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About this Book
This Participant Handbook is designed to enable training for the specific Qualification Pack (QP).
Each National Occupational (NOS) is covered across Unit/s.
Key Learning Objectives for the specific NOS mark the beginning of the Unit/s for that NOS.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Explain the basics of electronics
Identify the electronic components
Explain fundamentals of electricity
Describe UPS and Inverter
List tools and equipment used for installing and repairing UPS/Inverter
Determine the responsibilities of a field technician
Analyse the customer requirements
Adhere to the reporting and documentation process
Follow the health and safety norms
Identify ways to improve the work process
Identify the installation process of UPS/Inverter
Identify the faults and repair the faulty modules of UPS/Inverter
Identify the correct way of interacting with supervisors and colleagues
Identify soft skills required for doing the job of a technician

The symbols used in this book are described below.

Symbols Used

Key Learning
Outcomes

Practical

Steps

e-Resources

Role Play

Tips

Activity
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Notes

Unit
Objectives

The book on New Employability Skills is available at the following location: https://eskillindia.org/Home/handbook/
NewEmployability
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Key Learning Outcomes
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Explain the basics of electronics
Identify the electronic components
Explain fundamentals of electricity
Describe UPS and Inverter
List tools and equipment used for installing and repairing UPS/Inverter
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UNIT 1.1: Basics of Electronics and Electronic Components
Unit Objectives
At the end of this unit, you will be able to:
1. Define basic electronics
2. List electronic components

1.1.1 Understanding Basics of Electronics
Electronics is the branch of science where electrical energy is controlled electrically, through
the flow of electrons. The study of this branch deals with electrical circuits involving active
electronic components such as vacuum tubes, transistors, diodes and integrated circuits and
passive electronic components such as resistors, capacitors and inductors, along with its
interconnection technologies.
The following figure shows concepts covered in basics of electronics:

Components and
Devices

Circuits

• Active
• Passive

• Analog Circuit
• Digital Circuit
• Basic Circuitry

Electricity

•
•
•
•

Ohm's Law
Kirchoff's Law
Alternating Current (AC)
Direct Current (DC)

Measuring
Instrument/
Equipment

•
•
•
•
•
•
•

Digital multimeter
Clamp meter
Power Supplies
Voltage Source
Current Source
Oscilloscopes
Generators

Fig 1.1.1: Concepts of basic electronics

3

Participant Handbook

1.1.2 Electronic Circuits and Components
In an electronic circuit, components are embedded on a printed circuit boards (PCBs). A PCB
acts as a base for the components that are mounted on its surface and soldered. The
components are generally soldered on the circuit board according to a specified design. The
circuits are initially build and tested on a breadboard before being embedded on a PCB. The
following images show a breadboard and a printed circuit board:

Breadboard

PCB

Fig 1.1.2: Breadboard and PCB

Electronic components are of two types:
•
•

Active
Passive

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

4
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The following figure represents list of active components:

Diodes

Rectifiers

Transistors

Active
Components

Integrated
Circuits
(ICs)

Solenoids

Light
Emitting
Diodes
(LEDs)

Power
Sources

Fig 1.1.3: Active components

Diodes
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. It
has high resistance (ideally infinite), in the other direction. Diodes are usually made up of
semiconductor materials such as germanium, silicon or selenium. The following image shows
diodes:

Fig 1.1.4: Diodes

Transistors
A transistor is an electronic device, made up of semiconductor material. Usually, it has at
least three terminals to connect to an external circuit. It is used to amplify or switch
electrical power and electronic signals
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The following image shows a transistor:

Fig 1.1.5: 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. The following image shows an
IC:

Fig 1.1.6: IC

LED
A LED is a p-n junction diode which gives out light when it is activated. It is a two-lead
semiconductor source of light. Energy is released as photons when a suitable voltage is
applied to the leads. The following image shows a LED:

Fig 1.1.7: LED

Power Sources
A power source is a source which provides power to a circuit. Generally, it is a generator or a
battery.
The following image shows a battery:

Fig 1.1.8: Battery
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Passive Components
Passive components are those components which do not require any power source to
perform their specific functions. These components are not capable of controlling current.
Solenoid
A solenoid is an insulated or enamelled wire coil wrapped around a cylindrical solid core. The
solid core may be of iron, steel or powdered iron. Solenoids can be used as electromagnets
and inductors in electronic circuits. The following image shows a solenoid:

Fig 1.1.9: Solenoid

Rectifier
A rectifier is an electrical device that converts AC, which periodically reverses direction, to DC,
which flows in only one direction. The following image shows a rectifier:

Fig 1.1.10: Rectifier

The following figure lists different passive components in a circuit:

Transformer

Fuse

Resistor

Passive
Components

Thermistor

Capacitor

Inductor

Fig 1.1.11: Passive components
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Transformer
A transformer consists of a metal core with coils of wire around it. It is a device used to
convert AC to the required values by decreasing or increasing the alternating voltages in an
electronic or electric system. The following image shows a transformer:

Fig 1.1.12: Transformer

Resistors
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 a big wire-wound power resistor. Its
size varies in length from 5mm up to 300mm. The following image shows resistors:

Fig 1.1.13: Resistors

Capacitors
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. The following image shows capacitors:

Fig 1.1.14: Capacitors
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Inductors
An inductor consist of a coil or a wire loop. This component is used to store energy in form of
magnetic field. The more the turns in the coil, the more will be the inductance. The following
image shows inductors:

Fig 1.1.15: Inductors

Fuse
Fuse is a device used to protect electrical systems against excessive current. The following
image represents a fuse.

Fig 1.1.16: Fuse

Types of Electronic Circuit
An electronic circuit is a combination of electronic components that are connected to provide
flow of current. The different combination of wires and components allows different
operations, such as amplification of signals, computation and transmission of data, to be
performed. The following figure represents types of electronic circuits:

Electronic Circuit

Analog

Digital

Fig 1.1.17: Classification of electronic circuits
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Analog Circuits
In analog circuits, there is a continuous variation of voltage or current with time.
These circuits are a combination of basic components such as resistors, capacitors, diodes,
inductors and transistors. The following figure represents an analog circuit:

Fig 1.1.18: An analog circuit

The fundamental building blocks of analog circuits are:
•
•

Series connection
Parallel connection

Series Connection
In series connection, the magnitude of current is same through all the connected
components. The following figure shows a series circuit and in the figure, R = R1 + R2 + R3,
where, R represents the resistance in the circuit:

Fig 1.1.19: Series Connection

Parallel Circuit
In a parallel connection, the magnitude of voltage is same through all the connected
components and the current is divided among the various components.

10
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The following figure represents a parallel circuit. In the following figure, 1⁄R = 1⁄R1 + 1⁄R2 +
1⁄R3, where, R shows the resistance in the circuit and I represents the current:

Fig 1.1.20: Parallel circuit

Digital Circuits
A binary scheme is used by digital circuits for digital signalling. Two different voltages (high or
low) are represented by different logic levels. High voltage, generally 5V, represents one value
and the other value represents low voltage that is generally 0V. The following figure shows a
digital circuit:

Fig 1.1.21: A digital circuit

The following table describes basic building blocks of digital circuits:
Logic Gates

OR Gate

These are elementary blocks
of a digital circuit. At any
moment, the terminal voltage
level is either high represented
by 1 or low represented by 0

The output terminal is at 1 when
any of the inputs is 1 and is at 0
when all the inputs are at 0.
AND Gate
The output terminal is at 1 when
all the inputs are at 1, otherwise
the output is 0.
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NOT Gate/Inverter
The output is 0 when the input is
1 and vice-versa.
Microprocessor/Chip

An IC containing all the functions
of a computer’s central
processing unit.

Microcontroller

Is a small computer on an IC
which controls devices that
contain the microprocessor such
as remote controls, office
machines and appliances

Basic Circuits
The following table describes some basic electronic circuits:
Circuit
AC circuit
for Lamp

Circuit Diagram

Description
For connecting a lamp,
two wires, neutral and
active are connected to
the main supply panel.
There is a switch
between the supply and
lamp in the live wire.
When the switch is ON, it
closes the electric circuit
allowing the lamp to
glow. If the switch is OFF,
the opposite will happen.

Battery
Charging
Circuit

In this circuit, a rectifier
converts AC supply into
DC. Resistance is added
to the rectifier circuit to
limit the current flow.
When the AC supply is
provided to the rectifier
by means of a step-down
transformer, it converts
the AC supply into direct
current, which then
charges the battery.
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Circuit with a switch

A switch is a
component used
to complete the
circuit between
the load and the
supply. The power
supply passes
through the switch
to the load and,
therefore, by
keeping the switch
open, it can be cut
off.
The current
transformer steps
down the high
voltage current
and provide safe
monitoring of the
actual current
flowing in the
circuit. The
primary coil of the
transformer is
connected to the
power circuit in a
way that the
current can pass
through it. The
secondary coil is
connected to the
ammeter.

Current
Transformer Circuit

Single Phase Motor
Circuit

A single-phase
motor contains
two terminals in
the outer casing
terminal box. One
terminal is
connected to the
active wire and the
other terminal is
connected to the
neutral wire. The
motor will run till it
continues to get
power in the
circuit.
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UNIT 1.2: Fundamentals of Electricity
Unit Objectives
At the end of this unit, you will be able to:
1. Define Ohm’s law and Kirchhoff’s law
2. Explain electrical polarity, AC/DC and serial and parallel circuit
3. Describe electric energy consumption

Electricity is a natural force that comes into existence whenever there is a flow of electric
charge between any two components. The flow of electric charge is called current. Voltage is
the potential difference between negative and positive charged components. When working
with circuits, basic knowledge of electricity is very important to ensure that all connections
are correct. A wrong connection in a circuit may cause high damage to people and the circuit
components.

1.2.1 Ohm’s Law
According to Ohm's law, current flowing through a conductor is directly proportional to the
voltage across the conductor. The mathematical equation of Ohm’s law is as follows:
I=V⁄R
Where,
I is current flowing through the conductor,
V is the potential difference or voltage across the conductor, and
R is proportionality constant, known as the resistance of the conductor.
Resistance of the conductor is independent of current flowing through it as shown in the
following figure:

Fig 1.2.1: Simple electric circuit

Kirchhoff’s law deals with current flow and voltage in an electrical circuit.
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Kirchhoff’s current law states that, at any junction in an electrical circuit, the sum of inward
currents flowing into the node and the sum of outward currents flowing from that node are
equal, as shown in the following figure:

Fig 1.2.2: Inward and outward current

According to Kirchhoff’s current law,
I1 = I2 + I 3
Where,
I1 represents inward current and I2 and I3 represents outward current flowing through the
conductor.
Kirchhoff’s voltage law states that, in a closed electrical circuit, the sum of the potential
differences across all the elements in the circuit is equal to zero, as shown in the following
figure:

Fig 1.2.3: Kirchhoff’s voltage law

According to Kirchhoff’s voltage law, VAB + VBC + VCD + VBA=0
Where,
V is the potential difference or voltage across the elements in the circuit labelled as ABCD.
VAB is the potential difference across node A and B of the circuit, VBC is the potential
difference across node B and C of the circuit and so on.
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1.2.3 Electrical Polarity
The term electrical polarity is used to describe the direction in which the current flows in a
circuit. Consider there is a constant voltage between points of a circuit. One of the points has
more negative charged particles (electrons) than the other. The point or pole with more
electrons has negative polarity and the other pole is of positive polarity.
If the two poles are connected by a conductor such as a wire, electrons will flow towards the
positive pole from the negative pole and current flows from the positive pole towards the
negative pole, as shown in the following figure:

Fig 1.2.4: Electrical polarity

1.2.4 AC and DC
AC is an electric current which reverses its direction at a regular interval. DC is the current
which flows in one direction. For example, the battery cell in a flashlight is a source of DC
power. Power source with AC such as an AC generator, is used to deliver electric power to
businesses and residences as shown in the following figures where I, is the current:

Fig 1.2.5:DC

Fig 1.2.6: AC
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Fig 1.2.7: Signals of AC and D

1.2.5 Series and Parallel Circuit
In a series circuit, all the components are connected as a chain and the current flowing
through the components is same all over the circuit. There is only one path in the circuit in
which the current can flow. So, the current passes through each and every component.
Opening or breaking any point of a series circuit causes the whole circuit to stop functioning
and the entire circuit needs to be replaced. The following figure represents series circuits with
AC:

Fig 1.2.8: Series circuit with AC

In a parallel circuit, two or more components are connected in parallel. All the components
have the same voltage across them. The current flow varies across the components. If any
point of the circuit gets damaged, only that part needs to be replaced.
The following figure represents parallel circuit with AC.

Fig 1.2.9: Parallel circuit with AC
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1.2.6 Electric Energy Consumption
The actual energy demand made on the available electricity supply is known as electric energy
consumption. Electric energy consumption is measured in Watt-hours and is calculated by
multiplying the total watt and number of hours

Tips
1 Watt-hour = 3600 joule = 859.8 calorie

18
18

Field Technician-UPS and Inverter

UNIT 1.3: Introduction to UPS and Inverter
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.
5.

Define UPS and inverter along with their types
Explain the functionalities and parts of UPS and inverter
Select the UPS and inverter as per given specifications
Identify the application of UPS and inverter
Explain the basic differences and similarities between UPS and inverter

1.3.1 Defining a UPS
An uninterruptable power source/supply (UPS) is also known as a flywheel/battery backup.
It is an electrical device which provides back up power to a load if the mains or power
source fails or if there are disruptions in the power supply. The following images show a UPS
along with its block diagram:

Fig 1.3.1: UPS

Fig 1.3.2: Block diagram of a UPS
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A block diagram is a diagram which depicts main functions or parts of a system or a circuit in
the form of a blocks interconnected by lines to show the relation between blocks.
A UPS provides instantaneous protection from power disruptions by supplying energy stored
in the batteries. The runtime of continuous battery sources lasts only a few minutes and is
enough to start an alternative power source or shut down the equipment properly.
A UPS is also used for protecting hardware such as data centres, computers or any other
electrical and telecommunication equipment. Such devices or equipment are susceptible to
data/information loss due to sudden power interruption. Moreover, a power interruption or
power failure may cause data loss to these devise, or in some cases even fatalities or injuries
posing threat to human, environment and public safety. For example, a patient’s life can be
at stake in an operation theatre if medical equipment or devices do not work properly
because of power disruptions. UPS units have been designed to cater to a single computer or
a large unit used for providing power to data centres.
Functionalities of a UPS
A UPS is an electrical device positioned between an input power supply and the load
(electronic device). It consists of a battery that provides power in case of a power failure. The
timespan that a load is supported with power backup depends on:
• The battery size of the UPS
• The number of loads connected to the UPS
In case of a power outage or interruption, the battery ensures an unbroken and seamless
power supply, enabling the loads to be operational even during the outage. For example, it
allows the information systems to prevent data loss by providing enough power supply for a
shut down. The following figures represent a UPS under normal utility power and a standby
UPS, when utility power fails:

Fig 1.3.3: A UPS under normal utility power
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Fig 1.3.4: A standby UPS during utility power failure

Some of the functions of a modern UPS controlled by small computers embedded in it are:
•
•
•

AC power failures detection
Regulating status indicators
Switching between the power sources and administering the battery status

Parts of a UPS
There are three main parts of a UPS as listed in the following figure:
Conversion and Inversion Circuits

Batteries

Status Indicators
Fig 1.3.5: Parts of a UPS

Conversion and Inversion Circuits
Each UPS consists of a core circuitry which converts electricity, to be stored in batteries, from
AC power to DC power. This circuitry has rectifier circuit, inverter circuit and a battery bank
along with a filter.
Normally battery will be charging, when power fails, DC power from battery is inverted to AC
and supplied to the load with the help of this circuit.
The rectifier circuit converts the AC supply from mains to DC to be stored in a battery. From
the AC supply coming in, the UPS charges its battery in the form of DC supply. This AC to DC
conversion is done by two main components of the rectifier circuit, the diode and the
capacitor. The diode converts AC to DC and the capacitor filters the AC harmonics. AC
harmonics is voltage or current in an electrical system because of unsteady load. The inverter
circuit converts the stored eergy which is in the form of DC supply from a battery to AC supply
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again to be fed to equipment or load connected to the UPS.
The quality, nature, size and type of this circuitry depends on the model and design of the UPS
being used which will be covered in subsequent topics.
The following figure shows the conversion and inversion circuit of a UPS:

Fig 1.3.6: Conversion and inversion circuit of a UPS

Batteries
Besides the core circuitry of a UPS, battery is another important component as it stores the
energy which is used by the UPS for running loads. The size of a UPS unit is dictated by the
number of batteries. The batteries are classified as per their capacity in Amp-hours (Ah) and
nominal voltage (Volts). The following image shows a battery:

Fig 1.3.7: A battery

The running time for a UPS depends upon the following:
•
•
•
•

Type of battery
Size of battery
Rate of discharge of the battery
Efficiency of the battery

It is important for a field technician to understand battery characteristics and be able to test
load. At times, battery interaction needs to be checked. When battery strings are wired in
series- parallel they can develop unusual failure mode due to a defective battery in the
multiple parallel strings. The defective battery adversely affects the performance of other
good or new batteries in the string.
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The following image shows a series-parallel battery interaction:

Fig 1.3.8: Series-parallel battery interactions

The Ah capacity of a UPS is not mentioned in manuals or brochures usually. Read the
specification sheet to know about the run time of a UPS. Some of them will have battery packs
that can be expanded, which enables the load to be added to the system. A better quality of
a UPS detects eventual failure of a battery, examining voltage of the batteries when on charge
whereas other UPS spots it in self-test. The capacity of a UPS decreases and the battery life
degrades eventually. The life of a battery depends on its charge and discharge cycle and the
temperature of the working environment. The battery life dramatically reduces if it is kept in
a fully-discharged state.

Tips
1Ah represents the energy that is sufficient to provide 1A current for 1 hour at the voltage
specified for it.
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Status Indicators
There are a variety of indicators in a UPS that notifies the current status of the UPS. These
indicators are generally classified into two categories:
•

•

Visual indicators: Liquid Crystal Display (LCD) or LED displays indicate the problem
condition of a UPS as well as the general status. Some of the visual status indicators are
as follows:
o Online: This LED turns on when UPS is running normal operations.
o On Battery: This LED turns on when UPS is running on battery. In this case, the Online
LED will be off.
o Overload: This LED turns on in case of heavy load which is beyond the capacity of the
UPS.
o Replace Battery: This LED turns on if the battery needs a replacement. A periodic
battery test is performed to ensure it is charging properly. If the battery test fails, this
LED turns on.
o Site Wiring Fault: This LED turns on when there is a problem in wiring which is feeding
power to the UPS. It is usually in the back panel of the UPS.
Audible indicators or alarms: These are used to draw the user’s attention to any fault. The
alarm makes beep sound to notify a fault. Few UPS, have audio mute button to mute the
beep sound else they continue till the problem is rectified.
The number of indicators vary with models. It is important to check the
details/specifications in the handbook or manual provided by the manufacturer of the
UPS.

The following image shows the status indicators of a UPS:

Fig 1.3.9: Status indicators

Types of UPS
An effective UPS has most of the following features:
• Controlled output voltage with low harmonic distortion unaffected by power disruptions
or outage.
• Provides steady current with reduced harmonic distortion
• A low degree of electromagnetic interference and acoustic noise
• Has low transition time to switch between normal and backup operations
• Provides high level of reliability and efficiency
• Has low cost, weight, and size requirements
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Most of the individual power supply system’s cannot provide all of the preceding features at
the same time, it is usually possible to find a UPS with the characteristics suited to an
application’s needs. Some classifications of the UPS systems is done based on the following
criteria:
Design
Form factor
Fig 1.3.10: Classification of UPS

On Basis of Design
There are numerous design approaches for UPS systems which implement different
performance characteristics. Some common design approaches are as listed in the following
figure:
Single Conversion System

Double conversion System

Multi-mode System

•Standby
•Line interactive
•Standby-Ferro

•Double conversion on-line
•Delta conversion on-line

•Standby On-Line Hybrid.

Fig 1.3.11: Design approaches of UPS

Single Conversion System
In single conversion system, the UPS provides the incoming AC supply to the load or
equipment. If the AC supply reduces, it draws current from the battery using its inverter
circuit. Simultaneously, it removes the input AC supply to ensure no backfeed of supply
happens from the inverter circuit. It consumes the battery power till the AC supply returns
to normal or battery runs out. Standby UPS and line interactive UPS are two of the commonly
used UPS based on single-conversion system design.
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The UPS based on single conversion system design are:
•

A standby UPS is used for providing back up power to personal computers. The following
figure shows a block diagram of a standby UPS:

Fig 1.3.12: Standby UPS

In the block diagram, there is a transfer switch which selects the filtered AC input that will act
as the primary power source (represented by solid line) and switches the load over to the
backup source (represented by dashed line) at the time of failure of the primary source.
The benefits of selecting this design is its small size at a low cost with high efficiency. This UPS
in combination with surge circuitry and proper filter, can provide surge suppression and noise
filtration. The practical power range is 0-0.5kVA.
•

A line interactive UPS is used for small business and Web servers use the line interactive
UPS. The following figure shows the working of a line interactive UPS:

Fig 1.3.13: Line interactive UPS

In this UPS, an inverter always stays connected to the UPS output. The battery is charged
when the inverter is operated in reverse and the input AC is normal. When there is a power
failure, the transfer switch transfers the power from the battery to the UPS output.
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This type of UPS also has the feature of voltage regulation, during low voltage, by adjustment
of the transformer taps.
The ability to control voltage conditions along with its low cost, small size and high efficiency
makes it a dominant type of UPS, within 0.5 – 5kVA power range.

Tips
The design of Line Interactive UPS enables additional filtering compared to a standby UPS
since the inverter is always connected to the output.

•

A standby-ferro UPS contains a special type of transformer that has three power
connections. The AC input passes through the transfer switch and the transformer before
it goes to the output. When there is a power failure, the output load is picked up by the
inverter. The inverter circuit is energized during a power failure but otherwise it remains
in a standby mode. The transformer has a ferro-resonant capability that helps in limited
voltage regulation and shaping of the output waveform. The practical power range is 315kVA.
The following figure shows the working of a Standby-Ferro UPS:

Fig 1.3.14: Standby-Ferro UPS

This design provides line filtering and high reliability. But it is inefficient when it is used in
combination with power factor corrected systems and generators.
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Double Conversion System
In double conversion system, the supply/power is converted twice. An input rectifier converts
AC supply into DC and feeds it to the output inverter circuit. This inverter circuit converts the
supply back to AC before sending it to the device or equipment. If the AC supply reduces, the
input rectifier shuts off and the output inverter takes power from the battery.
The UPS consumes the battery power till the AC supply returns to normal or battery runs out.
In case of a severe overload of the inverter, or a failure of the rectifier or inverter, the static
switch bypass path is turned on quickly, to support the output loads. This kind of system
ensures isolation of critical loads from the AC power source completely, ensuring that the
load/ equipment receives seamless supply.
Double conversion on-line UPS and delta conversion on-line UPS are two of the commonly
used UPS based on double conversion system design. The UPS based on double conversion
system design are:
•

Double conversion on-line UPS: The backup battery that gets charged by the AC supply
provides power to the inverter circuit. In this type of UPS, the main power path is inverter
instead of AC mains so power failure does not activate the transfer switch leading to no
transfer time. Few situations in which it does exhibit a transfer time is when the main
power path fails which means, battery or inverter fails. The inverter power can also
reduce causing a transfer, if the inverter is exposed to sudden load changes. A standby
and line interactive UPS will exhibit a transfer time when a blackout occurs whereas a
double conversion on-line
UPS will exhibit a transfer time when there is a large load change or current change.
Although this design provides almost ideal output performance, it gives reduced
efficiency and generates heat, as both the inverter and the battery charger engage in load
power flow conversion. The practical power range is 5-5000kVA. The following figure
shows double conversion on-line UPS:

Fig 1.3.15: Double conversion on-line UPS
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•

Delta conversion on-line UPS: It is available in various sizes that range from 5kVA to 1.6
MW. The delta converter supplies power to the output of the inverter. This type of UPS
provides similar output characteristics as the double conversion on-Line design but the
input characteristics are different. This design provides both input and output power
control using its full power factor correction technique. It controls the input current so
that the battery gets charged. This type of UPS significantly reduces energy losses and
provides compatibility with different types of generators. The following figure shows a
delta conversion on-line UPS:

Fig 1.3.16: A Delta conversion on-line UPS

Multi-mode System
In multi-mode system, there is an optimum blend of efficiency and reliability by combining
features of both single- and double-conversion systems. This system works in line interactive
mode under normal conditions (steady AC supply) thus saving energy and money.
If AC supply reduces, the system automatically switches from line interactive to doubleconversion mode as this mode completely isolates load/equipment from the incoming AC
supply. If AC input supply further goes out of the tolerance limits specified for a doubleconversion rectifier, the UPS uses the battery power to run the loads. As soon as the generator
is up, the UPS switches to double-conversion mode till input supply gets stable.
Finally, transitioning back to the highly efficient line-interactive mode as under normal
conditions, they provide maximum efficiency. Standby on-line hybrid UPS is one of the most
commonly used multi-mode system. If an AC supply failure or disruption occurs in the hybrid
model, the standby DC to DC converter from the battery is switched as done in standby UPS.
As the DC combiner has capacitors, the UPS takes control without any time lag during an AC
power failure. It has an additional transfer switch to bypass an overload or a malfunction.
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The following figure shows a standby on-line hybrid UPS:

Fig 1.3.17: A Standby on-line hybrid UPS

Tips
The design of delta conversion on-line UPS shows similar behaviour with double conversion
on-line UPS when there is AC failure.

On the Basis of the Form Factor
The commonly used UPS based on their size and form are:
•

Tower model: These models are like cabinets usually in shape of tower which can be
easily placed on the ground, desk or a shelf. These are typically used with desktop
computers or with computer workstations in a network. The following figure shows a
tower model:

Fig 1.3.18: Tower model UPS
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•

Rackmount model: These models are mounted in standard nineteen inch (19") rack
enclosures and need 1U to 12U rack space. These are typically used in servers and
networking applications. The following figure shows a rackmount model:

Fig 1.3.19: Rackmount model UPS
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Consideration for selecting a UPS
Based upon the requirement, following factors should be taken into consideration while
choosing a UPS:
Type of UPS
• Requirement of energy efficiency and protection requirement:
• Single conversion
• Double conversion
• Multi-mode

Utility
• Purpose, home or commerical and industrial:
• Single Phase
• Three Phase

Rating
•Amount of load in volt-amperes:
• High load
• Low load

Form
•Power requirement:
• Rack mounting
• Tower model

Availability
• Zone, technology and service used

Scalability
•Investment of time and money:
• Parallel UPS architecture
• Modular UPS products

Software
•Communication between UPS and server helps monitor Internet access

Service
•With proper care and maintenance UPS works really efficiently. Hence an apt service plan
for UPS is also very important
Fig 1.3.20: Considerations for selecting the right UPS
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Some more considerations for seamless working of UPS are:
•

N+1: When a single huge inverter fails, it disrupts many other systems making a large
business environment highly unreliable and susceptible to system failure or data loss. It
is recommended to use multiple smaller UPS modules and batteries having equal power
as one large UPS. N+1 means that if the capacity can be met by N modules, the installation
will have N+1 modules to cover for the failure of the module.

•

Multiple Redundancy/2N Redundancy: Each power supply is connected to a different
circuit. This can be further enhanced by connecting each power supply to its own UPS,
thus providing double protection both in case of power and UPS failure. This is done to
ensure uninterrupted power supply in case of one power supply failing.

•

Outdoor use: A UPS which is placed outside should be such that it is able to bear the
weather conditions of high or low temperature, humidity, rain and snow. The operating
temperature for the UPS installed outside should be between -40◦ C to +55◦ C. It can be
mounted on a pole, pedestal or host mounted.

1.3.2 Defining an Inverter
It is an electronic device that converts DC into AC. The characteristics such as input and output
voltage, frequency and power handling capacity depend on the design of the circuitry or
device.

Tips
•
•

The inverter itself cannot produce power, it only stores the power provided by the DC
supply.
A power inverter can either be a totally electronic device or an electronic circuitry with
rotary apparatus that provides mechanical effects.
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The following figure represents a block diagram of an inverter, consisting of battery, oscillator,
metal–oxide–semiconductor field-effect transistor (MOSFET) driver circuit, power switch and
a step-up transformer:

Fig 1.3.21: Block diagram of an inverter
Fig 1.3.21: Blockdiagram of an inverter

Functionalities and Part of an Inverter
The primary purpose of an inverter, commonly called power inverter, is to provide a backup
in case of a power failure. To provide this backup the inverter requires a battery to store
power or energy.
The functionality of inverter is broadly classified as follows:
•

•

Functionality of the inverter if AC supply is there: If AC supply is there, then the AC supply
flows through relay and battery charging circuit. The relay directly passes the supply to
the load. In the battery charging circuit, the AC supply converts to DC to charge the
battery. Once the battery is fully charged, the AC supply to battery stops. At times,
inverters have special circuitry called a trickle charging circuitry to ensure a constant full
charge in the battery.
Functionality of the inverter in absence of AC supply: In case the AC supply is not available,
the oscillator circuit in the inverter produces 50 Hertz MOS drive signal to be fed to MOS
driver circuit. These signals are amplified by the driver circuit to be fed into the load.
MOSFETs (transistors) are connected to the primary coil or winding of the transformer
and are used for switching purpose. As soon as MOSFETs receive signals from MOS driver
circuit, they start switching (ON-OFF) at 50 Hertz producing 50 Hertz current to primary
coil of the transformer. Based upon the winding ratio of transformer, this current
produces 220 V to 1100 V AC supply at the secondary of the transformer. This AC supply
is then fed to the load.
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Main Components Used in the Inverter
Oscillator
Oscillator or a pulse generator is an electronic circuit used to generate rectangular pulses or
signals at regular intervals. The oscillator helps to generate DC signals to control the switching
operation in inverter.
Microcontroller
It is a vital part of an inverter circuit. Microcontroller is used to control the signal switching as
per requirements. It can perform various functions such as controlling the protection
mechanism which enables the inverter to trip in case of a short circuit or overload. It also
controls the pulse with modulation coming from the oscillator. It also controls the indicator
circuit of the inverter which enables status to be displayed on the front panel of inverter.
MOSFET
MOSFETs have three terminals – source (S), drain (D) and gate (G).
N-channel and p-channel are the two types of MOSFETs. In an n-channel MOSFET, the arrow
in the middle of the symbol is pointing in whereas in a p-channel MOSFET, the arrow is
pointing out. It is used for switching of signals because of its high switching speed. At times,
the DC supply from a battery converts into an AC supply by an oscillator but the current output
is very low so a power switching device MOSFET is required which boosts the signals or the
voltage.
The following figures show the symbols of MOSFETs:

Fig 1.3.22: Symbols of P channel MOSFET

Fig 1.3.23: Symbols of N channel MOSFET
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Filters
In combination to MOSFETs, the filter circuit in inverter helps to filter the variation in
frequency to a required frequency before feeding in the power to the transformer. Filters are
applied to the primary or the secondary coil of the transformer or to both sides. For example,
low-pass filters are applied to allow the basic component of the waveform/signal or power to
pass to the load while reducing the AC harmonics. Resonant filters are used to provide power
to the load at a fixed frequency.
The following image shows a filter circuit which is filtering the input pulsating DC to a required
range of frequency:

Fig 1.3.24: Capacitor filter circuit

Status Indicators, Switches and Buttons
There are different types of switches and buttons on the inverter for performing a variety of
tasks along with a status indicator panel. They are listed in the inverter manual that is part of
the delivered package to the customer. Similar to UPS, inverter also has visual indicators and
audio indicators. The following image shows an inverter with buttons on the indicator panel:

Fig 1.3.25: An inverter showing buttons on the indicator panel

36
36

Field Technician-UPS and Inverter

Some buttons on various models of inverters are:
Power ON/OFF Button

Trip Reset Button

Display Button

• Used to switch the
inverter on or off.
• The power button must
be turned OFF to avoid
electric shocks while
cleaning or changing
the batteries of the
inverter or performing
its maintenance.

• Is either on the front or
at the back of a model.
• The function of this
button is to reset the
trip state of an inverter
that occurs to protect
the circuit and the
devices connected to it
in case of an overload,
short circuit or any
other cause.

• Used to turn the
LCD/LED display ON or
OFF
according
to
convenience.
• The button if designed
that way, can also be
used to display the
input
and
output
voltage, battery charge
status, load and so on.

Fig 1.3.26: Different types of buttons

Trip state of an inverter helps in protecting the equipment or load connected to inverter in
case of a short circuit or an overload. Ideally, an inverter should trip automatically to prevent
the excess of power/current to reach the equipment. It trips when the load exceeds the
capacity of inverter and the Trip Reset button is used to resume the normal mode of inverter
after the load has been managed.
Some switches present on various models of power inverters are:
Voltage Range Switch
This switch is used for adjusting the range of input voltage for which the inverter will
operate on line mode and then again switch to its back up mode.
Charging Rate Switch
A charging rate switch allows to adjust charging rate of the charger for the batteries
connected to the inverter. The charge of current can also be adjusted. Large batteries
need high charging current for getting charged faster whereas charging small
batteries with a higher current can wear them off early.

Batteries Voltage Switch
Some inverters are used by connecting single battery or even multiple batteries.
These inverters, using their batteries voltage switch can make the adjustments in
battery voltage on their own or may notify the user to do the needful manually.
Input/Output Voltage Switch

For the power inverter to function properly, one must select the input/output
voltage as per the region with the help of the input/output switch. If wrong voltage
is selected, the electronic appliances connected to it may get damaged.
Fig 1.3.27: Different types of switches
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Classification of Inverters
Inverters are broadly classified on the basis of input and output requirement.
Classification on the basis of input
A stable DC source that is able to supply enough current required to meet the power demand
of the device, is required for a typical inverter circuit or device. The input voltage is built
depending upon the purpose and design of the inverter. A few examples of inverters based
on the input are listed in the following figure:

12 VDC

24, 36 and 48 VDC

200 – 400 VDC

300 – 450 VDC

More than 1000 volts

• Are commercial or smaller consumer
inverters.
• A 12V lead acid battery (rechargeable) or an
automotive electrical outlet is used to run the
inverter.
• Are generally used for the energy systems at
home.

• Have Input power as photovoltaic solar panel

• Are used in vehicle to grid systems.
• The input power is from electric vehicle
battery.
• Have large number of volts.
• Are used in power transmission systems with
high voltage and direct current.

Fig 1.3.28: Type of inverter on basis of input

Tips
VDC is an abbreviation for volts DC.
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Classification On the Basis of Output
Most of the electrical equipment such as TV, chargers work on AC supply where the current
is in the form of a sine wave pattern. This sine wave pattern represents a gradual transition
of current from one direction to other as shown in the following figure:

Fig 1.3.29: Sine wave pattern

On the other hand, inverters convert DC into AC voltage which is in the form of a square wave
pattern which are used in loads or equipment like heaters and lamps. This square wave
pattern represents current flowing in one way or the opposite way or continuously
transitioning in ON-OFF state as shown in the following figure:

Fig 1.3.30: Square wave pattern

Electrical equipment like TV and chargers produce humming sound (AC harmonics) which
makes it less efficient and there is loss of power if they are used with inverters producing
square wave output. These equipment require inverters which can produce sine wave output
or output which is very similar to sine wave. So, inverters are designed to produce waveform
which is close to a sine wave (voltage).
Hence, inverters are differentiated based on the types of output given from the inverter:
•
•

Square Wave Inverter
Sine Wave Inverter

Square Wave Inverter
This type of inverter converts the DC signal to a phase shifting AC. The output is in the form
of a square wave and not a pure sine wave. A square wave inverter is cheaper. They can be
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constructed by placing an on-off switch before a voltage amplifying circuitry, similar to the
one in a transformer. The following figure shows the circuit of a square wave inverter:

Fig 1.3.31: Square wave circuit

Sine Wave Inverter
The inverters that produces sine wave as output are of two types. The following table
describes the sine wave inverters:
Type

Modified or Quasi Sine
Wave Inverter

Pure Sine Wave
Inverter

Description
The output signal shows
pause before the phase
shifts of the wave. It is not
like a square sine wave
where there is an abrupt
phase shift from positive
to negative. It is different
from a sine wave signal
where the transition of
current is smooth.
It contains a complex
electrical circuit. The
output of square wave
inverter can also be
modified to obtain a pure
sine wave. There are a
number of advantages of
having a pure sine wave
inverter:
• It consumes a lesser
amount of power and
is more efficient at the
same time.
• According
to
the
power requirement,
power output can be
adjusted.
• This works best for
sensitive equipment.
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Some common types of inverters are Z-source inverters, power inverters, solar inverters,
Grid-tie inverters and resonant inverters. The following figure lists the description of these
inverters:
Z-source Inverter
•It is a type of power inverter with a special circuitry which does not require DC-DC converter bridge
and converts DC to AC. It functions as a buck-boost inverter where the output voltage is of the
opposite polarity to the input voltage.
•It is used in renewable energy sources, vehicles and motor drives.
Solar Inverter
•It converts the variable DC signal from a photovoltaic (PV) solar panel into AC to be fed into a
commercial electrical power grid or to a local off-grid electrical network.
Grid-tie Inverter
•It is a type of a solar inverter which converts DC into AC, generally 120 V to 240 V at 50 Hertz, to be
fed into an elecrical power grid.
•It is used between the local power generators, solar panels, wind turbines and the grid.

Resonant Inverter
•It produces almost an exact sine wave output at a high output frequency (20 kHertz to 100 kHertz).
•It is used for fixed output applications such as sonar transmitters, fluorescent lighting,
or ultrasonic generators.
Fig 1.3.32: Commonly used inverters

Based on their structure, inverters are classified as:
•

Single Phase Inverter: It consists of two legs or two poles where a pole is a connection of
two insulated-gate bipolar transistors (IGBTs). In this type of connection, the source of
one IGBT and drain of other IGBT are connected and the common point (supply) is taken
to the load, as shown in the following figure:

Fig 1.3.33: Single Phase Inverter

41

Participant Handbook

•

Three-phase Inverter: It consists of three single-phase inverter switches each connected
to one of the three load terminals, as shown in the following figure:

Fig 1.3.34: Three-phase Inverter

Considerations for Selecting an Inverter
As a field technician, it is important to know the considerations for selecting an inverter. This
will enable the field technician to help the customer and resolve technical as well as user
related queries around the inverter. The following points list out the factors to be considered
for correct selecting an inverter:
Application Environment
Electrical Standards
Safety Certification
Power Capacity and Quality
Efficiency
Internal Protection
Inductive Loads and Surge Capacity
Low Switching Frequency vs. High Switching
Frequency
Fig 1.3.35: Considerations for selecting an inverter
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Application of Inverters
An inverter is used in the following areas:
DC power source
•Converts DC electricity from source (battery/cell) to AC electricity.
Uninterruptible power supply
•Uses batteries and inverter to supply AC power when main power is not
available. The rectifier supplies DC power to recharge batteries when power is
restored.
Electric Motor Speed Control
•Produces variable output voltage range.

High Voltage Direct Current (HVDC) power transmission
•Converts power back to AC, AC power is rectified and high voltage is transmitted
to another location.

Electricshock weapons
•Generates several thousands of VAC out of small 9 V DC battery.
Fig 1.3.36: Applications of inverter

1.3.3 Basic Differences and Similarities between UPS and
Inverter
The electricity can be at any desired voltage. It's usually set to home voltage for normal home
appliances application. UPS uses battery and an inverter to supply AC power when the main
power is not available. When main power is restored a rectifier supplies DC supply to recharge
the batteries. Nowadays, with the advent of new technologies and new inverter types, the
demarcating line between inverters and UPS is gradually diminishing. Inverters are doing all
the work that a UPS does.
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The following table represents the differences between a UPS and an inverter:
Parameters
Back up

UPS
Power supply back up is rapid
and is not a reason for loss of
data or system crash.

Inverter
Power supply back up is not
rapid. Data loss or system
breakdown may happen due to
interruption.

Technical
Variation

UPS converts AC supply to DC to
charge the battery for providing
continuous supply to the load in
case of power outage.

Inverter converts the AC supply
to DC to charge the battery as
well as provide the AC supply to
the load simultaneously. In case
of outage, the transfer switch
circuit works to provide the
supply to the load.

Time Lag

Time lag for the backup after
power outage ranges from 3 to 8
milliseconds.

Time lag for the backup after
power outage is about 500
milliseconds.

Different appliances can be
connected to a UPS directly.

To provide electricity to various
appliances,
an
inverter
connects itself to the main line
of power supply.
Inverters are relatively cheaper
compared to a UPS.
Includes a controller circuit and
inverter circuit.

Connection

Price
Circuit

Voltage

Size

Usage

Due to circuit and machinery, a
UPS is expensive.
Generally includes an inverter,
charger/rectifier
and
a
controller.
Automatic Voltage Regulation
(AVR) is almost 220 volts.
Size may be equal to 2 kVA (size
of UPS varies in Volt Amps based
on the load connected to the
UPS)
Due to system of double
conversion, a UPS is used for
offices houses, commercial and
industrial purpose.

Fig 1.3.37: Difference between UPS and inverter
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Input and output voltage are
same and they are equal to 230
volts.
Size may be equal to 16 kVA
(size of inverter varies in Volt
Amps based on the load
connected to the inverter)
Inverter is not ideal for a
commercial or industrial use
since it cannot bear a huge load.
However, it can be used for
small offices and houses.
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These new generation inverters can be used as a substitute for UPS due to the reasons as shown
in the following figure:

A UPS requires 240-270V to function and an inverter
can function at 170-270V.

The change over time of a UPS is 10 to 15 milliseconds
and that of an inverter is 500 microseconds.

Both UPS and inverter take negligible time to give the
back-up but performance of inverters is better in case
of sensitive power operating appliances.

Inverters are less expensive than UPS.

The new pure sine wave inverters have less
fluctuations.
The lag in output voltage has also decreased.
Fig 1.3.38: Reasons for using inverters as a substitute for a UPS

Tips
Change over time is the duration that a battery back-up system takes to resume the power
supply when there is electricity failure or interruption.
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1.3.4 Communication Interface of UPS/Inverter
With variety of electrical equipment, electronic systems and computer systems integrated
together for various applications, such as security system for houses or data centres for large
business applications, power management becomes a crucial aspect to be taken care of. Be it
energy consumption, or energy saving or uninterrupted energy supply to the load,
UPS/Inverters are used to provide the uninterrupted power supply. For any integrated system
or application to work efficiently, a communication interface is required which enables timely
notification to the devices or equipment connected together. In case of UPS/Inverter, a
communication interface is required wherein a UPS/Inverter connected to any device will
notify its status to the controlling device such as a computer through various communication
links such as Ethernet and SNMP, USB, Serial port or GPRS/GSM.
For example, a single UPS/Inverter may connect to a single computer to provide status
notification about the UPS/Inverter to computer for controlling it. Notification of UPS/Inverter
status and control data requires that all devices such as Ethernet switches are powered by one
or more UPS/Inverter so that the UPS/Inverter alerts reach all the devices during a power
outage. The UPS/Inverter can be connected directly to main control server by using GSM/GPRS
channel to prevent the dependency on Ethernet infrastructure. For example, in data centres or
computer related applications, the SMS or GPRS data packets sent from UPS/Inverter triggers
software to shut down the computers to reduce the load.

Tips
•

•

Some common abbreviations are
o SNMP: Simple Network Management Protocol
o USB: Universal Serial Bus
o GPRS/GSM: General Packet Radio Service/Global System for Mobile Communication
A single computer may be connected to a single UPS to let the computer control the UPS
and get its status information. A USB is also used to connect multiple peripheral devices
to a computer.

1.3.5 Wiring Procedure of UPS/Inverter
Appliances such as servers, surveillance cameras and desktops are connected to an inverter
or UPS to ensure their working despite a power outage. Any device can easily be wired with
an inverter or UPS provided the combined load does not exceed the capacity limit of inverter
or the UPS. That is why it is essential to follow a correct wiring procedure so that the power
back up system is not overloaded.
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Method 1
The inverter or UPS can be directly connected to the common neutral of a building, without
connecting its output neutral with the loads, as shown in the following figure:

Fig 1.3.39: UPS/Inverter directly connected to the common neutral

There may be a need to detach the UPS from a circuit. To be able to connect the wires back,
it is advisable to label the plugs such that they indicate live and neutral wires. For such wiring,
ensure the alignment of the UPS input and output, otherwise the UPS will not function due to
an incomplete circuit. The following figure shows a correct connection of wire from
UPS/Inverter to live and an incorrect connection from UPS/Inverter to live:

Fig 1.3.40: Troubles with single line/phase wiring
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Method 2
The appliances and devices (load) can also be connected directly to the live and neutral wires
coming out from the UPS/Inverter. The following figure shows the UPS/Inverter directly
connected to the appliances:

Fig 1.3.41: UPS/ Inverter directly connected to the appliances (load)

This method is the easiest approach to connect an appliance with the UPS/Inverter. Such
wiring is essential for a UPS/Inverter that cannot function with only phase wiring. It is
designed in such a way that neutral and live circuits are disconnected while battery backup is
in operation. The wiring is appropriate if sensitive electronic devices such as computers, TV
and media players have to be connected.

Tips
The following table represents different indicators and their description:
Indicators

Description

Red Colour

Phase/hot/live/electricity wire

Black Colour

Cold/neutral wire

Red Arrows

Terminals (phase) of UPS/inverter

Black Arrows

Neutral terminals
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UNIT 1.4: Tools and Equipment
Unit Objectives
At the end of this unit, you will be able to:
1. List tools used for installing and repairing UPS/Inverter
2. Identify the equipment used for installing and repairing UPS/Inverter

1.4.1 Tools
The tools used for installation and repairing of UPS/inverter are listed in the following table:
Name

Function

Image

Screw driver

Used to turn or remove
screws

Ratchets

Used to allow continuous
motion (linear or rotary) in
only one direction and
preventing the motion in
opposite direction

Spanner/Wrenches

Used to provide grip to
apply torque for turning
objects such as a nut or a
bolt

Wire cutter

Used for cutting wires
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Pliers

Used to hold objects firmly

Tester

Used to verify presence of
electric voltage in an
equipment

Hammer

Used to drive nails, fit
parts, or forge metal

Hand bender

Used to bend objects

Ladder

Used to climb up to reach
high places (6 to 7 feet) in
case of tower units of a
UPS/Inverter

Utility Knife

Used to cut various
objects such as wires,
cords and tapes

Fig 1.4.1:Tools used in installation
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1.4.2 Equipment
The equipment used for installation and repairing of UPS/inverter are listed in the following
table:
Test Equipment

Function

Image

Oscilloscope

Used for observing signal
voltages that are varying
constantly and
represented graphically as
a function of time

Voltmeter

Used to measure potential
difference between two
points in the electric circuit

Ammeter

Used to measure current
flow in a circuit

Wattmeter

Used to measure electric
power of any given circuit
(in watts)

Megger

Used to measure leakage
in wires
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Multimeter

Used
to
measure
resistance, current and
voltage

Clamp meter

Used to measures the
vector sum of the currents
flowing in all the
conductors passing
through a cable or probe,
which depends on the
phase relationship of the
currents.
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Activity: Identification Game
Answer the following questions.
1. Which of the following is used to measure power for an electric circuit?

❑ Wattmeter

❑ Megger

❑ Ammeter

2. Which of the following is used to turn a nut or bolt?

❑ Ratchet

❑ Pliers
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2. Role of a Field
Technician – UPS/Inverter
Unit 2.1 – Responsibilities of a Field Technician
Unit 2.2 – Understanding the Requirements of a Customer
Unit 2.3 – Organizational Context
Unit 2.4 – Health and Safety Norms
Unit 2.5 – Improve Work Process
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Key Learning Outcomes
At the end of this module, you will be able to:
1.
2.
3.
4.
5.

Determine the responsibilities of a field technician
Analyse the customer requirements
Adhere to the reporting and documentation process
Follow the health and safety norms
Identify ways to improve the work process
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UNIT 2.1: Responsibilities of a Field Technician
Unit Objectives
At the end of this unit, you will be able to:
1. Describe the responsibilities of a field technician
2. Develop personality traits and skills to work

2.2.1 Job Role Description
A field technician is responsible for installing or repairing a UPS/Inverter. Field technicians
need to commute from one customer’s site to another to attend to their complaints
registered at the service centres. They directly interact with the customer to diagnose the
issues related to the UPS/Inverter. The following figure represents the description of a field
technician’s job role:

Understand Customer
Requirements
Understand Basics of Domestic
Wiring
Install, Diagnose and Repair
UPS/Inverter

Calculate Energy Consumption

Fig. 2.1.1: Job role of a field technician

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:
• 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
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Understand Basics of Domestic Wiring
It is essential that a field technician has a basic knowledge of domestic wiring as connecting
UPS with other devices or installing the UPS/Inverter may involve simple wire connections but
lack of knowledge in wiring may lead to dangerous or accidental situations. For example, the
field technician should know that the main supply of an electrical cable consists of following
three wires:
•
•
•

Live – Brown in colour, provides the current supply.
Neutral – Blue in colour, is a circuit conductor which carries current to the source and is
also connected to the earth at the electrical panel.
Earth – Green or yellow in colour, returns current to the earth. It is usually connected to
a metal plate which is deep in the ground and is used as a safety measure for appliances
and equipment.

Install, Diagnose and Repair UPS/Inverter
The key technical responsibilities of a field technician is installing the UPS/Inverter, fixing
faults and repairing the faulty modules of UPS/Inverter.
Installation
A field technician is responsible for visiting the customer’s site, reading the equipment manual
and understanding how the equipment works and should be installed. The following figure
lists the steps which a field technician should ideally follow post installation of an equipment

Fit units/parts to
the equipment

Check
funtionality after
installation

Make
appropriate
settings after
plugging in

Fig 2.1.2: Steps to follow post installation of an equipment

Diagnosis and Repair
A field technician’s role is not limited to installation of an equipment only. It also includes:
• Understanding the fault in UPS/Inverter
• Identifying the reason for the fault
• Rectifying faults identified in a dysfunctional UPS/inverter
Calculation of Energy Consumption
It is common for a customer to ask questions about electricity consumption while getting a
new equipment installed. Therefore, a field technician should be able to do some basic
calculation of energy consumption, to be able to answer the customer’s queries, such as:
• How many equipment can be connected to the UPS/Inverter?
• What can be the average billing after installation of a particular equipment?
• Whether the estimated consumption will be more/less than actual consumption?
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In addition to giving a valuable response to customers, calculation of energy consumption will
help in installing and repairing UPS/Inverters according to the type of wiring done at the site, be
it domestic, residential or industrial. The following figure shows four easy steps for calculating
energy consumption:

Calculate watts
per day

Convert to
kilowatts

Calculate usage
over a month

Calculate the
cost

Fig 2.1.3: Steps to calculate energy consumption

2.1.2 Personality Development
Apart from having technical knowledge, it is important for a field technician to develop some
basic personality traits and skills, such as communication and personal grooming.
Communication Skills
When on a visit to a customer’s site, to ensure good service, the customer’s requirement
should be understood and a solution should be suggested.
The following figure represents the points to be taken care of while communicating with a
customer:
Ask input from the
customer to understand
the problem in case of
repair/maintenance
Educate on precautions
to be taken post repair

Interpret statement of
symptom
Communication
with Customer

Inform and educate the
customer about
warranty, cost of service
and module
replacement

Put the customer at
ease to generate
confidence
Communicate in the
local language

Fig 2.1.4: Communicating with a customer
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The following table depicts the dos and don’ts which should be followed by a field technician
at a customer’s site:
Dos

Don’ts

•

Be polite and courteous to the
customer.

•

Keep too much distance while standing and
interacting with the customer.

•

Maintain clean work area.

•

Enter the room without permission of the
customer.

•

Have patience while handling all types
of customers.

•

Be untidy or shabbily dressed on a
customer call.

•

Suggest the most appropriate solution
to the customer. Always take approval
from the customer by giving complete
details.
Always take approval from the customer
by giving complete details.

•

Have an unnecessary conversation.

•

Fig 2.1.5: Dos and don’t’s of communication

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
Hygiene

Workplace
Etiquette
Fig 2.1.6: Aspects of grooming
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The following figure lists few of the good practices classified under different aspects of
grooming:

Dressing

Personal Hygiene

Workplace Etiquette

Clothes should be neat and Hair should be neatly combed
clean.
and trimmed.

Smile and greet the
customer.

Clothes should be ironed.

Be punctual.

Nails and hair should be cut.

If a company has a uniform, Teeth should be clean.
it should be worn.
Bath should be taken everyday.
Body odor and sweating should
be taken care of.

Fig 2.1.7: Good practices for personal grooming
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Activity: Group Discussion
Get together in groups of three or four. List down at least three things related to grooming
which you should do and which you should avoid while on a visit to a customer’s site. Use the
following table to make the list.
Dressing

Personal Hygiene

To Do

To Avoid
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Activity: Solve
Solve the following numerical:
1. Your refrigerator runs 24 hours a day. Assume that you bought a model which uses only
300 watts. Calculate the energy consumption and cost over a month. (Assume the cost of
1 unit = ₹10)
Answer:

2. Find the electrical energy cost to run the following:
a) A 5 kW microwave oven for 1 hour
b) A 400 W fan for 14 hours
c) A 4 kW AC for 8 hours a day for 5 months
(Assume the cost of 1 kWh = ₹9)
Answer:
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UNIT 2.2: Understand the Customer Requirement
Unit Objectives
At the end of this unit, you will be able to:
1. Discuss the right way to interact with a customer
2. Analyse the customer’s requirements

2.2.1 Interact with the Customer Prior to Visit
A field technician is responsible for the installation or repair/maintenance of a UPS/Inverter.
When work is allocated, it is important to understand and analyse the requirement before
going ahead with the plan of action, or visiting the customer’s site. The following figure shows
the workflow for the role of a field technician:

New Installation

Maintenance/Repair

Carry the needed
equiment, manual and
warranty

Ask about the service,
repair, maintenance
and AMC of the
equipment

Carry the bill/invoice
for new purchase

Carry the required tools
and equipment parts

Confirm the address
and inform about the
time of visit

Confirm the address
and inform about the
time of visit

Fig 2.2.1: Workflow for installation and repair

Before visiting the customer for installation or repair, it is important to understand the
requirement of the customer. The following figure represents the various activities which
should be done before a visit to the customer’s site is scheduled:
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Check the new
requests or complaints
registered by the
customer

Call the customer to
confirm the visit time

Based on the
requests/complaints
and location of the
customer, make a
route plan for the day

For repairs, anticipate
the problem

Carry tools and parts
accordingly

Greet the customer
and confirm the
request/problem
registered by the
customer

For repairs, check
about warranty status
of the appliance and
annual maintenance
Fig 2.2.2: To-do list for a technician

Example: Pawan is supposed to visit a customer but is not sure whether the customer has
registered a complaint for annual maintenance or repair. Also, he is not sure about the
customer’s residence. He calls the customer to enquire about the location and informs that
he would reach in an hour. However, he arrives late and without the equipment which is to
be changed. The customer is angry as it was the third time that the complaint had been lodged
but the due service was not given. The customer wants to speak to the supervisor.
What should Pawan do?
Pawan should apologize to the customer for his late arrival and delayed service. If not
convinced, he should make the customer speak to the supervisor
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2.2.2 Interact with the Customer at their Premises
It is a good practice to be humble and respectful towards the customer. The following figure
represents how to interact with a customer when visiting the premises for
service/installation/repair:

Smile and greet
the customer

Listen to the
customer's
problem/request

Offer the most
effective solution

Take feedback of
the customer and
share with the
supervisor

Fig 2.2.3: Interacting with a customer

When visiting a customer for a repair/servicing request, it is important to know the details of
the problem and accordingly suggest a corrective measure. The customer should be satisfied
with the suggested solution. The following figure highlights the to-do list to be followed at a
customer’s premises:
Enquire about the symptoms and history of problem in the
UPS/Inverter

At customer's premises

Ask about the year of purchase, service and warranty of the
UPS/Inverter
Identify the problem based on customer's information and
examination of the UPS/Inverter
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 2.2.4: To-do list to be followed at a customer’s premises
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[[

2.2.3 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 2.2.5: Suggesting a solution to the customer for an issue
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UNIT 2.3: Organizational Context
Unit Objectives
At the end of this unit, you will be able to:
1. Implement the reporting and documentation process
2. Identify the organizational culture and customer profile

2.3.1 Reporting and Documentation
There are set rules and regulations within an organization which an employee, a field technician,
needs to follow. These rules and regulations outline responsibilities of both the employers and
the employees. The following figure explains what practices an organization requires a person,
working for it, to ensure:
Follow the company's policies and rules in every aspect

Follow the organizational culture

Follow the role as defined in the workflow

Follow the documentation process

Fig 2.3.1: Reporting and documentation process

Company Policies and Rules
There are certain company policies in terms of installation and servicing of UPS/inverter which
the technician should understand and follow. This ensures that the company’s service
standards are always met. Proper knowledge of these policies require the field technician to
be aware of the following points:
• Customer care requisition for installation and service
• Warranty of product
• Company’s sale, installation and after sale support policy
• Incentives on meeting targets
• Delivery standards
• Call initiation and call closure
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If the company policies and rules are not defined clearly, then the employees may not comply
with the disciplinary standards whole heartedly. The following figures are a few examples of
personnel policies in an organization:
Conduct of an employee

Equal rights of employees

Attendance/time off

No substance abuse

Fig 2.3.2: Common personnel company policies

Maintain Records and Fill Forms
It is the responsibility of the management as well as the employee to keep an updated record
of the employees and complete forms such as invoices, work orders and maintenance
records. The following images are the examples of various forms used to record information:
Invoice Format

Work Order
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Attendance Sheet

Fig 2.3.3: Examples of forms used for record keeping

2.3.2 Organizational Culture and Customer Profile
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:
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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 2.3.4: Characteristics of organizational culture

As a field technician, you may need to cater to different set of customers, from different
backgrounds. 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 2.3.5: Classification of customer profiles
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UNIT 2.4: Health and Safety Norms
Unit Objectives
At the end of this unit, you will be able to:
1. Determine safety issues at work
2. Classify health issues at work
3. Analyse the preventive measures to be taken

2.4.1 Health and Safety
An organization is supposed to provide protection to its employees. The primary responsibility
of an organization is to ensure health and safety of the employees. However, it cannot
guarantee an accident free arena to work in. Hence, it is the responsibility of both the
employer and the employee to follow the safety norms. The following figure explains how an
employee must contribute towards maintaining health and safety in an organization:

Identify
hazards

Assess
nature of
risks

Control
risks

Notify
serious
incidents

Follow
safety
procedures

Fig 2.4.1: Steps to maintain health and safety

Safety Guidelines
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.
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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 2.4.2. Safety guidelines

The following table represents the dos and don’ts of safety measures at a customer’s home:
Dos

Don’ts

Place the inverter in a well aerated place

Never place the battery in a closed
container

Installation should be done on a flat
surface

Never keep batteries close to water or
other chemicals

Battery terminals should be tightened

Never load the connection with more
than the mentioned capacity

All battery cables should be connected
in right direction

Do not operate device with damaged
cables

Keep the batteries connected when the
device is in ‘ON’ state

Never connect the inverter to an
incoming power supply

Fig 2.4.3. Dos and don’ts of safety measures
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2.4.2 Potential Health and Safety Risks for a Technician
Often at the workplace, a technician is exposed to a lot of issues related to health and safety.
The following figure highlights the points important for a technician to understand from a
safety point of view:
Safety Issues at Work

•
•
•
•
•
•

Electrical shocks and/or burns
Extreme temperature
Closed space for work
Heavy tool or equipment
Fire
Risk to customer safety

Health Issues at Work
•
•
•
•

Stress due to extended work shift
Wrong posture
Risk of falling or tripping
Exertion due to manual work

Fig 2.4.3: Safety and health issues at work

2.4.3 Preventive Measures for a Technician
It is always better to take preventive measures to avoid accidents. The following figure explains
the preventive health and safety measures which should be considered at work:

Keep the work
area clean and
free form
clutter

Maintain proper
body posture at
work

Wear personal
protective
equipment
Check if the
tools and
equipment are
in a good
working
condition

Participate in
safety drill, yoga
and
physiotherapy
Follow safety
rules and
guidelines

Preventive
Measures

Fig 2.4.4: Preventive health and safety measures
at work
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Use of Safety Gears
Personal Protective Equipment (PPE) is essential to avoid any electrical, heat or physical
hazard. A PPE may not eliminate a particular hazard from occurring but it avoids the situation
of an employee getting exposed to it. The following figure represents the usage of the various
PPE:
Gloves are used for hand protection.

Goggles are used for eye protection.

Safety cap or helmet is used for head protection.

ESD pins are used to discharge electrostatic current which
can be a cause of electric shocks.

Shoes are used for foot protection.

Fig 2.4.5. Items for personal safety

2.4.5 Signage Used for Electrical Safety
There are several signs at the workplace which an employee must be aware of. The following
images show some examples of signage for electrical safety:

Fig 2.4.6: Signage for electrical safety
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2.4.6 Electrostatic Discharge (ESD)
ESD protection is essential for sensitive components such as microchips, during and after
production, while shipping, during assembly of the device and in the finished device. For
example while unpacking the UPS/Inverter, the metal casing of the UPS/Inverter may have
ESD or the packaging material could have ESD. Grounding is imperative for ESD prevention.
An ESD Simulator having special output circuit called human body model (HBM), is generally
utilized to test the vulnerability of electronic devices to ESD from human contact. The
following protective gears should be used while handling components that are prone to ESD:

Wire Strap

Rubbern Gloves

Safety Clothes
Fig 2.4.7: Safety gears for protection from ESD
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eContent
You can visit the following links to know more about health and safety at workplace:
• https://www.youtube.com/watch?v=Jgfe5O6xwA8
• https://www.youtube.com/watch?v=a5MnE0q3azY
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UNIT 2.5: Improve Work Process
Unit Objectives
At the end of this unit, you will be able to:
1. Identify ways to do defect-free work
2. Maintain quality and ensure timely completion of work
3. Keep work area clean

2.5.1 Work Process Improvement
If the processes work well, within the defined parameters to achieve a goal, there are less
errors and delays in the schedules. This helps to increase the productivity of the people and
attain maximum customer satisfaction.
To ensure work process improvement, you must adhere to the following practices:

Achieve zero defect
in work

Ensure quality and
timely completion
of work

Maintain clean and
clutter free work
area

Fig 2.5.1: Ways for improving work process

2.5.2 Achieve Zero Defect in Work
Zero defects is a measurement of quality which is based on the concept of ensuring adherence
to quality standards and eliminating defects to a zero level. This concept of achieving zero
defect in work motivates people and prevents them from making mistakes. People develop a
consciousness towards carrying out work correctly in the first time.
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The following figure explains the ways to ensure zero defect in work:

Achieve Zero Defect

Do it right the first time
Follow the process and
guidelines mentioned in the
manual
Monitor and evaluate
progress
Adopt continuous
improvement
Fig 2.5.2: Measures to achieve zero defect in work

2.5.3 Quality and Timely Completion of Work
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.
• 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 100% quality and timely
completion of work:
Establish a
compliance
plan

Build a
communication
strategy

Develop an
effective work
schedule

Create a
review plan

Test the
product
Fig 2.5.3: Achieving quality and timely completion of work
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To prevent accidents and wastage of time, it is important to maintain a clean and safe work
area. The following figure represents some benefits of a clean work area:
No wastage of
time in searching
for the right tool

Avoid accidents
due to tripping
over thrown
tools

Gives a positive
feeling about
work

Prevents damage
of the tools and
equipment
Fig 2.5.4: Benefits of a clean work area

Consider a situation where a field technician may have to look for a valve cover in an
unorganized environment. It is obvious that the technician would have to jump in the cluster
of unmanaged work area to look for the required part/unit, which would eventually lead to
wastage of time. Hence, both work quality and productivity is related to a clean work
environment. The following images represent tools kept in an unorganized and organized
manner respectively:

Fig 2.5.5: Tools kept in an unorganized manner

Fig 2.5.6: Tools kept in an organized manner
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Activity: Match the following
Match the following components of a UPS/Inverter kit with their respective names and
function.
Names
1. Conduit Box

Function
A. To make electrical connections of battery
and AC source

2. AWG AC Wiring

4. AWG Ground Wire

B. To protect electrical devices that operate
with direct current
C. To connect generator to electrical system
safely without danger of back feed to
utility power
D. To distribute power at short distances

5. Rap Straps

E. To connect inverter to AC breakers

6. Bus bar for DC Positive

F. To make battery connections

7. 4-tab power distribution
bus bars

G. To protect inverter, battery and wiring
connections

8. 250A 160VDC 3/8" stud
DC breaker

H. To hold wires together

9. Custom-designed bypass
interlock plate

I.

To protect the wire ends without damaging
protection coating

10. One Pair #4/0 AWG
battery cables

J.

To carry substantial electric current over
relatively short distances

11. AC Sync Cables

K. To protect device from high voltage by
enabling circuit breaker

3. Conduit Bushings
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Activity: Identification Game
Identify the components and write their names in the space provided below each of them.
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Activity: Discussion
Discuss in groups and write at least three things to be done for the following:
•

Maintaining a clean work environment
____________________________________________________________________

____________________________________________________________________
____________________________________________________________________

•

Ensuring timely completion of work

____________________________________________________________________
____________________________________________________________________
____________________________________________________________________

•

Achieving zero defect in work

____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
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Activity: Identification
Tick the actions which can prove to be a threat to the health and safety of a technician.
Smoking near combustible substances
Oil spill near customer interaction area
Tools lying on the table of a technician
Tools lying on the floor
Entering a ‘No Entry’ zone at customer’s site
Touching an ungrounded inverter
Working in dim light
Walking on a wet floor

84
84

Field Technician-UPS and Inverter

3. Working with
UPS/Inverter
Unit 3.1 – Install the UPS/Inverter
Unit 3.2 – Repair Dysfunctional UPS/Inverter
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Identify the installation process of UPS/Inverter
2. Identify the faults and repair the faulty modules of UPS/Inverter
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UNIT 3.1: Install the UPS/Inverter
Unit Objectives
At the end of this unit, you will be able to:

C
1. Identify the pre-installation steps for installing UPS/Inverter
2. Install the UPS/Inverter

Installing a UPS or an inverter is a part of after sales service job for providing technical
help/support to the customers after they purchase new UPS or inverters. Installing a
UPS/Inverter at a customer’s site and making it ready for use involves the following workflow:
Undertake pre installation site
visit (especially in case of
inverter)

Unpack and check modules
inside the package

Place UPS/ Inverter and make
wire connection
C
Check the functioning of the
product

Complete documentation

Report to the supervisor

Follow quality standards of the
company
Fig 3.1.1: Workflow for Installing a UPS/Inverter
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3.1.1 Undertake Pre-Installation Site
Pre-installation site visit involves inspection of customer’s site and preparation of the site as
per the requirement of the product.
Inspection of Site
Purpose of the inspection of customer’s site is to ensure the following:
•
•
•

Availability of the customer when the product will be delivered.
Ensuring correct environmental parameters such as temperature and humidity, as
specified in the manual.
Availability of minimum requirements for product installation such as AC socket, proper
space and ventilation.

Preparation of Site
If the location or place does not adhere to the requirements of installation, then the field
technician needs to prepare the site according to the requirements. While placing the system,
keep in mind the following aspects:
•

•
•

The inverter should be connected to an AC outlet on a nearby wall, which should be easily
accessible. This is done to ensure that in case of an emergency the inverter can be
disconnected from the power source.
The ratings of the AC power system and the equipment to be connected to the
UPS/Inverter system should match.
The places that are not appropriate for placing a UPS/Inverter are as shown in the
following images:

Under sink or near
water/gas pipelines

Nearby inflammable
containers

Inaccessible corners
such as drawers

Below air conditioner
or hot outlets

Near cars

Near electrical wirings
and miniature circuit
breaker (MCB) boards

Fig 3.1.2: Inappropriate places for placing a UPS/Inverter
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C
After getting the inverter on site, remove the package
carefully and check the modules inside
the package. The modules should match the checklist.

Tips
•
•
•

Install the UPS/Inverter in a dust-free and a shaded place which is not exposed to any
heat source or direct sunlight.
Before installation, UPS/Inverter system must be stored in a dry place.
The inverter’s ventilation grates should never be blocked.

Unpack the UPS/Inverter
The steps for unpacking the system to ensure proper installation are listed in the following
figure:

Inspect outer packaging for
any damage

Move the package to a
convenient place to unpack

C
Cut bands around the
cardboard covering the
cabinet

Ensure proper levelled
space for the product's
removal from the package

Remove the cardboard
covering from the cabinet,
using scissors or a knife

Remove plastic bag and the
foam packing material

Fig 3.1.3: Steps for unpacking a UPS/Inverter
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The tools used for handling and unpacking the UPS/Inverter are shown in the following figure:

Trolley truck

Utility knife

Cutter

Fig 3.1.4: Tools used in handling and unpacking a UPS/Inverter

Check the Modules inside the Package
To ensure smooth installation, the modules inside the package must be checked so that if
there is any module missing or any damage found, it can be informed to the company as early
as possible. In addition, check the following things:
• Check the UPS/Inverter for any damage that may be caused during shipping. If any
damage is found, it should be reported to the carrier and the dealer.
• Check the fluid and charge of the battery.
• Match the accessories against the delivery checklist. Though the accessories vary from
model to model, but most of the time it includes the items shown in the following images:
Inverter

Tubular Batteries

Main Cabinet

Wiring Kit

Wire Management Kit

Fill Kit

Fig 3.1.5: Accessories inside the package

90
90

Field Technician-UPS and Inverter

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

Risk of Electric Shock

Caution : Refer to User
Manual

Safety Grounding
Terminal

RJ 45 Receptacle

Recycle

Fig 3.1.6: Symbols on a module package

3.1.3 Place and Wire the UPS/Inverter
To install a UPS/Inverter, placing and wiring of the UPS/Inverter are the initial steps. To place
the UPS/Inverter, consider some of the following precautions to be taken at the designated
place:
• The air inlets and air outlets of the UPS/Inverter should not be blocked. Blocking them
reduces ventilation and leads to shortening of the service life of the unit.
• A minimum clearance of 100 mm on both the front and rear side of the UPS/Inverter must
be maintained.
Once the UPS/Inverter is placed, the next step is to wire it. The tools used for the wiring of
the UPS/Inverter are as follows:
1.
2.
3.
4.
5.
6.

Socket wrench
Utility knife
Flat head screwdriver
Wire/cable cutters
Electrical tape
Allen wrench

91

Participant Handbook

The following image shows the tools required for the wiring of a UPS/Inverter:

Fig 3.1.7: Tools required for the wiring of a UPS/Inverter

Steps for Wiring of UPS/Inverter
The steps for wiring the UPS/inverter unit are:
•

STEP 1: Prepare lead cables as shown in the following image:

Fig 3.1.8: Lead cables preparation

•
•

STEP 2: Install batteries in the enclosure.
STEP 3: Connect the negative and positive terminals of the batteries and close the
enclosure. The following images represent connecting the batteries:

Fig 3.1.9: Connect the battery terminals
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•

STEP 4: Attach leads to the inverter as shown in the following figure:

Fig 3.1.10: Attach leads to the inverter

•
•

STEP 5: Connect the battery temperature sensing cable as per the manual.
STEP 6: Connect inverter to the power source as shown in the following figure:

Fig 3.1.11: Connect inverter to the power source

•

STEP 7: Check the system and test the functionalities.

3.1.4 Check Functioning of the Product
After installing the battery in the racks or enclosures where the UPS/Inverter is placed,
connect it to the inverter or UPS. Then, start the system and check whether the UPS/Inverter
is running properly. Perform the following checks:
•
•
•
•

Check that all the loads, input, output and battery cables are connected in a proper
manner.
Check that the battery cables are inserted in the sockets properly, if external cabinets for
battery are used.
Verify the voltages at input and output terminals with the help of a voltmeter.
Press the ‘ON’ button for a few seconds, to start the system. A battery test will be run
automatically for a few seconds if the battery has charge above 80%. You can also test
the battery manually.
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•

•
•

Apply input power, keeping all the access panels to the distribution box closed and the
branch circuit power turned off. After input circuit breaker located on the distribution box
is closed, check whether the AC input lead on the front panel illuminates.
Check the power at the output terminal block.
Check that all the loads are operating normally after they are connected

3.1.5 Complete the Documentation
After completing the installation at the site, the technician should complete the
documentation to record the details related to installation. Along with completing the
documentation, the field technician should tell the customer about some dos and don’ts for
using the UPS/Inverter such as, keep the area near the product clean and dry. The field
technician will also tell the customer about important pages to be referred to from the
product manual such as the trip switch and its functionality. The documents may include the
following:
•

Work related documents:
o Customer hand over slip
o Customer feedback form
o Servicing date or period
o Warranty documents

•

UPS/Inverter related document:
o Checklist
o Status of UPS/inverter at the time of installation
o Installation date and equipment model number
o Tests performed on the UPS/inverter with results, in case there is a complaint or an
issue in already installed UPS/Inverter

3.1.6 Interact with Supervisor or Superior
A technician must communicate with the supervisor in case they face problem with the
installation process. If there is any damage found in the product, the supervisor needs to be
informed immediately. In addition, the technician needs to report to the senior about the task
status and submit the documents collected from the customer’s site. Listen carefully to the
senior if he/she has any queries or any suggestions
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3.1.7 Achieve Productivity and Quality
To achieve productivity and quality as per company standards follow the working instructions
given by the company. The following figure lists some ways to achieve productivity and
quality:

Plan and
organize

Manage time

Follow work
Standards

Fig 3.1.12: Ways to achieve productivity and quality
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Activity
Make a three pin AC plug connection for an inverter and check the continuity of the cable.
Components:
•
•

Three pin AC plug
AC power cable (Three wires)

Tools:
•
•
•

Philips screwdriver
Wire stripper
Multimeter
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Activity
Check the battery of the UPS/Inverter using a voltmeter and a power probe.
Components:
•
•

Voltmeter
Power probe

•

Battery
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Activity
Connect three 120 Volt batteries using an 800 Watt inverter.
Components:
•
•
•
•

Three 120 Volt batteries
Jumper cables (blue and black)
Wrench
800 Watt inverter
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Activity
Install solar inverter.
Components:
•
•
•
•
•
•

Solar Con Panel (12V-24V Su-Kam)
Solar Panel
1000 VA inverter
Battery
Wrench
Screws
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Activity
Test the voltage of an inverter during installation.
Components:
•
•
•

•
•

800 watt battery
Inverter
Wires
o Live wire
o Neutral wire
Wrench
Multimeter
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Activity: Identification Game
Choose the correct options for the following questions:
1. Which among the following indicators is used to display the level of water in a battery?

(a)

(b)

(c)

2. Which among the following symbols will glow when the battery of an inverter is overloaded?

(a)

(b)

(c)

3. For which of the following inverters, the electrolyte, which fills the cavity of the plates, is in
the form of a gel?
Valve-regulated Lead-Acid
(VRLA) / sealed
Tubular inverter battery
Flat plate inverter battery
maintenance free (SMF)
(a)
inverter battery
(c)
(b)
4. Which among the following symbols will glow when the battery is low?

(a)

(b)
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UNIT 3.2: Repair Dysfunctional UPS/Inverter
Unit Objectives
At the end of this unit, you will be able to:
C
1. Identify the faults and the causes of faults
2. Repair the faulty unit

3.2.1 Common Causes of UPS/Inverter Failure
One of the common causes of malfunctioning of UPS and inverters may be its improper
installation, which may happen due to non-compliance of user manual instructions or use of
cables, gauges and fuses which are inappropriate for the system. Some common causes of
UPS/Inverter failure are listed in the following figure:

Improper
Maintenance

Battery Condition

Electrical connections become loose or the internal components
get corroded.

Battery is not fully charged or in a discharged condition for a long
time or the consumption is greater than its capacity.

Overload Protection
Load is higher than the normal capacity of the inverter.
Reverse Polarity
Lack of attention or absence of colour coding of cable.

Capacitor Wear

Life of capacitors is reduced due to over temperature, caused by
high current.

Overuse
Inverter is used beyond its operating limit.
Over and Under
Voltage

Increase or decrease of voltage or current beyond the rating of the
inverter causing damage to the internal components of the device.

Fig 3.2.1: Common causes of UPS/Inverter failure
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The following figure shows a general work flow of repairing a faulty or a dysfunctional
UPS/Inverter:

Understand the
symptoms and
identify the fault

Check the
functionality of the
repaired unit

Replace or repair
the faulty module

Achieve
productivity and
quality

Fig 3.2.2: Workflow of repairing a dysfunctional UPS/Inverter

3.2.2 Understand the Symptoms and Identify the Fault Failure
It is very important for a technician to identify the fault in the UPS/Inverter. Wrong
identification of fault will lead to waste of time and money and it can also cause damage to
the equipment. Some basic steps which need to be followed during fault identification are:

Diagnose the fault, based
on customer interaction
and initial inspection.

Disconnect the power
source and open the
cabinet doors of the
equipment.

Disconnect the battery
and wait for electrolytic
capacitor to discharge.

Remove protective
panels since the voltage
present is potentially
lethal.

Check the air filters and
monitor system
parameters from the
control panel.

Carry out basic tests such
as power supply
inspection, volt ampere
test and earth test.

Separate and inspect
every module of the unit
if the fault is not
identified through basic
tests.

Send to the factory for in
depth diagnosis, if
problem remains unidentified at site.

Fig 3.2.3: Workflow for understanding symptoms to identify fault in a UPS/Inverter
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Faults and Symptoms of Dysfunctional UPS/Inverter
It is important to understand the symptoms of the dysfunctional UPS/Inverter for identifying
the faults in it. The following table represents the faults along with their potential causes and
solutions:
Fault/Symptoms
Power is on, but
there is no display
on the panel

Potential Causes

Recommended
Solutions

R\S\T terminal or L1\L2\L3 terminals do not
have input terminal

Check the input power
using multimeter.

Abnormal connection of operation panel

Check the connection
between the operation
panel and control
board.
If the problem is with
extension line of the
operation panel,
replace the extension
line.

Display of incorrect
numbers on the
operation panel

Poor contact of control board with function
board

Properly connect the
flat cable between the
two boards.

Abnormal connection of operation panel

Check the connection
between the operation
panel and control
board.
If the problem is with
extension line of the
operation panel, check
the wiring and replace
the extension line if
required.

Fails to start when
it is switched on

Failure in setting up of connection between
the UPS and the computer

Verify the
communication
interface.

Overloading or Short circuit

Switch off the
UPS/Inverter and
ensure all loads are
disconnected.
Ensure that the loads
are not internally
shorted or defective.

104
104

Field Technician-UPS and Inverter

Flashing of AC
input indicator

Lack of proper grounding

Flashing of the
Unavailability of battery source or
battery indicator or inconsistent supply
the indicator is
illuminated

Reduced backup
time

Verify the wiring.
Test the battery
connections, and
restart the
UPS/Inverter.

Defect in input protection fuse

Replace the input
protection fuse.

Mains power supply is beyond the tolerance
limit

Check that the supply
voltage is within the
specified limits of the
system.

Incomplete charge of batteries

Ensure that the
UPS/Inverter is plugged
in to recharge the
batteries.
Change or clean the
terminals of the
batteries if they are
rusty.

UPS is running in
inverter mode
though there is
main electricity
supply present

Overloading of UPS/Inverter

Check load level
indicator and reduce
the load on the UPS.

Batteries are unable to hold charge because
of their age

Replace the batteries.

Improper connection with the mains
electricity

Ensure the connection
and continuity of input
power supply.

Damage in fuses of input

Change the fuse.

Low input voltage

Install a stabilizer.
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Over temperature
protection of
heatshrink1 and
heatshrink2

Relay contact
failure

Over-temperature

Ensure ambient
temperature is low by
strengthening the
ventilation and
radiation.

Blockage of air duct

Clean any foreign
object such as dust and
wool, in the air duct.

Fan failure

Check the wiring
connection of the fan
Replace the fan if
required.

Failure of inverter module

Technical support is
required such as
trained technician or
specialized technician.

Problem in temperature detection circuit

Contact technical
support department
for sending the specific
module which cannot
be fixed at the site.

Failure of rectifier module

Technical support is
required such as
trained technician or
specialized technician.

Loose connection of the internal connectors

Contact specialized
technicians for the
maintenance.

Faulty power-on buffer circuit

Technical support is
required such as
trained technician or
specialized technician.
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Output to ground
short circuit

Wrong ground connection

Remove the
connection, correct the
error and make the
connection as per the
manual.
If there is high ground
leakage current at the
output end of the
inverter, then technical
support is required.

Abnormal motor condition

Perform the ground
insulation test and
then replace the motor
if required.

Abnormal power
failure while
running

Fluctuation in mains power

Test the mains power
supply.

Input power failure

Problem in connection in the power terminal

Check power
connections following
operational
regulations.

Burning of capacitor

Ask for technical
support.

Faulty power-on buffer circuit

Technical support is
required such as
trained technician or
specialized technician.

Problem in connection in the output terminal

Check power
connections following
operational
regulations.

Output three phases are unbalanced

Stop the power supply
and check whether the
terminal characteristics
at the output side and
inverter’s direct
current (DC) side are
consistent.

Problem in reading and writing of EEPROM

Technical support is
required such as
trained technician or
specialized technician.

Abnormal output
phase

Failure of
Electrically
Erasable
Programmable
Read-only Memory
(EEPROM)
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Power is under
voltage

Power voltage is lower than required
operating voltage

Check the input power
supply.

Loose connection at input power terminal

Measure the DC bus
voltage and input
power using
multimeter.
Tighten the terminals
for input power.

Overload
protection of
Inverter (drive)

Signal failure appeared

Check grid capacity.

Power supply to internal switching is
abnormal

Technical support is
required such as
trained technician or
specialized technician.

Input power is under voltage

Check the input power
supply.

Keeps on overloading for a long time

Reduce load and
shorten overloading
time.

Short acceleration/deceleration time

Make the
acceleration/decelerati
on time longer.

V/F curve ratio is set too large

Adjust V/F curve
setting and torque
boost.

Power level of the inverter is less

Replace the inverter
with high power level.

3.2.3 Replacement of Dysfunctional Module in the
UPS/Inverter Unit
Sometimes only the connections of inverter need to be checked and fixed for a dysfunctional
UPS/Inverter. This can be done by a field technician. But at times, a specialized technical
help/support is required to repair internal circuits or fix a fault. If the first level maintenance
cannot rectify a fault, then a trained technician is called. If even the trained technician cannot
solve the issue, then a specialized technician associated with third-party or vendor is called.
In such a case, the specialized technician removes and replaces the faulty module with a
functional one, either on a second visit or as pre-identified.
In case even the specialized technicians are unable to repair the components or fix the fault,
or if the problem is at the PCB level or components cannot be replaced at customer’s site,
then the faulty module/component is sent to the service centre. The field technician then
collects the functional module from the service centre and fixes the inverter at the customer’s
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site. For example, there is a fault in fuse in an inverter which cannot be repaired. Then, in such
as case, the typical steps to replace the dysfunctional fuse in an inverter are listed in the
following figure:

Connect the inverter
with the battery

Check the
functioning of
inverter before
opening it

Remove the inverter
from the electric
connections

Unplug all fuse from
the PCB

Check different
components of the
inverter for fault
detection

Unscrew the
inverter back using
the screw driver

Check the working
of the fuse using
multimeter

Take a new fuse and
plug it into the
inverter PCB

Plug in the inverter
to the power supply
and check the
functioning of the
replaced fuse

Fig 3.2.4: Replacement of a dysfunctional fuse in an inverter

3.2.4 Confirmation of Functionality of the Repaired Module
Once the dysfunctional module has been repaired/replaced, check the new module with
testing equipment such as multimeter and ammeter. This is done to ensure whether the
module is working fine with the other parts of the inverter. For example, while changing the
wires in the inverter circuit, test the connectivity of the wires with the help of continuity tester
before plugging into the mains. Otherwise, any loose connection or reverse polarity of cables
may cause damage to the circuit. After testing the connection, plug in the repaired inverter
to the power supply. Then, again check the functionality of the repaired unit.
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The steps that must be followed in order to confirm the functionality of the repaired/replaced
module and to record complaint closure:

Fig 3.2.5: Steps to confirm functionality of the repaired unit

3.2.5 Achieve Productivity and Quality as per Company’s
Norms
To achieve productivity and quality as per company standards, a technician should follow the
working instructions given by the company.
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To achieve productivity and quality practise the following:
Diagnose
Diagnose the problem
correctly.

Resolve

Take feedback

•Repair and show the
working of the
repaired unit
•Suggest solution to
the customer as per
requirement
•Resolve the
customer’s problem
within stipulated time.

Fig 3.2.6: Work flow to achieve productivity and quality in repairing
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customer satisfaction
with the service
•Receive the signature
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work completion form
•Receive feedback
from the customer
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Activity
Perform the following activities:
• Connect three batteries in series
• Connect three batteries in parallel
• Connect batteries in series and parallel combination
Components:
• Batteries
• Wires
• Insulation tape
• Wire stripper
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Activity
Repair a dysfunctional 12V inverter which has stopped working due to overheating:
Components:
•
•
•
•
•
•
•

Faulty inverter
Screw driver set
Continuity tester
MOSFET
Soldering iron
Soldering wire
Soldering flux
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Activity
An inverter is showing “ON” but there is no electricity/output in the circuit. Identify and repair
the fault.
Components:
Faulty Inverter
• Soldering iron
• Soldering wire
• Soldering flux
• Ammeter
• Indicator circuit
• Green LEDs
• Screw driver set
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Activity
A UPS connected with mains gives 250-volt output but drops to 150 volts when there is no
electricity. Debug and repair the fault.
Components:
• UPS
• Ammeter
• Voltmeter
• Batteries
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Activity
Replace the 3 Secondary diodes (D32, D33 and D34) from an inverter.

Components:
•
•
•
•
•
•
•
•
•
•

Inverter
Screw driver set
IGBT (HGTG20N60A4D)
Diodes (MUR860)
Soldering iron
Soldering wire
Soldering flux
Thermo-conductive grease
Multimeter
Spacers
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Activity
Replace the IGBT's from the PCB of an inverter.

Components:
•
•
•
•
•
•
•
•
•
•

Inverter
Screw driver set
IGBT (HGTG20N60A4D)
Diodes (MUR860)
Soldering iron with stand
Soldering wire
Soldering flux
Thermo-conductive grease
Multimeter
Spacers
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Activity
Prepare the inverter and carry out the following test on it:
•
•
•
•

Minimum load test
Intermediate load test
Rated load test
Testing the secondary diode voltages

Components:
•
•
•
•

Inverter
Dual trace oscilloscope
Multimeter
Screw driver set
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Activity
Perform the task of Battery Test for an inverter.
Components:
•
•
•
•
•

Inverter
Digital multimeter
Battery tester
Screw drive set
Screw, bolts and nuts
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Activity
Replace the battery of an inverter.
Components:
•
•
•
•
•

Inverter
Digital multimeter
Battery tester
Screw drive set
Screw, bolts and nuts
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Activity
There was a short circuit due to reverse polarity and now the inverter is not working. Identify
the fault and correct it.
Components:
•
•
•
•

Inverter
Philips screwdriver
Fuses 40A
Multimeter
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Activity
Perform the task of Inspection and Periodic Maintenance
Components:
•

Screw driver set
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Activity
Connect the power optimizer to each photovoltaic module of a solar inverter.
Components:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Inverter
Allen screwdriver for 5mm screw type for the inverter cover
DC Safety Unit cover (if applicable)
Inverter side screws
Allen screwdriver for M5/M6/M8 screw types
Standard flat-head screw drivers set
Non-contact voltage detector
Cordless drill or screwdriver and bits suitable for the surface on which the inverter will
be installed
Suitable hardware for attaching the inverter mounting bracket to the surface to which it
will be connected
M6 (1/4") or M8 (5/16”) stainless bolts, nuts, and washers for attaching the power
optimizer to the racking (not required for smart modules)
MC4 crimper
Wire cutters
Wire strippers
Voltmeter for installing the communication options
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Activity
Mount an inverter on a wall.
Components:
•
•
•
•
•
•
•

Inverter
Mounting bracket
Make shift rack/wall
Allen screws for fastening the inverter to the mounting bracket
Installation guide (with activation card and instructions)
If a built-in global system for mobile communication (GSM)/Wi-Fi modem is installed –
radio frequency (RF) antenna and mounting bracket
AC ferrite bead kit
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Activity
Connect the AC grid to the inverter and start the inverter.
Components:
•
•
•
•
•

Three wire cable and five wire cable
Inverter
Wire stripper
Screw driver set
Connectors
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Practical
Install a Sine wave inverter at a customer’s site.
Components:
•
•
•
•
•
•

•

Inverter
Wire cutters/strippers
Drill and 1/8” (3 mm) drill bit
Philips and flat-head screw drivers
3A AC in-line fuse
100A DC in-line fuse
Toggle switch (if remote switch is used)
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Practical
Perform installation of an UPS/Inverter at site.
Components:
•
•
•
•
•
•
•
•
•
•
•

Packaged inverter and housing set up
Two lead acid batteries
Battery connecting wires with connectors (Red and Black)
AC wire with three pin socket
Unpacking knife
Trolley
Multimeter
Safety gloves
Cleaning brush and distilled water
Hydrometer
Screw driver Philips head
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Practical
Troubleshoot an UPS/Inverter after installation and perform a manual bypass test.
Components:
• Set of a UPS/Inverter
• Loads connected with the UPS/Inverter like computer system
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Practical
Install the UPS in smart mode and in standard mode.
Components:
•
•
•
•
•

UPS
RS–232 cable
Philips screw driver
RS-232 connector
P/N 226-341-005, six foot cable or P/N 226-341-006, three foot cable
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Practical
Perform installation of UPS Internal Power control wiring and External Power Control Wiring.
Components:
•
•
•
•
•
•

Inverter and battery set up
DC link cables (negative and positive)
Module Bypass Cabinet cables
15-pin control wiring harness connector.
3-pin control wiring harness connector
DC power wirings
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•

4. Interacting with
Co-workers
Unit 4.1 – Interact with Supervisor
Unit 4.2 – Interact with Colleagues
Unit 4.3 – Soft Skills
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Key Learning Outcomes
At the end of this unit, you will be able to:
1. Identify the correct way of interacting with supervisors and colleagues
2. Identify soft skills required for doing the job of a technician
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UNIT 4.1: Interact with Supervisor
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Identify work requirements
Describe work ethics
Identify the correct way to interact with supervisor
Use customer feedback

4.1.1 Work Requirements
For a person to work, it is important to understand the work requirements. The work
requirements include certain responsibilities as shown in the following figure:
Understand the task requirements
Follow the line of authority
Issue on time the tools and the equipment
Keep upto date with new products and developments
Plan, organize and control work for efficiency
Escalate issues of concern to the supervisor

Fig 4.1.1: Meaning of work requirement

Work requirement is also a document which has the date, location and the details of a
particular task, which has to be done. It is the record of the task which is to be performed.
The technician should be able to understand the task assigned and its requirement.
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Pawan has been assigned the task for the day by his supervisor to fix
and install UPS/Inverter at a customer's home.
What are his work requirements?
A document which has the date, location and the details of the task
assigned.

4.1.2 Work Ethics
Work ethics means 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:

Following timelines

Working as per standards
and guidelines

Following the
orgnizational rules and
policies

Fig 4.1.2: Work ethics

Consider an example: Pawan has been assigned a task for the day, but he is down with viral
fever because of which he cannot come to do the job. What should he do to avoid delay in
his work?
In such a situation, it is best to inform the supervisor, so that the task can be assigned to
someone else or can be rescheduled to fit the timeline.
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Consider another example: Pawan finished the task assigned to him. He has done the work
on time and in an efficient manner. He also informed his supervisor regarding a major safety
breach which helped in preventing an accident situation. Pawan was awarded an incentive
for the best work done in that month. Later on, for his alertness and proactive stance he was
also awarded by the MD of the company.
A technician may come across a situation that may require escalation of the situation to the
supervisor, as shown in the following figure:
Safety
breach

Any other
serious issue
at work

Inform the
supervisor
about

Situation of
accident

Unethical
action
Fig 4.1.3: Issues to be informed to the supervisor

Work ethics would also include the field technician taking self-care by using the safety tools
and equipment and following the safety procedures. In addition, the technician needs to
take care of all tools and equipment.
The following image shows a field technician wearing protective gears and carrying tools,
organized in a bag:

Fig 4.1.4: Maintain safety and ensure care of tools
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4.1.3 Interacting with the Supervisor
A supervisor has the following responsibilities:
• Plan the task
• Get the task done from others
• Organize and control work for efficiency
• Look after interpersonal issues
The following figure highlights the points which an employee, a technician, must abide by
while interacting with the supervisor:
Plan and organize work assigned
Complete the task assigned

Work as per the guidelines and targets
Follow the chain of command
Report any threat or discrepancy
Fig 4.1.5: Points to adhere to while interacting with a supervisor

The customer is always special for an organization and therefore, customer’s feedback is the
most important aspect of providing service for an organization.
A technician should take customer feedback as shown in the following figure:

Take a feedback from the
customer

Share the feedback with the
supervisor

Fig 4.1.6: Procedure to be followed for taking customer feedback

Consider an example: Sheetal, a customer, shared the feedback for the technician
Pawan who was efficient in his work. She was very happy with Pawan’s service.
However, she felt that if there had been someone to assist him, the work would have
been much easier and he would have completed the task in half a day.
Ideally, Pawan should share this feedback immediately with his supervisor.

An excellent service leads to a happy, satisfied and loyal customer.
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UNIT 4.2: Interact with Colleagues
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.
4.

Define the role of team members
Identify the correct way to interact with colleagues
Identify work place relationships
Explain work behaviour

4.2.1 Role of Team Members
A team is formed when a group of people work together with an objective to achieve the
goals and targets. Working as a team helps to understand the work and also have a better coordination at work.
The following figure shows the roles of team members and their work:

Fig 4.2.1: Roles and responsibilities of team members

4.2.2 Interact with Colleagues
The following figure lists the key points to consider while interacting with colleagues:

Share the work
load

Meet targets

Fig 4.2.2: Key points while interacting with colleagues
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Interpersonal Relationship

Interpersonal Relationship

To maintain a healthy interpersonal relationship, it is important to adhere to the points shown
in the following figure:

Resolve interpersonal conflict and ensure
smooth flow of work

Pass on customer complaints to colleagues
in respective geographical locations

Assist colleagues to resolve field problems

Fig 4.2.3: Managing interpersonal relationship

Role of a Technician
A technician should be able to install and repair the UPS/ inverter. A technician is supposed
to have the skills to:
• Know the use and care of the various tools and equipment
• Read and interpret complaint sheets and manuals
• Use various safety equipment while at work
• Apply the knowledge of electrical, electronic and inverter battery components
The following image shows a technician at work:

Fig 4.2.4: A technician measuring the voltage in a battery
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4.2.3 Process Flow – A Day in the Life of a Technician
When a task is assigned to a technician, it has to be understood along with its requirements
and the timelines. The technician needs to ask questions, if any, and complete the task,
following the guidelines and the standards of the company.
On a typical day, a field technician may have a task already assigned and goes on to complete
it. It may also be that the technician is assigned a project and has to take the blueprint of the
task from the supervisor and understand the requirements. In addition, the technician has to
understand the complaint of the customer and the type of spare parts and tools which will be
required for the repair of a UPS inverter. It is also important to understand the history of
service and warranty of the customer’s UPS/Inverter and then do the service accordingly and
give correct suggestions to the customers. The technician’s behaviour with the customer
should be good and all communication etiquette should be followed at all time.
The following figure shows the various tasks that takes place in a typical working day of a
technician:
Take the briefing of the task from the
supervisor

Plan activities for the day

Collect tools and equipment and then check for
usable condition

Do installation/repair of UPS/Inverter as per the
requirement

Report any error in the assembly

Fig 4.2.5: Day in the life of a technician
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Activity: Role Play
You are assigned the task to install a UPS at a customer’s site. You reach the customer’s site
along with your colleague. Your colleague starts arguing and shouting at you in front of the
customer. What will you do?
Perform the role play.
Hints:
Ask one participant to play the role of the technician and the other will play the role of the
colleague who is shouting. Ask a third participant to be the customer.
After the role play, discuss with other participants/viewers about what the players could have
done better or if they missed a step/process.
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eContent
You can visit the following links to know more about interacting with colleague:
•

https://www.youtube.com/watch?v=dADxWwyQxc4
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UNIT 4.3: Soft Skills
Unit Objectives
At the end of this unit, you will be able to:
1. Identify good communication skills
2. Explain team work
3. Demonstrate decision making skills
4. Recognize reflective and critical thinking skills

4.3.1 Communication Skills
“You can have brilliant ideas, but if you can’t get them across, your ideas won’t get you
anywhere.”
–Lee Iacocca
Communication is a skill which is the key to success in today’s world. It is important for a field
technician to possess the ability to communicate and work with others. The nature of work
constantly demands faster communication, prompt action and good interpersonal relations.
Excellent communication skills are required to climb up the career ladder.
Communication is the exchange of thoughts, ideas, opinions, suggestions, feedback and so
on. For any communication to be complete, it is important to get a feedback or response to
whatever is communicated.
In communication, the sender of a message sends it through a medium. The message reaches
the receiver who then replies to the message.
The basic communication process is shown in the following figure:

CONTEXT
Sender of
Message

Medium of
Communication

Receiver
of
Message

Feedback
Noise

Noise

Fig 4.3.1: The communication process
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Types of Communication
Communication is possible in a number of ways depending upon the situation. The following
figure shows the various types of communication:

Fig 4.3.2: Types of communication

•
•
•

Verbal Communication – it mainly consists of spoken words.
Non-verbal communication – it mainly consists of gestures, eye contact, appearance,
facial expressions, and hand movements, or in other words the overall body language.
Written communication – it is mainly a written form of communication such as, reports,
analysis, e-mails.
Rakesh is uncomfortable with the work allocation done by his supervisor. He is mostly
given customers at remote locations to attend, which involves a lot of travelling time. Also,
there is no policy of fuel reimbursement. He is very disturbed with this and feels that he
should tell about his problem. He is also facing health issues because of constantly driving
a two-wheeler for long distances. The doctor has advised him rest for a week.
What should he do?
He should communicate with his supervisor openly and discuss with him the issues.
Discussion and talking with the supervisor may solve Rakesh’s problem instead of keeping
quiet and suffering.
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Asking Questions
Asking questions is also a skill. Questions can be asked to get more details or to be sure of
something. Depending upon the intention of asking a question, it can be:
•

Close ended questions – These are mainly yes or no answer type questions. The purpose
of asking such questions is to get specific details.
Example

Question Tag

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

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

Open ended questions – These are mainly questions which do not demand a specific
answer but are probing for details.
Example

Question Tag

What do you think about the What, Where, How, Which,
meeting yesterday?
When, Who, Why and so on
How was your day?
Where have you been all
afternoon?
Active Listening
Effective communication depends upon how actively someone listens. There is a difference
between ‘listening’ and ‘hearing’. Active listening means to understand the meaning behind
the sentences and words. It leads to understanding the facts and ideas. It also means to
listen to non-verbal clues in the conversation. Listening skills need to improve along with the
growth in career. Managers generally spend sixty five to ninety percent of their time
listening. Listening skills can be consciously developed.
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Some ways to develop the skill are depicted in the following figure:
Do not jump to a
conclusion

Don't be defensive
during feedback

Show interest by
non-verbal clues

Remove
external noise

Stop talking to
listen

Develop Active
Listening

Ask for all details
and paraphrase

Fig 4.3.3: Developing listening skills

There are several barriers to active listening. Some are listed as follows:
•
•
•
•
•
•
•

Bias about the subject or person
Listening with intention to reply
Having a closed mind set
Only hearing
Talking without pause
Talking in different accent
Feeling anxious or self-conscious

7Cs of Communication
While communicating, the seven qualities that form the 7 Cs of communication should be
kept in mind. These elements of 7Cs of communication are shown in the following figure:
Concise
Clear
Concrete
Considerate
Courteous
Correct

Fig 4.3.4: 7C’s of communication
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The most appropriate means of communication should be used depending upon the time and
urgency of the situation. A face to face communication is usually required when the situation
is urgent and needs a quick solution. If face to face communication is not possible then a call
can be made. To maintain a record of communication a mail or a message can be sent. All
communication should follow the 7C’s of communication. Some modes of communication are
shown in the following image:

Fig 4.3.5: Some ways to communicate
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4.3.2 Team Building Skills
Teamwork is defined as coming together of people to achieve a common goal.
The members of a team, work together with a team spirit, feel that they are one and stand
for each other. Some qualities that are required of a winning team are listed in the following
figure:

Empathy

Trust
Team Work

Team Spirit
Respect

Support

Fig 4.3.6: Qualities for working in a team

Sunder is a hardworking and an efficient worker. One day, when he had to report on a
new assignment, he could not join work as he was unwell. He informed his supervisor
regarding his leave and told that he would not be able to join work for a few days.
As a team member, what will you do?
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4.3.3 Decision Making Skills
Decision making is the action or process of making a selection among the alternatives after
consideration or thought. At all points, you are constantly making a decision of doing a
particular thing or not doing it. It may be conscious at certain moments and at other times it
may not be a conscious effort.
As a field technician, there may be a requirement to take work related decisions many times.
The technician will have to judge the situation, weigh the alternatives and take a decision. For
crucial matters, it is important to follow the decision-making process as given in the following
figure:

Identify the problem

Gather details

Analyse the problem

Develop alternatives

Decide and choose
the best option
Fig 4.3.7: The decision-making process

4.3.4 Reflective and Critical Thinking Skills
Reflective thinking is enabled by deep thought and depends more on prior understanding and
thinking about the subject.
Critical thinking is an objective analysis and an evaluation of an issue to be able to form a
judgement. It stresses more on asking and answering questions, to come to a solution.
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Reflective and critical thinking helps in taking some actions as shown in the following figure:

Spot distruptions in
process

Analyse the
problem

Suggest
improvements

Fig 4.3.8: Benefit of reflective and critical thinking

Critical thinking requires knowledge about the subject or the process. After gaining
knowledge about the subject, an analysis has to be done and the required action should be
taken.
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Activity: The Communication Game
Communication skills – ‘Draw as I Say’
Divide the participants into pairs and tell them to sit back to back with their partners.
One participant of a pair has a pen and paper and is supposed to draw whatever the partner
describes. The partner is given a picture, like that of a ‘telephone’. The object in the picture
cannot be named and only verbal descriptions can be given to help the other draw. Both
cannot look into each other’s work. Give them one minute to communicate and draw the
picture.
At the end of a minute, see how much the drawing matches the picture in hand.
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Activity: Case Discussion
You have a colleague who is always pressed for work. He never seems to have time to
complete his work. He comes late to work, is continuously on his job without taking a break,
and at the end of the day is scolded by his superior for not completing his work. He is also
bullied by some colleagues, who give their work to him, because of which he is unable to
complete his own work.
How will you, as a colleague, help him resolve his problem?
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Activity: Team Game
Divide the participants into pairs and ask them to stand back to back to their partners. The
partner facing the facilitator will be given a component of the UPS/Inverter. He/she needs to
describe it and the other partner needs to name it.
The important point here is that you cannot say the name of the component or directly tell
its function, but you can describe it. The team which finishes the quickest, wins.
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Activity: Case Discussion
Shyam is a smart technician who has recently joined an organization. After about a fortnight
at work, he realizes that there are many issues, which if handled properly can increase
productivity and morale of the people. He noted the following problems:
There are more than two people doing the same work whereas it can be done by one. Role
duplicity seems to be the case.
Also, there are two or more supervisors commanding all the field technicians and they do not
communicate among themselves. Thus, these field technicians pass to the issues to each
other and the issues never got resolved.
Field technicians also take long breaks during which they have negative discussions. This
lowers the morale of the rest of the team.
What should Shyam do to improve the situation? Also, what should be the correct steps for
him to follow? Discuss and write the measures.
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