold set

Close valves on
manifold set

N

Open liquid and
vapour valve on
recovery cylinder

Start recovery
system

After recovery is
complete, close all
valves

Vv

Disconnect from the
system and begin
purge cycle

Fig 4.10.7: Vapour recovery method
Liquid recovery Method

This method is preferred when the refrigerant has to be recovered from oil-less compressors
having constant-pressure valves. The recovery method is similar to the vapour recovery
method with the difference that it enables liquid refrigerant to be recovered.
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The following figure shows the steps of the liquid recovery method:

Switch-off the system Connect one end of Connect other end of
and the recovery ——>| hose to low-side of the ——=| hose to suction side of
machine manifold set recovery machine
v
Connect other end of
Connect one end of hose to liauid bort of Purge all non-
hose to discharge side |——> quia p ——>| condensables from the
. recovery cylinder and
of recovery machine ! hoses
place it on a scale
v
Open liquid valve on the Turn the recovery
recovery tank ———>| system s&le!ect.or valveto |——=| Startrecovery system
liquid
v
After recovery is Disconnect from the
complete, close all ——>| system and begin purge
valves cycle

Fig 4.10.8: Liquid recovery method

Push-Pull Method

This method is used to recover bulk liquid from a system. The recovery machine creates
potential difference to siphon the refrigerant from one tank to another. The recovery unit
pulls vapour from the recovery cylinder. This produces a high-pressure gas that pushes the
liquid out of the system into the recovery cylinder.
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The following figure shows the steps of the push-pull method:

Switch-off the system
and the recovery
machine

Connect one end of hose
to discharge side of
recovery machine

Connect other end of

hose to vapor port of

recovery cylinder and
place it on a scale

]

Connect one end of hose
to liquid side of the
system

Connect other end of
hose to liquid side of the
recovery machine

Connect one end of hose
to vapour side of
recovery machine

]

Connect other end of
hose to suction side of
recovery machine

Purge all non-
condensables from the
hoses

Start recovery system

]

After recovery is
complete, close all valves

Disconnect from the
system and begin purge
cycle

Fig 4.10.9: Push-pull method

Cleaning and Flushing

When a refrigeration system suffers a failure, it becomes contaminated with disintegrated
particulate, sludge, acids, carbon residues, and moisture. These contaminants need to be
cleaned and flushed out of the system. The most common cause of contamination is

compressor failure.
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The following figure shows the guidelines that must be followed when flushing a system:

-
Use correct refrigerant,

equipment and
component parts

A\

\
Remove the compressor
before flushing the
system
. ¥ J

A\
4 \

Disassemble large
systems before flushing
\ J

\

It is very important to use correct equipment, ensure that it is in good working condition and
undertake periodic and regular maintenance of the tools.
The following figure shows the equipment required for flushing a system:

Fig 4.10.10: Guidelines for flushing system

Flushing solvent

> Injection tool Charging hose Waste container
canister

Nitrogen tank Vacuum pump Clean wipes Safety equipment

Fig 4.10.11: Equipment for flushing system

Before starting the flushing operation, confirm the availability of all required tools and
equipment.
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The following figure shows the steps of flushing a system:

Remove refrigerant

De-energise all
electrical leads

Remove the
compressor and
filter-drier cores

N4

Connect waste
container to
discharge port

Connect charging
hose to the system

Connect injection
tool to flushing
solvent canister

N4

Connect canister to
charging hose

Open valve on tool

Start flushing

N4

Blast compressed

After flushing is

. . complete, .
nitrogen into the reassemble all Begin purge cycle
system
components
|
\

Vacuum, leak test
and recharge

Reconnect all
electrical leads

Test the system

Fig 4.10.12: Steps for flushing system
Leak Testing

The refrigerators can operate properly only with a fixed charge of refrigerant. If it is
diagnosed during troubleshooting that the refrigerant is insufficient, then the system needs
to be checked for leaks. Theses leaks are then repaired, and the system is recharged with
refrigerant.
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The following figure lists the various causes of refrigerant leaks:

el eads to misalignment of eals and loosening of
bolts

el eads to expansion and contracrtion in metal
parts

e eads to difference in material stress

eFail under pressure or temperature changes

eResult in leakage from joints, connections or
caps on valves

eDecays the materials creating holes

el eads to impact on refrigerant containing parts

Fig 4.10.13: Causes of refrigerant leaks

Once the possibility of leak is diagnosed, it is critical to check the whole system for multiple
leaks and mark them for repair. Leak detection is carried out manually by the technician to
identify possible leaks.

The following figure shows the methods for leak detection:

A |

Leak detection

methods
|
1 T T 1
Using soap Using ultra- Using halide Using (_3|ECtron|c
i i refrigerant
solution violet lamp torch
detector

Fig 4.10.14: Methods of leak detection

Using Soap Solution

It is the most effective and economical method used by technicians to detect leakage.
A soap solution is applied to joints, connections and fittings while the system is running. The
appearance of bubbles confirms leakage.
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The following image shows leak detection using soap solution:

Fig 4.10.15: Leak detection using soap solution

Using Ultra-Violet Lamp

In case of large refrigeration systemes, it is difficult to access all joints and connections. So, it
is not possible to use soap solution or electronic detector to check for leakage. In such
situations, ultra-violet lamp is used. An additive dye is added to the refrigerant. When a
ultra-violet lamp is pointed, the leak glows in yellow-green colour.
The following image shows leak detection using ultra-violet lamp:

Fig 4.10.16: Leak detection using ultra-violet lamp

Using Halide Torch

The halide torch is used to detect leakage of CFCs and HCFCs. It contains a copper catalyst
over which the refrigerant is drawn with the help of a blue flame. When the refrigerant
burns over the copper catalyst, the chlorine in it reacts and the colour of the flame changes
to green. It does not work in case of refrigerants such as HFCs which do not contain
chlorine.
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The following image shows a halide torch:

Fig 4.10.17: A halide torch

Using Electronic Refrigerant Detector

An electronic refrigerant detector is a battery or AC powered device containing an element
sensitive to a particular chemical component in the refrigerant. As it approaches the source
of leak, the audible or visible signal increases in frequency and intensity.

The following image shows leak detection using electronic refrigerant detector:

Fig 4.10.17: Leak detection using electronic refrigerant detector
Evacuation
Evacuation refers to the process of removing vapours, fluids and non-condensable gases

such as air and nitrogen from the refrigeration system.
The following figure shows the equipment needed for evacuating a system:

Manifold
gauges

Vacuum pump Vacuum gauge

Fig 4.10.18: Equipment for evacuating a system
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The following figure shows the steps of evacuating a system:

Connect the manifold Connect the vacuum Conggﬁtgzh;\g(;uum
gauge to the center |——> pump to the —> evaporator's outlet
port manifold gauge .
service port
|
Vv

After evacuating is
——| complete, disconnect
the vacuum pump

Run the vacuum
pump

Fig 4.10.19: Steps for evacuating a system
Charging

Every refrigeration system needs an optimum level of refrigerant to function efficiently.
When the level of refrigerant drops, it needs to be filled-up. Charging refers to the process
of adding the refrigerant in proper quantity to a refrigeration system.

The following figure shows the steps of charging a system:

Install line tap valve Connect hose to Open charging
and evacuate the |——=| thechargingvalve |——=| valve, purge system
system and line tap valve and close valve
|
\Z

Fill the required
Note the s . s amount of
refrigerant level Open line tap valve refrigerant into the

sytem
|
v
After charging is Wait for system
complete, close the —> pressure to ——| Close line tap valve
charging valve equalize
|
v
Disconnect the : Leak test the
charger system

Fig 4.10.20: Steps for charging a system
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UNIT 4.11: Copper Tube Processing

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Perform tube cutting and bending

2. Perform tube deburring and flaring

3. Perform tube brazing

— 4.11.1 Copper Tubes

Initially, the condenser coils were made of aluminium as it was cheap and had high transfer
properties. However, it was noticed that it requires high maintenance. It was not possible to
repair aluminium tubes; they needed to be replaced every time. It was replaced by copper.
The following figure shows the reasons for replacing aluminium with copper:

Corrosion
resistant

Less
refrigerant
consumption

High heat
transfer

Superior

Machinability strength

Copper pipes

Ease of
repair

Reliable

Ease of
maintenance

Fig 4.11.1: Advantages of copper pipes
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Tube Cutting

A copper tube should always be cut with a tube cutter, a tool built specifically for that
purpose.

The following figure shows the steps of cutting a copper tube:

Step Task Image
No.
1. Insert the copper tube in the tube
cutter
2. Tighten the blade so that it fits snugly
3. Turn the cutter a few times till a
groove is cut in the circumference of
the tube
4, Align the groove with the blade and
twist till the tube is cut

Fig 4.11.2: Steps of cutting a copper tube

I —T
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Tube Bending

A copper tube should always be bent with a tube bender, a tool built specifically for that

purpose.
The following figure shows the steps of bending a copper tube:

Step No. Task

1. Insert the copper tube in the wheel
groove of the tube bender

2. Place the tube holding clip over the
tube and bring the handle down

3. Pull both the handles towards each
other in a smooth motion to bend
the tube

4, Remove the bent tube and release

tube holding clip

Fig 4.11.3: Tube bending
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Tube Deburring

When a copper tube is cut, it leaves some burrs behind. Burrs are metal shavings inside the
wall of the tube. They need to be removed as they can cause leakage in joints and
connections. Burrs are removed with the help of a burr remover, a tool built specifically for
that purpose.

The following figure shows the steps of deburring a copper tube:

Step No. Task Image
1. Insert the blade of the
deburring tool at the edge of
the tube

2. Rotate the blade around the
walls of the tube shaving off the
burrs.

Fig 4.11.4: Tube deburring
Tube Flaring

Flaring is the process of joining two copper tubes mechanically. A copper tube should always
be flared with a tube flarer, a tool built specifically for that purpose.
The following figure shows the steps of bending a copper tube:

Step No. Task Image
1. Cut the desired length of the -
tube z
2. Remove internal burrs with a

deburrer
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3. Assemble the flaring tool

4, Insert the tube between the
flaring bars of tool. Align the
cone at the end of the tube and
tighten the screw

5. Unclamp the compression cone

6. Remove the tube from the
flaring tool and inspect the
flared tube

Fig 4.11.5: Tube flaring
Tube Brazing

Brazing is the process of joining two metals by filling the joint with a different metal, melted
at very high temperature. The filler or the brazing rod is melted by the heat of the metals
rather than the flame.
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The following figure shows the most commonly used brazing techniques:

-
~
Torch brazing eUses fuel gas flame such as acetylene, hydrogen
or propane to generate heat
J
U idly alternati ]
[ )
Induction brazing ses a rapidly alternating current to generate
heat
J
. . 1
. . eUses resistance of a metal to an electric current to
Resistance brazing
generate heat
J
N
Furnance brazing eUses a furnance to generate heat
J
\

Fig 4.11.6: Brazing techniques

The following figure shows the steps of brazing a copper tube:

Step No. Task Image

1. Cut the desired length of the tube

2. Remove internal burrs with a deburrer

3. Assemble the tubes and the fitting.
Purge residues out of tubes before
brazing
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4. Apply uniform heat to both the tubes
and the fitting

5. Apply the filler material
6. Complete the joint evenly and remove
heat

Fig 4.11.7: Brazing techniques







5. Air Conditioners

Unit 5.1 — Basic Concepts of Air Conditioners (ACs)
Unit 5.2 — Working and Installation of Window ACs
Unit 5.3 — Servicing Window ACs

Unit 5.4 — Installing Split ACs

Unit 5.5 — Servicing Split ACs
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B

- Key Learning Outcomes

At the end of this module, you will be able to:

Define the factors, comfort zone and heat load of ACs
Identify the different parts and working of Window ACs
Follow safety precautions for installation of Window ACs
Test-run a Window AC

Describe wiring diagrams for Window ACs

Test electronic components of Window ACs

Service and repair Window ACs

Identify the different parts and working of Split ACs

. Follow safety precautions for installation of Split ACs
10. Test-run a Split AC

11. Describe wiring diagrams for Split ACs

12. Test electronic components of Split ACs

LN R WDN R
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UNIT 5.1: Basic Concepts of Air Conditioners (ACs)

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Define the factors for air conditioning

2. Define heat load and comfort zone of ACs
3. Describe the types of ACs

The main objective of having a confined space air conditioned is to make it comfortable for
its occupants. This means making the indoors cooler or warmer irrespective of the heat or
cold outside. The basic principle at which AC works is similar to a refrigerator, except the AC
does not confine the coolness inside its unit but spreads it outside the unit into the room
using a fan. The refrigeration cycle of ACs is also similar to that of refrigerators using the
same principles and components.

— 5.1.1 Factors for Air Conditioning

Air conditioning typically means modifying (cooling or heating) the air inside a closed
environment. This modification is affected by four factors, as shown in the following
diagram:

Fig. 5.1.1: Factors affecting air conditioning

—"
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The preceding factors decide the working of the ACs as well as how effective the ACs would
be in that closed environment.

For example, typically, ACs should lower the temperature in summers and increase the
temperature in winters for a closed room or space. The decrease in temperature is done by
removing the humidity and heat that is generated by the environment and living beings
(such as humans and their pets) existing in that environment. ACs should also work to
improve the air quality, by removing odour and dust particles suspended in the air due to
heat. Lastly, ACs need to ensure that there is proper air movement and circulation to avoid
any suffocation due to air modification.

— 5.1.2 Heat Loads and Comfort Zones

Any physical activity, running home or commercial appliances, lighting, sun light/rays, open
windows and other factors, which contribute to heat generation in a confined space or room
is called heat load, as shown in the following image:

4 Radiant Heat
Conduction Heat

Lighting

Ye¥
»
»
.
.
.
.

L

Fig. 5.1.2: Heat loads

Typically, the following factors in a home or office environment contribute to the heat load:
e Area of the space
e Running appliances (such as computers)
e Entry area for sun rays/light, such as windows, ceilings and so on
e People
e Activity/movement in the room, such as moving furniture, frequent opening of the

door/windows and so on
o Artificial light used to illuminate the room
The capacity of ACs needed to cool the room/space, depends on the preceding factors.
Higher is the number and intensity of these factors, more is the capacity of the AC needed to
cool the room.
The capacity of ACs is measured in terms of ton, which means the amount of heat that an air
conditioner can remove from a confined space within an hour.
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Comfort zone is achieved when the internal conditions, air and environment, of a room or
closed space is controlled to maintain a comfortable temperature for the occupants
irrespective of the outdoor weather or temperature, as shown in the following image:

" COMFORT

Fig. 5.1.3: Comfort zone

— 5.1.3 Types of ACs

There are primarily two types of ACs used in a home and office environment:
e Window ACs, as shown in the folloiwng image:

Fig. 5.1.4: Window AC
e Split ACs, as shown in the folloiwng image:

Fig. 5.1.5: Split AC
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The working of the ACs, window or split used in homes or offices, is shown in the following

diagram:

Inside Room

Compressor

Hot Refrigerant

\J

—_—

Evaporator

Surrounding

—
Cool Air

—

Air .

-
- -

h! Air
{
Far

-—

Outside Room

Condenser

—

Warm Air

Expansion Valve

Cool Refrigerant

Fig. 5.1.6: Working of AC

The ACs shown in the preceding images work on a principle of reverse cycle or heat pumps.
They work by taking the heat from the air outside and transfering it into a closed space.
These ACs use a refrigerant to cool the air that is being transferred inside. An addiitonal
feature that these ACs may have is to filter the air inside.
Every AC contains a compressor inside its unit that is used for compressing and pumping the
refrigerant gas. The following figure shows the steps of a refrigeration cycle:
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Fig. 5.1.7: Steps of refrigeration cycle

Heat is drawn by the air conditioner from the indoor and is released to the outdoor. The

indoor plays as a source and the outdoor acts as a heat sink.
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UNIT 5.2: Working and Installation of Window ACs

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the different parts and working of Window ACs
2. Follow safety precautions for installation of Window ACs
3. Test-run a Window AC

— 5.2.1 Working of a Window AC

Window ACs are the most common type of ACs used in homes and small offices. These are
also the cheapest type of ACs.
Window ACs require a window or a hole in the wall, the size of the AC unit, and one part of
the unit is inside the window/wall and the part is outside in the open, preferably with lots of
space available.
Window ACs consist of two main units:
e Inside unit, which cools the room/space, consists of:
o Return air grill
Air filter
Control panel
Thermostat sensor
Adjustable louvers
Evaporator coil
e Qutside unit, which absorbs the heat in the room and transfers outside the room,

O O O O

consists of:

Blower motor
Partition

Fan
Compressor
Condesor coil
Drain tray/pipe

0O O O O O
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The assembly of a window AC is shown in the following figure:

A solid base on which all the parts are assembled.

A casing on which the base is installed. The casing is fixed on the wall or in the window.

An insulated partition which segregates the inside unit from the outside unit.

A front panel which has horizontal and vertical louvers, which can be adjusted as per the
desired direction of air flow.

A control panel which has various controls to manage temperature, fan speed, etc. for
the AC.

A refrigeration system comprising of condesor, compressor, expansion valve and
evaporator. This sytem uses the same refrigeration cycle as that of a refrigerator.

An air circulation system, contains:

eBlower which absorbs the inside air and filters it. The air then passes through the
cooling coil to get chilled and then blow into the room again.

eCondeser fan
eFan motor

A drainage system allows removing of dew drops accumulate in the bottom base unit.

eThe AC unit is installed with a slight tilt angle towards outside for the collection of dew
when the room air gets chilled.

eThere is a small opening at the back connected to the small drain pan and the piping for
the drainage of water.

An electrical protection system contains a thermostat that senses the coil temperature.

o[t protects the motor connected to compressor against getting overheated.

|t prevents burning of winding coil due to overheating while the air conditioner is
running for long time by tripping the compressor and stopping it until it cools down.

Fig. 5.2.1: Assembly of a window AC
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The parts of window ACs is the same as explained in the preceding units and is shown in the
following image:

Blower

Louvers Fan

Compressor

Control Panel
Front Grill

I
Condenser Coil

Thermostat Sensor ~ Evaporator Coil

Fig. 5.2.2: Parts of a window AC

— 5.2.2 Installation and Safety Precautions

Prerequisites for Installation
Before going for installation of a window AC at a customer site, ensure that the instructions
shown in the following figure are performed:

Carry all tools and personal protective gear required, neatly organized

) Check that all tools and equipment, such as a drill, is working properly

) Ensure all the units have been delivered before visting the site

) Check the packing to see if it is porper and has not been tampered or damaged

) Carefully unpack the unit and its parts, such as remote, grill, filter, and so on

) Wear insulated shoes for installtion

Ensure there is a step ladder avaialble if isntalltion is to be installed at a height

Fig. 5.2.3: Prerequisites for installation
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In case drilling or gas refilling needs to be done in the wall, then follow the precautions
shown in the following figure:

Drilling Ensure there is no loose wiring and plug has been properly insulated.

Use proper drill bits and key to lossen/tighten the bits.

Keep steady hands while drilling and wear goggles to protect eyes from
debris and dust.

Gas Refilling Discharge the refrigerant in open space.
Use gloves while handling the refrigerant.
Check the cylinder to ensure that it is sealed properly as per standards.
Hold and store cylinder in upright position.

Keep cylinders away from heat.

Fig. 5.2.4: Precautions taken at during installation
Installation

Before installation, ensure you have carefully examined the site for installation and checked
all conditions for installations, such as proper availability of space for indoor and outdoor
unit, proper electrical points available, proper window/hole in wall available, and so on.

The installation of a window AC looks similar to the one shown in the following diagram and
the specified dimensions should be maintained while installing:

Over 1500 mm
Owver|130 ) *
mim Over 150
Sos= mm

Fig. 5.2.5: Specification of dimensions of the AC unit

To install a window AC, perform the following steps:
1. Remove the AC carefully from its packaging.
2. Remove the glass/grill from the window where the AC needs to be installed.
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3. Ensure that the hole/window is as per the dimensions required by the AC. If the
hole/window is bigger, then apply proper wooden panelling or insulation around it to
make it fit for the AC’s size.

4. Analyse the frame of the hole/window to ensure that it has enough strength for holding
the weight of the AC unit.

5. Fix the outer casing of the AC to the frame of the window. Ensure that it is firm and
properly fixed. The casing need to be fixed strongly so that it can take the whole weight
of the AC.

In case the hole is in a wall, then the casing needs to be fitted into the wall by drilling
strong holes in the wall and securing the casing with strong screws.

Also, ensure that the casing is titled at a small angle (2-3 degrees) on the outside (back
of the AC). This would ensure that the dew collected from the cooling coil is drained
outside from the drain tray and pipe.

6. Using a colleague help, pick up the main AC unit and slide it in the casing carefully.
Ensure the unit is sitting firmly in the casing and secure it properly using screws.

7. Connect the electrical wires to the control panel.

8. Place the front panel grill and filters.

9. Connect the power supply to the AC’s cord. Check if the AC is working.

— 5.2.3 Test-run a Window AC

After installation of the AC, it is important to check if the AC is functioning properly and if it’s

controls (such as the remote) is also working properly. Moreover, you should also explain

the basic functions of the AC to the customer after installation.

To test-run the AC, perform the following steps:

1. Ensure all electrical wiring has been done and the main power cord of the AC has been
plugged in to the power point, as shown in the following image:

|
I

Fig. 5.2.6: Electrical wiring of AC unit
2. Ensure that all front grills and filters have been properly placed.

o
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3. Switch on the AC and set the temperature at 18°C as shown in the following figure:

Fig. 5.2.7: Setting temperature
4. Letthe ACrun for 15-20 minutes.

5. Check the functioning of the front control panel.

Set Time Temp Enter

B°C

Fig. 5.2.8: Checking the functioning of front control panel

6. Check the functioning of the remote control and all its buttons.

Fig. 5.2.9: Checking the functioning of remote
7. Check the cooling effect in the room after 15-20 minutes.
8. Check the following temperatures:

a. Outdoor unit should be approx. 42°C
b. Grill should be approx. 9°C
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UNIT 5.3: Servicing Window ACs

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Describe wiring diagrams for window ACs
2. Test electronic components of window ACs
3. Service and repair window ACs

— 5.3.1 Wiring Diagrams for Window ACs

A field technician is required to service and repair the window ACs as per customer requests
and complaints.

To be able to carefully service and repair an AC, the field technician should be able to read
and understand the wiring diagrams of the ACs and understand the electric circuits and
connections properly.

A simplest wiring diagram of a window AC is shown in the following figure:

Electrical

Panel

Fig. 5.3.1: Wiring diagram of a window AC

The following figure shows a wiring diagram of the inside unit of an AC:

Ground Wire

I Hot Wire

Neutral Wire

-
L Selector Switch

Thermostat

Compressor

Fig. 5.3.2: Wiring diagram of the inside unit of a window AC
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The power cable is split into three wires inside the unit as described in the following figure:

) Ground wire (either green or a bare wire)

) Hot wire
) Neutral wire

Fig. 5.3.3: Wires of a power cord

The ground wire is connected to the metal case of the unit.

The hot wire that feeds power to the important parts of the window unit, along with the
compressor and the fan motor, connects the selector switch to the other parts, as follows:

e Hot wire = Selector switch 2 Thermostat switch > Compressor

e Hot wire = Selector switch > Fan motor

Neutral wire is directly connected to fan motor as well as the compressor through the wire
connector that is placed at the back of the selector switch in order to keep all neutral wires
common to each other as being connected to the same point.

The following figure shows another wiring diagram of an AC window with overload
protection:

g

886
;

Main Switch

Thermostat 7
(o]
apacitor

Fan Motor
I
R Capacitor
Overload

Compressor

j/c
s
c

Fig. 5.3.4: Wiring diagram of an AC window with overload protection
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— 5.3.2 Testing Electronic Components

A field technician should start with testing the various modes of operation to check which
components of the window AC are operating fine or not. The following figure shows the
steps of checking various components:

Turn on the unit fan If the fan fails to Check whether the
keeping heat and cool |——=| operate, power supply |——> breaker or fuse is
modes off. needs to be checked. tripped.
vV
If s0. ensure the Check the current
appropl"iateness of the S interruptor (if any) by S Reset the fuse or
size of the circuit for the puiglgeg;lxehzsheetrti):;c;con breaker.
AC unit. tripped.
vV
Check the wiring to
ensure proper 5 Check the capacitors for 5 Check the fan motor and
connections for power the fan. fan switch.
off.
vV
Make sure that the Check the compressor mz;iz'ré?r:(:nttzeof
blades of the fan spin  |——> b_y feellng it with 'hand. If —> resistance to ensure the
freely. it is too hot, let it cool. .
compressor is good.
vV
Listen for a clicking If the compressor starts
Check the unit in cooling ; sound that indicates S but it fails to cool
mode. that the cooling mode properly, check the
has started. refrigerant of the unit.
\
R If a click sound comes
Try adjusting the while changing
:ﬁé’nxg:ﬁ;c:reo;c::r:%ctl; —— | temperature, it indicates
g thate the thermostat is
and the control board. working well

Fig. 5.3.5: Checking of various components
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Testing the Compressor

In window AC units, rotary compressors are generally used. A field technician needs to follow

the steps to test the compressor.

Step 1: Check the power outlet to make sure it is working well.

Step 2: Turn the power off and take out the unit’s terminal cover by removing the mounting

screws located at the four corners of the front of the air conditioner unit. Ensure that the

terminals and wires are not damaged.

Step 3: Check the compressor to make sure that there is no cracked valve inside it.

Step 4: Test the electrical terminals using a multimeter. A typical unit has three terminals; C,

R, and S. The continuity between every two terminals (C- R, C - S, and R - S) should be

tested.

e Check the wire connections and if the wire is found faulty, replace it.

e |If the resistance is higher (higher than 30 ohms), check if the compressor is hot. If so, it
may be that the internal overload is open and wait for the compressor to cool down.

e If the resistance is high but the unit is cool, it indicates that the compressor motor is
bad.

Step 5: Check the resistance of each of the terminals to the compressor’s body. If the

resistance reading is low, it signifies that the motor is grounded and the compressor needs a

replacement.

Testing Capacitor of AC
The following figure lists the steps to test the capacitor of a window AC:

Unplug the unit and remove it from its window mounting.

Remove the screws safely.

Locate the capacitors near compressor or fan motor:

*Run capacitors (oil-filled capacitors are round or oval in shape and silver in colour).

eStart capacitors (electrolytic capacitor are round and tubular in shape and black in
colour).

Let the capacitor discharge by shorting its terminals together.

Remove the wires from the capacitor.

Test the capacitor terminals with multimeter.

Fig. 5.3.6: Steps for testing the capacitors
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— 5.3.3 Repairing/Servicing Window ACs

An AC requires servicing and repairs due to wear and tear with usage. Improper
maintenance also leads to requirement for repair. The following figure lists some categories
of issues with ACs:

Failure of control or
Refrigerant leaks electrical Drainage problems
component

Failure of major
component

Fig. 5.3.7: Some categories of issues with ACs

The following figure lists some specific symptoms that indicate the air conditioner needs a
servicing:

) Water drips from the front panel

Air comes out from the vents, but does not cool down to specified
temperature

) AC unit does not turn on

) There is ice visible on the coils

) Water leaks from the drain channel

Fig. 5.3.8: Some specific symptoms of AC problems

A field technician needs to perform the following steps before starting the repairing:

\ \ \

Recognize possible

Disgnose the problem Identify the cause solutions

Fig. 5.3.9: Troubleshooting steps
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The following table lists some AC problems and their possible troubleshooting steps:

Problem

Possible Troubleshooting Steps

The AC unit does not turn
on

Check the fuses or the breaker.
Check the wiring and the selector switch.

Air coming out from the
unit is not cold enough

Check that the fan selector is set to "Fan Only"
mode.

Check whether the thermostat is set at high warm
position.

Keep the exhaust vent control in "Open" position.
Ensure that the location of the thermostat sensing
bulb is correct.

Check the cleanliness of the coils.

Check the level of the refrigerant.

The room is warm while the
unit is cooling

Check whether the fan selector is set to "Fan
Only" mode.

Check whether the thermostat is set at high warm
position.

Keep the exhaust vent control in "Open" position.
Ensure that the location of the thermostat sensing
bulb is correct.

Check the position of the air directional louvers.
Ensure that the front is not blocked.

Check that the outside louvers are not blocked by
bricks or anything else.

Ensure that the cooling capacity is sufficient for
the room size.

Check the cleanliness of the coils.

Check the level of the refrigerant.

Water is dripping inside

Ensure that the unit is slightly tilted towards the
outside.
Check whether there is any blockage in the drain.
If there is any obstruction, clean the drain by.

o Removing the unit from the window.

o Disconnecting the power and washing the

unit.
o Letting the unit to dry thoroughly and re-

applying power.

The fins on the coils are not
working properly

Use fine comb to make the fins straight.
Ensure flattening is minor, as more of it will affect
the operation.

The winding coil on the
front side gets frozen

Check the cleanliness of the coils.

Check the cleanliness of the air filter.

Ensure that the thermostat is working properly.
Check the level of the refrigerant.
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AC cycles keeps On and Off e Check whether the thermostat sensor is positioned

very frequently properly.

e Ensure that the sensor is not touching the
evaporator coil.

e Adjust the wire carefully.

e Ensure that the front panel or the thermostat is not
blocked with drapes.

e Check for any refrigerant leak.

e Ensure that the condenser is not covered with

leaves.
e Check that the fins are not damaged.
AC unit blows circuit breaker e Check the size of the circuit (amps).
or fuses o Most window ACs require 120 volts and can

be operated in a circuit with 15 amp. A
dedicated circuit may be needed by some
larger units. The circuit is blown if it is shared
with other loads being operated
simultaneously.

o Try running a dedicated circuit with 20 amp
for the unit.

Fig. 5.3.10: Troubleshooting steps

Repairing a Thermostat

Thermostat, located behind the control panel, has a special sensing bulb connected to it to
sense temperature controlled by thermostat. It extends from the thermostat to area of the
evaporator coil. A field technician should follow the steps shown in the following figure to
service a thermostat:

Remove the grill and then the control panel from the AC unit.

Remove thermostat carefully and tag the location of bulb to
return the bulb in the identical location.

/Test the thermostat using a multimeter.
oClip the probes of tester to the terminals of the thermostat, and
turn temperature control setting to coldest.
o|f the meter reading is zero, it is functioning properly.

o|f the meter reading is higher than zero, the thermostat must be
. replaced with a new one of same type. )y

Fig. 5.3.11: Steps for servicing a thermostat
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Repairing a Fan

Generally loose or dirty blades of a fan leads to malfunctioning. Cleaning and tightening the
fan blades usually fixes the problems with fan. The following figure lists the steps to repair
the fan of an AC unit:

Check for any

Open the qablnet and looseness of the fan Tighten the screw with
clean the dirt and dust .
. blades on the motor screwdriver.
with soft cloth.
shaft.
If the reading i . . If fan contains oil por
the reading is Check with multimeter an contains ol ports,

apply drops of motor oil
to the ports at starting
of cooling season.

between 3-30 ohms,
motor is functioning
properly.

whether the fan motor
is faulty.

Remove the fan, power
wires, mounting bolts
and condensor coil (if

required).

If it is zero or extremely
high, replace the
motor.

Install the new motor.

Fig. 5.3.11: Steps for repairing the fan of the AC unit
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UNIT 5.4: Installing Split ACs

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the different parts and working of split ACs
Follow safety precautions for installation of split ACs
Perform IDU and ODU installation

Connect IDU and ODU

Test-run a split AC

vk W

— 5.4.1 Parts of a Split AC

The main reasons for split air conditioner are getting popular are their elegant looks and

silent operation. There are two units in a split AC:

e Indoor unit: It is installed inside the room which cools the room.

e Qutdoor unit: It is installed in open space outside the room at a convenient location for
installation and maintenance.

Apart from the two units there is copper tubing that connects them.

The following figure lists the parts of a split air conditioner:

Evaporator Coil

Air Filter

Indoor Unit Cooling Fan

Drainage Pipe

Louvers or Fins

Split AC -

Compressor

Condensor

Outdoor Unit =

Condensor
Cooling Fan

Expansion Valve

Fig. 5.4.1: Parts of a split air conditioner

o
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Outdoor Unit

A great amount of heat is generated inside in outdoor unit by the compressor and the
condenser. There should be sufficient air flow around the unit. The following figures show
the outdoor unit of a split AC:

Outdoor unit

Fan

™

EE IS NN /

Condenser <
(condenser
coils)

=1

G,

Compressor

Fig. 5.4.2: Outdoor unit of a split AC

Compressor

The compressor increases the pressure of the refrigerant by compressing it and sends to the
condenser. Compressors are of hermetically sealed type in which the motor used for driving
the shaft is not visible externally.

Condenser

The condenser is the coiled copper tubing covered with the aluminum fins and contains one
or more rows based on air conditioning unit size. It allows the refrigerant with high
temperature and pressure received from the compressor to give up the heat. The copper
and aluminum let the heat from the refrigerant be removed at faster rate.

Condenser Cooling Fan

The condenser cooling fan located in front of the condenser coil and compressor, is driven
by a motor and has three or four blades. With the rotation of the blades the fan absorbs the
air from the outside and with the aluminum fins blows the air over the condenser and the
compressor and thus cool them. The hot air is passed to the open space allowing air
circulation.

Expansion Valve

It is generally a copper capillary tubing with many rounds of coils. It allows a sudden drop of
temperature and pressure of the refrigerant coming from the condenser.

Indoor Unit

The indoor unit of the split AC is comprised of a box type housing which encloses the
important parts. The following figure lists the types of indoor units:

Wall mounted Ceiling mounted Floor mounted

Fig. 5.4.3: Types of indoor unit of a split AC
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The following figure shows the indoor unit of a split AC:

Indoor unit
Air filter

Blower

v Evaporator
(cooling coils)

Fig. 5.4.4: Indoor unit of a split AC
Evaporator Coil or the Cooling Coil
It is comprised of several turns of a coil in one or more rows. The number of rows is based
on the capacity of the conditioning system. The coil is encapsulated with aluminum fins so

that maximum amount of heat can be transferred to the air inside the room from it. The
following figure shows the working of the evaporating coil:

The refrigerant with low The room air is
pressure and absorbed by the blower This cool air is then
temperature from the and passed over the coil passed to the room.
tubing enters the coil. leading to cooling of air.

Fig. 5.4.5: Working of the evaporating coil

The temperature of the refrigerant inside the evaporating coil rises after the heat is
absorbed from the room air. It passed through the copper tubing to the compressor of the
outdoor unit. The refrigerant tubing of both sides are encapsulated with the insulation tape.

Air Filter

The air filter allows supply of clean air to a room by removing dirt particles from it. The room
air is passed through the air filter before it is passed to the cooling coil.

Cooling Fan or Blower

It pulls in the warm and dirty air from the room and blows out cool and clean air. The fan
speed can be changed as it is connected to a small motor having multiple speed options.
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Drain Pipe

When the room air is passed over the cooling coil, the air temperature reaches below the
dew point temperature. This results in forming of dew drops on the surface of the cooling
coil due to condensation of the water vapor present in the air. These water drops are
accumulated inside the indoor unit. A drain pipe is connected from the space to an external
place outside where water can easily be disposed off.

Louvers or Fins

Cool air is supplied by the cooling fan into the room through the louvers that allow changing
the direction of the air as per the requirements. The following figure lists the types of
louvers:

*They are connected to a small motor and their position can
be canged using a remote control.

o|f the position is set to fixed chilled air is passed in a specific
direction.

e|f it is set to rotation mode the fresh air is passed throughout
the room.

Horizontal louvers =<

*They are manually operated and the position can easily be
Vertical louvers set according to the requirements.

e Air flow is controlled in upward and downward directions.

Fig. 5.4.6: Two types of louvers

Refrigerant Piping or Tubing
The refrigerant piping comprised of copper tubing, connects the outdoor and indoor unit. It
is flexible enough to be coiled easily.

The low pressure and low temperature refrigerant goes from the expansion valve to the
copper tubing, that is also connected to the cooling coil at the other end. The following
figure shows the connection of indoor and outdoor unit through refrigerant tubing:

Evaporator
Surrounding
Air
Filter |
Far;’ / - Gas Line
|
Cool Air
. Compressor
Sl_.|rr0undlng Condenser
Air /
Liquid Line = Warm Air
| \ | Fan

Fig. 5.4.7: Connection of indoor and outdoor unit through refrigerant tubing
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The distance between the two units (indoor and outdoor) should be less as there is some
loss of the cooling effect when the refrigerant flows through the tube.

The tubing is covered with the insulation as it is exposed to the atmosphere which may be
high temperature. The cooling effect will be lost if the tubing is not covered.

There is another refrigerant tubing connecting the units for the refrigerant to travel from
evaporating coil to the compressor. Both the tubing are covered using an insulation tape.

— 5.4.2 Precautions

It is vital to follow certain safety precautions while installing air conditioners. The following
figure represents the general guidelines that should be followed to prevent any potential
injury or property damage:

|

) Read all the instrucrions given in the installation manual

) Follow proper installation procedure

) Wear personal protective gear such as gloves

) Unplug the unit prior to working

) Check current and voltage

P
Fig. 5.4.8: Safety precautions
Safety Precautions While Wiring

In addition to these general safety precautions, it is imperative to follow precautions while
working with electrical systems. Any negligence or carelessness can cause electrical shock
leading to severe personal injury or death. The following figure represents the electrical
safety precautions to be followed:

Ensure that all wiring is complete before
switching on the power supply

Refer to the instructions given in electrical
wiring diagram

Ensure that the unit is properly grounded

Ensure that there are no loose connections

Fig. 5.4.9: Electrical safety precautions
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Safety Precautions While Transporting

The air conditioner units are very heavy. Special care needs to be taken to lift the units as in
the following: .

e Never try to lift the unit alone.

e Always ask someone for help.

e  Proper posture should be maintained when lifting the unit from the ground.

o Make sure to bend the knees to minimize any risk of back injury.

e Look out for the sharp edges and the aluminium fins of the air conditioner.

Safety Precautions While Installing

While installing, the following precautions should be taken for safety:

eEnsure that the wall can bear the load of the unit.

In a wall *A frame made of wood or metal must be constructed to provide
additional support.

eInsulate the tubing that runs inside a room to avoid damage to wall
Inaroom
and floors due to water.

*Provide a solid, level foundation for the outdoor unit.

In uneven or moist . . . .
eUse a raised concrete blocks to avoid any type of abnormal vibration

locatinons
and water damage.
In areas with high eUse bolts and a metal frame to anchor the outdoor unit securely .
winds *Provide a suitable obstruction to air.

eInstall the outdoor unit on a platform that is raised higher than
In snowy areas accumulated snow.

eProvide snow outlets.

Fig. 5.4.10: Installation safety Precautions
Safety Precautions While Connecting Refrigerant Tubing

The following precautions need to be taken while connecting the refrigerant tubing:
e Always keep the tubing runs short

e When connecting two tubes, use flaring method
e Check for any leakage before doing the test run
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— 5.4.3 Installation of Split AC

The first step to install a split AC is to select the best location for the installation. The
following figure lists the points to be considered for location of an AC:

Do not install the unit at such a location where there is
a heat source nearby

Ensure there are no obstacles in air circulation

Ensure there is proper ventilation on all sides

Ensure there is easy access to drainage

Do not install the conditioning unit near the entrance
or exit doorway

Make sure that the unit is accessible for maintainance

Fig. 5.4.11: Installation location
Indoor Unit Installation
The steps of installation of indoor unit are as follow:

Step 1: Select an appropriate location for the unit as shown in the following figure:

IOVEr 100mm “—‘—‘-—-.._______

Over 1 Owver
150mm 150mm
2300mm
and above

Fig. 5.4.12: Indoor unit installation location
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Step 2: Fix the mounting plate to the wall inside the room and secure it with screws as

shown in the following figure:

e Hold the mounting plate against the wall.

e Use alevel to check whether the plate is levelled horizontally.

e Fix it to the wall by drilling holes in the wall at appropriate spots.

e Insert anchors into the drilled holes and secure the plate to the wall using tapping
SCrews.

| —

Fig. 5.4.13: Secure the mounting plate

Step 3: To fit the piping, drill a hole in the wall as shown in the following figure:

O \\—

——

Fig. 5.4.14: Drill a hole for piping

e Drill a hole having a diameter of around 7.5 cm through the wall.

e Make sure that the slope of the hole towards the exterior is kept downward so that
adequate drainage is possible.

e Insert a flexible flange through the hole.

Step 4: Make sure that the electrical connections are proper:
e Remove the cover by lifting the front panel of the unit.
e Ensure that the wires are connected to the terminals of the screw.
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Step 5: Connect the pipes:

e Run the piping towards the hole.

e (Cut alength from the PVC pipe that is shorter than the length between the wall surfaces
of the interior and the exterior side (around 6 mm).

e Place the cap on the end of the PVC pipe that is inside the room.

e Couple the drain pipe, the copper pipes and the power cables together using an
electrical tape as shown in the following figure:

Connecting
Pipe Wire
Pipe Hose

7 [T e

Piping Power

Insulating supply Cord

Ta pe Connecting
Cable

Fig. 5.4.15: Connect the pipes

e Tighten the connection by using 2 wrenches, working in opposite directions to secure
the pipe to the indoor unit and attach the drainage pipe to the base of the indoor unit.

e Run the pipes and cables coupled together through the hole making sure that the water
is drained in a proper place by the drainage pipe, and the drain hose is sloping
downward for efficient drainage, as shown in the following figure:

| —

Fig. 5.4.16: Direction of drain hose

The following images show some examples of incorrect installation:

[~
: [ :::
[ -
| [ ] Tip of drain hose
i - [~ ] - -
I Do not raise dipped in water
— LS LS
[~
[ [~ :“":
Py ] [ [ L] [~
Water iy Water 4 I B
Leakage iy [~
Leakage « :_-: ge & _““_: Do not kink ¢ :_“:

Fig. 5.4.17: Examples of incorrect installation
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Step 6: Secure the indoor unit by pressing it against the mounting plate, as shown in the
following figures:

| e— | ml
I 1

Fig. 5.4.18: Secure the indoor unit
Outdoor Unit Installation
The steps of installation of indoor unit are as follows:

Step 1: Select an appropriate location for the unit, as shown in the following figure:

il

Fig. 5.4.19: Outdoor unit location

Step 2: Hold the mounting plate against the outside wall:

e Secure it properly.

e Ensure thatitisin a level position.

e Provide rubber cushioning under the feet of the unit so that vibration is minimized.

Step 3: Connect the wires.

e Remove the cover and connect the cables and wires consulting the wiring diagram and
following the manufacturer's instructions to connect the cable wires.

e Use a cable clamp to fasten the cables.

e Replace the cover.

Fig. 5.4.20: Connecting electric wires
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Step 4: Fasten the flare nuts to the pipes on the outdoor unit, as shown in the following
figure:

Fig. 5.4.21: Secure flare nuts
Completing the Installation of a Split Air Conditioner

After the installation of the indoor and outdoor units of the split AC, the given steps should
be followed:

Step 1: Check the amount of air and the humidity of the refrigerant circuit, performing the
following steps:

e Detach the caps from the service port and the valves (both 2 way and 3 way).

e Attach the hose of a vacuum pump to the service port.

e Turn the vacuum pump on.

e Switch the vacuum pump off after closing the low pressure knob.

e Check whether the valves and joints have any leak

e Replace the caps after disconnecting the vacuum.

The following figure shows removing air and humidity:

Fig. 5.4.22: Remove air and humidity

o
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Step 2: Use insulating covering and insulating tape to wrap the joints of the piping, as shown
in the following figure:

Fig. 5.4.23: Wrap piping joints with insulating tape

Step 3: Use clamps to affix the piping to the wall and use expanding polyurethane foam to
seal the hole in the wall.

— 5.4.4 Test-run a Split AC

It is important to measure and record the test run properties to check whether the unit is
installed properly, and to store the information after completing installation for further
service. The following figure shows the items to be measured:

Temperature (inside Suction and blow Wind velocity and
and outside the
out temperature volume
room)
Presence of noise
Voltage Ampearage and abnormal
vibration
. . Compressive
Piping temperature Operating pressure pressure

Fig. 5.4.24: Items to be measured
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In addition to the preceding items, the structure and appearance of the unit should also be
checked to ensure that it complies with the standards. The following figure shows the checks
that need to be performed:

Check air circulation is adequate

Check water is draining smoothly

Check refrigerant and drain piping is properly insulated

Check refrigerant is not leaking

Check remote control switch is functioning properly

Check there is no fault in wiring

Check terminal screws are not loose

Fig. 5.4.25: Checks to be performed

The following figure shows the tasks that the field technician needs to do the after
completing the installation:

Connect the
. Evaluate the
power supply Run the unit for
. . performance of
cord to the power fifteen minutes .
the unit
supply
Ensure that the Measure the
difference intake air and
between the two discharge air
is more than 8°C temperature

Fig. 5.4.26: Tasks to be performed after installation
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UNIT 5.5: Servicing Split ACs

— Unit Objectives ©

At the end of this unit, you will be able to:
1. Describe wiring diagrams for split ACs
2. Test electronic components of split ACs
3. Perform dry and wet servicing

—5.5.1 Safety Precautions While Servicing

While servicing an AC, the field technician should take the following precautions:

e While working with electrical parts and connection, switch off the power at the main
power box.

o Keep fingers as well as clothing away from the moving parts.

e C(Clean the site after installation is finished, ensuring that there are no metal scraps of
wiring left inside the unit which is being serviced.

— 5.5.2 Wiring Diagram of Split AC

A field technician is required to service and repair the split ACs as per customer requests and
complaints.

To be able to carefully service and repair an AC, the field technician should be able to read
and understand the wiring diagrams of the ACs and understand the electric circuits and
connections properly. A typical wiring diagram of a split AC is shown in the following figure:

Electrical
Panel

Fig. 5.5.1: Typical wiring diagram of a split AC

I —T
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The following figure shows the wiring diagram of a split AC outdoor unit:

H ML @ Condenser Fan
Motor
Blower Fan
Thermostat
Y
Neutral N Running

Overload
Protector

Capacitor

Compressor

Fig. 5.5.2: Wiring diagram of the outdoor unit of a split AC

— 5.5.3 Perform PMS (Dry and Wet Servicing)

Dry servicing refers to quick servicing of the AC which should be done every six months. Wet
servicing is detailed cleanup of the AC units that should be done once in a year.

Steps for Dry Servicing
For indoor unit the steps for dry servicing are as follow:

Step 1: Open the cover and take the filter out as shown in the figure:

Fig. 5.5.3: Taking the filter out
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Step 2: Clean the coil to remove the dust by using a brush as shown in the following figure:

Fig. 5.5.4: Cleaning the dust

Step 3: Wash the filters as shown in the following figure and put them back in their places.

Fig. 5.5.5: Washing the filter

The field technician should also clean the outdoor unit to remove the dust and check the
drainage pipe. The following figure shows cleaning of outdoor unit:

Fig. 5.5.6: Cleaning of outdoor unit
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Steps for Wet Servicing (Indoor Unit)
The steps for cleaning the indoor unit are as follow:

Step 1: Remove the cover and the filters and then remove the front cabinet after unscrewing
it as shown in the following figure:

B e
Fig. 5.5.7: Remove the front cabinet

Step 2: Hang the wash bag around the indoor unit especially the fan coil unit as shown in the
following figure:

Fig. 5.5.8 Hanging the wash bag around the indoor unit

Step 3: Spray the cleaning agent on the rotary blades and coils and wash them after 10-15
minutes. The following figure shows cleaning the indoor unit:

Fig. 5.5.9: Cleaning the indoor unit
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Step 4: Remove the bag filled with water.
Step 5: Wash the filter, front cover and the front cabinet and then fix them to the proper
place. The following figure shows washing on front cover:

Fig. 5.5.10: Washing front cover

The steps for servicing the outdoor unit are as follow:
Step 1: Open the main connection cover and measure the voltage and current as shown in
the figure:

Fig. 5.5.11: Measuring voltage and current

Step 2: Measure pressure of the service valve using manifold gate. The following figure
shows measuring of pressure:

Fig. 5.5.12: Measuring pressure using manifold gate
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Step 3: Remove the wires after switching off the power.
Step 4: Remove the fan unscrewing it using T spanner. The following figure shows the parts
of outside unit:

Fig. 5.5.13: Parts of outside unit
Step 5: Remove fan motor and cover the outdoor connection box.

Fig. 5.5.14: Covering the connection box
Step 6: Spray coil cleaner and wash the coil and compressor and clean the outdoor body and
other parts.
Step 7: Wash the fan and let it dry.
Step 8: Fix the parts to their correct position.
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B

- Key Learning Outcomes

At the end of this module, you will be able to:

Identify the different types of washing machines

Describe the basic functions of washing machines

Identify the different parts of washing machines

Install semi-automatic washing machines

Test the components of semi-automatic washing machines
Repair semi-automatic washing machines

Install top loading, fully automatic washing machines
Install front loading, fully automatic washing machines

LN U R WLWDNRE

Test the components of fully automatic washing machines
10. Repair fully automatic washing machines
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UNIT 6.1: Functions and Parts of Washing Machines

- Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the different types of washing machines

2. Describe the features and functionalities of different parts of a washing machine
3. Identify the various washing cycles

4. Describe different type of switches

— 6.1.1 Basic Components of Washing Machines

A washing machine contains several parts which work together to complete the washing of
the laundry. The following image shows parts of washing machine:

Fig 6.1.1: Parts of a washing machine

Some basic parts of a washing machine along with their functions are:

Components Function Image

Printed circuit board It is used to control
(PCB) different functions of a
washing machine such as
controlling water levels,
detergent dispensing
mechanism, various
wash cycles controls and
so on.

—"
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Lint Filter

Lint filter is used to filter
the lint in the washing
machine which comes
from shirts, sweaters,
socks etc. while washing.

Drain Pump

It is located at the
bottom of the washing
machine and pumps up
water in tub to drain

Drum Washer/tub

It helps in cleaning
clothes by moving
clothes through water
using the rotation of the
tub and gravity.

It moves the clothes in
and out of the water with
the help of side paddles.

Inlet Valve (Solenoid
Valve)

It is also known as
solenoid valve as its
functioning is controlled
by solenoid.

Solenoid controls the
ports that control the
setting of sending
electrical signals to open
and close the flow of hot
and cold water in the
drum washer.

Pressure Sensor

It is used to detect water
level in the drum.

One end is connected to
the bottom of the tub
and another one
connected to the switch.
As the water rises more
than required, the end of
it, connected to a switch
closes the electrical
contact.

Fig. 6.1.2: Basic parts of washing machine
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The Gear Mechanism
The drive mechanism of washing machine depends on gear mechanism for two jobs as

described:
e In the process of agitating the clothes which means moving them back and forth inside
the tub

e In the process of spinning the dryer, moving water out

The gears inside the machine work in coordination with the motor. If the motor spins in one
direction, the gearbox helps in agitating the clothes and if the motor spins in another direction
the gearbox goes in spinner.

Linear movement is described as the movement of gearbox in a straight line as in the case o
agitating the clothes.

Angular movement is defined as the movement of gearbox in the same angular direction
and at the same speed as in case of spinning the clothes (moving water out).

The twisting and turning of machine is measured by a formula known as torque which is
defined as a force around a given radius. In case of washing machine, when the gearbox
goes in a spin, the torque applied in the outer and inner shaft is same.

RPM is defined as revolutions per minute. It is used to determine the number of rotations
taken by the spinner and the agitator.

Working of a Washing Machine
The washing process of a washing machine comes under the working of washing machine.
Different parts of a washing machine play different roles in the washing process of clothes.

I'ne wasning process or wasning machine comprises or the points as described below.
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The washing process comprises of different cycles as shown in the following figure:

Filling Process

e|n this, water is filled inside the drum washer depending upon the
quantity of clothes to be washed.

eHot or cold water flow is controlled by the solenoid valve.

Agitating
Process

e|n this process, clothes are rotated up and down by the agiatator
which is fixed inside the drum washer.

eAgitator moves clothes back and forth, up and down inside the

Draining Process

e|n this, water is drained out from the washing machine during spin
cycle with the help of drain pump.

*\With the help of drain hose, water is forced out to reach the bend of
drain hose and then out of the drain.

Rinsing Process

e After the clothes are agitated, they are rinsed in clean water to
remove detergent.

sRinse cycle depends on the load of the washing machine.

|
|
|
|

Spinning Process

e After the above processes, spin cycle comes into action.

e|n this, after clothes are rinsed in clean water, spin motor remove
extra water from the clothes and dries them.

s]

Fig 6.1.3: Different cycles of washing process
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- 6.1.2 Types of Washing Machines

Washing machines are classified depending upon their features and functionalities. The
following figure shows different types of washing machines:

Classification of
Washing Machine

) )
Fully automatic Semi-automatic
washing machine washing machine
|
| |
) )
Front-Loaded washing Top-loaded washing
machine machine

Fig 6.1.4: Classification of washing machines

The explanation for these machines is as follows:

e Fully automatic Machine: This type of machine works automatically in different cycles.
From filling process till spinning process, it doesn’t require any manual handling. It sets
the temperature of water and also drains off water. In this each cycle begins
automatically after the previous cycle ends. It is further divide into:

o Top-Loading washing machine
o Front-Loading washing machine

The following table describes the differences between front load and top load washing
machine based on their features and functionalities:

Top-Loading Front-Loading
Top loading washing machine is a mid- Front Loading washing machine is a
range and economical machine. premium machine.
Top loading machines are easier to Front loading washing machines are
move, and the lid opens from the heavier than the top loading ones and
topside. their lid is operated from the front side.

—"
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In this type of a washing machine, clothes
can be added in between the washing
process.

Once the washing process has started, a
front-loading machine cannot be stopped.

Top Loading machines give moderate
performance.

Front loading machines give better
performance.

In top loading machines, the maintenance
cost is low

As this machine has some serviceable
parts, its maintenance cost is high

Fig 6.1.5: Difference between top loading and front loading washing machine

e Semi-automatic washing machine: This machine works manually, and it is better than
fully automatic machine as it saves water and detergent. It consists of two tubs:
o Wash Tub
o Spin Tub
In wash tub, it agitates the clothes and in this, we can fill the water according to the
requirement and conditions. Drain process is also done manually by rotating the drain
switch.
In spin tub, extra water from the clothes is removed by setting the time period for which
it will rotate.
The following image shows a semi-automatic washing machine:

Fig 6.1.6: A semi-automatic machine

6.1.3 Different type of Switches

A switch is a component used to make or break connections in an electrical circuit. It can be
operated manually to control a circuit such as a light switch or can be operated by a moving
object. It is made to control a wide range of currents and voltages.
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The following image shows different type of switch:

Thermal Switch

Mechanical Switch

Electronic Switch

Magnetic Switch

Electromagnetic Switch

Pressure Optical Switch

Bimetallic Switch

Fig 6.1.7: Types of switches

e Thermal Switch: It is also known as a thermal cut off switch as it cuts off electrical
signals when the temperature exceeds its limit. It is used in washing machines to
prevent washing machine motor from overheating.

The following image shows a thermal switch for washing machine:

Fig 6.1.8: Thermal cut off switch

e Mechanical Switch: This switch is basically a master timer switch which decides that for
how much time the washing motor will rotate and also the direction of the spinner, thus
it also acts as a spin direction controller.

The following image shows a mechanical switch for washing machine:

Fig 6.1.9: A mechanical switch
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Electronic Switch: This switch is used in an electrical circuit to interrupt flow of electric
current. In washing machines, electronic switches are used with transistors. The

following image shows an electronic switch:

Fig 6.1.10: Electronic switch
Magnetic Switch: This switch helps in determining whether the lid is closed or not in
case of front loaded washing machine. In this, magnet is attached in the lid and a switch
is connected in the frame of washing machine. When the lid touches the frame of the
washing machine, switch is closed and it starts the washing process.
The following image shows magnet switch:

A

Fig 6.1.11: A magnetic switch

Electromagnetic switch: This switch is helpful in allowing the entry of hot or cold water
in the tub with the help of solenoids attached at one end of hot side and other end of
cold side. It manages the flow of water depending upon the temperature required.

The following image shows electromagnet switch:

e

TN

B
I

B
i !

Fig 6.1.12: An electromagnetic switch




Field Engineer RACW

e Pressure optical switch: This switch determines how much water is flowing inside the
tub through a water valve. This switch comes into action, when the pressure of water
exceeds its limit. Thus, it saves overflow of water in the drum washer.

The following image shows pressure optical switch:

Fig 6.1.12 A pressure optical switch
e Bimetallic Switch: This switch is used in washing machines for automatically controlling
the temperature (in case the appliance gets heated, then the switch will turn off the
appliance and will turn it on again after the temperature has come down to the
expected normal level).
The following image shows a pressure optical switch:

Fig 6.1.13: A bimetallic switch
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UNIT 6.2: Installing Washing Machines

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the specifications for setting up the washing machine
2. Understand customer requirements and site conditions

3. Understand how to connect the washing machine

4. Understand standard operating procedures

— 6.2.1 Specifications for Setting up Washing Machine

To be utilized productively, a washing machine needs to be installed properly along with its
supporting accessories which are important in its proper functioning. A washing machine
comes with various functionalities which makes day to day work easy. A field technician
should read the product manual and set up the appliance according to it and keeping in
mind customer’s requirement.

Recommended Appliance Requirements

Some manufacturers of washing machine often provide the consumer with a set of
requirements that are different from those that are needed to run a usual washing machine.
These requirements are generally known as the recommended requirements. They are
always at a level above that of the minimum requirements. They show an ideal situation
which is required to run the appliance.

Along the same lines, it is recommended that a field technician, prior to a client visit, checks
the site conditions. This will help in the analysis and identification of the actual conditions at
a customer’s site.

— 6.2.2 Check Customer Requirements

A field technician is responsible for the installation or repair/maintenance of the washing
machine. When work is allocated, it is important to understand and analyse the requirement
before going ahead with the plan of action or visiting the customer’s site.
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The following figure shows the workflow for the role of a field technician:

New Carry the needed equipiment, manual and warranty
Installation:

Carry the bill/invoice for new purchase

Confirm the address and inform about the time of visit

Maintgnance Ask about the service, repair, maintenance and Annual Maintenance
/Repair: Contract (AMC) of the equipment

Carry the required tools and equipment parts

Confirm the address and inform about the time of visit

Fig.6.2.1: The workflow for installation and repair

Before visiting the customer for installation or repair, it is important to understand the
requirement of the customer. The following figure represents the various activities which
should be done before a visit to the customer’s site is scheduled:

Based on the
requests/complaints
——>| andlocation of the |——>
customer, make a

Check new requests
or complaints
registered by the

For repairs, anticipate
the problem

customer route plan for the day
Vv
Before confirming the
Call the customer to Carry tools and parts problem registered by

confirm the visit time accordingly customer, customer

should be greeted

V

For repairs, check the
warranty status of the
appliance and the
annual maintenance

Fig.6.2.2: To-do list for a field technician
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— 6.2.3 Unpacking the Washing Machine

There are certain steps involved in complete unpacking and taking out a washing machine.
The following figure lists the main steps involved in a placing washing machine set up:

Open the packaging of the new product

Take out the appliance/modules carefully

Check the parts/components inside the package

\, J
4 N
Before placing the machine, seek input from the
customer
\, J
4 N

Plumbing installation material for inlet and outlet valves
should be there

Read installation manual to set the washing machine at a
suitable distance from the water tank

Ensure that the machine is placed against an exterior
wall so that the drain hose can be installed in the inside
wall

Ensure that the washing machine is placed close to the
nearest plugging point

Place the machine on a stand as instructed by the
company in the installation manual and ensure that it is
in an obstruction-free area.

Fig.6.2.3: Steps involved in setting up a washing machine
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Opening the Packaging

After getting the washing machine to the site, remove the package carefully and check the
parts inside it. They should match the checklist and the colour, and the design of the
washing machine should be as per the customer’s order. The following figure represents the
steps involved for unpacking the washing machine package to ensure proper installation:

Inspect the outer Move the package to a Ensure proper IeveIIeld
. : space for the product's
packaging for any ——>| convenientplaceto |——>
removal from the
damage unpack
package
O — O — *
V/
Remove the cardboard Before starting the
Cut bands around the covering from the washing machne,
cardboard covering of |—— washing machine, ——>| remove the transport
the washing machine using scissors or a pins from its wash
knife drum
N N *
vV
Clean the packaging
material waste as per
the company norms

Fig.6.2.4: Steps for unpacking a washing machine package
The tools used for handling and unpacking a system are shown in the following figure:

Utility knife | Cutter I

Fig. 6.2.5: Tools used in handling and unpacking a system

Take out the Washing Machine

Take out all the supporting accessories and the washing machine carefully from the package.
Check and understand the symbols on the package to know about the cautions and warnings
related to the installation.
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The following figure depicts some common warning symbols along with their meanings:
e N
Y
A warning or a notice that is important.
L)
The contents of the package are sensitive to water and should be protected.
\ J
e B
The contents of a package are fragile.
The direction in which the box should be positioned. The line shows the bottom
and the arrows point upwards.
|
\ J
4 N
' ‘ Packaging materials have been made from recyclable materials.
\ J
4 N
F k|
Warning that the material may produce electric shock.
e 4
\ J
Fig. 6.2.6: Common warning symbols on a package
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Checking the Components

To ensure smooth installation, the parts inside the package must be checked so that if there
is any part missing or any damage found, it can be informed to the company as early as
possible. In addition, do the following things:

o Check all the parts for any damage that may be caused during shipping. If any damage is
found, it should be reported to the carrier and the dealer

e Check that the design and colour of the washing machine is matching to the customer’s
order

e Check inside the package for all the supporting accessories of the washing machine

e Match the accessories against the delivery checklist

Connect all the Accessories of a Washing Machine

After checking all the parts, the next step is to connect all the accessories such as water pipe,
stand on which washing machine will place, plug to provide power source to washing
machine and so on. The following image shows different accessories connected to the
washing machine:

Fig. 6.2.7: Different accessories connected to the washing machine

The last step of the assembling process is to provide power to the washing machine. The
power can be provided by simply inserting the power plug into the socket and turning it on.

— 6.2.4 Standard Operating Procedures

Standard operating procedures provide a stable platform for performance measurements.
All companies, be it small or large, have documented work standards to ensure consistent
progress. It is the responsibility of the field technician to follow these standards. The
technician should adhere to the work standards to meet the targets and achieve
sustainability in the workplace. He/she should also follow the safety standards to stay safe
while working with electrical and electronic components.

o
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The following figure lists a few standard operating procedures for a field technician:

Place the system
at a location as
preferred by the
customer

Ensure that
appropriate
device and

model specific
procedure is

followed as per
the installation
manual

Use other
specific devices
for installation of
other accessories
in washing
machine

Maintain zero-
Carry tools and material defect

manuals during
installation

Fig. 6.2.8: Standard operating procedures for a field technician
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UNIT 6.3: Servicing and Repairing Washing Machine

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Identify the customer’s requirements
2. Understand how to connect all the parts/components of washing machine
3. Understand how to install the parts of washing machine

— 6.3.1 Customer Requirements

Understanding the needs of a customer is one of the foremost parts of a technician’s job
role. This includes the following practices:

o Greet the customer and talk politely

e Understand the customer’s requirement

e Provide the best possible and cost-effective solution to the customer
e Ensure that the customer is satisfied with the service

When work is allocated, it is important for the field technicians to understand and analyse
the requirement before going ahead with the plan of action or visiting the customer’s site.
This means that they should be able to understand what their customers want and also
know how to satisfy their needs. They need to know how to deal effectively with the
customers.

Further, the technician should place the washing machine as per the customer’s need.
Primarily, the field technician must listen to the customer, even if the viewpoint is the same
let the customer vent it off. After the customer has finished, express feeling and then
respond accordingly.

Provide immediate response to the problem detailed by the customer, if possible. At times,
it may mean bending the rules, but customer satisfaction is the key to success and going out

or the way Can just nit the nall on Its head.
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— 6.3.2 Connecting the Components

After the correct placement of the components, the next step is to connect them with the
washing machine. The following figure shows how to connect various parts to the system:

In the household
plumbing, check for the
inlet valve of water

Check the machine for any
leakage and proper Make sure the inlet
functioning after doimg all valve is turned off
the connections

4 )

Secure the connection Connect the valve to
of the power supply and the inlet water hose of
the inlet and outlet thewashing machine
valves (PVC hose)

\_ J
4 )

Connect the drain

Connect it with the hose pipe of the
power supply or the washing machine
stabiliser to the waste
system

- J

Fig. 6.3.2: Steps to connect various parts
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— 6.3.3 Installing the Washing Machine

The step by step procedure to install a washing machine is as follows:

1. Firstly, decide the place where the machine has to be installed, keeping in mind the
customer’s requirement. Eaes

2. Place for installing washing machine should be steady &
flat level surface to minimize the vibration noise and
smooth operation.

3. Approximate clearance required on all sides should be
10 cm.

4. |If surface is not flat enough use stands with adjustable
legs or use proper packing.

5. Water supply point should be close to the installation
place.

6. Standard water inlet pipe available with the washing
machine is 1.5 meter.

7. Check the type of tap

8. Check the available water pressure (for fully automatic
and front-loading machine).

9. Outer packaging of the washing machine must be
removed properly

10. Bend the machine towards the back and slowly take it off the bottom packer.

11. Pull out the bottom packer in the front beneath the machine

12. Remove the bowl packer by lifting the lid

13. Take out all the accessories and hoses

14. Safely keep the bowl packer and the bottom packer for future concern

To install the drain hose:

1. Pull the exposed part of the hose to pull out the drain hose out from the back of the
washing machine

2. Fit the host guide to the drain hose to guide the drain
hose over the standpipe

3. From the end of the guide, the extension of the drain
hose should not exceed more than 20 mm

4. The length of the drain hose can be trimmed according
to the requirement.

5. The drain hose can be placed in the standpipe or a tub.
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To install the inlet hose:
1. Both the ends of the inlet hoses are connected to the taps.

2. If the inlet hoses are colour coded, then the red end is connected
to the hot end and the blue end is conneced to the cold end.

3. The inlet hoses with elbow ends are connected to the respective
hot and cold inlet valves of the machine.

4. The minimum requirement for the height of the taps in washing
machines is 1150 mm. Tap End Machine End

Inlet Hose Ends

— 6.3.4 Check the Functioning

After installing all the required accessories of the washing machine, it is mandatory to check
the working of the appliance, to identify problems (if any) and to ensure its smooth
functioning.

A field technician can achieve productivity and quality in work by educating the customer
about the proper place where the machine is to be installed as per the guidelines mentioned
in the installation manual given by the company.Also, the technician should tell the

customer about the use of the volatage regulators and to switch off the machine during
voltage fluctuations.

Providing Guidance to the Customer

Demonstrating a product is a way of promoting or showing the operation of equipment to
the users. The goal of demonstrating the workability of equipment is to make them aware of
the operation of that equipment and answer their queries related to its operation.

There is nothing better than a good demonstration session. It is only after a demonstration
(demo) that the users understand the operation of particular equipment.

There are a few rules which must be considered while preparing for the demo. The following
figure lists these rules:

Customize
your demo

After the Rehearse
demo, close before
the deal presenting

Test
everything
beforehand

Fig. 6.3.3: Rules to be followed to prepare for an effective demo
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In addition, it is the responsibility of a field technician to make the customers aware of the
user manual and tell them how to read it.

It can be a user manual which contains instructions for the installation of a washing machine
or it may be a help book giving solutions to common problems that may arise with
equipment. The following figure lists the steps for reading a manual:

Step 1: . One must be able to determine and read as per the specified
Determine requirement rather than reading the entire document.
information

Step 2: Scan Scan the document to determine its layout style and get a better

the document  jje; about the manner in which the content is presented.

Step 3: Find Look up for the required information using headings, index or
information the table of contents.

Step 4: Take It is essential to take notes for any important topic that one may
notes come accross while reading the document. Tips and warnings

mentioned in the manual should also be noted.

Step 5: Use A person may come across technical terms while reading the
glossary document. Meanings of such terms can be looked up in the
glossary section at the end of the manual.

Fig. 6.3.4: Steps to read a manual
Customers can have varied queries and issues. It the core responsibility of the field
technician to respond to them.

Take Feedback from Customer

Just like it is essential to address issues within the facility, it is also important to get feedback
of the customer. The customer is always special, and the customer’s feedback is the most
important thing for an organization.
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The procedure as shown in the following figure should be followed:

Take a feedback from I / Share the feedback
the customer with the supervisor

Customer Field Technician Supervisor

Fig. 6.3.5: Procedure to be followed for taking customer feedback

The time taken to resolve an issue and the difficulties that a customer encountered while
communicating the problem should be understood. The misunderstandings observed during
the interaction should be clearly documented.

The methods of interaction and behavioural aspects also need to be considered in drawing
conclusions after each task or problem handling routine. Getting honest feedback from the
clients helps to improve the organizational functioning.

The field technician can get a feedback form filled by the customer at the facility.
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UNIT 6.4: Troubleshooting Common Problems

— Unit Objectives ©

At the end of this unit, you will be able to:

1. Understand symptoms and identify faults in the washing machine
2. Understand the repairing procedure of washing machine

3. ldentify faulty part and perform troubleshooting

— 6.4.1 Understanding Symptoms and Identifying Fault

A field technician should know how to identify faults and symptoms related to that. The
following figure shows steps required to understand symptoms and identify the fault:

4 4 )
Disassemble the unit and ; :
Interact with the customer check the lid switch. inlet !dentlfy t_he eI'ectrlcaI' faults
to identify the fault and then . in the unit by inspecting
Y valves, control/service panel :
inspect the washing machine y each component in
- and the temperature selector following th
accordingly itch for di o th sequence following the
switch for diagnosing the electrical path of the unit
fault.
L \ J
[ ) rlnspect all the parts of the
Based on the interaction with Carry out some fault unit such as
the customer, identify the inspection tests such as volt motors,solenoids,
cycle 'ndWh;::h I:he .pr.ot;.lﬁm has ampere test, continuity test transformer, pulley, belt
occured, w et er'lt 1o T and power supply system and the motor
wash/rinse or drain/spin cycle interaction test. starting switch
L y \ J
e ) [ )
: If the problem remains
. . Inspect various parts such as
Switch off the machine dra’i)n hose inletpvalves unidentified at site, send it
before inspecting and washer drum. pressure and to the concerned company
iring the fault s pressure an i i
repairing the the pressure sensor for diagnosis
L ) \ J

Fig. 6.4.1: Steps required to understand the symptoms and identify the fault

— 6.4.2. Repairing Washing Machine

The following table shows area of problem and its solutions:

Areas of Problem Solution

Water source problem Ensure that there are no crimps in the
water hose and also the water supply
should be turned on

Accumulation of soap inside the unit Clean the accumulated soap and run the
unit for a complete wash cycle
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Problem in components of the unit Replace the faulty components

Fig. 6.4.2: Repairing washing machine

If the faulty module or part cannot be replaced, make sure to replace it during the second
visit with a functional one.

— 6.4.3 Identify the Faulty Part and Perform Troubleshooting ——

Troubleshooting refers to repair of faulty products or processes. It begins with searching for
the source of a problem and ends with finding the solution for that problem to ensure that
the product or process functions properly. Good troubleshooting consists of the following
four steps:

e I|dentification of the symptoms

e Elimination of the causes of a problem

e Verification of the solution

e Restoration of the product or process

In other words, the first thing to do is to identify the symptoms that are causing a failure in
the system. The next step is to diagnose the cause of that malfunction, till a solution is
reached. This is followed by returning the product to its original state.

The following table lists some common problems and their solutions:

Reason Description Deal Method
Fill overtime No water level change in Check the water inlet valve
three minutes during the Air pipe gets broken or bad airproof.

washing cycle. Check to have hung up the drain

hose.

Lots of water | The water level is higher than Check the water inlet valve, the drain
in the tub the overflow water level when | pump and the PC board.

the washing machine is at

power on, delay fault or

running condition.
Overflow The water level is higher than The water inlet valve fails.

the overflow water level.
Bad The PC board cannot get the Check the drain pump wire
connection of | drain pump signal. connection.

drain pump
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Drain The water level does not Check the drain pump.
overtime change in three minutes Check the filter of the drain pump

Check the drain hose to prevent
jam.

Cannot lock Fails to lock the door lock for | Check the door hook and the door
the door lock | six times when the PC board lock to get correct location.

tries to lock the door lock
after you press the START

specification.

key.
Cannot Fails to unlock the door lock Check the door lock.
unlock the six times.
door lock
Water level The frequency of the water | Check the water level sensor.
sensor fail level sensors is out of the

sensor fail gets broken.

Temperature Temperature sensor (NTC) Check the temperature sensor

(NTC).

cannot drive times.

The motor The motor fails to drive for 3 Check the PC board and the motor.

No speed The PC board
feedback feedback signal
signal motor drives.

cannot get | Check the speed feedback line of
when the the motor to prevent fall off.

Fig. 6.4.3: Common problem and solutions

Some common problem and their solutions:

and drain hose

Problems Check
Washing machine is not e Close the lid.
working e Check the washer by pressing the start/pause button
e Check the water pressure
e Check the source of the water supply
Problem in spin basket e Remove the drain hose and soak it in hot water.

Also, add hot water in the spin basket and let it
rest for 10 mins.

Clean the drain hose connector by putting hot
towel on it.

After cleaning, connect the drain hose again
and check its functioning.
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Spinning does not work

Add hot water in the spin basket and let it rest for 10
minutes

Make sure that the laundry is evenly spread in
the spin basket
If not, spread the clothes properly and then check

its functioning.

Error in child lock

This lock is used for the safety of children to

prevent them from drowning inside the wash

tub.

Check for the error message which will display “CL”
or “DE”. If this error message is displayed on the
screen, the water will be drained with an alarm.
After the water is drained completely, turn off the
machine and then turn it on. The error message will
be removed, and the machine will operate normally.

Water has overflowed

Restart after spinning.
If the error sign is still seen, call the agency.

The water leaks at the water
supply hose connector.

Clean the filter net by brushing with a toothbrush.
In case, the water supply is shut down, turn off the
water valves.

Fig. 6.4.4: Common troubleshooting




7. Soft Skills and
Work Ethics

Skilling India in Electronics
Unit 7.1 — Effective Communication and Coordination at

Work

Unit 7.2 — Working Effectively and Maintaining Discipline
at Work

Unit 7.3 — Maintaining Social Diversity at Work



Participant Handbook

— Key Learning Outcomes | ¥

By the end of this unit, participants will be able to:

1. State the importance of work ethics and workplace etiquette
2. State the importance of effective communication and interpersonal skills
3. Explain ways to maintain discipline in the workplace

4. Discuss the common reasons for interpersonal conflict and ways of managing them effectively.
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UNIT 7.1: Efffecte Communicacation aCoordinainati t Work

— Unit Objectives |©

By the end of this unit, participants will be able to:

1. Work efffectely at the workplace.
2. Demonstrate practicesrelated to gender and PwD sensitazation.

— 7.1.1 Importance of Work Ethics and Workplace Etiquette ——

Workplace ethics are a set of moral and legal guidelines that organizations follow. These
guidelines influence the way customers and employees interact with an organization. Workplace

ethics essentially guide how an organization serves its clients and treats its employees.
For example, if a company seeks to fulfil the promises it makes, it may develop processes and set

up a robust support system to address this policy and build customer/client loyalty. To achieve this
goal, the company may implement specific incentive programs for employees to encourage them
to produce high-quality work and ensure the organization fulfils the promises it makes to its

clients/ customers.
Many organizations, often the large ones, set detailed ethical codes to guide their operations and

control how the organizational processes impact the stakeholders. These ethics usually help
organizations maintain certain standards of responsibility, accountability, professionalism and
among others, as they navigate through different challenges and day-to-day circumstances. By
following these guidelines, organizations often experience several benefits that improve the lives
of stakeholders, such as customers, employees, leaders, etc.

Examples of Common Workplace Ethics

Accountability

Responsibility

Equality

Transparency

Trust

Fulfilling promises

Loyalty

Fairness

Cooperaton

Dedication

——J JC JC L JC JU JC JCU

Discipline

Professionalism

Fig. 7.1.1 Examples of Common Workplace Ethics

—"



Participant Handbook

Workplace ethics are essential for a successful organization with a satisfied and loyal team. High ethical
standards help in ensuring all stakeholders, such as customers, investors, employees, and other
individuals involved in the workplace operations, feel the organization is safeguarding their interests. By
creating and implementing ethical guidelines, organizations can keep the best interests of their
employees in mind while maintaining a positive influence on those they impact through their processes.
As a result, employees maintain the organization's best interests by being ethical in their daily work
duties. For example, fairly-treated employees of an organization who understand the organization's
commitments to environmental sustainability are usually less likely to behave in a manner that causes
harm to the environment. Thus, they help maintain a positive public image of the organization. It means
that workplace ethics help in maintaining reciprocal relationships that benefit organizations at large and
the individuals associated with and influenced by the organizational policies.

Benefits of Workplace Ethics

There are various benefits of implementing workplace ethics. When organizations hold themselves
to high ethical standards, leaders, stakeholders, and the general public can experience significant
improvements. Following are some of the key benefits of employing ethics in the workplace:

= Employee satsffacon

e  Improved workplace culture

e Legal compliance

maml  Improved public reputation

e  Customer engagement and loyalty

e Streamlined decision-making processes

Fig. 7.1.2 Benefits of Workplace Ethics
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7.1.2 Interpersonal Communication

Interpersonal communication is a process that involves sharing ideas and emotions with another
person, both - verbally and non-verbally. It is essential to interact effectively with others in both
personal and professional lives. In professional life or the workplace, strong interpersonal skills play a
crucial role in achieving effective collaboration with colleagues.

Interpersonal Skills

Interpersonal skills, in other terms, are known as people skills, which are used to communicate and
interact with others effectively. These are soft skills one uses to communicate with others and
understand them. One uses these skills in daily life while interacting with people

Examples of Interpersonal Skills

Activ listening
Teamwork
Responsibility
Dependability
Leadership
Motvaaon
Flexibility
Patence
Empathy

Conflict resooluon

Negoti atn

Fig 7.1.3 Examples of Interpersonal Skills

Numerous interpersonal skills involve communication. Communication can be verbal, such as
persuasion or tone of voice — or non-verbal, such as listening and body language.

Importance of Interpersonal Skills

Interpersonal skills are essential for communicating and collaborating with groups and individuals in
both personal and professional life. People with strong interpersonal skills often are able to build good
relationships and also tend to work well with others. Most people often enjoy working with co-workers
who have good interpersonal skills.

Among other benefits of good interpersonal skills is the ability to solve problems and make the best
decisions. One can use the ability to understand others and good interpersonal communication skills to
find the best solution or make the best decisions in the interest of everyone involved. Strong
interpersonal skills help individuals work well in teams and collaborate effectively. Usually, people who
possess good interpersonal skills also tend to be good leaders, owing to their ability to communicate
well with others and motivate the people around them.
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Interpersonal communicationis the key to working in a team environment and working ccollectely to
achieve shared goals. Following are the interperso

Verbal Communication

The ability to speak clearly, appropriately and confidently can help one communicate effectively with
others. It is vital to select the appropriate vocabulary and tone for the target audience.

For example — one should speak formally and professionally in the work environment, while informal
language is acceptable in an intimate environment with close friends and family. Also, one should avoid
using complex or technical language while communicating with an audience that may not be familiar
with it. Using simple language in a courteous tone helps achieve better communication, irrespective of
the audience.

Active Listening

Active listening is defined as the ability to pay complete or undivided attention to someone when they
speak and understand what they are saying. It is important for effective communication because
without understanding what the speaker is saying, it becomes difficult to carry forward a conversation.
One should ensure to use appropriate verbal and non-verbal responses, e.g. eye contact, nodding, or
smiling, to show interest in what the speaker says. Active listening is also about paying attention to the
speaker's body language and visual cues. Asking and answering questions is one of the best ways to
demonstrate an interest in conversing with the other person.

Active listening is critical for communicating effectively without ambiguity. It helps one understand the
information or instructions being shared. It may also encourage co-workers to share their ideas, which
ultimately helps achieve collaboration.

Body Language

One's expression, posture, and gestures are as important as verbal communication. One should practice
open body language to encourage positivity and trust while communicating. Open body language
includes - maintaining eye contact, nodding, smiling and being comfortable. On the other hand, one
should avoid closed body language, e.g. crossed arms, shifting eyes and restless behaviour.

Empathy

Empathy is the ability to understand the emotions, ideas and needs of others from their point of view.
Empathy is also known as emotional intelligence. Empathetic people are good at being aware of others'
emotions and compassionate when communicating with them. Being empathetic in the workplace can
be good to boost the morale of employees and improve productivity. By showing empathy, one can gain
the trust and respect of others.

Conflict Resolution

One can use interpersonal communication skills to help resolve disagreements and conflicts in the
workplace. This involves the application of negotiation and persuasion skills to resolve arguments
between conflicting parties. It is also important to evaluate and understand both sides of the argument
by listening closely to everyone involved and finding an amicable solution acceptable to all.

Good conflict resolution skills can help one contribute to creating a collaborative and positive work
environment. With the ability to resolve conflicts, one can earn the trust and respect of co-workers.nal
communicationskills that vital for success at work:
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Teamwork

Employees who communicate and work well in a team often have better chances of achieving success
and common goals. Being a team player can help one avoid conflicts and improve productivity. One can
do this by offering to help co-workers when required and asking for their feedback and ideas. When
team members give their opinions or advice, one should positively receive and react to the

opinions/advice. One should be optimistic and encouraging when working in groups.

Improving Interpersonal Skills

One can develop interpersonal skills by practising good communication and setting goals for

improvement. One should consider the following tips to improve their interpersonal skills:

e One should ask for feedback from co-workers, managers, family or friends to figure out what needs
improvement concerning their interpersonal skills.

e One can identify the areas of interpersonal communication to strengthen by watching others.

e One can learn and improve interpersonal skills by observing co-workers, company leaders and
professionals who possess good interpersonal skills. This includes watching and listening to them to
note how they communicate and the body language used by them. It is vital to note their speed of
speaking, tone of voice, and the way they engage with others. One should practice and apply such
traits in their own interactions and relationships.

* One should learn to control their emotions. If stressed or upset, one should wait until being calm to
have a conversation. One is more likely to communicate effectively and confidently when not under
stress.

e One can reflect on their personal and professional conversations to identify the scope of
improvement and learn how to handle conversations better or communicate more clearly. It helps to
consider whether one could have reacted differently in a particular situation or used specific words or
positive body language more effectively. It is also vital to note the successful and positive interactions
to understand why they are successful.

e One should practice interpersonal skills by putting oneself in positions where one can build
relationships and use interpersonal skills. For example, one can join groups that have organized
meetings or social events. These could be industry-specific groups or groups with members who
share an interest or hobby.

e Paying attention to family, friends and co-workers and making efforts to interact with them helps a
lot. One should complement their family, friends and co-workers on their good ideas, hard work and
achievements. Trying to understand someone's interests and showing interest in knowing them can
help one build strong interpersonal skills. Offering to help someone, especially in difficult situations,
helps build stronger and positive workplace relationships.

¢ One should avoid distractions, such as a mobile phone, while interacting with someone. Giving
someone full attention while avoiding distractions helps achieve a clear exchange of ideas. By

listening with focus, one can understand and respond effectively.
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e One can attend appropriate courses on interpersonal skills or sign up for workshops at work to
improve interpersonal skills. One can find many resources online also, such as online videos.

» For personal mentoring, one can approach a trusted family member, friend, co-worker, or current/
former employer. A person one looks up to with respect and admires is often a good choice to be
selected as a mentor. One can even hire a professional career or communication coach.

Interpersonal communication skills often help one boost their morale, be more productive in the

workplace, complete team projects smoothly and build positive and strong relationships with co-

workers.




Field Engineer RACW

— Notes
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UNIT 7.2: Working Efffectely and Maintaining Discipline at Work

— Unit Objectives |©

By the end of this unit, participants will be able to:

e Discuss the importance of following organizational guidelines for dress code, time schedules,
language usage and other behavioural aspects

e Explain the importance of working as per the workflow of the organization to receive instructions
and report problems

» Explain the importance of conveying information/instructions as per defined protocols to the
authorised persons/team members

e Explain the common workplace guidelines and legal requirements on non-disclosure and
confidentiality of business-sensitive information

» Describe the process of reporting grievances and unethical conduct such as data breaches, sexual
harassment at the workplace, etc.

» Discuss ways of dealing with heightened emotions of self and others.

— 7.2.1 Discipline at Work

Discipline is essential for organizational success. It helps improve productivity, reduce conflict and
prevent misconduct in the workplace. It is important to have rules concerning workplace discipline and
ensure that all employees comply with them. In the absence of discipline, a workplace may experience
conflicts, bullying, unethical behaviour and poor employee performance. An efficient workplace
disciplinary process helps create transparency in the organization. Benefits of disciplinary standards:

All employees follow the same rules which helps establish uniformity and equality
in the workplace

Managers and supervisors have defined guidelines on what accon to take while

initi atg disciplinary y aon

With well-defined and enforced disciplinary rules, an organiizaon can avoid
various safety, security, rupati nal risks

Fig 7.2.1 Benefits of Disciplinary Standards

Maintaining an organized and cohesive workforce requires maintaining discipline in both personal and
professional behaviour. It is important to follow the appropriate measures to keep employees in line
without affecting their morale.
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Defining Discipline
The first and crucial step in maintaining workplace discipline is to define what is meant by discipline. It
helps to evaluate common discipline problems and devise guidelines for handling them effectively.

Among a number of areas, discipline usually covers:

Personal
‘ P | use of
4 Ferre | company
S assets
‘ Harassment the office
Company
processes
Dress code and
Deadlines procedures

Atendance

Fig 7.2.2 Examples of Workplace Discipline

According to demography and local issues, it may also include substance use and related issues.

It is vital for a workplace to have an employee handbook or company policy guide, to serve as a
rulebook for employees to follow. The employee handbook/ company policy guide should be reviewed
and updated periodically according to any issues or areas, or concerns identified concerning workplace
discipline. Such manuals should also cover all the laws and regulations governing workplace behaviour.

Defining and documenting workplace rules aids in their implementation, ensuring little or no
ambiguity. All employees in a workplace should also have easy access to the workplace guidelines so
that they can refer to them to get clarity whenever required. To maintain discipline at work, it is also
critical to ensure uniform application of workplace guidelines to all employees without exception.

— 7.2.2 Employee Code of Conduct

The employee code of conduct manual serves as a guide for employees to inform them regarding the
behaviour expected from them at work. It helps create a good work environment with consistent
behaviour from employees. The manual should list examples of acceptable and not acceptable
behaviours at work. The code of conduct should be discussed with employees so that they have the
clarifications required.

For example, an organization may create guidelines concerning the conduct with clients to ensure no
contact is made with them except for business purposes, also prescribing the use of appropriate means
of communication.

Employees should have a clear understanding concerning their job responsibilities and the behaviour
expected from them with all stakeholders, e.g. company personnel, clients and associated third parties.
It is critical to have documented guidelines for employees to follow concerning all aspects of work. It
should also document the disciplinary action to be followed in case of non-compliance, e.g. verbal and
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then written warning, temporary suspension or eventual termination of service in case of repeated non-
compliance with the employee code of conduct. Employees should know what the company rules are and
what will happen if they break the rules. However, disciplinary action should be initiated only when
reasonably required to avoid its misuse for employee harassment.

There should also be an effective mechanism for employees to raise their concerns/ grievances and have
them addressed while maintaining privacy, as required, e.g. raising concerns regarding the behaviour of a
co-worker.

The employee code of conduct manual must be duly reviewed and approved by the concerned
stakeholders, such as the Human Resources (HR) department and company executives.

— 7.2.3 Interpersonal Conflicts

Interpersonal conflict is any type of conflict between two or more people. These are found in both -
personal and professional relationships - among friends, family, and co-workers. In the workplace,
interpersonal conflict is often observed when a person or group of people interfere with another
person's attempts at completing assignments and achieving goals. It is critical to resolve conflicts in the
workplace to boost the morale of employees, repair working relationships among them, and improve
customer satisfaction.

Reasons for Workplace Conflicts

Workplace conflicts are often observed when two or more people have different points of view. This
can happen between managers, co-workers, or clients and customers. In general, interpersonal
conflicts are caused by a lack of communication or unclear communication.

Some of the leading reasons for workplace conflicts are:

» Difference in values

¢ Personality clashes

e Poor communication

Example of poor communication — if a manager reassigns a task to another employee without
communicating with the employee to whom it was originally assigned, interpersonal conflict can arise
among them. This may potentially make the first employee, i.e. who was originally assigned the task,
feel slighted and mistrusted by the manager. It may even cause animosity in the first employee toward
the employee who has now been assigned the task.
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Types of Interpersonal Conflict
Following are the four types of interpersonal conflicts:

a. Policy-related interpersonal conflict
When a conflict relates to a decision or situation that involves both parties, it can be called a
policy-related interpersonal conflict. Example — two people or groups working on the same
project, trying to adopt different approaches. To resolve policy-related interpersonal conflicts,
the parties involved should try to look for a win-win situation or make a compromise. This is
especially critical to resolve trivial issues so that work is not affected and common goals are
achieved.

b. Pseudo-conflicts
Pseudo-conflict arises when two people or groups want different things and cannot reach an
agreement. Pseudo-conflicts usually involve trivial disagreements that tend to hide the root of
the issue.

c. Ego-related interpersonal conflicts
In ego conflicts, losing the argument may hurt or damage a person's pride. Sometimes ego
conflicts arise when a number of small conflicts pile up on being left unresolved. To resolve ego-
related conflicts, it's best to find the root of the issue and work towards a resolution.

d. Value-related interpersonal conflicts

Sometimes conflicts may occur between people when they have different value systems. Such
conflicts can be difficult to identify initially, making the people involved think the other party is
being disagreeable or stubborn, wherein they just have different values. Some co-workers may
highly value their personal/ family time after office that they may be unreachable to clients
during non-office hours, while others may place a high value on client satisfaction and may still
be available for clients during non-office hours. Conflict may arise among such people when
they may be required to coordinate to help a client during after-office hours. Value-related
interpersonal conflicts are often difficult to settle since neither party likes to compromise.

Resolving Interpersonal Conflicts

Conflicts are usually likely in the workplace; they can, however, be prevented. Often resolving

interpersonal conflicts through open communication helps build a stronger relationship, paving the

way for effective coordination and success. Some ways to resolve interpersonal conflict:

e Communication - A great way to resolve interpersonal conflicts is for the opposing parties to listen
to one another's opinions and understand their viewpoints. Meeting in person and keeping the
conversation goal-oriented is important. One can have effective communication by following some
measures, e.g. staying on the topic, listening actively, being mindful of the body language,
maintaining eye contact, etc.
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e Active Listening - One should patiently listen to what the other person is saying without interrupting
or talking over them. It helps one display empathy and get to the root of the issue. Asking questions
to seek clarification when required helps in clear communication and conveys to the other person
that one is listening to them. Practising active listening is a great way to improve one's
communication skills.

« Displaying Empathy - Listening attentively and identifying the anxieties/ issues of co-workers is a
great way to show empathy and concern. It is essential to understand their feelings and actions to
encourage honesty and avoid future conflict.

* Not Holding Grudges - With different types of people and personalities in a workplace, it is common
for co-workers to have conflicts. It is best to accept the difference in opinions and move on. Being
forgiving and letting go of grudges allows one to focus on the positive side of things and perform
better at work.

Work-related interpersonal conflicts can be complicated because different people have different
leadership styles, personality characteristics, job responsibilities and ways in which they interact. One
should learn to look above interpersonal conflicts, resolving them to ensure work goals and
environment are not affected.

— 7.2.4 Importance of Following Organizational Guidelines ——

Policies and procedures or organizational guidelines are essential for any organization. These provide a
road map for the operations of the organization. These are also critical in ensuring compliance with the
applicable laws and regulations by guiding the decision-making process and business operations.
Organizational guidelines help bring uniformity to the operations of an organization, which helps
reduce the risk of unwanted and unexpected events. These determine how employees are supposed to
behave at work, which ultimately helps the business achieve its objectives efficiently.

However, organizational guidelines are ineffective and fail to serve their purpose if they are not
followed. Many people don't like the idea of following and abiding by specific guidelines. Such people
should be made to understand the benefits of following the organizational guidelines. Some of the key
benefits are given below:

With well-defined organizational guidelines in place, no individual can act arbitrarily, irrespective of
their position in the organization. All individuals will know the pros and cons of taking certain actions
and what to expect in case of unacceptable behaviour. Benefits of following organizational guidelines:
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e Consistent processes and structures - Organization guidelines help maintain consistency in
operations, avoiding any disorder. When all employees follow the organizational guidelines, an
organization can run smoothly. These ensure that people in different job roles operate as they are
supposed to, knowing what they are responsible for, what is expected of them, and what they can
expect from their supervisors and co-workers. With clarity in mind, they can do their jobs with
confidence and excellence. With every person working the way intended, it's easy to minimise
errors.

With all the staff following organizational guidelines, the organization has a better scope of using
time and resources more effectively and efficiently. This allows the organization to grow and
achieve its objectives.

e Better quality service - By following organizational guidelines, employees perform their duties
correctly as per the defined job responsibilities. It helps enhance the quality of the organization's
products and services, helping improve the organization's reputation. Working with a reputable
organization, employees can take pride in their work and know they are contributing to the
reputation.

e A safer workplace - When all employees follow organizational guidelines, it becomes easy to
minimise workplace incidents and accidents. It reduces the liabilities associated with risks for the
organization and limits the interruptions in operations. Employees also feel comfortable and safe in
the workplace, knowing their co-workers are ensuring safety at work by following the applicable
guidelines.

Different organizations may have different guidelines on dress code, time schedules, language usage,
etc. For example — certain organizations in a client-dealing business requiring employees to meet
clients personally follow a strict dress code asking their employees to wear formal business attire.
Similarly, organizations operating in specific regions may require their employees to use the dominant
regional language of the particular region to build rapport with customers and serve them better.
Certain organizations, such as banks, often give preference to candidates with knowledge of the
regional language during hiring.

Working hours may also differ from one organization to another, with some requiring employees to
work extra compared to others. One should follow the organizational guidelines concerning all the
aspects of the employment to ensure a cohesive work environment.
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— 7.2.5 Workflow

Workflow is the order of steps from the beginning to the end of a task or work process. In other words,

it is the way a particular type of work is organised or the order of stages in a particular work process.

Workflows can help simplify and automate repeatable business tasks, helping improve efficiency and
minimise the room for errors. With workflows in place, managers can make quick and smart decisions
while employees can collaborate more productively.

Other than the order that workflows create in a business, these have several other benefits, such as:

Identifying Redundancies - Mapping out work processes in a workflow allows one to get a clear, top-
level view of a business. It allows one to identify and remove redundant or unproductive processes.

Workflow gives greater insights into business processes. Utilizing such useful insights, one can
improve work processes and the bottom line of the business. In many businesses, there are many
unnecessary and redundant tasks that take place daily. Once an organization has insight into its
processes while preparing workflow, it can determine which activities are really necessary.

Identifying and eliminating redundant tasks creates value for a business. With redundant tasks and
processes eliminated, an organization can focus on what's important to the business.

Increase in Accountability and Reduction in Micromanagement - Micromanagement often causes
problems in a business setting as most employees don't like being micromanaged, and even many
managers don't like the practice. Micromanagement is often identified as one of the reasons why
people quit their job.

However, the need for micromanagement can be minimized by clearly mapping out the workflow.
This way, every individual in a team knows what tasks need to be completed and by when and who
is responsible for completing them. This makes employees more accountable also.

With clearly defined workflow processes, managers don't have to spend much time
micromanaging their employees, who don't have to approach the manager to know what the
further steps are. Following a workflow, employees know what is going on and what needs to be
done. This, in turn, may help increase the job satisfaction of everyone involved while improving the
relationships between management and employees.

Improved Communication - Communication at work is critical because it affects all aspects of an
organization. There are instances when the main conflict in an organization originates from
miscommunication, e.g. the management and employees disagreeing on an aspect, despite
pursuing the same objectives. Poor communication is a common workplace issue that is often not
dealt with.

This highlights why workflow is important. Workplace communication dramatically can increase
with the visibility of processes and accountability. It helps make the daily operations smoother
overall.
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e Better Customer Service - Customers or clients are central to a business. Therefore, it is imperative
to find and improve ways to improve customer experience. Relying on outdated manual systems
may cause customer requests or complaints to be overlooked, with dissatisfied customers taking
their business elsewhere. However, following a well-researched and defined workflow can help
improve the quality of customer service.

By automating workflows and processes, an organization can also reduce the likelihood of human error.
This also helps improve the quality of products or services over time, resulting in a better customer
experience.

— 7.2.6 Following Instructions and Reporting Problems

All organizations follow a hierarchy, with most employees reporting to a manager or supervisor. For
organizational success, it is vital for employees to follow the instructions of their manager or
supervisor. They should ensure they perform their duties as per the given instructions to help achieve
the common objectives of the organization and deliver quality service or products. This consequently
helps maintain the reputation of the organization.

It is also important to be vigilant and identify problems at work or with the organizational work
processes. One should deal with the identified within their limits of authority and report out of
authority problems to the manager/ supervisor or the concerned person for a prompt resolution to
minimise the impact on customers/clients and business.

— 7.2.7 Information or D ta Sharing

Information or data is critical to all organizations. Depending on the nature of its business, an
organization may hold different types of data, e.g. personal data of customers or client data concerning
their business operations and contacts. It is vital to effective measures for the appropriate handling of
different types of data, ensuring its protection from unauthorized access and consequent misuse.

One should access certain data only if authorised to do so. The same is applicable when sharing data
which must be shared only with the people authorised to receive it to use it for a specific purpose as
per their job role and organizational guidelines. For example — one should be extra cautious while
sharing business data with any third parties to ensure they get access only to the limited data they
need as per any agreements with them. It is also critical to monitor how the recipient of the data uses
it, which should strictly be as per the organizational guidelines. It is a best practice to share appropriate
instructions with the recipient of data to ensure they are aware of the purpose with which data is
being shared with them and how they are supposed to use and handle it. Any misuse of data must be
identified and reported promptly to the appropriate person to minimise any damage arising out of data
misuse.
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These days most organizations require their employees and business partners or associated third
parties to sign and accept the relevant agreement on the non-disclosure of business-sensitive
information. In simple terms, business-sensitive information is confidential information. It is
proprietary business information collected or created during the course of conducting business,
including information about the business, e.g. proposed investments, intellectual property, trade
secrets, or plans for a merger and information related to its clients. Business-sensitive information may
sometimes also include information regarding a business's competitors in an industry.

The release of business-sensitive information to competitors or the general public poses a risk to a

business. For example, information regarding plans for a merger could be harmful to a business if a
competitor gets access to it.

— 7.2.8 Reporting Issues at Work

Most organizations have defined guidelines on appropriate reporting processes to be followed for
reporting different types of issues. For example — one can report any grievances or dissatisfaction
concerning co-workers to their manager/supervisor, e.g. data breaches or unethical conduct. If the
concern is not addressed, then the employee should follow the organizational guidelines and hierarchy
for the escalation of such issues that are not addressed appropriately.

For example — any concern related to sexual harassment at the workplace should be escalated to the
concerned spokesperson, such as Human Resources (HR) representative, and if not satisfied with the
action taken, it should be reported to the senior management for their consideration and prompt
action.

— 7.2.9 Dealing with Heightened Emotions

Humans are emotional beings. There may be occasions when one is overwhelmed by emotions and is
unable to suppress them. However, there may be situations when one must manage emotions well,
particularly at work.

Stress in one's personal and professional life may often cause emotional outbursts at work. Managing
one's emotions well, particularly the negative ones, is often seen as a measure of one's
professionalism. Anger, dislike, frustration, worry, and unhappiness are the most common negative
emotions experienced at work.

Ways to manage negative emotions at work:

e Compartmentalisation — It's about not confining emotions to different aspects of one's life. For
example, not letting negative emotions from personal life affect work-life and vice versa. One
should try to leave personal matters and issues at home. One should train their mind to let go of
personal matters before reaching work. Similarly, one can compartmentalise work-related stresses
so that negative emotions from work don't affect one's personal life.
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Deep breathing and relaxation — Deep breathing helps with anxiety, worry, frustration and anger.
One should take deep breaths, slowly count to ten - inhaling and exhaling until one calms down.
One can also take a walk to calm down or listen to relaxing music. Talking to someone and sharing
concerns also helps one calm down.

The 10-second rule - This is particularly helpful in controlling anger and frustration. When one feels
their temper rising, they should count to 10 to calm down and recompose. If possible, one should
move away to allow temper to come down.

Clarify - It is always good to clarify before reacting, as it may be a simple case of misunderstanding
or miscommunication.

Physical activity - Instead of losing temper, one should plan to exercise, such as running or going to
the gym, to let the anger out. Exercise is also a great way to enhance mood and release any physical
tension in the body.

Practising restraint - One should avoid replying or making a decision when angry, not allowing anger
or unhappiness to cloud one's judgement. It may be best to pause any communication while one is
angry, e.g. not communicating over email when angry or upset.

Knowing one's triggers - It helps when one is able to recognise what upsets or angers them. This
way, one can prepare to remain calm and plan their reaction should a situation occur. One may even
be able to anticipate the other party's reaction.

Be respectful - One should treat their colleagues the same way one would like to be treated. If the
other person is rude, one need not reciprocate. It is possible to stay gracious, firm and assertive
without being aggressive. Sometimes, rude people back away when they don't get a reaction from
the person they are arguing with.

Apologise for any emotional outburst — Sometimes, one can get overwhelmed by emotions,
reacting with an emotional outburst. In such a case, one should accept responsibility and apologise
immediately to the affected persons without being defensive.

Doing away with negative emotions - It is recommended to let go of anger, frustration and
unhappiness at the end of every workday. Harbouring negative emotions affects one emotionally,
affecting their job performance also. Engaging in enjoyable activities after work is a good stress
reliever.
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UNIT 7.3: Maintaining Social Diversity at Work

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Explain the concept and importance of gender sensitivityand equality.

2. Discuss ways to create sensitivityfor different genders and Persons with h Disabiliti(PwD).

— 7.3.1 Gender Sensitivity

Gender sensitivity is the act of being sensitive towards people and their thoughts regarding gender. It
ensures that people know the accurate meaning of gender equality, and one's gender should not be
given priority over their capabilities.

Fig 7.3.1 Gender Equality

Women are an important source of labour in many sectors, yet they have limited access to resources
and benefits. Women should receive the same benefits and access to resources as men. A business can
improve its productivity and quality of work by providing better support and opportunities to women.

Important Terms

e Gender Sensitivity- Gender sensitivity is the act of being sensitive to the ways people think about
gender.

* Gender Equality - It means persons of any gender enjoy equal opportunities, responsibilities, and
rights in all areas of life.

* Gender Discrimination — It means treating an individual unequally or disadvantageously based on
their gender, e.g. paying different wages to men and women for similar or equal job positions.

—"
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Strategies for Enhancing Gender Equity

To enhance gender equity, one should:

* Follow gender-neutral practices at all levels at work.

e Participate together in decision-making.

e Help in promoting women's participation in different forums.

e Assist women in getting exposure to relevant skills and practices.

e Assist women in capacity building by mentoring, coaching or motivating them, as appropriate.

e Assist in the formation and operation of women support groups.

e Assist in the implementation of women-centric programmes.

« Combine technical training with reproductive health and nutrition for coffee farming households.

e Assist in making a work environment that is healthy, safe, and free from discrimination.

Bridging Gender Differences

Men and women react and communicate very differently. Thus, there are some work differences as

both genders have their style and method of handling a situation.

Although, understanding and maturity vary from person to person, even between these genders, based
on their knowledge, education, experience, culture, age, and upbringing, as well as how one's brain

functions over a thought or problem.
In order to bridge the gap, one should:
* Not categorize all men and women in one way.

e Be aware of the verbal and non-verbal styles of communication of every gender to avoid any

miscommunication and work better.
e Be aware of partial behaviour and avoid it.

* Encourage co-workers of different genders to make room by providing space to others.

Ways to reduce Gender Discrimination
» Effective steps against sexual harassment by the concerned authorities and general public.

e Gender stereotypes are how society expects people to act based on their gender. This can only be

reduced by adopting appropriate behaviour and the right attitude.

e Objectification of females must be abolished.
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Ways to Promote Gender Sensitivity in the Workplace

Practices that promote gender diversity should be adopted and promoted.

« All genders should receive equal responsibilities, rights, and privileges.

» All genders should have equal pay for similar or the same job roles/ positions.

e Strict and effective workplace harassment policies should be developed and implemented.

e An open-minded and stress-free work environment should be available to all the employees,

irrespective of their gender.
*  Women should be encouraged to go ahead in every field of work and assume leadership roles.
e Follow appropriate measures for women's empowerment.

e Men should be taught to be sensitive to women and mindful of their rights.

— 7.3.2 PwD Sensitivity

Some individuals are born with a disability, while others may become disabled due to an accident,
illness or as they get old. People with Disabilities (PwD) may have one or more areas in which their
functioning is affected. A disability can affect hearing, sight, communication, breathing, understanding,
mobility, balance, and concentration or may include the loss of a limb. A disability may contribute to
how a person feels and affect their mental health

Important Terms

-Persons with Disabilities (PwD) — Persons with Disabilities means a person suffering from not less
than 40% of any disability as certified by a medical authority.

‘Types of Disability:
a. Blindness — Visually impaired
b. Low Vision
Leprosy Cured
Hearing impairment
Locomotor disability

Mental retardation

@ o o o

Mental illness

PwD Sensitivity

PwD sensitivity promotes empathy, etiquette and equal participation of individuals and organizations
while working with individuals with a disability, e.g. sensory, physical or intellectual.

o
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Ways to be PwD Sensitive

To be sensitive to PwD, one should:

Be respectful to all Persons with Disabilities (PwD) and communicate in a way that reflects PwD
sensitivity.
Always be supportive and kind towards a PwD with their daily chores.

Be ready to assist a PwD to help them avail of any benefit/ livelihood opportunity/ training or any
kind that helps them grow.

Encourage and try to make things easier and accessible to PwD so that they can work without or with
minimum help.

Protest where feasible and report any wrong act/behaviour against any PwD to the appropriate
authority.

Learn and follow the laws, acts, and policies relevant to PwD.

Appropriate Verbal Communication

As part of appropriate verbal communication with all genders and PwD, one should:

Talk to all genders and PwD respectfully, maintaining a normal tone of voice with appropriate
politeness. It is important to ensure one's tone of voice does not have hints of sarcasm, anger, or
unwelcome affection.

Avoid being too self-conscious concerning the words to use while also ensuring not to use words that
imply one's superiority over the other.

Make no difference between a PwD and their caretaker. Treat PwD like adults and talk to them
directly.

Ask a PwD if they need any assistance instead of assuming they need it and offering assistance
spontaneously.

Appropriate Non-verbal Communication

Non-verbal communication is essentially the way someone communicates through their body language.
These include:

Facial expressions - The human face is quite expressive, capable of conveying many emotions
without using words. Facial expressions must usually be maintained neutral and should change
according to the situation, e.g. smile as a gesture of greeting.

Body posture and movement - One should be mindful of how to sit, stand, walk, or hold their head.
For example - one should sit and walk straight in a composed manner. The way one moves and
carries self, communicates a lot to others. This type of non-verbal communication includes one's
posture, bearing, stance, and subtle movements.
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e Gestures - One should be very careful with their gestures, e.g. waving, pointing, beckoning, or using
one's hands while speaking. One should use appropriate and positive gestures to maintain respect
for the other person while being aware that a gesture may have different meanings in different
cultures.

» Eye contact - Eye contact is particularly significant in non-verbal communication. The way someone
looks at someone else may communicate many things, such as interest, hostility, affection or
attraction. Eye contact is vital for maintaining the flow of conversation and for understanding the
other person's interest and response. One should maintain appropriate eye contact, ensuring not to
stare or look over the shoulders. To maintain respect, one should sit or stand at the other person's
eye level to make eye contact.

e Touch - Touch is a very sensitive type of non-verbal communication. Examples are - handshakes,
hugs, pat on the back or head, gripping the arm, etc. A firm handshake indicates interest, while a
weak handshake indicates the opposite. One should be extra cautious not to touch others
inappropriately and avoid touching them inadvertently by maintaining a safe distance.

Rights of PwD

PwD have the right to respect and human dignity. Irrespective of the nature and seriousness of their
disabilities, PwD have the same fundamental rights as others, such as:

« Disabled persons have the same civil and political rights as other people

e Disabled persons are entitled to the measures designed to enable them to become as self-
dependent as possible

« Disabled persons have the right to economic and social security

» Disabled persons have the right to live with their families or foster parents and participate in all
social and creative activities.

» Disabled persons are protected against all exploitation and treatment of discriminatory and abusive
nature.

Making Workplace PwD Friendly

e One should not make PwD feel uncomfortable by giving too little or too much attention

e One should use a normal tone while communicating with a PwD and treat them as all others keeping
in mind their limitations and type of disability

e Any help should be provided only when asked for by a PwD

e One should help in ensuring the health and well-being of PwD.
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Expected Employer Behaviour

Some of the common behavioural traits that employees expect from their employers are:

Cooperation: No work is successful without cooperation from the employer's side. Cooperation helps
to understand the job role better and complete it within the given timeline.

Polite language: Polite language is always welcomed at work. This is a basic aspect that everybody
expects.

Positive Attitude: Employers with a positive attitude can supervise the work of the employees and
act as a helping hand to accomplish the given task. A person with a positive attitude looks at the best
qualities in others and helps them gain success.

Unbiased behaviour: Employers should always remain fair towards all their employees. One should
not adopt practices to favour one employee while neglecting or ignoring the other. This might create
animosity among co-workers.

Decent behaviour: The employer should never improperly present oneself before the employee. One
should always respect each other's presence and behave accordingly. The employer should not
speak or act in a manner that may make the employee feel uneasy, insulted, and insecure.
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List down three examples of workplace ethics.
List down three examples of interpersonal skills.
Identify two reasons for workplace conflicts.

Identify two ways of resolving interpersonal conflicts

List down two ways of dealing with heightened emotions at work.

List down two types of non-verbal communication.
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Unit 8.1 - Workplace Hazards
Unit 8.2 - Fire Safety
Unit 8.3 - First Aid

Unit 8.4 - Waste Management
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— Key Learning Outcomes | ¥

By the end of this module, participa ts will be able to:

Discuss job-site hazards, risks and accidents

Explain the organizational safety procedures for maintaining electrical safety, handling tools and
hazardous materials

Describe how to interpret warning signs while accessing sensitive work areas

Explain the importance of good housekeeping

Describe the importance of maintaining appropriate postures while lifting heavy objects
List the types of fire and fire extinguishers

Describe the concept of waste management and methods of disposing of hazardous waste
List the common sources of pollution and ways to minimize them

Elaborate on electronic waste disposal procedures

. Explain how the administer appropriate first aid to victims in case of bleeding, burns, choking,

electric shock, poisoning and also administer first aid to victims in case of a heart attack or cardiac
arrest due to electric shock
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UNIT 8.1: Workplace Hazards

— Unit Objectives |©

By the end of this unit, participants will be able to:
e Discuss job-site hazards, risks and accidents

e Explain the organizational safety procedures for maintaining electrical safety, handling tools and
hazardous materials

e Describe how to interpret warning signs while accessing sensitive work areas
e Explain the importance of good housekeeping
e Describe the importance of maintaining appropriate postures while lifting heavy objects

e Explain safe handling of tools and Personal Protective Equipment to be used.

— 8.1.1 Workplace Safety

Workplace safety is important to be established for creating a safe and secure working for the workers.
The workplace has to be administered as per the rules of the Occupational Safety and Health
Administration (OSHA). It refers to monitoring the working environment and all hazardous factors that
impact employees' safety, health, and well-being. It is important to provide a safe working environment
to the employees to increase their productivity, wellness, skills, etc.

The benefits of workplace safety are:
e Employee retention increases if they are provided with a safe working environment.

e Failure to follow OSHA's laws and guidelines can result in significant legal and financial
consequences.

« A safe environment enables employees to stay invested in their work and increases productivity.

e Employer branding and company reputation can both benefit from a safe working environment.

— 8.1.2 Workplace Hazards

A workplace is a situation that has the potential to cause harm or injury to the workers and damage
the tools or property of the workplace. Hazards exist in every workplace and can come from a variety
of sources. Finding and removing them is an important component of making a safe workplace.

Common Workplace Hazards
The common workplace hazards are:

-Biological: The threats caused by biological agents like viruses, bacteria, animals, plants, insects and
also humans, are known as biological hazards.

T ————.
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Chemical: Chemical hazard is the hazard of inhaling various chemicals, liquids and solvents. Skin
irritation, respiratory system irritation, blindness, corrosion, and explosions are all possible health
and physical consequences of these dangers.

Mechanical: Mechanical Hazards comprise the injuries that can be caused by the moving parts of
machinery, plant or equipment.

Psychological: Psychological hazards are occupational hazards caused by stress, harassment, and
violence.

Physical: The threats that can cause physical damage to people is called physical hazard. These
include unsafe conditions that can cause injury, illness and death.

Ergonomic: Ergonomic Hazards are the hazards of the workplace caused due to awkward posture,
forceful motion, stationary position, direct pressure, vibration, extreme temperature, noise, work
stress, etc.

Workplace Hazards Analysis

A workplace hazard analysis is a method of identifying risks before they occur by focusing on
occupational tasks. It focuses on the worker's relationship with the task, the tools, and the work
environment. After identifying the hazards of the workplace, organisations shall try to eliminate or
minimize them to an acceptable level of risk.

Control Measures of Workplace Hazards

Control measures are actions that can be taken to reduce the risk of being exposed to the hazard.
Elimination, Substitution, Engineering Controls, Administrative Controls, and Personal Protective
Equipment are the five general categories of control measures.

Elimination: The most successful control technique is to eliminate a specific hazard or hazardous
work procedure or prevent it from entering the workplace.

Substitution: Substitution is the process of replacing something harmful with something less
hazardous. While substituting the hazard may not eliminate all of the risks associated with the
process or activity, it will reduce the overall harm or health impacts.

Engineering Controls: Engineered controls protect workers by eliminating hazardous situations or
creating a barrier between the worker and the hazard, or removing the hazard from the person.

Administrative Controls: To reduce exposure to hazards, administrative controls limit the length of
time spent working on a hazardous task that might be used in combination with other measures of
control.

Personal Protective Equipment: Personal protective equipment protects users from health and
safety hazards at work. It includes items like safety helmets, gloves, eye protection, etc.
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— 8.1.3 Risk for a Drone Technician

A drone technician may require to repair the propeller, motor and its mount, battery, mainboards,

processor, booms, avionics, camera, sensors, chassis, wiring and landing gear. A technician may face

some risks while repairing the drones' equipment.

« The technician is susceptible to being physically harmed by propellers.

» Direct contact with exposed electrical circuits can injure the person.

 If the skin gets in touch with the heat generated from electric arcs, it burns the internal tissues.

e Major electrical injuries can occur due to poorly installed electrical equipment, faulty wiring,
overloaded or overheated outlets, use of extension cables, incorrect use of replacement fuses, use

of equipment with wet hands, etc.

— 8.1.4 Workplace Warning Signs

A Hazard sign is defined as 'information or instruction about health and safety at work on a signboard,
an illuminated sign or sound signal, a verbal communication or hand signal.'

There are four different types of safety signs:

» Prohibition / Danger Alarm Signs

e Mandatory Signs

e Warning Signs

e And Emergency

1. Prohibition Signs: A "prohibition sign" is a safety sign that prohibits behaviour that is likely to
endanger one's health or safety. The colour red is necessary for these health and safety signs. Only

what or who is forbidden should be displayed on a restriction sign.

NO ENTRY DOH':)%'II’L:SE NO
PEREONS ORY TELEPHONES CAMERAS

NO NAKED NO SMOKING
FLAMES IN THIS AREA

Fig. 8.1.1. Prohibition arning Signs
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2. Mandatory Signs:

3. Warning Signs

triangle’.

Mandatory signs give clear directions that must be followed. The icons are white circles that have been
reversed out of a blue circle. On a white background, the text is black.

EYE PROTECTION
MUST BE WORN
IN THIS AREA

HEARING
PROTECTION
MUST BE WORN
IN THIS AREA

DUST MASK
MUST BE WORN
IN THIS AREA

®0

HIGH VISIBILITY
HEAD PROTECTION || FOOT PROTECTION CLOTHING OR VEST
MUST BE WORN MUST BE WORN MUST B WoaN
IN THIS AREA IN THIS AREA IN THIS AREA

Fig. 8.1.2. Mandatory Signs

Warning signs are the safety informationcommunicaatiosigns. They are shown as a ‘yellow colour

Danger
Electric shock risk

Danger
Compressed gas

Danger Caution
High voltage A Mind the step
Danger - Caution
Toxgic Mind your head
A Danger Caution
Harmful fumes Slippery surface
Q Danger @ Caution
Fire risk Automatic door

A Highly flam rrlublo

LPG
Highly flammable

Danger
& Flammable liquid

Fig. 8.1.3. Warning Signs
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4. Emergency Signs

The locationor routes to emergency ffacilitieare indicated by emergency signs. These signs have a
green backdrop with a white emblem or writing.These signs convey basic informaatioand frequently
refer to housekeeping, company procedures, or logistics.

2l 1<
+§>

Fig. 8.1.4. Emergency Signs

— 8.1.5 Cleanliness in the Workplace

Workplace cleanliness maintenance creates a healthy, efficient and productive environment for the
employees. Cleanliness at the workplace is hindered by some elements like cluttered desks, leftover
food, waste paper, etc. A tidy workplace is said to improve employee professionalism and enthusiasm
while also encouraging a healthy working environment.

Benefits of cleanliness in the workplace:

1. Productivity: Cleanliness in the workplace can bring a sense of belonging to the employees, also
motivating and boosting the morale of the employees. This results in increasing their productivity.

2. Employee Well-being: Employee well-being can be improved by providing a clean work
environment. Employees use fewer sick days in a workplace where litter and waste are properly
disposed of, and surfaces are cleaned regularly, resulting in increased overall productivity.

3. Positive Impression: Cleanliness and orderliness in the workplace provide a positive impression on
both employees and visitors.

4. Cost saving: By maintaining acceptable levels of cleanliness in the workplace, businesses can save
money on cleaning bills and renovations, which may become necessary if the premises are not
properly kept.
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Reasons for Cleaning the Workplace

e Cleaning of dry floors, mostly to prevent workplace slips and falls.

« Disinfectants stop bacteria in their tracks, preventing the spread of infections and illness.
* Proper air filtration decreases hazardous substance exposures such as dust and fumes.
 Light fixture cleaning improves lighting efficiency.

e Using environmentally friendly cleaning chemicals that are safer for both personnel and the
environment.

* Work environments are kept clean by properly disposing of garbage and recyclable items.

— 8.1.6 Lifting and Handling of Heavy Loads

Musculoskeletal Injuries (MSls), such as sprains and strains, can occur while lifting, handling, or
carrying objects at work. When bending, twisting, uncomfortable postures and lifting heavy objects are
involved, the risk of injury increases. Ergonomic controls can help to lower the risk of injury and
potentially prevent it.

Types of injuries caused while lifting heavy objects:
¢ Cuts and abrasions are caused by rough surfaces.
e Crushing of feet or hands.

e Strain to muscles and joints

Fig. 8.1.5. Lifting loads echnique
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Preparing to lift

A load that appears light enough to bear at first will grow increasingly heavier as one carries it further.
The person carrying the weight should be able to see over or around it at all times.

The amount of weight a person can lift, depends on their age, physique, and health

It also depends on whether or not the person is used to lifting and moving hefty objects.

Common Causes of Back Injuries
The Most Common Causes of Back Injuries are:
1) Inadequate Training: The individual raising the load receives no sufficient training or guidance.

2) Lack of awareness of technique: The most common cause of back pain is incorrect twisting and
posture, which causes back strain.

3) Load size: The load size to consider before lifting. If the burden is too much for one's capacity or
handling, their back may be strained and damaged.

4) Physical Strength: Depending on their muscle power, various persons have varied physical
strengths. One must be aware of their limitations.

5) Teamwork: The operation of a workplace is all about working together. When opposed to a single
person lifting a load, two people can lift it more easily and without difficulty. If one of two people
isn't lifting it properly, the other or both of them will suffer back injuries as a result of the extra
strain.

Techniques for Lifting Heavy Objects

Technique Demonstraton

1. Ensure one has a wide base of support before lifting
the heavy object. Ensure one's feet are shoulder-width
apart, and one foot is slightly ahead of the other at all
times. This will help one maintain a good balance
during the lifting of heavy objects. This is known as the
Karate Stance.

2. Squat down as near to the object as possible when one
is ready to lift it, bending at the hips and knees with
the buttocks out. If the object is really heavy, one may
wish to place one leg on the floor and the other bent
at a straight angle in front of them.
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Maintain proper posture as one begin to lift
upward. To do so, one should keep their back
straight, chest out, and shoulders back while
gazing straight ahead.

By straightening one's hips and knees, slowly
elevate the thing (not the back). As one rises,
they should extend their legs and exhale. Lift
the heavy object without twisting the body
or bending forward.

Do not lift bending forward.

6.

Hold the load close to the body.
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7. Never lift heavy objects above the shoulder

8. Use the feet (not the body) to change direction,
taking slow, small steps.

9. Set down the heavy object carefully, squatting with
the knees and hips only.

Table 8.1.1 Techniques for lifting he vy objects

*Source:https://ww .braceability.ccom/blogs/articles/7-prop-heavavy-liftinechniques

— 8.1.7 Safe Handling of Tools

Workers should be trained on how to use tools safely. When tools are misplaced or handled incorrectly
by workers, they can be dangerous. The following are some suggestions from the National Safety Council
for safe tool handling when they are not in use:

e Never carry tools up or down a ladder in a way that makes it difficult to grip them. Instead of being
carried by the worker, tools should be lifted up and down using a bucket or strong bag.

» Tools should never be tossed but should be properly passed from one employee to the next. Pointed
tools should be passed with the handles facing the receiver or in their carrier.

¢ When turning and moving around the workplace, workers carrying large tools or equipment on their
shoulders should pay particular attention to clearances.

» Pointed tools such as chisels and screwdrivers should never be kept in a worker's pocket. They can be
carried in a toolbox, pointing down in a tool belt or pocket tool bag, or in hand with the tip always
held away from the body.

« Tools should always be stored while not in use. People below are put in danger when tools are left
sitting around on an elevated structure, such as a scaffold. In situations when there is a lot of
vibration, this risk increases.

— B
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— 8.1.8 Personal Protective Equipment

Personal protective equipment, or "PPE," is equipment worn to reduce exposure to risks that might
result in significant occupational injuries or illnesses. Chemical, radiological, physical, electrical,
mechanical, and other job dangers may cause these injuries and diseases.

PPE used for protection fom the following injuries are:

Injury Protecton Protecton
Head Injury Falling or flying objects, stationary
Protecton objects, or contact with electrical wires

can cause impact, penetration, and
electrical injuries. Hard hats can
protect one's head from these injuries.
A common electrician's hard hat is
shown in the figure below. This hard
hat is made of nonconductive plastic
and comes with a set of safety goggles.

In addition to foot protection and
safety shoes, leggings (e.g., leather)
can guard against risks such as falling
or rolling objects, sharp objects, wet
and slippery surfaces, molten
metals, hot surfaces, and electrical
hazards.

Foot and Leg
Injury Protecton

Spectacles, goggles, special helmets
or shields, and spectacles with side
shields and face shields can protect
against the hazards of flying
fragments, large chips, hot sparks,
radiation, and splashes from molten
metals. They also offer protection
from particles, sand, dirt, mists,
dust, and glare.

Eye and Face
Injury Protecton
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Hearing protection can be obtained by
Protecton . .
against Hearing wearing earplugs or earmuffs. High
Loss noise levels can result in permanent
hearing loss or damage, as well as
physical and mental stress. Self-
forming earplugs composed of foam,
waxed cotton, or fibreglass wool
usually fit well. Workers should be
fitted for moulded or prefabricated
earplugs by a specialist.

Hand Injury Hand protection will aid workers who
Protecton are exposed to dangerous substances
by skin absorption, serious wounds, or
thermal burns. Gloves are a frequent
protective  clothing item. When
working on electrified circuits,
electricians frequently use leather
gloves with rubber inserts. When
stripping cable with a sharp blade,
Kevlar gloves are used to prevent cuts.

Workers must protect their entire
Whole Body bodies from risks such as heat and
Protecton radiation. Rubber, leather, synthetics,
and plastic are among the materials
used in whole-body PPE, in addition to
fire-retardant wool and cotton.
Maintenance staff who operate with
high-power sources such as
transformer installations and motor-
control centres are frequently obliged
to wear fire-resistant clothes.

Table 8.1.2. Personal protective equipment
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UNIT 8.2: Fire Safety

Unit Objectives |@

By the end of this unit, participants will be able to:
1. List the types of fire and fire e extinguiss.

— 8.2.1 Fire Safety

Fire safety is a set of actions aimed at reducing the amount of damage caused by fire. Fire safety
procedures include both those that are used to prevent an uncontrolled fire from starting and those
that are used to minimise the spread and impact of a fire after it has started. Developing and
implementing fire safety measures in the workplace is not only mandated by law but is also essential
for the protection of everyone who may be present in the building during a fire emergency.

The basic Fire Safety Responsibilities are:
¢ To identify risks on the premises, a fire risk assessment must be carried out.
e Ascertain that fire safety measures are properly installed.
e Prepare for unexpected events.

e Fire safety instructions and training should be provided to the employees.

— 8.2.2 Respond to a Workplace Fire

e  Workplace fire drills should be conducted on a regular basis.

¢ |f one has a manual alarm, they should raise it.

¢ Close the doors and leave the fire-stricken area as soon as possible. Ensure that the evacuation is
quick and painless.

e Turn off dangerous machines and don't stop to get personal items.
e Assemble at a central location. Ascertain that the assembly point is easily accessible to the
employees.

¢ |[f one's clothing catches fire, one shouldn't rush about it. They should stop and descend on the
ground and roll to smother the flames if their clothes catch fire.

o
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— 8.2.3 Fire Extinguisher

Fire extinguishers are portable devices used to put out small flames or minimise their damage until
fire-fighters arrive. These are maintained on hand in locations such as fire stations, buildings,
workplaces, public transit, and so on. The types and quantity of extinguishers that are legally necessary
for a given region are determined by the applicable safety standards.

Types of fire extinguishers are:

There are five main types of fire extinguishers:
1. Water.
2. Powder.
3. Foam.

4. Carbon Dioxide (CO2).

5

. Wet chemical.

1. Water: Water fire extinguishers are one of the most common
commercial and residential fire extinguishers on the market. They're
meant to be used on class-A flames.

2. Powder: The L2 powder fire extinguisher is the most commonly
recommended fire extinguisher in the Class D Specialist Powder
category, and is designed to put out burning lithium metal fires.

P
g
3. Foam: Foam extinguishers are identified by a cream rectangle with the
word "foam" printed on it. They're mostly water-based, but they also
contain a foaming component that provides a quick knock-down and

blanketing effect on flames. It suffocates the flames and seals the
vapours, preventing re-ignition.

4. Carbon Dioxide (CO2): Class B and electrical fires are extinguished with
carbon dioxide extinguishers, which suffocate the flames by removing
oxygen from the air. They are particularly beneficial for workplaces and
workshops where electrical fires may occur since, unlike conventional
extinguishers, they do not leave any toxins behind and hence minimise
equipment damage.

I —"T



Field Engineer RACW

5. Wet Chemical: Wet chemical extinguishers are designed to put out fires
that are classified as class F. They are successful because they can put out
extremely high-temperature fires, such as those caused by cooking oils

and fats.
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UNIT 8.3: First Aid

— Unit Objectives |©

By the end of this unit, participants will be able to:

1. Explain how the administer appropriate first aid to victims in case of bleeding, burns, choking,
electric shock, poisoning

2. Explain how to administer first aid to victims in case of a heart attack or cardiac arrest due to
electric shock.

— 8.3.1 First Aid

First aid is the treatment or care given to someone who has sustained an injury or disease until more
advanced care can be obtained or the person recovers.

The aim of first aid is to:

e Preserve life

e Prevent the worsening of a sickness or injury
« If at all possible, relieve pain

» Encourage recovery

» Keep the unconscious safe.

First aid can help to lessen the severity of an injury or disease, and in some situations, it can even save
a person's life.

— 8.3.2 Need for First Aid at the Workplace

* In the workplace, first aid refers to providing immediate care and life support to persons who have
been injured or become unwell at work.

« Many times, first aid can help to lessen the severity of an accident or disease.

* It can also help an injured or sick person relax. In life-or-death situations, prompt and appropriate
first aid can make all the difference.
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— 8.3.2 Need for First Aid at the Workplace

In the workplace, first aid refers to providing immediate care and life support to persons who have
been injured or become unwell at work.

Many times, first aid can help to lessen the severity of an accident or disease.

It can also help an injured or sick person relax. In life-or-death situations, prompt and appropriate first
aid can make all the difference.

— 8.3.3 Treating Minor Cuts and Scapes

Steps to keep cuts clean and prevent infectionsand scars:

e Wash Hands: Wash hands first with soap and water to avoid introducing bacteria into the cut and
causing an infection. One should use the hand sanitiser if one is on the go.

« Stop the bleeding: Using a gauze pad or a clean towel, apply pressure to the wound. For a few
minutes, keep the pressure on.

e Clean Wounds: Once the bleeding has stopped, clean the wound by rinsing it under cool running
water or using a saline wound wash. Use soap and a moist washcloth to clean the area around the
wound. Soap should not be used on the cut since it may irritate the skin. Also, avoid using hydrogen
peroxide or iodine, as these may aggravate the wound.

* Remove Dirt: Remove any dirt or debris from the area. Pick out any dirt, gravel, glass, or other
material in the cut with a pair of tweezers cleaned with alcohol.

- 8.3.4 Heart Atack

When the blood flow carrying oxygen to the heart is blocked, a heart attack occurs. The heart muscle
runs out of oxygen and starts to die.

Symptoms of a heart attack can vary from person to person. They may be mild or severe. Women,
older adults, and people with diabetes are more likely to have subtle or unusual symptoms.

Symptoms in adults may include:
¢ Changes in mental status, especially in older adults.

e Chest pain that feels like pressure, squeezing, or fullness. The pain is most often in the centre of the
chest. It may also be felt in the jaw, shoulder, arms, back, and stomach. It can last for more than a
few minutes or come and go.

« Cold sweat.
e Light-headedness.
* Nausea (more common in women).

* Indigestion.

= PR ——
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e Vomiting.

« Numbness, aching or tingling in the arm (usually the left arm, but the right arm may be affected
alone, or along with the left).

* Shortness of breath

* Weakness or fatigue, especially in older adults and in women.

First Aid for Heart Attack

If one thinks someone is experiencing a heart attack, they should:
* Have the person sit down, rest, and try to keep calm.

* Loosen any tight clothing.

» Askif the person takes any chest pain medicine, such as nitro-glycerine for a known heart condition,
and help them take it.

+ If the pain does not go away promptly with rest or within 3 minutes of taking nitro-glycerine, call for
emergency medical help.

« If the person is unconscious and unresponsive, call 911 or the local emergency number, then begin
CPR.

e If aninfant or child is unconscious and unresponsive, perform 1 minute of CPR, then call 911 or the
local emergency number.
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UNIT 8.4: Waste Management

— Unit Objectives | @

By the end of this unit, participants will be able to:
1. Describe the concept of waste management and methods of disposing of hazardous waste.
2. List the common sources of pollutionand ways to minimize them.

3. Elaborate on electronic waste disposal procedures.

— 8.4.1. Waste Management and Methods of Waste Disposal ——

The collection, disposal, monitoring, and processing of waste materials is known as waste
management. These wastes affect living beings' health and the environment. For reducing their effects,
they have to be managed properly. The waste is usually in solid, liquid or gaseous form.

The importance of waste management is:

Waste management is important because it decreases waste's impact on the environment, health, and
other factors. It can also assist in the reuse or recycling of resources like paper, cans, and glass. The
disposal of solid, liquid, gaseous, or dangerous substances is the example of waste management.

When it comes to trash management, there are numerous factors to consider, including waste disposal,
recycling, waste avoidance and reduction, and garbage transportation. Treatment of solid and liquid
wastes is part of the waste management process. It also provides a number of recycling options for
goods that aren't classified as garbage during the process.

— 8.4.2 Methods of Waste Management

Non-biodegradable and toxic wastes, such as radioactive remains, can cause irreversible damage to the
environment and human health if they are not properly disposed of. Waste disposal has long been a
source of worry, with population increase and industrialisation being the primary causes. Here are a
few garbage disposal options.

1. Landfills: The most common way of trash disposal today is to throw daily waste/garbage into
landfills. This garbage disposal method relies on burying the material in the ground.

2. Recycling: Recycling is the process of transforming waste items into new products in order to
reduce energy consumption and the use of fresh raw materials. Recycling reduces energy
consumption, landfill volume, air and water pollution, greenhouse gas emissions, and the
preservation of natural resources for future use.

—"
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3.

Composting: Composting is a simple and natural bio-degradation process that converts organic
wastes, such as plant remnants, garden garbage, and kitchen waste, into nutrient-rich food for
plants.

Incineration: Incineration is the process of combusting garbage. The waste material is cooked to
extremely high temperatures and turned into materials such as heat, gas, steam, and ash using this
technology.

— 8.
1.
2.

4.3 Recyclable, Non-Recyclable and Hazardous Waste

Recyclable Waste: The waste which can be reused or recycled further is known as recyclable waste.

Non-recyclable Waste: The waste which cannot be reused or recycled is known as non-recyclable
waste. Polythene bags are a great example of non-recyclable waste.

Hazardous Waste: The waste which can create serious harm to the people and the environment is
known as hazardous waste.

— 8.4.4 Sources of Pollution

Pollution is defined as the harm caused by the presence of a material or substances in places where

they would not normally be found or at levels greater than normal. Polluting substances might be in
the form of a solid, a liquid, or a gas.

Point source of pollution: Pollution from a point source enters a water body at a precise location
and can usually be identified. Effluent discharges from sewage treatment plants and industrial sites,
power plants, landfill sites, fish farms, and oil leakage via a pipeline from industrial sites are all
potential point sources of contamination.

Point source pollution is often easy to prevent since it is feasible to identify where it originates, and
once identified, individuals responsible for the pollution can take rapid corrective action or invest in
longer-term treatment and control facilities.

Diffuse source of pollution: As a result of land-use activities such as urban development, amenity,
farming, and forestry, diffuse pollution occurs when pollutants are widely used and diffused over a
large region. These activities could have occurred recently or in the past. It might be difficult to
pinpoint specific sources of pollution and, as a result, take rapid action to prevent it because
prevention often necessitates significant changes in land use and management methods.

Pollution Prevention
Pollution prevention entails acting at the source of pollutants to prevent or minimise their production.
It saves natural resources, like water, by using materials and energy more efficiently.
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Pollution prevention includes any practice that:

e Reduces the amount of any hazardous substance, pollutant, or contaminant entering any waste
stream or otherwise released into the environment (including fugitive emissions) prior to recycling,
treatment, or disposal;

e Reduces the hazards to public health and the environment associated with the release of such
substances, pollutants, or contaminants (these practices are known as "source reduction");

« Improved efficiency in the use of raw materials, energy, water, or other resources, or Conservation
is a method of safeguarding natural resources.

e Improvements in housekeeping, maintenance, training, or inventory management; equipment or
technology adjustments; process or method modifications; product reformulation or redesign; raw
material substitution; or improvements in housekeeping, maintenance, training, or inventory
control.

— 8.4.5 Electronic Waste

Lead, cadmium, beryllium, mercury, and brominated flame retardants are found in every piece of
electronic waste. When gadgets and devices are disposed of illegally, these hazardous compounds are
more likely to contaminate the earth, pollute the air, and leak into water bodies.

When e-waste is dumped in a landfill, it tends to leach trace metals as water runs through it. The
contaminated landfill water then reaches natural groundwater with elevated toxic levels, which can be
dangerous if it reaches any drinking water bodies. Despite having an environmentally benign approach,
recycling generally results in international shipment and dumping of the gadgets in pits.

Some eco-friendly ways of disposing of e-waste are:

e Giving back the e-waste to the electronic companies and drop-off points
» Following guidelines issued by the government

« Selling or donating the outdated technology-based equipment

e Giving e-waste to a certified e-waste recycler
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— Exercise

1. Name all five types of fire extinguishers.
2. Explain PPE in brief.

3. List the common workplace hazards.

4. Fill in the blacks:

i. A" sign" is a safety sign that prohibits behaviour that is likely to endanger one's health
or safety.

ii. entails acting at the source of pollutants to prevent or minimise their production.

iii. is the treatment or care given to someone who has sustained an injury or disease
until more advanced care can be obtained or the person recovers.

iv. The threats caused by biological agents like viruses, bacteria, animals, plants, insects and also
humans, are known as

v. The workplace has to be administered as per the rules of the
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