Published by

All Rights Reserved
First Edi on, October 2017

Printed in India at
New Delhi – 110016

Copyright © 2017
Electronics Sector Skills Council of India
602-608, 6th Floor, Ansal Chambers -II, Bhikaji Cama Place
New Delhi-110066
E-mail: info@essc-india.org

Disclaimer
The informa on contained herein has been obtained from sources reliable to ESSCI. ESSCI disclaims
all warran es to the accuracy, completeness or adequacy of such informa on. ESSCI sh all have no
liability for errors, omissions, or inadequacies, in the informa on contained herein, or for
interpreta ons thereof. Every eﬀort has been made to trace the owners of the copyright material
included in the book. The publishers would be grateful for any omissions brought to their no ce for
acknowledgements in future edi ons of the book. No en ty in ESSCI shall be responsible for any loss
whatsoever, sustained by any person who relies on this material. The material in this publica on is
copyrighted. No parts of this publica on may be reproduced, stored or distributed in any form or by
any means either on paper or electronic media, unless authorized by the ESSCI.

Skilling is building a be er India.
If we have to move India towards
development then Skill Development
should be our mission.
Shri Narendra Modi
Prime Minister of India

iii

Par cipant Handbook

COMPLIANCE TO
QUALIFICATION PACK - NATIONAL OCCUPATIONAL
STANDARDS
is hereby issued by the

ELECTRONICS SECTOR SKILL COUNCIL OF INDIA
for

SKILLING CONTENT : PARTICIPANT HANDBOOK
Complying to National Occupational Standards of
Job Role/ Qualification Pack: “RAC Assembly Operator” QP No. “ELE/Q3501, NSQF Level 4"

Date of Issuance : March 10th, 2018
Valid up to*
: March 10th, 2020
*Valid up to the next review date of the Qualification Pack or the
‘Valid up to’ date mentioned above (whichever is earlier)

Authorised Signatory
(Electronics Sector Skill Council)

iv

Acknowledgements
The need for having a standard curriculum for the Job Role based Qualiﬁca on Packs under
the Na onal Skills Qualiﬁca on Framework was felt necessary for achieving a uniform skillbased training manual in the form of a par cipant handbook.
I would like to take the opportunity to thank everyone who contributed in developing this
handbook for the QP RAC Assembly Operator.

The handbook is the result of reless pursuit to develop an eﬀec ve tool for impar ng the
Skill Based training in the most eﬀec ve manner.

I would like to thank the team of KontentEdge for their support to develop the content, the
SME and the team at the ESSCI along with the industry partners for the reless eﬀort in
bringing the handbook in the current format.

CEO

Electronics Sector Skills Council of India

v

Par cipant Handbook

[

About this Book
This Par cipant Handbook is designed to enable training for the speciﬁc Qualiﬁca on Pack
(QP). Each Na onal Occupa onal (NOS) is covered across Unit/s.
Key Learning Objec ves for the speciﬁc NOS mark the beginning of the Unit/s for that NOS.
• Describe the manufacturing process
• Describe the assembly line process
• Explain the assembly line process in a refrigerator manufacturing unit
• Describe electric circuits
• Describe voltage, current and resistance
• Deﬁne Ohm's law
• Deﬁne the principle of refrigera on
• Explain the uses and terms in refrigera on
• Explain the methods used in refrigera on
• Iden fy the types of tools used for assembling
• Describe the assembling ﬂow of a refrigerator
• Explain the assembling steps
• Iden fy work requirements and targets
• List the ways to ensure quality and mely comple on of work
• Iden fy standard safety procedures
• Explain the importance of par cipa ng in ﬁre drills

The symbols used in this book are described below.

Symbols Used

Key Learning
Outcomes

Steps

Ac vity

Prac cal

Tips

Role Play

vi

Notes

Unit
Objec ves

The book on New
Employability Skills is
available at the following
location: https://
eskillindia.org/Home/
handbook/NewEmployability
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.

Describe the manufacturing process
Describe the assembly line process
Explain the assembly line process in a refrigerator manufacturing unit
Explain the assembly line process in an AC manufacturing unit
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UNIT 1.0: Introduc on to Assembling Process
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe the manufacturing process
2. Describe the assembly line process

1.0.1 The Manufacturing Process
A manufacturing process is a sequence of steps that transforms raw materials into a ﬁnal
product. The process begins with crea ng the design of the product to be made. The raw
materials are then ﬁnalized and sourced. They are then shaped into desired parts. The parts
are assembled to make the ﬁnal product. The product is then subjected to quality control
checks and inspec on. Once it is cleared, the product is packed and shipped for delivery.
The following image shows the various stages of the manufacturing process:

Fig. 1.0.1: The manufacturing process

There are diﬀerent types of manufacturing processes such as produc on line, assembly line,
custom manufacturing and ﬁxed posi on manufacturing. The refrigerator and air -condi oner
manufacturing process follows the assembly line process by using v arious equipment and
machines.
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The following image shows the equipment and machines for the produc on of refrigerators
at a factory:

Fig. 1.0.2: Refrigerator manufacturing factory

1.0.2 What is Assembly Line Process?
An assembly line process is an automated process that involves breaking down the
manufacturing of a product into steps or tasks in a pre -deﬁned sequence. Each worker is
responsible for execu ng a speciﬁc task on the product. The product then moves on to the
next worker or machine which in turn completes another speciﬁc task. This process goes on
ll the manufacturing is complete and the product is made. The following image depicts the
concept of a basic assembly line process:

Fig. 1.0.3: Assembly line process
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The assembly line process was introduced by Henry Ford in mass produc on of automobiles
in 1908. Its success led to other industries adop ng the process and it is now a common
method to assemble complex products such as household appliances, electronic goods,
automobiles and so on.
Principles of Assembly Line
Assembly line process is a con nuous-ﬂow produc on process in which the worker remains
sta onary and performs the same small task repe vely. The product, on the other hand,
moves down in a sequence from operation to opera on un l it is completed. The following
ﬁgure lists the principles of the process:

The tools and men
are placed in
posi on

The product arrives
at the work sta on

The worker
completes his/her
task and drops the
product in same
place

This process goes on
ll the product is
complete

The part arrives at
the next work
sta on

The part is carried
forward through
conveyor belt

Fig. 1.0.4: Principles of assembly line process

Advantages of Assembly Line Process
Prior to assembly line produc on, the products were generally made one at a me by hand
by a single or a team of workers. They would make the parts, assemble them into a ﬁnal
product and then carry out ﬁnal tests before declaring a product ﬁt for delivery. This resulted
in longer produc on mes and dependency on skilled labour force. The following ﬁgure lists
the various advantages of the assembly line process:

Advantages

• Increased produc on
• Reduced costs
• Interchangeable parts
• Standarized produc on process
• Less dependency on skilled labour
•Improved working condi ons

Fig. 1.0.5: Advantages of assembly line process
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Ac vity
Write down the steps of the assembling process in an RAC assembly unit.

_____________

The product arrives
at the work sta on

_____________

_____________

The part arrives at
the next work
sta on

_____________
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UNIT 1.1: Refrigerator Manufacturing Process
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe the manufacturing process of a refrigerator
2. Describe the assembling process of a refrigerator

1.1.1 Manufacturing Process of a Refrigerator
The manufacturing process of a refrigerator involves various steps from receiving the raw
materials to packing of tested, ﬁnished product. As an assembly operator the candidate should
be aware of each step in the manufacturing process and focus majorly on assembling process.
The following ﬁgure shows the various stages of the manufacturing process of a refrigerator:

Raw material

Press shop

Vaccum foaming

Assembly

Pre assembly
shop

Paint shop

Tes ng

Packaging

Fig. 1.1.1: Manufacturing process of a refrigerator

Raw Material
In the ﬁrst step, the raw material is obtained in the manufacturing plant which in cludes metal
sheets, assembling parts like copper tubes, foaming chemical, nuts, bolts and screws, pre assembled parts like compressors and evaporators and so on. These are then used in diﬀerent
phases of refrigerator manufacturing.
Press Shop
In the press shop, the metal sheets are cut into required shapes for making the refrigerator
cabinet and doors. Small slots are made to make the ﬁ ng of the sheet panels and for
moun ng screws. Heavy bench press and sheet metal cu ng presses are used in this stage.
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Vacuum Foaming
In the vacuum foaming stage, the inner lining of the refrigerator cabinet and the door
assembly is ﬁlled with foam to provide insula on to the compartments. This process is done
by using a foaming machine which ﬁlls the foam into the lining and a er some me creates
an insula on.
Paint Shop
In the paint shop, the metal parts a er coming from the press shop are painted with mul ple
coa ngs of protec ve paints to give be er surface ﬁnish and long life to the metal.
Pre-Assembly Shop
In the pre-assembly shop, the parts like doors and cabinet are assembled before the ﬁnal
assembly. The foamed cabinet is sealed, and the doors are a ached with the gaskets and
shelves.
Assembly
In the assembling part, the diﬀerent parts of the refrigerator are assembled on a single moving
assembling line. The assembly of refrigerator cabinet, door, evaporator and the condenser,
the charging of refrigerant and all other related tasks are done to make the ﬁnished ﬁnal
product at the end of the assembly line.
Tes ng
Tes ng involve s gas leak test and func onality test of individual components that have been
assembled. This is done to check their working in a single refrigera on system.
Packaging
In the ﬁnal step, the tested refrigerator units are packed safely and then transported for
selling.

1.1.2 Assembling Process of a Refrigerator
The assembling process of refrigerator majorly depends upon the type of refrigerator unit ,
which are shown in the following ﬁgure:
Types of
refrigerators
Direct cool
refrigerators

Frost free
refrigerators

Fig. 1.1.2: Types of refrigerators as per assembling process

The basic diﬀerence between the direct cool and the frost-free refrigerator systems is that in
frost free, there is no requirement of manual defros ng. A small element is placed instead,
which helps in mel ng the accumulated ice. Thus, the assembling process diﬀers in the two
types of refrigerator systems.
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Some components such as cooling fan, fan motor, freezer, bimetal thermostat, sensors and
duct are installed in the front por on of a frost-free refrigerator. Some of these components
are not installed in the direct cool refrigerator or they are placed in the back assembly of the
refrigerator units. Later in the modules, a er discussing the basics of refrigera on, the
assembling process of refrigerator has been explained.
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UNIT 1.2: Air Condi oning (AC) Manufacturing Process
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe the steps in the manufacturing process of an AC
2. Describe the assembling process of an AC

1.2.1 Manufacturing Process of an Air Condi oner (AC)
The manufacturing process of an AC involves steps in which the raw material such as metal
sheet is taken and then machined to create the assembling components. Other components
are then assembled, and then ﬁnal product is tested and packed.
The following ﬁgure shows the steps involved in manufacturing of the AC:

Raw material

Press shop

Paint shop

Tes ng

Assembly

Pre assembly
shop

Packaging

Fig. 1.2.1: Manufacturing process of AC

The basic manufacturing process ﬂow is the same as that of refrigerators. In AC
manufacturing, the foaming process which is done for insula on in a refrigerator’s assembly
is replaced, as insula on in the AC unit is done with a diﬀerent method. For insula on in AC
units, the foam-based structure is installed in the lining.
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1.2.2 Assembling Process of an Air Condi oner (AC)
The assembling process of an AC depends upon its type. The following are the types of ACs:
• Window AC
• Split AC
Assembling of a Window AC
A window AC works in a single unit; thus, the assembling is done on a single base and all the
components, such as PCB controls, compressor, copper tubing, condenser and so on are
installed over it. The assembly of a window AC starts with a foam base in assembly line, then
the assembling is done from the front and the back side simultaneously.
Assembling of a Split AC
A split AC contains two func oning parts which are indoor unit (IDU) and outdoor unit (ODU).
Thus, the assembling of each unit takes place on the assembly line. This assembly has the
same approach of simultaneous assembly of the front and back side. In indoor units, the basic
assembly of components such as control panel and air ﬁlters are installed. In outdoor units,
the heavy working parts like condenser, compressor and service valves ae installed. These two
units are installed separately and then connected with a pre-charged line set.
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2. Basics of Electricity
and Electronics
Unit 2.1 – Basics of Electric Circuits
Unit 2.2 – Components of an Electric Circuit

13
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Describe electric circuits
2. Describe voltage, current and resistance
3. Deﬁne Ohm's law
4. Explain the diﬀerence between alterna ng current (AC) and direct current (DC)
5. Measure power and energy
6. Describe ac ve components
7. Describe passive components
8. List electromagne c components
9. Iden fy colour coding in diﬀerent electrical components
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UNIT 2.1: Basics of Electric Circuits
Unit Objec ves
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Describe electric circuits
Deﬁne voltage, current and resistance
Deﬁne Ohm's law
Explain the diﬀerence between AC and DC
Measure power and energy

2.1.1 Electric Circuits
An electric circuit is a path made by the interconnec on 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 source that provides electrical pressure known as
voltage or Electromagne c force (EMF) to electrical
equipment to enable them to work.
Example: Ba ery

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

A conductor that connects the supply source and the
load.
Example: Wires
Fig. 2.1.1: Electric circuit cons tuents

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

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

Fig. 2.1.3: An electric circuit

2.1.2 Types of Electric Circuits
An electric circuit is classiﬁed into two types:
• Series circuit
• 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 func oning , which then
needs to be replaced. The following image shows a series circuit:

Fig. 2.1.4: A series circuit

Parallel Circuit
In this type of a circuit, two or more than two components are connected in parallel. 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 shows a parallel circuit:

Fig. 2.1.5: A parallel circuit
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2.1.3 Parameters of Electric Circuit
Electricity comes into existence whenever there is a ﬂow of electric charge between any t wo
components. The main parameters associated with electricity are as follows:
1. Voltage
2. Current
3. Resistance
Voltage
A force that causes electricity to move across a wire/cable is known as voltage. Volt is the unit
of voltage and is denoted with le er 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 is denoted with le er I.
AC and DC Current
The following ﬁgure lists the two types of current sources that are dependent on the direc on
in which the electrons ﬂow:

AC can be deﬁned as the ﬂow
of current in which electrons
keep switching direc ons,
going either forward or
backward.
In this, the magnitude of
induced current varies with
me.

Types of AC are Sinusoidal,
Trapezoidal, Triangular,
Square.

DC can be deﬁned as the ﬂow
of current in which the dri of
electrons remains steady in a
single direc on.
In this the magnitude of
induced current remains
constant.
Types of DC are Pure and
Pulsa ng.

Fig. 2.1.6: Diﬀerence between AC and DC current

Resistance
Resistance is an obstruc on caused by a substance to the current ﬂow. The unit of resistance
is ohm and it is denoted with the symbol, Ω. According to Ohm’s law, 1Ω resistance allows 1A
of current to ﬂow from one point to the other with a 1V voltage diﬀerence.
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2.1.4 Ohm's Law
According to Ohm's law, the ﬂow of current through a conduc ng material is directly
propor onal to the conductor’s voltage. The mathema cal equa on of Ohm’s law is as
follows:
I = V/R
Where,
I is the current
V is the poten al diﬀerence
R is the resistance
Ohm's law states that R in the preceding rela on is constant and independent of the cu rrent
ﬂowing through it as shown in the following image:

Fig. 2.1.7: Ohm’s law triangle

2.1.5 Power Calcula on and Energy Consump on
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 considere d:
1. Energy
2. Power
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 me period. It is a product of the power of an electrical appliance and
the dura on of its usage.
Power
Electric power is the rate of electrical energy transferred by any electrical circuit in a given
me. The SI unit of power is wa which is represented by ‘W’, which is one joule per second.
The following equa on shows the electrical power and energy calcula on formula:
Electrical Energy (E) = Power (P) x Dura on of Energy usage (T) = Power (Wa ) x Time (hour)
E (Wh) = P (W) x T (h)
Power = Energy / Time
Example:
If 500W is used for a device for 4 hours, then consump on is = 0.5 kW * 4 Hrs. = 2 KWh.
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Ac vity
Calculate resistance in a given circuit using Ohm’s law.
Equipment required:
1. Resistor
2. Mul meter
3. Power Source

19
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UNIT 2.2: Components of an Electric Circuit
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe ac ve and passive components
2. List electromagne c components
3. Iden fy colour coding of diﬀerent electronic components

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

Ac ve Components

Passive Components

Electromechanical
Components

Fig. 2.2.1: Circuit elements
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2.2.2 Ac ve Components
Ac ve components depend on a source of energy to perform their func ons. These
components can amplify current and can produce a power gain.
The following ﬁgure lists the diﬀerent types of ac ve components in a circuit:

Diode

Light Emi ng
Diode(LED)

Ac ve
Components

Transistor

Integrated
Circuit(IC)

Fig. 2.2.2: Ac ve components

Diode
A diode is a specialized electronic component with two terminals known as the anode and the
cathode. It has very less resistance, ideally zero, to the ﬂow of current in one direc on
whereas it has high resistance, ideally inﬁnite, in the other direc on. Diodes are usually made
up of semiconductor materials such as germanium, silicon or selenium. Appliances such as
refrigerators and ACs have this component in circuit boards. The following image shows
diodes:

Fig. 2.2.3: Diodes

Transistor
A transistor is an electronic device that is made up of a semiconductor material. Usually, it
consists of three or more terminals for connec ng to an external circuit. It is u lized to amplify
or switch electrical power and electronic signals. Appliances such as refrigerators and ACs
have this component in circuit boards. The following image shows a transistor:

Fig. 2.2.4: A transistor

21

Par cipant Handbook

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
mer, a counter, a microprocessor or as computer memory. Appliances such as refrigerators
and ACs have this component in circuit boards. The following image shows an IC:

Fig. 2.2.5: An IC

LED
An LED is made of a p-n junc on diode which releases light when it is ac vated. It is a two lead semiconductor source of light. Appliances such as refrigerators and ACs have this
component in their control panel display. The following image shows an LED:

Fig. 2.2.6: An LED
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2.2.3 Passive Components
Passive components are those components which can perform their speciﬁc func ons without
any power source. These components are incapable of controlling current.
The following ﬁgure lists the diﬀerent types of passive components in a circuit:

Transformer

Thermistor

Resistor
Passive
Components

Inductor

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
AC to the required values by decreasing or increasing the alterna ng voltages in an electronic
or electric system. Appliances such as refrigerators and ACs have this component in their
power circuit board.
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. Its size varies in length from 5mm up to 300mm. Appliances such as
refrigerators and ACs have this component in their circuit boards.
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The following image shows resistors:

Fig. 2.2.9: Resistors

Colour Coding of Resistors
Colour coding was formulated to indicate the value of electronic resistance of a resistor.
In a resistor, colour coding is read as follows:
•
•
•

Colour bands should be read from that end which has the bands nearest to it.
The 1st and 2nd bands stand for the ﬁrst two digits.
The 3rd band represents the power-of-ten mul plier (the number of zeroes a er the
second digit).
• The 4th band represents the manufacturer's tolerance (accuracy of the resistor).
The following ﬁgure represents colour coding in a resistor:

Fig. 2.2.10: Colour coding in a resistor

Capacitor
A capacitor is a device which is made up of one or more pairs of conductors and an insulator
separa ng them. It is used to store electric charge. Appliances such as refrigerators and ACs
have this component. The following image shows capacitors:

Fig. 2.2.11: Capacitors
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Inductor
An inductor consists of a coil or a wire loop. This component is used to store energy in the
form of a magne c ﬁeld. The more the turns in the coil, the more will be the inductance.
Appliances such as refrigerators and ACs have this component. The following image shows
inductors:

Fig. 2.2.12: Inductors

Thermistor
A thermistor is a kind of resistor which is more sensi ve to temperature as compared to other
resistors. It is extensively used as a temperature sensor, a self-regula ng hea ng element and
a self-rese ng overcurrent protector. Appliances such as ACs have this component. The
following image shows a thermistor:

Fig. 2.2.13: A thermistor
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2.2.4 Electromechanical Components
Electromechanical components convert electric energy into mechanical energy (mechanical
movement) or vice versa for carrying out electric opera ons. The following ﬁgure lists various
electromechanical components:

Motor
Timer

Printed
Circuit
Boards
(PCBs)

Electromechanical
Components

Starter

Relay

Circuit
Breaker

Connector
Switch

Fig. 2.2.14: 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. These motors can be powered by using
DC or AC motors. The following image shows an electric motor which runs on AC power
supply.

Fig. 2.2.15: A motor powered by AC current

PCB
A PCB acts as a base for the components that are mounted on its surface and are
interconnected with wires, conduc ve tracks and so on. The components are generally ﬁxed
on the circuit board according to the speciﬁed design with the help of soldering.
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Appliances such as refrigerators and ACs have this component. The following image shows a
PCB:

Fig. 2.2.16: A PCB

Switch
A switch is a component used to make or break connec ons in an electrical ci rcuit. It 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.
The following image shows a typical switch used in small appliances such as refrigerators and
ACs:

Fig. 2.2.17: 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 magne c 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 refr igerators and ACs have
this component. The following image shows both the relays:

Fig. 2.2.18: Solid state relay and electromagne c relay
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Circuit Breaker
A circuit breaker is a requisite component of an electrical power system required for its contro l
and protec on. It is a switching device which can be operated manually as well as
automa cally. Its main func on is to shield an electric circuit from harm caused by overload
or short circuit. It interrupts the current ﬂow when protec ve relays ﬁnd out a fault.
Appliances such as refrigerators and ACs have this component. The following image shows a
circuit breaker:

Fig. 2.2.19: A circuit breaker

Starter
A starter in a refrigera on or air condi oning system helps start the motor. The starter is used
since the motor windings installed in the system takes me to start as there is a previously
maintained high pressure head in the system. This starter motor helps the main motor to start
by decreasing the voltage and varying the value of frequency to the main motor start up. The
following image shows a starter:

Fig. 2.2.20: A starter

Timer
A mer or me switch is a type of circuit which is used for ming the refrigera on or air
condi oning units. The mer operates as a switch which is control led by a ming circuitry
device. Air condi oning systems have mers which turns on/oﬀ the unit for certain period of
me, set automa cally or manually.
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In refrigera on units, the mer works for ac va ng the defrost switch to melt the frost f or
certain period of me by turning oﬀ the evaporator coil.
The following image shows a mer:

Fig. 2.2.21: Refrigerator defrost mer
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Ac vity
Iden fy the diﬀerent electronic components and write down their names in the boxes given
below them:
1.

2.

3.

4.

5.
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Ac vity
Perform categorisa on of the following components as ac ve or passive:
1. Resistor
2. Transistor
3. Capacitor
4. Diode
5. LED
6. Inductor
7. IC
8. Thermistor
9. Transformer
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Prac cal
Perform a task to create series and parallel circuit connec ons.
Equipment required:
1. Power Source
2. Loads
3. Connec ng wires
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3. Refrigera on and Air
Condi oning (RAC)
Unit 3.1 – Basics of Refrigera on
Unit 3.2 – Components in Refrigera on cycle
Unit 3.3 – Refrigerants
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Deﬁne the principle of refrigera on
Explain the uses and terms in refrigera on
Explain the methods used in refrigera on
Explain the sealing system and its advantages
Deﬁne basic components in refrigera on
Iden fy the types of compressors
Explain the working of the basic components
Deﬁne refrigerant
List the proper es of refrigerant
Iden fy the types of refrigerants
Explain the safe working condi ons with refrigerants
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UNIT 3.1: Basics of Refrigera on
Unit Objec ves
At the end of this unit, you will be able to:
1. Deﬁne the principle of refrigera on
2. Explain the uses and terms in refrigera on
3. Explain the methods used in refrigera on
4. Explain the sealing system and its advantages

3.1.1 Refrigera on
Refrigera on is a process in which heat from a low tempera ture region is transferred to a high
temperature region. In other words, cooling of a substance by removing heat from it is
refrigera on. Refrigera on systems are used to cool substances to a temperature below the
temperature of the surrounding environme nt to preserve them. The following image shows
the basic principle of refrigera on:

Fig. 3.1.1: Refrigera on

3.1.2 Principle of Refrigera on
Refrigera on works on the second law of thermodynamics which states that heat does not
ﬂow from a low temperature body to a high temperature body without the help of external
work. The following image shows refrigera on by means of external work:

Fig. 3.1.2: Refrigera on principle
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3.1.3 Uses of Refrigera on
Refrigera on has had a huge impact on life style, agriculture, manufacturing and processing
industry. It has made it possible to preserve food for long periods of me, to store and
distribute agriculture produce over long distances, to facilitate many chemical processes, to
manufacture diﬀerent m edicines and to provide comfort by air condi oning.
The following image shows the major uses/applica ons of refrigera on:

Food industry

Chemical and process industry

Pharma industry

Air condi oning

Fig. 3.1.3: Uses of refrigera on

Food Industry
One of the most important applica ons of refrigera on has been in the food pr ocessing,
preserva on and distribu on 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 distribu on areas without aﬀec ng the quality
and taste of the produce.
Chemical and Process Industry
Many chemical processes require temperatures below zero -degree C to work. Refrigera on
has made it possible to separate and liquefy gases in petrochemical industry, dehumidify air,
solidify solutes, remove heat from chemical reac ons, recover solvents and control
fermenta on.
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Pharmaceu cal Industry
Refrigera on has changed the face of the pharmaceu cal and medical industry. It has made
it possible to manufacture several an bio cs and other drugs that require a process known
as freeze drying. It is now possible to store and distribute medicines, vaccines, blood plasma
and ssues and preserve blood and bone marrow. It has enabled the use of local anaesthesia
for surgeries.
Air Condi oning
Air condi oning is based on the principle of refrigera on and has been developed to provide
comfort to humans. Air condi oning in buildings such as homes, schools, oﬃces, hotels,
restaurants and so on ensure that the core body temperature is maintained around 37
degrees Celsius, thereby providing comfort and sa sfac on.

3.1.4 Terms Used in Refrigera on
Refrigerant: Refrigerant is the main working ﬂuid in any refrigera on system and it has a low
boiling point. It vaporizes at low temperature and takes the heat away from the substance
which has to be refrigerated.
Examples: Freon 12 are used in domes c refrigerators and Freo n 22 are used in ACs.
Cooling Capacity: It is the rate at which heat is removed from a cold body or the rate of
refrigera on produced.
Unit of capacity of refrigera on is ton. One ton of refrigera on is the quan ty of heat
removed to freeze one ton of ice at a temperature of 0 °C in a me period of 24 hours.
Bri sh thermal unit (BTU): Is deﬁned as the amount of heat which is required to raise the
temperature of one pound of water by one-degree Fahrenheit.
Cal or Wa : The amount of energy which is required to raise the temperature of one gram
of water by one degree Celsius at constant pressure of one atmosphere.
Refrigera on Eﬀect: It is the quan ty of heat removed in unit me or the ra o of quan ty of
heat removed to the total me taken to rem ove that heat.
Refrigeration eﬀect =

Heat removed
Time taken

Psychometry: It is the study of the proper es of moist air or mixture of air and water
vapour.
Dry Air: Dry air is the atmospheric air without the presence of water vapour.
Moist Air: Air which contains water vapour is called as moist air.
Humidity: The amount of water vapour present in air is called as its humidity. Humidity of air
depends upon temperature and is independent of pressure.
Rela ve Humidity: It is the ra o of mass of water vapour present in air to the mass of water
vapour in fully saturated air at the same temperature and volume standards.
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3.1.5 Methods of Refrigera on
The refrigera on method can be divided into two categories on the basis of its working:
1. Vapour Compression Refrigera on
2. Vapour Absorp on Refrigera on
Vapour Compression Refrigera on
This type of refrigera on system is used mostly as domes c refrigerators and works on vapour
compression refrigera on system (VCRS). In VCRS cycle the vapour changes its phas e from
vapour to liquid and vice versa.
A VCRS has basic components as shown in the following ﬁgure:
Compressor

•It compresses the refrigerant from low pressure and low
temperature to high temperature and high pressure.

Condenser

•It is a coil of copper tubes which condenses the refrigerant from
vapour form to liquid form.

Capillary Tube
Evaporator

•It is used to control the refrigerant rate of ﬂow to reduce its
pressure.
•It is made of copper tubing and provides a space where cooling
takes place.

Fig. 3.1.4: Basic components of VCRS

Working Principle of VCRS
The refrigerant at low pressure and low temperature ﬂows through the compressor, wher e it
is compressed into a high pressure and temperature range. This vapour form of the
refrigerant, which is at high temperature and pressure, passes through the condenser. The
condenser helps the refrigerant to condense into a high-pressure liquid refrigerant. This ﬂuid
passes through the expansion valve where the pressure and temperature of the refrigerant is
lowered. Then, this goes into the evaporator where it is converted into a low -pressure vapour.
In the end, the low pressure refrigerant enters the compressor.
The following image shows the basic working of a VCRS:

Fig. 3.1.5: A VCRS
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Vapour Absorp on Refrigera on
In a VCRS, the compressor consumes large amount of energy. So, in vapour absorp on
refrigera on system (VARS) the compression cycle is eliminated and in place of that the
following processes are introduced:
• Ammonia in vapour form is absorbed into water
• This is pumped into a high-pressure cycle
• Ammonia vapour is produced by hea ng this mixture
A VARS has basic components as shown in the following ﬁgure:
Generator

•The generator heats the aqua-ammonia solu on received
from the absorber. Thus, it forms ammonia vapour at high
pressure and hot ammonia solu on with water.

Condenser

•It converts high pressure vapour ammonia into liquid
ammonia by circula ng cooling water.

Capillary Tube/
Expasnion Valve

•Liquid ammonia is expanded and converted into low
pressure and low temperature ammonia.

Evaporator

•This part is made up of copper coils and acts as a cold
chamber where the cooling process takes place by removing
heat from the substance to be cooled.

Absorber

•It mixes the low pressure ammonia vapour and the weak
ammonia solu on to make a strong aqua ammonia solu on.

Fig. 3.1.6: Basic components of VARS

Working Principle of VARS
The following image shows the basic working of a VARS:

Fig. 3.1.7: A VARS
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In a VARS, ammonia works as the working ﬂuid. In the absorber , there is a strong aquaammonia solu on which is pumped into a generator where the solu on is heated. The
ammonia gets evaporated at high pressure and weak ammonia solu on is le .
This low-pressure ammonia passes through the evaporator and absorbs the heat from the
substance which needs to be cooled. Thus, the ammonia gets evaporated to form low
pressure ammonia vapour which is sent to the absorber and this cycle is repeated.
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Ac vity
1. Write the uses of refrigera on and air condi oning shown in the following images in the
boxes provided below them.

2. Fill the red outlined places as per the diagram of the working principle of refrigera on.
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Unit 3.2: Components in a Refrigera on System
Unit Objec ves
At the end of this unit, you will be able to:
1. Iden fy the basic components in refrigera on system
2. Iden fy the types of compressors
3. Explain the working of the basic components
4. Describe the working of refrigerators and ACs

3.2.1 Refrigera on System Components
A refrigera on system consists of four main c omponents as shown in the following ﬁgure:
Components of a
refrigera on
system

Evaporator

Compressor

Condenser

Capillary tube

Fig. 3.2.1: Basic components of a refrigera on system

Evaporator
The evaporator turns the cold, low pressure refrigerant into vapour. It is located in the freezer
sec on of the refrigerator and has a fan blowing across coils of copper or aluminium tubing.
The cooler refrigerant absorbs the warmer heat from the surrounding and its temperature
rises. This cools down the surrounding and a warm, low pressure refrigerant is sucked into the
compressor. There are two types of evaporators:
•
•

Fin type evaporator: It is used in AC’s mostly.
Roll bond evaporator: It is used mostly in domes c refrigerators.

The following image shows the two types of evaporators:

Fig. 3.2.2: A ﬁn type and a roll bond type evaporator
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Compressor
The compressor is the most important part of the refrigera on system. It pulls in the lowpressure refrigerant from the evaporator through a suc on line and compresses it into a highpressure vapour. The following image shows a compressor:

Fig. 3.2.3: A compressor

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 refri gera on system. These are as shown in the following
ﬁgure:
Reciproca ng compressor

•A posi ve displacement compressor that delivers gas at
high pressure by using pistons.

Rotary compressor
A posi ve displacement compressor that uses a rotary
impeller to drive the air through a curved chamber to
compress it.

Scroll compressor
•A posi ve displacement rotary compressor with a ﬁxed
and rota ng scroll. Gas is compressed by conﬁning in
between the two scrolls.

Fig. 3.2.4: Types of compressors
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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, the fan cools the vapour refrigerant and changes it into liquid.
This liquid refrigerant enters the expansion valve.
The following image shows a condenser:

Fig. 3.2.5: A condenser

Capillary Tube
For decreasing the pressure of the refrigerant coming from the compressor, a device is
installed in the refrigera on/air condi oning system known as a capillary tube. This is a
thro ling device used commonly in refrigera on and air condi oning systems. It is a copper
tube with a very small internal diameter. This tube is coiled mul ple mes. The small opening
of the tube helps in pressure drop of the refrigerant. The following image shows a capillary
tube:

Fig. 3.2.6: A capillary tube
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3.2.2 Working of Refrigerator and A C
Refrigerators and ACs contain components such as a compressor, an evaporator, solenoids
and controls which are connected with each other to work as a system.
Domes c Refrigerators
Refrigerators are used to lower the temperature of food and other products to improve their
life. In refrigerators , the heat is transferred from a conﬁned space which stores the item to be
cooled to the external environment.
The refrigerators based on it uses are of two types:
• Frost Free Refrigerators : In frost free refrigerators, no manual defros ng is required. A
small element helps remove the accumulated ice me to me. Basic diﬀerence is in circuit
diagram. The following ﬁgure shows the basic components of a frost free refrigerator:

Fig. 3.2.7: Frost free refrigerator

•

Direct Cool Refrigerators: In direct cool refrigerators , a defrost circuit is a ached which
helps to melt the ice when turned on to remove the accumulated ice. The following
image shows the basic components of a direct cool refrigerator:

Fig. 3.2.8: Direct cool refrigerator
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‘

The evaporator tubes made of copper are connected to capillary tubes and they are sealed
properly to prevent any leakage of the refrigerant gas. The other end of the evaporator tubing
is connected to the compressor from where the refrigerant in compressed form ﬂows into the
evaporator. The other end of the compressor is connecte d to the condenser cooling unit. The
evaporator is connected between the capillary tube and the compressor. The compressor
contains a compressor relay box from where its se ngs can be changed as per the use. The
main power supply is a ached to the compressor for the func oning of the refrigera on cycle.
The ﬁlter drier is a ached between the capillary tube and the condenser. The thermostat and
the cold control is connected to the compressor control and the evaporator. The door switch
and the interior light is connected to the compressor control. All pipe connec ons are sealed
to prevent any refrigerant leakage.
Basic Wiring of a Domes c Refrigerator
• Frost Free Refrigerators: In frost free refrigerators, a defrost heater is a ached , which is
ac vated when there is ice accumula on in the compartment. It also helps in the
circula on of air to keep the food item safe.
The following image shows the basic wiring diagram of the components of a domes c
refrigerator:

Fig. 3.2.9: Basic wiring of a frost-free refrigerator
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•

Direct Cool Refrigerators: In direct cool refrigerators , there is a manual switch in the
circuit which needs to be manually switched on to defrost the ice accumulated in the
refrigerator compartment.
The following image shows the circuit diagram of a direct cool refrigerator:

Fig. 3.2.10: Basic wiring of a direct cool refrigerator

AC
Air condi oning is the process of removing heat and moisture from an area to a place outside
of the area, which makes the environment comfortable for the occupants. This basically works
on the principle of refrigera on.
The air condi oning systems are basically of two types:
• Window AC: Window AC basically comprises of a single working unit which can be
installed at a window. The condenser and the evaporator work on a single base. The
following image shows the basic components of a window AC:

Fig. 3.2.11: Window AC diagram
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•

Split AC: A split AC is basically a two unit set. One is indoor unit (IDU) and the other one
is outdoor unit (ODU). The IDU contains the evaporator, the basic air ﬁlter and the vents
and the ODU contains the condenser coils, the fan motor and other compressor like
parts. The following image shows the basic components of a split AC:

Fig. 3.2.12: Split AC diagram

Basic Wiring of ACs
•

Window AC: As window AC comprises of only one unit in which all the components are
connected, the wiring is done for a single unit. The following image shows the basic wiring
diagram of the components of a window AC:

Fig. 3.2.13: Basic wiring of a window AC
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•

Split AC: A split AC contains two units, IDU and ODU. So, both the compartments have
their diﬀerent wiring connec ons. The following image shows the circuit diagram of
both the units of a split AC:

Fig. 3.2.14: Basic wiring of a split AC

The main power supply chord is split into ground wire, live wire and neutral wire. Ground
wire is connected to the metal casing of the AC. Live wire is connected to the selector
switch to supply power in the compressor, the motor and the other parts of the AC. The
live wire from the selector switch is connected to the thermostat switch, then to the
compressor of the AC and with the fan motor as well. The neutral wire is connected to the
fan motor and the compressor and it goes directly without involving any switch. The
connec ons are done at the backside of the selector switch. All the neutral wires are
connected so that they become common to each other; this enables the connec on to be
connected at the same point.
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Ac vity
1. Write the basic components of a refrigera on system in the space provided in the
following ﬁgure.

Components of a
refrigera on
system

___________

____________

____________

____________

2. Iden fy the components of an RAC unit and write their names in the space given below
their images.

_________

_________

__________

__________
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Unit 3.3: Refrigerants
Unit Objec ves
At the end of this unit, you will be able to:
1. Deﬁne refrigerant
2. List the proper es of refrigerant
3. Iden fy the types of refrigerants
4. Explain the safe working condi ons with refrigerants

3.3.1 Refrigerant
A refrigerant is a chemical compound that is used in the refrigera on cycle to transfer heat
from one area to another. Refrigerants are used in all cooling devices such as refrigerators,
freezers and air-condi oners. Most commonly used commercial refrigerants are ammonia,
sulphur dioxide and non-halogenated hydrocarbons.
Proper es of Refrigerants
An ideal refrigerant should sa sfy certain thermodynamic, chemical and physical proper es
to be able to be used safely and eﬃciently in a refrigera ng equipment. In addi on, they
should not pose any danger to health and property. T he following ﬁgure shows the proper es
that an ideal refrigerant should possess:
Thermodynamic
Proper es
•Low boiling
point
•Low freezing
point
•Low
condensing
pressure
•High latent
heat of
vaporiza on

Chemical
Proper es
•Odourless
•Non-toxic
•Non
inﬂammable
•Non corrosive
•Immiscible with
oil
•High electric
resistance

Physical
Proper es
•Low viscosity
•High thermal
conduc vity
•Low speciﬁc
volume
•Low speciﬁc
heat

Other Proper es
•Easy to handle
•Readily
available
•Low cost
•Low power
requirement

Fig. 3.3.1: Proper es of refrigerants

Selec on of Refrigerants
Even though a variety of refrigerants are available commercially nowadays, no one refrigerant
has proved to be ideal under all circumstances. In some applica ons, a non-toxic, noninﬂammable refrigerant is a must but in other applica ons , these two characteris cs might
not be that important. Therefore, when selec ng an appropriate refrigerant, care must be
taken to choose the one which has proper es closest to an ideal refrigerant for that
applica on.
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3.3.2 Types of Refrigerants
There are two main categories in which refrigerants are divided. These are shown in the
following ﬁgure:
Chloroﬂurocarbons (CFCs)

Synthe c

Hydrochloroﬂurocarbons
(HCFCs)

Hydroﬂurocarbons (HFCs)

Refrigerants

Hydrocarbons

Carbon dioxide

Natural

Ammonia

Water

Air
Fig. 3.3.2: Types of refrigerants

Synthe c Refrigerants
Synthe c Refrigerants are man -made refrigerants. They are very harmful to the environment
and have led to ozone deple on and a rise in global warming.
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 and commercial, industrial and
automo ve industries. CFCs are chemically very stable. They are compa ble with most
substances. They are non-toxic, non-ﬂammable and non-reac ve. 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 deple on.
Therefore, their use has been prohibited since 1987 by the Montreal protocol.
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The following image shows the molecular structure of CFC:

Fig. 3.3.3: CFC

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 households and commercial, industrial and
automo ve industries. They are energy-eﬃcient, low-in-toxicity and cost eﬀec ve. They are
less stable than CFCs but are equally compa ble 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 consump on by 75%. However, their main drawback is
that they are strong greenhouse gases. The following image shows the molecular structure of
HCFC:

Fig. 3.3.4: HCFC

HFCs
HFC is an organic compound that is made up of Hydrogen, Fluorine and Carbon. They have
been widely used since 1990s in all applica ons that were ini ally using CFCs and HCFCs. HFCs
are chemically very stable. They are compa ble with most subst ances. 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:

Fig. 3.3.5: HFC
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Natural Refrigerants
Natural Refrigerants are present in nature and do not need to be ar ﬁcially created. As they
have no impact either on the ozone layer or on global warming, they are considered as safe
and cost-eﬀec ve refrigerants.
Hydrocarbons (HCs)
HFC is an organic compound that is made up of Hydrogen and Carbon. They were widely used
un l 1930s and have been reapplied since 1990s. HCs are chemically very stable and are
compa ble 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 HC:

Fig. 3.3.6: HC

Ammonia (NH3, R717)
Ammonia is an organic compound that is made up of Hydrogen and Nitrogen. It has been
widely used as a refrigerant since 1800s and is at present used for commercial refrigera on
and chillers. It is chemically stable but reacts with carbon dioxide, water or copper. It is very
cost eﬀec ve and easily available. It has no impact on the ozone layer. The following image
shows the molecular structure of ammonia:

Fig. 3.3.7: 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
refrigera on, cold storage and hot -water pumps. It is chemically very stable and compa ble
with most substances. It is non-inﬂammable and has low toxicity. It is very cos t eﬀec ve and
easily available. It has no impact on the ozone layer.
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The following image shows the molecular structure of carbon dioxide:

Fig. 3.3.8: Carbon dioxide

The following table shows the proper es of diﬀerent types of refrigerants used in commercial
applica ons:
Refrigerant
HCFC

R22

Descrip on
•
•
•
•

R290

•
•
•
•

HFC

R134a

•
•
•
•
•
•

HC

R600a

•
•
•

HC Blends

R410a

•
•
•
•
•
•

Image

Suitable for installa ons requiring
low evapora ng temperature
Used with reciproca ng, rotary and
centrifugal compressors
Non-inﬂammable, non-poisonous,
non-corrosive and non-irrita ng
Colour code: green
Highest latent heat
Largest vapour density
Miscible in oil and compa ble with
copper
Low molecular mass and vapour
pressure
Saves up to 20% energy
Eco-friendly
Used as replacement for R12
Non-inﬂammable, non- toxic, noncorrosive
Used with reciproca ng, rotary,
screw and centrifugal compressors
Colour code: light blue
Most common refrigerant
refrigerators
Colourless, odourless and
inﬂammable
Colour code: orange
Blend of R32 and R125
Ozone friendly
Does not contain chlorine
Chemically stable
Non-inﬂammable
and
poisonous
Colour code: pink
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3.3.3 Sealed System
A sealed system essen ally means any system whose working is concealed and is closed to
the atmosphere. An RAC sealed system is the system in which the cooling takes place. It
consists of an evaporator, a condenser, a compressor, a suc on tube and a metering device.
All the parts containing the refrigerant are sealed with brazing or welding and have capped
valves and service ports to enable repair.
The following image shows the components of a sealed system in refrigera on:

Fig 3.3.9: Components of a sealed system

Advantages of a Sealed System
The individual components and pipes in a sealed system have only brazed connec ons; they
do not have joints. The en re pipeline is in a single piece. The following ﬁgure shows the
advantages of a sealed system:
Possible to a ain
lower temperatures

Reliable opera on

No possibility of air
ingress

Unit can run in
vacuum
Advantages

Fig 3.3.10: Advantages of a sealed system
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3.3.4 Safety While Working with Refrigerants
The refrigerants are basically chemicals and while working with them safety precau ons
should be taken. An assembly operator should wear personal protec ve equipment (PPE)
while working with the refrigerants. The following image shows the PPE to be used:

Safety glasses

Safety gloves

Safety mask

Safety shoes
Fig. 3.3.11: PPE

• To protect the eyes, safety goggles should be used.
• To protect hands and to avoid direct contact with the gas, safety gloves should be used.
• While handling heavy gas cylinders, safety shoes should be used.
• To prevent inhala on of harmful refriger ant gas, a gas mask should be used.
Some safety precau ons to be followed while working with hydrocarbon refrigerants are
shown in the following ﬁgure:
Minimise the emission of refrigerant.

Maintain proper ven la on to allow air to dilute the refrigerant gas.
Remove the igni on sources from the work area like open ﬂame or
electrical switches or motors.
Keep dry powder ﬁre ex nguisher near the work area to handle any ﬁre.

Fig. 3.3.12: Safety precau ons to be followed while working with hydrocarbons
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Ac vity
Write the name of the refrigerant gas below each of the following images as per the colour of
the refrigerant gas cylinder shown in the image.

____________

____________

____________

____________

____________
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Prac cal
Perform a check of wiring of a refrigerator as per the wiring diagram of refrigerator.
Equipment Used:
1.
2.
3.
4.

Wiring diagram of a refrigerator
Refrigerator unit
PPE such as safety shoes and safety gloves
Electrical tester.
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Prac cal
Perform a circuit diagram check of the components of a window AC.
Equipment Used:
1.
2.
3.
4.

Circuit diagram for window AC components
Window AC unit
PPE such as safety shoes and safety gloves
Tool box

60

RAC Assembly Operator

4. RAC: Tools and Safety
while Handling Tools
Unit 4.1 – Tools and their Maintenance
Unit 4.2 – Safety while Handling Tools

Key Learning Outcomes
At the end of this module, you will be able to:
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Iden fy the types of tools used for assembling
2. Iden fy the equipment used in assembling of RAC components
3. Explain the safety measures to be taken while handling tools
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UNIT 4.1: RAC: Tools and their Maintenance
Unit Objec ves
At the end of this unit, you will be able to:
1. Iden fy the types of tools used for assembling
2. Iden fy the equipment used in assembling of RAC components

4.1.1 Introduc on to Tools
Tools are non -consumable items that can be used in assembling RAC components. Tightening
of bolts, stripping wires and measuring angles and length can be easily done with the help of
speciﬁc tools. The tools can be divided into following categories based on the type of use:
• Hand Tools: These tools can be 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. The following image shows the basic hand tools used in the
assembling of RAC components:

Fig. 4.1.1: Hand tools used in RAC components’ assembling

•

Pneuma c Assembly Line Tools: These tools are pneuma cally powered tools used in the
assembly line. They are handy and quick to operate. These tools are available on the line
and thus easy to access and operate by the assembly operator. The foll owing image shows
a pneuma c tool used in the assembly line:

Fig. 4.1.2: Pneuma c tool used in RAC components’ assembling
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4.1.2 Basic Hand Tools
The following tools are used for basic assembling of RAC components:
1. Detachable Small Handle Screwdriver: It is a screw driver which can be used from either
end. One end has a plus ‘+’ shape for ‘+’ shaped screws and the other end is for minus ‘-’
shaped screws.
2. Detachable Long Handle Screw Driver: It is a similar kind of a screw driver with a long
stem. This also can be used from either end. One end has a plus '+' shape for '+' shaped
screws and the other end is for minus'-' shaped screws.
3. Slim Line Slot Head Screw Driver: It is used where hands or ﬁngers cannot reach. It has a
long and thin stem and has a minus'-' shape.
4. Round Screw Driver: It is used to screw and un-screw the minus '-', plus '+', star '*',
hexagonal or any other type of screw. It has a magne c front socket which can hold bits
of various shapes.
5. Bit Pad: It is a pad with eight-ten bits of varied shapes to be used with a round screw
driver.
6. Extension Bit/Rod: It is a component that is a ached to the front of the round screw
driver to increase its length. Once a ached, it increases the reach of the screw driver by
an inch to three-four inches. The following image shows a screw driver set:

Fig. 4.1.3: A screw driver set with bits

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

Fig. 4.1.4: A tester

8. Double Ended Round Spanner: It is a round spanner that can be used at either end. Each
end has a diﬀerent size. Generally, a set of spanner s has a combina on of sizes 10-11mm,
12-13 mm or 13-14mm.
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9. Simple Spanner: It is a normal spanner (wrench) which can be used at either end. These
are also two in number. One is a combina on of 10 -11mm and the other is a combina on
of 12-13mm and 14-15mm. The following image shows a spanner set:

Fig. 4.1.5: 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 situa ons where the assembly operator encounters a head which is either
bigger or smaller than the limited sized spanner they otherwise carry along with them.
11. Measuring Tape: It is a self-retrac ng pocket tape measure which is used to measure the
lengths and other parameters of objects while carrying out assembling. The following
image shows a measuring tape:

Fig. 4.1.6: A measuring tape

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

Fig. 4.1.7: A spirit level meter
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13. Heavy Duty Hammer: It is used for driving nails, ﬁ ng 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 li le
slit that is used to pull out nails from brackets. The following image shows a heavy-duty
hammer:

Fig. 4.1.8: A heavy duty hammer

14. Pliers: Pliers are hand tools that are designed primarily for gripping objects by using
leverage. Three types of pliers are used by an assembling operator. They are as follows:
a. Combina on 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, a screwdriver and small
nails. These pliers have a gripping joint at their snub nose and cu ng edge in their
craw. They also have insulated handle grips that reduce (but do not eliminate) the risk
of an electric shock due to contact with live wires.
b. Side Cu er or Heavy Duty Cu er: These are used to cut wires and nails.
c. Wire Stripper/Cu er: It is used for stripping electric wires to remove insula on from
the wires while leaving them intact. It is an adjustable plier which can be adjusted using
a screw driver to enable its usage on a thicker wire as well. The following image shows
pliers and cu ers:

Fig. 4.1.9: Cu ers and pliers

15. Component Box: It is a small box to keep small spare parts like s crews, nuts, bolts, p-clips
and so on.
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16. Digital Mul meter: 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
mul meters have a variety of other func ons such as measurement of frequency (not up
to a high level of precision), capacitance and temperature. The following image shows a
digital mul meter:

Fig. 4.1.10: A digital mul meter

17. Hacksaw: It is used by the installer to cut a plas c pipe or a plas c conduit. It is a hand
saw with a C shaped frame which holds a blade. The following image shows a hacksaw:

Fig. 4.1.11: A hacksaw

18. Cu ng Knife: It is used at a workplace to cut the tape of sealed packages without
damaging the packaging content. It is also known as a u lity knife. The following is an
image of a cu ng knife:

Fig. 4.1.12: A cu ng knife
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19. Tube Cu er: This tool is used to cut a copper or a plas c pipe in a clean, convenient and
fast manner. It is also known as a pipe cu er. The following image shows a tube cu er:

Fig. 4.1.13: A tube cu er

20. Torque Wrench: It is used to measure the torque in nuts or bolts. It is mainly used in
preven on of over ghtening of bolts. The following image shows a torque wrench:

Fig. 4.1.14: A torque wrench

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

Fig. 4.1.15: A wrench

22. Refrigerant Gas Detector: This tool is used to detect a gas leak around the appliance or in
the surrounding. The following image shows a gas detector:

Fig. 4.1.16: A gas detector
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23. Digital Clamp Meter: An electrical tester which combines a mul meter 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 any me 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 a clamp meter:

Fig.4.1.17: A clamp Meter

4.1.3 Pneuma c Tools
These tools as discussed earlier are powered by compressed air and are easy to operate. The
tools are quick to work with and thus increase the work eﬃciency on the assembly line.
1. 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 mo on is a rotatory mo on whereas hammer mo on is a combination of
rotatory and hammer mo on.
There are separate bits for both the modes. The following image shows a drill machine
and drill bits:

Fig. 4.1.18: A drill machine and drill bits
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Bits: The way a drill machine has two modes, normal and hammer, bits are also of two
types. One set of bits is used for normal drilling whereas the other set is used for hammer
drilling. A hammer drilling bit has got a diﬀerent shape and also has grooves for be er
grip. It is generally used for concrete and comes in varie d sizes such as 6mm, 8mm, 10mm,
12mm and 47mm in length.
2. Pneuma c Screw Drivers: Pneuma c screw drivers are used to ghten or loosen the
screws that are mounted with a measurable amount of strength, which is required for a
good moun ng. It is a mul purpose tool as only by changing the head of the tool, mul ple
types of screws can be mounted and removed. The following image shows a pneuma c
screw driver:

Fig. 4.1.19: A pneuma c screw driver
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Ac vity
Look at the picture. Pick any 6 tools and write about them in the following table:

Name of the tool

Func on/Usage of the tool

1.
2.
3.
4.
5.
6.
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UNIT 4.2: Safety While Handling Tools
Unit Objec ves
At the end of this unit, you will be able to:
1. Safety measures to be taken while handling tools

4.2.1 Maintenance and Housekeeping of Tools
As tools are essen al for an assembly operator, regular maintenance and check s needs to be
done to maintain the tools in good condi on. Using or working with a damaged, broken or
unsuitable tool is hazardous.
To keep the tools in good condi on , the following prac ces should be adhered:
•
•
•
•
•
•
•
•
•
•

The tools should be taken from the store as per the requirement and return ed in good
condi on a er comple on of work.
A regular rou ne check of the tools should be done to examine their condi on.
The damaged and worn out tools should be ﬁxed, else the tools should be replaced.
Before and a er comple on of the work , the tools should be cleaned properly.
The edges of sharp edged tools should be maintained sharp.
The tools should be kept in the store department in an ordered way in proper toolboxes.
The sharp tools should be kept with protec ve guard over the sharp edges.
The broken tools should be discarded with care.
Regular examina on, repair and mainten ance of the tools should be carried out only by a
competent person.
Any issue related to damage or faulty tool/equipment should be reported to the store
supervisor or senior.

4.2.2 Safety while Working
While working at a site, an assembly operator should ensure to follow the safety regula ons
to avoid any accident. Safety is the primary concern as per any company’s policy and
standards.
Safety should be followed:
• While handling tools/equipment
• Working around machines and electrical components.
The following safety points should be considered while working:
•

•

Overloading – While using tools/equipment, make sure that they are not overloaded or
operated beyond working limits. The ladder or structure over which work has to be done
should not be overloaded as well.
Overreach – Do not try to reach beyond a point while working on an elevated surface.
Keep the safety line ed with the safety belt while working.
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•
•
•

•
•

Res ng Tools – Avoid res ng or hanging of tools over the assembly line.
Carrying Tools – Always carry tools safely or use tool belts for carrying them.
Stability – Always ensure to make a stable point of contact on the ground , especially while
working around automated machines or assembly lines. Ensure making three points of
contact rule for stable posi on before star ng the work.
Standardised Equipment – Ensure the use of standardised equipment like tools, ladders
and safety equipment.
Maintenance – Always maintain tools and equipment in good condi on and clean them
before using.

First Aid
While working on an assembly line and handling tools and equipment, a person might suﬀer
some injury. So, to handle such a situa on the operator should know how to use the ﬁrst aid
kit, which can provide the necessary ﬁrst aid. The ﬁrst aid box may contain:
• Instruc ons to provide ﬁrst aid
• Sterile and an sep c liquids
• Bandages of appropriate sizes and co on
• Scissors, clippers and tweezers
• Cold pads
• Disposable gloves
The operator should have the required basic knowledge to provide ﬁrst aid. Also, in case of
any accident, the person should contact emergency services as soon as possible via the
available communica on methods.
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Ac vity
List 5 points that can help an assembly operator to keep his/her tools in a good working
condi on:
1.
2.
3.
4.
5.

_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
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Prac cal
Perform cleaning, maintenance and placement of the given hand tools:
• Hammer
• Plier
• Crimpers mul meter
• Screw driver
• Drill machine
Use the items such as dry cloths, cleaning agent, sand paper, and tool box.
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5. Assembling Process of
Refrigerator and Air
Condi oner
Unit 5.1 – Assembling of Refrigerator
Unit 5.2 – Assembling of Air Condi oner (AC)
Unit 5.3 – Safety Policies, Precau ons and Procedures
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.
8.

Describe the assembling ﬂow of a refrigerator
Explain the assembling steps
Explain the methods used in copper tube brazing
Describe the assembling ﬂow of an AC
Explain the assembling steps
Explain safety precau ons while electrical wiring
Iden fy the PPE in assembling process
Explain 5s and Kaizen methods as work standards
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UNIT 5.1: Assembling of Refrigerator
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe the assembling ﬂow of a refrigerator
2. Explain the assembling steps
3. Explain the methods used in copper tube brazing

5.1.1 Refrigerator Assembling Based on its Type
In a refrigerator assembling process , diﬀerent modules like storage cabinet, trays, doors and
electrical controls are received from the stores. The storage cabinet which has been foamed
and formed during the manufacturing process is ﬁrst received. A er that , the assembling
process takes place, in which all the modules are assembled to form a ﬁnal product. It is vital
to ensure that these modules are in proper working condi on.
The assembling of refrigerators is diﬀerent for diﬀerent types of refrigerators and models
based on their manufacturers. Majorly, the refrigerator assembly can be divided into two
parts based on the type of refrigerators discussed earlier.
Direct Cool Refrigerators
A er the refrigerator cabinet is received on the assembly line, the assembling takes place in
two segments simultaneously, which are the front and the back assembly. At the end of the
assembly, performance test is done to check the func oning of each component and to check
if the standard desired result can be obtained for passing the refrigerator unit as per the
standards.
In direct cool, the assembling processes that are done are shown in the following ﬂowchart:
Front Assembly
Back Assembly
A ach doors

Install
evaporator

Assemble shelves
and racks

Install condenser

Add electrical
components

Install
compressor

Assemble the
gasket sealing

Install capillary
tube
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Pressurize and do
leak tes ng

Evacuate

Charge with gas

Performance test
Fig. 5.1.1: Assembling of a direct cool refrigerator

Frost Free Refrigerators
A frost-free refrigerator works on a diﬀerent principle ; so it requires a diﬀerent type of
assembling. The basic of assembling remains the same as the refrigerator cabinet moves
forward in the assembly line and the operators install the components simultaneously from
the front and back side. A er the ﬁnal assembling, the refrigerator is tested and send for
packaging. The following ﬂowchart shows the front assembly process of a frost-free
refrigerator:
Front assembly

Back assembly

Assemble cooling coil

Install condenser

Assemble fan motor

Install compressor

Assemble freezer

Brazing of joints

Assemble bimetal
thermostat

Pressurize and do leak
tes ng

Assemble sensors

Evacuate

Assemble duct

Charge with gas

Fig. 5.1.2: Assembling of a frost-free refrigerator
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Before assembling the components, ﬁrst the pre-assembled manufactured components are
received and checked; then the ﬁnal assembly on the block takes place.
Receive Foam-based Panels
As a part of the assembling process, foam-based pre-manufactured refrigerator
compartments are received in the assembling area. These include a refrigerator cabinet unit,
which is made from bent metal sheets. In this unit, foam is ﬁlled in the lining to make it
insulated. Proper slots and sec ons are made while foaming for assembling of freezer,
evaporator and other units. Door assembly is also manufactured in the same manner along
with the refrigera on compartments. These units are taken from the storage or
manufacturing units. The steps shown in the following ﬂowchart are performed in receiving
the foam-based panels and cabinet and preparing them for further assembling process:
Receive the foam-based refrigerator cabinet and door assembly
and remove the packaging carefully.

Dispose the waste as per the working instruc on.

Check the cabinet and foaming carefully for any damage.

Forward the cabinet and panels which are suitable and send the
damaged units back to the manufacturing or store department.
Fig. 5.1.3: Receiving and checking pre-assembled parts

Front Assembly Process
The steps for the front assembly process are as follows:

1. Assemble the Door Panel
The steps for assembling a door panel are as follows:
a. Receive the storage cabinet and the doors for the assembly and ensure that they are
in good condi on.
b. Install the clamp over the storage cabinet where the door assembly needs to be
installed and secure it by ghtly ﬁ ng the screws.
c. Place the door panel on the side of the cabinet over the clamps and align the door.
d. Install the clamps and place the screws; then ghten them to make a secure door ﬁt.
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e. Swing the door to ensure its smooth func oning.
f. Ensure proper space is le for the smooth func oning of the door.
The following image shows the steps in assembling the door panel of a refrigerator:

Fig. 5.1.4: Assembling of the door panel

2. Assemble the Trays, Shelves and Doors Handles
The steps for assembling the door handles, trays and shelves are as follows:
a. Receive the door handles, the shelves and the trays and check if the speciﬁca on is as
per the refrigerator model.
b. Install the door clamp on the refrigerator door and secure it with screws.
c. Install the handle clamps and secure it with screws.
d. Install the handle by sliding the clamp over the door.
e. Make sure that the ﬁ ng is ght and secure.
f. Open the refrigerator door up to the safe limit to easily install the shelves and the
trays.
g. Install the trays and the shelves by sliding them over the slots given in the inside of
the refrigerator cabinet.
h. Make sure that the right type of shelves are installed in the right slots.
i. Make sure that the shelves and the trays are installed securely and are in the right
posi on as per the installa on manual.
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The following image shows the assembling of the trays, shelves and door handles of a
refrigerator:

Fig. 5.1.5: Assembling of the door handle, trays and shelves

3. Assemble the Evaporator/Cooling Coil and Fan Motor
The steps for assembling an evaporator are as follows:
a. Receive the evaporator assembly and remove the packaging safely using proper tools.
Dispose the packing waste as per the working instruc ons.
b. Check if the evaporator and evaporator fan assembly speciﬁca on is matching with
the refrigerator model and type.
c. Install the evaporator in the desired slots given in the foamed refrigerator cabinet.
d. Place the evaporator carefully without damaging the cabinet.
e. Mount the screws to secure the posi on of the evaporator assembly.
f. Make sure that the evaporator connec ons are open and free to make connec on in
further assembly process.
g. Connect the evaporator fan assembly in the desired slot given on the refrigerator
cabinet.
h. Mount screws to secure the fan assembly at its posi on.
i. Make sure the fan electrical wires are free to make connec ons.
j. Check the ﬁ ng of assembled components and forward the unit in the assembling
process.
k. Assemble the fan motor over the coil.
l. A ach the connec ng cable to the given socket for power connec on.
m. Secure the fan at its posi on by securing it with screws.
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The following image shows the steps in assembling the evaporator of a refrigerator:

Fig. 5.1.6: Assembling of the evaporator

4. Assemble the Electrical Components (Sensors and Ducts)
The steps for assembling an electrical panel are as follows:
a.
b.
c.
d.
e.
f.

Receive the PCB control panel along with the wiring connec ons.
Insert the control panel PCB in the control board housing.
Make the electrical wiring connec on to the electronic board wiring.
Install the cover mount over the electrical board.
Install the electrical board over the refrigerator and secure the panel with screws.
Check the electrical connec on by switching on the main power connec on and check
the supply in each module.
g. Install the sensor on the panels provided in the inner lining of the refrigerator
compartment.
h. Connect the sensors with the supply ports given.
i. Mount the duct for proper air and water ven la on.
j. Secure the structures by moun ng and ﬁxing them with screws.

84

RAC Assembly Operator

The following image shows the steps in assembling the electrical panel:

Fig. 5.1.7: Assembling of the electrical panel

5. Assemble the Gasket Sealing
The steps for assembling a gasket sealing are as follows:
a. Install the gasket on the outer surface of the door lining.
b. Loosen the inner lining and install the screws.
c. Tighten the screws using a screw driver.
The following image shows the steps to assemble the refrigerator door gasket:

Fig. 5.1.8: Assembling of the door gasket
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Back Assembly Process

1. Assemble the Condenser
The steps for assembling a condenser are as follows:
a. Receive the condenser assembly and check for any damage.
b. Install the condenser over the back panel of the fridge on the slots given for
installa on of condenser and secure it with screws.
c. Make sure that the opening for refrigerator ﬁlter and capillary tube are free for
assembling these components.
The following image shows the steps in assembling the condenser of a refrigerator:

Fig. 5.1.9: Assembling of the condenser

2. Assemble the Compressor
The steps for assembling a compressor are as follows:
a. Check that the compressor compa bility and speciﬁca ons are as per the
refrigerator.
b. Connect the discharge and the suc on tube using pliers and also install the valve in
the process tube.
c. Install the capacitor on the relay and the overload protector on the compressor.
d. Make the wiring connec on for cooling and for the overload protector.
e. Cover the electrical components with a protec ve cover.
f. Remove the manifold and install the service valve caps.
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The following image shows the steps in assembling the compressor of a refrigerato r:

Fig. 5.1.10: Assembling of the compressor

3. Assemble the Capillary Tube and the Refrigerant Filter
The steps for assembling a capillary tube and a refrigerant ﬁlter are as follows:
a. Receive the capillary tube and the refrigerant and check for any damage . Also, check
if the speciﬁca on is matching with the refrigerator’s speciﬁca on.
b. A ach the capillary tube end with the condenser and the evaporator and ﬁt the joint
temporarily using a plier.
c. Make sure that the joints are made correct as per the ass embling instruc on so that
brazing can be done to make the joint permanent.
The following image shows the assembly of the capillary tube and the refrigerant ﬁlter:

Fig. 5.1.11: Assembling of the capillary tube and the refrigerant ﬁlter
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4. Sealing and Charging the System
Sealing and charging of a refrigera on system is a two done in single stage. Sealing is done
by performing the brazing opera on and then the leak test is performed. A er checking
the leaks the system is charged with the refrigerant ga s.
Sealing the System
Sealing of the system is done by brazing opera on. Brazing is the process of joining two
metals by ﬁlling the joint with a diﬀerent metal, melted at a very high temperature. The
ﬁller or the brazing rod is melted by the heat of the metals rather than the ﬂame.
The following ﬁgure shows the most commonly used brazing techniques:
Torch brazing

•Uses fuel in a gas ﬂame such as acetylene, and oxygen
with appropriate brazing torch to generate heat

Induc on brazing

•Uses a rapidly alterna ng current to generate heat

Resistance brazing

•Uses resistance of a metal to an electric current to
generate heat

Furnace brazing

•Uses a furnace to generate heat

Fig. 5.1.12: Brazing techniques

The following table shows the steps of brazing a copper tube:
Step
No.

Task

Image

1.

Cut the desired length of the tube.

2.

Remove the internal burrs with a
deburrer.

3.

Assemble the tubes and the
ﬁ ng. Purge the residues out of
the tubes before brazing.

4.

Apply uniform heat to both the
tubes and the ﬁ ng.
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5.

Apply the ﬁller material.

6.

Complete the joint evenly and
remove heat.

Fig. 5.1.13: Steps of brazing a copper tube

Charging the Refrigerant:
The steps involved in charging the refrigerant in the refrigera on system are as follows:
a. Connect the tap valve line with the charging valve hose.
b. Open the charging valve and let the air ﬂow out of the system.
c. Close the air outlet valve.
d. Ensure that the ambient temperature and the scale temperature are on level.
e. Open the line tap valve to let the refrigerant ﬂow in the system.
f. Allow the system pressure to equalise and then close the charging valve when the
system is charged fully.
g. Wait for some me so that the liquid vaporizes and the system pressure equalizes;
a er that close the line tap valve.
h. Disconnect the charger system and braze the valves of the compressor to seal the
system.
i. Perform a leak test.
The following image shows the steps in charging of refrigerant in a refrigera on system:

Fig. 5.1.14: Charging of refrigerant in refrigera on system

89

Par cipant Handbook

Ac vity
Match the basic components of a refrigerator with their names:
Component

Component’s name
Condenser

Expansion valve/Capillary tube

Evaporator

Compressor
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UNIT 5.2: Assembling of AC
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe the assembling ﬂow of an AC
2. Explain the assembling steps

5.2.1 Air Condi oning Assembling Based on its Type
In the assembling of an AC system, diﬀerent modules like the AC cabinet, the blower, the
condenser, the evaporator coil, the PCB with the control pa nels and the front panel are
assembled together to make a ﬁnal complete working system. The assembling process of AC s
is diﬀerent for diﬀerent types, models and manufacturers. Majorly , the assembling of ACs can
be divided into two categories and the assembling process can be categorised on this basis.
Window AC
A window type of an AC is made of a single working unit; so the assembling process of a
window AC includes front and back assembly. The following f lowchart shows the assembling
process of a window AC:
Front assembly

Back assembly

Assemble cooling
coil

Install condenser

Assemble venturi

Install compressor

Add control
panel

Install drier

Assemble
accessories

Install copper tube

Pressurize,
evacuate and ﬁll gas
Performance tes ng
Fig. 5.2.1: Assembling of a window AC
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Split AC
A split AC is made of two parts which are IDU and ODU. Both the components are assembled
separately on the assembly line.
The AC assembling process can be explained by the following ﬂow chart:
Indoor Unit (IDU)

Outdoor Unit (ODU)

Assemble evaporator/
cooling coil

Install condenser

Assemble fan

Install condenser fan

Assemble air ﬁlter

Install compressor

Add control panel and
display

Install capacitors
and service valves

Assemble vents
Install copper tubing
and perform brazing

Pressurize, evacuate
and ﬁll gas

Install top cover
Performance tes ng
Fig. 5.2.2: Assembling of a split AC

Before star ng the assembly of any type of AC the assembly operator has to receive the
pre-manufactured base compartment and perform a basic inspec on to check if there is
any damage or fault which might aﬀect the ﬁnal product or further assembly.
Receive the Base Frame Compartment and the Other Modules
The steps for receiving the base frame compartment and other modules are as follows:
1. Receive the AC base frame/compartment.
2. Ensure that the condenser, the ﬁlter, the PCB, the control panel and the other modules
are as per the speciﬁca ons.

92

RAC Assembly Operator

3. Unpack the modules carefully and dispose the packaging waste properly.
4. Inspect and make sure that the modules are not damaged. If there is any damage , then
report to the supervisor.
5. Prepare the modules for the ﬁnal assembling process by doing the basic ﬁ ngs.
The following image shows a foam-based AC compartment being inspected on an assembly
line:

Fig. 5.2.3: Inspec on of AC compartment before assembly

The following are the steps involved in assembly of both window and split type AC:

1. Assemble the Condenser Assembly Unit
The steps for assembling a condenser assembly are as follows:
a.
b.
c.
d.
e.
f.

Receive the condenser unit which has to be assembled in the AC cabinet.
Insert the condenser into the AC cabinet in the slots given for the condenser unit.
Connect the thermistor on the moun ng clip.
A ach the moun ng screws holdi ng the base plate of the condenser to the cabinet.
Connect the inlet and the outlet coolant line.
Mount the screws of the AC cabinet and the condenser.

The following image shows the steps involved in assembling the AC condenser:

Fig. 5.2.4: Assembling of the condenser unit
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2. Assemble the Evaporator Assembly/Cooling Coil
The steps for assembling an evaporator assembly are as follows:
a. Inspect the received evaporator coils for any damage or crack.
b. Install the evaporator coils in the ports given in the AC ca binet.
c. Connect the pipes with the compressor and the expansion valve for the coolant to
ﬂow.
d. Mount and ghten the screws to ﬁt the evaporator on the AC cabinet.
e. Make sure that the electrical connec on are suspended freely.
The following image shows the steps involved in assembling the AC evaporator:

Fig. 5.2.5: Assembling of the evaporator unit

3. Assemble the Compressor
The steps for assembling a compressor unit are as follows:
a. Receive the compressor from the store and check the unit for any damage.
b. Install the compressor unit over the AC housing and secure its posi on with screws.
c. Connect the suc on line with the evaporator and the discharge line with the
condenser unit.
d. Make temporary connec on of the pipes that can be made permanent during sealing
of the system.
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The following image shows the steps involved in assembling the compressor in a window
AC unit:

Fig. 5.2.6: Assembling of the compressor unit

4. Assemble the Motor, Fan and Filter Unit
The steps for assembling a blower are as follows:
a.
b.
c.
d.
e.

Check the received blower assembly.
A ach the fan motor to the blower.
Mount the motor assembly over the motor housing.
A ach the housing in front of the evaporator and secure it with screws.
Connect the power supply wirings of the blower by referring to the assembling
manual.
f. Mount the blower housing cabinet.
g. Secure the cabinet with screws.
The following image shows the steps involved in assembling a window AC blower:

Fig. 5.2.7: Assembling of the motor, fan and ﬁlter unit
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5. Assemble the Copper Tubing and Service Valves
The steps for assembling a copper tubing and service valves are as follows:
a. Receive the copper tubing and service valves.
b. A ach the copper tubing ends with the coils and condenser assembly.
c. Make temporary joints on the valves and the coils.
The following image shows the steps involved in assembling the AC copper tubing and
valves:

Fig. 5.2.8: Assembling of the copper coil and service valves

6. Assemble the PCB and the Control Panel
The steps for assembling a PCB and control panels are as follows:
a.
b.
c.
d.
e.

Receive the PCB for assembling.
Check the connec ons on the PCB using a mul meter.
Mount the PCB on the AC cabinet.
Make the necessary wiring connec ons by referring to the assembling manual.
Secure the connec ons by fastening the screws.
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The following image shows the steps involved in assembling the AC PCB and control panel:

Fig. 5.2.9: Assembling of the PCB and the control panel

7. Assemble the Filter Unit
The steps for assembling a ﬁlter unit are as follows:
a. Receive the ﬁlter assembly and check for any damage or crack.
b. Place the ﬁlter unit over the front housing of the AC.
c. Secure the ﬁlter with the clamps provided for holding it.
d. Mount the front panel of the AC.
e. Secure the front panel with screws.
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The following image shows the steps involved in assembling the window AC ﬁlter:

Fig. 5.2.10: Assembling of the ﬁlter unit

8. Braze the System, Perform Leak Test and Charge Refrigerant
Braze the System
The steps for sealing the system are as follows:
a. Deburr, clean and apply ﬂux on the copper tubing connec ng evaporator, condenser
and compressor units.
b. Leave the compressor valves for charging the refrigerant.
c. Make sure to apply the ﬂux in the tubes’ inner lining.
d. Ignite the torch and apply the ﬂame over the joints.
e. Keep moving the torch to avoid overhea ng.
f. Apply brazing agent over the joint while ﬂaming the joint.
g. Fill the joints uniformly with the melted brazing agent.
h. Allow the joint to cool and then remove the residue ﬂux.
i. Check the unit for a leak test using soap water solu on.
j. Fill the leaks and make sure that the system is sealed properly.
Perform Leak Test
The steps for leak tes ng of the refrigerant are as follows:
a. Insert the leak tes ng meter at the end of the compressor.
b. Check the gas ﬂow reading on the meter.
c. Also, perform the soap water test by applying soap water on the copper tube to
test for any leak.
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The following image shows the steps involved in l eak tes ng of the refrigerant :

Fig. 5.2.11: Leak tes ng of the refrigerant

Charge Refrigerant
The steps for charging the refrigerant are as follows:
a.
b.
c.
d.
e.
f.
g.
h.
i.

Take the refrigera on kit to a safe place near the AC unit.
A ach the service valve of the kit to the compressor line.
A ach the other compressor line to the tap valve.
Make sure that the connec ons are ght and secure.
Observe the pressure balance on the charging gauge.
Let the refrigerant ﬁll in the unit completely.
Remove the refrigerant line and secure the compressor lines.
Seal the compressor line using the brazing method.
Perform a leak test for the refrigerant and ﬁx if there is any leakage issue.

The following image shows the steps involved in brazing the system and charging the
refrigerant:

Fig. 5.2.12: Brazing the system and charging the refrigerant
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9. Assemble the Supply Unit and the Front Panel
The steps for assembling the supply unit and front panel are as follows:
a.
b.
c.
d.
e.
f.
g.

Receive the power cord and the housing and check for any damage or crack.
Connect the power supply cord to the PCB control panel and the capacitor unit.
Secure the electrical connec on as per the assembling and wiring diagram.
Check the connec ons using the ammeter.
Mount the power housing and secure it with screws.
Mount the front panel and the back panel on the AC.
Secure the panels using the right tools.

The following image shows the steps involved in assembling a window AC supply unit and
front panel:

Fig. 5.2.13: Assembling of the power supply unit and the front panel

10. Labelling and Packaging
In labelling and packaging, the assembly operator has to label the product with company
speciﬁc logos and labels. Then, the ﬁnal assembled AC is packed in cardboard cartons for
dispatch or storage. The following image shows the steps in labelling and packaging:

Fig. 5.2.14: Labelling and packaging of assembled AC units
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Ac vity
Match the components of an AC with the corresponding alphabets as per their placement in
the air condi oning cycle given in the diagram below the table and also write their names:
Components

Posi on in the Diagram
A

B

C

D

101

Par cipant Handbook

102

RAC Assembly Operator

UNIT 5.3: Safety Policies, Precau ons and Procedures
Unit Objec ves
At the end of this unit, you will be able to:
1. Explain safety precau ons in electrical wiring
2. Iden fy the PPE in the assembling process
3. Explain 5s and Kaizen methods as work standards

5.3.1 Safety Precau ons in Assembly Unit
It is important to follow precau ons while working with an RAC unit as it is an electrical
system. Any negligence or carelessness can cause electrical shock leading to severe personal
injury or death. The following ﬁgure represents the electrical safety precau ons to be
followed:
Ensure that all wiring is secure before switching on the
power supply

Refer to the instruc ons given in the electrical wiring
diagram

Ensure that the unit is properly grounded

Ensure that there are no loose/false connec ons

Fig. 5.3.1: Electrical safety precau ons

It is cri cal to follow safety precau ons while assembling an RAC unit. Any negligence or
carelessness can pose a threat to health and safety and cause personal injuries.
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The following ﬁgure represents the general guidelines to be followed while working with
electrical systems:

Follow the correct procedures to ensure zero accidents at work.
Obey safety signs, s ckers and tags on the equipment/devices.

Use an appropriate tool for the respec ve task.

Read labels and instruc ons given on the components.

Wear appropriate clothing and remove metal objects before working.

Use prescribed protec ve safety equipment only.

Follow electrical safety rules when working with electrical machinery/equipment.
Report all unsafe acts or unsafe condi ons to the supervisor.

Fig. 5.3.2: Safety guidelines

In addi on to these general guidelines, few more safety precaut ions should be followed while
assembling RAC components.

104

RAC Assembly Operator

The following image shows the safety precau ons that should be followed while assembling
RAC units:

Make sure that the
power supply is shut oﬀ

Wear rubber gloves

Check current, voltage
and capacity

Ensure water does not
drip into electrical parts

Ensure that any wiring is
not damaged

Make sure that proper
wires are connected at
right places

Fig. 5.3.3: Safety precau ons

5.3.2 Personal Protec ve Equipment (PPE)
The tools selected for a par cular set of job should be speciﬁcally suitable for th at job. The
tools should have a proper handle grip so as to avoid their slipping while working. They should
be used only for the purpose they are made for and not for any other p urpose.
The tools should be used under the safe working limits as per the design speciﬁca on of the
tool.
An operator should always wear personal protec ve wear such as safety gloves, safety helmet,
safety goggles, safety shoes, ear protec ng plugs and safety mask. The following image shows
some types of PPE:

Safety helmet

Safety glasses

Safety gloves

Safety shoes
Fig. 5.3.4: PPE
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The tools should be carried in a proper toolbox in a managed and organised way. They should
be kept at a secure place to avoid any unauthorised access or occurrence of accident due to
them. Before beginning work, check the work piece to prevent any damage to the tool to be
used on the work piece.
While working at heights, the tools should be ed or put in a safe place to avoid their slipping
or dropping. The tools should be operated in the correct posi on with proper strength so that
they can be held and operated eﬀec vely. While using tools, correct procedure should be
followed as per the manufacturer’s instruc on to operate the tool. While using sharp edged
tools, ensure that the direc on of movement of the tool should be away from the body. A er
comple on of work, the tools should be put in their appropriate place securely.

5.3.3 5S and Kaizen 5S
5S describes how to eﬃciently and eﬀec vely organize a workplace by m aintaining the area,
iden fying the items used and storing them in their proper place and ensuring sustainability
to the order. 5S uses a list of Japanese words that start with “S”. The following ﬁgure
represents the elements of 5S:

Sustaining

Sor ng

(Shitsuke)

(Seiri)

5S
Systema c
Arrangement
(Seiton)

Standardizing
(Seiketsu)

Shining
(Seiso)
Fig. 5.3.5: 5S elements

Sor ng
Sor ng includes:
•
•
•

Keeping all the items, necessary for the work, in the work area.
Disposing or keeping the items, which are not frequently used, in a distant storage place.
Discarding the extra and unneeded items.
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Systema c Arrangement
Arrange the items systema cally as it promotes eﬃcient workﬂow and easy retrieval. There
should be a clearly labelled place for each item and every item should be in its place.
Shining
Keep workspace and all equipment clean and organized. To sustain improvement, daily followup cleaning is essen al.
Standardizing
Work prac ces in an organiza on must be standardized and consistent. Work sta ons must
be iden cal for a par cular job so that employees can work in any sta on with the tools kept
at the iden cal loca on in that sta on.
Sustaining
Sustaining involves maintaining focus on a new way of opera on and gradual improvement.
The impact of con nuous improvement leads to:
•
•
•

Less waste
Be er quality and
Faster lead mes.

Kaizen
The Japanese word ‘Kaizen’ is a business philosophy that involves se ng of standards and
improving the set standards con nuously. Kaizen also involves training of employees to
achieve the speciﬁc standards and maintain their improvement to manage those standards.
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The following ﬁgure represents the ac vi es of Kaizen:

Standardize ac vi es
and opera ons

Con nue the cycle

Measure standardized
opera on

Standardize new and
improved opera ons

Check the
measurements against
requirements

Innovate new processes
to meet requirements
and increase
produc vity
Fig 5.3.6: Kaizen ac vi es

The following ﬁgure represents the key elements of Kaizen:

Employee
Involvement

Quality

Communica on

Willingness to
Change

Eﬀort

Fig 5.3.7: Kaizen elements
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Safety Standards
Safety related standards are designed to ensure safe ty of products, processes, ac vi es and
so on. The assembly operator or any designated person must ensure that the comprehensive
schema c diagram is updated from me to me as per the modiﬁca ons in it.
• Work premises must be kept clean and all the e lectrical sha s should be kept clean and
locked.
• Inﬂammable materials should be stored in the places constructed for that purpose
according to the provisions of Indian Explosives Act.
• Rubber or insula ng mats have to be provided where the main switchbo ards or other
control equipment are placed.
• Protec ve equipment such as rubber gloves, earthing rods and so on should be provided
at the work sta on.
• Safety goggles must be provided where jobs such as electric welding are undertaken.
• First aid boxes, as prescribed by the Indian Red Cross Society, must be provided in each
work sta on and availability of the same must be ensured.
• Preven ve maintenance works should be pre-planned and names of the assigned persons
for the maintenance must be recorded in a logbook.
• The wiring and control switches should be inspected periodically and any defec ve wiring
or any broken part of the switches should be iden ﬁed as they may expose the live current
conduc ng parts. These defec ve parts should be replaced immed iately to make the
panel safe for users.
Preven ve Measures
To avoid any type of mishap at the workplace the prac ces shown in the following ﬁgure
should be ensured:

Make sure there is

•Schema c diagram for every assembling
•No loose wiring
•No overloading

You should ensure

•Maintenance of records of events and breakdowns
•Preven ve maintenance schedule for every assembling
•Proper supervision of assembling

Fig 5.3.8: Preven ve measures

Safety Precau ons
Some safety precau ons to avoid accidental hazards are as follows:
• Stay away from water to avoid an electric shock while working with electricity.
• Never touch any electrical equipment with wet hands.
• Avoid using equipment with damaged insula on or broken parts.
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•
•
•
•
•
•

Always check for any warning signs while working with electrical equipment and ensure
this adherence while working.
Follow the safety rules provided by the local electrical code.
Use insulated rubber gloves and safety goggles while working on an electrical circuit.
Avoid working on any energized equipment. Ensure that the equipment is using a tester
before star ng work.
Be aware of the local wire code.
Connect all the metallic components that are not carrying current to earth.
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Ac vity
Iden fy and write names of the PPE given in the images below. Also, ck the PPE that provide
protec on from electrical shocks:
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Prac cal
Perform assembling of a refrigerator door and door seal.
Equipment used:
1.
2.
3.
4.
5.
6.

A refrigerator without gasket seal
A gasket seal for the refrigerator
A Philipps screwdriver
A hot blower
Gasket cement
PPE such as safety gloves, safety shoes and safety glasses
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Prac cal
Perform installa on of a thermostat in a refrigerator assembly.
Equipment used:
1.
2.
3.
4.
5.

A refrigerator without thermostat
Thermostat for the refrigerator
A screw driver
Electrical tape
PPE such as safety gloves, safety shoes and safety glasses
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Prac cal
Install a unit run capacitor in an AC unit.
Equipment used:
1.
2.
3.
4.
5.

An AC unit without a unit run capacitor installed
A unit run capacitor for AC
A screw driver
PPE such as safety gloves, safety shoes and safety glasses
Female wire terminal tabs
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Prac cal
Install the copper tubing in the condenser assembly of an AC.
Equipment used:
1.
2.
3.
4.
5.

An AC condenser unit without a copper tubing installed
Copper tubes for the assembly of the AC’s condenser
A brazing kit
A hammer
PPE such as safety gloves, safety shoes and safety glasses
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Prac cal
Perform safe and secure connec on of two electrical wires.
Equipment used:
1. PPE such as safety gloves, safety shoes and safety glasses
2. Wire stripper
3. Electrical tape
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6. So Skills

Unit 6.1 – Reading and Wri ng Skills
Unit 6.2 – Interac ng with Superior
Unit 6.3 – Interac ng with Colleagues
Unit 6.4 – Understanding Organiza onal Policies and Standards
Unit 6.5 – Achieving Produc vity and Quality
Unit 6.6 – Decision Making
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Key Learning Outcomes
At the end of this module, you will be able
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Create reports and ﬁll forms as needed for the role
Explain the contents of product labels and manuals
Explain maintenance record and documenta on
Iden fy work requirements and targets
List the ways to ensure quality and mely comple on of work
Explain the principles of work ethics
Explain the importance of healthy interpersonal rela onship
Iden fy and explain diﬀerent policies and rules of the company
Describe the procedure of emergency evacua on at workplace
Describe how to achieve targets
Explain the basics of decision making
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UNIT 6.1: Reading and Wri ng Skills
Unit Objec ves
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.
6.

Explain how to ﬁll work related reports
Create reports and ﬁll forms
Iden fy the sec ons and the contents of manuals
Explain the contents of product labels
Explain the importance of maintenance record
Explain the documenta on process

6.1.1 Reading and Wri ng Informa on in a Reports
A work related sheet is a document prepared by a senior at a workplace, typically a supervisor,
for the assembly operators to ﬁll each me they undertake a task (a job, such as assembling
the parts of an air condi oner). Work related sheets serve the purpose of storing records for
later reference as well as act as a proof of the job completed a nd also of the eﬀec veness and
eﬃciency with which it was completed.
A work related sheet has various ﬁelds/columns that correspond to the descrip on of the job
such as when was the job assigned, on which assembly line segment the job was assigned,
assembly operator’s name and ID number, the product’s serial number, was the job
completed on me, who assigned the job, supervisor’s and assembly operator’s signature and
other such ﬁelds.
An assembly operator needs to, therefore, possess certain wri ng skills to ensure that the
documents are ﬁlled correctly and legi mately. The person’s handwri ng needs to be clear
and easily readable by the supervisors. Moreover, the assembly operator should be able to
read and then righ ully ﬁll the informa on in the speciﬁc ﬁelds. Depending upon the
management and manufacturer, these documents may vary and may be asked to be ﬁlled
a er comple on of work.
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6.1.2 Reading the Product Manuals
An assembly operator is responsible for assembling the parts on the assembly line, reading
the product or equipment manual and understanding how the appliance works and should be
installed. Reading the manual plays a vital role in the correct assembly of the product. One of
the common causes of non-func oning of components of a system may be its improper
installa on, which may happen due to non-compliance of manual instruc ons.
The product manuals are also known as assembly operator reference manuals. They contain
all the essen al informa on for the operator to assemble a system on assembly line properly.
They include a descrip on of the product that is to be assembled over the assembly line and
how components need to be connected properly and step-by-step procedures for system to
be assembled.
The following image shows a typical assembly operator manual for an appliance such as an AC
or a refrigerator:

Fig. 6.1.1: Example of an assembly operator manual

An assembly operator manual generally has ﬁve sec ons. The following ﬁgure shows the ﬁve
segments of an assembly operator manual:
Sec ons of an Assembly Operator Manual

Introduc on

Assembly
line
opera ons

Tools on
assembly
line

Fig. 6.1.2: Sec ons of an assembly operator manual
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In case of any doubt, the assembly operator can consult the supervisor and discuss the issue.
There are various sec ons in a typical assembly operator manual.
The following ﬁgure lists the general content of an assembly operator manual:

Cover
page
Title
page

Glossary

Contact
details

Preface

Contents of
Assembly
Operator
Manual

FAQ

Contents

Trouble
shoot

Guide how to
use

Fig. 6.1.3: Contents of an assembly operator manual

The contents of an assembly operator manual are discussed as follows:
•
•
•
•
•
•
•
•
•

Cover Page: Shows the image of the equipment along with the manufacture’s name.
Title Page: Shows the name of the equipment.
Preface: Gives a brief introduc on to the equipment.
Contents Page: Lists down the table of contents, that is, the list of topics along with the
page numbers.
Guide: Includes all the instruc ons that enable an operator to assemble the equipment.
Troubleshoot Sec on: Includes all the issues and the resolu ons for them, which the
operator can handle at their end.
FAQs Sec on: Covers all possible ques ons related to the product and the answers to
them.
Contact Details Sec on: Provides the operators with contact details to get in touch with
the supervisor in case of any issue and seek assistance for their grievances.
Glossary Sec on: Includes terms which have been men oned in the manual along with
their deﬁni ons. Their page numbers are men oned alongside.
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Reading Warnings and Instruc ons on Product Labels and Parts
An assembly operator should have knowledge of product labelling of all electronic appliances .
Serial number and product ID give a unique iden ty to a component. The format of the serial
number varies with the type of product and its manufacturers. The series of le ers and
numbers in a serial number may give informa on about the manufacturer, country of origin,
year of produc on and number of unit. The following image shows the serial number of a
product:

Fig. 6.1.4: Serial number of a product

The assembly operator should know how to read warning instruc ons and other text material
on the product label. The warning instruc ons at the back of an AC is as shown in the following
image:

s

Fig. 6.1.5: Warning Instruc ons at the back of an AC

6.1.3 Repor ng Structure and Maintenance Records
Within an organiza on, the operator’s issues are reported either through a hard copy of
applica on or email or through direct mee ng. These issues are then considered by the
supervisor to take necessary ac on. Depending on the severity of the issue, the issues are
resolved by the authori es.
Thus, it is the responsibility of an operator to check for any issue and doubt and seek the
assistance of the supervisor as soon as possible to rec fy the issue.
An assembly operator should maintain repor ng records for future purpose.
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The following ﬁgure shows a basic repor ng structure:
Manager

Supervisor

Assembly Operator 1

Assembly Operator 2

Assembly Operator 3

Appren ce/Technician
Fig. 6.1.6: A basic repor ng structure

Maintenance Records
Maintenance of records is vital for servicing, repairing and doing preven ve maintenance of
the assembled modules in future. This would help in maintaining the assembly line work and
ensuring good quality of ﬁnal product. The assembly operator needs to perform the assembly
of right components in the right modules and this needs to be recorded as well.
The following image shows a sample maintenance schedule report:

Fig. 6.1.7: Sample maintenance schedule report

Module Maintenance
An assembly operator needs to assess the condi on of modules and machines and update
about the issues over the assembly line. He/she should be aware of the compa bility issue.
The person also needs to maintain the details of the components installed.
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6.1.4 Documenta on Process
A er comple ng an assembling of modules over the assembling line, the assembly operator
should complete the documenta on to record the details related to the assembling. He /she
should know how to operate the computer for comple ng the documentat ion process.
A knowledge bank should be created on the complex repairs done through documenta on.
Along with comple ng the documenta on, the assembly operator should submit the
documents to the supervisor on me. The supervisor should also be informed about any issue
related to the assembly line, machine or work-related problems. The documents may include
the following:
1.
2.
3.
4.

Work status report
Servicing date or period
Reports of the issue
Tests performed on the electronic modules with results, in case there is a complaint or an
issue in already installed electronic modules
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UNIT 6.2: Interac ng with Superior
Unit Objec ves
At the end of this unit, you will be able to:
1. Iden fy work requirements and targets
2. List the ways to ensure quality and mely comple on of work
3. List the points to understand the work plan
4. Explain the principles of work ethics

6.2.1. Understand the Work Requirement
For a person to work, it is important to understand the work requirements. The work
requirements for an assembly operator include certain responsibili es as shown in the
following ﬁgure:
Take work order from the supervisor about the work assigned

Understand the work requirements

Follow the line of authority

Issue on me the tools and the equipment and use appropriate drawings

Keep upto date with new products and developments

Plan, organize and control work for eﬃciency

Report on the shortage of components such as screw, nut and other tools
Find solu ons to work related issues and queries or escalate issues of concern to the
supervisor
Highlight and resolve the issues occurring during assembling process
Fig. 6.2.1: Meaning of work requirement
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Work requirement is also a document which has the date, loca on and the details of a
par cular task, which has to be done. It is the record of the task which is to be performed. The
assembly operator should be able to understand the task assigned and its requirement.

6.2.2. Quality and Timely Comple on of Work
A few simple principles, if adhered to, can ensure produc on of quality work. As an assembly
operator, maintenance of quality and mely comple on of work can be done in the following
ways:
1. Ensure that work is done is as per the guidelines and standard of the company.
2. Plan and organize the day to day ac vi es of produc on depending upon the instruc on
given by supervisor.
3. Follow the proposed plan of ac on.
4. Inform the supervisor in case of any poten al hazards.
5. Follow guidelines of job instruc ons or work manuals.
6. Work to ensure quality of ﬁnished product.
The assembly operator would get a job sheet or work alloca on from the supervisor. The
supervisor would also share a plan of ac on with the assembly operator to ensure adherence
to melines and quality for the work assigned and an explana on if the target is not m et. The
following ﬁgure highlights the points which help an assembly operator in understanding the
plan to achieve 100 percent quality standards and mely comple on of work:
Establish a compliance plan

Build a communica on strategy

Develop an eﬀec ve work schedule

Create a review plan

Test the product
Fig. 6.2.2: Achieving quality and mely comple on of work
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6.2.3. Work Ethics
Work ethics mean diﬀeren a ng between the right and the wrong way of doing a job and
adop ng the right conduct. Work ethics involve certain principles as shown in the following
ﬁgure:

Resolve personnel
issues

Deliver work as per
standards and
guidelines

Inform superior about
any poten al hazards

Fig 6.2.3: Work ethics

Resolve Personnel Issues
Resolving personnel issues involves the followings:
•

Communica ng eﬀec vely with the personnel ensures posi ve feedback in the
organiza on. Two -way communica on within and beyond the facility is also advised for
an assembly operator in any organiza o n.

•

All conﬂicts of interest, misunderstandings and personnel grievances need to be
understood and then reported to the higher authority.

•

Sugges ons on resolving the problems is important as it helps the facility staﬀ to
concentrate on the job at hand.

Any personal issue or grievance also needs to be a ended by the assembly operator
himself/herself before pushing the issue through to the supervisors. Managing the personnel
is the most important part of team eﬀort towards a uniﬁed goal.
Deliver Work of Expected Quality
Delivery of work as per expected quality should be maintained in the following ways:
•
•
•
•

Ensure the work done is as per the guidelines and standard of the company.
Plan and organize work for the day.
Follow the plan.
Inform supervisor in case of any devia on or emergency.

Inform Superior about Poten al Hazards
Understanding all the possible hazards that can happen in a work place are the responsibili es
of an assembly operator. One possible cause of hazard could be the lack of clear
understanding about the company’s code of conduct or reference handbook which puts
constraints on the use of equipment for purpose that is against the code of conduct. An
assembly operator can handle the hazard by:
• Communica ng any such hazard to the supervisor to prevent unaﬀordable down mes
which could hamper cri cal func oning of the organiza on.
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•
•
•

Having clear communica on with the other staﬀ members and ge ng in place early
warning systems for poten al threats in another dimension.
Making risk assessment which is an integral part of his/her job descrip on. Poten al
hazards should be assessed with precision and supported with prac cal evidence.
Adop ng a systema c approach which is another dimension of communica ng poten al
hazards.

The following ﬁgure shows a systema c approach for handling hazards:

Iden ﬁca on of
cause

Assessment of the
cause

Fig. 6.2.4: Systema c approach for handling hazards
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UNIT 6.3: Interac ng with Colleagues
Unit Objec ves
At the end of this unit, you will be able to:
1. Explain the importance of healthy interpersonal rela onship
2. List the ways to establish be er communica on among co workers
3. Explain the importance of informal communica on

6.3.1 Interpersonal Rela onship

Healthy Interpersonal Rela onship

Every worker works towards a common goal in an organiz a on, s ll all of them are divided by
certain roles and ac vi es and the way they accomplish that objec ve. Inter personal
communica on – whether formal or informal - is the most common and important key to
accomplish produc vity and perform social func ons in an organiza on.
The primary objec ve of an assembly operator is to understand the process and the health of
the communica on taking place among the co-workers in order to improve its quality. A
healthy interpersonal rela onship enables carrying out the tasks as shown in the following
ﬁgure:

Resolve interpersonal conﬂict and
ensure smooth ﬂow of work

Receive equipment/tools from
stores

Assist colleagues to resolve problems

Fig 6.3.1: Healthy interpersonal rela onship

Resolve Conﬂicts
As discussed earlier, individuals are divided by roles and responsibili es in an organiza on
despite working towards a common goal. Hence possibility of conﬂicts is nearly unavoidable.
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A few ps to reinstate be er communica on among co -workers in such a quandary are as
follows:
•

Clarify Role and Responsibili es:
Going to basics is the best way to resolve a problem. Role of an assembly operator is to
ensure a glitch-free workﬂow in an organiza on. The en re team should par cipate in
addressing issues, whether small or big. Providing a more rounded perspec ve of job roles
and responsibili es oﬀers inculca on of a posi ve an d resolute approach for problems
among co-workers. Also, this enables people with less job experience to take up things in
a more construc ve manner.

•

Plan Strategically:
In most organiza ons, conﬂicts between co -workers occur due to ght schedules and
deadlines. Employees working on deadlines are required to work on short turnaround
mes, resul ng in causing frustra on and stress. Strategic planning in advance is the best
way to avoid such circumstances. Irrespec ve of the team size, this can b e achieved by
deploying tools like calendar to communicate deadlines. The following image shows
planning using a calendar:

Fig. 6.3.2: Planning using a calendar

Receive Equipment/Tools from Stores
Ge ng the job done in a process depends on informa on communica on. Furthermore,
accuracy of the end result en rely depends on eﬀec ve inter -personal communica on. For
example, an electronic appliances company wants to replace old appliances with the new
ones, accurately and smoothly. The en re exchange process depends on how eﬀec vely the
electronic company communicated with the person in charge at the store, the requirement
for infrastructure upgrade.
Assist Colleagues
Be it work alloca on, manpower distribu on or iden ﬁca on of areas of high responsiveness,
healthy communica on is the key to improve service quality. Informal communica on is what
is usually seen to be dominant in most workplaces. People asking for help from the person
si ng at the adjacent desk to troubleshoot a module issu e, rather than consul ng an
assembly operator, is one of the most common examples of informal communica on.
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The communica on is spontaneous and successful in achieving the goal, paving the way to
formal interpersonal communica on. Despite having established communica on procedures,
the informal communica ons occur in every organiza on and help in resolving problems and
conﬂicts in real me.
Hence, the role of an assembly operator is to make proper communica on with colleagues
regarding errors occurring in any step of the assembly process.
The following image shows colleagues assis ng each other:

Fig. 6.3.4: Colleagues assis ng each other
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UNIT 6.4: Understanding Organisa onal Policies and
Standards
Unit Objec ves
At the end of this unit, you will be able to:
1.
2.
3.
4.

Iden fy the company’s safety policies
Describe the procedure of emergency evacua on at workplace
Explain the features of team coordina on and organiza onal culture
Iden fy and explain diﬀerent policies and rules of the company

6.4.1. Company’s Safety Policies
In every organiza on, safety is at the top priority. An assembly operator should know about
safety and health policies followed at workplace.
A health and safety policy is a wri en declara on made by an e mployer. It states the
company’s commitment for safeguarding the health and safety of the workers and also is an
assurance to the public. It is a signed document made by the management related to the
health and safety of the employees. A workplace requires a health and safety policy for the
following reasons:
•

To show complete commitment towards the health and safety of employees

•

To prove to the employees that safety performance and work performance are in
harmony with each other

•

To give a clear statemen t of the company’s objec ves, principles, plans, ideas and
procedures

•

To increase buy -in through all divisions of the company

•

To provide a deﬁnite outline of the accountability of the organiza on for the health and
safety of the workers and also give a clear idea of the responsibility of the employer and
the employees.

•

To abide by the Occupa onal Health and Safety Act

•

To deﬁne prac ces and processes to be adhered at the workplace to avoid injuries and
diseases

In an organiza on, there are several pol icies followed by the employees. As a part of the
organiza on, an assembly operator must follow the safety policies. The following ﬁgure lists
some of them:
Medical Policy

Occupa onal Health and Safety
(H & S)

Fig. 6.4.1: Some safety policies
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Medical Policy
Medical policy is deﬁned as the ac ons, plans and decisions undertaken to achieve healthcare
goals within an organiza on.
H&S Policy
The following table lists some of the objec ves and key measures of health and safety policy:
Priority Ac ons
Measures/Key Performance Indicators
Make workplace free from injuries and illnesses
• Number of incidents/accidents and
• Improve worksta on ergonomics
near misses
• Reduce manual handling slips, trips
•
First aid incidents
and falls
• Number of days lost
• Provide Environmental, Health and
Safety (EHS) training, safety audits and
par cipa on
Improve Occupa onal Health and Safety Assessment Series (OHSAS) knowledge
throughout the organiza on
• Number of hours of training given to
• Provide EHS training, as per deﬁned
each employee in a year
needs, of at least 6 hours to each
• Number of sugges ons received from
employee
workers to improve workplace safety
• Improve OHSAS knowledge by
besides internal audit ﬁndings and
employee par cipa on
safety audit ﬁndings
Emergency Evacua on Procedure
Emergency evacua on procedure is deﬁned as the guidelines required to be followed at
workplace to escape from a building in case of any emergency such as ﬁre, earthquake and so
on. The following image shows the evacua on procedure in case of a ﬁre:

Fig 6.4.2: Evacua on procedure
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6.4.2. Team Co-ordina on
An assembly operator needs to be able to work in a team. To work in a team, an operator
should be able to get along with fellow operators, respect others and show a coopera ve
behaviour always.
Working in and as a team enables some posi ve aspects as listed in the following ﬁgure:
A supervisor's trust in the operators to ensure that tasks are completed as
expected
Assembly operators who are always ready to help others in me of need

En re team sharing the same vision for their work

Personnel using others strength to overcome own weaknesses
People with good support for each other and posi ve manner of
working
Each one always listening to others' sugges ons and requests and
knowing that one will be heard
Everyone moving in the same direc on together for accomplishing a task
Fig. 6.4.3: Team coordina on
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To make teamwork eﬀec ve at workplace, the following points need to be considered:

Collabora on

Resolving
Conﬂicts

Common Goal

Two-way
Communica on

Owning Roles &
Responsibili es

Ac ve
Par cipa on

Varied Views

Fig. 6.4.4: Points to be considered for eﬀec ve teamwo rk

6.4.3. Organisa on Culture
Organiza onal culture is deﬁned as the shared values, beliefs and norms within an
organiza on and the demands of a job role. An assembly operator’s job is to work on assembly
line very carefully and always be a en ve .
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The following ﬁgure represents the characteris cs of organiza onal culture which every
employee should reﬂect:
Be polite to the
colleagues

Show integrity,
trustworthiness
and good
interpersonal skills

Deliver the service
as per deﬁned
quality

Be on me for the
job

Be well groomed
and look
professional

Fig 6.4.5: Characteris cs of organiza onal culture

Company's Policies and Rules
If the company’s policies and rules are not deﬁned clearly, then the employees may not
comply with the disciplinary standards wholeheartedly. The following ﬁgure shows a few
examples of company’s policies:

Conduct of an employee

Equal rights of employees

A endance/Time oﬀ

Product’s speciﬁca ons

Fig. 6.4.6: Common company policies
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Repor ng Structure
There are set rules and regulations within an organiza on which an employee needs to follow.
These outline responsibili es of both the employers and the employees.
The following ﬁgure explains what prac ces an assembly operator needs to ensure while
working in an organiza on:
Follow the company's policies and rules

Follow the repor ng hierarchy

Follow role as deﬁned in the workﬂow

Follow the documenta on process

Fig. 6.4.7: Repor ng structure

Documenta on
Right documenta on can make a lot of the diﬀerence in ge ng quick resolu ons. To achieve
this, certain steps need to be taken as shown in the following ﬁgure:

Document every complaint

Document common problems

Make documenta on an on-going process

Fig. 6.4.8: Steps for right documenta on

Document Every Complaint
The assembly operators need to document issues as they come in. In addi on to recording
the symptoms of the issue on the assembly line, they should probe for the right symptoms.
The assembly operator should know how to ask the right ques ons to try and resolve an
issue within the ﬁrst call with the supervisor.
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Document Common Problems
Majority of the issues can be reduced to a handful of common problems. If there is a good
documenta on process that has resolu on paths for a ll common problems, then the assembly
operator does not have to reinvent the wheel for every issue. He/she can get assistance from
supervisor and get the issues resolved in me by documen ng and escala ng the common
problems.
A well organised documented process enables the supervisor to respond to any escalated
issue and resolve most of the problems immediately.
Documenta on to be an On-going Eﬀort
Documenta on is not a one me eﬀort; it needs to be an on -going process. The assembly
operators should regularly op mize the issue resolu on procedures and processes.
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UNIT 6.5: Achieving Produc vity and Quality
Unit Objec ves
At the end of this unit, you will be able to:
1. Describe how to achieve targets
2. Iden fy safety standards to be followed at workplace
3. Achieve zero defect as per company’s standards

6.5.1. Meet the Targets
Just like any other employee of an organiza on, mee ng the targets set by the supervisor is
very important. An assembly operator needs to be clear about the goals an d visions of the
organiza on to achieve targets and quality in work. The following ﬁgure shows the key points
which will help an assembly operator to meet the expected targets and quality:

Maintain the quality
of work

Iden fy problems
and check for any
repe ve defect in
assembly line

Manage the team

Assembly
Operator
Scru nize the
procedures on
assembly line

Keep work area
organised and clean

Intrepret wiring,
drawings and job
instruc ons
accurately

Ensure availability of
all components

Fig. 6.5.1: Key points to remember for mee ng targets
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The quality of work needs to be maintained at all mes in compliance with the referral
handbook of the company. Making sure that individual roles and responsibili es are
understood by the personnel is vital. Timely check of the machinery and so ware systems
needs to be done to avoid any bo lenecks in achieving weekly or monthly targets.

6.5.2. Quality and Safety Procedures
For an organiza on, it is very important to maintain quality standards. A quality standard is an
account of the speciﬁca ons, dis nct features, necessi es and varied guidelines related to a
product or service so as to meet its purpose and quality level. An assembly operator must
ensure the quality of materials is maintained in accordance to the company work standards.
The following ﬁgure lists some of the safety procedures that should be followed by an
assembly operator while working with electronic appliances:
Removing metals or jewellery to avoid possibility of electric shock during
installa on ac vity
Wearing all safety gears such as work shoes, co on gloves and goggles
while carrying out installa on ac vi es
Taking speciﬁed precau onary measures while handling electrical system

Keeping the work area clean and organized

Adhering to relevant health and safety standards

Acheiving zero defect as per company's standards

Fig. 6.5.2: The safety procedures
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Achieving Zero Defects
Zero defect in components can be achieved in the ways as li sted in the following ﬁgure:
Do it right the ﬁrst me

Achieving Zero Defect

Follow the process and guidelines

Monitor and evaluate progress

Adopt con nuous improvement

Follow safety procedures to avoid damage
because of electrosta c discharge (ESD)

Use PPE to avoid ESD
Fig. 6.5.3: Measures to achieve zero defect in components
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UNIT 6.6: Decision Making
Unit Objec ves
At the end of this unit, you will be able to:
1.
2.
3.
4.

Explain the use of cri cal thinking to improve work processes
List the points to consider for decision making
Iden fy the factors limi ng decision making
Iden fy job requirements and provide solu ons

6.6.1 Improving Work Processes using Cri cal Thinking
An important skill that an assembly operator should possess is cri cal thinking. It allows a
person to make cri cal decisions and enables a person to judge the situa on while the speaker
is talking.
Cri cal thinking is deﬁned as a person’s ability to make logical decisions in a par cular
situa on, keeping all the emo ons aside. This enables an operator to:
•
•
•
•

Collect informa on for analysis of a situa on
Generate ample solu ons to resolve a problem
Get feedback
Add value to business solu ons

Rela ve thinking, on the other hand, is thinking about tasks or decisions in rela ve terms
which results in realis c comparisons and achievable tasks.
As an assembly operator, cri cal thinking helps to run across many possible solu ons to a
situa on, analyse through it, and come up with the best possible solu on. The following ﬁgure
shows the beneﬁts of cri cal thinking:
Allows
Inﬂow of
New Ideas

Uncovers
Incen ves

Enables
Teamwork

Cri cal
Thinking

Encourages
New
Opinions
Fig. 6.6.1: Beneﬁts of cri cal thinking
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Cri cal Thinking Skills

Cri cal thinking can be divided into three fundamental skills. The following ﬁgure lists these
skills:

Curiosity
Skep cism
Humility

Fig. 6.6.2: Cri cal thinking skills

Curiosity is the hope of learning and garnering more informa on/knowledge as well as looking
for evidence, and welcoming new ideas. Scep cism includes not believing everything that a
person comes across and pu ng ques ons to get convinced fully. Humil ity involves
acceptance if a person’s idea gets rejected or is not considered suitable. At the same me, the
person is willing to look up to new ideas.
The following ﬁgure lists other skills which are essen al for cri cal thinking:

Transforming
Knowledge
Applying
Standards

Predic ng

Cri cal Thinking
Skills
Logical
Reasoning

Discrimina ng

Seeking
Informa on

Fig. 6.6.3: Other cri cal thinking skills

6.6.2 Making Decisions in the Field
The ability to choose the best between mul ple courses of ac on is called decision making.
Decision making involves using either a person’s intui on or reasoning, or both. Deciding upon
something using ‘gut-feeling’ is intui on.
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At a workplace, intui on typically involves a person making decisions on the basis of prior
work experience, values or both.
Reasoning involves using factual data to interpret situa ons and take a ﬁnal decis ion.
Emo onal aspects are usually ignored while making such decisions.
Numerous issues can limit a person from taking the right decision. The following ﬁgure
explains the factors responsible for this:
Not enough
informa on

•It is highly unlikely that a person can take the right decision
without adequate amount of informa on.

Too much
informa on

•Having too much informa on tends to confuse the person
which leads to taking a wrong decision. Filtering important
informa on is necessary.

Too many people

•O en, decision making in a group is diﬃcult as it involves
varied perspec ves and ideas. Some mes, taking the most
suitable decison is be er than taking none.

Vested interests

•Such interests can be a hinderance as iden fying and
addressing them is diﬃcult.

Emo onal
a achment

•Many people, who are a ached to their status quo are
most o en the ones who ﬁnd it diﬀcult to take a decision in
case of prospect of change.

Fig. 6.6.4: Factors that limit decision making

6.6.3: Points to Consider for Decision Making
While making decisions, an assembly operator needs to consider the points listed in the
following ﬁgure:

What decision
needs to be
taken

What are the
Compare the
choices and risks choices and
involved
evaluate the
op ons

Fig. 6.6.5: Points to be considered for decision making
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Implement the
decision and
check the results
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When making important decisions related to work, an assembly operator needs to ask the
following ques ons and the answers to these ques ons would help make the correct decision
at the right me:
•
•

•
•
•

What decision needs to be taken? Is it a spontaneous decision, can it be made at an
operator level and is it absolutely necessary to make the decision immediately?
What are the choices and risks involved? Analyse the risks that are involved if the operator
does make a decision or implement it at work. If the risks are too high, it is best to avoid
making the decision. Then, analyse all the choices and the best choice is the one with the
least risk involved.
What is the best choice? Compare the choices and evaluate the op ons to arrive at the
best choice.
Which seems to be the best possible choice for the current situa on in the given me
frame? Select the best possible op on based on the circumstances and me.
Will the results be as expected? Implement the decision and check the results.
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7. Maintain Safe Work
Area
Unit 7.1 – Safety Procedures and Repor ng Hazards
Unit 7.2 – Maintaining Good Posture
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.
6.
7.

Iden fy standard safety procedures
Explain the importance of par cipa ng in ﬁre drills
Iden fy various hazards
Explain the incident repor ng process
Explain how to maintain proper posture while working
Explain the importance of par cipa ng in health sessions
Iden fy methods to handle heavy and hazardous materials
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UNIT 7.1: Safety Procedures and Repor ng Hazards
Unit Objec ves
At the end of this unit, you will be able to:
1.
2.
3.
4.

Iden fy and follow standard safety procedures
Explain the importance of par cipa ng in ﬁre drills
Iden fy various hazards
Explain the repor ng process

7.1.1 Safety Procedures and Measures
Safety procedures and measures are dependent o n the type of work. There may be a need for
electrical safety, ﬁre safety or mechanical safety for an assembly operator while handling
hazardous material, tools or an equipment. The following ﬁgure lists the general measures an
operator should be aware of to ensure safety at workplace:
Daily safety instruc ons

Before star ng work

•Take safety measures to prevent
accidents.
•Ensure zero accidents while at work.
•Avoid damaging components caused by
negligence in ESD procedure.
•Ensure no loss for company due to safety
negligence.
•Ensure proper maintenance of machine
and work process for achieving quality
output as per the company standards.

•Plan and discuss requirement of work to
be done.
•Consider poten al hazards and measures
to be taken.
•Conﬁrm permission to isolate (use a
permit system if relevant).
•Isolate the electrical equipment or circuit.
•Put up safety barriers when required.
•Use the correct earthing equipment.
•Cover and insulate a nearby live
apparatus.
•Check test instruments and get
authoriza on to do the work.

When working

A er comple on of work

•Use safety observers when required.
•Always wear PPE.
•Never rely on memory.
•Connect the earth and neutral conductors
ﬁrst.
•Check the isola on points before
resuming work a er a break.
•Check and clean the tools that are used
regularly.
•Use non-conduc ng tape measures.

•Check if tools are le a er work
comple on.
•Remove own earthing equipment.
•No fy all personnel involved that the
equipment will be energized.
•Hand in the work permit (if relevant).
•Remove "DANGER, DO NOT OPERATE"
tags.
•Switch oﬀ all machineries.
•Remove and store all PPE properly.

Fig. 7.1.1: General safety measures for an operator
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7.1.2 Fire Safety
It is essen al to ensure safety from fire at workplace. An assembly operator should par cipate
in safety workshops or ﬁre drills organised by the organisa on. He/she should perform the
following steps in case of ﬁre:
• The glass of the nearest manual call point must be broken and people must be alerted.
Alterna vely, emergency phone numbers must be dialled to give informa on about the
loca on of the ﬁre or a ﬁre bell must be used.
•

An a empt must be made to ex nguish the ﬁre with the help of available ﬁreﬁgh ng
equipment.

•

If familiar with the plant/machinery/equipment aﬀected by ﬁre, try to avoid spread of ﬁre
or isolate it.

•

Water should be avoided to ex nguish ﬁre in case the source of ﬁre is from electrical
power. Instead , the mains should be switched oﬀ.

•

Hose reel and hydrants must not be used at any other me except in case of a ﬁre.

•

"No Smoking” signboard must be put up and adhered to at all mes.

•

A ﬁre drill is normally carried out every six months and should be a ended. It is important
to get educated and trained for ﬁreﬁgh ng during a ﬁre.

Fire Drill
A ﬁre drill is a prac ce of the procedure of evacua ng a building in case of an emergency. The
points shown in the following ﬁgure should be kept in focus while conduc ng a ﬁre drill:
Fire evacua on strategy

Ac on on hearing the ﬁre alarm

Calling the ﬁre brigade

Iden ﬁca on of key escape routes

Appropriate use of the ﬁre ex nguisher

Correct use of the emergency evacua on plan

Fig. 7.1.2: Key points of a ﬁre drill
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A er comple on of the drill, one should:
• Record the total evacua on me.
•

Silence the alarms.

•

Bring the ﬁre alarm system back to its normal opera ng condi on.

•

Re-evaluate and discuss concerns arising during the ﬁre drill.

•

Keep records and notes of the ﬁre drill and update the evacua on checklist report.

7.1.3 Repor ng Hazards
Repor ng any accident or hazard to the supervisor is very important. An assembly operator
should know the repor ng procedure.
Repor ng Process
The following ﬁgure lists the incident repor ng procedure:

An employee who encounters a near
miss or an accident should report
the incident to his/her superior
immediately.

If the employee is injured, the
concerned superior should ensure
the injured is rendered ﬁrst aid and
sent to a clinic/ hospital for
treatment, if necessary.

If the employee is amputated,
his/her bleeding should be
controlled at once. Then an
ambulance must be called at Tel:
102.

The superior should immediately
inform human resources
department, then conduct an
inves ga on of the accident by
interviewing injured and/or witness
(es).

The department concerned has to
implement the preven ve measures
accordingly. Opera on or machine
involved may need to be
suspended/stopped if the situa on
warrants.

The accident sta s cs chart should
be updated ll the last accident
occurrence.

Fig. 7.1.3: Incident repor ng procedure
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Poten al Hazards
An assembly operator must be aware of the poten al sources of accidents so that he/she can
avoid them or ensure minimizing their impact at the workplace. The operator needs to:
• Spot and report poten al hazard mely.
•

Follow rules related to hazardous materials as per the company’s policy.

•

Handle all equipment and tools with care.

•

Avoid mishaps that may be a result of dangerous gases, chemicals or sharp tools; and
poten al hazards that may be an outcome of probable injuries like minor burns or cuts.

The following ﬁgure lists the types of hazards:

Biological
hazards

Safety hazards

Chemical
hazards

Physical
hazards

Ergonomic
hazards

Fig. 7.1.4: Types of Hazards

Safety Hazards
Death or any type of illness or injury caused due to unsafe condi ons are categorized under
safety hazards. The following ﬁgure lists som e instances of safety hazards:

Spillage on ﬂoor or a person tripping due to cords lying loose across the ﬂoor

A person accidently touching any unguarded machinery or moving
parts of a machinery

Electrical hazards as a result of frayed cords, improper wiring or
missing ground pins

Restricted spaces

Hazards related to machinery (boiler safety, lockout/tagout or forkli s)

Fig. 7.1.5: Instances of safety hazards
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Biological Hazards
Any biological substance that may threaten health of humans as a result of toxins or viruses
are known as biological hazards. A person may be exposed to biolog ical hazards in the
following places:
• Assembly line
•

Storage area

•

Paint shop

•

Heavy machinery work area

The following ﬁgure lists the types of ill- health eﬀects caused by biological hazards:

Infected
blood and
other body
ﬂuids

Skin irria on

Infec ons

Diseases like
tuberculosis
or cancer

Respiratory
diseases

Fig. 7.1.6: Types of ill-health eﬀects caused by biological hazards

Physical Hazards
An occupa onal hazard caused by environmental factors is termed as a physical hazard. It
includes hazards such as:
• Radia on caused by radio waves, microwaves or electromagne c f ields(EMFs)
•

Sunlight/ultraviolet rays exposure

•

Extreme temperatures, be it hot or cold

•

Noise pollu on

Ergonomic Hazards
Ergonomic hazards occur due to single/mul ple factors within the working environment that
pose a threat to the musculoskeletal system of an individual. An uncomfortable worksta on
leading to wrong si ng postures, repe ve movement of a body part causing sprain or strain,
muscle sores and so on are categorized under ergonomic hazards. The following ﬁgure lists
some instances that may cause ergonomic hazards:

Improperly
adjusted
worksta on
s and chairs

Frequent
li ing

Awkward or
repe ve
movements

Poor
posture

Fig. 7.1.7: Instances that may cause ergonomic hazards
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Chemical Hazards
Exposure to chemicals at a workplace is the main cause of chemical hazards. Exposure to
chemicals can be due to working around items that involve chemical prepara ons in any state;
solid, liquid or gas. Not all chemicals pose a threat, but there may be workers who are sensi ve
to even the mildest or non-toxic forms of chemical that is otherwise termed healthy. A person
can be exposed to chemicals by inhala on of fumes, inges on or poisoning.
The following ﬁgure lists some chemicals that one should be aware of:

Exposure to cleaning agents, acids, paints or their solvents (dangerous if
stored in unlabelled containers)

Exposure to vapors and fumes as a result of welding

Exposure to toxic gases like propane, helium, acetylene and carbon
monoxide

Exposure to ﬂammable materials like explosive chemicals and gasoline

Pes cides

Fig. 7.1.8: Some chemicals that can cause hazards
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UNIT 7.2: Maintaining Good Posture
Unit Objec ves
At the end of this unit, you will be able to:
1. Explain how to maintain proper posture while working
2. Explain the importance of par cipa ng in health sessions
3. Iden fy methods to handle heavy and hazardous materials

7.2.1 Maintaining Good Posture
Maintaining appropriate posture at workplace is very important for an operator while li ing
heavy tools or while standing and si ng for long hours. The following ﬁgure lists the
importance of maintaining good posture at workplace:
Reduces the risk of arthri s and joint pain

Helps in preven ng back strain and muscle pain

Reduces fa gue and enables be er working of muscles
Maintains body stamina and enables body to use less
energy
Improves breathing and memory

Maintains bones and joints in correct alignment

Fig 7.2.1: Importance of maintaining good posture

To maintain good posture, the following methods can be u sed:
•

While si ng for long hours:
o Take Ergonomic chair into considera on as it has all the features of adjus ng height
and back se ngs as well as maintaining proper curve of the body.
o When feeling lethargic and restless, stand up from the chair for so me me and move
around.
o When working for eight hours a day, it is mandatory to move around a er every one
hour.
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•

•

While in standing posi on:
o Keep head high and stand straight
o Pull shoulders backward, chest out and knees slightly bent
o Put chin ﬁrmly forward to increase the balance
While handling heavy materials:
o Reduce carrying distance
o Avoid li ing from ﬂoor level or above the shoulder
o Examine the weight to be carried and if required, call co-workers
o Use li ing equipment if required

The following ﬁgure shows the wrong and the correct way of li ing heavy material:

Fig 7.2.2: Correct and incorrect way of li ing heavy material

7.2.2 Health Sessions
Health sessions plays a vital role in maintaining proper health of the people in an organiz a on.
They may include yoga sessions to improve posture and health of a n operator. Other ac vi es
such as sports also help in improving the ﬁtness level of an assembly operator, which is needed
when working in a posi on, standing, squa ng or bending for long hours. Moreover, these
health sessions also give an operator the strength and endurance required to climb stairs and
move through ght spots when wiring panels and racks.
It is important as an assembly operator to ac vely take part in the healt h sessions organized
by the organiza on. Another advantage of a ending the health sessions is that, as the
operator becomes aware of health hazards at work, the wellness issues can be taken care of.

156

RAC Assembly Operator

While taking part in a workplace health program, the points that must be kept in mind, which
can help to choose the right programme and a ain maximum beneﬁts are shown in the
following ﬁgure:

Objec ves

• What do you want to gain from the programme?
• Example: From a Yoga programme, you want to get relief from
constant back ache.

• Is the programme right for your role of an assembly operator?
• Example: A programme designed with exercises to relieve incorrect
posture while si ng for long hours on a chair (in front of the
Target Audience computer) is not designed for you.

Type of
Programme

• Is the tone of the programme fun and informa ve?
• Example: A programme which does not relate to your role or
includes boring monotonous exercises will not be able to hold your
interest for long.

Fig 7.2.3: Choosing the right health programme
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7.2.3 Handling of Heavy and Hazardous Materials
Handling of loads manually may cause cumula ve disorders such as back pain and muscle pain
or skeleton disorders due to con nuous li ing/handling ac vi es.
The factors shown in the following ﬁgure make manual handling of heavy and hazardous
materials diﬃcult:
Too heavy

The load

Too large

Factors that make loads handling
diﬀucult

Diﬃcult to grasp

Too strenuous
The task
Involves diﬃcult
postures
Less space
The workplace
Slippery/dirty ﬂoors
Improper handling
technique

The individual
Fig. 7.2.4. Factors aﬀec ng proper handling of loads

The following points should be taken into considera on to reduce the risks associated with
handling of heavy and hazardous loads:
•
•
•

Iden fy the hazard
Assess the risk
Select appropriate measures to control or reduce the risk

Common injuries that can be caused due to li ing heavy loads include back ache, neck strain,
wrist sprain, back sprain, shoulder pain and so on. Similarly, some common injuries associated
with handling of hazardous material include skin derma s, occupa onal respiratory and lung
diseases and so on. Therefore, it is mandatory to follow the standard safety procedures while
handling an equipment, hazardous material or a tool.
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The following ﬁgure lists some key points o f handling heavy and hazardous materials correctly:

Use proper li ing aids.

Use appropriate PPE such as safety boots, gloves, helmets, goggles
and so on.

Work with a team when handling heavy loads.

Use handling equipment such as trolleys, ladders and jacks, if required.

Fig. 7.2.5: Handling heavy and hazardous materials

The following image shows the way to handle heavy materials with the help of trolleys, jacks
and ladders:

Fig 7.2.6: Handling heavy material using jack, trolley and ladder
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