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About this Book
This Participant Handbook is designed to enable training for the speciﬁc Q ualiﬁcation Pack
(Q P). Each Na
tional Occupational (NOS) is covered across Unit/s.
K ey Learning Objec
tives for the speciﬁc NOS mark the beginning of the Unit/s for that NOS.
The symbols used in this book are described below.
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Field Technician-Computing and Peripherals

1. Engage with Customers
for Service

Unit 1.1 – Understand Customer Requirements
Unit 1.2 – Interaction with Customers
Unit 1.3 – Suggest resolution to Problems
Unit 1.4 – Maintaining records for complaints and
resolutions
Unit 1.5 – Achieving Productivity and Quality
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.

Understand customer requirements
Learn how to interact with customers
Suggest resolution to the problems of customers
Learn how to maintain records of customer’s complaints and resolutions
Describe the importance of productivity and quality

2

Field Technician Air Conditioner

UNIT 1.1: Understand Customers Requirements
Unit Objectives
At the end of this unit, you will be able to:
1. Identify the customer requirements
2. Educate customer about diﬀerent aspects of installing and repairing of equipment

1.1.1 Understand Customer Requirements
Understanding the needs of a customer is one of the foremost parts of a technician’s job
role. This includes the following practices:
•
•
•
•
•
•
•

Call the customer as per the complaint registered to understand the issues
Check time of visiting the location
Greet the customer and talk politely
Understand the customer’s requirement
Provide the best possible and cost eﬀective solution to the customer
Ensure that the customer is satisﬁed with the service
Address the queries and issues raised by the customer about the equipment

1.1.2 Educating and Informing the Customer
Educating the customer about the products and their operation is an important aspect of
ﬁeld technician. For the satisfaction of customer, a ﬁeld technician should inform the
customer about the operational behaviour and other information of equipment installed by
him at the customer site or premises.
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The following ﬁgure shows list of information about equipment which is to be used by
customer:
Warranty and
terms and
conditions of
devices

Cost estimate of
installing
equipment
Maintenance of
equipment

Use of equipment

Operation of
equipment

List of
information

Fig 1.1.2: List of information about equipment

4

List of documents
like invoice
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UNIT 1.2: Interacting with Customer
Unit Objectives
At the end of this unit, you will be able to:
1. Analyse location requirements for equipment
2. Ask customers about their issues
3. Inform customers about repair procedure and warranty coverage of equipment
4. Educate customer about annual maintenance contract

1.2.1 Analyse Location Requirements
For a ﬁeld technician, it is important to analyse the location before installing the equipment
and other devices, for proper handling of and to prevent the equipment from
any damage.
While analysing the location, understand the customer requirements such as where it
should be installed and whether it can be installed at that location or should be taken to the
service centre for any changes.
Some points that should be kept in mind while analysing the location requirements for
equipment installation are as shown in the ﬁgure:
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1.2.2 Asking Questions
Asking Questions is also a skill. Questions may be asked to get more details or to be sure of
something. A ﬁeld technician should ask customer queries to analyse the problems faced and
seek inputs from them to understand the symptoms.
This ﬁgure enlists the points to be asked at customer’s premises:
Enquire about the symptoms and history of problem in
the equipment
At customer's premises

Ask about the year of purchase, service and warranty of
the equipment and other devices
Identify the problem based on customer's information
and examination of the equipment and other devicest
Communicate the problem identiﬁed to the customer
and inform about possible reasons
Inform the customer regarding the costs involved and
hand over the invoice after task is completed
Ensure service is provided to achieve 100% customer
satisfaction
Fig 1.2.2: Points to be asked at customer’s premises

Depending upon the intention of asking a question, it can be:
•

Close ended questions – are mainly yes, no answer type questions. The purpose of
asking such questions is to get speciﬁc details. The following table shows close ended
questions:
Example

Question Tag

Did you come yesterday?

Do, Did, Is, Can, Could, Will, Would,
Shall, Should and so on

Can you ﬁnish this task in 2
hours?
Shall I do it now?
•

Open ended questions – are mainly questions which do not demand a speciﬁc answer but
are probing for details. The following table shows pattern of open ended questions:
Example
What do you think about the
meeting yesterday?
How was your day?
Where have
afternoon?

you

been

all
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1.2.3 Warranty Coverage and Annual Maintenance Contract
A warranty coverage is an agreement between manufacturer and buyer which assure the
customer to give free repair service till the mentioned date of warranty. A ﬁeld technician
should enquire about warranty coverage after inspecting the device which is to be replaced
or repair.
If the device is out of warranty coverage, inform the customer about the initial charges of
replacing the damaged part.
The following ﬁgure shows a warranty card template:

Fig 1.2.3.1: Warranty card template

Informing Customer about Replacement
In this, a technician is responsible to inform customer about the replacement or repairing
procedure of equipment. Tell the customer about the estimated cost of repairing or whether
the repairing will take place at service centre.

Annual Maintenance Contract
It is deﬁned as a contract between two parties about maintenance of the product owned by
other party on some terms and conditions which is negotiated in the starting and it is
maintained in the form of legal contract.
A technician should educate customer about this contract and its beneﬁts regarding product
maintenance and legal terms and conditions, so that in future customer should be able to
use this contract for repairing purpose of the damaged products.
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This image shows template for annual maintenance contract of equipment

MAINTENANCE CONTRACT FOR AIR CONDITIONAR AND
ACCESSORIES

Fig 1.2.3.2: Template for annual maintenance contract
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UNIT 1.3: Suggest Solutions to Customer Problems
Unit Objectives
At the end of this unit, you will be able to:
1. Provide solution to the customer problems
2. Explain customer about the estimated cost of repairing under warranty and time
required to repair the faulty equipment
3. Inform customer whether the module require replacement with reasons

1.3.1 Suggest a Solution to the Customer
After identifying the issue, a ﬁeld technician needs to oﬀer solutions. The ﬁeld technician
should explain all the possible solutions along with the cost associated. The ﬁeld technician
should then propose the best solution and let the customer decide whether to go ahead
with the given solution or not.
The following ﬁgure shows the steps involved in oﬀering solutions to a customer:
Suggest solutions to the
customer

Explain the time for ﬁxing
the issue

Explain the service method repair or replacement of part

Explain the costs involved

Seek the customer's
approval for further action
Fig 1.3.1: Suggesting a solution to the customer for an issue
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1.3.2 Inform and Explain Customer about Modules
Replacement
Under this topic, a technician required to inform customers on whether the module has to
be replaced or repaired with reasons. For an instance, if the product is under warranty
coverage then tell the customer about the estimated cost of repairing and time required to
repair it.
The following ﬁgure shows the step required to inform the customer about modules
replacement:
[

Visit customer's site
and understand the
problem.

If the product has to be
replaced, take the prior
approval of customer.

Tell the customer about
the estimated cost and
time of repairing or
repalcement,
whichever is required.

Analyse the problem
and ﬁnd out the
possible solutions.

If it is not in warranty,
ask the customer
whether the modules
will be repaire or
replace.

At last, tell the
customer to maintain
the copy of invoice and
warranty for future
purpose.

Check the device for
warranty coverage and
inform the customer
about the same.

If the product is in
warranty coverage, tell
customer whether the
module will replace or
repair.

Fig 1.3.2: Steps required to inform the customer about modules replacement
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UNIT 1.4: Maintaining Schedules and Records
Unit Objectives
At the end of this unit, you will be able to:
1. Explain maintenance schedules
2. Tell customer to retain the copy of invoice and provide the same

1.4.1 Maintenance Schedule
Maintenance schedule is vital for keeping records of servicing, repairing and performing
preventive maintenance. The service engineer should maintain service records and next
servicing schedules to be inform the customer about the maintenance of the components at
the facility. The service engineer needs to perform timely equipment maintenance.
The following image shows a sample maintenance schedule report:

Fig. 1.4.1.1: Sample maintenance schedule report

Equipment Maintenance
The ﬁeld technician should assess the condition of equipment components and upgrade the if
required. He/she should be aware of the compatibility issue. He also need to maintain the
warranty details of the components. If the warranty period is going to expire, he/she should
communicate that with the customer and ask for any extended warranty he needs.
In this case, there are two ways:
•
•

The customer can ask for extending the warranty period.
The customer doesn’t want to extend it. If there is any problem, he will buy a new one.
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The ﬁeld technician need to communicate about the above two ways and then tell the
details of further procedure.
The following image shows a sample maintenance requirement form:

Fig. 1.4.1.2: Sample maintenance requirement form

The technician should maintain a checklist for scheduling the maintenance.
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1.4.2 Maintain the Copy of Invoice
Invoice is deﬁned as a non-negotiable instrument given by the seller to the customer after
purchasing of the goods and services. It acts as the bill of sale or contract of sale.

Invoice template consist of the following content:
•
•
•
•
•
•

Trading parties (seller and customer)
Quantity of items sold
Date of shipment
Mode of transport
Rate and discount
Delivery and payment terms

The ﬁeld technician should provide a copy of invoice to the customer and tell him to retain a
copy of it for future purpose.
The following image shows sample of invoice template:

[

Fig 1.4.2: Sample of invoice template

13

Participant Handbook

UNIT 1.5: Achieving Productivity and Quality
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Deliver the service within service level agreement (SLA) time
Identify customer’s requirement and put them at ease by providing appropriate solutions
Achieve customer’s satisfaction
Maintain no repeat or second escalation from customer

1.5.1 Deliver Service within SLA time
To achieve customer’s satisfaction, it is necessary to deliver the service within the time as
mentioned in SLA. Managing the expectation of a customer is not easy for a ﬁeld technician.
The expectations can turn into a grave problem if the responsibilities and the roles of both
the parties are not clearly deﬁned on paper and agreed upon by both the customer and the
service provider.
An agreement of a sort is therefore important to understand that both the parties –
customer and organisation– have duties and responsibilities to each other and these must
be properly detailed. This is where Service Level Agreement (SLA) comes in. An SLA is a
formal contract between the service provider and the customer, deﬁning services,
responsibilities, scope and duties of both the parties. For instance, an IT hardware company
may oﬀer routine inspection and maintenance service for a certain period of time as part of
one time cost at the time of purchase of equipment.
The following image shows an SLA:

Fig. 1.5.1.1: Writing out an SLA

It’s important for the service engineer to read and understand the SLA before visiting a
customer, so that all the queries, support and service can be addressed according to the
terms speciﬁed. This will minimize all the issues related to service expectations of a
customer.
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The following ﬁgure enlist points required to achieve customer’s satisfaction:

Quality and
Timely
Completion of
Work

Understand
work
requirements
of customer

Proper

communication
with the

customer

Providing
appropriate
solutions

Fig.
Fig1.5.1.2:
5.5.2: Points required to achieve customer’s satisfaction

Maintain Records of Activity
One of the most important parts of good customer service is maintaining accurate records,
containing details of dealings with the customers. Customer records can help gather
information about how best to market a company's services and also help to ensure that the
organisation runs smoothly. Most records are stored electronically on a database.
Objectives of Documentation
•

To record all the problems reported by users.

•

To record the timing of the corrective action.

•

To record the issues that are escalated and to whom.

•

To record what action has been taken by whom.

•

To record when the outstanding requests get cleared.
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1.5.2 Maintain No Repeat or Second Escalation from
Customer

Achieving Zero Defect

Zero defect in work can be achieved in the following ways:
Do it right the ﬁrst time
Follow the process and
guidelines
Monitor and evaluate progress
Adopt continuous improvement

Fig. 1.5.2.1: Measures to achieve zero defect in work

Escalation Process
There may be cases where the customer’s request is not closed within the agreed SLA time
frame. In such a situation, the technician should escalate the matter to his superior/ back
line support and the escalation manager. The supervisor is responsible for ensuring that all
escalated enquiries are dealt with and resolved promptly. However, the technician should
try to exhaust all the options at his level before escalating any enquiry to the supervisor.
A customer enquiry should reach the supervisor only if there is a need to oversee the issue
from a holistic viewpoint. The manager will evaluate the situation, facilitate the issue
resolution and act as an advocate on behalf of the customer.
Complaints escalation process
The technician should do everything to resolve an issue in the ﬁrst instance. To facilitate the
fast and eﬃcient resolution of the issues at the ﬁrst point of contact, a complaint process
needs to be designed and followed.
If an issue is unresolved and needs expert guidance, the helpdesk technician should clearly
explain the escalation options to the customer before proceeding.

16
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The following ﬁgure illustrates the steps of a complaint resolution process:

Step 1

Step 2

Step 3

Step 4

•First contact

•Escalation to supervisor or manager

•Referred to Solutions team

•Further options

Fig.1.5.2.2: A complaint resolution process

Step 1: First contact
A helpdesk technician needs to be empowered to resolve ﬁrst level complaints, complex
issues and make rational customer service decisions.
Step 2: Escalation to a supervisor or manager
If a helpdesk technician is not able to resolve a complaint, it can be escalated to a supervisor
or manager. The manager will review the problem, respond to the complainant and attempt
to resolve the issue to the customer's satisfaction.
In circumstances where the manager is unable to resolve the complaint to the customer's
satisfaction, the complaint will be referred to the Solutions team.
Step 3: Referred to Solutions team
The Solutions team will review and try to resolve the issue to the customer's satisfaction in
accordance with industry code and regulation.
Step 4: Further options
Most of the complaints can be handled internally by utilizing all possible avenues in resolving
the complaint. However, if customer is still not satisﬁed with the handling of the complaint,
then as a last resort helpdesk technician may seek complaint mediation or further assistance
from the supervisor.
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2. Basics of Elect ricit y
and Elect ronics
Unit 2.1 – Basics of Electric Circuits
Unit 2.2 – Components of Electric Circuits
Unit 2.3 – Inverter Technology
Unit 2.4 – Units of Measurement in RACW

25
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K ey Learning Out comes
At t he end of t his module, y ou w ill be able t o:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Describe electric circuits
Describe voltage, current and resistance
Deﬁne Ohm's law
Explain the diﬀerence between alternating current (AC) and direct current (DC)
Measure power and energy
Describe the active components
Describe the passive components
List electromagnetic components
List the basic functions of inverters
Identify the advantages of inverters
Explain the controller functions

20
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U NI T 2.1: Basics of Elect ric Circuit s
Unit Ob ectives
At
1.
2.
3.
4.
5.

t he end of t his unit , y ou w ill be able t o:
Describe electric circuits
Deﬁne voltage, current and resistance
Deﬁne Ohm's law
Explain the diﬀerence between alternating current (AC) and direct current (DC)
Measure power and energy

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

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

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

Example: Battery

A conductor that connects the supply
source and the load.
Example: Wires
Fig 2 .1 .1 .1 : Electric circuit consti
tuents

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

Fig 2 .1 .1 .2 : C losed and open path
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In a typical circuit, a battery provides voltage for the load through wires. For example, the
required voltage for a bulb to glow is provided by a battery. The following image shows such
an electric circuit:

Fig 2 .1 .1 .3 : An electric circuit

2.1.2 Ty pes of Elect ric Circuit s
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 functioning which
then needs to be replaced. The following image represents a series circuit:

Fig 2 .1 .2 .1 : A series circuit

Parallel Circuit
In this type of a circuit, two or more components are connected in a parallel manner. In a
parallel circuit, the components are of the same voltage. The current flow varies across the
components. If any point of the circuit gets damaged, only that part needs to be replaced.
The following image represents a parallel circuit:

Fig 2 .1 .2 .2 : A llel
para
circuit
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2.1.3 Paramet ers of Elect ric Circuit
Electricity is a natural force that comes into existence whenever there is a ﬂow of electric
charge between any two components. When working with circuits, awareness about some
of the basic concepts of electricity is needed, otherwise a wrong connection in a circuit may
cause high damage to the user and the circuit components. The main parameters associated
with electricity are as follows:
• Voltage
• Current
• Resistance

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

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

Denot ed by

Micro-Ampere

(µ A) = 10-6A

Millie-Ampere

(mA) = 10-3A

Ampere

(A)

23
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AC and DC Current
The following ﬁgure lists the two types of current sources that are dependent on the
direction in which the electrons ﬂow:

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

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

In this the magnitude of
induced current varies with
time.

In this the magnitude of
induced current remains
constant.

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

Types of DC are Pure and
Pulsating.

Fig 2 .1 .3 : erence
Di
between AC and DC current

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

2.1.4 Ohm' s Law
According to Ohm's law, the ﬂow of current through a conducting material is directly
proportional to the conductor’s voltage. The mathematical equation of Ohm’s law is as
follows:
I = V / R
where,
I is the current
V is the potential diﬀerence
R is the resistance
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Ohm's law states that R in the preceding relation is constant and independent of the current
ﬂowing through it as shown in the following image:

Fig 2 .1 .4 : A simple electric circuit

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

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

Energy
If the electric power is the rate or speed of work done, then electric energy is the total
amount of work done in a given time period. It is a product of the power of an electrical
appliance and the duration of its usage. Electric energy can be explained with the following
equation:
Electrical Energy (E) = Power (P) x Duration of Energy usage (T) = Power (Watt x Time (hour)
E (Wh) = P (W) x T (h)
Power = Energy / Time
Example:
Electricity charges are paid based on “Units of Consumption
1 unit = 1 kWh
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If 500W is used for a device for 4 hours, then consumption is = 0.5 kW * 4 Hrs. = 2 K Wh (2
units). y multiplying the power consumption with rate of electricity, the electricity bill for
the usage is determined.
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U NI T 2.2: Component s of an Elect ric Circuit
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1. Describe the active and passive components
2. List electromagnetic components

A circuit consists of a number of components that may be electrical, electronic, mechanical
and so on. The following ﬁgure represents various types of circuit elements or components
that are used in a control panel:
Active
Components
Passive
Components
Electromechanical
Components
Fig. 2 .2 .1 : C ircuit elements

2.2.1 Active Component s
Active components depend on a source of energy to perform their functions. These
components can amplify current and can produce a power gain.
The following ﬁgure lists the diﬀerent types of active components in a circuit:
Diode

Light
Emitting
Diode(LED)

Active
Components

Transistor

Integrated
Circuit(IC)
Fig. 2 .2 .1 .1 :veActi
components
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Diode
A diode is a specialized electronic component with two terminals known as the anode and
the cathode. It has asymmetric conductance, which means that it conducts mainly in one
direction. It has very less resistance, ideally zero, to the ﬂow of current in one direction
whereas it has high resistance, ideally inﬁnite, in the other direction. Diodes are usually
made up of semiconductor materials such as germanium, silicon or selenium. Appliances
such as refrigerators, air conditioners and washing machines have this component. The
following image shows diodes:

Fig. 2 .2 .1 .2 : Diodes

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

Fig. 2 .2 .1 .3 : A transistor

IC
An IC, also known as a microchip, is a semiconductor wafer on which a number of small
resistors, capacitors and transistors are fabricated. It can work as an oscillator, an ampliﬁer,
a timer, a counter, a microprocessor or as computer memory. Appliances such as
refrigerators, air conditioners and washing machines have this component. The following
image shows an integrated circuit:

Fig. 2 .2 .1 .4 : An integrat
ed C ircuit (IC )
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LED
An LED is made of a p-n junction diode which releases light when it is activated. It is a twolead semiconductor source of light. Energy is released as photons when a suitable voltage is
applied to the leads. Appliances such as refrigerators, air conditioners and washing machines
have this component. The following image shows
C an LED:

Fig. 2 .2 .1 .5: An L ED

2.2.2 Passive Component s
Passive components are those components which can perform their speciﬁc functions
without any power source. These components are incapable of controlling current.
The following ﬁgure lists the diﬀerent types of passive components in a circuit:

Transformer

Thermistor

Resistor
Passive
Components

Inductor

Capacitor

Fig. 2 .2 .2 .1 : Passive components

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

Fig. 2 .2 .2 .2 : A transformer

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

Fig. 2 .2 .2 .3 : R esistors

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

Fig. 2 .2 .2 .4 : C apacitors

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

Fig. 2 .2 .2 .5: Inductor

Thermist or
A thermistor is a kind of resistor which is more sensitive to temperature as compared to
other resistors. It is extensively used as an inrush current limiter, temperature sensor, selfregulating heating element and self-resetting overcurrent protector.
Appliances such as washing machines have this component. The following image shows a
thermistor:

Fig. 2 .2 .2 .6: A thermistor

31

Participant Handbook

[

2.2.3 Elect romechanical Component s
Electromechanical components convert electric energy into mechanical energy (mechanical
movement) or vice versa for carrying out electric operations. The following ﬁgure lists
various electromechanical components:
Motor
Timer

PCB

Electromechanical
Components

Starter

Relay

Circuit
Breaker

Connector
Switch

Fig. 2 .2 .3 .1 : Electromechanical components

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

Fig. 2 .2 .3 .2 : A mixer grinder motor
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Types of motors are:
1. Capacitor start motor
2. Relay start motor
Capacit or St art Mot or
In a capacitor start motor, the capacitor is connected in series with the starter winding,
which causes current in starter winding. When the motor reaches 75% of the rated speed,
the capacitor and the starter winding is disconnected by a switch.
A capacitor start motor is used in air conditioners and washing machines. The following
image shows a circuit diagram of a capacitor start motor:

Fig. 2 .2 .3 .4 : C ircuit diagram of capacitor start motor

Relay St art Mot or
In a relay start motor a relay is connected between the starter and run winding, which
causes current in starter winding. Then the resistance of motor increases with current, which
cuts the start winding then the motor works only on run winding.
Relay start motor is used in refrigerators. The following image shows a circuit diagram of a
relay start motor:

Fig. 2 .2 .3 .5: C ircuit diagram of relay start motor

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

Fig. 2 .2 .3 .6: A PC B

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

Fig. 2 .2 .3 .7 : Plug

Sw it ch
A switch is a component used to make or break connections in an electrical circuit. A switch
is used to divert the current from one conductor to another. It can be operated manually to
control a circuit such as a light switch or can be operated by a moving object. It is made to
control a wide range of currents and voltages.
The following image shows a typical switch used in small appliances such as refrigerators, air
conditioners and washing machines:

Fig. 2 .2 .3 .8 : A rotary switch

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

Fig. 2 .2 .3 .9 : Solid state relay and electromagneti
c relay

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

Fig. 2 .2 .3 .1 0 : A circuit breaker

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

Fig. 2 .2 .3 .1 1 : A starter

Timer
A timer, also known as a time switch, is a special type of clock that measures time intervals.
It operates a switch that is controlled using a timing device. A timer may be built into a
power circuit such as a water heater timer. It may also be built into the equipment such as a
timer that turns on/oﬀ washing machine after a set period.

35

Participant Handbook

Even air conditioners have timers that turn it oﬀ after a set period. In case of refrigerators,
there is a defrost timer that turns on after a set period of 15 to 30 minutes to melt the frost
from the evaporator coil.
The following image shows some appliances that have a timer:

Fig. 2 .2 .3 .1 2mer
: A ti
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U NI T 2.3: Inverter echnology
U nit Objectivess
At
1.
2.
3.

t he end of t his unit , y ou w ill be able t o:
List the basic functions of inverters
Identify the advantages of inverters
Explain the controller functions

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

Fig. 2 .3 .1 .1 : B asic work
ow of an inverter in an AC

The inverter's main functions are listed in the following ﬁgure:
Converting DC electricity into AC

Wave shaping of the produced AC electricity

Regulation of the value eﬀectiveness of the produced voltage
Fig. 2 .3 .1 .2 : B asic functi
ons of an inverter
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2.3.2 Advantages of I nvert ers
The following table shows advantages of inverter based appliances over non-inverter based
appliances:
Item

Non-Inverter

Inverter

Time to reach preset temperature

Relatively long due to
ﬁxed capacity

Short because of increased
capacity

luctuations after
reach pre-set
temperature

Major ﬂuctuations due
to start/stop operations

Minor ﬂuctuations due to load
adaptable operations

Sudden current
ﬂow when the
compressor
started

5- times rated value

. times rated value due to
gradual increase at the start

Low temperature
range
during heating

Decrease in capacity

Decrease in capacity
compensated by increased
rotational speed

Defrosting time

Relatively long due to
ﬁxed capacity

Short due to maximum capacity
operations

Unit composition

Relatively simple

Extra parts required

Trouble diagnosis

Relatively easy

Complicated

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

Fig. 2 .3 .3 .1 : An AC C ontroller
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There are diﬀerent types of controllers as shown in the given ﬁgure:

Compressor On/OFF
Controller

•It starts working as per the set temperature and
the ambient temperature status.
•While cooling, the compressor is turned ON
when the ambient temperature is higher than
the set temperature and when the temperature
drops below the dead band temperature.

Compressor AC/DC Inverter
Controller

•This type of controller has better control as the
compressor in this does not turn OFF completely.
•In it the frequency of the compressor rotation
varies as per the load.
•This type of controller is more energy eﬃcient
and ecofriendly.
•For cooling function a setting of 24 ° C and in
heating function a setting of 28 ° C is considered
as a good energy saving setting.

Fan Controller

•The fan controller enables us to put the fan is
Low, Medium, High or Auto mode.
•The Auto mode works by determining the room
temperature and set temperature.

Timer Controller

•It is a clock based controller which turns the
system ON/OFF as per the settings.
•To make the user set the time to enable working
of the systems.
•In air conditioning, customer can set the AC to
switch ON or OFF for a set time.
• In washing machine systems user can set the
spin period and drying period by using timer
control.

Ionizer Controller

•It is located in the indoor unit and has a module
of high voltage electronic setting that ionizes the
air with negative ions.
•This helps remove dust and contaminants from
the surrounding air

Fig 2 .3 .3 .2 : Type of controllers
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2.3.4 Four W ay V alves
A four way valve is an electro mechanical valve which is used to reverse the refrigerant ﬂow
of direction by using an electrical magnet. This is basically a heat pump reversing valve
present in air conditioners and refrigerators. The heat pump is made up of four valves (A, B,
C, D). The working of four way valves involves two modes – heating and cooling mode.

Cooling Mode
Tube A is connected to the compressor discharge port which is at high pressure. Tube B is
connected to the return valve return port of the compressor which is at low pressure. Thus A
has high pressure refrigerant and B has low pressure refrigerant.
The heat pump pushes the valve and allows the refrigerant at high pressure from tube A to
tube D to outer coil, which drops the pressure of the metering device. Then the inner coil
cools the area (inside of a house) and then comes back into tube C. The following image
shows the working of a four way valve in cooling mode.

Fig. 2 .3 .4 .1 : A four way valve in cooling mode

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

Fig. 2 .3 .4 .2 : A four way valve in heati
ng mode
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U NI T 2.4: U nit s of Measurement in RACW
Unit Ob ectives
At
1.
2.
3.

t he end of t his unit , y ou w ill be able t o:
Identify the standard units
List the conversion of BTU into other units
Explain eﬃciency and ratings of refrigeration and air conditioning

2.4.1 British t hermal unit ( BTU )
BTU or Btu ritish thermal unit) is a traditional unit used in heat measurement. The BTU can
be deﬁned as the amount of heat which is required to raise the temperature of one pound
of water by one degree Fahrenheit. In metric system this unit is Calorie which can be deﬁned
as the amount of heat required to raise the temperature of one gram of water by one
degree Celsius.
Heat is considered equivalent to energy.
1 BTU = 1055 joules

Conversions
One BTU is approximately equal to all these units as shown in the following ﬁgure:
1.054 to 1.060 kJ (kilojoules)

0.293071

h watt hours)

252 to 253 cal (calories)

0.25 kcal (kilocalories)

Fig. 2 .4 .1 .: C onversion of B TU

41

Participant Handbook

2.4.2 Tons of Refrigeration and ating
TR (Ton of refrigeration) is a unit of power which is used to explain the heat extraction of a
refrigerator or an air conditioning system.
Ton of refrigeration can be deﬁned as the rate of transfer of heat which causes the melting
of one ton (907 kg) of pure ice which is at 0° C (32 ° F) in a time period of 24 hours.
Refrigeration ton is equal to 12,000 BTU/hour or 3.5 kW.
The performance of refrigerators and air conditioners are speciﬁed by its capacity in BTU/h.

EER ( Energy E ciency atio)
The EER (Energy Eﬃciency Rating) is a score rating for the appliance used to measure their
capacity and eﬃciency. It can be calculated by the ratio of cooling capacity to power
consumption.
Higher EER means better eﬃciency
Calculated EER of 1TR
Cooling capacity = 3,514 W
Power consumption = 1,500 W
EER = 3,514/1,500 = 2.34

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

St ar Rating Min Max

St ar Rating Min Max

1 Star *

2.70

2.89

2 Star **

2.90

3.09

3 Star ***

3.10

3.29

4 Star ****

3.30

3.49

5 Star *****

3.50
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3. Tools and Equipment
H andling
Unit 3.1 – Identify the Use of Tools and Equipment
Unit 3.2 – Safety and Maintenance of Tools
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K ey Learning Out comes
At the end of this module, you will be able to:
1. List the diﬀerent types of tools used for installing appliances
2. Identify the correct methods of using tools
3. Maintain and handle tools properly
4. Identify the safety methods to be followed while handling tools
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U NI T 3.1: Identify the Use of ools and Equipment
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1. Identify the types of tools used for installation
2. Identify the equipment used in installation of appliances

3.1.1 I nt roduction t o Tools
Tools are non-consumable items that can be used in installing or servicing electronic
appliances. Tightening of bolts, stripping wires and measuring angles and length can be
easily done with the help of speciﬁc tools.
Hand tools are the tools which are operated easily to perform tasks by using power and grip
of hand. Some examples of hand tools are screw driver, hammer, measuring tape, wrenches
and so on.
Tools are essential for a ﬁeld technician as it helps the technician to complete the task of
installing appliances easily with less eﬀort.
The following is an image of basic tools used in installation of appliances:

Fig. 3 .1 .1 : Tools used in appliance installa
tion

3.1.2 Basic Tools
The following tools are used for basic installation and servicing of appliances:
1. Det achable small handle screwdriver: A screw driver which can be used from either end.
One end has a ‘ +’ shape for ‘ +’ shaped screws and other end for ‘ -’ shaped screws.
2. Det achable long handle screw driver: A similar kind of screw driver with long stem. This
also can be used from either end. One end has a plus '+' shape for '+' shaped screws and
other end for minus'-' shaped screws.
3. Slim line slot head screw driver: Used where we cannot reach with our hands or even
ﬁngers. It has a long and thin stem and has a minus'-' shape.
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4. Round screw driver: Used to screw and un-screw the minus '-', plus '+', star '*', hexagonal
or any other type of screws. It has a magnetic front socket which can hold bits of various
shapes.
5. Bit pad: A pad with eight-ten bits of varied shapes to use with round screw driver.
6. Ext ension bit / rod:
A component that is attached to the front of the round screw driver to
increase its length. Once attached, it increases the reach of the screw driver by an inch to
three-four inches. The following is an image of a screw driver set:

Fig. 3 .1 .2 .1 : A screw driver set with bits

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

Fig. 3 .1 .2 .2 : A tester

8 . Double ended round spanner: A round spanner that can be used at either end. Each end
has a diﬀerent size. Generally, a set of spanner has a combination of sizes 10-11mm,
12-13 mm or 13-14mm.
9 . Simple spanner: A normal spanner (wrench) which can be used at either end. These are
also two in number. One is a combination of 10-11mm and other being a combination of
12-13mm and 14-15mm. The following is an image of spanner set:

Fig. 3 .1 .2 .3 : Spanner
with wrench heads

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

Fig. 3 .1 .2 .4 : A measuring tape

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

Fig. 3 .1 .2 .5: A spirit level meter

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

Fig. 3 .1 .2 .6: A heavy duty hammer

14. Pliers: Pliers are hand tools, designed primarily for gripping objects by using leverage.
Three types of pliers are used by installation engineers:
a. Combination pliers: These are used for gripping small objects, to cut and bend wire
and cable and to hammer other small tools such as a chisel or screwdriver and small
nails. These pliers have a gripping joint at their snub nose, and cutting edge in their
craw. They also have insulated handle grips that reduce (but do not eliminate) the risk
of electric shock from contact with live wires.
b. Side cu er or heavy dut y cu er: These are used to cut wires and nails.
c. W ire st ripper/ cu er:Used for stripping wires, removing insulation on electrical wire
while leaving the wire intact. It is an adjustable plier which can be adjusted using a
screw driver to enable its usage on a thicker wire as well.
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The following is an image of pliers and cutters:

Fig. 3 .1 .2 .7 :tters
C u and pliers

15. Compression t ool: This is used to compress the connector on to the wire end. The
connector is then connected to the LNBF of Antenna or to STB jack.
16. Cable preparation t ool: It is used to cut the cable and prepare it for use during installation.
The following is an image of cable crimping tools:

Fig. 3 .1 .2 .8 : C able crimping tools

Not e: Compression and crimping tools are generally used together. Crimp tool is used to
cut the wire and the compression tool is used to ﬁx the connector to the end of a wire.
Never try to cut the outer sheet of coaxial cable manually as it may cause problems later
17. Component box: A small box to keep small spare parts like screws, nuts, bolts, p-clips etc.
18 . Drill machine: It is used to create holes and through-holes in concrete and masonry (max.
diameter 20 mm). It is also used for drilling metal sheets, wood, drywall and driving
screws. It operates at 600 W. It can be operated in two modes, normal as well as hammer.
The normal motion is a rotatory motion whereas hammer motion is a combination of
rotatory and hammer motion. There are separate bits for both the modes. The following
is an image of a drill and drill bits:

Fig. 3 .1 .2 .9 : All dri
machine and drill bits

19. Bit s: The way drill machine has two modes, normal and hammer. Bits are also of two
types. One set of bit is used for normal drilling whereas the other for hammer drilling.
Hammer drilling bit has got a diﬀerent shape and has grooves for better grip. Hammer bit
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is generally used for concrete and comes in varied sizes such as 6mm, 8mm, 10mm, 12mm
and of 47mm length.
20. Digit al multimet er: It is an electronic device which is capable of taking various electronic
measures such as current, voltage or resistance. The basic measurements that are
normally made include voltage, current (both AC and DC) as well as resistance. Advanced
multimeters have a variety of other functions such as measurement of frequency (not up
to a high level of precision), capacitance and temperature. The following is an image of a
multimeter:

Fig. 3 .1 .2 .1 0 : A digitalltimeter
m

21. Torch: A battery operated source of light. It is kept in the tool kit to use in case the light
fades or is not appropriate during the time of installation.
22. H acksaw : It is used by the installer to cut a plastic pipe or a plastic conduit. It is a hand
saw with a C shaped frame which holds a blade. The following is an image of hacksaw:

Fig. 3 .1 .2 .1 1 : A hacksaw

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

Fig. 3 .1 .2 .1 2 : A
ngcuknife
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24. K ey hole saw : It is used to cut holes in drywall or softer woods for new electric switch in
the wall. It has a plastic or wood handle with a pointed blade. In some keyhole saw, various
blades can be ﬁtted in the same handle. The following ﬁgure shows a keyhole saw:

Fig. 3 .1 .2 .1 3 : A keyhole saw

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

Fig. 3 .1 .2 .1 4 : A tube cutter

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

Fig. 3 .1 .2 .1 5: A torque wrench

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

Fig. 3 .1 .2 .1 6: A wrench
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28 . Refrigerant gas det ect or:
This tool is used to detect a gas leak around the appliance or in
the surrounding. The following ﬁgure shows a gas detector:

Fig. 3 .1 .2 .1 7 : A gas detector

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

Fig. 3 .1 .2 .1 8 : A clamp Meter
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U NI T 3.2: Safet y and Maint enance of Tools
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1. Safety measures to be taken while handling tools

3.2.1 Safet y w hile H andling Tools
The tools selected for a particular set of job should be speciﬁcally suitable for the job. The
tool should have a proper handle grip so as to avoid slipping of the tool while working. The
tools should be used only for the purpose they are made for and not for any other purpose.
The tools should be used under the safe working limits as per the design specification of the
tool.
A technician should always wear personal protective wear such as safety gloves, safety
helmet, safety goggles, safety shoes, ear protecting plugs and safety mask. The following are
the images of personal protective equipment:

Fig. 3 .2 .1 : Personal protec
tive equipment (PPE)

The tools should be carried in proper toolbox in a managed and organised way. The tools
should be kept at a secure place to avoid any unauthorised access and accident from the
tools. Before working, check the work piece to prevent any damage to the tool to be used
on the work piece.
While working at heights, tools should be tied or put in safe place to avoid any slipping and
dropping of the tool. The tools should be operated in a correct position with proper strength
for holding and operating the tool eﬀectively. While using tools, correct procedure should
be followed as per the manufacturer’s instruction to operate the tool. While using sharp
edged tools, ensure that the direction of movement of the tool should be away from the
body. After the completion of work tools should be put in the appropriate place securely.
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3.2.2 Maint enance and H ousekeeping of Tools
As tools are essential for a service technician, regular maintenance and check needs to be
done to maintain the tools in good condition. Using or working with a damaged, broken or
unsuitable tool is hazardous.
To keep the tools in good conditions following steps should be checked:
•
•
•
•
•
•
•
•
•
•

Get the tools from the store as per the requirement and return the tools in good
condition after completion of work.
A regular routine check of the tools should be done to examine the condition of the
tools.
Get the damaged and worn out tools ﬁxed else get the tools replaced.
Before and after completion of the work clean the tools properly.
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.
Sharp tools should be kept with protective guard over the sharp edges.
Broken tools should be discarded with care.
Regular examination, repair and maintenance of the tools should be carried out only by
a competent person.
Report about any issue related to damage or faulty tool/equipment to the store
supervisor or senior.

3.2.3 Safet y w hile W orking
While working at a site, make sure you follow the safety regulations to avoid any accident.
Safety is the primary concern as per the company’s policy and standards.
Safety should be followed:
•

While handling tools/equipment’s

•

Climbing an elevated surface or using ladders

The given safety points should be considered while working:
•

•
•
•
•

•

Overloading – While using tools/equipment’s make sure that they are not overloaded or
operated beyond working limits. The ladder or structure over which you need to work
should not be overloaded as well.
Overreach – Do not try to reach beyond a point while working on a ladder or an elevated
surface. K eep the safety line tied with the safety belt while work
ing.
Resting tools – Avoid resting or hanging of tools over an elevated surface.
Carrying tools – Always carry tools safely or use tool belts for carrying tools.
Stability – Always ensure to make a stable point of contact on the ground and especially
on an elevated surface like a roof or a ladder. Ensure making three points of contact rule
for stable position before starting the work.
Standardised equipment – Make sure you are using standardised equipment like tools,
ladders and safety equipment.
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•

Maintenance – Always maintain your tools and equipment in good condition and clean
them before using.

First Aid
While working at the site and handling tools and equipment a person might suﬀer some
injury. So, to handle such a situation the technician should carry a ﬁrst aid kit which can help
provide the ﬁrst aid necessary. The ﬁrst aid box may contain:
• Instructions to provide ﬁrst aid.
• Sterile and antiseptic liquids.
• Bandages of appropriate sizes and cotton.
• Scissors, clippers and tweezers.
• Cold pads.
• Disposable gloves.
The technician should also have a basic knowledge to provide ﬁrst aid. Also in case of any
accident, contact emergency services as soon as possible via communication methods.
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4. Air Conditioners
Unit 4.1 – Basic Concepts of Air Conditioners (ACs)
Unit 4.2 – Working and Installation of

indow ACs

Unit 4.3 – Servicing Window ACs
Unit 4.4 – Installing Split ACs
Unit 4.5 – Servicing Split ACs
nit .

135
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ey Learning Outcomes
At the end of this module, you w ill be able to:
1. Deﬁne the factors, comfort zone and heat load of ACs
2. Identify the diﬀerent parts and working of indow ACs
3. Follow safety precautions for installation of Window ACs
4. Test-run a Window AC
5. Describe wiring diagrams for Window ACs
6. Test electronic components of indow ACs
7. Service and repair Window ACs
8. Identify the diﬀerent parts and working of Split ACs
9. Follow safety precautions for installation of Split ACs
10. Test-run a Split AC
11. Describe wiring diagrams for Split ACs
12. Test electronic components of Split ACs
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U NI T 4.1: Basic Concepts of Air Conditioners ACs
Unit Ob ectives
At the end of this unit, you w ill be able to:
1. Deﬁne the factors for air conditioning
2. Deﬁne heat load and comfort zone of ACs
3. Describe the types of ACs

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

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

Fig. 4 .1 .1 : Factor
s a ecting air conditioning
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The preceding factors decide the working of the ACs as well as how eﬀective the ACs would
be in that closed environment.
For exmaple, typically, ACs should lower the temperature in summers and increase the
temperature in winters for a closed room or space. The decrease in temperature is done by
removing the humidity and heat that is generated by the environemnt and living beings
(such as humans and their pets) existing in that environment. ACs should also work to
improve the air quality, by removing odour and dust particles suspended in the air due to
heat. Lastly, ACs need to ensure that there is proper air movement and circulaion to avoid
any suﬀocation due to air modiﬁcation.

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

Fig. 4 .1 .2 .1 : H eat loads

Typically, the following factors in a home or oﬃce environment contribute to the heat load:
• Area of the space
• Running appliances (such as computers)
• Entry area for sun rays/light, such as windows, ceilings and so on
• People
• Activity/movement in the room, such as moving furniture, frequent opening of the
door/windows and so on
• Artiﬁcial light used to illuminate the room
The capacity of ACs needed to cool the room/space, depends on the preceding factors.
Higher is the number and intensity of these factors, more is the capacity of the AC needed to
cool the room.
The capacity of ACs is measured in terms of ton, which means the amount of heat that an air
conditioner can remove from a conﬁned space within an hour.
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Comfort zone is achieved when the internal conditions, air and environment, of a room or
closed space is controlled to maintain a comfortable temperature for the occupants
irrespective of the outdoor weather or temperature, as shown in the folloiwng image:

Fig. 4 .1 .2 .2 : C omfort zone

4.1.

ypes of ACs

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

Fig. 4 .1 .3 .1 : Window AC

•

Split ACs, as shown in the folloiwng image:

Fig. 4 .1 .3 .2 : Split AC
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The working of the ACs, window or split used in homes or oﬃces, is shown in the following
diagram:

Fig. 4 .1 .3 .3 : Working of AC

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

Compression of refrigerant
leads to generation of
heat.

The compressed
refrigerant is passed to the
condenser coils to allow
the dissipiation of heat.

The refrigerant becomes a
liquid as the heat is blown
out by the fan to the outer
atmosphere.

This liquid is then passed
towards the expansion
valve which has a
temperature sensor
attached to it working in
sync with the thermostat
settings.

Proper quantity of
refrigerant is released by
the expansion valve to the
evaporator coils.

The liquid refregerant is
converted to its gaseous
state because expansion
causes cooling due to
absorption of energy from
the surrounding.

The air gets cooled while
passing through the ﬁns
that are attached to the
coils and is passed to the
room

The gas in the evaporating
coils gets compressed after
entering again into the
compressor.

The cycle continues until
the compressor is turned
oﬀ.

Fig. 4 .1 .3 .4 : Steps of refrigerati
on cycle

Heat is drawn by the air conditioner from the indoor and is released to the outdoor. The
indoor plays as a source and the outdoor acts as a heat sink.
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U NI T 4.2: Working and Installation of Window ACs
Unit Ob ectives
At the end of this unit, you w ill be able to:
1. Identify the diﬀerent parts and working of indow ACs
2. Follow safety precautions for installation of Window ACs
3. Test-run a Window AC

4.2.1 W orking of a Window AC
Window ACs are the most common type of ACs used in homes and small oﬃces. These are
also the cheapest type of ACs.
Window ACs require a window or a hole in the wall, the size of the AC unit, and one part of
the unit is inside the window/wall and the part is outside in the open, preferably with lots of
space available.
Window ACs consist of two main units:
• Inside unit, which cools the room/space, consists of:
o Return air grill
o Air ﬁlter
o Control panel
o Thermostat sensor
o Adjustable louvers
o Evaporator coil
• Outside unit, which absorbs the heat in the room and transfers outside the room,
consists of:
o Blower motor
o Partition
o Fan
o Compressor
o Condesor coil
o Drain tray/pipe
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The assembly of a window AC is shown in the following ﬁgure:
A solid base on which all the parts are assembled.

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

An insulated partition which segregates the inside unit from the outside unit.
A front panel which has horizontal and vertical louvers, which can be adjusted as per the
desired direction of air ﬂow.
A control panel which has various controls to manage temperature, fan speed, etc. for
the AC.

A refrigeration system comprising of condesor, compressor, expansion valve and
evaporator. This sytem uses the same refrigeration cycle as that of a refrigerator.
An air circulation system, contains:
•Blower which absorbs the inside air and ﬁlters it. The air then passes through the
cooling coil to get chilled and then blow into the room again.
•Condeser fan
•Fan motor
A drainage system allows removing of dew drops accumulate in the bottom base unit.
•The AC unit is installed with a slight tilt angle towards outside for the collection of dew
when the room air gets chilled.
•There is a small opening at the back connected to the small drain pan and the piping for
the drainage of water.
An electrical protection system contains a thermostat that senses the coil temperature.
•It protects the motor connected to compressor against getting overheated.
•It prevents burning of winding coil due to overheating while the air conditioner is
running for long time by tripping the compressor and stopping it until it cools down.
Fig. 4 .2 .1 .1 : Assembly of a window AC
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The parts of window ACs is the same as explained in the preceding units and is shown in the
following image:

Fig. 4 .2 .1 .2 : Parts of a window AC

4.2.2 I nstallation and Safety Precautions
rere uisites for I nstallation
Before going for installation of a window AC at a customer site, ensure that the instructions
shown in the following ﬁgure are performed:
Carry all tools and personal protective gear required, neatly organized
Check that all tools and equipment, such as a drill, is working properly
Ensure all the units have been delivered before visting the site
Check the packing to see if it is porper and has not been tampered or damaged
Carefully unpack the unit and its parts, such as remote, grill, ﬁlter, and so on
Wear insulated shoes for installtion
Ensure there is a step ladder avaialble if isntalltion is to be installed at a height
Fig. 4 .2 .2 .1 : Prerequisites for llation
insta
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In case drilling or gas reﬁlling needs to be done in the wall, then follow the precautions
shown in the following ﬁgure:
Drilling

Ensure there is no loose wiring and plug has been properly insulated.
Use proper drill bits and key to lossen/tighten the bits.
K eepsteady hands while drilling and wear goggles to protect eyes from
debris and dust.

Gas Reﬁlling

Discharge the refrigerant in open space.
Use gloves while handling the refrigerant.
Check the cylinder to ensure that it is sealed properly as per standards.
Hold and store cylinder in upright position.
K eepcylinders away from heat.
Fig. 4 .2 .2 .2 : Precauti
ons taken at during installation

Installation
Before installation, ensure you have carefully exmained the site for installation and checked
all conditions for installations, such as proper availblity of space for indoor and outddoor
unit, proper electrical points available, proper window/hole in wall avalable, and so on.
The installtaion of a window AC looks similar to the one shown in the following diagram and
the speciﬁed dimensions should be maintained while installing:

Fig. 4 .2 .2 .3 : Speci
ﬁcation of dimensions of the AC unit

To install a window AC, perform the following steps:
1. Remove the AC carefully from its packaging.
2. Remove the glass/grill from the window where the AC needs to be installed.
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3. Ensure that the hole/window is as per the dimensions required by the AC. If the
hole/window is bigger, then apply proper wooden panelling or insulation around it to
make it ﬁt for the AC’s size.
4. Analyze the frame of the hole/winodw to ensure that it has enough strength for holding
the weight of the AC unit.
5. Fix the outer casing of the AC to the frame of the window. Ensure that it is ﬁrm and
properly ﬁxed. The casing need to be ﬁxed strongly so that it can take the whole weight
of the AC.
In case the hole is in a wall, then the casing needs to be ﬁtted into the wall by drilling
strong holes in the wall and securing the casing with strong screws.
Also, ensure that the casing is titled at a small angle (2-3 degrees) on the outside (back
of the AC). This would ensure that the dew collected from the cooling coil is drained
outside from the drain tray and pipe.
6. Using a colleagues help, pick up the main AC unit and slide it in the casing carefully.
Ensure the unit is sitting ﬁrmly in the casing and secure it properly using screws.
7. Connect the electrical wires to the control panel.
8. Place the front panel grill and ﬁlters.
9. Connect the power supply to the AC’s cord. Check if the AC is working.

4.2.3 est-run a W indow AC
After instalation of the AC, it is important to check if the AC is funcitoning properly and if it’s
controls (such as the remote) is also working properly. Moreover, you should also explain
the basic funtions of the AC to the customer after installation.
To test-run the AC, perform the following steps:
1. Ensure all electrical wiring has been done and the main power cord of the AC has been
plugged in to the power point, as shown in the following image:

Fig. 4 .2 .3 .1 : Electrical wiring of AC unit

2. Ensure that all front grills and ﬁlters have been properly placed.
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3. Switch on the AC and set the temperature at 18oC as shown in the following ﬁgure:

Fig. 4 .2 .3 .2 :ng
Se temperature

4. Let the AC run for 15-20 minutes.
5. Check the funcitoning of the front control panel.

Fig. 4 .2 .3 .3 : C hecking thetioning
func of front control panel

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

Fig. 4 .2 .3 .4 : C hecking thetioning
func of remote

7. Check the cooling eﬀect in the room after 15-20 minutes.
8. Check the following temperatures:
a. Outdoor unit should be approx. 42oC
b. Grill should be approx. 9oC
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U NI T 4.3: Servicing W indow ACs
Unit Ob ectives
At the end of this unit, you w ill be able to:
1. Describe wiring diagrams for window ACs
2. Test electronic components of window ACs
3. Service and repair window ACs

4.3.1 W iring Diagrams for W indow ACs
A ﬁeld technician is required to service and repair the window ACs as per customer requests and
complaints.
To be able to carefully service and repair an AC, the ﬁeld technician should be able to read and
understand the wiring diagrams of the ACs and understand the electric circuits and connections
properly.
A simplest wiring diagram of a window AC is shown in the following ﬁgure:

Fig. 4 .3 .1 .1 : Wiring diagram of a window AC

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

Fig. 4 .3 .1 .2 : Wiring diagram of the inside unit of a window AC
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The power cable is split into three wires inside the unit as described in the following ﬁgure:
Ground wire (either green or a bare wire

Hot wire

Neutral wire

Fig. 4 .3 .1 .3 : Wires of a power cord

The ground wire is connected to the metal case of the unit.
The hot wire that feeds power to the important parts of the window unit, along with the
compressor and the fan motor, connects the selector switch to the other parts, as follows:
• Hot wire Selector switch Thermostat switch Compressor
• Hot wire Selector switch Fan motor
Neutral wire is directly connected to fan motor as well as the compressor through the wire
connector that is placed at the back of the selector switch in order to keep all neutral wires
common to each other as being connected to the same point.
The following ﬁgure shows another wiring diagram of an AC window with overload
protection:

Fig. 4 .3 .1 .4 : Wiring diagram of an AC window with overload protecti
on
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4.3.2 esting Electronic Components
A ﬁeld technician should start with testing the various modes of operation to check which
components of the window AC are operating ﬁne or not. The following ﬁgure shows the
steps of checking various components:

Turn on the unit fan
keeping heat and cool
modes oﬀ.

If the fan fails to
operate, power supply
needs to be checked.

Check whether the
breaker or fuse is
tripped.

If so, ensure the
appropriateness of the
size of the circuit for the
AC unit.

Check the current
interruptor (if any) by
pushing the reset button
to see whether it is
tripped.

Reset the fuse or
breaker.

Check the wiring to
ensure proper
connections for power
oﬀ.

Check the capacitors for
the fan.

Check the fan motor and
fan switch.

Make sure that the
blades of the fan spin
freely.

Check the compressor
by feeling it with hand. If
it is too hot, let it cool.

Then, take the
measurements of
resistance to ensure the
compressor is good.

Check the unit in cooling
mode.

Listen for a clicking
sound that indicates
that the cooling mode
has started.

If the compressor starts
but it fails to cool
properly, check the
refrigerant of the unit.

Try ad usting the
temperature to check
the working of remote
and the control board.

If a click sound comes
while changing
temperature, it indicates
thate the thermostat is
working well.
Fig. 4 .3 .2 .1 : C hecking of various components
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esting the Compressor
In window AC units, rotary compressors are generally used. A ﬁeld technician needs to follow
the steps to test the compressor.
Step 1: Check the power outlet to make sure it is working well.
Step 2: Turn the power oﬀ and take out the unit’s terminal cover by removing the mounting
screws located at the four corners of the front of the air conditioner unit. Ensure that the
terminals and wires are not damaged.
Step 3: Check the compressor to make sure that there is no cracked valve inside it.
Step 4: Test the electrical terminals using a multimeter. A typical unit has three terminals; C,
R, and S. The continuity between every two terminals (C - R, C - S, and R - S) should be
tested.
• Check the wire connections and if the wire is found faulty, replace it.
• If the resistance is higher (higher than 30 ohms), check if the compressor is hot. If so, it
may be that the internal overload is open and wait for the compressor to cool down.
• If the resistance is high but the unit is cool, it indicates that the compressor motor is
bad.
Step 5: Check the resistance of each of the terminals to the compressor’s body. If the
resistance reading is low, it signiﬁes that the motor is grounded and the compressor needs a
replacement.

Testing Capacitor of AC
The following ﬁgure lists the steps to test the capacitor of a window AC:
Unplug the unit and remove it from its window mounting.

Remove the screws safely.

Locate the capacitors near compressor or fan motor:
•Run capacitors (oil-ﬁlled capacitors are round or oval in shape and silver in colour).
•Start capacitors (electrolytic capacitor are round and tubular in shape and black in
colour).
Let the capacitor discharge by shorting its terminals together.

Remove the wires from the capacitor.

Test the capacitor terminals with multimeter.

Fig. 4 .3 .2 .2 : Steps forng
testi
the capacitors
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4.3.3 Repairing Servicing W indow ACs
An AC requires servicing and repairs due to wear and tear with usage. Improper maintenance
also leads to requirement for repair. The following ﬁgure lists some categories of issues with
ACs:

Refrigerant leaks

Failure of control or
electrical
component

Drainage problems

Failure of major
component

Fig. 4 .3 .3 .1 : Some categories of issues
th AC
wi s

The following ﬁgure lists some speciﬁc symptoms that indicate the air conditioner needs a
servicing:
Water drips from the front panel
Air comes out from the vents, but does not cool down to speciﬁed
temperature
AC unit does not turn on

There is ice visible on the coils

Water leaks from the drain channel
Fig. 4 .3 .3 .3 : Some ﬁc
speci
symptoms of AC problems

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

Disgnose the problem

Identify the cause

Fig. 4 .3 .3 .4 : Troubleshooti
ng steps
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The following table lists some AC problems and their possible troubleshooting steps:
roblem

Possible roubleshooting Steps

The AC unit does not turn
on

•
•

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

Air coming out from the
unit is not cold enough

•

Check that the fan selector is set to " Fan Only"
mode.
Check whether the thermostat is set at high warm
position.
K eep the exhaust vent control in " Open" pos
ition.
Ensure that the location of the thermostat sensing
bulb is correct.
Check the cleanliness of the coils.
Check the level of the refrigerant.
Check whether the fan selector is set to " Fan
nly mode.
Check whether the thermostat is set at high warm
position.
K eep the exhaust vent control in " Open" pos
ition.
Ensure that the location of the thermostat sensing
bulb is correct.
Check the position of the air directional louvers.
Ensure that the front is not blocked.
Check that the outside louvers are not blocked by
bricks or anything else.
Ensure that the cooling capacity is suﬃcient for
the room size.
Check the cleanliness of the coils.
Check the level of the refrigerant.
Ensure that the unit is slightly tilted towards the
outside.
Check whether there is any blockage in the drain.
If there is any obstruction, clean the drain by.
o Removing the unit from the window.
o Disconnecting the power and washing the
unit.
o Letting the unit to dry thoroughly and reapplying power.
se ﬁne comb to make the ﬁns straight.
Ensure flattening is minor, as more of it will aﬀect
the operation.
Check the cleanliness of the coils.
Check the cleanliness of the air ﬁlter.
Ensure that the thermostat is working properly.
Check the level of the refrigerant .

•
•
•

The room is warm while the
unit is cooling

•
•
•
•
•
•
•
•
•
•

Water is dripping inside

•
•
•
•

The ﬁns on the coils are not
working properly

•
•

The winding coil on the
front side gets frozen

•
•
•
•
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AC cycles keeps On and Oﬀ
very frequently

•
•
•
•
•
•

AC unit blows circuit breaker
or fuses

•
•

Check whether the thermostat sensor is positioned
properly.
Ensure that the sensor is not touching the
evaporator coil.
Adjust the wire carefully.
Ensure that the front panel or the thermostat is not
blocked with drapes.
Check for any refrigerant leak.
Ensure that the condenser is not covered with
leaves.
Check that the ﬁns are not damaged.
Check the size of the circuit (amps).
o Most window ACs require 120 volts and can
be operated in a circuit with 15 amp. A
dedicated circuit may be needed by some
larger units. The circuit is blown if it is shared
with other loads being operated
simultaneously.
o Try running a dedicated circuit with 20 amp
for the unit.

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

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

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

Test the thermostat using a multimeter.
•Clip the probes of tester to the terminals of the thermostat,
and turn temperature control setting to coldest.
•If the meter reading is zero, it is functioning properly.
•If the meter reading is higher than zero, the thermostat must
be replaced with a new one of same type.
Fig. 4 .3 .3 .5: Steps for servicing a thermostat
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epairing a an
Generally loose or dirty blades of a fan leads to malfunctioning. Cleaning and tightening the
fan blades usually ﬁxes the problems with fan. The following ﬁgure lists the steps to repair
the fan of an AC unit:
Open the cabinet and
clean the dirt and dust
with soft cloth.

Check for any
looseness of the fan
blades on the motor
shaft.

Tighten the screw with
screwdriver.

If the reading is
between 3-30 ohms,
motor is functioning
properly.

Check with multimeter
whether the fan motor
is faulty.

If fan contains oil ports,
apply drops of motor oil
to the ports at starting
of cooling season.

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

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

Install the new motor.

Fig. 4 .3 .3 .6: Steps for repairing the fan of the AC unit
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U NI T 4.4: Installing Split ACs
Unit Ob ectives
At the end of this unit, you w ill be able to:
1. Identify the diﬀerent parts and working of split ACs
2. Follow safety precautions for installation of split ACs
3. Perform IDU and ODU installation
4. Connect IDU and ODU
5. Test-run a split AC

4.4.1 arts of a Split AC
The main reasons for split air conditioner are getting popular are their elegant looks and
silent operation. There are two units in a split AC:
• Indoor unit: It is installed inside the room which cools the room.
• Outdoor unit: It is installed in open space outside the room at a convenient location for
installation and maintenance.
Apart from the two units there is copper tubing that connects them.
The following ﬁgure lists the parts of a split air conditioner:
Evaporator Coil
Air Filter
Indoor Unit

Cooling Fan
Drainage Pipe
Louvers or Fins

Split AC

Compressor
Condensor
Outdoor Unit

Condensor
Cooling Fan
Expansion Valve

Fig. 4 .4 .1 .1 : Parts of a split air condi
tioner
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Outdoor Unit
A great amount of heat is generated inside in outdoor unit by the compressor and the
condenser. There should be suﬃcient air ﬂow around the unit. The following ﬁgures show
the outdoor unit of a split AC:

Fig. 4 .4 .1 .2 : Outdoor unit oflita ACsp

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

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

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

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

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

Wall mounted

Ceiling mounted

Floor mounted

Fig. 4 .4 .1 .3 : Types of indoor unit of a split AC
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The following ﬁgure shows the indoor unit of a split AC:

Fig. 4 .4 .1 .4 : Indoor unit oflita ACsp

Evaporator Coil or the Cooling Coil
It is comprised of several turns of a coil in one or more rows. The number of rows is based
on the capacity of the conditioning system. The coil is encapsulated with aluminium ﬁns so
that maximum amount of heat can be transferred to the air inside the room from it. The
following ﬁgure shows the working of the evaporating coil:

The refrigerant with low
pressure and
temperature from the
tubing enters the coil.

The room air is
absorbed by the blower
and passed over the coil
leading to cooling of air.

This cool air is then
passed to the room.

Fig.4 .4 .1 .5: Working of the evaporati
ng coil

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

Air Filter

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

Cooling an or Blow er
It pulls in the warm and dirty air from the room and blows out cool and clean air. The fan
speed can be changed as it is connected to a small motor having multiple speed options.
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Drain Pipe
When the room air is passed over the cooling coil, the air temperature reaches below the
dew point temperature. This results in forming of dew drops on the surface of the cooling
coil due to condensation of the water vapour present in the air. These water drops are
accumulated inside the indoor unit. A drain pipe is connected from the space to an external
place outside where water can easily be disposed oﬀ.

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

Horizontal louvers

ertical louvers

•They are connected to a small motor and their position can
be canged using a remote control.
•If the position is set to ﬁxed chilled air is passed in a speciﬁc
direction.
•If it is set to rotation mode the fresh air is passed throughout
the room.
•They are manually operated and the position can easily be
set according to the requirements.
•Air ﬂow is controlled in upward and downward directions.
Fig. 4 .4 .1 .6: Two types of louvers

efrigerant iping or ubing
The refrigerant piping comprised of copper tubing, connects the outdoor and indoor unit. It
is ﬂexible enough to be coiled easily.
The low pressure and low temperature refrigerant goes from the expansion valve to the
copper tubing, that is also connected to the cooling coil at the other end. The following
ﬁgure shows the connection of indoor and outdoor unit through refrigerant tubing:

Fig. 4 .4 .1 .7 : C onnecti
on of indoor and outdoor unit through refrigerant tubing
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The distance between the two units (indoor and outdoor) should be less as there is some
loss of the cooling eﬀect when the refrigerant ﬂows through the tube.
The tubing is covered with the insulation as it is exposed to the atmosphere which may be
high temperature. The cooling eﬀect will be lost if the tubing is not covered.
There is another refrigerant tubing connecting the units for the refrigerant to travel from
evaporating coil to the compressor. Both the tubings are covered using an insulation tape.

4.4.2 Precautions
It is vital to follow certain safety precautions while installing air conditioners. The following
ﬁgure represents the general guidelines that should be followed to prevent any potential
in ury or property damage:
Read all the instrucrions given in the installation manual
Follow proper installation procedure
Wear personal protective gear such as gloves
Unplug the unit prior to working
Check current and voltage
Fig.4 .4 .2 .1 : Safety precauti
ons

Safety Precautions While Wiring
In addition to these general safety precautions, it is imperative to follow precautions while
working with electrical systems. Any negligence or carelessness can cause electrical shock
leading to severe personal in ury or death. The following ﬁgure represents the electrical
safety precautions to be followed:
Ensure that all wiring is complete before
switching on the power supply
Refer to the instructions given in electrical
wiring diagram
Ensure that the unit is properly grounded
Ensure that there are no loose connections
Fig. 4 .4 .2 .2 . : Electrical safety precautions
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Safety recautions While ransporting
The air conditioner units are very heavy. Special care needs to be taken to lift the units as in
the following: .
• Never try to lift the unit alone.
• Always ask someone for help.
• Proper posture should be maintained when lifting the unit from the ground.
• Make sure to bend the knees to minimize any risk of back in ury.
• Look out for the sharp edges and the aluminium ﬁns of the air conditioner.

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

In a wall

In a room
In uneven or moist
locatinons
In areas with high
winds
In snowy areas

•Ensure that the wall can bear the load of the unit.
•A frame made of wood or metal must be constructed to provide
additional support.
•Insulate the tubing that runs inside a room to avoid damage to wall
and ﬂoors due to water.
•Provide a solid, level foundation for the outdoor unit.
•Use a raised concrete blocks to avoid any type of abnormal vibration
and water damage.
•Use bolts and a metal frame to anchor the outdoor unit securely .
•Provide a suitable obstruction to air.
•Install the outdoor unit on a platform that is raised higher than
accumulated snow.
•Provide snow outlets.
Fig. 4 .4 .2 .3 : Installati
on safety Precautions

Safety recautions While Connecting Refrigerant ubing
The following precautions need to be taken while connecting the refrigerant tubing:
• Always keep the tubing runs short
• When connecting two tubes, use ﬂaring method
• Check for any leakage before doing the test run
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4.4.3 Installation of Split AC
The ﬁrst step to install a split AC is to select the best location for the installation. The
following ﬁgure lists the points to be considered for location of an AC:
Do not install the unit at such a location where there is
a heat source nearby
Ensure there are no obstacles in air circulation

Ensure there is proper ventilation on all sides

Ensure there is easy access to drainage
Do not install the conditioning unit near the entrance
or exit doorway

Make sure that the unit is accessible for maintainance
Fig. 4 .4 .3 .1 : llation
Insta location

I ndoor U nit Installation
The steps of installation of indoor unit are as follow:
Step 1: Select an appropriate location for the unit as shown in the following ﬁgure:

Fig. 4 .4 .3 .2 : Indoor unit llation
insta location
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Step 2: Fix the mounting plate to the wall inside the room and secure it with screws as
shown in the following ﬁgure:
• Hold the mounting plate against the wall.
• Use a level to check whether the plate is levelled horizontally.
• Fix it to the wall by drilling holes in the wall at appropriate spots.
• Insert anchors into the drilled holes and secure the plate to the wall using tapping
screws.

Fig. 4 .4 .3 .3 : Secure the mounti
ng plate

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

Fig. 4 .4 .3 .4 llt: aDri
hole for piping

•
•
•

Drill a hole having a diameter of around 7.5 cm through the wall.
Make sure that the slope of the hole towards the exterior is kept downward so that
adequate drainage is possible.
Insert a ﬂexible ﬂange through the hole.

Step 4: Make sure that the electrical connections are proper:
•
•

Remove the cover by lifting the front panel of the unit.
Ensure that the wires are connected to the terminals of the screw.
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Step 5: Connect the pipes:
•
•
•
•

Run the piping towards the hole.
Cut a length from the PVC pipe that is shorter than the length between the wall surfaces
of the interior and the exterior side (around 6 mm).
Place the cap on the end of the PVC pipe that is inside the room.
Couple the drain pipe, the copper pipes and the power cables together using an
electrical tape as shown in the following ﬁgure:

Fig. 4 .4 .3 .5: C onnect the pipes

•
•

Tighten the connection by using 2 wrenches, working in opposite directions to secure
the pipe to the indoor unit and attach the drainage pipe to the base of the indoor unit.
Run the pipes and cables coupled together through the hole making sure that the water
is drained in a proper place by the drainage pipe, and the drain hose is sloping
downward for eﬃcient drainage, as shown in the following ﬁgure:

Fig. 4 .4 .3 .6:rection
Di
o drain hose

The following images show some examples of incorrect installation:

Fig. 4 .4 .3 .7 : Examplesof incorrect installa
tion
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Step 6: Secure the indoor unit by pressing it against the mounting plate, as shown in the
following ﬁgures:

Fig. 4 .4 .3 .8 .: Secure the indoor unit

Outdoor Unit Installation
The steps of installation of indoor unit are as follows:
Step 1: Select an appropriate location for the unit, as shown in the following ﬁgure:

Fig. 4 .4 .3 .9 : Outdoor unit loca
tion

Step 2: Hold the mounting plate against the outside wall:
• Secure it properly.
• Ensure that it is in a level position.
• Provide rubber cushioning under the feet of the unit so that vibration is minimized.
Step 3: Connect the wires.
• Remove the cover and connect the cables and wires consulting the wiring diagram and
following the manufacturer's instructions to connect the cable wires.
• Use a cable clamp to fasten the cables.
• Replace the cover.

Fig. 4 .4 .3 .1 0 : C onnecti
ng electric wires
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Step 4: Fasten the ﬂare nuts to the pipes on the outdoor unit, as shown in the following
ﬁgure:

Fig. 4 .4 .3 .1 1 re
: Secu
are nuts

Completing the Installation of a Split Air Conditioner
After the installation of the indoor and outdoor units of the split AC, the given steps should
be followed:
Step 1: Check the amount of air and the humidity of the refrigerant circuit, performing the
following steps:
• Detach the caps from the service port and the valves (both 2 way and way).
• Attach the hose of a vacuum pump to the service port.
• Turn the vacuum pump on.
• Switch the vacuum pump oﬀ after closing the low pressure knob.
• Check whether the valves and joints have any leak
• Replace the caps after disconnecting the vacuum.
The following ﬁgure shows removing air and humidity:

Fig. 4 .4 .3 .1 2 : R emove air and humidity
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Step 2: Use insulating covering and insulating tape to wrap the oints of the piping, as shown
in the following ﬁgure:

Fig. 4 .4 .3 .1 3 : Wrap piping joints with ting
insula
tape

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

4.4.4 est-run a Split AC
It is important to measure and record the test run properties to check whether the unit is
installed properly, and to store the information after completing installation for further
service. The following ﬁgure shows the items to be measured:
Temperature (inside
and outside the
room)

Voltage

Piping temperature

Suction and blow
out temperature

Wind velocity and
volume

Ampearage

Presence of noise
and abnormal
vibration

perating pressure

Fig. 4 .4 .4 .1 : Items to be measured
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In addition to the preceding items, the structure and appearance of the unit should also be
checked to ensure that it complies with the standards. The following ﬁgure shows the checks
that need to be performed:

Check air circulation is adequate
Check water is draining smoothly
Check refrigerant and drain piping is properly insulated
Check refrigerant is not leaking
Check remote control switch is functioning properly
Check there is no fault in wiring
Check terminal screws are not loose
Fig. 4 .4 .4 .2 : C hecks to be performed

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

Run the unit for
ﬁfteen minutes

Evaluate the
performance of
the unit

Ensure that the
diﬀerence
between the two
is more than 8° C

Measure the
intake air and
discharge air
temperature

Fig. 4 .4 .4 .3 : Tasks to
per
beormed after installation
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U NI T 4.5: Servicing Split ACs
Unit Ob ectives
At the end of this unit, you w ill be able to:
1. Describe wiring diagrams for split ACs
2. Test electronic components of split ACs
3. Perform dry and wet servicing

. . Safety Precautions While Servicing
While servicing an AC, the ﬁeld technician should take the following precautions:
•
•
•

While working with electrical parts and connection, switch oﬀ the power at the main
power box.
K eepﬁngers as well as clothing away from the moving parts.
Clean the site after installation is ﬁnished, ensuring that there are no metal scraps of
wiring left inside the unit which is being serviced.

4.5.2 W iring Diagram of Split AC
A ﬁeld technician is required to service and repair the split ACs as per customer requests and
complaints.
To be able to carefully service and repair an AC, the ﬁeld technician should be able to read
and understand the wiring diagrams of the ACs and understand the electric circuits and
connections properly. A typical wiring diagram of a split AC is shown in the following ﬁgure:

Fig. 4 .5.2 .1 : Typical wiring diagram of a split AC
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The following ﬁgure shows the wiring diagram of a split AC outdoor unit:

Fig. 4 .5.2 .2 : Wiring diagram of the outdoor unit of a split AC

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

Steps for Dry Servicing
For indoor unit the steps for dry servicing are as follow:
Step 1: Open the cover and take the ﬁlter out as shown in the ﬁgure:

Fig. 4 .5.3 .1 : Takin
t e ﬁlter out
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Step 2: Clean the coil to remove the dust by using a brush as shown in the following ﬁgure:

Fig. 4 .5.3 .2 : C leaning the dust

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

Fig. 4 .5.3 .3 : Washing the
terﬁl

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

Fig. 4 .5.3 .4 : C leaning of outdoor unit
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Steps for Wet Servicing Indoor Unit
The steps for cleaning the indoor unit are as follow:
Step 1: Remove the cover and the ﬁlters and then remove the front cabinet after unscrewing
it as shown in the following ﬁgure:

Fig. 4 .5.3 .5 : R emove the front cabinet

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

Fig. 4 .5.3 .6: H anging the wash bag around the indoor unit

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

Fig. 4 .5.3 .7 : C leaning the indoor unit
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Step 4: Remove the bag ﬁlled with water.
Step 5: Wash the ﬁlter, front cover and the front cabinet and then ﬁx them to the proper
place. The following ﬁgure shows washing on front cover:

Fig. 4 .5.3 .8 : Washing front cover

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

Fig. 4 .5.3 .9 : Measuring voltage and current

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

Fig. 4 .5.3 .1 0 : Measuring pressure using manifold gate
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Step 3: Remove the wires after switching oﬀ the power.
Step 4: Remove the fan unscrewing it using T spanner. The following ﬁgure shows the parts
of outside unit:

Fig. 4 .5.3 .1 1 : Parts of outside unit

Step 5: Remove fan motor and cover the outdoor connection box.

Fig. 4 .5.3 .1 2 : C overing the connecti
on box

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

. Environmental Impact of Air Conditioning

U nit Objectiv es
At t he end of t his unit y ou w ill be able t o:
1 Describe the impact of AC on environment
2 Describe the various types of refrigerant used in RAC system
3 Describe GWP and ODP of various refrigerants
4 Describe the various types of solvents used in RAC system cleaning
5 Describe GWP and ODP of various solvents
6 Describe environmental impact and health hazard of using CTC
Describe good working practice of using chemicals
Describe ﬁrst aid procedure

. . Introduction Environment & AC
Air conditioning has become a basic necessity of the society for staying cool and comfortable
especially in hot conditions.

i . . . .

ide se o

ir onditionin

Air conditioning impacts environment adversely directly as well as indirectly as explained below :
. igh Consumption of Electricity Air Conditioning system consumes high electricity thus
putting a strain on electricity generation industry which in turn leads to increased pollution as
a result of high consumption of fuels namely coal and petroleum products.
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Fig. 4 .6.1 .2 H igh Electricity R equirement

Fig. 4 .6.1 .3 Thermal Power Plant

. Releasing Poisonous as Air conditioning is increasing pollution by releasing poisonous gases
into the environment. These gases have a negative impact on environment as they are part of
the

reenhouse

ases which traps heat thus having global warming and ozone depletion

potential. Most of the harmful C C or chloroﬂuorocarbons gases have been restricted by
Montreal Protocol, but the gases that are still being emitted have a huge impact on global
warming. y ear

, It is estimated that

of all global warming will be due to the gases

emitted from air conditioning system.

Fig. 4 .6.1 .4 R eleasing Poisonous Gases

i . . . .

Fig. 4 .6.1 .5 Global Warming
otential

one epletion otential

Fig. 4 .6.1 .7 Montreal Protocol
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. .

efrigerant

Basic of efrigerant
A refrigerant is a ﬂuid that is used in air conditioners and refrigerators, to take heat from the
contents of a refrigerator or the room (in the case of ACs) and throw the heat out in the
atmosphere. It undergoes phase transitions from a liquid to a gas and back again. Many working
ﬂuids have been used for such purposes

Fig. 4 .6.2 .1 V arious R efrigerant

The ideal refrigerant would have favourable thermodynamic properties such as boiling point
below the target temperature, high heat of vaporization, moderate density in liquid form, relatively high density in gaseous form, and a high critical temperature , be noncorrosive to mechanical
components, and be safe, including freedom from toxicity and ﬂammability. It would not cause
ozone depletion or climate change.
ypes of efrigerant
C C or chloro uorocarbons : C Cs are non toxic, non ﬂammable chemicals containing carbon,
chlorine, and ﬂuorine. It was the common refrigerant in the past and commonly called as reon.
reon was a brand name for a refrigerant R
more than

by DuPont. These refrigerants were developed

years ago and are harmful to our respiratory systems and the ozone layer. Their

production was phased out since

but is still being used widely in existing residential air condi-

tioning units as many equipments have a lifetime of up to
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Fig. 4 .6.2 .2 C FC s

HC Cs or hydrochloro uorocarbon : In the
and the most common C C is R

.

s and

s, the C Cs were replaced with C Cs

of Air Conditioners in India still use C Cs. owever,

C Cs are ust marginally better consists of methane or ethane in combination with chlorine and
ﬂuorine which is harmful for the environment.

Fig. 4 .6.2 .3 H C FC s

ydrochloroﬂuorocarbons enter the body primarily by inhalation of air containing hydrochloroﬂuorocarbons or by dermal contact also. Inhalation of air containing high levels of hydrochloroﬂuorocarbons may lead to health eﬀects including chest tightness, irritation of the respiratory tract,
and breathing diﬃculties. Exposure to high levels of some hydrochloroﬂuorocarbons may also
aﬀect the nervous system, heart, liver, kidney and reproductive system. Ingestion of some hydrochloroﬂuorocarbons may cause nausea, headache and dizziness. Dermal contact with some hydrochloroﬂuorocarbons may also cause skin irritation. As per Indian overnment s plan, C Cs will be
phased out by the year
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H FCs or H y dro Fluro Carbons :

Cs are colourless, odourless, non ﬂammable, chemically stable

and un reactive gases containing carbon, hydrogen and ﬂuorine. This has been manufactured by
removing chlorine from the refrigerant.

Cs are better than C Cs due to energy eﬃciency, do

not deplete ozone layer but being a green house gas they do have the potential for global warming.
Though

Cs have lobal warming potential in between

to

times that of carbon dioxide

but still they play small role compared to other greenhouse gases.

Fig. 4 .6.2 .4 H FC s

At environmental concentrations

Cs pose little threat to human health but at higher concentra-

tions they are thought to be mildly toxic and possibly carcinogenic.

The most common
used are: R

C used in air conditioners is R

in Air Conditioners and R

A. A few more

A in refrigerators. R

of global warming potential. India is planning to phase out
of the air conditioners in India still use
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Field Technician Air Conditioner

H C or H y drocarbons : It is the most environment friendly refrigerants available in Indian
market and are referred as R

and R

Their chemical names are Propane for R
Iso utane

for R

A.
and

A. They are completely

halogen free, have no ozone depletion potential
and are lowest in terms of global warming potential. They also have high energy eﬃciency but are
highly ﬂammable as they are hydrocarbons. ut
they are the greenest refrigerants in the market.
Manufacturers, who use these refrigerants, claim
that they have taken good care in using these
refrigerants and the appliances are absolutely
safe. In fact, most refrigerators in the Indian
market are now on R

A and there are no

reported incidents of any accidents due to the
same. So we can comfortably believe that they are
safe.

Fig. 4 .6.2 .4 H FC s

GD and OD of various refrigerants
G W P:

The lobal

arming Potential

P is used to compare the abilities of diﬀerent green-

house gases to trap heat in the atmosphere. This is done by calculating the amount of heat that is
trapped by a speciﬁc quantity of a greenhouse gas and then comparing it to the amount of heat
trapped by an equal quantity of carbon dioxide over a ﬁxed period of time, which is usually
years. Carbon dioxide is used as the base for all the calculations, so its

P is . Substance having

higher value of DP is contributing more heat in the environment.
ODP :

zone Depletion Potential

DP is the ratio of calculated ozone column change for each

mass unit of a gas emitted into the atmosphere relative to the calculated depletion for the reference gas C C

for which DP is . . Substance having higher DP is having higher damage rate

to earth s protective zone layer.

Table. 4 .6.2 .1 GDP & ODP of R efrigerant
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. . Solvent System Cleaning
Air Conditioning System Contamination
Contamination can be deﬁned as any substance which should not be in that particular air conditioning system, e.g. moisture. ut do note that the incorrect oil can also be a contaminant. In short
we can say that anything that should not be in that particular system is a contaminant

i . . . .

nctional ia ram

Air conditioning systems can be contaminated with metal particles from the normal wear of the
compressor and tiny amounts of water moisture. Contamination can cause a system to fail. Protection against contamination is provided by the ﬁlter screen on the Expansion Tube and the desiccant in the bottom of the dryer or accumulator. ther forms of contamination may be the wrong
kind of oil, wrong kind of liquid charge or other material that will interfere with the cooling system.
Almost

of moisture is normally removed from the system when it is evacuated prior to

installing, but ﬂushing the entire system will be the only way to remove all particles. Even after
ﬂushing it is important to make sure the system is clean.

Fig. 4 .6.3 .2 - Accumulator

Fig. 4 .6.3 .3 - Expansion V alve
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The refrigerant and oil circulate through the refrigeration loop during compressor operation. ver
time, it will get contaminated with rust due to moisture, desiccant or metal particles from a failed
compressor. These impurities will travel with the refrigerant oil mixture and settle throughout the
system.
All air conditioners have a component that contains
a chemical desiccant that absorbs moisture. If it is
located on the high pressure side, between the
condenser and the evaporator it is called a ﬁlter
drier or receiver drier. If the component is located
on the low pressure side, between the evaporator
and the compressor it is called an accumulator. In
either case it is simply a metal tank containing a
moisture absorbing chemical. Air also enters the
system through loose ﬁttings, deteriorated o rings, Fig. 4 .6.3 .4 Filter Drier
and shrader ports. Even
though the air conditioner has refrigerant in it, which means the pressure in the inside of the
system is greater than the outside air will still enter the system.

e also know that air contains

moisture.
The important thing is that at some point, usually between one and three years of installation, the
drier is no longer able to absorb the moisture. This moisture will mix and react with the refrigerant
to form various acids. The acid will eat away at the metal surfaces and rubber hose, ﬂaking oﬀ bits
of material that will collect at the ﬁlter drier/accumulator screen, expansion valve, oriﬁce tube,
and the compressor. This debris will slow or stop the ﬂow of oil from returning to the compressor
and will cause compressor failure.

Fig. 4 .6.3 .5 Evaporator

Fig. 4 .6.3 .6 C ondenser
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Evaporators, especially aluminium units, commonly fail because of leaks that develop at the
bottom of the core. These leaks are caused by acids that collect at the bottom of the evaporator
and cause a pin hole in the thin aluminium tube. Condensers, including those made of copper,
steel or aluminium also develop leaks from acid eating. Sludge and debris at the bottom of the
evaporator coil will not normally cause a restriction but will eventually cause reduced cooling
eﬃciency.
Reasons for System Contamination
Reasons for system contamination are as follows:
Moisture
• Non-Condensable
il Contamination
• Chemical Residues
Dirt, Dust, Metal Particles
rganic Chemical/Contaminants
Cross Contamination through import of contaminants from other systems or servicing
equipment
Eﬀects of contamination

. . .

l d e ormation
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Eﬀects of contamination are as follows :
• Capillary diameter is reduced
Reduced System Performance due to :
Capillary getting chocked
Increased condensing temperature and pressure
• Reduced compressor life due to higher head pressure

easons for Sludge ormation
Reasons for sludge formation are as follows :
Incorrect method of ﬂushing and leak testing using air
• Use of petrol or other chemicals for cleaning
Improper process of evacuation
Self evacuation using system compressor
• Use of old compressor instead of vacuum pump
se of anti moist / anti choke chemicals
se of contaminated / used refrigerants
AC System Cleaning

Fig. 4 .6.3 .8 AC U nit
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lushing
nce an AC system has been contaminated or has suﬀered a failure, the most important part of
the AC service is to restore the cooling performance of the system by ﬂushing. It is performed in
order to remove all contamination dirt from the system. The smallest particle of contamination
causes restriction and problems for a good function of the replaced compressor. It takes less than
/

of a teaspoon of debris dirt to completely restrict ﬂow of refrigerant and oil in the typical

auto AC system. Cleanliness and proper ﬂushing procedures are very important.
Why When ushing
The AC compressor must be lubricated at all times. The AC compressor is the only moving part in
the entire system and the only reason for oil in the system. The oil is being circulated throughout
the system, that means that all the components condenser, hoses, tubes, evaporator, drier, accumulator have some coating of oil internally. If any dirt, debris or contamination happened in the
system all components are aﬀected. Removing the oil and oil ﬁlm inside the components will
eliminate all of the contamination from the AC system. It s the oil that attracts and holds contaminants within the system.

i . . . .

riﬁce

e
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The AC system must be ﬂushed whenever the AC compressor is being replaced / removed or
whenever there is indication of contamination within the system. Make it a habit to remove and
inspect the oriﬁce tube if the system is so equipped . The oriﬁce tube inlet ﬁlter screen will always
tell a story about the condition of the auto AC system. Any debris or foreign material found on the
oriﬁce tube should cause you to look for other indications of contamination.
Components should not ushed
ever ﬂush following components:
igh side muﬄer assemblies
• Receiver driers
• Accumulators
Compressor.
Expansion valves or oriﬁce tubes
Materials need cleaning in AC
ollowing components needs to be cleaned:
• Copper Tubes
• Aluminum Tubes
undy/ Steel Tubes
Solv ent s :
The industry is increasing its awareness of the importance of coil cleanliness in refrigeration
systems. Compressor manufacturers have determined that more than

of compressor

burnouts and failures are related to contaminated or dirty systems. If these contaminants are not
completely removed from the system, it can cause repeated compressor burnout and failures.
Environmental problems due to usage of following procedures
Use of

or

: for cleaning the interior compressor coils by spraying liquid R

or R

directly into the interior of condenser and evaporator coils. These solvents were inexpensive, easy
to use and legal to vent into the atmosphere and were able to ﬂush out contaminants and then
evaporate, leaving the coils clean, residue free. This cleaning process is no longer legal. In addition
to having phased out the production of C C refrigerants, the Montreal Protocol prohibits the use
of liquid refrigerants such as R
sphere.

or

as a solvent and cleaner when vented into the atmo-

Participant Handbook

Use of C C

It was poured in the circuitry and ﬂush with nitrogen for the required cleaning

purpose. Although CTC is very popular, it is an ozone depleting substance

DS . Another adverse

impact of CTC is its contribution to global warming. At the workplace CTC is an occupational health
hazard. CTC is very toxic and is absorbed in the gastrointestinal, respiratory system and the skin.
se of other Solvents many enterprises was using solvents like petrol and C thinner. It is not
desirable to use these solvents as they can leave residues in the system which in the presence of
oil and moisture can later form into a sludge.
Alternative Solvents Lesser impact on Environment
In market following solvents are available:
exane
Methylene dichloride MDC
Perchloro ethylene PCE
Toluene
White Petrol
Alternative Solvents: ecommended for use
Methylene dichloride MDC

It is having good solvency power, on ﬂammable and leaves no

residues but the disadvantage is that its evaporation rate is very high.
exane It is having good solvency power and leaves no residues but the disadvantage is that it is
highly ﬂammable.
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4.6.4 Env ironment al I mpact of CTC
Carbon etrachloride C C CCl

a colourless, dense, highly toxic, volatile, non ﬂammable liquid

possessing a characteristic odour/ sweet smell and belonging to the family of organic halogen
compounds, used principally in the manufacture of dichlorodiﬂuoromethane a refrigerant and
propellant . It is used in ﬁre extinguishers, textile, RAC, ewellery making, as a precursor to refrigerants and as a cleaning agent in many industries. Circuitry has been cleaned with Carbon Tetrachloride CTC by a large share of RAC service enterprises over decades. It produces satisfactory
results and is considered workable.

Fig. 4 .6.3 .3 - Expansion V alve

As a solvent and cleaning agent Carbon tetrachloride (CTC) is used widely across many industry
segments. Its high solvency power, low cost and the fact that it is non ﬂammable made it popular
in many cleaning applications.

i . . . .

leanin

pplication
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Although CTC is very popular, it is an ozone depleting substance

DS like chloroﬂuorocarbons

C Cs . It destroys the stratospheric ozone layer. The ozone layer protects life on our planet from
harmful ultraviolet

rays. The thinning out of the ozone layer in the stratosphere increases

the earth s exposure to

radiation which aﬀects both human and animal life. It increases the

incidence of skin cancer, eye cataract, suppresses the human immune system, reduces crop yields
and aﬀects aquatic life. Another adverse impact of CTC is its contribution to global warming. The
global warming potential
C

P of CTC is about ,

times higher than that of carbon dioxide

, the main greenhouse gas.

At the workplace CTC is an occupational health hazard. CTC is very toxic and is absorbed in the
gastrointestinal, respiratory system and the skin. It is then distributed throughout the entire body.
ighest concentrations are accumulated in liver, brain, kidneys, muscles and blood. CTC aﬀects the
central nervous system C S severely, causing headache, weakness, lethargy, nausea and vomiting. Inhalation of high levels can damage the liver and kidneys. The severity of the eﬀects depends
on the route and frequency of exposure as well as co exposure to other chemicals. CTC is proven
to cause cancer in animals and is a suspected human carcinogen.
The Mont real Prot ocol
To protect the ozone layer, India, along with more than

countries has signed the Montreal

Protocol to phase out production and consumption of CTC and other ozone depleting substances.
nder this agreement India has committed to phase out the use of CTC as a solvent completely by
st December

.

As the phase out is progressing, CTC supplies in the market are dwindling rapidly. eyond
CTC is not available for solvent uses. iven the reduction of supply, the price of CTC has risen
substantially. Consequently, CTC is costlier today than most of its alternatives.
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Tab. 4 .6.4 .1 C TC Phase-Out C alendar

Alternatives to C C
o alternative is ideal in all regards and each one has certain disadvantages. The listing below
shows the range of criteria that should be considered for the substitution of CTC for circuitry cleaning.
ood cleaning eﬃcacy
Should not tarnish or corrode copper
Should not leave behind any residues
Cost lower or equal to CTC
• Locally available
Low toxicity
• Free from carcinogenic substances
ree from ozone depleting substances

DS
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O one Depleting Solvents Chemical

a . . . .

one epletin

ol ents

Environmental Characteristics

a . . . .

n ironmental

aracteristics
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. . Good Working ractice
Ha ard potential of alternatives
o alternative is perfect. Each substance has speciﬁc limitations and is a hazard for health and
safety.

hile all solvents are toxic, the degree varies from one substance to another.

nderstanding the strengths and weaknesses of alternatives is essential for taking informed
decisions. In the context of circuitry cleaning, particularly the risk of inhalation and skin contact
needs to be considered. The table below shows the hazard ratings of the alternatives discussed
above. Ratings distinguish six grades shown with a corresponding colour shade. The least risk is
shown in green, followed by shades of yellow and orange. Red represents the most severe risk.

i . . . .

al ation

or comparison the risk levels of

ater, CTC and TCE are also shown.

The selection of a solvent should be made so as to reduce the hazard as far as feasible. owever,
as is apparent from the ratings above, for circuitry cleaning there is hardly any choice because all
substances are classiﬁed as

ery toxic for Inhalation and Toxic under Skin . Safe use can

therefore not be ensured by a prudent selection alone. The following section will guide you on
measures to safeguard health and safety.
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Controlling the risk
The toxic potential of alternatives combined with typical exposure situations in circuitry cleaning
makes safety measures necessary. Risk control follows certain priorities. Substitution is generally
accorded the highest.

ext in line are engineering controls such as ventilation followed by

administrative controls. The use of personal protective equipment should be the last measure in
exposure control.
W hat y ou can do
rudent substance selection: Select the safest possible substance.
Consult an MSDS: Demand a material safety data sheet MSDS of the solvent from your retailer.
Study speciﬁcally the sections on health risks, ﬁre risks and ﬁrst aid.

Fig. 4 .6.5.2 MSDS / SDS

Limit the uantity: ou might need less solvent than you think you need. Most technicians
overestimate the requirement for circuitry cleaning. Assess the required quantity carefully and use
no more. It is believed that solvent exposure can be reduced signiﬁcantly by this measure alone.
urge with inert gases: Though some solvents do not have a ﬂash point, all should be considered
as ﬂammable. Therefore purging with air could lead to explosions.
nitrogen.
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se only inert gases like
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Ensure good ventilation: All solvents are toxic.

hile performing the cleaning operation the

solvents evaporates into the surroundings. If the person experiences drowsiness or nausea, it is an
indication that concentration of solvent vapours is above tolerable limits in the surroundings and
there is a need for better ventilation of the cleaning area. The possible options include:
Shift cleaning operations to an area with high ceilings and cross ventilation.
If there is a perceivable ﬂow of air, clean downwind so that the air ﬁrst reaches you and then the
circuitry being cleaned. That way the air you breathe is cleaner.
If none of these prove suﬃcient, consider the installation of local exhaust ventilation LE . LE s
capture contaminants before they disperse into the air of the workplace. Such systems consist of
a hood, a duct and an air cleaner. LE s cannot be bought oﬀ the shelf and they have to be sized by
experts to meet the speciﬁc requirements.
raining: Last but not least, training and instructions are the most important part of personal
protection. Ensure that the workers involved in cleaning operations are aware of the hazards of
substances used.

i . . . .

ersonal rotecti e

ipment
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Wear goggles: Flushing leads to a pressure build-up that may result into splashing of both solvent
and contaminant. uilding the pressure up gradually minimises the risk. owever, protect your
eyes with goggles.
Wear gloves: Skin contact with the solvent during ﬂushing occurs regularly. All solvents remove
the fat content of the skin. nly gloves can protect your skin adequately.
Recommended H and G lov es

Tab. 4 .6.5.1 R ecommended H and Gloves

Safet y in Solv ent s
All operations involving CTC must be carried out in a certiﬁed chemical fume hood or well
ventilated space.
Chemical fume hoods used should have a face velocity of

mtrs/min averaged over the face of

the fume hood.
Laboratory rooms must be at negative pressure with respect to the corridors and external
environment. To achieve this, the laboratory/room door must be kept closed at all times.
eep container tightly closed in a dry and well ventilated place.
All Employees need reassurance to ﬁnd and suggest changes in procedures to reduce exposure
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4.6.6 First Aid Procedure

Fig. 4 .6.6.1

First Aid Process

General advice
If inhaled,
Move person into fresh air.
Move out of dangerous area.
If unable to breath, give artiﬁcial respiration.
andle with itrile or Supported Polyvinyl Alcohol.
In case of skin contact, wash oﬀ with soap and plenty of water.
In case of eye contact, rinse thoroughly with plenty of water for at least

minutes and consult

a doctor.
If swallowed, never give anything by mouth to an unconscious person. Rinse mouth with water
and quickly consult doctor.
Show the MSDS material safety data sheet to the doctor.
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5. So Skills

Unit 5.1 – Interacting with Customers
Unit 5.2 – Interacting with People at Work
Unit 5.3 – Understanding Organizational Policy and Standards
Unit 5.4 – Reading and

riting Skills

Unit 5.5 – Relative and Critical Thinking
Unit 5.6 – Personal Grooming
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K ey Learning Out comes
At
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

t he end of t his module, y ou w ill be able t o:
Understand customer requirements
Interact with customers
Suggest resolution to the problems of customers
Interact with supervisor and colleagues
Interact with people and make decisions
Work in a team and perform multitasking
Explain company’s policies
Identify company’s product/quality standards
Describe company’s safety policies and standards
Write reports and forms as needed for the role
Maintain records of customer’s complaints and resolutions
Describe the importance of productivity and quality
Identify how to enable relative and critical thinking while performing tasks
Identify various aspects of personal grooming
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U NI T 5.1: I nt eracting with Customers
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1.
2.
3.
1.
5.

Understand customer requirements
Communicate eﬀectively with customers
Resolve problems of customers
Maintain records of customer’s complaints and resolutions
Identify the importance of productivity and quality

5.1.1 U nderst andCust omer Requirement s
Understanding the needs of a customer is one of the foremost parts of a technician’s job
role. This includes the following practices:
•
•
•
•
•
•
•

Call the customer as per the complaint/request registered to understand the need
Check time of visiting the location
Greet the customer and talk politely
Understand the customer’s requirement and take action appropriately
Inform the best possible and cost eﬀective solution to the customer
Ensure that the customer is satisﬁed with the service
Address the queries and issues raised by the customer about the hardware devices

5.1.2 Educating and I nforming the Cust omer
Educating the customer about the products and their functioning is an important aspect of
the role of a ﬁeld technician. For the satisfaction of customers, a ﬁeld technician should
inform the customer about the operational behaviour and other information of electronic
appliances installed at the customer site or premises.
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The following ﬁgure shows list of information about appliances which is to be used by
customer:

Warranty and
terms and
conditions of
appliances

Cost estimate of
installing
electronic
appliances

Maintenance of
electronic
appliances

Annual
Maintenance
Contract

Use of electronic
appliances

Operation of
electronic
appliances

List of
information

Age of
appliances and
status of
upkeeping

Fig 5.1 .2 : L ist of informati
on about electronic appliances

5.1.3 Asking Questions
Asking questions is also a skill required for the role of a ﬁeld technician. Q uestions may be
asked to the customer to get more details or to be sure of something. A ﬁeld technician
should also ask customer queries to analyse the problems faced and seek inputs from them
to understand the symptoms.
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The following ﬁgure lists the points to be asked at customer’s premises:
Enquire about the symptoms and history of problem in
the applinaces
At customer's premises

Ask about the year of purchase, service and warranty of
the electronic appliances
Identify the problem based on customer's information
and examination of the electronic appliances
Communicate the problem identiﬁed to the customer
and inform about possible reasons

Inform the customer regarding the costs involved and
time required for repairing
Ensure service is provided to achieve 100% customer
satisfaction
Fig 5.1 .3 : Points to be asked at customer’ s premises

Depending upon the intention of asking a question, the questions can be:
•

Close ended questions – These type of questions are mainly “yes, no” answer type
questions. The purpose of asking such questions is to get speciﬁc details. The following
table shows close ended questions:
Example
Did you come yesterday?
Can you ﬁnish this task in 2
hours?

Question Tag
Do, Did, Is, Can, Could, Will, Would,
Shall, Should and so on

Shall I do it now?
•

Open ended questions – These type of questions are mainly questions which do not
demand a speciﬁc answer but are probing for details. The following table shows pattern
of open ended questions:
Example

Question Tag

What do you think about the
meeting yesterday?

Do you think… , In your opinion… , Do
you feel… , As per your observation

How was your day?
Where have you been all
afternoon?
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5.1.4 W arrant y Coverage and Annual Maint enanceContract
A warranty coverage is an agreement between manufacturer and buyer which assure the
customer to give free repair service till the mentioned date of warranty. A ﬁeld technician
should enquire about warranty coverage after inspecting the appliance which is to be
replaced or repaired.
If the electronic appliance is out of warranty coverage, inform the customer about the initial
charges of replacing the damaged part. The following ﬁgure shows a warranty card
template:

Fig 5.1 .4 .1 : Warranty card template

A technician is responsible to inform customer about the replacement or repairing
procedure of appliances and should tell the customer about the estimated cost of repairing
or whether the repairing will take place at service centre.
An annual maintenance contract is deﬁned as a contract between two parties about
maintenance of the product owned by other party on some terms and conditions which is
negotiated in the starting and it is maintained in the form of legal contract.
A technician should educate customer about this contract and its beneﬁts regarding product
maintenance and legal terms and conditions, so that in future customer should be able to
use this contract for repairing purpose of the damaged products.
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The following image shows template for annual maintenance contract of hardware and
peripherals:

Fig 5.1 .4 .2 : Template for annual maintenance contract
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5.1.5 Suggest a Solution t o t heCust omer
After identifying the issue, a ﬁeld technician needs to oﬀer solutions to customers. The ﬁeld
technician should explain all the possible solutions along with the cost associated. The ﬁeld
technician should then propose the best solution and let the customer decide whether to go
ahead with the given solution or not.
The following ﬁgure shows the steps involved in oﬀering solutions to a customer:
Suggest solutions to the
customer

Explain the time for ﬁxing
the issue

Explain the service method repair or replacement of part

Explain the costs involved

Seek the customer's
approval for further action
Fig 5.1 .5: Suggesti
ng a solution to the customer for an issue

5.1.6 I nform and Explain Cust omer about Module
Replacement
In addition, a technician is required to inform customers on whether the module has to be
replaced or repaired with reasons. For instance, if the product is under warranty coverage
then tell the customer about the estimated cost of repairing and time required to repair it
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The following ﬁgure shows the step required to inform the customer about parts
replacement:
[

Visit customer's site
and understand the
problem.

Tell the customer the
estimated cost and
time of repairing or
repalcement,
whichever is required.

Analyse the problem
and ﬁnd out the
possible solutions.

If the part has to be
replaced, take the
prior approval of
customer.

Check the part for
warranty coverage
and inform the
customer about the
same.

If it is not in warranty,
ask the customer
whether the part will
be repaired or
replaced.

Tell the customer to
maintain the copy of
warranty card for
future purpose.

Fig 5.1 .6.1 : Steps required to inform the customer about parts replacement

Achieving Z ero Defect

To ensure that the problem does not come again, post service at customer’s premises a
technician should perform the following steps:
Do it right the ﬁrst time
Follow the process and
guidelines
Monitor and evaluate progress
Adopt continuous improvement

Fig. 5.1 .6.2 . : Measures to achieve zero defect in work
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U NI T 5.2: Interacting with eople at W ork
Unit Ob ectives
At
1.
2.
3.
4.
5.

t he end of t his unit , y ou w ill be able t o:
Identify the basic communication skills
Deﬁne eﬀective listening
Identify essential aspects of working in a team
Share work load as required
Achieve the targets given on service and sales

5.2.1 List ening
Active listening plays a vital role while interacting with people. This skill can be developed
with practice and patience.
In a layman’s term, listening means paying attention. It means full concentration, engagement
in and absorption of what the other person is trying to convey. It includes expressing and
giving responses as shown in the following ﬁgure:
Shaking the head (expressing denial/no)

Nodding the head (expressing agreement/yes)

Asking questions to clarify

Making/maintaining eye contact

Fig. 5.2 .1 .1 : Way of expressing and giving response to showtive
ac listening

In ﬁeld, working with customer, supervisors and colleagues, there are three major reasons
as to why listening is essential.
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The following ﬁgure lists these three major reasons:
Shows respect for colleagues and earn their trust
• Given the amount of pressure and stress at a workplace, people like to have
understanding and supportive colleagues.
• A person's value increases when they show understanding and reach out.
Helps understand issues and provide solutions
• An active listener gains a better insight to any of the colleague's concerns.
• A deeper understanding to problem results in providing better and accurate
solutions.
Helps to remove conﬂict
• A workplace loaded with ideas is subject to conﬂict of interests.
• A person's openness to opinions and diﬀerent perceptions revolving around
a situation help in diﬀusion of conﬂicts.
Fig. 5.2 .1 .2 : Importance of listening

H ow Does List eningImprove W orkplace erformance?
One can notice beneﬁts if there is emphasis laid on eﬀective listening at work. It results in
better productivity, timely achievement of goals and a better coordination between
employees. The following ﬁgure lists factors that help in improving a workplace
performance:
Reduces Conﬂicts
• People if not
heard tend to look
for other
opportunities
because it builds
resentment.
• A good listener
always helps his
colleagues to
reduce
communication
gap.

Reﬂects Caring
Attitude

Increases Working
Rate

• Employees react
to the open door
policy in a positive
manner.

• When employees
listen eﬀectively,
the tasks are
accomplished
before time and
the pace of work
is much faster.

• Employees are
aware that they
will be heard and
the issues will be
resolved with a
best solution.

• This step helps in
maintaining focus
and clarity
towards the task.

Decreases
Duplication of
Eﬀorts
• Good listeners
tend to make less
mistakes while
working leading to
higher
productivity.
• For someone
who is not an
efective listener,
the productivity is
slow due to less
comprehension.

Fig.5.2 .1 .3 : Factors that help in improving a workplace performance
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There may be instances during a conﬂict where people may lose their temper. It is important
for a person to control anger at all times as anger leads to mistakes. The following ﬁgure lists
a few points to communicate when angry:

Stop

Think

Talk

Listen

Fig. 5.2 .1 .4 : Steps to communicate when angry

In case a person is very angry, it is advisable to ‘ stop’ and step back to breathe. Take a few
minutes to calm down. Once the anger subsides, try to ‘ think’ and ﬁgure what the real
problem was and where/how the situation worsened? Finally, go ahead and ‘ talk’ to the
concerned person. After talking, ‘ listen’ carefully about what the other person say what they
feel.

5.2.2: W orking in a Team
A ﬁeld technician needs to be able to work in a team. To work in a team, a technician should
be able to get along with fellow technicians, respect others and show a cooperative
behaviour always.
Working in and as a team enables some positive aspects as listed in the following ﬁgure:
A supervisors trust in the technicians to ensure that tasks are
completed as expected
Technicians who are always ready to help others in time of
need
Entire team sharing the same vision for their work

Using others stregth to overcome own weaknesses

Good support for each other and positive manner of
working
Always lsitening to others' suggestions and requests and
knowing that one will be heard
Moving in the same direction together for accomplishing a task
Fig. 5.2 .2 .1 : Points to be considered for working in a teamectively
e
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To make teamwork eﬀective at workplace, the following points need to be considered:

Collaboration

Resolving
Conﬂicts

Common Goal

Two-way
Communication

Owning Roles &
Responsibilities

Active
Participation

Varied Views

Fig. 5.2 .2 .2 : Points to be considered for etive
ec teamwork

5.2.3: Interacting w it h Supervisor
As a ﬁeld technician, one of the major roles and responsibilities is to understand the work
requirements and interact with supervisor related to potential hazards and timely
completion of work to meet targets assigned by supervisor.

W ork Requirement
As a ﬁeld technician, one of the major roles and responsibilities is to understand the work
requirements. The major roles of the ﬁeld technician are as follows:
[[

•

•

With any issues in appliances, a ﬁeld technician needs to come-up with solutions as soon as
possible to eliminate any bottlenecks in terms of productivity. It is an integral part of
maintaining a smoothly running working environment having zero tolerance for even major
delays.
Coordinating with customers, co-workers, subordinates and superiors is also deﬁned as one
of the major roles of a ﬁeld technician.
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•

Having a clear picture about the work requirements determines the smooth functioning of
an organization.

U nderst and W ork Requirement s and Target s
The targets and short term goals set by the organization determine the targets for the
personnel. The ﬁeld technician needs to understand the goals set by the superiors. The goals
may be set with respect to timespan as listed in the following ﬁgure:
Q uarterly

Monthly
Weekly

Daily

Fig. 5.2 .3 : Goals set by superiors

These goals then further deﬁne the targets to be assigned to the team responsible for all
appliance related personnel. The incentive policy should be clear so that the employees can
understand the policy well. It will motivate them to put maximum eﬀort in maintaining
productivity of an organization.
Any ambiguity in understanding the work requirements deﬁned by the supervisor results in
time delays and confusions. A ﬁeld technician needs to avoid such instances at all costs. For
example, failing to understand the priority of jobs or tasks assigned by the supervisor for the
day. Understanding the technical requirement is also equally important. So, while replacing
faulty parts, a ﬁeld technician should check the warranty on the faulty part while replacing it
and also ensure that no damage to the other hardware is done.

5.2.4: I nteracting w it hColleagues
Every worker works towards a common goal in an organization, still all of them are divided
by certain roles and activities and the way they accomplish that objective. Inter-personnel
communication – whether formal or informal – is the most common and important key to
accomplish productivity and perform social functions in an organization.
The primary objective of a ﬁeld technician is to understand the process and the health of the
communication taking place among the co-workers in order to improve its quality.
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To maintain a healthy interpersonal relationship, it is important to adhere to the points
shown in the following ﬁgure:

Interpersonal Relationship

Resolve interpersonal conﬂict and
ensure smooth ﬂow of work

Receive Equipment/Tools from
Stores
Pass on customer complaints to
colleagues in respective
geographical locations
Assist colleagues to resolve ﬁeld
problems

Fig 5.2 .4 .1 : Managing interpersonal relati
onship

esolve Con ict s
As discussed earlier, individuals are divided by roles and responsibilities in an organization
despite working towards a common goal. Few tips to reinstate better communication among
co-workers are:
•

Clarify role and responsibilities
Going to basics is the best way to resolve a problem. Role of a ﬁeld technician is to
ensure a glitch-free workﬂow in an organization. As a team, they will participate in
addressing customer issues, whether small or big.
Providing a more rounded perspective of job roles and responsibilities oﬀers inculcation
of a positive and resolute approach for problems among co-workers. Also, this enables
people with less job experience take up things in a more constructive manner.

•

lan st rat egically
In most organizations, conﬂicts between co-workers occur due to tight schedules and
deadlines. Employees working on deadlines are required to work on short turnaround
times, resulting in causing frustration and stress. Irrespective of the team size, this can
be achieved by deploying tools such as a Calendar to communicate deadlines. The
following image shows planning using a calendar:

Fig. 5.2 .4 .2 : Planning using a calendar
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Assist Colleagues
Be it work allocation, manpower distribution or identiﬁcation of areas of high
responsiveness, healthy communication is the key to improve service quality.
Informal communication is what is usually seen to be dominant in most workplaces. People
asking for help from the person sitting at the adjacent desk to troubleshoot an appliance
issue, rather than consulting a ﬁeld technician, is one of the most common examples of
informal communication.
The communication is spontaneous and successful in achieving the goal, making way to
formal inter-personnel communication. Despite having established communication
procedures, the informal communications occur in every organization and help in resolving
problems and conﬂicts in real time.
Hence, the role of a ﬁeld technician is to understand potential of this form of
communication and further it with the help of modern-day technologies. The following
image shows colleagues assisting each other:

Fig. 5.2 .4 .3 : C olleagues stin
assi each other
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U NI T 5.3: U nderstanding Company olicy and St andards
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1.
2.
3.
4.
5.
6.

Identify the company’s customer care policies
Describe the organisation culture and typical customer proﬁle
Identify safety procedures to follow
Identify the targets and incentives
Resolve personnel issues
Assist colleagues with resolving ﬁeld problems

5.3.1: Cust omer Care and Code of Conduct olicies
The customer care centre is designed to meet the requirements, needs and expectations of
the users. It is done by providing timely resolutions to queries and complaints. The goal is to
minimize downtime and improve the learner’s overall experience.
The team comprises of experienced software personnel. They help a user by answering
questions and guiding them about using the tools. They are solely committed to
collaborating and communicating with the users.
In organizations, the code of conduct means the core values, ethics, responsibilities,
commitments and virtues that every employee of that organization needs to comply with. It
lays down the general guidelines that the organizations expect from its people in speciﬁc
situations.
Thus, it is necessary to follow a proper code of conduct in terms of behaviour and work
output delivered.
If the company’s policies and rules are not deﬁned clearly, then the employees may not
comply with the disciplinary standards wholeheartedly.
The following ﬁgures are a few examples of company policies:
Conduct of an employee

Equal rights of employees
Attendance/time oﬀ
Product’s warranty and other terms and conditions
Line of business and product portfolio and competitors
Fig.5.3 .1 : C ommon company policies
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In addition, it is every company’s policy to report any spare part or new appliance used by a
ﬁeld technician while addressing a customer request. Therefore, a ﬁeld technician should
ideally take all tools, equipment, spare parts, or any other product from the company store
and document and report its usage or requirement properly.
Anything unused should also be returned to the store and again, reported.

5.3.2: Organisation Cult ure
Organizational culture is deﬁned as the shared values, beliefs and norms within an
organization and the demands of a job role. A ﬁeld technician’s job is a customer facing role,
representing the face of the organization. The following ﬁgure represents the characteristics
of organizational culture which every employee should reﬂect:
Be polite to the
customer

Show integrity,
trustworthiness
and good
inetrpersonal skills

Be on time for the
service

Deliver the service
as per deﬁned
quality

Be well groomed
and look
professional

Fig 5.3 .2 .1 : C haracteri
stics of organizational culture

A ﬁeld technician may need to cater to diﬀerent set of customers, from diﬀerent backgrounds.
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The following ﬁgure represents the broad classiﬁcation of customer proﬁles:
Domestic
•Local language
•Region/area-wise code of conduct
•Technical know-how of the product
Industry/Factory
•Scale
•Point of contact
•Layout plan/wiring diagram for the industry/factory
Small Enterprises
•Point of contact
•Layout plan/wiring diagram for the building

Fig 5.3 .2 .2 : C lassi
ﬁcation of customer proﬁles

Reporting St ruct ure
There are set rules and regulations within an organization which an employee needs to
follow. These outline responsibilities of both the employers and the employees.
The following ﬁgure explains what working in an organization requires a ﬁeld technician to
ensure:

Follow the company's policies and rules
Follow the reporting hierarchy
Follow role as deﬁned in the workﬂow
Follow the documentation process
Follow the sales and after sales support policy
Fig. 5.3 .2 .3 : R epor
ting and documentation process

135

Participant Handbook

Documentation
Right documentation can make a lot of the diﬀerence in getting quick resolutions. To
achieve this, certain steps need to be taken as shown in the following ﬁgure:
Document every complaint

Document common problems

Document ticket escalation process

Make documentation an on-going process
Fig. 5.3 .2 .4 : Steps for documentati
on

Document Every Complaint
A ﬁeld technician needs to document issues as they come in. In addition to recording the
symptoms described by the customers, they should probe for the right symptoms. For
example, if a customer says that the computer is running slow, the technician needs to
diﬀerentiate whether the problem is caused by a virus or a malfunctioning part or some
other system.
The ﬁeld technician should know how to ask the right questions to try and resolve an issue
within the ﬁrst call.
Document Common roblems
Majority of the issues can be reduced to a handful of common problems. If there is a good
documentation process that has resolution paths for all common problems, then the ﬁeld
technician does not have to reinvent the wheel for every ticket. The technician can use
internal technician knowledge base and time tested processes to resolve the issues quickly.
A well organised process enables the ﬁeld technician to respond to a ticket quickly and
resolve most of the customers’ problems immediately.
Document Ticket Escalati
on rocess
A good escalation process makes sure that when the ﬁeld technician is not able to resolve a
problem, the technician addresses ticket escalation promptly. The ticket gets send to the
next level of customer support and the customer does not have to wait for days for it to get
resolved.
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Document ation should be an On-going Eﬀort
Documentation is not a onetime eﬀort; it needs to be an on-going process. The ﬁeld
technicians should regularly optimize the issue resolution procedures and processes. This
ensures that the customer issues are resolved promptly.

Documentation of W ork on ER So w are
One of the most important parts of good customer service is maintaining accurate records,
containing details of dealings with the customers. Customer records can help gather
information about how best to market a company's services and also help to ensure that the
organisation runs smoothly.
Most records are stored electronically on a database.
ERP software is used in company to maintain the records of work performed by the ﬁeld
technician. It is deﬁned as the business management software consist of integrated
applications required to manage the documentation process and control back oﬃce related
functions such as human resources and other technologies.
The following ﬁgures show sample of ERP software used in an organisation:
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Fig 5.3 .2 .5: Sample of ER Poft
s are used in an organisation

5.3.3: Safet y rocedures
As a ﬁeld technician, there are certain guidelines that must be followed to ensure own
safety, and that of the co-workers. These guidelines provide a sound, safe and ﬂexible
environment to work. The following ﬁgure represents the general safety guidelines to be
followed at workplace:
Always follow the correct procedures to ensure zero accidents at work.
Always use an appropriate tool for the respective task.
Always read labels and instructions given on the components.
Always wear appropriate clothing and remove metal objects before working.
Use prescribed protective safety equipment only.
Always follow Electrical Safety Rules when working with electrical machinery or
equipment.
Report all unsafe acts or unsafe conditions to the supervisor.
Fig 5.3 .3 .1 : Safety guidelines
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Qualit y St andards
A few simple principles, if adhered to, can ensure production of quality work. As a ﬁeld
technician, maintenance of quality and timely completion of work can be done in the
following ways:
•
•
•
•
•
•

Ensure that work is done is as per the guidelines and standard of the company.
Plan and organize the allocated work for the day.
Follow the proposed plan of action.
Inform the supervisor in case of any deviation or emergency.
Interact with service technicians from time to time in order to understand problems faced
on ﬁeld
Work to ensure 100% customer satisfaction.

The ﬁeld technician would get a job sheet or work allocation from the supervisor. The
supervisor will also share a plan of action with ﬁeld technician to ensure adherence to
timelines and quality for the work assigned.
The following ﬁgure highlights the points which help a ﬁeld technician in understanding the
plan to achieve
% quality and timely completion of work:
Establish a
compliance plan

Build a
communication
strategy

Educate junior
level technicians
about installation
procedures

Test the product

Create a review
plan

Develop an
eﬀective work
schedule

Fig 5.3 .3 .2
: Achieving quality and timely completion of work

W ork Et hics
Work ethics mean diﬀerentiating between the right and the wrong way of doing a job and
adopting the right conduct. Work ethics involve certain principles as shown in the following
ﬁgure:

Resolve personnel issues

Deliver work as per
standards and guidelines

Fig 5.3 .3 .3 : Work ethics
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esolve ersonnel I ssues
Resolving personnel issues involves the followings:
•

Communicating eﬀectively with the personnel ensures positive feedback in the
organization. Two-way communication within and beyond the facility is also advised for
ﬁeld technician in any organization.

•

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

•

Suggestions 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 attended to by the ﬁeld technician himself
before pushing the issue through to the supervisors. Managing the personnel is the most
important part of team eﬀort towards a uniﬁed goal.

Deliver W ork of Expect ed Qualit y
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 deviation or emergency.

I nform Superior about otential Ha ards
Understanding all the possible hazards that can happen in a work place are the
responsibilities of a ﬁeld technician. 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. A ﬁeld
technician can handle the hazard by:
• Communicating any such hazard to the supervisor can prevent unaﬀordable downtimes
which could hamper critical functioning of the organization.
• Having clear communication with the other staﬀ members and getting in place early
warning systems for potential threats in another dimension.
• Making risk assessment is an integral part of a ﬁeld technician job description. Potential
hazards should be assessed with precision and supported with practical evidence.
• Adopting a systematic approach is one dimension of communicating potential hazards.
The following ﬁgure shows a systematic approach for handling hazards:

Identiﬁcation of
cause

Assessment of the
cause

Fig. 5.3 .3 .4 : Systemati
c approach for handling hazards
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Customer Complaint s in t he Re
spective G eographical Area
Serving customers at an organization with a wide spectrum of consumer base poses
additional challenges. Maintaining service quality in such cases can be a challenging task,
owing to cultural and social diversity. However, such barriers can be overcome in a better
way by giving the opportunity to a worker hailing from the respective geographical area.
Addressing such problems in this way can improve the ability of an organization to
implement strategies aimed at improving the service quality.
The following images show the segmentation of the customer base to collect their
complaints accordingly:

Fig. 5.3 .3 .5: Segmentati
on of customer base

141

Participant Handbook

U NI T 5.4: Reading and W riting Skills
Unit Ob ectives
At
1.
2.
3.
4.

t he end of t his unit , y ou w ill be able t o:
Write down problems on job sheet and details of work done
Make reports and ﬁll forms
Explain the installation procedures given in the manuals
Read product labels and instructions

5.4.1: Reading and Writing I nformation in a J ob Sheet
A job sheet is a document prepared by a senior at a workplace, typically a supervisor, for the
technicians to ﬁll each time they undertake a task (a job, such as ﬁxing a hardware or
installing a new device). J ob sheets serve the purpose of storing records for later reference
as well as act as a proof of the job completed along with the eﬀectiveness and efﬁciency
with which it was completed.
A job sheet has various ﬁelds/columns that correspond to the description of the job such as
when was the job assigned, what is the customer name, address and phone number, is the
product under warranty, was the job completed on time, who was assigned the job,
customer signature and other such ﬁelds.
A technician needs to, therefore, possess certain writing skills to ensure that the documents
are ﬁlled correctly and legitimately. The technician’s handwriting needs to be clear and
easily readable by the customers as well as the supervisors. Moreover, the technician should
be able to read and then rightfully ﬁll the information in the speciﬁc ﬁelds.
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The following ﬁgure shows a sample of a job sheet that a ﬁeld technician is required to ﬁll
for every ob assigned to them:

Fig. 5.4 .1 : A sample job sheet

5.4.2: Filling I nformation in an I nvoice
Though an invoice is generally system generated with a sale of a product, but sometimes, a
technician may be required to ﬁll few ﬁelds in the invoice at customer site depending on the
circumstances. For example, in case of a faulty part in a washing machine, a ﬁeld technician
may have to carry a new part to replace and the invoice sheet for that part. But the invoice
will be ﬁlled with the details only if the faulty part is beyond repair and the customer agrees
to pay for the new part.
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The following ﬁgure shows a sample of an invoice that a ﬁeld technician may be required to
ﬁll for a speciﬁc job assigned:

Fig. 5.4 .2 : A sample invoice

5.4.3: Reading the roduct Manuals
A ﬁeld technician is responsible for visiting a customer’s site, 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 installation/repair of the product. One of
the common causes of non-functioning of components of a system may be its improper
installation, which may happen due to non-compliance of user manual instructions.
The product manuals are also known as user manuals. They contain all essential information
for the user to make full use of the computer system. They include a description of the
system functions and capabilities, contingencies and alternate modes of operation and stepby-step procedures for system access and use.
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The following image shows a typical user manual for an appliance such as a washing
machine or a refrigerator:

Fig.5.4 .3 .1 : Example of a user manual

A user manual generally has ﬁve sections. The following ﬁgure shows the ﬁve segments of a
user manual:
Sections of a user manual

Introduction

System
capabilities

Description
of system
functions

perating
instructions

Error
handling

Fig. 5.4 .3 .2 : tions
Sec of a user manual

There is a help facilities section also available in the manual which describes a technician
that the user can contact for error resolution. Help desk telephone numbers are also
included.
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There are various sections in a typical help book of a particular equipment.
The following ﬁgure lists the contents of a user manual:

Cover
page
Glossary

Title page

Contact
details

Preface
Sections of a
User Manual

FAQ

Contents

Trouble
shoot

Guide how to
use

Fig 5.4 .3 .3 : C ontents of a user manual

•
•
•
•
•
•
•
•

Cover page: Shows the image of the equipment along with the manufacture’s name. The
title page shows the name of the equipment.
reface: Gives a brief introduction to the equipment.
Content s page: Lists down the table of contents, that is, the list of topics along with the
page numbers.
G uide: Includes all the instructions that enable a user to operate the equipment.
Troubleshoot section: Includes all the issues and the resolutions for them, which the
users can handle at their end.
FAQs section: Covers all possible questions related to the product and the answers to
them.
Contact det ai
ls section: Provides a call centre or service centre number where the users
can call and register their complaints and seek assistance to their grievances.
G lossary section: Includes terms which have been mentioned in the manual along with
their deﬁnitions. Their page numbers are mentioned alongside.
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Reading W arnings, I nst ructions on roduct Labels and art s
A ﬁeld technician should have knowledge of product labelling of all electronic appliances .
Serial number and product ID give a unique identity to a component. The format of the serial
number varies with the type of product and its manufacturers. The series of letters and
numbers in a serial number may give information about the manufacturer, country of origin,
year of production and number of unit. The following image shows the serial number of a
product:

Fig 5.4 .3 .4 : Serial number of a product

The ﬁeld technician should know how to read warning instructions and other text material
on the product label.
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U NI T 5.5:

elative and Critical Thinking

Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
1.
2.
3.
4.
5.
6.

se critical thinking to improve work processes
Reduce repetition of errors
Spot process disruptions and delays
Report on any customer concerns to superiors without delay
Make on-spot decisions on ﬁeld
Decide whether to call customer care

5.5.1: I mproving Work rocesses using Critical hinking
Another important skill that a ﬁeld technician should possess is critical thinking. Critical
listening allows a person to make critical decisions and enables a person to judge the situation
while the speaker is talking.
Critical thinking is deﬁned as a person’s ability to make logical decisions in a particular
situation, keeping all the emotions aside. This enables a technician to:
•
•
•
•

Collect information for analysis of a situation
Generate ample solutions to resolve a problem
Get feedback
Add value to business solutions

Relative thinking, on the other hand, is thinking about tasks or decisions in relative terms
which results in realistic comparisons and achievable tasks.
As a ﬁeld technician, critical thinking helps a person to run across many possible to solutions
to a situation, analyse through it, and come up with the best possible solution. The following
ﬁgure lists the beneﬁts of critical thinking:
Inﬂow of
New Ideas

Uncovers
Incentives

Critical
Thinking

Enables
Teamwork

New
Opinions
Fig. 5.5.1 .1 : B eneﬁ
ts of critical thinking
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Critical Thinking Skills

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

Curiosity
Skepticism
Humility

Fig. 5.5.1 .2 : C tical
ri thinking skills

Curiosity is the hope of learning and garnering more information/knowledge as well as
looking for evidence, and welcoming new ideas. Scepticism includes not believing everything
that a person comes across and putting questions to get convinced fully. Humility involves
acceptance if a person’s idea gets rejected or is not considered suitable. At the same time,
the person is willing to look up to new ideas.
The following ﬁgure lists other skills which are essential for critical thinking:

Transforming
K nowledge
Applying
Standards

Predicting

Skills

Logical
Reasoning

Discriminating

Seeking
Information

Fig. 5.5.1 .3 : Other tical
cri thinking skills

5.5.2: Making Decisions in t he Field
The ability to choose the best between multiple courses of action is called decision making.
Decision making involves using either a person’s intuition or reasoning, or both. Deciding
upon something using your ‘ gut-feeling’ is intuition.
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At your workplace or in the ﬁeld, intuition typically involves a person making decisions on
the basis of prior work experience, values or both.
Reasoning involves using factual data to interpret situations and take a ﬁnal decision.
Emotional 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
information

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

Too much
information

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

Too many people

•Often, decision making in a group is diﬃcult as it involves varied
perspectives and ideas. Sometimes, taking the most suitable
decison is better than taking none.

Vested interests

•Such interests can be a hinderance to as identifying and
addressing them is diﬃcult.

Emotional
attachment

•Many people, who are attached to their status quo are most
often the ones who ﬁnd it diﬀcult to take a decion in case of
prospect of change.
Fig. 5.5.2 : Factors that limit decision making

5.5.3:

oints to Consider for Decision Making

While making decisions in the ﬁeld, you need to consider the points listed in the following
ﬁgure:

What decision
needs to be
taken

What are the
choices and risks
involved

Compare the
choices and
evaluate the
options

Select the best
possible option

Fig. 5.5.3 : Points to be considered for decision making
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When making important decisions related to work, a ﬁeld technician needs to ask the
following questions and the answers to these questions would help make the correct
decision at the right time:
•
•

•
•
•

What decision needs to be taken? Is it a spontaneous decision, can it be made at a
technician 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
technician does make a decision and implements it in the ﬁeld. If the risks are too high,
it is best to avoid making the decision. Then, analyse all the choices and the least risk
involved in the best choice.
What is the best choice? Compare the choices and evaluate the options to arrive at the
best choice.
Which seems to be the best possible choice for the current situation in the given time
frame? Select the best possible option based on the circumstances and time.
Will the results be as expected? Implement the decision and check the results.
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U NI T 5.6: Personal G rooming
Unit Ob ectives
At t he end of t his unit , y ou w ill be able t o:
•
•

Identify the importance of personal grooming
Use proper etiquette during customer interaction

5.6.1: I mport ance of Personal G rooming
Apart from having technical knowledge, it is important for a ﬁeld technician to develop some
basic personality traits and skills, such as personal grooming.
Being well groomed at workplace reﬂects a positive and professional attitude towards work.
The following ﬁgure includes aspects of personal grooming:

Dressing

Personal
ygiene

Workplace
Etiquette
Fig. 5.6.1 .1 : Aspects of grooming
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The following ﬁgure lists few of the good practices classiﬁed under diﬀerent aspects of
grooming:

Dressing

Personal H y giene

Clothes should be neat and
clean.

Hair should be neatly combed
and trimmed.

Clothes should be ironed.

Nails and hair should be cut.

If a company has a uniform,
it should be worn.

Teeth should be clean.
Bath should be taken everyday.
Body odor and sweating should
be taken care of.

W orkplace Eti ue e
Smile and greet the
customer.
e punctual.
Apologize on making a
mistake.
Be polite.
e careful of body
language.

Fig. 5.5.1 .2 : A few
o t e ood practices for grooming

153

Participant Handbook

154

Participant Handbook

322

