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About the Book
This participant's hand book is designed to acquaint you with the different aspects of the Job role of Mine
Electrician covering the National Occupational Standards of this specific Qualification Pack. This hand
book will equip you to discharge your duties in a better, safe and efficient manner. Key Learning
Objectives for the specific NOS mark the beginning of the Unit(s) for that NOS. The symbols used in this
book are described below.
MIN/N 0446 (Understand job requirements and related processes)
MIN/N 0447 (Install the electrical supply/sub-station and equipment)
MIN/N 0448 (O&M of electrical supply/sub-station and equipment)
MIN/N 0901 (Health and Safety)
Apart from this, there is an additional unit on basic communication and employability skills.
Key Learning Objectives for the specific NOS mark the beginning of the Unit/s for that NOS. The symbols
used in this book are described below.

Symbols Used
!
Key Learning
Outcomes

Steps

Time

Tips

vi

Notes

Unit
Objectives

Table of Contents

1

Introduction

1

1.1 – Introduction

3

1.2 – Importance of training

8

Understand job requirements ad related processes (MIN/N0446)

12

2.1 Understand the work related requirements

14

2.2 Technical understanding of equipment, units and materials to be

25

installed

98

Install the electrical supply/ sub-station and Equipment (MIN/N0447)

100

3.1 Install the electrical supply system and electrical equipment in mine

128

3.2 Various measurement devices for electrical systems and equipment

142

O&M of electrical supply/ sub-station and Equipment (MIN/N0448)

145

4.1 Conduct the actual operations and maintenance procedures

174

5.

Health & Safety (MIN/N 0901)

198

6.

Soft Skills

200

6.1 – Preparing for work

200

6.2 – Communication skills

201

6.3 – Time management

201

6.4 –Customer services

202

2.

3.

4.

6.5 – Listening Skills

The book on New Employability Skills is available at the following location: https://eskillindia.org/Home/handbook/
NewEmployability

vii

Participant Handbook

viii

1. Introduction
SCMS
Unit 1.1 - Introduction
Unit 1.2 - Importance of training

Participant Handbook

At the end of this unit, you will be able to:
1. Know each other and understand workshop norms
2. Share program expectation
3. Understand the safety norms
4. Know the equipment use
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UNIT 1.1 - Introduction
Unit Objectives
At the end of this unit, you will be able to:
1. Understand training curriculum design
2. Know, one and all
3. List expectations from the training

1.1.1 Mine Electrician Introduction
The primary role of Mine Electrician is to ensure proper installation, use and maintenance of the electrical
supply and equipment’s such as electrical substations, etc. He/She also has to make sure that all
electrical systems and machinery perform in accordance to respective technical specifications.
Personal Attributes: Essential skills for the job role of Mine
Electrician include
Reading, writing and communication skills,
Ability to plan and prioritize activities,
Focus on safety and quality,
Sensitivity towards safety for humans and
equipment,
Physical ability to perform under stressful
conditions,
Ability to use fingers and limbs (hand and feet) with
ease to complete the assigned task (Dexterity), and
Skills to solve problems with high precision.

Fig-ME-001

1.1.2 Different Types of Electrical Equipment Used In Mines
Different types of electrical equipment used in mines:
Mine Load Centres/ Power Centres
Mine Load Centres are used to isolate and protect high voltage outputs.
Switchgear
Switchgear is used to isolate and protect high voltage circuits in underground mines, surface mines, and
surface substations.
• Low - profile switchgear for underground
• Full height “walk - in “switchgear
• Indoor or outdoor switchgear
Motor Control Centers
Motor Control Centers (MCCs) are used to provide
power and control the drive motors of electrical
installations such as conveyors, pumps and fans.
MCC specifications can vary upto thousand
horsepower with low to high voltage motors. MCC
variants include:
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Fig-ME-002
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•

Simple Across the line(ATL) arrangements

•

Sophisticated PLC Controlled Variable Frequency Drives
(VFDs)

•

Soft-Starts or some combination

Fig-ME-003
Long wall Control
Long wall mining is a mechanized and
highly productive technique of extracting
coal in underground mines, from a
continuous face. It employs an array of
powered supports, which in turn require
heavy-duty motors. The control
arrangements for long wall mining are
usually housed in explosion-proof
enclosures
Fig-ME-004
Distribution Boxes
As the name suggests, distribution boxes help in extending the electrical connection to multiple output circuits,
while also protecting the low voltage circuits. The number of distribution boxes vary depending on the mine's
requirement and these may be housed in explosion-proof / non-explosion proof enclosures
Substations
Substations employed in underground as well as surface mines help to transform high voltage to low voltage and
vice-versa. Substation consists of major electrical items such as switches, lightning arresters, circuit-breakers and
insulators, bus bars, etc. Substations are available in various designs:

•

Permanent substations with distinctive components

•

Fixed type substations for indoor/outdoor applications

•

Skid-mounted Portable substation

•

Durable, heavy duty substations with easy mobility

Ÿ

Fig-ME-005
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Capacitor Banks
Capacitor Banks are employed in mines for improving the
power factor of electrical distribution systems, thus reducing
the overall electricity consumption and improving energy
efficiency. Capacitor banks help to improve the ease of
starting motors. They come in various types:

•

Open pole - top assemblies

•

Enclosed banks for indoor, outdoor or underground
applications

•

Fixed for continues operation

•

Switched for utilization as required

•

A combination of fixed and switched capacitors

Fig-ME-006

Diesel Generator Sets
Commonly known as DG sets, these diesel-powered generator-sets acts as a portable source of power.
They are either used as a back-up or as a main source of power in remote places. Applications of DG
sets in mines
•

Back-up for ventilation fans in underground mines

Power for mine start-up
• Large DG sets are sometimes used in surface mines for
emergency shifting of electrical drills and shovels
•

•

Compact, low-profile, skid-mounted DG sets for
providing power for various activities in underground
mines

Fig-ME-007
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1.1.3 Installation of The Various Equipment in Mines
This section pertains to installation, operation as well as maintenance of electrical system in mines as per
guidelines and industry standard.
The Engineer needs to
Install the required electrical supply including transformers, generators, circuit breakers, isolators, bus
bars, measuring equipment for voltage, current, power, energy, frequency, RPM, Wiring , fuses, earthing,
switchboard, control panels, relays etc. as per the required specifications.
Install various electrical equipment’s such as motors, fans, lighting, compressor, pumps,
heaters, etc.
Install various mining equipment’s.
Set up electrical equipment’s as per prescribed standards.
Conduct tests to ensure that the installed electrical equipment’s perform as per the
required specifications.
Make adjustments in electrical parameters to align the electrical equipment’s with prescribed standards
(by choosing appropriate program mode from the control system).

•
•
•
•
•

1.1.4 Tasks and Tools used by Mine Electrician
Electricians install and maintain electrical systems. In the minerals and energy industry hey are responsible for
establishing and ensuring ongoing supplies of powder from generations to plant and accommodation units.
They may perform the following tasks.
•

Repair and maintain all electrical equipment and process control

•

Ensure lighting, switches and electrical equipment are in safe working condition

•

Install wiring extensions to provide power supply to additions at work site

•

Undertake electrical fitting, cable insulation and high voltage switching activities

•

Maintain communications and telecommunications systems

•

Ensure safe work practices near electrical outlets

•

Understand and plan layout of wiring systems

•

Establish electrical connections to electrical equipment’s and systems such as circuit
breakers, transformers, motors, heaters etc.

•

Provide enough wiring systems for electrical plant

•

Test electrical circuits and equipment’s

•

Perform and accomplish electrical calculations

•

Perform high voltage switching
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The tools that the electrician must use are:
•

Hard hat

•

Safety Glasses with side shields

•

Steel Toed Shoes

•

Gloves that will protect the hands from cuts, but will allow for working with small parts

•

25 Watt Soldering Pencil

•

Small Flashlight

•

Tool Pouch and belt

•

Wire Stripper with screw cutter

•

Side Cutting Pliers W/Fish Tape Puller

Diagonal cutting Plies W/Angled
Long Nose Pliers 6
•

Multi-Crimp Tool

•

Scratch Awl

•

Slotted Screwdriver
Electricians Hammer
Tape Measure

•

Utility Knife

•

Non-Contact VoltageTester

•

Amp Clamp Meter
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UNIT 1.2 - The Importance Of The Training
1.2.1 Knowledge About Job Role and Duties
This Qualification pack and training is useful to give a detailed overview about all details regarding
work, task requirements, skill requirements, process details, safety requirements, concept etc.
related to a mine electrician’s work. The following is a glossary of terms that will be used in this pack.

Duties
•

Identify, detect and repair electrical faults

•

Maintain electrical system including lighting, switches and equipment’s in safe working condition

•

Perform wiring and extend electrical connection for various work sites

•

Ensure safe working environment near electrical equipment’s and outlets

Skills Required
•

Ability to perform mathematical and other electrical calculations;

•

Sharp eyesight and normal colour vision

•

Physical fitness and proper hand-eye coordination;

•

Ability to analyze and focus on details

•

Aptitude for electronics as well as mechanics;

•

Ability to perform strenuous work;

•

Team-work;

•

Capable to work independently as well as under supervision;

•

Good communication skills.
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Tips

!

The duties of mine electrician
•

Locate and repair faults;

•

Maintain lighting, switches and electrical equipment in safe working order;

•

Install wiring and circuits for extensions and additions to work sites; and

•

Ensure safe work practices near electrical outlets.

Notes
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Briefly Answer the Following Questions.
Write down the tools that the electrician uses mostly?

Write the installation of various equipment in mines?

Where the distribution boxes are used?

Write the different types of electrical equipment?

What are the skills are required for an electrician?

10
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2. Understand job
requirements and related
processes
SCMS
Unit 2.1 – Understand the work related requirements
Unit 2.2 – Technical understanding of equipment, units
and materials to be installed

MIN/N0446

At the end of this unit, you will be able to:
1. Various types of mines
2. Mining safety procedures
3. Different types of electrical requirements at the mine
4. Various electrical units like wattage, frequency, current, resistance, voltage, Kwh and specifications
of electrical systems
5. Circuit diagrams and layouts for electrical installations
6. Different types of tools and electrical equipment
7. Knowledge of positive isolation
8. Cable jointing, soldering, insulating etc
9. Generators, their classification, characteristics
10. Purpose and types of Earthing
11. Sub-stations, their specifications, various methods of earthing
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UNIT 2.1 – Understand The Work Related Requirements
Unit Objectives
At the end of this unit, you will be able to:
1.
2.
3.

4.
5.

Understand the output of the work, as per discussion with site-supervisor
Understand the electrical layout
Understand about the purpose and technical specifications of various electrical items such as
substations, transmission lines, electrical wiring, fixtures and other equipment’s as per the
circuit/control diagrams/ Standard Operating Procedures.
Read blueprints and interpret circuit diagrams/sketches to identify the location of
equipment’s/cables and ensure that these adhere to safety standards.
Identify and apply only specified electrical equipment’s for installation in substations, wiring,
electrical equipment’s, etc.

2.1.1 Understand The Work and The Process Requirements







Mine Electrician is responsible for installation as well as maintenance of electrical systems at the
mine. While the specific requirements in each mine may vary, but in all cases, a mine electrician
requires special training – imparted through classroom courses, on-the-job training and significant
hours of work experience.
The mine electrician has to perform safe routine as well as non-routine repair and maintenance
work under the general supervision of mine management staff.
He/she also has to undertake preventative maintenance and repair work in respect of electrical
and/or instrumentation apparatus such as substations, distribution systems, switch gears, motor
and process controls, pneumatic equipment. He/she also has to assist with troubleshooting of
electrical equipment’s and installations.
Electrical maintenance work is performed at the mine site or mineral beneficiation plant which may
expose the electrician to extremes in temperature and humidity, dust, fumes, moving mechanical
parts, risk of electrical shock, toxic chemicals, explosives, etc. Therefore, mine electrician is
expected to demonstrate dexterity, climb stairways and ladders, work on elevated platforms,
verbally communicate, hear instructions and be visually alert. Occasionally, he/she may also be
required to lift heavy objects up to 25kgs. Personal protective equipment is to be worn on regular
basis, including hard hat, hearing protection, safety glasses, safety foot wear, and as needed,
respirator, rubber steel-toe boots, protective clothing, gloves and other protective equipment’s
as necessary.

14

2.1.2 Understand The Electrical Layout
The electrical distribution system life cycle covers five main phases.

Fig-ME-008
In order to understand the structure and to fix certain problems the first and the foremost thing that a
mining electrician should know is the electrical layout.
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Which includes the wiring layout and substation layouts?

Fig-ME-009.1
High voltage Substation

Fig-ME-009.2
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2.1.3 Understand The Specification for Various Within
Electrical Systems
Electrical substations
Power system operations comprise of power generation, transmission and distribution systems.
Substations are an essential component of power system operations. Substations are an assembly of
electrical equipment’s which allow consumers to receive power supply from generating stations. By
altering the level of voltage, frequency or other parameters, the required quality and quantity of electricity
is provided to the end-users/consumers.

Based on their application, substations have been classified into different types:

Generation substation

Transmission substation

Distribution substation

Indoor substation

Outdoor substation

Pole-mounted substation

Switching substation

Converter substation

Collector substation (used rarely for transferring power from multiple sources to one transmission
unit such as in wind-farms, thermal power plants and multiple hydroelectric power plants)

Fig-ME-010

Substation comprises of the following electrical items:
• Electrical Power transformers
• Instrument transformers
• Current or potential transformers
• Conductors
• Insulators
Ÿ Isolators
Ÿ Bus bars
• Lightning arresters
• Circuit breakers
• Relays
• Capacitor banks and other miscellaneous equipment’s

17
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Electrical Power Transformer

Fig-ME-011
Electrical Power Transformer is a static electrical machine which helps to transform power from one
circuit to another without any change in the frequency of electricity. These are commonly employed to
step-up or step-down the potential/voltage of an electrical system for transmission as well as electricity
generation. Electrical power transformers are further classified into various types, based on their design,
usage and installation methods.

Instrument Transformer

Fig-ME-012
Instrument Transformers are the ones which help to step-up/step-down the current and voltage
Current Transformer
Current transformers help to measure alternating current by taking samples of the higher currents of the
system. These reduced samples are in proportion to the actual high currents of the system. Such
transformers are used for installation and maintenance of current relays in substations having lowcurrent ratings.
Potential Transformer
Like the current transformers, potential transformers help to measure voltage by taking samples of high
voltages of a system. These low-voltage samples help to estimate the system's actual high voltage,
without incurring the cost of high-voltage measurement system. Potential transformers are used for
providing low-voltage to the relays of protection system and low-rating meters.
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Fig-ME-013
Objects/materials that permit the flow of electric charge through them are known as Conductors.
Conductors allow free movement of electrons through them. Mostly made of metals such as aluminum
and copper, conductors are used for power transmission from one place to another (i.e., from
generating station to the consumers via substations). Usually, aluminum conductors are preferred in
power systems.

Fig-ME-014
Objects/materials that do not permit the flow of electric charge are known as insulators. They resist
electricity and are therefore used in electric poles and electrical systems to avoid short circuit and for
other insulation requirements. Various types of insulators are shown in the figure above such as
suspension type, strain type, stray type, shackle, pin type, etc.
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Fig-ME-015
Also known as disconnector or disconnecting switch, Isolator is a manually operated mechanical
switch that isolates part of an electrical circuit / a faulty section for repair from a healthy section so as
to avoid occurrence of severe faults. Isolators are of various types such as single-break isolator,
double-break isolator, bus isolator, line isolator, etc.

Fig-ME-016
Bus bar is a conductor with multiple number of incoming and outgoing connections. Commonly
used in substations, it is categorized as single, double bus bar and ring-type bus.
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Fig-ME-017
Typically, substation equipment’s such as conductors, transformers, etc., are located outdoors and
are exposed to nature. In the event of a lightning strike, a high-voltage passing through these electrical
parts may cause temporary or permanent damage. Thus, in order to prevent any damage to the
electrical equipment’s, lightning arresters are placed to effectively transfer the entire lightening
surge to the earth. Apart from lightning arrestors, surge arrestors are employed to ground the
switching surges.

Fig-ME-018
Circuit breakers are used to protecting the substation and its components from over-load or overcurrents due to any short circuit/fault in the system. Both manual as well as automatic circuit breakers are
available. After rectification of the fault, the original circuit can be established / rebuilt. Most common
types of circuit breakers are Oil circuit breaker, Air circuit breaker, Vacuum Circuit Breaker and SF6 circuit
breaker
21
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Fig-ME-019
Relays are employed for disconnecting the circuits either by manual or automatic mode. A typical relay
comprises of a coil which is excited / energized in such a manner that when the contacts of a relay are
closed, it activates the relay to make or break the electrical circuit. Relays are of various types:- voltage
relays, over-current relays, definite time over current relays, inverse time over current relays,
microcontroller relays, auxiliary relays, reclosing relays, solid state relays, directional relays, etc. The figure
above shows relays alongwith their operation.
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Capacitor banks
A capacitor bank is a set of identical capacitors connected in
series or parallel within an enclosure. Acting as a source of
reactive power, these banks help to reduce the phase
difference between voltage and current, thereby enabling
power factor correction. Thus, capacitor banks prevent
undesirable characteristics in the power system and help in
providing basic protection to the substation. It is also the most
economical method for maintaining power factor and for
correcting the issues related to power lag.
Advancements in technological development such as SCADA
(Supervisory Control and Data Acquisition technique) have
made it possible to control a substation from a remote
location.

Transmission of electricity

Fig-ME-020

Power transmission involves the bulk movement of electricity from generating power stations to an
electrical substation. The interconnected lines that facilitate movement of electricity from generating
stations to electrical substation are collectively known as the transmission network. This is different from
the local wiring between high-voltage substations and customers, typically referred to as electric power
distribution.
Electricity is usually transmitted through overhead power lines at high voltages (115 kV or above) to
reduce the energy loss associated with long-distance transmission. Sometimes, in urban and
environmentally sensitive areas, underground power transmission is deployed, which usually involves
lower maintenance costs, although it has a significantly higher installation cost and greater operational
limitations.

Fig-ME-021
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2.1.4 Understand The Specification for Various Within
Electrical Systems
Conventional power sources such as thermal, gas-fired and nuclear power plants, hydro-electric dams
and large-scale solar-power plants are located centrally. These conventional sources generate and
transfer power to the grid, which is further transmitted over long distances. However, the grid is not
possible to extend to several remote locations such as extreme hilly areas, snowfall areas, remote islands,
etc.
Therefore, Distributed Generation System have been developed employing small-scale power generation
technologies to produce electricity close to the end users of power in such remote places. DGS
installations are usually of only 10MW or less and are decentralized, modular in nature and located close
to the load.
Distributed energy resources are mass-produced, small in size and modular in nature for easy installation
and maintenance. This have been developed out of
1. Concerns over externalized costs of centralized power generation such as environmental costs,
2. The capacity constraints and increasing age of conventional power stations
3. The improving economy of mass production of distributed energy appliances such as solar panels,
turbines, etc.
4. Rising price for conventional power, its complexity and costs in administration, metering and billing.

Advantages of distributed generation:
1. Elimination of losses in power transmission
and distribution
2. Generation close to load allows for use of
heat recovery such as in combined heat
and power (CHP) units.
3. Enables readily available renewable energy
sources and wastes, biomass to replace
hydrocarbons

Disadvantages of using distributed generation:
1.
2.
3.

Difficult to exchange power with nearby distributed generation systems
In case of major breakdown, it may be costly and slow to signal the need for spare resources.
Connections and revenue contracts are difficult to implement.
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UNIT 2.2 - Technical Understanding Of Equipment, Units
And Material To Be Installed
2.2.1 Identify The Electrical Equipment Requirements
Measuring instruments help to measure various electrical parameters such as the presence and amount
of current, voltage, resistance and power in the electrical installation. Measuring these parameters is
crucial in determining whether an electrical system is installed and performing appropriately. E.g.
ammeters, voltmeter and ohm-meters

Ammeters
Ammeters help to measure the current in a circuit. The unit of flow of
current is Ampere “amps”, which is evaluated by Ammeters.
Ammeter is connected in series in the circuit. Ammeters are available
in various designs and are used in both residential and commercial
applications. Ammeters tend to have low resistance and hence need
to be properly set so as to avoid short circuit/malfunctioning.
Some ammeters can measure direct current, alternating current or
both. Ammeters are employed to ensure proper wiring system in new
buildings and to identify faults/problems in old installations. Even,
companies involved in manufacture of electrical equipment’s use
ammeters for testing their products, prior to sale in market.
Fig-ME-022

Voltmeter

Voltmeters help to measure the voltage or potential difference
between two points in a circuit. Voltmeter reads the units in “volts”.
Voltmeter is always connected in parallel to the circuit. There are 2
types of voltmeters – Analog voltmeters have a pointer which shows
the voltage on a scale; Digital voltmeters have a numerical display for
voltage.

Fig-ME-023
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Ohmmeter
Ohmmeters help to measure the electrical resistance in a circuit.
Ohm is the unit of measurement in an ohmmeter. Ohmmeters
ensure the right resistance and check the flow of current for
proper functioning of a circuit such as in speakers.
Digital displays in ohmmeters provide accurate readings. To
yield precise readings, an ohmmeter should be used to check
the resistance of a device that generates its own current.
Interference from an external current source may result to false
readings.

Fig-ME-024
Multi meters
Multi meters are popularly used to test electrical as well as
electronics systems, due to its ability and versatility to measure
voltage, current as well as resistance. This ability of multi meter
is imparted by Ohm's Law.
Similar to other measuring instruments, multi meters are
available in analog as well as digital types.

Fig-ME-025
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Different electrical units and specifications
Volt (V)
Volt is the electrical unit of voltage.
One volt is the energy of 1 joule that is consumed when electric charge of 1 coulomb flows
in the
circuit.
1V = 1J / 1C
Ampere (A)
Ampere is the electrical unit of electrical current. It measures the amount of electrical
charge that
flows in an electrical circuit per 1 second.
1A = 1C / 1s
Ohm (0)
Ohm is the electrical unit of resistance.
10 = 1V / 1A
Watt (W)
Watt is the electrical unit of electric power. It measures the rate of consumed energy.
1W = 1 J / 1s
1W = 1V. 1A
Farad (F)
Farad is the unit of capacitance. It represents the amount of electric charge in coulombs that
is stored per 1 volt.
1F = 1C / 1V
Henry (H)
Henry is the unit of inductance.
1H = 1Wb / 1A
Siemens (5)
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Siemens is the unit of conductance, which is the opposite of resistance.
1S = 1 / 10
Coulomb (C)
Coulomb is the unit of electric charge.
1C = 6.238792x1018 electron charges
Ampere-hour (Ah)
Ampere-hour is a unit of electric charge.
One ampere-hour is the electric charge that flow in electrical circuit, when a current of 1
ampere is applied for 1 hour.
1Ah = 1A .1hour
One ampere-hour is equal to 3600 coulombs.
1Ah = 3600C
Joule (J)
Joule is the unit of energy.
1J = 1 kg. 1(m / s)2
Kilowatt-hour (kWh)
Kilowatt-hour is a unit of energy.
1kWh = 1kW. 1h = 1000W. 1h
Kilovolt-amps (kVA)
Kilovolt-amps is a unit of power.
1kVA = 1kV. 1A = 1000 • 1V • 1A
Hertz (Hz)
Hertz is the unit of frequency. It measures the number of cycles per second.
1 Hz = 1 cycles / s

28

2.2.2 Knowledge of Sketches and Circuit Diagrams for The
Electrical Systems Installation
Description
The ability of a mine electrician to read and interpret various types of circuit diagrams, symbols and
electrical components is vital to safe and effective electrical system in a mine. In fact, these are the basic
building blocks of his/her core skills as the safety of humans and machinery depends on it. Therefore,
knowing how to interpret information from an electrical drawing and applying it to the real world is
essential for success in a mine electrician's job role
Terminology
Block diagram: Diagram of a system in which the principal parts or functions are represented by blocks
connected by lines that show the relationships of the blocks.

Fig-ME-026
Circuit diagram: A simplified conventional
graphical representation of an electrical
circuit.

Fig-ME-027
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Line diagram: It is a simplified diagram to represent an
electrical system in which electrical components such as
transformers, capacitors, switches, circuit breakers, etc. are
shown as standardized symbols.

Fig-ME-028

Pictorial diagram: A diagram that represents the elements of a system using abstract, graphic drawings
or realistic pictures

Schematic diagram: It is a diagram used to
demonstrate circuit functions by using lines to
symbolize wires and signs to symbolize electrical
components.

Fig-ME-029

Wiring/Pictorial diagram: It is a simplified and
pictorial diagram to represent an electrical
circuit, in which electrical components are
shown as simplified symbols and connection
between circuit-items is explained. This type of
diagram generally offers additional information
regarding the relative arrangement of
equipment’s/components and their terminals.
Fig-ME-030
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Symbols used in a circuit diagram
Order to understand any circuit diagram, it is essential to know all the electrical symbols, given in the
table
Table of Electrical Symbols
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SPST Relay
Relay open/ close connection by an electromagnet
SPOT Relay

Jumper

Close connection by jumper insertion on pins.

Solder Bridge

Solder to close connection

Ground Symbols

Earth Ground

Chassis Ground

Used for zero potential reference and electrical shock
protection.

Connected to the chassis of the circuit

Digital / Common Ground

Resistor Symbols

Resistor (IEEE)
Resistor reduces the current flow.
Resistor (IEC)

Potentiometer (IEEE)

Adjustable resistor - has 3 terminals.
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Potentiometer (IEC)

Variable

Resistor

/

Rheostat (IEEE)
Adjustable resistor - has 2 terminals .
Variable

Resistor

I

Rheostat (IEC)

Trimmer Resistor

Thermistor

Preset resistor

Thermal resistor - change resistance when temperature
changes

Photoresistor / Light dependent

Photo-resistor - change resistance with light intensity

resistor (LOR)

change

Capacitor Symbols

Capacitor
Capacitor is used to store electric charge. It acts as short
circuit with AC and open circuit with DC.
Capacitor

Polarized Capacitor

Electrolytic capacitor

Polarized Capacitor

Electrolytic capacitor

Variable Capacitor

Adjustable capacitance
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I

Inducto:r Coil Symbols
Inductor

Coil/ solenoid that generates magnetic field

Iron Core Inductor

Includes iron

Variable Inductor

Power Supply Symbols

Voltage Source

Generates constant voltage

Current Source

Generates constant current.

AC Voltage Source

AC voltage source

Generator

Electrical voltage is generated by mechanical rotation of
the generator

Battery Cell

Generates constant voltage

Battery

Generates constant voltage

Controlled Voltage Source

Generates voltage as a function of voltage or current of
other circuit element.
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Controlled Current Source

Generates current as a function of voltage or current of
other circuit element .

Meter Symbols

Voltmeter

Ammeter

Measures voltage. Has very high resistance. Connected
in parallel.

Measures electric current. Has near zero resistance.
Connected serially.

Ohmmeter

Measures resistance

Wattmeter

Measures electric power

lamp/ light Bulb Symbols

Lamp/ light bulb

Lamp/ light bulb

Generates light when current flows through

Lamp/ light bulb

Diode/ LED Symbols

Diode

Zener Diode

Diode allows current flow in one direction only - left
(anode) to right (cathode).

Allows current flow in one direction, but also can flow in
the reverse direction when above breakdown voltage
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Schottky Diode

Schottky diode is a diode with low voltage drop

Varactor / Varicap Diode

Variable capacitance diode

Tunnel Diode

Light Emitting Diode (LED)

LED emits light when current flows through

Photodiode

Photodiode allows current flow when exposed to light

Transistor Symbols

NPN Bipolar Transistor

PNP Bipolar Transistor

Darlington Transistor

Allows current flow when high potential at base
(middle)

Allows current flow when low potential at base (middle)

Made from 2 bipolar transistors. Has total gain of the
product of each gain.

JFET-N Transistor

N-channel field effect transistor

JFET-P Transistor

P-channel field effect transistor

NMOS Transistor

N-channel MOSFET transistor
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PMOS Transistor

P-channel MOSFET transistor

Misc. Symbols

Motor

Electric motor

Transformer

Change AC voltage from high to low or low to high.

Electric bell

Rings when activated

Buzzer

Produce buzzing sound

Fuse
The fuse disconnects when current above threshold.
Used to protect circuit from high currents.
Fuse

Bus

Bus

Contains several wires. Usually for data/ address.

Bus

Optocoupler / Opto-isolator

Optocoupler isolates connection to other board
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Loudspeaker

Converts electrical signal to sound waves

Microphone

Converts sound waves to electrical signal

Operational Amplifier

Amplify input signal

Schmitt Trigger

Operates with hysteresis to reduce noise.

Analog-to-digital

converter

(ADC)

Digital-to-Analog
(DAC)

Crystal Oscillator

converter

Converts analog signal to digital numbers

Converts digital numbers to analog signal

Used to generate precise frequency clock signal

Antenna Symbols

Antenna/ aerial
Transmits & receives radio waves
Antenna/ aerial

Dipole Antenna

Two wires simple antenna
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I

Logic G:o •• Symbols
NOT Gate (Inverter)

Outputs 1 when input is 0

AND Gate

Outputs 1 when both inputs are 1.

NAND Gate

Outputs O when both inputs are 1. (NOT+ AND)

OR Gate

Outputs 1 when any input is 1.

NOR Gate

Outputs O when any input is 1. (NOT+ OR)

XOR Gate

Outputs 1 when inputs are different. (Exclusive OR)

D Flip-Flop

Stores one bit of data

Multiplexer/ Mux 2 to 1
Connects the output to selected input line.
Multiplexer/ Mux 4 to 1

Demultiplexer/ Demux 1 to 4

Connects selected output to the input line.
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2.2.3 Knowledge of Different Types of Tools and Electrical
Equipment
1. Cutting Plier
In electrical tools cutting plier is the most important tool. It is used to cut the cables and to tighten them. The
handles of the plier are, wrapped by rubber even to be used in current supply. It is also used to fix or
remove screws.

Fig-ME-031
2. Long Nose Plier
It is used to fix and remove screws in narrow gaps. It is widely used while repairing radios and speakers.

Fig-ME-032
3. Knife
It is used to remove the insulation in electric cables. The handle of a knife is made up of wood or plastic. Its
length is in four or five inches to keep easily in shirt pockets.

Fig-ME-033
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4. Screw Driver
It is used to fix and tighten the screws. The point of a screw-driver should
be flat to be fixed in the gap in the head of a screw. It is available in
different sizes from 4.5 inches to 12 inches. It is named according to its
length. Its handle is made up of wood or plastic. Wooden handles are
better to be used for long period than plastic handled Screw Driver.

Fig-ME-034

5. Connecting Screw
Driver It is also a type of Screwdriver. Its handle is made of plastic. It is available in small sizes. It is used to fix
and tighten screws in joints, and poles. It is of 4.5 or 5 inches.

Fig-ME-035
6. Tester

Fig-ME-036

It is the essential tool of an electrician. It is also like connecting screw
Driver in size.
Its handle is also made up of slots. In its handle a visible pipe like part is
fixed in it a neon bulb is fixed with a screw metal and there is a clip in its
head. All these parts are connected using a cable. It is used to check
current supply in electric circuits. If there is a current supply in the
circuit the neon bulb glows. It has a sharp end. It is used to make holes
to fix screws in electric boards.
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7. Jumper
It is used to make holes on walls. It is available in 8
SWG or 6SWG sizes. Its handle is made up of iron. By
hammering its handle, required holes are made by
the sharp points.

Fig-ME-037
8. Tube Jumper
It is used to make holes on walls. But it is used to
make holes between the walls to connect electric
cables. One side of this jumper is like a saw. The
hammer is used to make holes and rotate the jumper
clockwise to make holes easily and quickly.
Fig-ME-038
9. Wood Saw
It is used to cut wooden boxes, sticks and round
blocks for the required size.

Fig-ME-039
10. Hacksaw
It is used to cut PVC or metal pipes and metal frames.
The frame of hack saw is made up of Iron and the
handle is made up of wood. A clip is fixed in its other
end to adjust the length.

Fig-ME-040

42

11. Ball Peen Hammer
As its head is round shaped like a ball it is called so. Its
head is made up of iron and handle is made up of
wood. It is used to fix needles and bend iron rods. It is
available in different weights.

Fig-ME-041

12. Claw hammer
In this type of hammer of end is flat, the other bent
and there is a claw in the end. It is used to remove
nails and hammering the nails.

Fig-ME-042

13. Mallet
It is fully made up of wood. It is mostly used for
wooden works.

Fig-ME-043

14. Hand Drilling Machine
It is used to make holes in wooden materials. In one
end of this machine a chuck is available to fix required
drilling bit. Fixing it in wood by keeping the handle
tightly, holes are made by rotating the clinch.

Fig-ME-044
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15. Files
It is used to correct the size and smooth the upper part
of metals. It is named according to the size and the
rough surface for smoothing other surface.

Fig-ME-045

16. Try Square
It is used for measuring angles of 90: (Right angle)
Measurements in mile metre are marked in its scale. It is
used to measure 90 right angle accurately.

Fig-ME-046

17. Wire Gauge Plate
It is of round shape. It is used to measure the width of
wires. Its unit is gauge. The wire is put into the hole in
the center of the Gauge to measure its width. Wires are
available in gauge of 8SWG, 12SWG, 18SWG.

Fig-ME-047

2.2.4 Various Types Of Motors (ac & Dc) And Their Uses
Electric Motor
An Electric motor is a device/machine which helps to
convert electric energy into mechanical energy. Basic
principle of an electric motor is that when a currentcarrying conductor is located inside a magnetic field, the
conductor experiences a mechanical force, whose
direction is given by by Fleming's Left-hand Rule. And, the
mechanical force can be expressed as

Fig-ME-048
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Types of AC Motor
Based On the Principle of Operation:
A.
1.
2.

Synchronous Motors
Plain motor
Super motor

B.
1.
I.
II.

Asynchronous Motors
Induction Motors
Squirrel Cage
Slip-Ring (external resistance)

2.
I.
II.
III.
IV.
V.
VI.

Commutator Motors:
Series
Compensated
Shunt
Repulsion
Repulsion-start induction
Repulsion induction

Based On Nature of Current:
1.
2.

Single Phase motor
Three Phase motor

Based On Operational Speed:
1.
2.
3.

Constant Speed motors.
Variable Speed motors.
Adjustable Speed motors.

Based On Structure of the motor:
1.
2.
3.
4.
5.
6.

Open
Semi-enclosed
Enclosed
Ventilated
Pipe-ventilated
Riveted frame-eye etc.
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Types of DC Motor
Most common DC motor types are
1. Permanent-magnet motors
2. Brushed DC Motor
a. DC shunt-wound motor
b. DC series-wound motor
c. DC compound motor
I. Cumulative compound DC motor
II. Differentially compounded DC motor
1. Permanent magnet DC motor
2. Separately excited DC motor
3. Brushless DC Motor
4. Coreless or iron less DC motors
5. Printed armature or pancake DC motors
6. Universal motors

Overview of AC Motors
1. Synchronous Motors & its Uses:
Since its speed remains constant under varying electric loads, synchronous motors are employed to drive
continuously-operating apparatus at constant speeds. In such motors, the rotor connected to load turns at
the same speed as the stator current. There is no slip in these motors wrt to stator current.
Sometimes, these are also used to act as "synchronous condenser" for improving the power factor of
connected local grid. Synchronous motors find usage in industrial robots, compressors, motor-generator
sets, rolling mills, etc.
2. Asynchronous Motors & it's Uses:
Asynchronous motors, also known as Induction motors, are the most common type of AC motors used in
day-to-day life and in many industries owing to their load bearing capacity and flexibility. In contrast to
synchronous AC motors, Induction motors slip wrt to stator current.
Due to their flexible load bearing capacity, asynchronous motors act as prime movers for various types of
machinery and find usage in many industrial units. These are also used in many pumps and compressors
such as for pumping water to overhead tanks, feed pumps in power plant boilers, etc.
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3. Single & Three Phase Motors and their Uses:
Based on the power supply, AC motors can be classified as Single Phase and Three Phase motors. While
single phase AC motors are commonly used for low-power / domestic appliances (such as ceiling fans,
mixer grinders, etc.), three-phase AC motors are used for high-power applications such as power
drives for refrigerator and AC compressors, hydraulic and irrigation pumps, etc.
4. Constant, Variable & Adjustable Speed Motors:
While AC motors offer high flexibility owing to their speed control ability, these motors are further
classified based on their degree of speed variation.
- Constant speed motors are used for air compressors.
- Some AC motors offer variable speed by switching the number of poles used, such as in those
motors used for mixer grinders, fans, water cooling pumps in ships and many power plants.
- Motor speed can also be changed continuously using electronic arrangements. Applications of
adjustable speed motors include pump in cargo-ships, where the water discharge rate needs to be
matched to the requirement of various terminals/ports.
5. Varied Structure Motors:
Based on the application and specific industrial requirement, AC motors may have different outercage arrangement such as for underground coal mines, oil and gas terminals where the risk of
explosion is high. In such cases, the outer cage has to be of intrinsically safe type, i.e., either the casing
is in a flame-proof casing or there is a pipe-ventilated arrangement that any spark produced inside the
motor is not allowed to cause a fire outside it. In hydro-power stations, motors are totally enclosed as
they are exposed to nature.

Overview of DC Motors
1. Permanent-magnet motors
Rather than having a field winding on the stator frame, these motors have permanent magnets that
generate the magnetic field to which the rotor field interacts and produces torque. Since the
magnetic field is fixed, these cannot be used for adjusting speed.
Permanent-magnet motors are commonly used in miniature motors for eliminating power
consumption by the field winding. Larger permanent magnet motors are of the "dynamo" type
(having stator winding) and are costly due to the need for large permanent magnets. Therefore, high
energy magnets made up of strategic elements such as neodymium are used in miniature
permanent-magnet motors to reduce the overall size and weight.
2. D.C. Series Motors
D.C. Series motors offer variable speed as well as high starting torque and thus are used for heavyduty applications. E.g. motor used in electric locomotives, steel-rolling mills, cranes, lifts, etc.
3. D.C. Shunt Motors
D.C. Shunt motors offer medium starting torque and almost constant speed, and thus are used for
applications that require constant speed. E.g. motors used in vacuum cleaners, washing machines,
mine-shafts, conveyor belts, mixer-grinders, small printing presses etc.
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4. Cumulative Compound Motors
These motors offer high starting torque and varying speed, and are thus used to drive compressors,
variable-speed centrifugal pumps, conveyors, rotary press, shearing machines, etc.
5. Brushless DC motors
Brushless DC motors overcome the issue related to brushed DC motors by replacing the
commutator/brush-gear (the mechanical rotating switch) with an external electronic switch
synchronized with the rotor's position. As a result, brushless DC motors are more efficient (approx.
85–90%) than brushed DC motors (75–80% efficiency).
Brushless DC motors find applications in a wide range of applications requiring low-power to highpower such as in electric vehicles, high-performance battery powered aircrafts. These motors are
widely used in applications where precise speed control is required, such as in computer disk drives,
laser printers and photocopiers, etc.

2.2.5 Various Types of Transformers, Cooling of Transformers,
Transformers Oil, Protective Devices and The Common Causes
of Trouble.
Transformer
It is an electrical device that transfers power between two or more circuits and are used to increase
(step-up) or decrease (step-down) the alternating voltages in electrical applications.
Transformers work on the principle of electromagnetic induction, whereby a changing current in the
primary winding generates a varying magnetic flux in the transformer core as well as creates a
varying magnetic field in the secondary winding, which further induces a varying voltage in the
secondary winding. Using high magnetic permeability properties in core design, today transformers
can efficiently step-up or step-down the AC voltage levels.
Since its first invention in 1885,
transformers have become quintessential
for transmission, distribution and
utilization of AC power. Today,
transformers range from RF transformers
measuring less than a cubic centimeter to
transformer units interconnecting the
power-grid weighing in tons.
Types of transformers
Dependent on their application, circuit
conditions or construction, transformers
are of various types, although they all work
on the same basic principle of
Electromagnetic Induction. The commonly
used types are:
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Fig-ME-049
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1. Step Up Transformer & Step Down Transformer – Most commonly employed to step-up or stepdown the voltage level in transmission and distribution of power.
2. Three Phase Transformer & Single Phase Transformer – Depending on the number of phases,
transformers can be classified as 3-phase and single-phase. While 3-phase is cost effective, single
phase transformers are used where size matters, as these are easier to transport.
Other types of transformers
F Auto transformer: In this type of transformers, part of the winding is shared by both the primary and
secondary circuits.
F Capacitor voltage transformer: In this type of transformers, the capacitor divider helps in reducing the
high voltage, prior to application to primary winding.
F Distribution transformer, power transformer: While distribution transformers are employed to
distribute power from transmission lines to the local network, power transformers are employed to
transmit power between the generating station and primary circuit of the distribution network.
F Phase angle regulating transformer: This type of transformer is specifically used for controlling the
transmission of power in 3-phase power transmission networks.
F Scott-T transformer: These are employed for transformation of the phase, i.e., from 3-phase to 2-phase
or viceversa.
F Polyphase transformer: These transformers have more than one phase.
F Grounding transformer: These type of transformers is employed to ground 3-phase circuits for
creating a neutral in a 3-wire system. These transformers use a wye-delta transformer/zigzag grounding
winding.
F Leakage transformer: These type of transformers has loosely coupled windings.
F Resonant transformer: These type of transformers makes use of resonance to create high
secondary voltages.
F Audio transformer: These are employed in audio equipment’s.
F Output transformer: These are employed for matching the output of a valve-amplifier with its own
load.
F Instrument transformer: These type of transformers (i.e., Potential or current transformers) are
employed for accurately and safely representing voltage, current or phase status, in case of high power
circuits.
Cooling
Cooling is very essential for the longevity and proper functioning of all electrical equipment’s, including
transformers. As a rule of thumb, the life expectancy of all electrical insulations (including transformer
winding cellulose insulation) gets halved for every 7 °C to 10 °C increase in operating temperature. While
power transformers are expected for use up to 50 years, it has been observed that approx. 30% of power
transformer failures are due to insulation and overloading failures.
Small dry-type and liquid-immersed transformers are usually self-cooled by natural convection and
dissipation. With increase in power rating, transformers are often cooled by water cooling, forced
air/water cooling, forced-oil cooling or a combination of these. Large transformers are filled with
transformer oil, which is a highly refined mineral oil that insulates as well as cools the windings. The mineral
oil and paper insulation system has been in use for more than 100 years.
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Liquid-filled transformers usually have radiator on their tanks so that the liquid coolant circulates and gets
cooled due to natural convection. For safety, oil-immersed transformers have fire protection measures
around them like concrete walls, oil containment system, fire extinguishers, etc. Sometimes, these
transformers are also equipped with a Buchholz relay, which can detect severity of the gas accumulation due
to internal arcing within the transformer and then either raise alarm or de-energize the transformer (via a
circuit-breaker). Today, non-toxic, stable silicone-based oils, or fluorinated hydrocarbons are used
commonly in oil-filled transformers.
Some transformers are also cooled by placing the windings in sealed, pressurized tanks and cooling with
nitrogen or sulfur hexafluoride gas.
Prolonged operation at high temperature degenerates the transformer winding insulation and dielectric
coolant, thereby reducing life of the transformer and causing catastrophic transformer failure at times.
Therefore, it is crucial to monitor and control the insulation temperature under varying power-load
conditions.

Transformer Oil
Transformer oil or insulating oil is a highly refined mineral oil that insulates as well as cools the transformer
windings. In addition to use in transformers, it is also used in high-voltage capacitors, high-voltage switches
and circuit breakers, fluorescent lamp ballasts, etc. Transformer oil should possess the following properties
o
o
o
o

Excellent electrical insulating properties
Stability at high temperatures for extended periods
Suppress corona and arcing
Act as a coolant

Large, high power transformers need to undergo prolonged drying process before the cooling oil is added to
make sure that the transformer is completely free of water vapor. This prevents the formation of corona
during transformer operation and subsequent electrical breakdown under load. Such drying is done either
by electrical self-heating, vacuum-drying or both.

Testing of transformer oil
During transformer operation, the transformer oil is subjected to electrical and mechanical stresses,
contamination due to chemical reaction with windings at high temperatures. Like any other mineral oil,
transformer oil also gradually undergoes change in its original chemical properties, reducing its
effectiveness for intended use. Therefore, transformer oil needs to be periodically tested for its electrical
and chemical properties, to decide if the oil is suitable for further use or not. At times, condition of the oil is
improved by filtration and treatment. Various tests for testing transformer oil are mentioned below:
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Dissolved gas analysis
Furan analysis
PCB analysis
General electrical & physical tests:
Breakdown Voltage
Color and Appearance
Acidity (Neutralization Value)
Dielectric Dissipation Factor
Resistivity
Sediments & Sludge
Density
Water Content
Kinematic Viscosity
Flash Point
Pour Point

Detailed manner of conducting the above tests is presented in the standards of IEC, ASTM, IS, BS, etc. and
the oil can be tested by any of these methods. Suggested intervals for some of these tests:

General electrical and physical tests - bi-yearly

Dissolved gas analysis - yearly

Furan testing - once in every 2 years, if the transformer has been operating for atleast 5
years.

2.2.6 Different Types of Cables and Their Classification,
Construction, Insulation Types.
Power cables help in transmitting and distributing electrical power. Power cables consist of one or more
independently insulated conductors that are generally held together within an overall sheath.
While power cables may be used for permanent wiring in buildings, flexible cables are employed in
portable devices like mobile tools and machinery. Cables used in mining require extra mechanical
strength and are usually double armored.

Construction of Power Cable
A Power cable typically comprises of 1. Conductor
2. Insulation
3. Lay for Multicore cables only
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1. Bedding
2. Beading/Armoring(if required)
3. Outer Sheath

Fig-ME-050
Although cables can be constructed in any fashion as per requirement, they usually have the
following common features:


Low voltage power and control cables – Typical voltage grade of 0.6/1 kV or below.



Low voltage instrumentation cables – Typical voltage grade of 450/750 V or below; used in
instrument applications.



Medium / High voltage cables – Used for power transmission; medium voltage cables from 1 to 33
kV and high voltage cables over 50 kV.

Rating of Power Cable Short Circuit Rating
Size of a conductor is usually decided by its ability to handle the short-circuit current rather than
normal current capacity. This is so because during a short-circuit, there is a sudden surge in current
flow for a few cycles followed by a steady current flow for a brief period.
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Current Carrying Capacity
Size of a conductor is also decided as per the current carrying capacity. The drop in voltage and shortcircuit current rating are also important in selecting economical and optimum conductor size.

Voltage Drop
Cable size and design is based on the maximum allowable drop in voltage expected between the source
and the load. As per Ohm's law, V = IR; where V is voltage difference, I is current and R is resistance.
➢ Wire Material: Since copper is a better conductor than aluminum, it offers less resistance and
hence voltage drop will be lesser for a given wire size (diameter and length).
➢ Wire Diameter:For the same length, larger the wire diameter, lower is the voltage drop.
Conductor
Conductors are the only pathway in a cable that can carry power/current. While conductors in power
cables are made up of different materials, copper and aluminum conductors are mostly used in power
cable manufacturing. Size of a conductor has to be matched with its resistance.
Insulation
Insulation is crucial for power cables from safety point of view. Commonly, insulation in power cables is
made up of PVC (Poly Vinyl Chloride), XLPE (Cross-linked Poly-Ethylene) and rubber. Selection of
appropriate insulating material is dependent on the operating temperature.
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Cores are recognized either by different color-coding on the insulation or by printing numbers on the
cores.

Bedding (Inner Sheath)
Multi-core cables have a component known as inner sheath, which holds the insulated conductors
together and provides bedding to armor/braid. It is usually made up of a thermoplastic (PVC) or a
thermosetting compound (rubber, CSP).
Armor
Armor provides earthling-shield to the conductors as well as mechanical strength and damage
protection to the cable. In case of any insulation failure in the cable, the fault current passes through the
armor, if it is earthed properly. There are chiefly two type of armoring – G.I. Wire Armoring and G.I.
Steep Armoring. Armoring is done by placing G.I. Wire/strips of Steel strips one by one on the inner
sheath.
G.I. or galvanized iron is used as it prevents rusting. Steel wire armor is used in multi-core cables
(magnetic), whereas aluminum wire armor is used in single-core cables (non-magnetic).
A current passing in a cable produces a magnetic field. This magnetic field will further induce a current in
the steel armor known as eddy currents, which may cause overheating. Therefore, in AC systems, nonmagnetic aluminum armor is used to prevent eddy currents in overheating the system
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Braid
Braiding is the process which gives high mechanical protection to cable and also used for earthing
purpose. Braiding is done as if provides more flexibility to the cable in comparison to armoring. Braiding
mostly uses annealed tinned copper wire, nylon braid and cotton braid.
Outer Sheath
This is the outermost layer of a cable and is usually made of the same material as the inner
sheath/bedding such as PVC, rubber, etc. Outer sheath is provided over the armor to mainly provide
mechanical protection from weather, wear & tear, chemicals, etc.
Termite Protection
For underground cables, a nylon jacket/phosphor bronze tape is usually used for protection against
termite.

Conductor Protection (Appendix)
It is important to ensure the protection of wires and cables, since these are subject to abuse depending
on their usage, place and manner of installation. Underground cables must withstand moisture,
chemical action and abrasion. Wires used in buildings must withstand mechanical damage and
overloading. Wires on poles must be maintained far away so as not to touch each other. Cables and wires
should have high tensile strength and substantial frame structures so as to withstand rain, heat, snow
and strong winds.
In general, except for overhead transmission lines, wires/cables are provided with some type of
protective covering such as rubber or plastic. At times, additional layers of fibrous braid/tape or metallic
coating is also used for additional strength and protection.
Broadly, the materials used for protecting wires/cables can be grouped into 2 categories: non-metallic or
metallic.

Non-Metallic Conductor Protection
Various types of non-metallic materials are used for protection of wires/cables:
➢ Fibrous Braid
It is the most common type of non-metallic protection material in cables/wires. The fibrous
material is woven over the insulation and forms a continuous covering without joints. It is usually
saturated with paints, asphalt or varnish for extra protection against water/moisture, flame,
weathering, oil or acid. The braid may have an additional coating of stearin pitch, wax, lacquer,
mica flakes, etc. based on the conditions where the wire/cable is intended to be used.
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➢ Woven Covers
Woven covers are employed for rendering exceptional abrasion-resistant qualities. Thick, longfibered cotton loom is weaved around the cable in a circular manner, similar to that on a fire hose.
➢ Rubber and Synthetic Coverings
Rather than use for insulation properties, rubber and synthetic coverings are used for resistance
to abrasion, moisture, oil, acids, alkalis, etc.
➢ Jute and Asphalt Coverings
Jute and asphalt coverings act as a cushion between insulation and the armor and therefore find
common usage for weatherproofing and corrosive-resistant protective cover over metallic
armor. It consists of asphalt-impregnated jute yarn wrapped like a helix over the cable.
➢ Unspun Felted Cotton
Used only in rare cases, unspun felted cotton is generally made as a solid felted covering in a
cable.

Metallic Conductor Protection
Broadly two types of metallic protection are available – sheath and armor.
➢ Metallic Sheath
Metallic sheath is used in wires/cables which need to be protected by watertight cover. Usually
the inner sheath of a cable is covered with a metal jacket or a thin tape of hard-drawn copper,
bronze, or other elastic metal. To further protect the metallic sheath from corrosion, a second
lead sheath is used over the tape. Lead sheathed cable may be made up of either
▪ pure lead
▪ alloy lead (2% tin) – more resistant to abrasion than pure lead sheath.
▪ reinforced lead – has a double lead sheath and is primarily used for oil-filled
cables where high internal pressures are encountered.
➢ Metallic Armour
Metallic armor offers a tough protective cover to cables/wires. Depending on the application,
environment and amount of rough treatment expected, the characteristics of metallic armor
such as metal type, thickness, etc. are selected.
▪

Wire armor – It is a layer of metal wire covering the cable and is usually made of
galvanized steel.

▪

Steel tape – It is a layer of steel tape covering over the cable, which is further
covered with a layer of jute.

▪

Coaxial cable – In this, two concentric cylindrical conductors are used separated by
a dielectric material, i.e., one at the center, then the dielectric and then the outer
conductor. These two conductors are covered with a protective jacket, which is
further armored on the outside. Coaxial cables are chiefly used as transmission
lines and help to prevent outside signal interference.
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2.2.7 Different Types of Conductors and Their Classification,
Construction, Insulation Types
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Insulators are non-conducting material , i.e., they offer high resistance to flow of electricity.










It has high resistance and specific resistance.
High di-electric strength.
Good Mechanical strength.
Withstands high temperature.
May not change in shape due to temperature.
Should not absorb water.
Can be made into any shape.
Fire-resistant.

2.2.8 Location Of Faults In Cables
Introduction to Faults in Cables
Distribution of power is done through electrical cables – either insulated or uninsulated (usually used in
overhead lines or underground). Any fault in uninsulated cable is easy to detect as the most typical fault
in uninsulated cable is due to cut and break of cables/wires. However, faults in insulated cables,
especially in multi-core cables are difficult to detect and can be of different types and nature.
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Fig-ME-051

There are 3 common types of Cable Faults observed in underground wiring/cables.


Open-Circuit Faults: This happens due to breaking or pulling out of the conductor from its joint. As
a result, flow of current is stopped.



Short-circuit or cross fault: This happens due to any damage to the insulation between two cables
or between two multi-core cables. As a result, the load will be short-circuited and the current
instead of flowing through the main core, will flow from one cable to another or from one core to
another in case of multi-core.



Ground or earth faults: This happens due to any damage to the insulation. As a result, the current
flows from the cable core to earth/sheath (cable protector). No current goes to the load.
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How to Locate Faults in a Damaged Cable?
First the fault has to be located, before fixing the cable fault. Therefore, different types of tests are
there to locate faults in cables.

Different Types of Tests to locate faults in cables.

1.

Clavier Test (For a Single Cable Faults)

This test is conducted when a ground fault occurs in a single cable. In this test, resistance is measured
by either insulating or earthing the far end of the cable as shown in the figure below. This test uses a
low voltage supply, an ammeter and a voltmeter to find out the resistance between one end of the
cable (Sending End) and earth point.
Assuming that total resistance of a single core cable (prior to the fault) is R ohms, and
Fault to ground resistance is r,
Sending end to cable fault resistance is r1,
far end to cable fault resistance is r2,

Fig-ME-052

Then, the earth is connected and disconnected from far end of the cable to measure two resistances,
using the low voltage supply and ammeter, voltmeter.
R =r +r………………………. (1)

12
R =r +r………………………. (1)

22

Using these two, the resistance to line is found and then distance from line to fault is calculated to
locate the fault.
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Loop Test is conducted on short circuit or earth fault in underground cables. Electric faults can be
identified easily if a sound cable runs along with the grounded cables. There are 3 types of loop tests.

Wheatstone bridge principle is used in Murray loop test to locate fault. The circuit connection for
Murray loop test is as below:
Ra and Rb are the two resistances and G is a galvanometer. The fault cable with resistance (Rx) is
connected to the sound cable having resistance (Rc) via a low resistance link provided at the far end.
The Wheatstone bridge is balanced by adjusting resistances Ra and Rb until the galvanometer
deflects zero.

Fig-ME-053
A. Varley Loop Test

Varley loop test varies from Murray loop test. Here, total loop resistance is measured instead of
obtaining it from the relation

R=p l
a
In Varley Loop test, the resistances Ra and Rb are fixed and the balance position is reached by
changing the known variable resistance using a Rheostat.
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A. Earth Overlap Test

Fig-ME-54

In this test, two measurements are done unlike one measurement in Clavier test. While the first
resistance R1 is measured between the testing end to the far (earthed) end, the second resistance R2 is
measured between the far end to the testing (earthed) end).

3.

Open Circuit Test

Open circuit fault happens when cables is broken or pulled out from its joint. Capacity test can
be used to locate such test, where a ballistic galvanometer or bridge method is used to measure
the capacitance of the faulty cable from both ends. Capacitance of a cable is proportional to its
length.

4.

Potential Fall Test

In this test, a sound cable running along the faulty cable is used with ammeter, voltmeter, variable
resistor (rheostat) and battery connected as shown below.

Fig-ME-055
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Distance of the fault point is calculated as :

Where
V1 and V2 = the voltmeter readings at point A and B;
L = length of the faulty core
X = length of core between fault and testing end A.

2.2.9 Circuit Breakers, Their Types and Causes of Faults
Electrical circuit breaker is a switching device which can be operated manually as well as
automatically for controlling and protection of electrical power system respectively. Special
attention is necessary to design circuit breaker for safe interruption of electric arc produced during
its operation.
Introduction to Circuit Breaker
Modern power systems deal with high voltage and currents and involves large number of electrical
equipment’s. During an electric fault, the power network may experience high currents that can
damage the equipment and networks permanently. To protect the network and equipment’s,
such fault current should be removed safely from the system as soon as possible and the network
should be restored to its normal working condition.
Therefore, for timely isolation and reconnection of different parts of the electrical system, circuit
breakers are used which provide the necessary switching option under high current conditions.

Working Principle of Circuit Breaker
The circuit breaker primarily comprises of fixed and moving contacts. In normal condition (ON), the
two are physically connected due to mechanical pressure on the moving part.
The circuit breaker has an arrangement to store potential energy such as through deformation of
metal spring, compressed air or hydraulic pressure. When switching signal (OFF) is given to the
circuit breaker, this potential energy is released to move the moving contact swiftly and the circuit is
broken.
All circuit breaker has operating coils (tripping coils and close coil) that store the potential energy.
Whenever switching signal is given (OFF), these coils get energized and the plunger inside it is
displaced to break the electric circuit.
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Circuit breakers can be categorized based on the following characteristics:
According to their arc quenching media, circuit breakers can be categorized as-

Based on their services, the circuit breaker can be classified as1. Outdoor circuit breaker
2. Indoor circuit breaker.

Based on its operating mechanism, circuit breakers are classified as1. Spring operated circuit breaker.
2. Hydraulic circuit breaker.
3. Pneumatic circuit breaker.

Based on its voltage level of installation, circuit breaker is classified as1. High voltage circuit breaker.
2. Medium voltage circuit breaker.
3.

Low voltage circuit breaker.
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2.2.10 Fuse, Their Classifications and Their Requirements in
Electrical Circuits.
What is a Fuse:
Fuse is an electrical device that helps in protecting circuits from over-current, overload and/or shortcircuits. It usually consists of a low resistance metallic wire contained inside a non-combustible
material. In the event of an over-current, overload or a short circuit, the low-resistance wire melts due
to heat generated by high currents flowing through it. Thus, power supply is disconnected from the
system.
Both AC as well as DC circuits use fuses.

Characteristics of a Fuse:
 Current carrying Capacity of Fuse
It is the value of current that the fuse can allow to easily flow through the circuit.
 Breaking capacity
It is the maximum amount of current that can be safely passed through the fuse.
 I2t value of Fuse
It is the amount of energy which the fuse element can carry when an electrical fault is cleared by
the fuse.
 Rated voltage of Fuse
Fuses are designed for a maximum allowed voltage rating.
 Response Characteristic
This provides the response time in case of occurrence of an over-current. Depending on the amount of
current, fuses blows at different speed – higher the current, faster will be the response time. Ultra-fast
or fast fuses are used in semiconductor devices to prevent damage caused by over current very rapidly.
Slow burn fuses and switch fuses do not respond rapidly to over-current, but burn out after few
seconds and are used in motor control electronic systems, since motors consume more current during
starting than during running.
 Packaging Size
Different applications require different packaging sizes for using accurately in the circuit.

Types of Fuses:
While all fuses serve the same function, their types can vary greatly.
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Fig-ME-056
Fuses can be classified into two main categories, based on the type of input supply voltage.
AC fuses
DC fuses
There is only a slight difference between AC and DC Fuses.
In a DC system, when the fuse wire melts due to heat generated by over-current, an Arc is produced which
is very difficult to extinguish because of constant value of DC current. Hence, DC fuses are little bigger in
size than AC fuses so that the distance between the electrodes is increased to reduce the arc. However, in
AC systems, since the amplitude of the voltage of 60Hz/50Hz frequency changes from zero to 60 times per
second, the arc gets easily extinguished due to varying nature of AC current.
Fuses can also be classified based on the number of times of its use.
1)

One time use only Fuse

These only fuses contain a metallic wire that has to be replaced manually when the wire burns out
due to over-current etc. These fuses are cheap and widely used.
2)

Resettable Fuses

Resettable fuses offer the flexibility to use them multiple times without replacement. These fuses break a
circuit during over-current and after a set amount of time the circuit is connected again automatically.
Such fuses are used in places where manual replacement of fuses is very difficult or almost impossible,
such as in nuclear power plants, aerospace, etc.
Example of resettable fuse is PPTC (Polymeric positive temperature coefficient) device, which is a passive
component employed in electronic circuits for protection from short-current faults.
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Response Characteristic:

The speed at which fuse blows, depend on the amount of current flowing through its wire. The higher
the current flowing through the wire, faster will be the response time.
Response characteristic shows the response time for over current event. Fuses which respond rapidly
to the over current situation is called ultra-fast fuses or Fast fuses. They are used in many
semiconductor devices because semiconductor devices damaged by over current very rapidly.
There is another fuse which is called Slow burn fuse, switch fuses do not respond rapidly to the over
current event, but blow after several seconds of over current occurrence. Such fuses found their
application in motor control electronics systems because motor takes a lot more current at starting
than running.
Rated Voltage of Fuse:

Each fuse has maximum allowed voltage rating, for example, if a fuse is designed for 32 volts it cannot
be used with 220 volts, different amount of isolation is required in different fuses working on different
voltage levels.
Packaging size:

As we have mentioned above that AC and DC fuses, have a little bit different packaging type, in the
same way different application requires different packages to be used accurately in the circuit.
Other factors and parameters are marking, temperature derating, voltage drop and speed etc.

Other Types of Fuses
Cartridge fuses

Cartridge fuses are used to protect electrical appliances such as motors air-conditions, refrigerator,
pumps etc., where high voltage rating and currents required. They are available up to 600A and
600V AC and widely used in industries, commercial as well as home distribution panels.
There are two types of Cartridge fuses.
•
•

General purpose fuse with no time delay
Heavy-duty cartridge fuses with time delay.

Both are available in 250V AC to 600V AC and its rating can be found on the end cap or knife blade.
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Fig-ME-057

Other Types of Fuses
Cartridge fuses
These are used for protecting electrical appliances requiring high voltage and high current such
as in motors, Air conditioners, fridge, pumps etc. Cartridge fuses are available up to 600
Ampere and 600 Volt and are commonly used in industries, commercial as well as home
distribution panels. Cartridge fuses come in two varieties:
 General purpose fuse with no time delay
 Heavy-duty cartridge fuses with time delay.
Both are available in 250V AC to 600V AC ratings.

Blade Type fuses:
Also known as spade/plug-in fuse, the blade type fuse is used commonly in vehicles for wiring
and short circuit protection. It has a plastic body with two metal caps that fit into the socket.
Other Types of Fuses
SMD Fuses
Axial Fuses
Thermal Fuses,
High Rupturing Capacity Fuses
High Voltage fuses

Application of fuses:





Motors
Air-conditions
Home distribution boards
General electrical appliances and devices
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Laptops
Cell phones
Game systems
Printers
Digital cameras
DVD players
Portable Electronics
LCD monitors
Scanners
Battery packs
Hard disk drives
Power convertor

2.2.11 Cable Joining, Cable Soldering and Cable Insulating
Cable Jointing
Electrical joints and terminations help in establishing electrical connection and provide mechanical
support and physical protection to the cables. Depending on the function (voltage, current and use),
type of cable and construction materials, joints are of various types.
Electrical power cable terminations
These are the ends of a cable which connects to another cable or terminal – both physically and
electrically. These are used to interconnect two cable ends or a cable end with an equipment terminal.

Fig-ME-058
Common types of power cable terminations include:
 soldered termination
 crimp connection
 compression termination
 wire-wrapping termination
 direct connection
 loop or eye termination/connection
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Depending on the following factors, cable terminations have different type of cable, connector and usage:






Outdoor/indoor use
Overhead/ underground use
Level of Voltage
Current level
Type of Connector on the equipment to which the cable is to be joined

Electrical power cable joints
Electrical power cable joints are used to connect low, medium or high voltage cables and these provide
electrical insulation, mechanical protection and strength. Jointing is done by crimping, soldering or use of
mechanical connectors, etc.
Nature of the joint varies based on the voltage, structure, insulation and the number of cores of the cable
to be jointed.

Types of electrical power cable joints
Mainly four types of joints are commonly practiced. These vary in terms of their mechanical arrangement.
➢
➢
➢
➢

Straight Through joints
Branch which can be a T or Y joint
Pot ends
Indoor/Outdoor terminations

Straight Through joints
It is the mostly commonly used type of joint and is done to extend pieces of electrical cables. It can be
employed for indoor, outdoor, submerged or underground purpose. A typical straight through joint is
depicted below:

Fig-ME-059
1.

Riser

2.

Earth continuity connection

3.
5.
7.

C.J compound
Pouring gate
PVC (NA) Tape

4.
6.
8.

Plastinet
Core Insulation
Ferrule

9.

BOPP Tape two layers each half overlapped over plastinet
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This type of joint is employed for joining low voltage, polymeric, non-shielded cables of between 1 and 5
cores. The connectors are usually of mechanical / compression type. A typical Y and T type branch joint is
depicted below. It has a mould-body construction having seals and fixing clips, which make it comfortable
to do the jointing while the sealing forgoes the need for taping the joint.

Fig-ME-060
Pot End Joints
The pot end joints are used to join live power cables. In a typical pot end joint, each core is sealed
separately using a heat shrink cable end cap and then a screen bandage is used, followed by a thick wall of
heat shrink cable cap.

Cable Soldering
Basic soldering is a necessary skill which is easy but requires practice.
Soldering is done in a wide range of applications
starting from tiny chip resistors on circuit boards to
large UHF connectors. There is a great variety of irons,
tips and solder to select from, and it is essential to use
the right tool for the job. Although this section will
discuss soldering for middle range of connector and
cable size, this theory can be applied for any size/type
of solder joint.

Fig-ME-061
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Soldering Tools
The only tools needed are a soldering iron and some solder. Different soldering work will need
different tools and soldering temperature. For example, circuit board work will require a fine tip,
lower temperature, finer grade solder and occasionally a magnifying glass whereas audio
connectors work will need a larger tip, higher temperature and thicker solder. Clamps and holders
are also useful to solder audio connector cables.
Soldering Irons
Main aspects to select a soldering iron are:
1.
2.
3.
4.

Wattage
Temperature (adjustable or fixed)
Power source (electric or gas)
Portable or bench use

Fig-ME-062

Wattage
It is necessary to understand that higher wattage does not necessarily indicate a hotter soldering
iron. Higher wattage irons have more power available and can handle bigger joints whereas low
wattage iron may not be able to maintain the temperature on a big joint. For e.g. smaller joints like
circuit boards lesser wattage iron of 15-30 watts’ scan do the job, whereas audio connectors will
require high wattage iron around 40 watts or more.
Temperature
While most of the cheap, low watt irons have
no temperature control, for available
specialized jobs and large joints variable
temperature soldering iron will be needed.

Fig-ME-063
Power
While most soldering irons are electrically
powered, there are battery and gas powered
irons as well.

Fig-ME-064

Portability

As per the job requirement, portable gas and
battery soldering irons may be useful.
For bench setup, a soldering station comprising
of soldering iron and disordering iron,
heatproof stands, and a cleaning pad.
Fig-ME-065
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The most commonly used type of solder is rosin core,
wherein the flux called rosin is present, which cleans as
one solders. Another type of solder is acid core, which
is bit tricky to use. Rosin core solder comes in three
variants - 50/50, 60/40 and 63/37, as per the
percentage of tin and lead present in the solder

Fig-ME-066

Using the right tip is important for soldering. Smaller
wires and circuit boards need fine tips.

Fig-ME-067

These are useful when doing a number of joints. It has
a heat resistant cradle for the iron to rest upon when
hot.

Fig-ME-068

Clamps can act as an extra hand to hold either the
connector or the wire when soldering them

Fig-ME-069
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These are useful when doing a number of joints. It has
a heat resistant cradle for the iron to rest upon when
hot.

Fig-ME-070

It is a mesh commonly used to clean up solder from
tracks in a circuit-board. A wick is placed on the solder
intended to be cleaned. When the wick is heated, it also
melts the solder which flows from the joint into the
wick and is thus cleaned.

Fig-ME-071

These are spring loaded tools used to clean excess
solder from joints. These suck up the melted solder.

Fig-ME-072

A fume extractor helps in sucking out and filtering the
poisonous solder fumes.

Fig-ME-073
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2.2.12 Generators, Their Classification, Characteristics
A generator is a device which helps to transform mechanical energy into electrical energy. Generators
usually supply almost all of the power in power grids.

Fig-ME-074

Generators are classified based on the manner in which their fields are excited. Field windings help
create the excitation needed to induce magnetic fields in generators. Generators may also be classified
as:
(a) Separately-excited generators – In this type of generators, an independent external DC source is
used to energize the field-magnets.

(b) Self-excited generators - In this type of generators, the generators themselves create the current
which energizes the field-magnets.
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In this generator, field windings are connected in series with the armature and the current in the
armature flows through the external/load circuit. This type of generator has very low resistance field
coils, usually which comprising of few turns of large dia wire.

Fig-ME-075
As the load begins to draw more current, the output voltage in such generators also increases. Since the
output voltage varies with load current, which is undesirable in most applications, series wound
generators are rarely used.

Shunt wound generator
In this generator, field winding is connected in parallel with the armature. Load current and current in the
field windings are independent of each other, resulting in a stable output voltage. Field coils comprise of
numerous turns of small dia wire.

Fig-ME-076
Unlike the series-wound generator, output voltage varies inversely with load current in a shunt-wound
generator.
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Compound-wound generators are a combination of the above two types and thus can overcome the
disadvantages of both. These have a series-field winding as well as a shunt-field winding, which are
wound on the same pole pieces. In these generators, shunt field is stronger than the series field.
When the series and shunt field aid each other, it is called as commutatively-compounded, whereas
when both the fields oppose each other, it is said to be differentially compounded.

Compound wound generators can either be short-shunt or long-shunt as shown below.

Fig-ME-077

Fig-ME-078

Similar to shunt-wound generators, when load current increases, armature voltage decreases causing a
drop in the magnetic field. The same increase in load current flowing in through the series winding results
in an increase in the magnetic field.
By proportioning the effects of the two fields, a compound-wound generator ensures a constant output
voltage under different load conditions.
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2.2.13 Earthing, Its Purpose and Various Method of Earthing
Earthing or Grounding is the process of connecting metallic parts of electric appliances/installations to
the earth plate/ electrode using a thick conductor wire (of very low resistance) for the purpose of
electrical safety.

Earthing helps in connecting the neutral point of an electrical system to the ground to prevent the risk of
danger during discharge of electrical energy. Usually copper wire and strip are used for earthing lead as
well as earth electrode/plate due to its low resistance.
Why Earthing is Important?
When a live wire comes in contact with any metallic part of electrical items, the metal gets charged and
accumulates static charges on it that can give severe/fatal shock if any person touches the charged
metal. To prevent any such unwanted incident, earthing of appliances and power supply systems is
done. Basic purpose of earthing is highlighted below:
▪ To protect human lives and provide safety to electrical devices from leakage current.
▪ To maintain steady voltage in the healthy phase, in case of occurrence of fault in any one
phase.
▪ To Protect Electric systems from lighting.
▪ To provide a return path for current in electric traction system and communication.
▪ To prevent the risk of fire in electrical systems.

Fig-ME-079
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According to provisions of the Indian Electricity
Rules and IEE (Institute of Electrical Engineers),
o

Earth pins of 3-pin sockets and 4-pin power
plugs must be properly earthed in a
permanent manner.

o

All metal bodies/enclosures protecting any
electric supply line or housing an equipment
should be grounded. E.g. Galvanized iron
pipes,
PVC
cables,
metallic
switches/distribution boards, etc.

o

Two distinct connections for earthing must
be done for frame of generators, stationary
motors and all transformer.

o

For 3-wire DC systems, the middle
conductors have to be grounded at the
generating station itself.
Fig-ME-080

o

Stay wires used for overhead power lines must be grounded by linking at least one strand to the
earth wires.

Methods of Earthing | Types of Earthing

I.

Plate Earthing:

In this method of earthing, a copper plate (60cm x 60cm x
3.18mm) or a galvanized iron plate (60cm x 60cm x 6.35
mm) is placed vertically at a depth more than 3m from the
surface.

Fig-ME-081
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II.

Pipe Earthing:

In this earthing system, a galvanized and perforated steel
pipe of prescribed length and diameter is placed vertically
in wet soil. in this kind of system of earthing. It is the most
common type of earthing.
The pipe is usually at least 2.75m in length and 40mm
in diameter.
Fig-ME-082
III.

Rod Earthing

Similar to pipe earthing, a copper rod (12.5mm dia) or galvanized steel (16mm dia) is buried vertically in
the ground.

IV.

Earthing through the Waterman

In this method, waterman/GI pipes are used for earthing.

V.

Strip or Wire Earthing:

In this method, strip electrodes of copper (25mm x 4mm) is buried horizontally at a depth of at least
0.5m.

General method of Earthing / Proper Grounding Installation (Step by Step)
The common method of earthing is given below:
 Firstly dig a pit of 1.5×1.5m up to 6-9 meters.
 Bury an appropriate sized (6x6x3 cm) copper plate in vertical position.
 Fix the earth lead using nut and bolt in at least two places on the copper plate.
 Use two earth leads. Put grease at the joints to prevent corrosion.





Pass all leads from the earth plate in a metallic pipe up to 30cm above the ground.
Put 30cm layer mixture of powdered charcoal and lime surround the earth plate to maintain
moisture and improve conductance.
Use nut-bolts to tighten the lead wires to the bed plates of machines.
Attach the earth continuity conductor connected to the body and metallic parts of all
installation to the earth lead.



Test the overall earthing system using earth tester. If okay, then fill up the pit with soil. The
maximum allowable resistance for earthing is 1 ohm. If the resistance of the earthing system
is more, then increase the width of earth lead and earth continuity conductors.



Keep external end of the pipe open and pour water at regular intervals for better earthing.
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2.2.14 Electrical Circuit Diagram of Various HEMM and
Their Study

Fig-ME-83
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Fig-ME-84
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Fig-ME-85
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Fig-ME-86
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2.2.15 Knowledge of PLC, RLC and Ecm (logic controls)
Programmable Logic Controller (PLC) refers to a kind of computer generally used in industrial
control applications. While all PLCs monitor inputs/variables, process the information based on a
stored program and output control command to machines similar to personal computers, PLCs
vary from personal computers in terms of their nature of work, hardware and software
requirements.

Disadvantages of PLC control systems
1. PLCs involve tedious wire connection work to be done.
2. It is difficult to change or replace PLCs.
3. Identifying errors/faults is difficult if it happens in a PLC and it requires skilled worker.
4. In case a problem happens with PLC, repair time is usually very long.

Advantages of PLC control systems
1. PLCs are rugged and tough – these are designed to withstand vibration, dust, temperature,
humidity, noise, etc.
2. These are easy to programme and understand its programming.
3. PLCs have built-in interface for both input and output.
Relay Logic Circuits (RLC)
A relay logic circuit is an electrical network consisting of relays/lines in which each line must have
continuity to enable the output device.
Earlier, to implement logic control in an electrical/electronic circuit, multiple relays were used in such
a manner that the relays processed inputs in a certain manner to yield the desired output. PLCs were
development as a replacement of RLC. RLCs have limited use today. Examples of RLC are control of
routing and signaling in railways, elevators, control and automation in electro-hydraulics, etc.

ECM
Electrochemical machining (ECM) is a
manufacturing process that offers significant
advantages (such as no mechanical stress)
compared to its closest competitors as certain
trends in production move towards micro-scale.
Optimizing ECM process leads to higher
performance and productivity of machines.
ECM technicians are required to possess
knowledge and understanding of mechanical,
electrical and electronics, including process
control, PLC, hardware and software. This multidisciplinary knowledge is required to maintain,
troubleshoot a n d repair complex and
automated systems of today's age.
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Fig-ME-087
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2.2.16 Electronics in Control System and Their Types

Fig-ME-88

A simple electronic system comprises of an input signal, a process and an output signal. As an example, in
a simple audio system, a mic (input) converts sound waves into electrical signals, which is amplified by
the amplifier (process), and the loudspeaker (output) gives final output as sound waves.
Electronic systems are often represented by “block-diagram representation” as a series of
interconnected blocks and signals, wherein each block has its own set of inputs and outputs. Block
Diagram Representation of a Simple Electronic System is shown below:

Interconnection of Systems
Block-diagram representation helps to combine various electronic systems in series or in parallel to
build much complex systems. In real life, the larger systems can be developed using interconnection of
several sub-systems and by using block diagrams to represent and analyse them easily.

Series Connected System
For an electronic system connected in a series,
the output signal of the first sub-system
becomes input signal for the next subsystem,
which further becomes the input for
subsequent subsystem in the series. As a result,
the original input gets cascaded through a series
of connected systems.

Fig-ME-89

For e.g., in case of 2 subsystems, the output signal Y(t) = G1(s) x G2(s)
where G is the process/transfer function of the subsystem.
The order in which a series operation is done does not matter with regards to the input and output signals
since
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G1(s) x G2(s) = G2(s) x G1(s)
For e.g., a microphones feeding into an amplifier and producing sound via a speaker system is an
example of series connected electronic system.

Parallel Connected Electronic System
In a parallel connection, each subsystem receives the
same input signal, and their individual outputs are
added to generate an overall output, y(t). Thus, the
equivalent output will be the sum of two individual
inputs, i.e.,
Y(t) = G1(s) + G2(s)
For e.g., several microphones feeding into a mixing
desk that feeds an amplifier and then a speaker
system is an example of parallel connected electronic
system.
Fig-ME-090
Electronic Feedback Systems
Feedback configuration is extensively used in control systems, wherein a fraction of the output
signal is “fed back” to the original input signal (either added or subtracted) thus resulting in an
output, that is continually altering or updating its input. This is done so as to modify the response of
a system for improving its stability. A feedback system is also known as “Closed-loop System”.
Closed-Loop Feedback System

These are extensively used in most practical
electronic system designs for improving its stability
as well as control. If the feedback diminishes the
value of the original signal, it is termed as “negative
feedback”, whereas if the feedback increases the
value of the original signal, it is termed as “positive
feedback”.
Fig-ME-091
For e.g., a thermostat controlled heating system at home switches OFF the heating system, if
temperature is too hot; or it switches ON the heating system, when it is too cold. Here, the
electronic system consists of heating system, air temperature and the thermostatically controlled
feedback loop.
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2.2.17 Details of Diodes, Transistors, Thyristors, And Their
Checking.
Diode
A diode is a specialized electronic component with two electrodes (anode and cathode) and which
permits current to flow in only one direction. Diodes are commonly made up of semiconductor
materials such as silicon, germanium, or selenium. These can be used as rectifiers, signal limiters,
voltage regulators, switches, signal modulators, signal mixers and oscillators.
Symbol of Diode
A simple diode is represented below with the arrowhead pointing in the direction of conventional
current flow.

Fig-ME-092
If the cathode is negatively charged compared to the anode, at a certain voltage (greater than forward
break over voltage), the current flows through the diode. When the cathode is positively charged
compared to the anode, at a voltage (lesser than forward break over voltage), then current does not
flow through the diode.
Types of diodes
It is sometimes useful to summarize the different types of diode that are available.


Backward diode














BARITT diode
Gunn Diode
Laser diode
Light emitting diodes
Photodiode
PIN diode
PN Junction
Schottky diodes
Steprecovery diode
Tunnel diode
Varactor diode or varicap diode
Zener diode
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What is a Transistor?
Derived from the word transfer-resistor, transistors are electronic devices wherein an input signal is used
to control another electric signal. In this, a current entering a resistor (base-emitter) results in a larger
current in another resistor (i.e., collector-emitter).
Functions of a Transistor Functions
These act as a switch in digital circuits. Similar to a household switch, a transistor is either in
-

OFF position, where no current flows through it, or

-

ON position, where there is no voltage change across it.

Propagation Delay
All transistors have some amount of latency between the time when a an input signal is given and the
time when the output is affected. This latency is known as propagation delay and it has two components:


t

delay in time during LOW to HIGH transition

PLH 

t

delay due to transition from HIGH to LOW

PHL -

These 2 values may be different for a transistor.
Propagation delay, which indicates effective speed of a transistor, can also be affected by capacitance of
the circuit. Lower the propagation delay, faster is the response time of the device/transistor/gate.

Propagation delay is measured at the 50% mark and measures the time elapsed between the input and
output signal changes.

Transistors as Switch:
What does a switch do? It opens the circuit
when OFF and shorts/completes the circuit
when ON, i.e., a switch offers infinite resistance
or impedance during it's OFF condition and
provides zero resistance or impedance or
impedance during ON condition. Thus a switch
can be considered as an ON OFF controlled
resistor.

Fig-ME-093
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Types of Transistors:
Classification Based on their Structure
A. Point Contact Transistors
These were the very-first Germanium transistors which showed negative resistance and had a commonbase current gain greater than 1.
B. Bipolar Junction Transistor (BJT)
BJTs are the transistors with three terminals (Emitter, Base and Collector), with two junctions – BaseEmitter junction & Collector-Base junction. BJTs are controlled by current, which relies on both majority
and minority charge carriers and hence are bipolar in nature. Based on their doping nature, BJTs can be
either of n-p-n type (with majority charge carriers as electrons) or of p-n-p type (with majority charge
carriers as holes).
Thyristor
Thyristors or silicon controlled rectifiers (SCR) are specifically used for controlling power circuits.
Since thyristors are simple to use and cheap to produce, these are ideal components for many
applications.

The thyristor comprises of four layers of differently
doped silicon rather than the three layers of the
conventional bipolar transistors. While a conventional
transistor has either p-n-p or n-p-n structure, a thyristor
has a p-n-p-n structure with the control terminal (called
Gate) connected to p-type layer adjoining the n-type
cathode layer.

Fig-ME-094

How does a thyristor work?
In normal condition, no current flows through a thyristor. But when a supply is connected across the
device and a small current is injected into the gate, then a thyristor will start conducting current and
remain in this state as long as the power supply is continued.
Thyristors are primarily manufactured from silicon due to its
ability to handle high voltage and currents needed for high power applications
good thermal properties
large availability and cheap to manufacture
Thyristor symbol
The thyristor is easy to recognize, as a diode rectifier symbol with a control

Fig-ME-095
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2.2.18 Indian electrical rules and the applicable chapters
for mines
A mine electrician should follow the following provisions of the Indian Electricity Rules, 1956 :

Lighting, communications and fire precautionsv In a mine illuminated by electricity, one or more flame safety lamps, or other lights approved by
the Inspector of mines, shall be maintained in a state of continuous illumination in all places
where failure of the electric light at any time would be prejudicial to safety.
v Efficient means of communication shall be provided in every mine between the point where the
switchgear provided under sub-rule (1) of rule 121 is erected and the shaft bottom or other
distributing centres in the mines.
v Fire extinguishing appliances of adequate capacity and of an approved type shall be installed
and properly maintained in every place in a mine containing apparatus, other than cables,
telecommunications and signaling apparatus.
v In underground mines, the lighting system shall have a mid or neutral point connected with
earth and the voltage shall not exceed 125 volts between phases;

Isolation and fixing of transformer, switchgear, etc.v Where necessary to prevent danger of mechanical damage transformers and switchgear shall
be placed in a separate room, compartment or box.
v Unless the apparatus is so constructed, protected, and worked as to obviate the risk of fire, no
inflammable material shall be used in the construction of any room, compartment or box
containing apparatus, or in the construction of any of the fittings therein. Each such room,
compartment or box shall be substantially constructed and shall be kept dry and illuminated and
efficient ventilation shall be provided for all apparatus installed therein.
v Adequate working space and means of access, clear of obstruction and free from danger, shall,
so far as circumstances permit, be provided for all apparatus that has to be worked or attended
to and all handles intended to be operated shall be conveniently placed for that purpose.
v Method of earthing- Where earthing is necessary in a mine it shall be carried out by connection
to an earthing system at the surface of the mine, in a manner approved by the Inspector.

Protective equipment-

v In the interest of safety, appropriate switchgear with necessary protective equipment shall be
suitably placed in the mine for automatically disconnecting supply to any part of the system
where a fault including an earth fault occurs.
v The operation of the switchgear and the relays shall be recorded daily at the generating station,
sub-station or switch station in a register kept for the purpose.
v The effectiveness of the switchgear and the protective system shall always be kept and
maintained in working order, shall be checked once every three months and the result thereof
shall be recorded in a separate register kept for the purpose.
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Earthing metal, etc.-

All metallic sheaths, coverings, handles, joint broxes, switchgear frames, instrument covers,
switch and fuse covers of boxes, all lampholders (unless efficiently protected by an insulated
covering made of fire resisting material), and the frames and bedplates of generators,
transformers and motors (including portable motors), shall be earthed by connection to an
earthing system in the manner prescribed.
Where cables are provided with a metallic covering constructed and installed such metallic
covering may be used as a means of connection to the earthing system.
All conductors of an earthing system shall have conductivity, at all parts and all joints, at least
equal to 50 per cent of that of the largest conductor used solely to supply the apparatus, a
part of which it is desired to earth.
Provided that no conductor of an earthing system shall have a cross-sectional area less than
0.15 sq. cm. except in the case of the earth conductor of a flexible cable used with portable
apparatus where the voltage does not exceed 125 volts, and the cross-sectional area and
conductance of the earthcore is not less than that of the largest of the live conductors in the
cable.
All joints in earth conductors and all joints in the metallic covering of cables shall be properly
soldered or otherwise efficiently made.
No switch, fuse, or circuit-breaker shall be inserted in any earth conductor.
This rule shall not apply (except in the case of portable apparatus) to any system in a mine in
which the voltage does not exceed 30 volts.Provided that:

a.

Where hand-held portable apparatus is used, the voltage shall not exceed 125 volts;

b.

Where electric lighting is used: -

On the surface of a mine or in an open cast mine, the voltage may be raised to 250 volts, if the neutral
or the midpoint of the system is connected with earth and the voltage between the phases does not
exceed 250 volts;
c.

Where portable hand-lamps are used in underground working of mine, the voltage
shall not exceed 30 volts;

d.

Where any circuit is used for the remote control or electric interlocking of apparatus,
the circuit voltage shall not exceed 30 volts; provided that in fixed plants, the said
voltage may be permitted up to 650 volts, if the bolted type plug is used.]

Switchgear and terminals- Switchgear and all terminals, cable-ends, cable-joints and connections to
apparatus shall be totally enclosed and shall be constructed, installed and maintained as to comply
with the following requirements: a. All parts shall be of mechanical strength sufficient to resist rough usage;
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The sheath of metal-sheated cables and the metallic armoring of armored cables
shall be of a thickness not less than that recommended from time to time in the
appropriate standard of the Bureau of Indian Standards (BIS).
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B. Where a medium voltage direct current system is used, two single core cables may be used for
any circuit provided that their metallic coverings are bounded together by earth conductors so
placed that the distance between any two consecutive bonds is not greater than 30 metres
measured along either cables;
C. The metallic covering of every cable shall bei.
Electrically and mechanically continuous througout;
ii.
Earthed, if it is required by sub-rule (1) of rule 117 to be earthed by a connection to the
earthing system of conductivity not less than of the same length of the said metallic
covering;
iii.
Efficiently protected against corrosion where necessary;
iv.
Of a conductivity at all parts and at all joints at least equal to 50 per cent of the conductivity
of the largest conductor enclosed by the said metallic covering; and
v.
Where there may be risk of igniting gas, coal-dust, or other inflammable material, so
constructed as to prevent, as far as practicable, the occurrence of open sparking so as the
result of any fault or leakage from live conductors;

D. Cables and conductors where connected to motors, transformers, switchgear, and other
apparatus, shall be installed so that:i.
ii.

They are mechanically protected by securely attaching the metallic covering to the
apparatus; and
The insulating material at each cable end is efficiently sealed so as to prevent the diminution
of its insulating properties;

E. Where necessary to prevent abrasion or to secure gas-tightness properly constructed glands or
bushes shall be provided;

F. Unarmored cables or conductors shall be conveyed either in metallic pipes or metal casings or
suspended from efficient insulators by means of non-conducting materials which will not cut
the covering and which will prevent contact with any timbering or metal work. If separate
insulated conductors are used, they shall be installed at least 3.75 cm. apart and shall not be
brought together except at lamps, switches and fittings.
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Tips

!

Notes
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Briefly Answer the Following Questions.
Note down the electrical distribution system?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Define current transformers?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write any four electrical units and specification?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write down the types of dc motor?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What is grounding and its basic needs?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What are the necessary protective equipment in indian electrical rules?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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SCMS

3. Install the electrical
supply/sub-station and
equipment
Unit 3.1 – Install the electrical supply system and electrical
equipment in mine
Unit 3.2 – Various measurement devices for electrical
systems and equipment

UNIT 3 - Install The Electrical Supply/Sub-Station And
Equipment
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3.1 Install The Electrical Supply System And Electrical
Equipment In Mine

Fig-ME-096

3.1.1 Installation Of Transformers
Electrical Power Transformer is a static
electrical machine that transfers power
between two or more circuits is used to
increase (step-up) or decrease (stepdown) the alternating voltages in
electrical applications.
Transformers work on the principle of
electromagnetic induction, whereby a
changing current in the primary winding
generates a varying magnetic flux in the
transformer core as well as creates a
varying magnetic field in the secondary
winding, which further induces a varying
voltage in the secondary winding. Using
high magnetic permeability properties
in core design, today transformers can
efficiently step-up or step-down the AC
voltage levels.

Fig-ME-097
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Receiving inspection
It is essential to do a thorough inspection for detecting any damage/loss while receiving a transformer at
work-site, despite the fact that the transformer and its components are duly inspected and tested before
shipment from the factory. Such receiving inspection must be done prior to unloading of the transformer
from the truck/train at the work-site. In case of any damage or discrepancies in the bill of lading, it should
be informed to the supervisor/dealer/manufacturer.
Impact Recorder
The impact recorder must be examined for any kind of damage/dents due to impacts on the transformer
during the shipment.
Drawings and Documents
While the outline drawing specifies the location of nameplates, warning labels and size of the
transformer, the wiring diagram gives details of control, fan and alarm wiring. Nameplate showcases the
information related to electrical characteristics, winding connections and weight of the transformer.
External Inspection
External inspection while receiving the transformer must at least include the following:
1.
2.
3.
4.
5.
6.
7.

Check that all equipment and accessories listed on bill of lading are received.
Check for any signs of external impact/damage.
Make sure that the paint has not been damaged.
Check that the fittings, conduit, wiring, and other attachments are tightly fixed and have not
been damaged.
Look for any indications of fluid leakage on the tank, valves or cooling assemblies.
Look for any sign of damage to bushings.
Look for any damage indications in the shipping crates, packages sent with the shipment.

Tank Pressure
At times, the tank vacuum/pressure gauge in the transformer may indicate a positive or negative reading,
when the shipment is received, based on the relative fluid and ambient temperatures. This means that
the transformer has been sealed properly. In case the vacuum/pressure gauge on the tank reads zero, it
could mean the chance of a tank leakage and the tank pressure must be tested as per standard
instructions. However, sometimes zero reading may also happen due to changing internal and external
temperature.
Moisture Test (for units shipped dry)
Prior to shipping/transporting from the factory, it must be ensured that the core as well as coil assembly
of the transformer are carefully dried. Care must be taken to make sure that dryness is maintained during
shipment. Since moisture may also enter the transformer tank because of mishandling, etc., it is
necessary to do/undertake a dew point test to guarantee dryness.
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The dew point test for the gas inside transformer tank should be performed to check dryness of the
insulation system. This test should be performed during early morning hours as during this time the
ambient and insulation temperatures are in equilibrium. The following procedure should be followed:
1.
2.
3.
4.
5.

A dew point tester should be used to measure dew point of the gas inside the tank.
The first chart should be used for conversion of dew point value to equivalent vapor pressure.
Take the temperature reading of the insulation material.
Use second chart to calculate the moisture content of the insulator from the temperature reading.
If moisture content is below the curve in the chart, it means excessive moisture is present and
should be immediately informed to the supervisor/concerned authority.

Fig-ME-098

Fig-ME-099
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Proceeding with the installation
Internal Inspection
Internal inspection of the transformer tank is hardly ever required, only in case there are signs of
severe impact damage during shipment. If internal inspection is to be done, instructions
provided by manufacturer should be followed to open the tank.

Lifting
Near each corner of the top of transformer, four hooks are available for lifting the transformer. It
should not be lifted from any other point. Transformers should only be hoisted in a vertical
position, with a maximum allowed tilt of 15 degrees. Preferably spreader bars should be
employed to maintain the lifting cables in a vertical position so as to avoid any damage to the
painted surface.
Jacking, Skidding, and Rolling of Transformer
Transformers have jacking pads are provided at all four corners of the transformer base for use in
jacking.
1. Never use cooling fins or pipes, valves, or sheet metal surfaces for jacking.
2. Jacking should be done at the same time from two adjacent corners so as to avoid warping of the
tank bottom.
3. When rolling, sufficient number of rollers should be deployed so as to allow even distribution of
the transformer's weight.
4. Refer to the transformer outline drawing to identify the jacking pads on the tank.

Qualified personnel need to have experience and understanding of handling transformers,
including the following:
 Grounding of transformers
 Covering or safeguarding of adjacent live components
 Transportation of transformers
 Safety precautions involving the transportation process
 Storage of transformers
 Installation of transformers
 Connection of transformers
 Operation of transformers
 Cleaning of transformers
 Maintenance of transformers
 Disposal of transformers
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Location
Transformer location should be located strategically complying with all safety codes so as to avoid any
interference with the usual movement of persons, materials, vehicles, etc. at the mine. It should be
placed in a level concrete platform of adequate strength, with proper ventilation and easy access to
inspection. If it is not level, the insulating oil may not cool properly causing overheating and damage.
If a transformer is to be used for indoor purpose, then sufficient air inlets and outlets should be provided.

Opening Transformer Tank
Transformers are often shipped in a sealed manner. Therefore, opening it will only be required rarely
when
o Internal field connections are to be made
o Core ground tests are necessary to be done
o Transformers are shipped without bushings

Points to keep in mind when opening transformers:
o Transformer should always be kept sealed.
o Never open the transformer in a dusty or unprotected environment so as to avoid any
contamination from foreign matter.
o While opening the tank, slowly release the internal tank pressure to prevent any personal injury
or damage.
o It shall not be kept open beyond 24 hours and in case the work is interrupted, the tank must be
resealed, evacuated and filled with dry air/ nitrogen.
o No one should be allowed to enter the tank unless gas analysis from the tank shows at least
19.5% oxygen content. Else death may happen from suffocation.
o If anyone is working inside the tank, then always ensure that another responsible person is
stationed at the manhole to save and protect him.
o If persons are required to climb or enter into the tank, empty all their pockets and loose objects so
as to avoid any object being left/falling inside the tank.
o All tools used on top of the transformers should be securely attached via cords so as not to be left
behind in the transformer by mistake.
o Don't allow anyone to stand on the electrical insulation.
o Ensure that nothing falls inside the core or coil assembly.
Steps to remove the manhole cover.
1. Properly clean the manhole cover.
1. Remove all moisture and dirt to prevent any contamination of the transformer oil.
2. Release the internal tank pressure using the pressure relief valve.
3. Take off the cover fasteners.
4. Gently lift the cover while ensuring that the cover gasket does not fall inside the tank.
5. Note down the location and arrangement of individual gasket piece so as to restore them
correctly.
6. Take off the gasket sections from the manhole flange.
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Steps to reinstall the manhole cover.
1.
Put gasket sections as per their original location and arrangement.
2.
Reinstall manhole cover and tighten the fasteners securely.
3.
Take off the pressure relief valve, pressurize the head and test for any fluid leakage. Apply
pressure less than 7 PSIG for at least 4 hours.

While doing internal work, use dry air to ventilate the tank. For using dry air, take the
following precautions:
1.
Temperature of dry air entering the transformer should be more than that of the
transformer fluid and at least 10°F higher than the dew point of ambient air.
2.
Dry air flow should be directed to remove the gas space.
3.
Dew point in the tank must not go beyond 20°F.
While the tank is open, the following tests should be conducted
1.
A ratio test should be done for all windings and tap position and in case any
measurement is off-ratio by more than 0.5%, contact the supplier.
2.
Measure the insulation resistance of each winding to all other windings and from each
winding to earth. Also measure temperature of the fluid. These resistance and
temperature should match be comparable with factory measurements.
3.

Disconnect the core ground connection, when accessible; on core-form transformers
and calculate the resistance from core to the tank or end frames, using a 1000-Volt
Megger test set. The resistance should exceed 100 megohms if the core is not covered
with fluid or 200 megohms if the core is covered with fluid.

If during shipping, radiators are transported
separately, then following procedure should be
followed:
1. Ensure that all valves are in closed
position.
2. Take off shipping plates from the valves
on the tank and from radiator flanges.
Ensure no damage to gaskets.
3. C h e c k f o r a n y m o i s t u r e a n d
contamination inside the radiator
headers.
4. Clean all connection surfaces on the
valves, radiator flanges and apply a
small amount of grease to the gaskets.
Fig-ME-100
5. Lift the radiators using lifting hooks
provided on top and align these holes with those in the valve flanges.
6. First attach radiators with fans and then only install other radiators.
7. Place bolts at top and bottom flanges such that the bolt heads are towards the transformer tank.
8. Tighten the bolts evenly in alternating corners so as to ensure metal-to-metal tightness at all
four corners of each flange.
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Filling Installed Radiators with Fluid
Since transformers may generate static charges during handling, precautions must be taken to handle
transformer oil just as flammable liquids.
Safety precautions
- Prior to filling/filtering transformer oil,
make sure to earth the transformer,
bushings and oil handling tools; and also
purge/remove all gas spaces in the tank
with nitrogen, before filing oil. Else, it may
lead to severe injury/death/damage to
the equipment.
-

Never leave the transformers tank in
vacuum condition, except during vacuum
filling operation.

- Especially during rainy / high humid
conditions, positive pressure must be
maintained in the transformer tank so as
to prevent moisture from being drawn
into the tank.

Fig-ME-101

- While filing the radiators of the transformer with fluid, the fluid level should never be allowed to
drop below the top of the core and coil assembly. In case it happens, the fluid-filing process in the
radiator should be stopped and the fluid must be added in the tank.
1. Loosen the top header plugs and gradually open the bottom radiator valves one by one to initiate
the flow of fluid.
2. Fill fluid in the tank so as to maintain fluid level in tank always above that in the radiators.
3. After radiator filing is complete, open the top radiator valves.
4. Take off the top header plugs and reinstall them by teflon pipe thread tape.
5. Make sure that the top and bottom radiator valves of each radiator are completely open.

Installation of High-Voltage Bushings
Install the high-voltage bushings (draw-lead or
condenser type) as per instructions given with
transformer.

Fig-ME-102
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Fig-ME-103

Before energizing the transformer, following tests and checks must be done.
1. Insulating Fluid Test. Take a fluid sample and verify its dielectric strength (must be at least 26 kV).
2. Pressure Test. Pressurize the tank with dry air/dry nitrogen to a pressure of 3 - 4 PSIG and at
least for 1- 2 hours to inspect any leakage in the tank and fittings. Apply soap solution to all
welds, joints, pipe fittings and cable connections to check for any leakages above the fluid
level. If the transformer passes this pressure test, then reduce the internal pressure to 1 – 2
PSIG.
3. Insulation Megger Test. To make sure then none of the windings is earthed, conduct a 1000Volt Megger test and power factor test.
4. Ratio Test. Conduct a ratio test at each tap position to guarantee that the coil ratios and tap
changer connections are proper.
5. Continuity Test and Resistance Test. Conduct continuity check and gauge resistance for each
winding and compare these with factory test values. Maximum 10% increase in these values is
acceptable. Beyond that, it indicates a loose internal connection.
6. Line Connections. Prior to making the line connections, make sure that all mating connector
surfaces are clean and smooth. Connections must be secured properly to prevent overheating
or failure or putting undue stress on the bushings.
7. Tap Changer Setting. Verify the tap changer is set for the required voltage.
8. Delta/Wye and Series/Multiple Switch Settings. Ensure the delta/wye and series/multiple
switch are set correctly.
9. Grounding. Make sure that the ground pad of the transformer tank is permanently and
adequately earthed.
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10. Wiring. Inspect wiring of control and alarm circuits to ensure that there is no damage to
insulation and that there are no loose connections.
11. Fluid Level. Ensure that fluid level gauge is indicating the actual fluid level in the tank.
12. Tank Finish. Inspect all painted surfaces to identify any damage / corrosion.
13. Bolted Connections. Ensure all bolted connections are tightened properly.
14. Tools. Ensure that all tools and equipment are accounted for and are not left behind in or around
the transformer. Have a checklist of tools used on the transformer and see that every tool is
removed back.
15. Fluid Temperature. Ensure that fluid temperature is no lower than minus 20°C prior to
transformer energizing.

Diesel generators are quintessential for mining
industry as most mines are located in remote
places, where access to electricity may not be
available. Many a times, large drills and
shovels are diesel powered. Additionally,
diesel's comparative low volatility makes it's a
safer option for use in the industry.

Fig-ME-104
When industrial power systems are installed
properly as per the guidelines and manuals, they can
provide years of dependable service. On the other
hand, inappropriate installation may result in
frequent and continuing problems. Figure shown
illustrates a typical installation of a generator.

Fig-ME-105
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Fig-ME-106

Fig-ME-107

1. Support the weight of the generator set and associated items such as fuel storage-tanks,
batteries radiators, and mounting pad(s). Keep in mind that the mounting pad weight may
exceed the weight of the generator set.
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4. Place the generator over a non-combustible surface and also construct around it a containment
pan to collect liquids such as oil, coolants, etc. Prevent any kind of combustible materials from
accumulating around it.

4. Allow for locating the fuel tank such that fuel pump and any auxiliary pumps can lift fluids up to it.

Fig-ME-108
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Fig-ME-109

Fig-ME-110

Fig-ME-111

Use one of the vibration isolation types. Also, connections between the generator set or its skid and any
conduits, fuel lines, or exhaust piping must include flexible sections to prevent breakage and to isolate
vibration
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Fig-ME-112
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PRE START-UP CHECKLIST
Generator;
Item
Whether Generator output is connected or not?(power &neutral )
Whether Generator has been earthed?
Whether Battery charger has been mounted and wired?
Check if Starting batteries are set with unit? Never turn on the power till startup.
Check if the Jacket water heater has been wired to correct voltage?
Check if the exhaust system has been fully installed? (muffler mounted and rain caps provided
or not)
Check if all fuel lines are linked and ready for starting up the generator?
As per the guidelines, check if pressure testing and inspection has been done fors fuel tank?
Check if fuel tank is at least 30% filled?
Has the fuel pressure been verified to be within limits as per the generator specifications
sheet?
Check if the generator set is appropriately secured/anchored?
Check if spring isolators have been installed?
Check if guards/covers have been provided to prevent rodents ?
Check if the load center is properly wired?
Check if the space/alternator heater is wired?
Check if the battery warning system wired as well?
Check if the area surrounding the generator is free of debris and other material?

Automatic Transfer Switch:
Item
Whether the power leads of the Generator are connected in Automatic Transfer Switch
(ATS)?
Whether the leads of the load are also connected in ATS?
Whether the utility leads have been coupled in ATS?
Check if power supply is available?
Check if there is a way for disconnecting utility?
Check if all neutrals are joined with the ATS?
Check whether the ATS has been earthed?
Check if the 2-wire start has been joined between ATS and generator?

Remote Annunciator
Item
Ensure that the annunciator is suitably located and wired as per the schematic
diagram provided?
Check if adequate number and type of conductors have been provided for each annuncia tor
as per the installation manual?

Scheduling:
Item
Whether there is a particular date and time scheduled to start the generator?
Is it permitted to undertake a trial power failure test to check the system?
Ask if there is a particular time duration to do the trial for simulated power failure test?
Is there a nominated person who will receive training for the simulated power failure test?
Check if the engineer has been informed regarding the date and time of start-up?
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Circuit breakers are used to protecting the substation and its components from over-load or overcurrents due to any short circuit/fault in the system. The basic function of a circuit breaker is to detect
a fault and stop the current flow. Both manual as well as automatic circuit breakers are available.
After rectification of the fault, the original circuit can be established / rebuilt.
Circuit breakers can be reset manually / automatically to continue normal operation, unlike a fuse.

I.

Low-voltage circuit breakers
Low - voltage type circuit breakers are typically used in domestic,
commercial and industrial application. These are usually less than
1,000 VAC and include Miniature Circuit Breaker (MCB) and Molded
Case Circuit Breaker (MCCB).

Fig-ME-113

II.

Magnetic circuit breakers
These employ an electromagnet so that the pulling force rises with a
rise in current.

Fig-ME-114
III. Thermal magnetic circuit breakers

These are most commonly observed in distribution boards and have
an "inverse time" response feature, that trips/switches OFF the circuit
breaker in case of high currents. These breakers provide multiple
protection, i.e., trips when there is large surge in current during shortcircuit as well as trips when there is over-current for longer periods.
Fig-ME-115

IV. Common trip breakers
These breakers are used for supplying power to a three-phase device
and has a 2A rating. When multiple live conductors are supplied to a
branch circuit, to ensure that all live conductors trip when any pole
2trips, "common trip" breakers are used.

Fig-ME-116
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V. Air circuit breakers
These are fully adjustable with configurable trip thresholds and delays. These are usually used for
main power distribution in large industrial plants and have a high rated current capacity of 6,300 A.

VI. Vacuum circuit breakers
Vacuum circuit breakers interrupt the current by creating and
extinguishing the arc in a vacuum container. These have a rated
current capacity of 6,300 A.

Fig-ME-117
VII. Oil circuit breakers
These are high-voltage circuit breakers in which the arc is drawn in oil
to disperse the heat and put out the arc. During the process, intense
heat from the arc decomposes the oil, converting it into a gas whose
high pressure produces a flow of fresh fluid through the arc that
further provides the required insulation to avoid a re-strike of the arc.
Subsequently, the arc gets extinguished due to its elongation upon
parting of contacts and due to intensive cooling by the gases and oil
vapor.

Fig-ME-118

VIII. Sulfur Hexafluoride(Sf6) high voltage circuit breakers
These use contacts enclosed by sulfur hexafluoride gas to
extinguish the arc and are usually used for handling transmissionlevel voltages

Fig-ME-119
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3
In electrical systems, Isolator are used as mechanical
switch that isolates part of an electrical circuit / a faulty
section for repair from a healthy section so as to avoid
occurrence of severe faults. These ensure that the
circuit is absolutely completely de-energized for
undertaking any maintenance work.

Isolators are the no load switches. In contrast to circuit
breakers and load-break switches, isolators do not have
any mechanism to control electric arc which takes place
when conductors carrying high current are interrupted.
Therefore, isolators should be operated only after
circuit breaker is opened, when there is no current. In
some countries, regulations mandate that either local
Fig-ME-120
motor isolators or lockable overloads be used which
can be padlocked.
 Strictly speaking Isolators must be operated under zero current condition.
 Isolators should have arrangement for a padlock so as to ensure safety through lockout- tag-out system.
 Such padlocks should be part of a trapped-key-interlock system to make sure
that the right steps of isolation are undertaken, especially in case of high-voltage
and complex electrical installations.
 In circuits where both ends are required to be isolated, the isolators should have
arrangement to ground isolated circuit for extra safety.

116

4
Bus bar is a conductor with multiple number of incoming and outgoing connections. Commonly
used in substations, these are made up of copper and are categorized as single, double bus bar and
ring-type bus. Bus bars are employed when multiple generators/feeders working at the same

voltage are needed to be connected directly.

Fig-ME-121

-

-

In large stations where it is intended that the repair/maintenance work should not
affect the power supply, a duplicate bus bar system should be installed and used.
The duplicate bus bar system comprises of a main and a spare bus bar, in addition to
a bus coupler with circuit breaker and isolator.
In case of repair of any particular section of an electric system, a transfer isolator
should be used to transfer power supply from main bus to transfer bus using the bus
coupler (combination of a circuit breaker with two isolators).
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3.1.5 Installation of Motors
A sound working knowledge of installation techniques is plays a very important role in effective top
quality operation and efficient maintenance of motors. The work related to motors demands team
work with other disciplines.
Points to be checked during installation of Motor
1.

Receiving and handling
Then turn the shaft to ensure that it is not jammed. In case the equipment is fitted with antifriction bearings, the motors will generally be lubricated already and ready to start.

2.

Safety procedures
1. Large, heavy motors demand more supervision and experienced worker for both to
avoid damage and for safety of workers also. Details are easily available regarding types
of cranes, hoists, jacks, rollers, wire ropes, cables, hooks, slings, etc.
2. Gears, belts, driven machinery, etc. should be checked first and should be guarded to
avoid any accident.
3. Safety is of supreme significance while installing, starting-up as well as while operating
the motor.

3.

Location
1. Always try to place the motor in the best possible setting: A clean, dry, cool location is
best for a motor. Enclosure of a motor is usually dictated by the environment in which
the motor is expected to operate.
2. Usually open-type motors are suitable for most installations. It is also essential to make
sure that sufficient space is available for undertaking maintenance and replacement
works.
3. Check temperature of the area.

4.

Foundation
A firm foundation is required for minimum vibration and proper placement between
motor and load. Strong foundation is essential, particularly for large motors and driven
loads.

5.

Mounting
A motor may be mounted in numerous ways, based on its size, weight and nature of use.
Small sized motors typically have a rigid mount in which the frame is welded to a steel plate.
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4.

Motor/load components

5.

Bearings - Depending on the equipment type, various types of bearings may be used such as ball,
roller or sleeve bearings.

6.

Mechanical alignment

7.

Electrical connections

You have to be sure that the voltage supplied to the motor matches the specifications. Features of the supply
must adhere to the motor nameplate value as mentioned below:
1. Voltage: Should be within +/- 10% of the rated voltage level mentioned on the nameplate.
2. Frequency: Should be within +/- 5% of the rated frequency mentioned on the nameplate.
3. After verifying the supply voltage requirements are correct, you can make the motor terminal
connections.

Steps to install a gear Motor are as follows
Although internal working of a gear motor is complex, installation is relatively easier. To ensure its long life and
uninterrupted working, it is recommended to follow appropriate steps during the initial setup.
1.

Dealing with Variances
Prior to starting, it is essential to recognize that all electric motors have distinctive characteristics as
motors come is varying sizes, operating tolerances and design features. Thus, make sure that the motor
fits properly with the mounting hardware, else it may lead to damage, premature failure, etc.

2.

Preparing the Tools

Usually gear motors either have these two types of mounting fixtures:
 Threaded shafts along gearbox, or
 Metal indentation on the motor housing itself
Since the force created by motor, gears and other shaft-attachments is concentrated at the gearbox side,
it is strongly recommended to use screw mounts rather than friction mounts. Although it can be easily
done with a screwdriver, it is advised to use needle nose pliers for adjusting strap mounts.
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Using an incorrect screw may result in an unstable mounting. Hence, while replacing old motors with
exact type of motor, it is suggested to use the screw from previous motor. Doubly make sure that the
size of the screw matches with the equipment/motor, as per the datatsheet/manual.

Remove all power supply and connections/linkages
from the shaft and remove the gear-train assembly. In
case, it is required to remove the gears, then take
photographs at each stage of disassembling, so that it
becomes easy to remember the correct sequence of
assembling. Tactfully remove the old screws, since old
rusted screws may strip their threads while
removing/opening them. Lubricant may be used, if
required
Fig-ME-122

Prior to installation of a motor, it is essential to ensure
that the mounting plate and hardware is uniform.
Therefore, checking the mounting should be done for

Any visible signs of rust, discoloration, etc.

Any physical damage/irregularities or
squaring of angles.

Any distortion to the plate
After checking for the above, clean the old metal
mount with a soft wire brush to remove rust, dust, etc.
Don't apply too much of pressure on it. In case high
precision is required, for e.g. in electronics, etc. it may
also be required to check the hardware for uniformity
using calipers.

Fig-ME-123

Align the motor and the mounting hardware and then put the shaft in the hole in both motor and
mounting hardware. Tighten it slightly with a screw. Next, put the screw in the mounting hole
diagonally across the first one. After all screws are put in, tighten each of them.

120

Check for tolerances that the motor is not able loosely secured to the mounting. If necessary,
washers may be added for making adjustments between motor and mounting.

Thereafter tighten the fasteners one by one. Apply enough force to secure them properly in place.

To prevent much vibration of the motor due to counter-forces, steel straps, zip ties or screws etc.
may be used. Then the load can be connected to shaft of the gearbox using either screws or friction
couplings. Subsequently, ensure proper connection of the wires by maintaining the right polarities.
Do trial run of the motor and look for any abnormal grinding/squealing sounds, vibrations, etc. Make
necessary adjustments, if required.

Motors whose construction have flying leads should be insulated and the motor leads should be
connected as shown in the connection diagram provided on the nameplate or provided inside the
cover of conduit box. Ensure the following guidelines:
1.
2.
3.
4.

10% of the rated voltage along with rated frequency.
AC power is within OR 5% of rated frequency with rated voltage.
AC power is within OR 10% (sum of absolute values) of rated values,
A combined variation in voltage and frequency of 5% of rated frequency. Provided the
frequency variation does not exceed Performance within these voltage and frequency
variations.

All three phase motors are reversible, i.e., for reversing the
direction of rotation, power supply to the motor must be cutoff and any two out of the three leads should be interchanged
All single phase motors may not be reversible and hence the
connection diagram must be verified to check if the single
phase motor is reversible. If so, then strictly follow the
instructions to understand which leads are to be
interchanged.

Fig-ME-124

To prevent any voltage spikes or minimize their magnitude, the drive systems should be designed
carefully.
To ensure proper earthing and decide the maximum length of motor leads, the OEM
manual/instructions should be adhered to.
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3.1.6 Installation Of Fans
NORMAL OPERATING CONDITIONS
Underground mines normally are ventilated using
Twin surface fans,
A maingate borehole forcing fan, and
Two booster fans.
The central bypass doors should remain closed when booster fans are operating.
Any major ventilation change such as alteration in main surface fans, booster fans or the borehole fan
should only be allowed after due authorization from both the Ventilation Officer as well as the Mines
Manager.

MONITORING
1.
2.
3.
4.
5.
6.

Ventilation Pressure - Booster fans, Motor bulkheads, Bypass doors.
Methane - Motor chambers, Booster fan inlet
Carbon Monoxide - Motor chambers
Fan Speed
Motor bearing – vibration & temperature
Fan shaft bearing – vibration & temperature

Changing Ventilation Settings Involve
-

-

-

Scope of Work to be prepared by ventilation officer and authorized by Mines Manger
should include the intended ventilation quantity in the working area, speed of main fan,
intermediate and final booster fans, goaf pressure balance measures and ventilation
pressures at crucial areas
Notice should issued regarding proposed alteration to ventilation settings
Notice should be given regarding the areas and persons to be affected
Then only undertake the alteration of booster
fan, main fan, etc. while monitoring the gas
alarm settings
Validate the change and update the ventilation
model

BOOSTER FAN STARTING
1.
2.

3.
4.

Single main fan should be running when the
booster fans are started.
Check the status of main fan collar pressure,
Fig-ME-125
gas, pressure & condition monitoring at booster
fan.
Initiate booster fans and speed it up to
intermediate level
Wait for the by-pass door to close automatically due to the increasing ventilation
pressure
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5. Manually start the second main fan
6. Then allow the booster fan to speed up to its authorized operating level
7. Again check the status of main fan collar pressure, gas, pressure & condition monitoring at
booster fan and if necessary, suitably adjust the fan regulators.
8. Check gas and ventilation monitoring.
9. Then normal fan operation is achieved, i.e, twin main fans, twin booster fans and maingate
borehole fan running.

Fig-ME-126
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3.1.7 Installation of Heaters
Heating systems play an essential role in the mining industry.
Type CVCHS Circulation Heaters
WARNING: Shock hazard – remove all power supply leads prior to installation of heater.
1.

If the CVCHS Circulation Heater is placed upright, then the terminal housing must be placed on top of
it.

2. If the heater is placed horizontally, then in order to avoid any drainage of heater, the outlet pipe
should be placed at the top.
3. There should not be any extra support rather than connection of pipes.
4. The piping connections for new as well as old plumbing should be done at the 1” x 111 /2” N.P.T.
threaded inlet and outlet

Fig-ME-127
5. To prevent any risk of fire, heater must be operated in areas where there is no combustible materials
around.
6. Sufficient space must be there at the terminal end points, in case it is required in future to remove
the heater from the chamber.
WIRING IN CIRCULATION HEATER
WARNING: To prevent any risk of shock, all electric heaters should mandatorily be earthed
as per provisions of the National Electrical Code.
1.

Line voltage should match the rated voltage of heater, mentioned on the nameplate.

2.

Electrical connections should also be done by a competent person as per the National Electrical
Code.
124

3. The terminal cover should be taken out by removing the central screw and wires from it.
4. Without disturbing the existing jumper wire, join one wire to the lead and the other wire to the
thermostat.

Fig-ME-128

Fig-ME-129
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3.1.8 Installation of pumps
Electric Motor-Driven
Pumps Pre-Installation
A sump pit should be constructed using concrete or other solid material so as to provide a hard floor
for the pump to sit on. Additionally, pit cover may be constructed to prevent any clogging if the pit
is created in open. While preparing a new sump pit, it is advisable to place the pump
approximately 6 inches from basement wall at the lowest point of the floor.

Installation
-

Strictly avoid using the pumps in flammable or explosive atmospheres.
Install the pump as per the instructions in the OEM manual, familiarize with the pump and
the liquid composition to be pumped.
A power backup system must be provided in applications where an inoperative pump may
lead to leakage/damage to property.
Install the pump in an enclosure or put appropriate warning signals to prevent any
unwanted entry/encounter with the pump.

Electric Water pump
Properly plan the pump installation, while ensuring adequate clearance between belts, hoses,
etc. Use the right tools including a strap wrench, Teflon tape, gasket sealant, torque wrench, fuse
holder, etc.

Fig-ME-130
Step 1 – Mounting the Water Pump
-

Before installing the pump, clean the new parts, especially gaskets.
Place the O rings on the pump elbows.
Apply white grease/sealant between the elbow and housing of the pump.
Also use sealant on the pump side of the gasket.
Align bolt holes to the gasket
Place the pump fasteners and the then apply torque on the screws to fix the pump in place.
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Fig-ME-131

Fig-ME-132

Step 2 – Installing the Hose Inlet and Hoses
-

Ensure sufficient clearance is there for installing hoses to the inlet fitting.
Apply thread sealant, Teflon tape to the threads of the hose inlet.
Use a wrench to tighten the hose inlet.

Step 3 – Wiring the Water Pump
-

Make appropriate connections, i.e., red wire to the power source , black wire to suitable
ground such as engine/chassis.
Ensure that the right connections have been established as incorrect wiring may damage
the pump motor.

Step 4 – Operating the Water Pump
-

Ensure the above steps are complete and as per standard instructions.
Turn ON the power switch.
Ensure that enough liquid is available so that the pump never runs dry.
Do not remove the radiator cap, when hot.
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3.2 Various measurement devices for electrical systems
3.2 Various measurement devices for electrical systems
and equipments
3.2.1 Measuring equipment for voltage
Voltmeter is a voltage measuring equipment, which Measures the potential variance
among two different points on a circuit. Volt-meters are of two types:
1.

Analog Volt-meter.

2.

Digital Volt-meter.

Analog voltmeters have a pointer which moves across a scale in proportion to the voltage across the
circuit; whereas digital voltmeters have a digital display and an analog-digital converter.

Fig-ME-134
Fig-ME-133

3.2.2 Measuring equipment for voltage
Electric current is measured in Amperes (A), which is an equivalent of 1 coulomb of charge flowing
across a unit length of wire per second. Electric current is measured using an ammeter.
To take readings of smaller currents, millimeters or micrometers are used. Early ammeters used to be
laboratory instruments that trusted on the Earth's magnetic field for action. In 19th century, improved
instruments had been designed that can be conveniently mounted in various places and that can take
precise measurements in electrical installations.
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Fig-ME-135

Fig-ME-136

Fig-ME-137
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3.2.3 Measuring Equipment For Power
The wattmeter is an electrical instrument that measures the electric power of a circuit. Wattmeters are
generally used for measurement of utility frequency and audio frequency power.

Fig-ME-138

Fig-ME-139

Electronic wattmeters are majorly used to take direct, small power readings as well as to take readings of
power at frequencies that are outside the range of electrodynamometer wattmeters.
Digital
Digital wattmeters can take readings of the voltage and current a thousands of times a second. For each
sample, the product of voltage and current at that instant gives the real power over at least one cycle.
Real power divided by the apparent volt-amperes (VA) in a circuit gives the power factor.
A computer circuit reads the sample values and calculates the RMS voltage, RMS current, VA, power
(watts), power factor as well as kilowatt-hours. These readings can be displayed on the device, stored to
generate a log and compute the average values, or send this information to other devices for subsequent
use.

Fig-ME-140
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3.2.4 Measuring Equipment For Energy

Electricity meter
An electricity meter measures energy directly in to kilowatt per hours.
An electricity meter is a device for measuring the power consumed by a particular equipment or a
household/business.
These meters are been installed at customer's premises to measure electric energy consumed by the
customer for billing purpose.

A gas meter is used for calculating the volume of gas
consumed, which can possibly be multiplied with
calorific value to derive the energy consumption.

Fig-ME-141
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3.2.5 Measuring Equipment for Frequency
A frequency counter is an electronic instrument deployed for measuring frequency and works by
calculating the number of pulses/events/oscillations per second in a repetitive electronic signal.
After a fixed gap termed as the gate time (say 1 second), the reading in the counter is sent to a
screen/display and the counter again gets reset to zero. In case the event being measured has a
frequency lower than that of the internal oscillator, then the frequency can be calculated by measuring
the time elapsed for a large number of cycles and dividing by the number of cycles. It is very essential
that the internal oscillator (also known as time-base since it provides the time signals) be precisely
calibrated.
Frequency counters that are designed for radio frequencies (RF) is also similar to lower frequency
counters and both operate on the exact working principle.

Fig-ME-142

Fig-ME-143
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3.2.6 Measuring Equipment for RPM
Tachometer

A tachometer is a measuring instrument to read the speed of revolution of a shaft/disk of a motor, etc.
It commonly displays the revolutions per minute (RPM) on either a analog or digital display. Essentially
the words tachometer and speedometer have identical meaning: a device that measures speed. It is by
arbitrary convention that in the automotive world one is used for engine and the other for vehicle speed.

Fig-ME-144

Fig-ME-145

3.2.7 Measuring Equipment for Wiring
WMI Series Measuring Meters are particularly used for measuring long lengths of wires/cables in
electrical, electronic and associated industries. These have a self-adjuster for varying diameter of
wires/cables and also have a digital display.
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Fig-ME-146

3.2.8 Measuring Equipment for Fuses
Fuse is an electronic device, which is used to protect circuits from over current, overload and shortcircuits. Fuse consists of a low resistance metallic wire enclosed in a non-combustible material.
Whenever a short circuit, over-current or mismatched load happens, the low-resistance wire melts due
to heat generated by high currents flowing through it.
Fuses are checked or tested by Multimeter

Fig-ME-147

Fig-ME-148
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3.2.9 Measuring Equipment for Earthing

Fig-ME-149
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3.2.10 Measuring Equipment for Switchboard

Fig-ME-150

Fig-ME-151

3.2.11 Measuring Equipment for Control Panels
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1. First of all, visually check the wiring and parts of a control panel for any damage or abnormalities.
2. Make sure all parts match with the bill of materials
3. If lights are used, correct voltage is checked.
4. Check if correct type of relays have been used in the control panel.
5. Check all switches and contacts.
6. Ensure that the proper labels are there on each component of the panel.
7. After ensuring proper parts and labeling of wires, check that the screws are properly tightened.
8. Make sure that there are no loose connections. Also ensure that wires in the control panel have
sufficient amount of slack to avoid any stress on them.
9. Using a multi meter, ensure and verify point-to-point continuity check of all wires on the control
panel, as per the circuit diagram.
10. Ensure that there is an isolation provided between jumpers and their ends.
11. Use the multi meter to ensure that all normally OFF and normally ON contacts are working properly.
12. Also ensure proper working of the disconnector handle on the control panel.

Fig-ME-152

Fig-ME-153

Fig-ME-154
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12. Make sure any applicable jumpers are properly set and that there is an insulated barrier
between exposed jumper ends and other jumpers. The barrier is really important so the
jumpers don' t accidentally jump to each other and cause big problems.
13. Using a multimeter, check across all normally open and normally closed contact for proper
continuity and operation of the equipment. This should include (if applicable) the operation of
contactors, disconnects and switches.
14. Using a multimeter, check the disconnect handle for correct operation.
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Tips

!

Notes
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Briefly Answer the Following Questions.
Installation of detachable radiator?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Define thermal magnetic circuit breakers?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write down the steps to install a gear motor?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------How to install a electric water pump?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write the steps to start booster fan?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

140

141

4. O&M of The Electrical
Supply/ Sub- Station
and Equipment
SCMS
Unit 4.1 – Conduct the actual operations and
maintenance procedures

UNIT- 4 O&M of the electrical supply/sub-station and equipment
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4.1.1 Working of electrical systems and machines
ELECTRICAL Machines or Systems are of following types as given below:

Fig-ME-155

4.1.2 Repair and maintain the different electrical equipment.
Maintenance and repair in general is defined as all actions which have the objective of retaining or
restoring an item in or to a state in which it can perform its required function. In terms of electrical system,
it involves fixing an electrical device/system when it gets broken or do routine actions to keep the device
working or prevent any problems from arising.
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Preventive maintenance is the process of regular maintenance of apparatus/equipment, based on
regular maintenance interval, run-time of the equipment or number of operations. Its purpose is to
prevent failures/maintenance problems from happening with an aim to achieve fewer, shorter and more
predictable interruption. Advantages of preventive maintenance include:
Condition-Based Maintenance is a kind of preventive maintenance where sensors are used to monitor
and understand individual pieces of equipment and accordingly plan the maintenance schedule for any
equipment. Its features include:
1. Monitoring individual apparatus parameters like temperature, pressure, vibration, leakage
current, dissolved gas analysis, etc.

Condition-Based Maintenance is a kind of preventive maintenance where sensors are used to
monitor and understand individual pieces of equipment and accordingly plan the maintenance
schedule for any equipment. Its features include:

:

Fig-ME-156
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Predictive maintenance: Electricians employ state-of-the-art test equipment’s and techniques to
accurately predict predictive maintenance and increase availability and reliability of mine electrical
machinery. The common diagnostics for predictive maintenance for generators include 1Vibration & modal analysis
2Synchronous rotor diagnostic
3Current analysis
4Oil analysis
5Motor efficiency testing
6Ultrasonic testing
Preventive Analis : The common diagnostics for preventive maintenance for generators include
1On-site balancing
2Inspection of equipment inspections
3Servicing of commutator and slip rings
4Replacement of filters
5Lubrication programs
6Laser alignment
7Cryogenic “dry ice” cleaning
Breakdown/Corrective Maintenance: This is done to identify, isolate, and rectify a fault so as to
restore the electrical equipment/system to its working condition. The common diagnostics for
preventive maintenance for generators include 1-

Mechanical repairs (welding, machining, etc.)

2-

Spare parts supply and management

3-

Degradation analyses

B. Transformer
Transformer is a static electrical machine used for transforming power from one circuit to another
circuit without changing frequency. Since there are no moving parts, it is static in nature. It operates
on AC supply and works on the principle of mutual induction.

Fig-ME-157
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Fig-ME-158
Transformers work on the principle of electromagnetic induction, whereby a changing current in the
primary winding generates a varying magnetic flux in the transformer core as well as creates a varying
magnetic field in the secondary winding, which further induces a varying voltage in the secondary
winding. Using high magnetic permeability properties in core design, today transformers can efficiently
step-up or step-down the AC voltage levels.

Predictive Maintenance:
1Oil analysis.
2Transformer efficiency testing.
3Structure Analysis.
4Cooling system of Transformer.
5Preventive maintenance: Regular preventive maintenance helps facilitate forward
budget planning.
6Ageing and the life expectancy of transformers.
Condition of the insulation system.
8Prevention form moisture.
Breakdown Maintenance:
1Periodic checking of the loose connections terminations of HV and LV side.
2Winding temperature indicators.
3Oil temperature indicators.
4Buchholz relay
5Magnetic oil level gauge.
6Cleanliness in the subtraction yard with all nets, vines, shrubs removed.

C.

Circuit Breakers

Circuit breakers must be switched off and isolated from both ends before attempting any maintenance.
Then, the circuit breaker should be operated electrically first and then mechanically, as this helps to
remove any coating formed between the sliding surfaces of the circuit breaker.
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Maintenance of Circuit Breakers
1. Proper planning has to be done first of all for undertaking maintenance of circuit breakers. .
2. Adequate control systems must be established to ensure safe and efficient and maintenance of
circuit breakers.
3. Maintenance of circuit breakers must be undertaken with the equipment de-energized.
4. Molded case circuit breakers are generally used in low voltage distribution panels and control
boards. Although these breakers are rated at 120/240/480 volts AC, 125 volt DC, such circuit
breakers used in panel boards must not be loaded above 80% of its rated capacity.
5. Low voltage air circuit breakers are typically rated at 480 volts AC for auxiliary power and are
often placed in enclosures such as in motor starter cabinets, motor control centers, station
service switchgear, etc.
6. Both medium voltage circuit breakers and high voltage circuit breakers are usually housed in
separate enclosures, either indoors or outdoors.

D.

Isolators

Also known as disconnector or disconnecting switch, Isolator is a manually operated mechanical
switch that isolates part of an electrical circuit / a faulty section for repair from a healthy section
so as to avoid occurrence of severe faults.
Isolators are the no load switches and used to isolate the equipment. (Either line equipment, power
transformer equipment or power transformer). With the isolators, we are able to see the
isolation of the equipment with our naked eye. The line isolators are used to isolate the high
voltage from flow through the line into the bus. This isolator prevents the instruments to get
damaged. It also allows the only needed voltage and rest is earthed by itself.
Isolator is a type of switching device. It has non-control devices. Isolator is operated after the circuit
breaker is opened. While closing the circuit, first close the isolator and after the circuit breaker
is closed. Strictly speaking Isolators are operated under no current condition. In the following
cases it is permissible to use isolator for making and breaking of the circuits.

Fig-ME-159
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Air break isolators or disconnecting switches are not intended to break load though these are meant for
transfer of load from one bus to another and also to isolate equipment for maintenance. These are
available mainly in two types vertical break type and horizontal break type. The later type requires larger
width. However the space requirement can be reduced in the horizontal break isolators by having double
break with a center rotating pillar.
Pantograph and semi-pantograph disconnects involve vertical movements of contact arm and therefore
require less separation between phases and thereby require less separation between phases and
thereby help in reducing the sub-station area to a larger extent. The isolators could be operated
mechanically or hydraulically or pneumatically or by electric motor. Earthing facility shall be provided
wherever required.

Fig-ME-160
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E. Bus Bars
Bus bar is a conductor with multiple number of incoming and outgoing connections. Commonly used
in substations, it is categorized as single, double bus bar and ring-type bus. Bus bar, as the name
suggests, is a metallic strip (usually copper/brass/aluminum) to conduct large amounts of current in
switchboards, distribution boards, substation, battery banks, etc. Since these have more surface area
than wires, bus bars help to reduce power loss by minimizing the corona effects.
Bus bars may or may not be covered with a bus duct for protection.

Fig-ME-161
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F. Control Panel

Fig-ME-162

G. Switch Board
Switch boards are common items used in home, industrial installations, etc. These are the
panel/assembly of panels which allow the distribution of the input power to individual system loads and
devices such as transformers, panel boards, bus bars, control equipment, etc. Often these offer services
such as switching, current protection and metering for various parts of the circuit/system.

Fig-ME-163
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Maintenance Of Switch Board

Fig-ME-164

H. Wiring
Wires and cables are often rated as per the maximum current/voltage they are intended to handle. While
safety codes for wires/cables differ from country to country, the International Electro-technical
Commission (IEC) is attempting to harmonize/standardize safety codes for wires/cables among
countries. Wires commonly have colour codes to identify line, neutral and earth wires.

Fig-ME-165
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Maintenance OF WIRING
•

Never join two wires of different rating.

•

Insulation of wires should be checked properly.

•

Check for Preventions from spark due to heavy ambient temperature.

•

Never overload any socket or point

•

Staggered joints must be checked to avoid accidents.

Fig-ME-166

Fig-ME-167

I. Protective Relays

Inspection, maintenance and testing of protective relays should be done on an annual basis in
order to ensure proper and reliable operation. All necessary precautions should be taken while
working with protective devices to ensure personnel safety and to avoid any unplanned
interruption of service. In particular, when working on control circuits, all current transformer
(CT) secondaries should be shorted to ground and never left open-circuited in order to avoid
serious injury to maintenance personnel.
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4.1.4 Diagnostics And Inspections Of Electrical Equipment To
Identify Electrical Risk, Hazards, Defects And The Need For
Adjustments Or Repair.

It is very important that at a mine, the following types of electrical equipment be regularly inspected
and tested by a competent person to identify damage, wear and detect electrical faults:
1.

Equipment’s having power supply via electrical sockets/plugs.

2.

Equipment’s exposed to tough environments such as moisture, heat, dust, vibration,
mechanical damage, chemicals, etc.
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'Competent Person' For Inspection And Testing

Regular Testing Requirements

Record Of Testing Results

Regular inspection, testing and tagging of equipment’s/installations should consist of the following:
1.

Visual check / field observations to ensure there are no obvious problems;

2.

Conduct a series of electrical tests to verify safety of electrical installations;

Testing and tagging of each electrical equipment to show/mark that it has been
tested as safe for operating and when it is to be tested next;
4. Provision of a detailed Asset Register and Log Book.
5. General Prevention Measures
6. Ensure that no live part of any wire/electrical appliance is exposed.
3.

Be sure to ground electrical appliances.
8. Prevent the hazard of electrical shock by installing adequate number of circuit breakers.
7.
9.

Only authorized personnel should be allowed to handle switches on electrical appliances.

10. Do not touch electrical appliances with wet hands.
11. Use prescribed electrical fuses only as per standard regulation.
12. Do not use faulty or malfunctioning electrical products.
13. Never use a link to connect two wires.
14. Electrical fault is hazardous and continuous effort must be made to prevent as

well as rectify them.
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4.1.5 Operate And Maintain The Electrical Equipment And
Maintain Records.
All electrical equipment’s and power tools must be operated as per Standard Operating Procedures
and maintained timely, with records of each maintenance and date. This also includes components
such as switchboards, distribution boards, transformers, circuit breakers, electricity meters, etc.
Maintenance of electrical equipment’s

22.
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Test records should be maintained for electrical equipment’s and faulty equipment’s separately.
Sample formats are provided below.
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4.1.6 Electrical Hazards And Safety Aspects Involved

Fig-ME-169
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It is a common misunderstanding that arc hazards are a result of high voltage. In fact, arc hazards are
caused due to high energy availability. Approximately 35-80% of all serious electrical injures are caused
due to electrical arcs formed during short circuits, ground faults and switching procedures. The main
characteristics for determining the risk of arc-flash hazard is as follows:

i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

List types of electrical hazard risks to people personnel
Specify the nature of each of such hazard/electrical risk
Electric shocks, arcs and blasts
Fault current and potential difference
Electrical safety in industrial plants
List the characteristics of an arc flash hazard
List the characteristics of an arc blast hazard
Explain the possible types of injuries that can happened due to shock, flash and blast
Describe the need for site inspection to ascertain arc flash hazard potential for electrical
equipment’s as well as enclosures.

Fig-ME-170
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Use of Personal Protective Equipment (PPE)
Personal Protective Equipment (PPE) are the items worn by a person for protection against known
hazards. As per the tasks to be performed, PPE for electricians includes
-

Safety shoes
Safety glasses
hard hats
insulating (rubber) gloves with leather protectors
flame-resistant clothing
face shields
insulating sleeves
insulating protective equipment (IPE) like rubber hoods, line hose, switchsticks, etc.

4.1.7 Electrical defects/malfunctions how they are
generated and how they can prevented.
Malfunctioning of apparatus can become very serious as a sudden open fault may result in a number of
secondary failures. And, in case this happens fast in circuits having an inductance, voltage may spike
above 500 volts causing serious damage and accident. Therefore, it is essential to prevent malfunction.
Health, safety and accident prevention
Procedures are given on the major health and safety considerations to ensure safe welding practices and
prevent accidents.
The arc welding circuit
Since arc welding requires high currents (up to 500 A) and low voltage (10 – 40 V), the usual
230V/400V high voltage supply should be reduced for arc welding. Therefore, the arc welding circuit
comprises of a step-down transformer to reduce voltage and increase current needed for welding.
To produce a DC arc, a rectifier is placed on the secondary side of the mains-fed transformer or instead, a
motor/engine-driven generator is employed.
Welding installations
There are two types of arc welding installations: single and multi-welder operations. Whenever you
connect a welding circuit, the given guidelines should be adopted:
o

The connection between the power source and the appliance should be direct and shorter.

o
o
o
o

Check insulated cables and connection devices current-carrying capacity properly.
Extraneous conductive portions would not be used as part of the welding return circuit.
Both the current return clamp and the welding arc should be placed close to each other.
To prevent overheating and arcing efficient contact between the connection device and the work
piece is important.
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Power source and earthing

Fig-ME-172

Fig-ME-171

As modern power sources have been designed to have a much higher level of insulation (double or
reinforced insulation), a separate earth connection is not recommended (Circuit b) for that model.
According to a very old design, the welding circuit sometimes connected internally to the electrical
source enclosure (Circuit c). Still, the risk is that even with the welding return lead detached, and a
separate earth connection, welding is possible with current flowing through the earth. Because of the
danger of damaging protective earth and other connectors, this type of power source is considered to
be outdated and should not be used.

Fig-ME-173
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Features
1.

Fast, and reliable for assembly and disassembly.

2.

MLPG System Charge Dissipation Terminal (CDT) Assemblies can be available on two types
offset (side), and straight (top), installation on mobile equipment deployment structures.

3.

Multiple grounding configurations can be done.

4.

Short assembling and installation time.

High-mast lighting is a tall pole with lighting attached
at its top pointing towards the ground usually and at
times used to light a highway or recreational field.
Usually to be called as a high-mast lighting, the pole
should be at least 30metres high. The lighting portion
comprises of a luminaire ring around the pole with
numerous independent lighting fixtures attached
around it. Some masts may have a circular shield to
focus the light on center and avoid the light from
affecting neighborhood areas.
For maintenance, the luminaire ring is lowered to
the base of the pole using a winch and motor
arrangement.

Fig-ME-174

4.1.8 INSTALLATION AND HANDLING OF SAFETY DEVICES
Before buying any electrical fitting and appliances , always ensure for a high level of safety such as
a built-in RCD or recessed sockets.


Residual existing devices



Testing your RCD



Isolating transformers



Shuttered sockets



Recessed sockets and shrouded plugs



Insulated metal pins



Transparent sockets and plugs



Four-way switched socket outlets
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Electrical Hazards

The hazards associated with the use of electrical equipment are highlighted
Electric shock
The most common hazard on welding circuits is the human contact with its bare live parts.
The arc voltage is within the range 10 to 40V and typically up to 80V.
Suitable defensive dress such as gloves, boots and overalls protects the welder from electric shock.
As per International Electro technical Commission “only voltages below 50V AC or 120V DC are unlikely
to be dangerous to healthy people in a dry working environment”.

Stray welding currents
A separate kind of electrical hazard can originate from stray welding currents which return to the
welding transformer by routes other than the welding return lead. For example,when the return is
disconnected, welding is possible by return current flows through:
1. protective earth (PE) conductors of other electrical equipment, or the power source itself
2. wire ropes, slings and chains
3. metal fittings and pipework
On structures which have an inherent connection to earth such as ships or pipelines have more threat of
stray currents while welding.

Safe practice and accident avoidance
Welders should follow the all standard operating procedures that are recommended before and while
welding equipment. One should not touch any bare metal.
Ensure the application earthling requirements.
The welding leads, connection devices and electrode holder or torch must be tested at regular intervals
for 'fitness for use'; repair or replace damaged or worn components.

4.1.9 Maintenance of Mobile lighting equipment
Mobile Lightning Equipment:
Today Mobile Lightning Protection and Grounding (MLPG) Systems have been used in many buildings
and towers for natural light protection. These are
It is devised and produced for use with metallic masts, towers and other mobile equipment’s and
temporary structures. Since sensitive and expensive equipment’s such as radars, communication
antennas, etc. need to be protected from direct lightning strikes/electrostatic energy, MLPG systems are
equipped with systems to provide earthing as well as charge dissipation.
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Residual existing devices
RCD is a machine that continuously monitors the current flowing along the
outlet. If it shows any loss of current and diversion of electricity to the
ground rather than through the circuit, in that condition electricity should
be immediately shut off.
▪

RCD helps in preventing the jolt being fatal by shutting the system
down rapidly.

Different types of RCD's:

Fig-ME-175
1. Fixed RCD – That can be installed in standard socket outlets and protects other outlets
downstream.
2. Circuit RCD - That can be wired into switchboard.
Legally now every domestic building must have RCD protection. The se RCDs can be located
near the switchboard.

Testing your RCD
Portable RCD can be tested by plugging in a small night bulb or electrical appliance with following steps:


Press the “test” button.



If the appliance turns off, it means RCD is working.



Press “reset” button once the test is complete.



RCDs should be tested regularly e.g. every three months.

Isolating transformers
An isolating transformer guards from an electric shock by providing an electricity supply, isolated from
earth. Transformer should be placed near to the electrical circuit.

Shuttered sockets
Socket outlets fitted with internal protective shutters make it much safer and
works as a child lock.
Recessed sockets and shrouded plugs
Fig-ME-176
Recessed sockets and shrouded plugs on electrical fittings, extension cords and double adaptors
prevent the direct contact with the metal pins on a plug, if they become partially uncovered.
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Insulated metal pins
Use of plastic insulation sleeve on the metal pins on a plug proves as an extra safety
feature.
Transparent sockets and plugs
Translucent -backed sockets and plugs which you can clearly see if there is any problem with the wiring.
Four-way switched socket outlets
These four way circuits can be a good option for home's permanent electrical fitting as it's a outlet for
multi-boxes and extension cords

4.1.10 Knowledge of Plc, Rlc, Ecm Etc. (logic Controls)
First of all, it should be verified that the proposed test areas are proper representative sample of the work
site and all the lights/lamps and machineries are in proper working condition. All kinds of stray light such
as those from windows, nearby rooms, etc. should be screened from the proposed test area using blinds,
curtains, etc. All intended lights should then be switched on and allowed to reach their normal working
temperature, before the illumination test is conducted. Subsequent steps include:
1. Recording the location and other information
2. Checking the illuminance meter
3. Recording the readings

Analysis of the Results
1. Average Illuminance and its variation
2. Comparison of actual readings with predictions/required illumination readings
3. Task uniformity measurement and calculation
Scale of illuminance
Lighting level produced by a lamp is commonly measured by the illuminance produced on a particular
plane. Illumination greatly affects appearance of the place, work performance and productivity of
workers. Hence, the following scale of illuminance is advised: 30-50-75-100- 150-200-300-500-7501000-1500-2000, etc. lux.
Illuminance ranges
High value of the scale of illuminance is suggested for places where,
o
There is unusually low reflectance and contrast
o
Errors are expensive to rectify
o
Vision is vital to accomplishing work
o
Precision and higher productivity is quite necessary
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Lower value of the range might be used at places where
o
There is unusually high reflectance or contrasts
o
Speed and accuracy is not quite necessary
o
The work is only done once in a while
General
Underground mining areas, opencast mines, beneficiation plants, ramps, construction areas, canteen,
offices, store etc. should be illuminated to not less than the minimum illumination intensities
mentioned in table below.

Minimum
Illumination
Intensity
5
3

5

5

Lighting Location
General construction sites.
Concrete placement, mining pit and
dumps, access ways, stockpile area,
loading platforms, refueling station and
maintenance areas in the mine/field.
Indoor areas such as warehouses, offices,
corridors and path ways.

Tunnels, shafts and general underground
work areas (Except that a minimum of 10
foot-candles of lighting is mandatory while
drilling, mucking and scaling near tunnels
and shaft headings. Indian Bureau of Mines
approved cap lights shall be used in tunnel
heading)

10

General plant areas such as beneficiation
plants, screening plants, mechanical and
electrical equipment rooms, store rooms,
canteen, indoor toilets)

30

First aid stations, hospital and offices.
Fig-ME-177
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Tips

!

Notes
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Briefly Answer the Following Questions.
What are the requirement for electrical system?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write the types of electrical maintenance?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Name five electrical safety devices with their uses?

1 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 ----------------------------------------------------------------------------------------------------------------------5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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5. Health & Safety
SCMS

Unit 5 – Health & Safety
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Electricity Is Dangerous

5.1 - Electricity is Dangerous

How is Electrical Shock Received
An electrical shock occurs when a person come in the
contact with electrical energy source.
Electrical current passes through a portion of the human
body causing shock. Electrical current will pass through the
body in many situations.

Fig-ME-178
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Fig-ME-179

Fig-ME-180

. If you touch a live wire and are grounded at the same time.
. When a circuit, electrical tools or equipment is energized, a potential shock danger is present.

Fig-ME-182

Fig-ME-181
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Risks of Electrical Shock
The severity of damage from electrical shock varies as per the current and time of contact with the
current. For example, 1/10 of an Ampere passing through human body for just 2 seconds call result in
fatality. A person can handle a current of less than 10 mill amperes (milliamps or mA).
Current more than 10 mA can paralyze or “freeze” muscles. During such “freezing”, the person is unable to
release the metal object and when one can't let go of the instrument, current continues through one's
body for an extended duration, that can result in respiratory paralysis. Person stops breathing for an
interval. Breathing may also stop from voltages as low as 49 volts. Commonly, 30 mA of current can result
in respiratory paralysis.
Currents above 75 mA lead to ventricular fibrillation (very fast and ineffective heartbeat). This can result
in death in few minutes, if a defibrillator is not used for the person.
Heart paralysis happens at 4 Amp and Tissue begins to burn at more than 5 Amp currents.
For instance, 100 mA current applied for 3 seconds is equally dangerous as 900 mA current applied for a
fraction of a second (0.03 seconds). People with weak muscle structure are typically affected at lower
current levels. Low voltages can also be extremely risky as the severity of shock is dependent upon current
as well as duration of exposure/contact.
The table below highlights the effects of a range of electrical current (lasting only one second) at typical
household voltage level (typically less than 600 volts). Higher voltage level can cause severe burns.
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Effects of Electrical Current* on the Body
Current

Reaction

1 milliamp

Only slight tingle.
Slight shock – Usually Painless. Although, strong
involuntary movements can cause injuries.

5 milliamp

6–25 milliamp (women) †
9–30 milliamp (men)

Freezing currents - Painful shock resulting in loss of
muscular control. Person cannot “let go” and contact
with metal conductor continues.

Extremely painful shock- can cause breathing to stop,
severe muscle contractions. Death is possible.
50–150 milliamps
1,000–4,300milliamps (1–
4.3 amps)
10 Amps

15 Amps

Ventricular fibrillation occurs (Very fast and ineffective
heart beat - not rhythmic). Muscles get contracted;
damage also happens to nerves. Death is likely.
Cardiac arrest and severe burn happens. Death is
probable.
Lowest over-current at which a typical fuse/circuit
breaker disconnects power from the circuit.

F High voltages cause extra damages!
F Higher voltages can cause severe jolts.
F Certain injuries from electrical shock cannot be seen.
High voltages lead to extra damages. High voltages can result violent muscular contractions. Person
may fail to balance and subsequently fall down, resulting in injury or even death, in case of falling into
machine or from the height. High voltages current may also cause severe burns.
In the situation of shock, internal blood vessels can clot, nerves of the contact body part may be
damaged and muscle contractions may cause bone fractures.
A shock can cause internal bleeding and damage tissues, nerves, muscles, etc. It can also cause death at
times.
As we already understood that the duration of shock significantly affects the amount of injury.
Still, if the shock is short, a normal heartbeat may resume.
While dry skin offers a resistance of 100,000 ohms or more, wet skin has a much lower resistance of
approx. 1,000 ohms. Low resistance in case of wet skin permits current to flow into the body more easily
that gives a stronger shock.
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The part of the body by which electrical current passes in to the body affects the severity of the shock.
Currents passing through heart/nervous system are the most dangerous. Exposure of a live wire with
the head will damaged the nervous system.

F
F
F
F
F

The stronger the current, the
greater the shock !
Harshness of shock is a function of
voltage, ampere and resistance.
Resistance — ability to resist/stop
the flow of current.
Low resistance causes stronger
current.
Currents across the chest area very
risky.

Fig-ME-183
Many incidents have occurred where a limb has been severely burned by high-voltage electrical
current. In such cases, current only passes through the limb before it exits the body via another
conductor. In such cases, current does not flow through the chest area not causing any fatality.

The severity of an electrical shock depends
upon:
The amount of current passed
through the body.
• The duration of the shocking current
flow through the body.
• The path of the shocking current
flow through body.
•

Fig-ME-184
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Burns are the most common non-fatal injury
caused due to shock. Burns caused by
electricity can be classified as:
▪

Electrical burns

▪

Arc burns

▪

Thermal contact burns

Electrical burn happens due to coming in
contact with electrical wiring or equipment.
Thermal burns At times, occur if clothing
catches fire due to an electric fault.

Fig-ME-185

Arc-blasts exists when powerful, high-amperage currents arc through
the air. When high voltages exist across conductors, current may travel
through the air, thus causing arc blasts. It is commonly initiated from
equipment failure due to abuse or fatigue. During arc-blasts,
temperatures may reach as high as 35,000°F.

Fig-ME-186
Common types of hazards linked to Arc-blast:
1. Arcing emits heat and intense light, that can result in burns. Factors that affect the degree of injury by
Arcing are skin color, area of skin exposed and type of clothing. Risk of such burn can be reduced by
Proper clothing, work distances, and overcurrent protection.
2. A high-voltage arc can create a considerable pressure wave blast. And you will be surprised to know
that a human 2 feet away from a 25,000-Amp arc can experience a force of approx. 480 pounds on the
body. Moreover, such an explosion can cause serious ear injury and memory loss due to concussion.
3. A high-voltage arc can also result in melting of the copper and aluminum parts of an equipment. Due
to high pressure, the blasting may occur and throw these hot metal droplets to distances over 10 feet
and can cause serious burns to skin or clothing may catch fire.
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Electrical fires result in most fires and thermal
burns in households, offices. Faulty or misused
electrical equipment plays a major role in
electrical fires. If there is a small electrical fire, that
you can only use Class C or multi-purpose (ABC)
type fire extinguisher.
All fire extinguishers have been marked with
letter(s) that states the kinds of fires they can be
used to extinguish out.

Fig-ME-187

Fig-ME-188
Below is a picture showing fire extinguishers at a workplace. Can you identify the type of fires they can
extinguish out?

Fig-ME-189
Unless one is properly trained, never attempt to put out a fire. In such a case, it is better to evacuate the
place immediately and call for help.
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What to do when a Co-Worker gets Shocked or Burned due to Electricity?

If the victim is still in contact of electricity than
shut off with the energized circuit.
Simultaneously call someone else for help.
If you are not able to get the switchgear
quickly, then try to pull out the victim from the

Fig-ME-190
Do not touch the person directly or with a conducting material, as he/she may still be in contact
with electricity
Never the victim alone and stay with the victim while Emergency Medical Services is contacted. If the
person is not breathing or heartbeat is not observed or is severely injured, calling a team of emergency
medical technicians or paramedics gives the best chance for survival.

Once you are sure that the person is no longer in contact with
current, call him/her to check if the person is responding or is
conscious. If he/she is responding, ask the victim not to make any
movement and lie still. Sometimes victims don't realize that they
are shocked and seriously injured. Immediately check if there are
any signs of major bleeding
Fig-ME-191
In case of bleeding, put a cloth/handkerchief over the wound and put pressure. Make effort to keep the
person warn and keep talking to him/her till first-aid or medical assistance reaches the person.

In case of unconsciousness, check for signs of breathing of the victim. In case the person is not breathing,
ask for someone who is trained in CPR to start the process of artificial breathing and check the pulse of
victim . Quick action is essential and CPR should be provided within a maximum period of 4 minutes from
the event of a shock.
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In case one is not trained in first aid or
CPR, do urgently ask your
instructor/supervisor for becoming
trained in first-aid and getting

certified in CPR. You should also
acknowledge the place of
1. Power shut-offs (“kill switches”)
2. Supplies of First-aid
3. A telephone booth so you can
find them quickly in an
emergency.

Fig-ME-192
What Must Be Done to Be Safe?
Follow the Three-stage safety model
The 3 main stages of safety model are – Recognize, Evaluate and Control Hazards. To be safe, person must
think about his/her job and plan for hazards. To escape from injury or death, one must understand and
recognize the hazards. One should evaluate the situation and assess the risks. One must control the
hazards by maintaining a safe work environment, safe work practices, and by reporting threats to a
supervisor

It is the first step of the safety model. Only then one
can avoid or regulate the hazards. It is best to discuss
and design hazard recognition tasks with co-workers.
Sometimes we take risks for ourselves, but when it
comes for others, we become more careful and
responsible. Many times others see risks that we
overlook.
Don't take a chance with own and others life.
Strategical planning of safety procedures reduces the
risk of injury and mishap. Decisions to lock out and tag
out circuits and equipment must be taken during this
step of the model. Accordingly, one has to take the
actions as per Plans.

Fig-ME-193

While evaluating hazards, it is necessary to first identify all types of possible risks, and then assess the
danger of harm from each hazard. Never assume any risk to be low, until the evaluation of the hazard. It is
dangerous to oversee hazards. Changing job sites are always dangerous. Many people are working at
different tasks. Job sites usually open for bad weather. An environment/place which is safe to work on a
sunny, bright day may be very dangerous in the rain. The risks in work environment must be evaluated all
the time and whatever threats exist must be controlled.
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After recognition and evaluation of electrical hazards, it is essential that they are controlled.
You can control electrical hazards in primarily two broad ways:
1. Creating a safe work environment
2. Adopting safe working practices
Similar to any hazard, control of electrical hazards decreases the risk of injury or death.

Fig-ME-194

The very first step toward shielding yourself is recognizing the
type of hazards you can face at the work place. You must that
be aware which situations can place you in threat. You must
know that where you should look for help are in problem. You
can recognize the possible hazard situations as:

. Messy wiring is dangerous.
. Bare electrical parts are dangerous.
. Overhead electrical lines are dangerous.
. Wires with bad protection can give a shock.
. Electrical systems and tools that are not double-insulated are risky.
. Overloaded circuits are unsafe
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Fig-ME-195
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. Broken power tools and equipment are electrical hazards.
. Use of wrong PPE is unsafe.
. Use of the wrong instrument is dangerous.
. Beware of on-site chemicals, it is very harmful.
. Defective ladders and scaffolding are hazardous.
. Metal Ladders that conduct electricity are dangerous.
. Condition may be worse if the worker, location, or equipment is wet.

An electrical shock occurs when the wire is too small for a device for the
current it will carry.
The kind of metal used as a conductor may be a reason of an electrical
shock. Special care should be given to aluminum wire, As it is more stiff
than copper, aluminum wire can crack and break more easily than
copper wire and other wires.The chances of losing and oxidize are more
with aluminum wire. If not made properly it creates heat or arcing.

Fig-ME-196

When wires or other electrical parts are exposed the Electrical hazards happens. Wires and other parts
can be bare if a cover is removed from a wiring or breaker box. The overhead wires coming into colonies
may be unprotected. Electrical terminals in motors, appliances and electronic equipment Can be
uncovered.
Old equipment can have exposed electrical parts. And If a person will contact the exposed or bare live
electrical parts, he/she will be shocked.
You need to know that an exposed electrical component is a hazard.
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Many people do not understand that
overhead powerlines are usually not
protected. More than a half of all
electrocutions are caused by direct
contact with these energized powerlines.
Powerline workers must be especially
aware of the dangers of these overhead
lines.
Fig-ME-197
Many of electricians have lost
their lives due to contact with a
live wire with a bare hand.
Because of such incidents, all
electricians now-a –days wear
special rubber gloves that
protect them up to 34,500
volts. Today most of
Fig-ME-198

Fig-ME-199
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Lock-Out/Tag-Out Checklist
Lock-out/tag-out is an important safety standard procedure that helps workers to protect from injury
when working near or on electrical items and circuits. Lock-out involves locking out the source of power,
after equipment’s/circuits are shut-off and de-energized. The source of power is then tagged out using
an easy-to-read tag which warns other persons that the equipment/circuit has been locked. Apart
from protecting persons from electrical hazards, it also helps to avoid any person coming in contact
with moving/operating parts such as gears, shafts, blades, presses, etc. It also checks the sudden release
of any type of hazardous material (solid, liquid or gas) into the place where workforces are present.

F At the time of lock-out/tag-out on machinery, all power sources to the equipment/circuit must always
be locked-out & tagged-out.
F All valves along the line should have been locked out, blanked out, and marked out to prevent the
release of fuel.

Plan to lock out and tag out circuits and equipment—Ensure that all energy sources are locked out and
marked out before executing any work on the electrical circuit/machinery. Never ever allow anyone to
work on live or energized circuit/machinery. If anyone turns on a circuit without warning, one can be
shocked, burned, or electrocuted. The sudden starting of a machinery can lead to severe injury or death.
Prior to starting ANY work on an electrical circuit or equipment, shut it off, lock out and tag out at the
distribution panel itself. Also, check to ensure that the circuit/equipment has been de-energized.
Prior to starting ANY inspection or repair work (even on low-voltage circuits), switch off the current at the
switch box and padlock the switch in the OFF position. Simultaneously, securely tagged the equipment to
inform everyone of the work being undertaken. Again, test circuits and equipment to make sure that they
are de-energized.
Every lock should be unique and have only a single key, which is to be issued to each worker. If multiple
workers are working on the same area/equipment, each worker must separately lock out the switch with
his/her own lock. Make sure that one is not exposing other workers to danger. Workers must be trained
and authorized to undertake the particular type of repair/maintenance work. A locked-out switch or
feeder panel helps to avoid anyone from powering on the circuit/machinery.
Remove jewelry and metal objects—one should have to remove all jewelry and other metal objects or
apparel from your body before beginning work. These things can cause burns.
Plan to avoid falls—Harms can result from falling off scaffolding or ladders and Other workers may also
be injured from equipment and remains falling from scaffolding and ladders.

No work should be done on live electrical circuits. Circuits must be shut off, locked out, and tagged out.
Even then, one must test the circuit before beginning work to confirm that it is de- energized (“dead”).
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Remove jewelry and metal objects—one should have to remove all jewelry and metal items prior to
undertaking electrical work, as these can cause burns.
Plan to avoid falls—Harms can result from falling off scaffolding or ladders and other persons can also
get injured due to machinery parts/tools falling from scaffolding and ladders.
No work should be done on live electrical circuits, unless it has been shut off, locked-out and tagged-out.
Additionally, testing must be done to ensure that the circuit planned to be worked upon is de- energized.

If you work on the energized circuit the result would be same as
shown in the side image.
1. Learn how to use ladders and scaffolding correctly
2. Scaffolding should only be shifted/moved after all possible
safety hazards have been recognized and controlled.
3. Locking pins must be used to safe tiers to one another.
4. Make sure that you have enough time to complete your task
safely. If you are hurried, you may be tempted to circumvent the
process or take deadly shortcuts. For e.g. in a hurry, one may
forget to dismantle scaffolding before shifting/moving it.

Fig-ME-200
o
o
o
o

o

o
o
o

o
o

Do not do such tasks in which you are not trained or in which you are uncomfortable.
Prior to starting any work, make sure that all equipment’s/circuits in the work area are shut off,
locked out, and tagged out—also make sure that these are dead/de-energized.
Any wiring performed by apprentice electricians must be checked by a journeyman.
Review and examine any changes/amendments to an original blueprint so as to find any new
types of possible hazards. This should always be a priority of supervisor because any such
change might pose risk to lives.
Do not work in wet body or hand or in wet areas. If required, clear the area of loose material or
hanging objects and always cover wet floors by wooden planks so as to keep them dry. Always put
on insulating rubber shoes for safety.
Do not overload the circuits.
Always maintain a minimum safe distance between tall objects (such as ladders) and
overhead power lines.
Moving a truck having its ladder elongated is to be avoided at all cost. Therefore, make
arrangement for an engine lock which does not allow the engine to start until the ladder is fully
retracted.
Instead of overhead electric lines in the work area, potable lighting systems that can be
maintained at the ground level is advised.
Check switches and insulation – Make sure that Tools and other equipment must operate properly
 , switches and insulating parts should be in good condition.

189

Participant Handbook












Ensure that approved GFCI's or equipment grounding
systems are used.
Use equipment’s that have a permanent and
continuous path for fault current to pass to the
ground.
Check electrical tools and equipment daily and
discard damaged or defective equipment from use
instantly.
Use tools only for their intended purposes and adhere
to the safety instructions and SOPs recommended by
manufacturer.
Protect your tools — Ensure that the apparatus, tools
and cords stay away from heat, oil and/or sharp items
so as to prevent any damage to the insulation. If
equipment has been repaired, ensure that it has
already been tested and certified as safe.
Use double-insulated tools

Fig-ME-201

I.

Wear correct PPE - There are many types of PPE such as rubber gloves, insulating shoes,
safety glass, hard hats and face shields, etc.
II.
Wear safety glasses – Always wear safety glasses in order to avoid any injury to the eyes.
III.
Contain and secure loose hair – Tie your hairs such that they don't come onto the face
and interfere with the activity.
IV.
Wear proper foot protection - Wear only approved type of shoes/boots.
V.
Wear a hard hat - Wear an approved hard hat to protect any injury to the head from any
hits/bumps/falling objects.
VI.
Wear hearing protectors - Wear noise protectors to save the ears from damage and
hearing loss.
VII. Follow directions – Maintenance and periodic cleaning of PPEs should be done as per the
manufacturer’s manual.
VIII. Make an effort to remain safe and follow safety practices – Identify and use tools and
equipment’s which protect a person from electrical shock and other hazards.
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Terminology

•
•
•
•

Ampacity - maximum amount of current a wire can carry safely without over-heat in g
Amperage - strength of an electrical current, measured in amperes
Ampere (amp) - unit used to measure current
Arc-blast - explosive release of molten material from equipment caused by high-amperage
arcs

•

Arcing - luminous electrical discharge (bright, electrical sparking} through the air that occurs
when high voltages exist across a gap between conductors

•
•
•
•
•
•

Bonding - joining electrical parts to assure a conductive path
Bonding jumper - conductor used to connect parts to be bonded
Circuit - complete path for the flow of current
Circuit breaker - overcurrent protection device that automatically shuts off the current in a
circuit if an overload occurs
Conductor - material in which an electrical current moves easily
CPR - cardiopulmonary resuscitation-emergency procedure that involves giving artificial
breathing and heart massage to someone who is not breathing or does not have a pulse
(requires special training)

•

Current -movement of electrical charge

•

De-energize - shutting off the energy sources to circuits and equipment and depleting any

•
•
•
•
•
•
•
•
•
•
•
•
•
•

stored energy
Double -insulated - equipment with two insulation barriers and no exposed metal parts
Energized (live, "hot") - similar terms meaning that a voltage is present that can cause a
current , so there is a possibility of getting shocked
Fault current - any current that is not in its intended path
Fixed wiring - permanent wiring installed in sites and other buildings
Flexible wiring - cables with insulated and stranded wire that bends easily
Fuse - overcurrent protection device that has an internal part that melts and shuts off the
current in a circuit if there is an overload
GFCI - ground fault circuit interrupter-a device that detects current leakage from a circuit to
ground and shuts the current off
Ground - physical electrical connection to the earth
Ground fault- loss of current from a circuit to a ground connection
Ground potential - voltage a grounded part should have; 0 volts relative to ground
Guarding - covering or barrier that separates you from live electrical parts
Insulation - material that does not conduct electricity easily
Leakage current - current that does not return through the intended path, but instead "leaks"
to ground
Lock-out - applying a physical lock to the energy sources of circuits and equipment after they
have been shut off and de-energized

•

Milliampere (milliamp or mA) - 1/1,000 of an ampere

•

NEC - National Electrical Code-comprehensive listing of practices to protect workers and
equipment from electrical hazards such as fire and electrocution

•

Neutral - at ground potential (0 volts} because of a connection to ground

•

Ohm - unit of measurement for electrical resistance
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While doing lock-out/tag-out on electrical equipment’s/circuits, the following checklist may be used.

F
F
F
F
F
F
F
F
F

Identify all sources of electrical power to the equipment or circuits .
Disable any backup energy sources like generators or batteries.
Locate all shut-off switches/points for each energy source.
Notify all persons regarding the devices/circuits to be shut off, locked out, and tagged out. (Simply
turning the switch off may not be enough.)
Shut off the power supply and lock the switchgear in OFF position. Every person must put his own
lock and keep the key only with oneself.
Test to ensure that equipment and circuitry are shut-off as well as de-energized.
Deplete the stored energy in any equipment/circuit using techniques such as bleeding, blocking,
grounding, etc.
Put a tag to warn/inform everyone that an energy source or electrical equipment has been locked
out.
Take a head count and ensure that everyone is safe and accounted for, prior to unlocking and starting
any equipment/circuit. This particular decision is only to be determined by a qualified person
whether to re- energize circuits/equipment’s or not.
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Wrong size or type of wire
can cause the electrical
hazards. To create a safe
work environment one must
have to be careful about
these hazards. Select the a
ppropriatesizeof
wire/cable matching with
the current expected in a
circuit. It should be able to
carry the current and its
insulation should also be
appropriate for the voltage.
Wire needs to be tough

Fig-ME-202

enough for the surrounding
where it is being used.
Control hazards of exposed live electrical parts: isolate energized components

Electrical hazards occurs
when wires or other
electrical parts are bare. To
createasafework
environment these hazards
n eed to b e co ntro lled .
Isolation of wire protects t
hemfromdamage.
Isolation is achieved either
by providing protective
guards or by placing the live
parts at least 8 feet away
and o u t o f c o m m o n
movement/working places.

Fig-ME-203
Guarding is also a type of isolation that uses different structures such as barriers, boxes, covers, screens,
etc.
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Plan your work and plan for safety
Find time to Plan your work with other . safety planning is a important part of any assignment. . It takes
effort and planning to recognize, evaluate, and control hazards. Generally people ignore the safety part
from their planning But, YOU MUST PLAN it because it effects some ones life.
Planning with others team members is very essential. It helps in coordinating the work as well benefitting
from other's understanding of identifying and controlling hazards. Below is an suggested list of important
things to know during planning any work.

F Work with a “co-worker” —Do not work alone,
always work in a team. All persons must be trained in
first-aid and CPR, and be clear on what steps to adopt in
case of an emergency.
F Know how to shut off and de-energize circuits— A
person should know the exact location of nearest
circuit-breakers, fuses and switches. All
circuits/machinery to be worked upon (even the lowvoltage circuits) SHOULD BE TURNED OFF! Circuittesting must be done before any work to ensure that
they are totally de-energized
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Fig-ME-204

Fig-ME-205
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Tips

!

Tag-Out
Applying a tag that alerts workers that circuits and equipment
have been locked out

Notes
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Briefly Answer The Following Questions.
What is PPE?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What is lo gout and to gout system?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------How do you recognize hazards?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Write the effects of electrical current on the body?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------How to electric shock received?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

What should you do when a co-worker is shocked or burned by electricity?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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6.Soft Skills
Unit 6.1 – Preparing for work
Unit 6.2 – Communications skills
Unit 6.3 – Time management
Unit 6.4 – Customer services
Unit 6.5 – Listening skills

Key Learning Outcomes

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

1.
2.
3.
4.

Organize yourself by following organizational grooming guidelines/standards
Communicate well with supervisors, fellow workers and customers
Know the time wasters at work and better manage your work schedule
Make customers happy with your work

Unit Objectives

I

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

1.
2.

Understand the importance of grooming
Follow professional grooming guidelines for a loader operator
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UNIT 6.1 – Preparing For Work

Fig-ME-206

UNIT 6.2 – Communication Skills

Vague instructions and message can cause accidents. Persons around you must be aware of your actions.
Whenever you will be working with a team, make sure that everyone knows the hand signals used
because work sites can be noisy and you cannot rely on verbal commands.
A loader operator needs to be alert of his surroundings. Any accident or serious machine malfunctioning
is to be immediately reported to his immediate supervisor.
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UNIT 6.3 – Time Management

UNIT 6.4 – Customer Services
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UNIT 6.5 – Listening Skills

1.
2.
3.
4.

Explain what we mean by listening skills
Understand why listening skills are essential from the employability point of view
Identify key reasons why we often fail to listen effectively
Adopt effective listening techniques
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Introduction
1.

Almost 45% of time we spend in listening.

2.

An essential management and leadership skill.

3.

A process of receiving , interpreting and reacting to a message.

4.

Difference between listening & hearing

Types of Listening
1. Appreciative listening
2. Empathetic listening
3. Comprehensive listening
4. Critical listening

Traits of a Good Listener
1.

Being non-evaluative

2.

Paraphrasing

3.

Reflecting implications

4.

Reflecting hidden feelings

5.

Inviting further contributions

6.

Responding non -verb all y

Active Versus Passive Listening
1.

Show keenness

2.

Expressions

3.

Alertness

4.

Questions

5.

Not neglecting physical aspects

6.

Valid reason for criticism

Implications
1.

Good listening helps you to take better decisions and make better policies in organization.

2. On the contrary lack of proper listening can lead to embarrassing situations because of a gap
in coordination and understanding.
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1.
2.
3.
4.
5.
6.
7.

Be mentally alert and ready to listen
Assess the speech not the speaker
Remain unbiased to the speaker by depersonalizing your emotions/feelings
Be open-minded
Ask questions to seek complete clarity
Summarize from time to time
Send apt non-verbal signals from time to time

DON'Ts
1. Do not pay unnecessary emphasis on vocabulary of the speaker, as
context can also be used to understand the meaning
2. Don't lay much focus on the dressing style and accessories of the speaker
3. Not to prepare your responses while the speaker is speaking
4. Avoid pre-conceived ideas and prejudices
5. Don't get distracted by outside influences and other sound sources
6. Don't interrupt the speaker too much
7. Do not show indications of boredom while listening

Fig-ME-207

Except breathing, we spend a major portion of our time in listening than any other activity. However, we
only listen a fraction of our true potential. Since we assume ourselves to be good listeners, we rarely
focus on improving our listening skills.

Fig-ME-208
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Effective listening is essential not just in academic or professional setting, but also in our day to day and
family life. In most of the cases, listening is equivalent to learning. It helps in improving one's self-esteem,
maximizing productivity, enhancing relationships, and even to become a better speaker

•
•
•
•
•

Listening is one of the most important communication skills
We spend majority of our time in listening as compared to any other skill
Like other skills, practice is essential for effective listening
Effective Listening is an ongoing process
Listening requires mental alertness

Fig-ME-209
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Fig-ME-210

One needs to hear properly to be good listener. Hearing involves picking up the sounds of
the speaker by means of the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Allow the other person to talk.
Avoid interruptions.
Clear one's mind of distractions.
Face towards the speaker and maintain eye contact.
Focus on what is said.
Model the speaker's stance/manner of speaking to encourage him/her to speak further.
Observe non-verbal signs, in addition to what is being said.
Recognize that hearing is a psychological and physiological process.
Use open-ended questions to persuade the speaker to talk.
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In addition to hearing and clarifying what the speaker said, one must interpret the message.
Interpretation involves understanding the words as well as recognizing their credibility. Steps involved in
interpreting a speaker's message are:
1.
2.
3.
4.
5.
6.

Pay attention and focus on both words as well as body language.
Communicate your interpretation and verify its accuracy.
Concentrate on facts and data, not perceptions.
Distinguish between assumptions, and facts and data.
Identify the main ideas.
Be attentive to nonverbal signs for evaluating the sincerity of what is being said.

While responding to the speaker may be essential to effective listening, it is optional in nature and
depends on the context. It is important to remember that a response would have emotional and
psychological reactions to it. Some of the steps for effective responding are mentioned below:
1.
2.
3.
4.
5.
6.

Be genuine and sincere in your response.
Follow-up with queries/clarifications for the speaker, if necessary.
Demonstrate a physiological (e.g., body language) and psychological response.
Exhibit empathy rather than sympathy.
Express verbal and nonverbal cues in order to establish proper communication.
Seek feedback/inputs on one's response.
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•

Listening may not be as easy as it
seems.

•

Many a times, people assume that
they are good listeners and there
lies the problem to effective
listening.

•

Owing to preconceptions, the
human brain tries to visualize each
new information in its own way.
Thus, the human brain at times
hinders a person to see the complete
picture.

•

This deficiency in listening
leads to miscommunication
and misinterpretation.

•

As a result, a listener becomes
incapable of dealing with both
logic
and
emotion
in
a
communication.
• Thus, this asymmetrical use of the
human brain results in failure to
absorb all the necessary information
coming from the speaker.
•

F Effective listening therefore
necessitates the use of both left
and right
Fig-ME-211

F Enhances productivity
F Enhances understanding
F Improves negotiation skills
F Avoids conflict
F Improves relationships
F Enables one to stand out
F Appreciation by people
Fig-ME-212
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Fig-ME-213

Fig-ME-214

The first and foremost step in effective listening is to pay close attention to the speaker. Maintaining
attention may not be as easy as it seems, especially when the topic of discussion or the speaker is not
quite interesting. Therefore improving attention skills through games may be helpful. Players in such
games are required to observe and remember details. For example, Pair-Matching games help build
attentiveness by requiring players to recall location of hidden images or find differences among identical
pictures.
One can devise their own listening game by first reading out loud a description (such as colors, dates,
names) of various items and then asking the players to list as many specific details as they can. A person
who can precisely recall and list out maximum number of details wins the game.

Many times, paying close attention may not be sufficient due to outside distractions. This is because of
the lack of concentration at that point of time. Therefore, to build and enhance concentration skills,
memory games are greatly beneficial. These games require players to absorb and then recall various
sequences, images and patterns.
One can devise their own memory game by first reading out a story and then asking the group to take
turns and add lines/context to the story. E.g., one can begin with “I went to the sea beach alone, but found
my friends looking at something in the sea there.” The player next to you is aksed to repeat the sentence
and then add his/her line to the sentence. The sequence is continued till someone breaks the order.
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Speak less, listen more.
Discover interest in the speaker.
Try to keep the communication path open by interacting.
Read between the lines, look for a meaning that is implied rather than plainly stated
Take mental notes, we think faster than we talk.
Assume proper posture to greatly improve listening.
Be mentally aware of your filters, as these cultural, gender or upbringing related filters canimpede
effective listening.
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!

Tips

Benefits of Effective Listening

Notes
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Briefly Answer the Following Questions.
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