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BASICS ON LOW VOLTAGE EARTHING

Mrs. SHUCHITA ARORA
IRSEE(P)-2019

PEEYOOSH GUPTA
Sr.Prof. (TRD)/IRIEEN/NKRD

1. Abstract:

3. SOME FOOD FOR THOUGHT TO BEGIN WITH

Abstract: This article explains the basic terms used
for earthing. Many practices are adopted for earthing,
but the actual interpretation is often misunderstood due
to the wrong practices for long. The use of electricity has
become an integral part of every sector, and hence safety
is essential. Hence understanding the fundamentals, that
too in the correct way, is needed in today’s time. Authors
acknowledge various information used in this article
available on the topic on the websites.

The most prevalent concept that merely connecting
all non-conducting metallic parts to an electrode with less
resistance in an earth pit is the solution for protection
against earth faults is not true.

2. INTRODUCTION
Indian Standard 3043 and 732 primarily govern
earthing and earthing systems whose primary purpose
is to keep the touch/step potential during fault within
safe limits and clear the fault in the least stipulated time,
thereby ensuring the safety of life and apparatus. But
unfortunately, the very basics are generally neglected
and often misunderstood during the implementation of
such standards. The proper earth connection can improve
service continuity and avoid damage to equipment and
danger to human life. It also reduces the risk of a person
in the vicinity of earthed facilities being exposed to the
danger of critical electric shock. If one understands the
impact of electric shock under various conditions on the
human body, it will enable him to construct robust and
reliable systems of earthing and save lives during fault
conditions.

IRIEEN Journal Vol.32 No. 1-2 January- June-2021

Figure 1: Depicting electric shock despite using earth
electrodes.

A minimal current of 30 to 50 mA for certain time
is enough to kill a person. So merely connecting the
non-conducting metallic part of the equipment to a low
resistance earthed system is insufficient.
As per IS 3043, equipment is classified as Class I and
Class II Equipment.

2

Class I Equipment:

Simultaneously accessible metal parts create
potential difference, and hence there is a chance of shock.

Equipment in which protection against electric shock
does not rely on basic insulation only, but includes means
for connecting exposed conductive parts to a protective
conductor in the fixed wiring of the installation.

Hence these shall be bonded together.
Now the question arises that how is it done?
The answer lies in the Protective Equipotential
bonding.

Class II Equipment:
Equipment in which double insulation (insulation
comprising basic and supplementary insulation) or
reinforced insulation is provided. It may not have provision
for connection of exposed metal work of the equipment
to a protective conductor. The touch voltage shall not be
applicable for these equipments being isolated.

For safety, all exposed conductive parts (e.g. panel
body) are interconnected. They are connected at MET
(Main Earth terminal) or SEB (Sub earthing board/terminal
for larger installations) by circuit protective conductor/
protective earthing conductor.
There are 2 conductors used for this purpose:

An electrical system can be classified into the
earthed (where fault current flows on the first earth fault)
and unearthed system. In an unearthed system, as the
current can only flow when the circuit completes the path
for the current to go back to the source, the first fault does
not cause any shock. However, a second ground fault shall
complete the circuit and can cause an electric shock to the
person in contact.

1. Circuit Protective ConductorAll exposed conductive parts (e.g. panel body) shall be
connected to MET by circuit protective conductor. Its
size depends on the fault current.
2. Equipotential Bonding Conductor
All extraneous conductive parts (e.g. metal ducting,
pipe) shall be conducted to MET by an equipotential
bonding conductor. It has a fixed size.

There could be some possible solutions to lessen the
impact of shock during earth fault conditions:
1. Switch off the supply quickly

Main Earthing Terminal-MET

(Discussed later as to why it is necessary)

It is the terminal or bar (the equipotential bonding
conductor) provided for connecting protective conductors
and the conductors of functional earthing to the means
of earthing. It is defined in para no. 3.21 of IS 3043:2018.

2. Put a barrier in between the equipment so that no one
can touch it.
However, this is not possible in all cases
3. Making the floor resistance high, e.g. using a rubber
mat
4. Floor Equipotentialisation
To prevent the risk of shock due to step potential
developed, Floor equipotentialisation proves to be of
great help.
5. Protective Equipotential Bonding
It is defined in IS 732 : 2019 (para 3)
When a fault is developed in any equipment, there
is touch potential between simultaneously existing
metal parts if available nearby.

Figure 2: Main Earthing Terminal
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Figure 3: Connection of MET or the Equipotential Earth Bar is depicted

•

Connections to Earth,

•

Earth-fault protection in consumer’s premises,

•

Power stations, substations and overhead lines,

•

Industrial premises,

•

Standby and other private generating plant,

•

Medical establishments,

•

Miscellaneous installations and considerations,

•

Measurements and calculations, and

•

Data processing installations.

This Code of practice provides recommendations
and guidance on meeting the requirements for the
earthing of electrical installation for:

All extraneous conductive parts (e.g. metal ducting/
pipe) shall be connected to MET by an equipotential
bonding conductor.

(a) Protective earthing is equipment earthing of low
voltage installation to IS 732 to limit the potential (with
respect to the general mass of Earth) of non-current
carrying metalwork associated with equipment,
apparatus and appliance connected to the system.
(b) System earthing of low voltage installation to IS 732
to limit the potential (with respect to general mass of
Earth) of current carrying conductor forming part of
the electrical system.
(c) Protective earthing and changeover switching
arrangements for generators supplying low voltage
installation.
Figure 4: Depicting Floor Equipotentialisation and Touch potential by
simultaneously accessible parts.

This Code applies only to land-based installations in
and around the building.

3. DIFFERENT NATIONAL AND INTERNATIONAL
STANDARDS, REGULATIONS AND RULES

It does not apply to:
(a) ships, aircraft, offshore installations

(i) IS 3043: 2018 Second Revision
Code of Practice for Earthing
(Published in 1966 and First Revision in 1987)

(b) equipment sensitive to static electricity
(c) the internal earthing of the equipment

The Bureau of Indian Standards adopted this Indian
Standard (Second Revision) after the Electrotechnical
Division Council had approved the draft finalized by the
Electrical Installations Sectional Committee.

(ii) IS 732: 2019 Fourth Revision Code of Practice for
Electrical Wiring Installations.
(Published in 1958, first revision in 1963, Second
revision in 1982, third revision in 1989)

The information contained in this Code cover the
following aspects:

The Bureau of Indian Standards adopted this Indian
Standard.

•

This Code covers the essential requirements and

General,
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for connection to an external power supply with regard to
protection against electric shock in case of an insulation
failure.

precautions regarding wiring installations for ensuring
satisfactory and reliable service and safety from all possible
hazards from the use of electricity. This Code applies to
the design, selection, erection, inspection, and testing of
wiring installations, whether permanent or temporary, in
and about buildings.

This standard is based on experience with voltage
upto 440 Vrms and 250 Vrms between phases and Earth in
Equipment designed. However, the possibility of it being
used for higher voltage can be considered.

It generally relates to all wiring installations in nonindustrial and industrial locations, whether the electric
supply is derived from an external source or a private
generating plant.

4. SOME OTHER STANDARDS WHICH AID IN
EARTHING AND SAFETY INSTALLMENTS:

Installations utilizing the following nominal voltage
ranges are dealt with in this Code:

•

a) Voltage normally not exceeding 50V ac or 120V dc
whether between conductors or to Earth.

IS 4648 - 1968 Guide for electrical layout in residential
buildings.

•

b) Voltage normally exceeding extra-low voltage but not
exceeding 1000 V ac or 1500 V dc between conductors
or 600 V ac or 900 V dc between conductors and earth.

IS: 8061 - 1976 Code of practice for design, installation
and maintenance of service lines upto and including
650V

•

IS 8884 - 1978 Code of practice for installation of
electric bells and call system.

•

IS 5578 - 1985 Guide for marking of the insulated
conductor.

•

IS 11353- 1985 Guide for a uniform system of marking
and identification of conductors and apparatus
terminals.

•

IS 5728 - 1970 Guide for short-circuit calculations.

•

IS 7752(Part-1)-1975 Guide for improvement of power
factor in consumer installation: Low and medium
supply voltages.

•

IS 3646(Part-1)-1966 Code of practice for interior
illumination: Principles for good lighting and design
aspects.

•

IS 3646(Part-2)-1966 Code of practice for interior
illumination: Schedule of illumination and glare index.

•

IS 2672 - 1966 Code of practice for library lighting.

•

IS 10118(Part-1)-1982 Code of practice for selection,
installation and maintenance of switchgear and
control gear: General.

•

IS 10118(Part-2)-1982 Code of practice for selection,
installation and maintenance of switchgear and
control gear.

This Code does not apply to the following
a) Systems for distributing energy to the public or to power
generation and transmission for such systems.
b) Wiring installations in special locations such as mines
or other areas where potentially explosive atmosphere
exists.
c) Lightning conductors, telecommunications and alarm
systems.
d) Traction installations, motor vehicles, installations
onboard ships, aircraft or offshore installations.
e) This Code also does not apply to matters concerning
specifications of individual items of equipment and
does not deal with requirements for the construction
of prefabricated assemblies of electrical equipment.
(iii) IS 9409: 1980 Classification of Electrical and Electronic
Equipment with regard to protection against electric
shock
The Indian Standards Institution adopted this
standard on 23 January 1980.
This standard gives guidance on the classification of
low voltage electrical and electronic equipment intended

5
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•

IS 10118(Part-3)-1982 Code of practice for selection,
installation and maintenance of switchgear and
control gear: Installation.

•

IS 10118(Part-4)-1982 Code of practice for selection,
installation and maintenance of switchgear and
control gear: Maintenance.

•

IS 2309 - 1989 Code of practice for the protection and
allied structures against lightning.

•

IS 5216(Part-1)-1982 Guide for safety procedures and
practices in electrical work: General.

•

IS:4237 - 1983 General requirements for switchgear
and control gear for voltages not exceeding 1000 V AC
or 1200 V DC

•

IS 6875(Part-1)-1973 Control switches (switching
devices for control and auxiliary circuits including
contractor relays) for voltages upto and including 1000
V AC and 1200 DC: General requirements and tests.

•

IS 8828 - 1978 Miniature air break circuit breakers for
voltages not exceeding 1000 volts.

•

IS 13032 - 1991 Miniature circuit breaker boards for
voltages upto and including 1000 volts AC.

•

IS 12640 - 1988 Residual current operated circuit
breakers.

•

IS 2959 - 1985 Contactors for voltages not exceeding
1000 V AC or 1200 V DC.

•

IS:8623(Part-1)-1977
Factory-built
assemblies
of switchgear and control gear for voltages upto
and including 1000 V AC and 1200 V DC: General
requirements.

•

IS:3961 (Part-5)-1968 Recommended current ratings
for cables: PVC insulated light duty cables.

•

IS 3854 - 1988 Switches for domestic and similar
purposes.

The National Electrical Code considers the
stipulations in several Indian Standards dealing with the
various aspects relating to electrical installation practice.
Several product standards also exist, and compliance with
relevant Indian Standards is desirable.
Therefore, it is recommended that individual Parts/
Sections of the Code be read in conjunction with the
relevant Indian Standards.
A list of such Indian Standards is given at relevant
Part/ Section of the Code. At the time of publication, the
editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this standard
are encouraged to investigate the possibility of applying
the most recent editions of the standards.
Specific regulations to be adhered to in the supply
and use of electrical energy had been laid down by the
Indian Electricity Act, 1910 and the Indian Electricity
Rules, 1956, framed there under. However, a need was
felt to elaborate upon these regulations since the agencies
involved have varied practices because of their diverse
interests and access to technological developments.
To rationalize these practices, India’s first National
Electrical Code, formulated in 1985, was a compendium
of several well-established codes of practice that assisted
with economic selection, installation, and maintenance of
electrical equipment employed in electrical energy usage.
The Code complemented and elaborated on the
Indian Electricity Rules, 1956 for the ease of application
by the system engineers by recommending the best
practices for electrical installations in a consolidated form
to provide for unified practices and procedures along with
consideration for safety and economical usage of energy
in the design, execution, inspection and maintenance of
electrical installations of various locations.

6.Central Electricity Authority Regulations
(First Published by Bureau of Indian Standards in August
1985 First Revision February 2011)

5. National Electrical Code :2011

CEAR, namely Central Electricity Authority (Measures
relating to Safety and Electric Supply) Regulations, 2010,
is a regulation framed by the Central Electricity Authority
of India under the Indian Electricity Act, 2003, to regulate
safety and electric supply in India.

(First Published by Bureau of Indian Standards in
August 1985,
First Revision in February 2011 ,now under revision)
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ground currents, cable sheath grounding, static and
lightning protection, indoor installations, etc.

CEAR came into effect on 20 September 2010, in
place of The Indian Electricity Rules, 1956.
The Electricity Act, 2003, was formulated combining
the Indian Electricity Act 1910 and the Indian Electricity
(Supply) Act 1948.
Under CEAR, rule 41, a specific provision of earthing
neutral wire of a 3-phase, 4-wire system and the additional
third wire of a 2- phase, 3-wire system is given. Certain
essential aspects include:
1.

Earthing is to be done with two separate connections.
The grounding system also has a minimum of two or
more earth pits (electrode) such that proper grounding
occurs.

2. As per rule 42, installation with load above 5 kW
exceeding 250 V shall have a suitable Earth leakage
protective device to isolate the load in case of earth
fault or leakage.
3. Neutral and Earth run separately on overhead lines/
cables.
4. Armouring of cables to be used for earth connection.
5. Additional earth electrodes/pits to be installed at user
ends for proper Earth.
6. All metal casing or metallic coverings of electric supply
line or apparatus to be connected with Earth and all
such earthing points shall be so joined to make a good
mechanical and electrical connection in the complete
system.

7. IEEE Standards:
•

•

•

IEEE Guide for Safety in AC Substation Grounding - IEEE
Std 80-2000 (Revision of IEEE Std 80-1986) provides
guidance and information pertinent to safe grounding
practices in ac substation design.
IEEE Std 81-19833 and IEEE Std 81.2-1991 provide
procedures for measuring the Earth resistivity, the
resistance of the installed grounding system, the surface
gradients, and the continuity of the grid conductors.
IEEE Std 142-1991, also known as the IEEE Green Book,
covers some practical aspects of grounding, such as
equipment grounding, cable routing to avoid induced

7

•

IEEE Std 367-1996 provides a detailed explanation of
the asymmetrical current phenomenon and of the
current fault division, which to a large degree parallels
that given herein.

•

IEEE Std 665-1995 provides a detailed explanation of
generating station grounding practices.

•

IEEE Std 837-1989 provides tests and criteria to select
connections to be used in the grounding system that
will meet the concerns described in Clause 11.

•

IEEE Std 81-1983, IEEE Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth Surface
Potentials of a Ground System (Part 1).

•

IEEE Std 81.2-1992, IEEE Guide for Measurement
of Impedance and Safety Characteristics of Large,
Extended or Interconnected Grounding Systems (Part
2).

•

IEEE Std 142-1991, IEEE Recommended Practice for
Grounding of Industrial and Commercial Power Systems
(IEEE Green Book).

•

IEEE Std 367-1996, IEEE Recommended Practice for
Determining the Electric Power Substation Ground
Potential Rise and Induced Voltage from a Power Fault.

•

IEEE Std 487-1992, IEEE Recommended Practice for the
Protection of Wire-Line and Communication Facilities
Serving Electric Power Stations.

•

IEEE Std 525-1992 (Reaff 1999), IEEE Guide for the
Design and Installation of Cable Systems in Substations.

•

IEEE Std 665-1995, IEEE Guide for Generating Station
Grounding.

•

IEEE Std 837-1989 (Reaff 1996), IEEE Standard for
Qualifying Permanent Connections Used in Substation
Grounding.

•

IEEE Std 1100-1999, IEEE Recommended Practice for
Powering and Grounding Electronic Equipment (IEEE
Emerald Book).

•

IEEE Std C37.122-1993, IEEE Standard for Gas-Insulated
Substations.
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•

IEEE Std C37.122.1-1993, IEEE Guide for Gas-Insulated
Substations.

It finds its application in Operation Theatre of
hospitals, Telecom Centers, Computer Data Centers,
Instrumentation Systems, light in inaccessible
areas(Limited area), especially where the continuity of
electricity is of prime importance.

8. APPROACHES ADOPTED FROM THE
PERSPECTIVE OF SAFETY AND FUNCTIONALITY

An un-earthed system achieves continuity of supply.
IT system or Isolated Terre is used on the supply side. As
soon as the insulation degrades to a set limit, an early
warning is initiated. No disconnection is needed with the
first fault.

1. Earthed Systems: In this system, one live conductor of
the network is earthed.
Some features of this system are:
a. Stable operating voltage
b.

Safety of un-earthed systems is provided by
protective equipotential bonding and monitoring of
insulation during the first fault.

Limited insulation required with respect to Earth

It finds its application in General Usage and is primarily
implemented in large areas.

During the first fault in such systems, continuity of
supply remains, the most needed feature of this system;
disconnection occurs only during the second fault.

The safety of the earthed system is provided
by protective equipotential bonding and automatic
disconnection of supply.

9. CHASSIS GROUND, SIGNAL GROUND AND
EARTH GROUND.

During a fault, the faulty circuit is disconnected, and
no supply is available during the fault.

All three indicate connecting to the point of
(theoretically) zero voltage, but within a different context:

There is a difference between the terms Earth,
Earthing and Earth Electrodes, but these are at times used
interchangeably

Chassis ground is used for a device, Signal ground for
very low voltage signals within a device, and Earth ground
for a power system.

Earth as per Para no. 3.60 of IS 732(2019 edition)
is defined as the conductive mass of the Earth, whose
electric potential at any point is conventionally taken as
zero.
As per para no. 3.66 of IS 732(2019), earthing is
defined as connecting the exposed conductive parts of an
installation to the Main Earthing Terminal (MET) of that
installation.

Figure 5: Symbols used

Earth Electrodeas per Para no. 3.7 of IS 3043(2018)
means a conductor or group of conductors in intimate
contact with and providing an electrical connection to
Earth.

But ground as zero voltage is theoretical; only a
conductor with zero impedance will have zero voltage.
In reality, a ground plane or rail will usually have varying
voltages at negligible levels. Connecting wires such that
resistance of the wiring is additive (in series) in a return
path.

2. Un-Earthed Systems: In this system, Live Conductors
are insulated. Some features of this system are:

A chassis ground is a ground-collection point that
connects to the metal enclosure of an electrical device. A
chassis ground may be used for shielding and grounding
to prevent electrical shock. Mains’ earth ground and the

1. No stable operating voltage to Earth
2. Considerable insulation required with respect to
Earth
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Printed circuit boards (PCBs) can inherit grounding
problems from automatic layout programs. Signal ground,
or the 0V signal reference voltage, should be on the PCB
and not grounded off the PCB where it can pick up external
noise.

(theoretically) 0V power rails are all tied together and
connected to the chassis at that one point.
For example, with multilayer printed circuit boards,
one or more of the conducting layers may be used as a
chassis ground. A chassis ground is typically only made at
one point. This prevents a current return path through an
available but undesirable means and prevents current from
circulating through the chassis. Current circulating through
the chassis can induce a “ground loop.” But if the chassis is
only grounded at one point, current cannot flow through
the chassis, and the relationship between magnetic flux
and electricity cannot be exercised. Ground loops, which
cause induced EMF (noise), are especially problematic for
noise-sensitive applications such as instrumentation and
audio.

Signal voltages are much smaller than the voltages
entering the system on point-of-entry (POE) power
modules. Therefore that signal ground is isolated from the
chassis or power ground. The signal ground may also be
split between digital and analogue sections of a system.
Signals can suffer from ground-injected interference when
input signal grounding is external to the PCB where the
signal lives. Ground-injected interference is possible to
ignore if the signal is much larger than the injected noise,
however.
Earth ground is the practice of using a grounding
rod driven into the Earth’s surface for safety reasons. A
familiar context for earth ground is in household electrical
systems. Grounding adds the third wire (a ground wire)
to provide a path for current that is unable to complete
the circuit. An exposed conductor wire, for instance, can
create a situation where the current could flow through a
person’s body in a path to the ground if not for the ground
wire, which instead safely dissipates the current to the
Earth and hopefully trips a fuse due to excessive current
draw to earth ground.

Ground loops often occur when connecting multiple
electronic devices because no two grounds are ever
precisely the same potential, which induces flow. Even a
very low (voltage) potential difference causes current to
flow from one unit’s ground to the other unit and back
to the first unit through the additional ground connection
provided by the power distribution network. Although
the impedance in a loop ground is only a tiny fraction of
an ohm, this is enough to cause issues such as noise and
interference.
A standard solution to ground loops is a star
distribution, where an arbitrary “lowest voltage
potential ground” point is chosen. Star distribution has
all interconnected components connected in a radiating
pattern outward from “ground.” If a star distribution is
carefully done, signal wiring between equipment grounded
to the star will be at zero potential, thus avoiding ground
loops.

It is essential to have earth ground if high voltages
are involved. If electrical equipment has a failed
component that causes the live voltage to come in contact
with a conducting chassis, for example, the equipment
may continue to operate due to the internal isolation
of systems, but the first person that touches the chassis
becomes a path to ground and will suffer severe injury
or even death. Even if a fuse is in the path from the live
voltage source, it still takes micro or milliseconds for
the fuse to blow and open the circuit, preventing flow.
Therefore, earth ground and fault interrupters are most
often in evidence wherever high voltages are involved.

Signal ground is a reference point from which a
signal is measured. There may be more than one reference
ground in a given circuit. A clean signal ground, or a
ground connection without injected noise, is essential to
electrical equipment that must accurately detect minimal
voltage levels or differences, such as those in medical
equipment. When there are multiple paths for electricity
to flow to the ground, the duplicate ground paths pick
up interference currents and transform the currents into
voltage fluctuations. The ground reference in the system is
then no longer a stable potential, and the noise becomes
part of the signal.

10. BASICS OF ELECTRIC SHOCK
In this section, we shall understand what an electric
shock is and the essential condition for getting a shock. We
shall elaborate that very reason with simple circuit theory.
The basic definition of electric shock says that it is
a consequence of electricity flowing through a person’s
9
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A similar concept is to be applied when we study the
closed and open circuit with Earth.

body. The condition for electricity to flow is an electrical
potential and a path for the electricity to flow. There must
be a path from an energy source through the body and
back to the source so that a closed circuit is formed and
an electric current can flow. A closed circuit is mandatory
to have a shock current. If there is no closed circuit path,
we will in no circumstance receive shock current. If an
individual is in contact with the faulty equipment and
there is a current path through the body, back to the
source, shock current will persist until the protective
device clears the fault or the contact is removed from the
faulty equipment.

The circuit is not completed when connecting one
side to the positive and the other side to the ground.
Current does not go to Earth. Current shall always come
back to the source.
Let us take a 5 V Battery and connect one terminal
to the value resistance, say 4.7 Ohms. The other end of the
battery is disconnected, but the other end of the resistance
is earthed. In this case, no current shall flow in the wire.

The above statements are based on the simple
concept of the open and closed circuit explained below.
A circuit is known to be complete if the current
leaves the source and returns to the source. If we take
a power supply source such as a battery, the circuit is
complete only if we have one part of the circuit connected
to the positive and the other side to the negative.
Figure 8: Incomplete or Open Circuit, No current will flow in
this case

If taking the same battery and resistor, if we now
earth the battery too, the circuit is completed through the
Earth, and a current of value 5/4.7 mA, i.e. 1.063 mA will
flow through the wire.

The bulb
will glow
Figure 6: A Closed Circuit

Figure 9: Complete Circuit or a Closed-Circuit, Current will flow based
on Resistance and Voltage; in this case, it shall be 1.063 mA.

The bulb
will not
glow

Therefore the above explanation clarifies that it is
wrong to assume that fault current flows to Earth. Earth
completes the circuit if fault is a ground fault, and the
supply is grounded at one terminal. Fault current always
tends to flow back to the source.

Figure 7: An Open circuit
An Open Circuit is an incomplete circuit in which no
current will flow.
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•

Only lightning current flows to the Earth.

Magnitude of
current

11.FACTORS ON WHICH ELECTRIC SHOCK
DEPENDS
The human body acts as a resistance in case any
potential difference is experienced across it accidently.
The effect this electric current causes, when it passes
through the vital organs of the body, depends on three
major factors
a. The duration of the current
b. The frequency of the current
c. The magnitude of current
If anyone or more of these factors are beyond the
specified limit, the most severe consequence one can
suffer is ventricular fibrillation.
Ventricular fibrillation is an abnormal, lifethreatening and irregular heartbeat also called arrhythmia.
During ventricular fibrillation, disorganized heart signals
cause the lower heart chambers (ventricles) to twitch
(quiver) uselessly. As a result, the heart doesn’t pump
blood to the rest of the body. Because the heart doesn’t
pump adequately during ventricular fibrillation, sustained
ventricular fibrillation can cause low blood pressure, loss
of consciousness or death.
Let us now see what and how each factor has impact
on the human body.
•

Magnitude and Duration

Frequency:

As per the research conducted, it is observed that
higher frequencies are more lethal than lower frequencies.
Considering an average human body, at 50 Hertz, 0.1mA is
lethal, whereas at 25 Hertz, the human body can survive a
little higher than 0.1mA.
If it is DC or the Direct current, a human can survive
five times the same magnitude of the current.

Effect on Human Body

0 mA

The initial threshold sensing current; causes
a slight tingling sensation in the hands or
fingertips by the passing current.

1mA to 6mA

The let-go current; unpleasant; does not
affect the control of a person on his muscles
and can release the energized object

9mA to 25mA

Painful, difficult or impossible to release energized objects as less control on muscles;

25mA to
60mA

Muscular contractions can make breathing
difficult; generally not very severe, and
its effects do not persist if the current is
removed(if breathing stopped for minutes,
it could result in severe results)

60mA to
100mA

May cause ventricular fibrillation, stoppage
of the heart, or inhibition of respiration
might occur and cause injury or death

Table 1: Magnitude versus the effect of electric current
The table gives us a fair estimate of the tolerable
amount of current that should be allowed in case of
fault. Based on this very fact, a reliable earthing system is
designed.
There exists a relation for the impact that is caused
between the fault current that flows through the human
body and the duration for which it flows.
Considering the non-fibrillating current of magnitude
IB at durations ranging from 0.03 s to 3.0 is related to the
energy that is being absorbed by the body. The following
relation calculates it:

SB= IB × ts
where
IB = the rms magnitude of the current through the body, in
A
ts= the duration of the current exposure, in sec, and
SB= the empirical constant related to the electric shock
energy tolerated by a certain percent of a given population.

11
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Based on IS 3043, this calculation is used to find
disconnection time for touch voltage

if we think of a body as a network of resistances. Each body
has a different size, and thus, as we know that

It is given in the form of table as follows

R=ρ
Where R is the resistance

DISCONNECTING TIMES FOR DIFFERENT TOUCH VOLTAGES
(IS3043, IS 732 AND NEC SP:30-2011)
Condition 1 (DRY)
Z1
I
t

Prospective
touch
voltage Uc

ρ is the specific resistivity

Condition 2(WET)
Z2
I
t

V

Ω

mA

s

Ω

mA

s

25

-

-

-

1075

23

5.000

50

1725

29

5.000

925

54

0.470

75

1625

46

0.600

825

91

0.300

90

1600

56

0.450

780

115

0.250

110

1535

72

0.360

730

151

0.180

160

1475

102

0.270

660

227

0.100

220

1375

160

0.170

575

383

0.035

280

1370

204

0.120

570

491

0.020

350

1365

256

0.080

565

620

-

500

1360

368

0.040

560

893

-

1.

Dry or moist locations, dry skin and significant floor resistance

2.

Wet locations, wet skin and low floor resistance

l is the length of the body/object
and A is the area of a cross-section through which
current flows or potential difference is applied.

Table 2: Values of shock current value and disconnection
time required variation for wet and dry conditions
Calculation of the Tolerable Body Current Limit
Figure 10: A diagram depicting that the human body
behaves as a resistance to the potential difference that is
accidentally applied across it.

The following formula relates the current with the
duration it flows through the body that 99.5 percent of
people are assumed can withstand without any severe
condition such as ventricular fibrillation:
where

Thus, the formula for the allowable body current for
approximately 70 kg person weight (SB = 0.0246 and k70 =
0.157) becomes

IB=

IB =

k=
The formula for the allowable body current for approximately 50 kg person weight

(for 70 kg body weight )

(SB = 0.0135 and k50 = 0.116) becomes

It is evident that considerably higher body currents
can be permitted if we employ fast-operating protective
devices to limit the fault duration. Therefore, it needs to
be judiciously decided whether to use the clearing time of
primary high-speed relays or the backup protection as the
basis for calculation.

IB =
(for 50 kg body weight)
Thus the current is the function of body weight as
the value of SB and k depends on it. This can be understood
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How is the Human Body Resistance calculated/
used in further calculations?
As per IS 3043, for all calculations, the current path
typically considered is from one hand to both feet or from
one foot to the other one. The body’s internal resistance is
approximately 300 Ω, whereas values of body resistance,
including the skin, is from 500 Ω to 3000 Ω.
The hand and foot resistance are considered zero.
Glove and shoe resistance are also considered zero for
calculations.
A value of 1000 Ω, which represents the human
body’s resistance from hand-to-feet and hand-to-hand,
will be used for all calculations from one foot to the other
foot.

RB=1000 Ω
Different types of potential difference which
causes Electric Shock
They are discussed here as follows:
(i) GPR or the Ground potential Difference
The maximum electrical potential that a sub-station
ground grid may attain relative to a distant grounding
point assumed to be at the potential of remote Earth.
This voltage, GPR, is equal to the maximum grid
current multiplied by the grid resistance.
The purpose of conducting a Ground Potential Rise
(GPR) Study is to determine the effects of electrical faults,
lightning strikes, and/or short circuits on personnel and
equipment within the fault area. In the event of a ground
fault, understanding the clearing time and the dissipation
of the high-voltage event allows for the safest and most
cost-effective grounding system design possible without
over-engineering allowing us to stay within budgetary
constraints.
(ii) Mesh Voltage
The maximum touch voltage within a mesh of a
ground grid is given by:

13

Thus the actual mesh voltage, Em (maximum touch
voltage),is the product of
ρ , which is the soil resistivity
Km, which is the geometrical factor based on the
configuration of the grid
Ki, the correction factor, which accounts for some of
the errors introduced by the assumptions made in deriving
Km
and
IG/LM , which is the average current per unit of
effective buried length of the conductor that makes up the
grounding system
(iii) Metal-to-Metal Touch Voltage
The difference in potential between metallic objects
or structures within the sub-station site may be bridged by
direct hand-to-hand or hand-to-feet contact.
The metal-to-metal touch voltage between metallic
objects or structures bonded to the ground grid is assumed
to be negligible in conventional substations.
However, the metal-to-metal touch voltage between
metallic objects or structures bonded to the ground grid
and metallic objects inside the substation site but not
bonded to the ground grid, such as an isolated fence, may
be substantial.
In the case of gas-insulated substations, the metalto-metal touch voltage between metallic objects or
structures bonded to the ground grid may be substantial
because of internal faults or induced currents in the
enclosures.
(iv) Step Voltage
It is defined as the difference in surface potential
experienced by a person bridging a distance of 1 m with
the feet without contacting any other grounded object.
One of the methods to approach Step potential
issue is given ahead.
Earth electrode voltage is raised based on R and the
fault current value. It is injurious to telephone and pilot
cables owing to the voltage to which the sheaths of such
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cables are raised. It also poses a danger to life, especially
cattle

As per National Electrical Code, touch voltage should
not exceed 32 volts. Supplementary Equipotential Bonding
shall ensure this voltage is less than 32 volts.

Risk arises mainly in connection with large electrode
systems as at power stations and substations

(vi) Transferred Voltage

An effective remedy is Earth, the neutral conductor
at some point on the system inaccessible to animals and
humans rather than earthing the neutral at the transformer
itself.

This is a special case of the touch voltage where a
voltage is transferred into or out of the substation from or
to a remote point external to the substation site.

Alternatively, an effective method is for pipe or rod
electrodes to be buried with their tops below the soil’s
surface and connections made to them using insulated
leads. The maximum voltage gradient over a span of 2 m
adjacent to a 25 mm diameter pipe electrode is reduced
from 85 percent of the total electrode potential when the
top of the electrode is at ground level to 20 and 5 percent
when it is buried 0·3 and 1·0 m respectively.
An important thing to consider is that Earth
electrodes, other than those used for the earthing of the
fence itself, should not be installed in proximity to a metal
fence to avoid the possibility of the fence becoming live.

Figure 12: Pictorial representation of Transferred Voltage; IF
represents the fault current

The maximum voltage of any accidental circuit must
not exceed the limit that would produce a current flow
through the body that could cause fibrillation.

(v) Touch Voltage
The potential difference between the ground
potential rise (GPR) and the surface potential at the point
where a person is standing while at the same time having
a hand in contact with a grounded structure is defined as
Touch Voltage as per IS 30143 and IEEE standards.

The shock duration is usually assumed to be equal
to the fault duration. If re-closing of a circuit is planned,
the fault duration time should be the sum of the individual
faults and used as the shock duration time ts.

Touch voltage measurements can be ‘open circuit’
(without the equivalent body resistance included in
the measurement circuit) or ‘closed circuit’ (with the
equivalent body resistance included in the measurement
circuit).

Figure 13: Pictorial summary of the definitions discussed;

Figure11:Pictorial representation of touch and step voltage; If
represents the fault current
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NATURAL RESPONSE
Let us now mathematically see how we can quantify the
value of touch and step voltage.
To build an accidental circuit equivalent, the following
notations are used :

voltage VTh is the voltage between terminals H and F when
the person is not present. The Thevenin impedance ZTh is
the impedance of the system as seen from points H and
F with voltage sources of the system short-circuited. The
current Ib through the body of a person coming in contact
with H and F is
Ib =

If is the total fault current, in A
Ig is the current flowing in the grid, in A

Where

RB is the resistance of the body, in Ω
Ib is the body current (body is part of the accidental circuit)
in A

RB= the resistance of the human body in Ω.

RA is the total effective resistance of the accidental circuit
in Ω
VA is the total effective voltage of the accidental circuit
(touch or step voltage) in V
U is the total effective voltage of the accidental circuit
(touch or step voltage), in V
H and F are points of contact of the body.

Figure 15: The equivalent circuit diagram of touch voltage circuit.

Figure 14: Depicting various currents and voltages during fault;
touch potential developed

The figure above shows the fault current is being
discharged to the ground by the grounding system of the
substation and a person touching a grounded metallic
structure at H. Various impedances in the circuit are
shown. Terminal H is a point in the system at the same
potential as the grid into which the fault current flows, and
terminal F is the small area on the surface of the Earth
that is in contact with the person’s two feet. The current,
Ib, flows from H through the person’s body to the ground
at F. The Thevenin’s theorem allows us to represent this
two-terminal (H, F) network by the circuit. The Thevenin’s

15

Figure 16: Thevenin’s equivalent for touch potential circuit

If the fault current is being discharged to the ground
by the grounding system of the substation, the current,
Ib, flows from one foot F1 through the body of the person
to the other foot, F2. Terminals F1 and F2 are the areas
on the surface of the Earth that are in contact with the
two feet, respectively. The Thevenin’s theorem allows
us to represent this two-terminal (F1, F2) network. The
Thevenin’s voltage VTh is the voltage between terminals
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For the purpose of circuit analysis, the human foot is
usually represented as a conducting metallic disc and the
contact resistance of shoes, socks, etc, is neglected. The
ground resistance in ohms of a metallic disc of radius b
(m) on the surface of a homogeneous earth of resistivity ρ
(Ω-m) is given as:

F1 and F2 when the person is not present. The Thevenin
impedance ZTh is the impedance of the system as seen
from the terminals F1 and F2 with the voltage sources of
the system short circuited.

Traditionally, the metallic disc representing the
foot is taken as a circular plate with a radius of 0.08 m.
With only slight approximation, equations for ZTh can be
obtained in numerical form and expressed in terms of ρ
as follows:
For touch voltage accidental circuit
Figure 17: Depicting various currents and voltage during
fault; Step potential developed

ZTh = 1.5ρ
And for step voltage accidental circuit
ZTh = 6.0ρ
The permissible total equivalent voltage (that is,
tolerable touch and step voltage), using above Equations,
is:
Etouch = IB (RB + 1.5ρ)
and
Estep = IB (RB + 6.0ρ)

Effect of a thin layer of surface material
The above calculations are based on the assumption
of uniform soil resistivity.

Figure 18: Thevenin’s equivalent for the step potential circuit

However, a 0.08–0.15 m (3–6 in) layer of high
resistivity material, such as gravel, is often spread on the
Earth’s surface above the ground grid to increase the
contact resistance between the soil and the feet of persons
in the substation.

For touch voltage accidental circuit
ZTh =
And for the step voltage accidental circuit
ZTh =2Rf

Compared to the equivalent radius of the foot, the
relatively shallow depth of the surface material precludes
the assumption of uniform resistivity in the vertical
direction when computing the ground resistance of the
feet.

where
Rf = the ground resistance of one foot
(with presence of the substation grounding system ignored)
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However, for a person in the substation area, the
surface material can be assumed to be of infinite extent in
the lateral direction.
If the underlying soil has a lower resistivity than the
surface material, only some grid current will go upward
into the thin layer of the surface material, and the surface
voltage will be very nearly the same as that without the
surface material. The current through the body will be
lowered considerably with the addition of the surface
material because of the greater contact resistance
between the Earth and the feet. However, this resistance
may be considerably less than that of a surface layer thick
enough to assume uniform resistivity in all directions. The
reduction depends on the relative values of the soil and
the surface material resistivities, and the thickness of the
surface material.
The above calculation is based on the assumption
of uniform soil resistivity. However, a 0.08–0.15 m (3–6 in)
layer of high resistivity material, such as gravel, is often
spread on the Earth’s surface above the ground grid to
increase the contact resistance between the soil and the
feet of persons in the substation.
The converse of the derating principle is also true. If
the underlying soil has a higher resistivity than the surface
material, a substantial portion of the grid current will go
upward into the thin layer of surface material.

where
Cs is the surface layer derating factor
K is the reflection factor between different material
resistivities
ρs is the surface material resistivity in Ω·m
ρ is the resistivity of the Earth beneath the surface material
in Ω·m
hs is the thickness of the surface material in m
b is the radius of the circular metallic disc representing the
foot in m
Rm(2nh ) is the mutual ground resistance between the two
similar, parallel, coaxial plates, separated by a distance
(2nhs), in an infinite medium of resistivity, ρs, in Ω·m
s

For the determination of, Rm(2nh ) consider a thin
circular plate, D1, in the x-y plane with the z-axis passing
through its centre. The radius of the plate is b, and it
discharges a current I in an infinite uniform medium of
resistivity, ρs. Using cylindrical coordinates, the potential
at any point (r, z) is given by the following equations
s

However, unlike the case described in the preceding
paragraph, the surface potentials will be altered
substantially due to the concentration of current near
the surface. Thus, the effective resistivity of the surface
material should not be upgraded without taking into
account this change in surface potential.
This problem can best be solved by using multilayer
soil analysis. An analytical expression for the ground
resistance of the foot on a thin layer of surface material
can be obtained with the use of the method of images.
The following equations give the ground resistance of the
foot on the surface material.
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Consider another similar plate, D2, placed parallel
and coaxial to the circular plate, D1, and at a distance (2nh)
from it. The potential produced on D2 can be determined
by evaluating the average potential over the surface of the
plate. It is given by

IRIEEN Journal Vol.32 No. 1-2 January- June-2021

The mutual ground resistance,

The maximum driving voltage of any accidental
circuit should not exceed the limits defined as follows.

between

the two plates is given by

For step voltage the limit is:
Estep =(RB +2Rf).IB
For body weight of 50 kg:

Comparing the above equations, Cs can be
considered as a corrective factor to compute the effective
foot resistance in the presence of a finite thickness of
surface material. Because the quantity Cs is rather tedious
to evaluate without the use of a computer, these values
have been precalculated for b = 0.08m and are given in the
form of graphs in the figure ahead

For body weight of 70 kg:

Similarly, the touch voltage limit is
Etouch=((RB+Rf/2) IB
For body weight of 50 kg

For body weight of 70 kg

Figure 19: Cs vs hs

Where

Computer models have also been used to determine
the value of Cs. There is a close match in the values
obtained from these computer models with the values
given in Figure 10.

Estep = the step voltage in V,
Etouch = the touch voltage in V,
Cs = 1 due to uniform soil resistivity,

The following empirical equation gives the value of
Cs. The values of Cs obtained using equation are within 5%
of the values obtained with the analytical method

rs = the resistivity of the surface material in Ω-m,
ts = the duration of shock current in seconds.
If no protective surface layer is used, then ρs = ρ.
With the substitution of ρs = 0 in the foot resistance
terms of Equation Etouch50 and Etouch70, the metal-to metal
touch voltage limit is

Step and touch voltage criteria
The safety of a person depends on preventing the
critical amount of shock energy from being absorbed
before the fault is cleared and the system de-energized.
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For body weight of 50 kg
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depths to which frost will not penetrate. It is, therefore,
recommended that the first 0.5 m of any earth electrode
should not be regarded as being effective under frost
conditions.

For body weight of 70 kg

where

Emm-touchis the metal-to-metal touch voltage in V
The actual step voltage, touch voltage, or metal-tometal touch voltage should be less than the respective
maximum allowable voltage limits to ensure safety.
Hazards from external transferred voltages are best
avoided by isolation or neutralizing devices and labelling
these danger points as being equivalent to live lines.
What is the Corrosion issue in electrodes, and how
is it taken care of?
The materials used for making connections have to
be compatible with the earth rod and the copper earthing
conductor so that galvanic corrosion is minimized.
Uncoated buried copper is electro-positive to
uncoated buried steel and when interconnected by
a current-carrying conductor, these metals form an
electrochemical cell that can cause accelerated corrosion
Where a copper conductor is to be joined to
Aluminium, the proper procedure for joining conductors of
Aluminium to Copper should be followed. The connection
of the earthing conductor to the earth electrode or other
means of earthing should be soundly made by the use of
compound filled, encapsulated or substantial clamps of
non-ferrous metal.

Soil Characteristics
Earth conductivity is essentially electrolytic and is
affected by the moisture content of the soil and by the
chemical composition and concentration of salts dissolved
in the contained water.
It should also be noted that soil temperature has
some effect but is only vital near and below freezing
points, necessitating the installation of earth electrodes at
19

A site should be chosen that is not naturally welldrained. However, a water-logged situation is not essential
unless the soil is sand or gravel, as in general, no advantage
results from an increase in moisture content above about
15 to 20 per cent. Care should be taken to avoid a site kept
moist by water flowing over it (for example, the bed of
a stream) as the beneficial salts may be entirely removed
from the soil in such situations.
Bentonite or similar material may be used to
advantage in rocky terrain. Where holes are bored for the
insertion of vertical electrodes or where strip electrodes
are laid radially under shallow areas of low resistivity
overlaying rock strata, Bentonite packing will increase the
contact efficiency with the general mass of ground.
If a cut and fill exercise has been carried out then
the top layer may be similar to the natural formation but
increased in depth, whether it is good or bad in terms of
resistivity.
If an imported fill exercise has been carried out, the conditions of the upper layers may be altered considerably.
In these cases, deeper driving of the electrode may be necessary to reach layers of reasonable resistivity and reach
stable ground, such that the value of the electrode resistance remains stable if the top layers of the ground dry out.
Soil treatment to improve earth electrode contact resistance may be applied in special or difficult locations, but
migration and leaching of applied chemicals over a period
of time reduces the efficiency of the system progressively,
requiring constant monitoring and replacement of the additives.

12. VARIOUS EARTHING SYSTEMS
As per Central Electricity Authority Regulations
(CEAR), Earthing System is defined as
“An electric system in which conductors and
appliances are earthed”.
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Based on the IEEE standards and the Indian
Standards, the grounding system is divided into:
•

TN-S (Terre Neutral – Separate)

•

TN-C-S (Terre Neutral – Combined – Separate)

•

TT (Double Terre)

•

TN-C (Neutral Terre – Combined)

•

IT (Isolated Terre)

Terre originates from the French language and
means earth.
where

TN-S system requires 5 conductors (three lines, one
neutral and one protective conductor); due to this, the
cost of installation is high as compared to other systems.
Conditions of TN-S
a. Neutral shall be earthed at one place only, else the
issue of circulating currents occurs.
b. PE conductor shall run parallel to Line and Neutral
conductors to avoid the creation of a large loop which
could lead to electronic system failure.
c. The fault impedance should be small enough so that
the protective device can detect the current soon due
to large magnitude and the fault is isolated soon.

T (Terra) = Direct connection to ground.

(ii) TN-C-S (Terre Neutral – Combined – Separate)

I (Isolation) = There is no connection to ground (even if
there is a high impedance)

It was created with the basic purpose of saving the
cost of fifth conductor in public distribution.

N (Neutral) = connection directly to neutral power supply
cable (where this cable is also grounded in the power
supply)

“S” is inside the installation and “C” is in the
distribution.

(i) TN-S (Terre Neutral – Separate)

Figure 21: TNCS System

Figure 20: TNS System

In a TN-S system, the neutral part of the electrical
energy source is connected to the Earth at one point so
that the neutral part of a consumer installation is directly
connected to the neutral source of electricity. This type is
suitable for installations that are close to electrical energy
sources, such as for large consumers who have one or
more HV / LV transformers for their own needs and if the
installation/equipment is adjacent to the energy source
(transformers).
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Figure 22: PEN Conductor
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There could be a problem if neutral gets disconnected.
The problem of neutral isolation is handled differently in
the TNCS system.

Colour

Earth

E

No colour other
than the colour
of the bare conductor

Protective
conductor

PB

Green and
yellow

RCD.

The first way to do so is by putting an additional

The second is by connecting the neutral and
Protective Earthing conductor together to the nearest
metallic part or metallic bus bar. This reduces the risk in
case neutral is isolated.

Table 3: Notation of Earth and Protective
Conductor

(iv) TT (Double Terre)

A TN-C-S system has a neutral channel from the
main distribution equipment (power source) connected to
the Earth and earthing at a certain distance along neutral
channels leading to consumers, usually referred to as
Protective Multiple Earthing (PME).
TNCS with PME was a British system that started
around the 1930s. It was first adopted in Calcutta and then
in the rest of India. Therefore with the 1937 Electricity Rule,
TNCS system is legislated to be used all over the country for
the Public Electricity Distribution. It is also mentioned in
CEA regulations to safety.

Figure 23: TT System

With this system, a neutral conductor can function
to restore the earth fault current that might arise on the
consumer’s side back to the power source. In this system,
the installation of equipment in the consumer only
connects the ground to the terminal (channel) provided
by the power source

In the TT system, the neutral part of the electricity
source is not directly connected with neutral earthing
on the consumer side (equipment installation). In TT
systems, consumers must provide their own connection to
the Earth, namely by installing an earth electrode that is
suitable for the installation.

The combined earth/neutral conductor is connected
to the ground throughout the supply network in multiple
places, either buried underground or at the poles for
overhead supplies.

RCD IS A MUST AS IMPEDANCE BETWEEN NEUTRALS CAN
BE HIGH
1. TN-C (Neutral Terre – Combined)

This multiple earthing is why a TNCS supply is often
called PME (Protective Multiple Earthing).
Multiple earthing of the CNE (Combined Neutral
and Earth Conductor) conductor ensures that exposedconductor parts remain connected to Earth if the
conductor becomes open circuit for any reason (probably
cut or snapped). Under such conditions, the supply voltage
between the installation line and the neutral conductor
is substantially reduced, and consumers will experience
unacceptable voltage variations.
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Figure 24: TNC System
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(v) IT: ISOLATED TERRE

In the TN-C system, the neutral channel of the
main distribution equipment (power source) is connected
directly to the consumer’s neutral channel and the frame
of the installed equipment.
With this system, a neutral conductor is used as a
protective conductor and a combination of neutral and
earthing side frames of the equipment is known as a
conductor of PEN (Protective Earthing and Neutral).
This system is not permitted for conductors less
than 10 mm2 or for portable equipment. This is because if
a fault occurs, then at the same time, the PEN conductor
carries the phase unbalance current and the third level
harmonic current and its multiples.

Figure 26: Isolated Terre
Neutral is isolated (not connected) to the Earth.
The PE point is not connected to the neutral channel but
directly connected to the earthing.

Issue with TN-C
If somehow the neural is disconnected, the supply
voltage is available at the non-conducting conductors such
as the panel body, and we can receive a shock.

IT system is used where continuity of supply is
needed. The source is either isolated or earthed by a very
high impedance.
Insulation monitoring (with audio and visual signals)
are mandatory. Residual current monitoring can be
adopted for a complex system.
As per NEC in chapter 14 and also the Bureau of
Indian Standards, it is legislated that IT systems should be
adopted in hospitals.
Skin has maximum resistance and due to injections
(conductors), etc., that penetrate the skin, skin resistance
drastically reduces. There are a large number of deaths
due to electrocution in the operation theatre. Even a shock
of few mill volts is enough for ventricular fibrillation.

Figure 25: Depicting issue with TNCS
The figure depicts that if the neutral breaks
anywhere, then the supply voltage appears on the nonconducting metals like equipment body.

In Locos,EMUs and coaches, it is the IT system that
is adopted. It has a high impedance to the ground. For the
first fault, we have a relay, and insulation monitoring is
continuously done.

This issue is solved by TN-S where we have separate
neutral and Earth.

RULE FOR EARTHING
All equipment of voltages of 250 V to 650 V shall
be earthed by two separate and distinct connections
with Earth. (It says two separate and distinct connections
with Earth, not with the two separate and distinct earth
electrodes.)
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In high and extra-high voltages, the neutral points
shall be earthed by not less than two separate and distinct
connections with Earth, each having its electrode at the
generating station or substation and may be earthed at
any other point provided no interference is caused by such
earthing.

Independent earth electrodes result in accidents,
deterioration of insulation, reduced life, malfunctioning of
electronics.

But this rule is often misunderstood.
There is a connecting transformer (or DG) neutral
terminal by two separate earth electrodes in the soil. Two
separate earth electrodes in the soil also connect the body
of the transformer (or DG) as per the interpretation of
rule no 41 of CEAR (MEASURES RELATING TO SAFETY AND
ELECTRIC SUPPLY) and IS 3043.
The following figures depict the wrong practices
adopted and the correct scenario that should exist instead.

Figure 29: Wrong practice to connect all earth electrodes as
grid.

Separate earth electrodes connected as a grid
under soil, results in accidents, deterioration of insulation,
reduced life, malfunctioning of electronics, additional
problems due to circulating currents.

Figure 27: Wrong practice of having separate earth electrodes
for each device

This unfair practice may lead to accidents,
deterioration of insulation, reduced life, malfunctioning of
electronics.

Figure 30: Correct Practice to be adopted
Multiple Bonding Earthing System is a correct
practice to connect all earthing conductors and earth
electrodes to create an equipotential bonding among all
for safe and maximum life of the electrical and electronic
system.
In cases where direct earthing may prove harmful
rather than provide safety (for example, high frequency)
relaxation may be obtained from the competent authority.
This is the case of IT system.

Figure 28: Wrong practice of having independent earth
electrodes for Instrumentation ,Electrical and LPS(Lightning
Protection System)

But there is a concept very wrongly understood
when it comes to having earth electrodes in soil.
23
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requirement), i.e. home wiring.

It is considered that having more earth electrodes in
the soil is better.

•

More earth electrodes in soil, i.e. separate earth
electrodes for each equipment, can cause more problems
than it solves. Adding more earth electrodes in the soil
can expose the equipment/building to current from
nearby lightning strikes or faults in the Electrical power
system of utilities, and this may cause equipment failure
by providing a path for that high magnitude current spike
to travel through electrical and electronics equipment.

Generally, used where normal current is less than
100 Amps.

Selection of the correct device is important
MCB is of three types
Type B, Type C and Type D
We can understand what they are from the following
figure:

When lightning strikes, there is a rise in earth
potential near an electrode in that area, which may provide
an additional path between earth electrodes and earth
conductors for lightening/fault current to travel through
the equipment that may damage equipment. This may be
avoided by connecting earthing of all equipment through
protective earth conductor to the Main Earthing Terminal,
which is further connected to the earth electrode/return
conductor depending on the type of earthing system.

Various protective devices used for faults
involving ground.
Till the 1950s, only fuse wire was used for protection
against electric shocks, but they are available in ratings
such as 2A, 10 A etc. But even a few mA can be fatal; hence
fuses did not help in the prevention of people getting
electric shock. After 1950, many protective devices were
developed.
RCCB.

Some of them are MCB, MCCB, ELCB & RCB, RCD or

(i) MCB
•

Some characteristics of MCB are-

•

MCB stands for “Miniature Circuit Breaker”.

•

Rated current under 100 amps.

•

Interrupting rating of under 18,000 amps.

•

Trip characteristics may not be adjusted.

•

Working principle based on thermal or thermal
magnetic operation.

•

Suitable for low current circuits (low energy
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Figure 31: Operating Time vs Current at which different types of
MCBs trip

Type C type MCB here would almost instantaneously
trip at ten times the normal current. For a 63A type C MCB
to trip, we need 630 Amps of fault current and any fault
current less than this would take more significant time to
operate.
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So if we need an MCB that should trip three to five
times the normal current, Type C MCB is not recommended.
Instead, Type B is the preferred type.
Therefore we should study the characteristics of the
device and compare our requirements before choosing
one.

Some characteristics of ELCB are•

Used for protecting a person from electric shock and
injury

•

This device was invented almost 50 years ago, but
nowadays, instead of ELCB another device RCB
(Residual circuit breaker) or RCD (Residual Current
Devices), whose functionality is the same with more
advantages, is being used.

•

ELCB measures the current in Earth Wire connected of
system of Line (Phase or Live), Neutral (N)

Modern LED lights use Type D as per standards.
(ii) MCCB
Some characteristics of MCCB are•

MCCB stands for “Molded Case Circuit Breaker “.

•

Rated current in the range of 10-2500 amps.

•

Thermal operated for Overload and & magnetic
operation for instant trip in SC (short circuit conditions).

•

Interrupting rating can be around 10k – 200k amps.

•

Trip characteristics are adjustable.

•

Suitable for high power rating and high energy i.e.
commercial and industrial use.

•

Generally, used where normal current is more than
100 Amps.

Figure 32: Depicting connection of ELCB

•

What is the basic difference between MCB and
MCCB?
An MCB is supposed to function in accordance with
IEC 60898-1 (Unless mentioned otherwise) and so is tested
accordingly. While an MCCB is tested in accordance with
IEC60947-2
To simplify it with respect to the standards, a MCB
designed for indoor, pollution-free conditions and would
not be suitable for harsh, outdoor applications, whereas
an MCCB would be.

However, it is not used widely nowadays because of
its some significant disadvantages.
•

Without a proper earth connection, ELCB will not
work. If the wire attached to the earthed rod is loose
or broken, then ELCB would not be able to sense the
potential hazardous voltage on the metallic body of
the electrical/electronic device.

•

If someone gets in touch with the live phase wire, ELCB
will not Trip because there will be no current flow in
the earth wire in this case. In fact, current is flowing
from the live wire to Earth through the person’s body.

•

There are many cases in which there is a current flow
in the earth wire, but the situation is not hazardous in
such cases, but it gives false trip e.g. lightning strike,
current starts flowing in the earth wire and ELCB trips.

(iii) ELCB- EARTH LEAKAGE CIRCUIT BREAKER
It was in 1954 that the shunt protection concept
came into the picture. Before that, the fuse was used.
For a fuse, we need a low resistance connection to the
earthed terminal of the power system. However, it was
not necessary with RCD or ELCB.
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When the live wire (accidentally) touches the metallic
body of the connected device or appliance, then there
is potential generated between the earthed rod and
the metallic enclosure of that device. The circuitry
(inside the ELCB) senses the flow of current and cuts
off the main supply from the connected device. This
way, it ensures the safety of human beings.
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Disadvantages and suitable corrections
applied

(iv) Residual Current Device (RCD), also known as Residual
Current Breaker (RCB) or Residual Current Circuit Breaker
(RCCB).
To overcome the above disadvantages of ELCB,
another Device named Residual Current Breaker (RCB) is
invented to use for earth leakage protection.

•

RCD doesn’t protect against Current Overload. But
the main MCB will trip the circuit as RCCD won’t trip
in case of live or neutral faults, i.e. short circuit and
Overload. For this reason, RCBO (MCB with RCD in a
single unit) are used for proper protection.

•

It operates only on normal supply waveforms i.e. it will
not detect the pulsating DC and half-wave rectified
waveform. For these reasons, special RCCB are used
which is also operating on rectified pulsating DC
voltage.

•

Annoyance operation of RCD in case of sudden changes
in load current. RCDs are very sensitive and operate on
even a very small amount of faulty current very quickly.
In case of switching of old electrical appliances, there
is a small constant current flow through Earth which
lead to trip the circuit.

•

RCD will not protect against overheating.

Some characteristics of RCD are
•

RCD measures the current going inside the connected
device and coming out from the device. If both of
these currents are equal, there would be no problem
with the device’s standard functionality.

•

This device is also known as Current Operated ELCB,
which is known as RCCB nowadays. This device is more
sensitive and accurate than ELCB, and its functionality
does not (entirely) depend on the earthed rode wire
connection like voltage ELCB.

RCCB is also known as:
Trip switch,
Ground fault circuit interrupter (GFCI)
Ground fault Interrupter (GFI)
Appliance leakage circuit interrupter (ALCI)

As we know that RCD won’t protect against Overload;
hence an MCB and RCD are presented in a single unit
known as RCBO (Residual Circuit Breaker with Overload).
It is a DIN Rail mounted small device which is generally
available up to fault current of 125 Amperes.

Working:

If fault current is more than this, we use Core balanced
Current transformer (CBCT) and Earth Fault Relay.
After the invention of RCDs, low resistance path to the
earthed terminal of the power system was not needed.
Hence TT network was adopted for many applications with
an RCD of 30mA as a mandatory condition.

The calculation to find the approximate
operating time of the protective device

Figure 33 : Depicting RCD Working
The polarity of the phase winding and the neutral
winding is opposite in normal condition. Therefore, EMF
generated by the phase wire cancels out by the EMF of
the neutral wire. If there is a difference in the incoming
and outgoing currents, then the resultant EMF will not be
zero and can be sensed by the CT of RCB. The signal from
the RCB current transformer is fed to the RCB circuit, and
it opens the main power contacts.
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The safest limit of current a human body(depends
on multiple factors) can withstand is 30mA sec. Taking
the human body resistance (hands to feet) 1000Ω and
assuming he touches the live wire having a voltage of 230V
AC to the ground, The current flowing through the body to
the ground will be:
I = 220V/1000Ω = 220mA
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Now, earth fault protection device must be operated within
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Fig. 1- Type of towers based on voltage level
(Ref.: https:// www.hydroquebec.com/safety/transmission-lines/understand-transmission-lines.html)

Introduction

possible period, State Transmission Corporation (STC) in
many states are showing inability/ unwillingness for this
work and asking Railways to construct the transmission
line on a self-execution basis. Whereis, Railways, being
inexperienced in this work and due to fear of Right Of Way
(ROW) issues, is requesting State Transmission Corporation
to execute transmission line work under Deposit Cost
Work (DCW).

As we all know, Indian Railways set a target for 100%
Railway Electrification by December 2023. Annual progress
of Railway Electrification has been more than 5,000 RKM
and increasing every year. Accordingly, the number of
Transmission Lines, to be constructed for power supply to
TSS, has also increased manifold in the past few years. As
transmission lines are to be constructed in the shortest
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Rail Vikas Nigam Ltd. (RVNL) has constructed a
few transmission lines in Karnataka state successfully
in the projects of electrification of Guntakal-BellaryHospet, Hospet- Hubli- Vasco, Bellary-ChitradurgaChikjajur sections. Railways can also take up the work of
construction of transmission lines by themselves, which
will have following advantages:
(i)

2. Survey

Railways will save considerable money in
construction as State Transmission Corporations are
demanding exaggerated cost adding huge amount on
establishment account.

(ii) State transmission corporations are directly
responsible to the State Government. Works assigned
by the State Government become their top priority
and Railway work does not get proper attention by
them. This causes unwarranted delay in completion of
work.
(iii) Railways can plan construction activity to synchronise
with completion of TSS and OHE works. Thus,
unnecessary payment to STC/ DISCOM, without using
electricity, can be avoided.
Though, the procedure and requirement may vary
from state to state, but overall work can be described in
some definite steps which are common all over India:

1.Preliminary work
First of all, location of TSS is decided based on
power supply available nearby and voltage level based
on availability may be decided. Concerned Electricity
Distribution Company (DISCOM) may be approached for
confirmation of release of power supply. In turn, DISCOM
refers to STC for confirmation of power availability at
desired Grid Sub Station (GSS). STC, after collecting details
from the field may communicate the sanction of the Board
of Directors or competent authority for release of power
supply. At the same time, STC advises whether the work
will be executed by them or to be executed by Railways.
Note- In case power to be obtained under open access,
Railways may directly apply to STC for sanction and
release of power. DISCOM will not come into picture
in this case.

Fig.2- Survey of Transmission Line route
(Ref.: https://dir.indiamart.com/impcat/transmission-line-survey.html)

After getting sanction of STC, a detailed geographical
survey is to be conducted by an expert agency with modern
tools and procedures. Detailed survey report provides us
following important information:
length of transmission line
a. route of transmission line
b. route terrain
c. type of Tower, height of Tower based on transmission
line profile
d. details about Right Of Way (ROW) by super
superimposing transmission line route on topographic
map
e. type of soil of the route
f.

details of existing transmission and distribution lines
in the proposed route of transmission line

g. details of crossing of roads, highways, Railway tracks,
waterways etc.
h. details of forest land, trees, crops available in the
proposed corridor.
In general, the survey report proposes three
preferred routes.

3. Approval of Route:
Survey report is then submitted to STC. After
verification and satisfying themselves, STC may approve
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one of the routes based on feasibility and least ROW
problems. Accordingly, a detailed estimate is prepared by
the STC field unit. This detailed estimate is then approved
by the competent authority in STC and Railways will be
asked to deposit supervision charges at the rate of 15% of
sanctioned detailed estimate subjected to an upper ceiling
limit, depending upon norms of the STC. Execution of work
can be done only after depositing supervision charges.

4. Tendering
Now tenders can be called by Railways after making
suitable schedules based on detailed estimate. Railways
has to incorporate eligibility criteria as stipulated by STC
in their approval letter i.e. a particular grade contractors
licence, registered bidder with STC etc.

Fig.3- Tower foundation and stub erection
(Ref.: https://theji.in/gallery/)

5. Work Execution
It may be noted that though the work will be
executed by Railways, all the drawings will be approved
by STC, all material will be inspected by STC and material
to be procured from approved suppliers of STC. Also, the
work to be supervised by an engineer of STC.
After awarding the contract, a check survey to be
conducted by the contractor to confirm the route or to
make alterations which have to be approved by STC. Then
drawings of Terminal Bay, Meeting Bay and Transmission
Line have to be prepared by the contractor and to be
approved by STC. Generally standard design of tower,
already existing based on voltage level, is to be used.
Location of Towers to be marked as per GPS coordinates.
Geo technical survey is carried out for the proposed
terminal bay, metering bay and transmission line towers
to assess soil strata for designing civil foundations of
equipment and towers and also to evaluate resistivity
of earth and soil for designing the earth mat. Type of
concrete of foundation will be decided by engineers of STC
based on soil condition

Fig.4- Tower erection

(Ref:https://www.indiamart.com/proddetail/ht-lt-transmission-towererection-services-20381822273.html)

Work of transmission line includes:
Excavation and casting of foundation, Tower
erection, Stringing of conductor (ACSR),Stringing of earth
wire etc.
Fig.5- Conductor stringing

(Ref.: https://dir.indiamart.com/impcat/transmission-line-survey.html)
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Work of Terminal Bay/ Metering Bay includes:
Casting of foundations for equipments, structure
erection, equipment erection, cable trench extension,
laying and connecting of control cables, extension of
busbar, earthing, SCADA modification, CB control panel
installation and commissioning, installation of metres
which are calibrated by DISCOM or STC.

Coordination Committee (PTCC) is a central
standing committee for coordination of Power and
Telecommunication systems.
The role of the committee is to deal with route
approval for all new power lines (As per the proforma
given in the PTCC Manual – 1995 edition, page 36). The
clearance of this committee is required before energization
of new power lines of 11KV and above, which is given after
obtaining clearances from the Railway/Telecom having
lines in the area. Immediately after approval of route,
an application in prescribed format along with desired
documents are to be submitted PTCC through Railway and
BSNL.

8. Power release sanction
Fig.6- Terminal bay in Grid Sub-Station
(Ref.: https://www.rdenashik.com/substation.html)

Note: Clearance from ground, buildings, trees and
telephone lines shall be provided in conformity with
the Indian Electricity Act 2003 and Central Electricity
Authority (Measures relating to Safety and Electric Supply)
Regulations, 2010.

6 Right Of Way (ROW issues)
STC will issue public notices in newspapers declaring
approved routes of transmission lines to enable people to
register their objections or claim for compensation. Before
excavation, the contractor needs to identify the owner of
the land and to negotiate for compensation in presence
of an STC engineer. STC has been empowered for erection
of towers and laying of transmission lines through The
Indian Telegraph Act, 1985 and Electricity Act, 2003. If any
ROW issue arises, Railways must approach the Deputy
Commissioner (DC) or District Magistrate (DM) of the
district. He will call the landowner and will pass an order
deciding the compensation. Sometimes work is to be
executed under police protection.
7.

PTCC Clearance

PTCC approval is required to provide interference
free, economical, safe and quality service of power and
telecommunications. Power and Telecommunication
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After completion of all works to the satisfaction of
STC, they will issue a work completion certificate. Based
on that, the concerned DISCOM will issue a power release
order after collecting security deposit and some other
charges.
Note: In case power is obtained through open
access, this sanction is not required. But, Railways have to
execute one agreement with a power generation company
and NOC to be obtained from State Load Dispatch Centre
(SLDC) and Power GRid Corporation Limited.

9. Commissioning
After completion of work, an application for
energisation of Terminal bay and Transmission
line shall be submitted to Chief Electrical Inspector to
Government of the concerned state through STC along with
As Built Drawings of grid sub-station (i.e. Layout drawing,
Single Line Diagram, cross section drawings etc.), As built
drawings of Transmission lines (i.e. Route profile, tower
schedule, foundation drawings etc.), material inspection
certificates, PTCC clearances etc. Representatives of the
Electrical Inspectorate will inspect the installation for
fulfilment of safety and other regulations.
On receiving a satisfactory report of inspection, CEIG
will accord sanction for charging the installation.
A public caution notice will be published in local
newspapers notifying the probable date of charging of the
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transmission line. Finally, the terminal bay, transmission
line and metering bay will be charged on or after the
notified date.

task. It only needs a better coordination with the State
Transmission Corporation (STC) as well as with the District
Administration. Experience shows that Railways can
construct transmission line faster than STC many times as
this is a priority item for Railways for commission Railway
Electrification works.

Conclusion
Constructing a transmission line is not a tough

Fig.7- Various activities during construction of Transmission line
(Ref.: http://www.steelofab.co.in/tower-erection.htm)
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Abstract: The abnormal heating associated with high
resistance or excessive current flow is the leading cause
of many problems in electrical systems. Thermovision
camera allows us to see these invisible thermal signatures
of impending damage before the damage occurs.
This necessitates the user to understand the critical
technical features of the thermovision camera as per the
application. This article makes the reader familiar with the
essential technical parameters and their indicative values
for infrared thermography using thermovision cameras.
This article does not supersede any instructions of RDSO,
or any other statutory body and readers are requested to
refer to the latest instructions issued from RDSO.

1. INTRODUCTION
Predictive maintenance of power systems/ electrical
assets is essential to maintain reliability and reduce
outages. Nearly everything that uses or transm its power
gets hot before it fails. Infrared thermography is one of the
most effective proven predictive maintenance technologies
to quickly, accurately and safely locate problems before
failure. Finding and fixing a poor electrical connection
before a component fails can save the much greater costs
associated with downtime, traffic losses, power failures,
fires and other failures.
A thermographic camera (also called an infrared
camera or thermal imaging camera or thermal imager) is a
device that creates an image using infrared (IR)radiation,

33

similar to a common camera that forms an image using
visible light. Instead of the 400– 700 nanometre (nm) range
of the visible light camera, infrared cameras aresensitive to
wavelengths from about 1,000 nm (1 μm) to about 14,000
nm (14 μm). The practice of capturing and analysing the
data they provide is called thermography.
To begin with, let us go to the reason for these
temperature hotspots. Why shall there be a hotspot at
all? The answer to this question needs us to revisit our
fundamental electrical laws.When an electrical current
passes through a resistive element, it generates heat. An
increased resistance results in an increase in heat. Over
time, the resistance of electrical connections increases
due to loosening and corrosion, for example. The
corresponding temperature rise can cause components to
fail, and resulting in unplanned outages. If such a pointis
left unchecked, the heat could even rise to the point where
connections melt and break down; as a result, fires may
also break out.The common reason for the temperature
rise in electrical systems areunder,
•

Unbalanced loads

•

Loose or corroded connections increased resistance in
the circuit (typically one side of components heats up)

•

Harmonics (3rd harmonic current in Neutral)

•

Overloaded systems/excessive current

•

Insulation failure

IRIEEN Journal Vol.32 No. 1-2 January- June-2021

•

Component failure

•

Wiring mistakes

•

Under specified components (like fuses) would heat
up on both side of thefuse.

Many common materials such as wood, water, skin, cloth,
and painted surfaces - including metal -radiate energy well
and therefore have a high emissivity factor of ≥ 90 % (or
0.90). The imager measures temperatures more accurately
on targets with high emissivity. [1]

2. WORKING PRINCIPLE
It is a non-contact device that detects infrared
radiations and converts them into electronic signals
that are then processed to produce a thermal image on
a video monitor and perform temperature calculations.
It measures infrared (IR) energy and converts the data
to images corresponding to the temperature. Now for
understanding the Infrared radiation (IR), sometimes
known as infrared light, is electromagnetic radiation
(EMR) with wavelengths longer than visible light. Hence,
it is undetectable by the human eye, although IR of
wavelengths up to 1050 nanometers (nm)s from specially
pulsed lasers can be seen by humans under certain
conditions. All objects will radiate infrared energy. The
actual surfacetemperature and emissivity of the target
directly affect the quantity of energy radiated. Emissivity
is defined as the ratio of the energy radiated by an object
at a given temperature to the energy emitted by a perfect

Fig 2 -Schematic of thermovision camera

Fig 3 -Parts of thermovision camera.[1]
A- Infrared Energy, B-Optics, C-Infrared detector, DSensor Electronics, E- Display unit.

radiator, or blackbody, at the same temperature.

Surfaces with an emissivity of <0.60 make it far
more difficult to determine reliable and consistent actual
temperatures. The lower the emissivity is, the greater
the error potential when the imager calculates the
temperature because more of the energy reaching the
camera is specified as background temperature. This is
also true even when adjustments to the emissivity and
reflected background adjustments are appropriately
performed.[2]

3. TECHNICAL FEATURES & PARAMETERS OF
THERMOVISION CAMERA:

Fig 1 - Electromagnetic Radiations.

The optics focus infrared energy coming from an
object onto an infrared detector. The detector sends the
information to sensor electronics for image processing.
The electronics translate the data from the detector
into an image that can be view edin the view finder or
on a standard video monitor or LCD screen. The imager
measures the infrared energy from the surface of the target
and uses this data to calculate an estimated temperature.
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An attempt has been made in the following
paragraphs to explain the essential technical features
of thermovision cameras for application in the field of
railway electrical engineering. Any specific values taken
are indicative and general guidance for familiarising the
reader with the system’s technical features. It is not intened
for preparing or proposing to frame any specification.
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An infrared imaging system is a single unit suitable for
handheld operation. This system is battery- operated and
rugged enough for use in the field. It has an inbuilt display
facility to show the infrared images on the spot and can
work in an open environment without using any cooling
system, either internally or externally. The onboard image
analysis and storage facility are also provided.
The infrared imaging system is suitable for monitoring,
measurement and storing hot spot temperatures on the
following applications:•

Detect heat build-up on bus ducts/bus bar/isolators.

•

Connections of overhead distribution lines/cable
termination in HT circuits, switchboard & HT/LT panels.

•

Overhead transmission/powerlines.

•

Scanning of Sub-station yard for identification of any
critical problem areas.

•

Transformerbushings.

•

Detect problems with oil-filled SF-6 breakers.

•

Scanning of joints in 25KV overhead equipment,
jumpers etc.[5]

The system has an onboard battery for handheld
operation. The accessories include two sets of spares
rechargeable batteries having a backup of a minimum
of 4 hours, AC power adaptor/battery charger, carrying
case, user manual and software installation CD and any
otherappliancesthatmayberequired.Weshall now discuss
the desired parameters of the infrared thermovision.

An uncooled FPA detector is primarily preferred
in which the microbolometer is used as the sensor. A
microbolometer is an uncooled infrared sensor; the
detector array does not need to be cooled in order
to produce highly sensitive thermal images. Photon
detectors, such as InSb (Indium Antimonide) and MCT
(Mercury Cadmium Telluride) infrared detectors, can
improve thermal sensitivity but require the detector to
be cooled to cryogenic temperatures utilising cooling
methods such as Stirling cycle engines and liquid nitrogen.
The use of photon detectors increase the cost of infrared
cameras, decrease ease-of-use, and lead to more frequent
and expensive maintenance.
Pixels are the data acquisition points for thermal
measurement, and this data is used to create a visual
image from the thermal profile. More data points
mean more information is provided for accurate thermal
interpretation. More pixels also mean greater visual
resolution in the thermal image. So for a given field of
view, smaller details can be identified in the thermal
image and accurately measured for temperature. IR
cameras affordable to a wider range of users, detectors
with pixel counts of 160x120 were introduced as a lowcost alternative.But this is one-fourth the resolution of
the 320x240 detector: 76,800 pixels vs. 19,200.The larger
detectorproduces an image twice as wide and twice as
high, with four times the data for a given field of view.[6]
For the working thermographer, the high resolution
allows a camera to work at a much greater distance
from a targetwithout loss of temperature measurement
accuracy.

Temperature Resolution is the smallest temperature
difference measurable and is commonly referred to as
Temperature Sensitivity of the IR Camera.

The lower-resolution detector interpolates a
more significant area between pixels and averages in
temperature readings unrelated to the target. In practice,
a target that’s 0.25 square inches can be accurately
measured for the temperature at a distance of 60 feet with
the 320x240 detector, while the 160x120 detector has to
be at 30 feet to ensure the same accuracy.

A small size focal plane array (FPA) of light- sensitive
or heat-sensitive micron size detectors is used to convert
the real-time optical or thermal scene into its equivalent
electrical signal. The term “Resolution” of an imaging
system defines the number of detectors(pixels) inside the
FPA, a rectangular matrix ofpixels.

Resolution is even more important in infrared
imaging than it is in digital photography; in infrared,
resolution affects temperature measurement accuracy,
not just image quality. The low-resolution thermal image
looks like it’s made of tiny little squares, no matter what
the viewing size.”

3.1 TEMPERATURE RESOLUTION:
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Detector Size

Number of pixels

320 x 240

76,800

160 x 120

19,200

Resolutions are generally much lower for thermal
cameras than for conventional network cameras. This
is mostly due to the more expensive sensor technology
involved in thermal imaging. Infrared cameras don’t work
the same way as regular, visible light cameras. Regular
cameras function more or less the same way as a human
eye, receiving radiation in the visible light spectrum and
turning it into an image. On the other hand, infrared
cameras make images from heat, or thermal radiation,
instead of visible light.

Table No-1 Detector size Vs Pixel size[6]

Table No.1 shows the detector size and itstotal pixels.
Target
Distance

Pixel Size
320 x 240

Pixel Size
160x 120

(Feet)

(Inches)

(Inches)

1

0.014 x 0.014

0.029 x 0.029

6

0.086 x 0.086

0.173 x .173

10

0.144 x 0.144

0.288 x 0.288

20

0.288 x 0.288

0.575 x 0.576

50

0.719 x 0.720

1.437 x 1.441

Infrared radiation behaves very differently from
visible light. Because of this, infrared camera lenses
need to be made from different materials than regular
cameras. The properties for a given material in the visible
world might have no bearing on its properties in the
infrared world—glass, for instance, is highly transparent
to radiation in the visible spectrum, but in infrared, glass
is completely opaque. IR camera lenses are made out of
substances like germanium or other materials with low
absorption in the infrared spectrum.

Table No- 2 Target distance Vs Pixel size[6]
Table No-2 shows the coverage area of each pixel at
various target distances. As the target distance increases,
the coverage area of each pixel also increases which
reduces the resolution as well as accuracy, but with high
pixel size, the coverage area of each pixel is comparatively
more, therefore better resolutions and accuracy.

The pixels are larger, which affects the sensor size
and the cost of materials and production. Currently, typical
resolutions for thermal cameras range from 160 × 128 to
high resolutions of 640 × 480 (This resolution is generally
called VGA(video graphic array) ), though even higher
resolutions are available.

3.2 TEMPERATURE RANGE:
Typically the goal of using an IR camera is to
measure temperature changes on the object of interest.
Temperature Range is defined by how cold and hot your
object will become. This could also be the coldest and
hottest temperature in the field. Generally 0 to 500 °C or
higher is preferred for electrical installations.[1]
Fig 4 – Images with various resolutions

3.3 FIELD OF VIEW:

The 160x120 detector image in Fig 4.1 shows a
lack of definition compared to the image produced by a
320x240 (Fig 4.2) detector. The temperature resolution
and accuracy of the 160x120 image are proportionally less
as well.
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FOV is a measure of the angular view path of what
an infrared camera sees. Usually measured in degrees, it
determines the thermal imager’s overall viewing area and
is defined by horizontal and vertical angles. The larger the
angle, the bigger the field of view.[2]
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3.5 FRAME RATE / VIDEO OUTPUT:
Frame rate is the speed at which an imager updates
its output information to be displayed on a screen. A 9 Hz
camera does so 9 times per second, and a 60 Hz camera
– 60 times per second. It is a concept similar to frame
refresh rates of a PC or TV, only at a much higher value. A
higher frame rate means faster image updating.
Faster frame rates are significant in applications
where targets may be moving at higher speeds – such
as vehicles or drones. Higher refresh rates mean more
accurate detection: Generally, frame rate above 20Hz or
higher is preferred.

Fig 5. Field of view.
If the FOV is too small, relevant areas may be
excluded from the visible image; Preferred specification is,
Standard Lens with FOV 23 degree Horizontal X 17 degree
vertical or more.

3.4 SPATIAL RESOLUTION (IFOV):
This is otherwise known as geometric resolution or
Instantaneous field of view (IFOV), and describes the area
of sight or “coverage” of a single pixel. The Instantaneous
Field of View (IFOV) describes the spatial resolution
capability of the imager. Simply defined, IFOV is the
smallest target size an infrared camera can discern at a
given distance with a given lens type and detector size.
It is usually specified in the technical data sheet
as an angle of measurement in mRad (milliRadians). The
smaller the mRad value,the narrower the viewing angle
and the better the resolution of the camera (i.e. it can see
smaller, in case objects at greater distances ). Generally
spatial resolution less than 1.4 mRad is preferred.[2]

3.6 MINIMUM FOCUS DISTANCE:
The minimum focus distance is the shortest distance
at which a lens can focus. In the case of thermovision
Cameras, the distance to the subject is measured from the
focal plane mark on the camera body, not from the front
of the lens. Minimum focus distance less than or equal to
40 cm to infinity is preferred[5].

3.7 SPECTRAL RANGE:
Electromagnetic radiation can be divided into
different spectral ranges depending on the wavelength.
The spectrum ranges from hard gamma radiation with
wavelengths of 10-14 m to long-wave broadcasting with
wavelengthsin the kilometre range. The visible spectral
range has wavelengths from 380 nm to 780nm.
The temperature of a body can be determined on the
basis of its emitted radiation in the infrared spectral range.
The maximum of blackbody radiation emitted according
to Planck’s Law of Radiation is at relevant temperatures
in the infrared spectral range between 7.8 μm and 14 μm
wavelength[3].

3.8 EMISSIVITY SETTING:
To read correct temperatures, emissivity is one
of the essential factors that need to be considered.
Emissivity is the efficiency with which an object emits
infrared radiation. This is highly dependent on material
properties[3].
Fig 6. Spatial Resolution.
37

IRIEEN Journal Vol.32 No. 1-2 January- June-2021

•

Calibrator (blackbody) temperature accuracy

Once reasonable values are determined for the
“partial errors” for each of the above terms, the overall
error equation will look like this:

Where the ΔT1, ΔT2, ΔT3, etc. are the partial errors of the
variables in the measurement equation.
Fig 7. Example of Emissivity.

3.10 FOCUS:

The ring appears to be colder than the hand, yet
the ring is a similar temperature to the hand. Therefore,
although the two objects are at the same temperature,
they radiate different amounts of energy.

In infrared imaging, precise focus means a lot more
than just getting a clear image. It can mean the difference
between catching or overlooking a problem. If the image
is out of focus, temperature measurement cannot be
trusted. It’s crucial to capture in-focus thermal images, as
the focus cannot be adjustable, while editing a thermal
image.

It is essential to set the right emissivity in the camera
else the temperature measurements will be incorrect.
In electric installations, the emissivity is set to 0.95 to
measure the object’s emitted infrared radiation.

3.9 ACCURACY:

When selecting the thermovision camera, special
attention is provided for the type of focus it has and make
sure it matches the applications and experience level. The
most preferred focus system are given below.

In a set of measurements, accuracy is the closeness
of the measures to a specific value; most IR camera data
sheets show an accuracy specification such as ±2ºC or 2%
of the reading [4]. This specification results from a widely
used uncertainty analysis technique called “Root‐Sum‐
of‐Squares”, or RSS. The idea is to calculate the partial
errors for each variable of the temperature measurement
equation, square each error term, add them all together,
and take the square root. In infrared, resolution also
affects temperature measurement accuracy.

(I) Manual focus: With a manual focus camera, can
precisely focus on targets as close as 6” and still capture
sharp images and more accurate results from further
away.
If the thermographer is more experienced, he may
prefer to have a manual option to more precisely
focus each image, evenif it takes more time than
letting autofocus handleit.[3]

“Partial errors” can result from one of several
variables in the typical IR camera temperature
measurement equation, including:
•

Emissivity

•

Reflected ambient temperature

•

Transmittance

•

Atmospheretemperature

•

Cameraresponse
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(II) Autofocus: Choosing a camera with the autofocus can

save time, but you may still have to make manual
adjustments depending on the type of autofocus.
There are often multiple targets within a field of view,
and some autofocus systems may choose a different
target than what is actually to be focused. In that case,
switch to manual focus and fine-tune the focus to
capture the target to be measured.[3]

38

3.11 DISPLAY:

3.13 POWERSUPPLY:

Thermal imaging cameras translate thermal energy
(heat) into visible light to analyse a particular object or
scene. The image produced is known as a thermogram
and is analysed through a process called thermography.
Thermal imaging cameras are sophisticated devices that
process the captured image and display it on a screen.
Not less than 75 mm diagonally active-matrix colour LCD
with high luminance or better can be used as a display for
thermovision camera.

The system has an onboard battery for handheld
operation. The accessories usually include two sets
of spares rechargeable batteries having a backup of a
minimum of 4 hours, AC power adaptor/battery charger
and battery charging input 230 V,50Hz. Generally, Liion batteries are used in thermovision cameras, and the
weight of the battery should be light (max. 2 kg) for easy
handling.

The system is menu operated and assists the
user with different measurements, including focus,
histogram etc. The setup menu should provide the facility
for adjustment/ selection of emissivity, background
temperature, auto range, time, date, colour pallets etc.
The operating mode is usually touchscreen and
toggle button mode; if the touch screen fails, the display
can be operated by toggle button mode.

3.12 VIDEO OUTPUT / FORMAT: (PAL ORNTSC)
PAL stands for Phase Alternating Line and is a
standard for analogue video. PAL delivers 625 scan lines
per image, 25 frames per second and has a 50-Hz grid
frequency. PAL is used primarily in Europe, Australia, part
of South America and some areas of Africa.
NTSC stands for National Television Standards
Committee. NTSC delivers 525 scan lines, 30 frames second
and has a 60-Hz grid frequency. NTSC is used primarily in
North America, part of South America and Japan.
Both PAL and NTSC cameras transmit an electronic
signal, and the voltages associated with this signal supply
the image. The benefit of an analogue system is that there
is no delay before the image is displayed: The camera
transmits the video signal to the monitor one to one via a
coaxial cable. This is the main difference when compared
with a digital camera. Digital GMSL and Ethernet systems
do not use frequencies and wavelengths; instead, the video
image is converted into a digital signal. This signal consists
of 1s and 0s and must be encoded and then decoded in
order to display the image on a monitor.
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3.14 ACCESSORIES:
It is supplied with carrying case, user manual and
software installation CD and storage memory of 1000
images or morewith a 2GB memory card asextra.[4]

3.15 IMAGE ANALYSIS & REPORT GENERATION:
Presenting a clear thermal inspection report and
easily sharing data is just as crucial as getting high-quality
images. Sometimes it may seem that spending more time
preparing a report than scanning with an infrared camera,
but they work hand in hand. The report is to be thorough
and accurate and communicate results clearly without any
intricacies of infrared images. With compatible software
and hardware for downloading on PC with window 7 or
the latest isrequired.[5]
Full-featured software along with analysis features
and Report generation software is provided with the
Thermal Imager. It shall be possible to generate a report
with the software in Word or PDF Format. The software
shall be license-free so that it can be installed in multiple
PCs.
The thermal imaging cameras are connected to a
PC via USB, and they are immediately ready to be used.
Temperature data is displayed through the license-free
analysis software
The Thermal Imager has an Inbuilt Visual Image
camera with a minimum of 2MP[5] to simultaneously
capture the visual image and the Thermal Image.
Simultaneous storage of thermal & visual images by a click
of a button is recommended, and a laser pointer should be
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or absolute zero is -273 degrees Celsius (-273.15 degrees
Celsius to be exact), so zero degrees Celsius would be 273
degrees Kelvin. The important thing to remember is that
one degree on both the Kelvin and the Celsius scales are
the same. A millikelvin is equal to 1/1000th of a degree
Kelvin or 1/1000th of a degree Celsius (as they are the
same), so if an infrared camera has a thermal sensitivity
of 100mK, that is the same thing as saying 0.01 degree C.
This is the minimum temperature measurement that the
detector can make. On the face of it, a value of 0.1 degrees
C, or 0.15 degrees C or 0.05 degrees C would seem trivial to
many prospective IR camera buyers, but there is far more
to it than just the minimum temperature difference which
the infrared camera can measure. It is also sometimes
referred to as

displayed on the thermal image for better analysis. It shall
be possible to display the Thermal Image within the visual
image. The size of thermal image should be moveable
& scale able. Minimum 1-2x digital zoom is required in
thermovision cameras.[4]
Measurement mode consists of,
•

Moveable spot minimum 3Nos.

•

Area moveable & scale able. Maximum temperature,
Auto hot spot identification.

•

Differential temperature Measurement (DeltaT).

•

Measurement Corrections.[4]

3.16 VOICE RECORDING:

“Thermal Contrast”. When the noise is equivalent to
the smallest measurable temperature difference, the
detector has reached the limit of its ability to resolve a
useful thermal signal. The more noise there is, the higher
the NETD value of the detector.

Thermovision cameras can be equipped with an
additional function for the storage of audio comments.
The option for technical personnel to append audion
comments to every IR image can greatly benefit handson work and help speed up the process. These comments
may include a short description of the abnormality, a serial
number, or any other information deemed relevant. The
infrared camera has a voice annotation feature to record
a Min. 20- second voice tag and every thermal image. The
microphone is inbuilt in the thermal imager. It shall also be
possible to playback the recording in the thermal imager
with the inbuilt speaker.[2]

3.17 TEXT ANNOTATION:

NETD60mk

User-defined text identification is possible with
every individual image. This text is embedded in each
image and automatically to be appeared in the image list.
Text annotation can be used to select particular images
from the image list.[2]

Fig 8- Example of thermal sensitivity.
Fig 8. show the same scene recorded by two different
cameras. One camera has a NETD of 60 mK, and the second
has a value of 80 mK. The areas in the image with very low
temperature show significantly more noise in the image
taken with the 80 mK camera. 20 mK difference doesn’t
seem like much, but it has a potentially huge impact on
the image quality and measurement accuracy.

3.18 THERMAL SENSITIVITY:
Thermal sensitivity, or Noise-Equivalent Temperature
Difference (NETD), measures how well a thermal imaging
detector can distinguish between very small differences
in thermal radiation in the image. NETD is typically being
expressed in milli-Kelvin (mK)[3]. A Kelvin is equivalent
to one degree Celsius, the difference between them
being that the scales are different. Zero degrees Kelvin
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NETD80mk

Several factors can affect NETD. Thermal cameras
sometimes come with more than one calibrated
temperature measurement range. The noise reading can
vary based on the selected range and also the object
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temperature. As long as there is significant thermal
contrast in the image and the temperature of interest is
higher than the background temperature, this won’t affect
the measurement accuracy much. The noise level can also
be affected by the detector and/or camera temperature.
If the camera is exposed to a high ambient temperature,
the system noise may increase. This depends on how
well the camera is internally stabilised. The effects of this
internal temperature drift can be observed between nonuniformity calibrations or several minutes apart.

(vi) BumpTest:

3.19 AMBIENT CONDITIONS AND PROTECTION
OF THERMOVISION CAMERA:

In summary, it is crucial to know every parameter
of the thermovision camera and choose a camera as per
the application in terms of all measurement capability and
ensure the instrument exceeds field needs. The usually
available numerical values of technical parameters of
thermovision cameras are also discussed to make reader
aware of the system and understand its importance so as
to use it optimally.

i.

Humidity:

If the lens of the thermal imager condenses from
high relative humidity, the infrared radiation cannot
be fully received. Due to water, the radiation doesn’t
completely reach the infrared imager’s lens. Extreme
dense mist can also affect the measurement. Thermovision
camera is 0 to 90 % non-condensing. The operating range
can also be selected depending upon the regions in which
the instrument shall be used, and humidity encountered
there.

IEC-60068-2-29-25G A bump test is the only way to
ensure that the whole unit is working correctly. It checks
that sensors respond to the infrared radiation and also
verifies that the display reacts. It confirms that all alarms
are activated, and the detector goes appropriately to the
alarm.

4.0 CONCLUSION:
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“कविताए”ं

शदाव अहमद
आई.आर.ई.एस.एस-2018

“वो मेरा दोस्त”
वो था सर्दी की धूप गनु गनु ी,
वो था गर्मी की नसीमे सहर,
वो था सोंधी सोंधी मिट्टी पर,
बरसात की बूदं ो का सा असर ।

वो हमसे आगे निकल गया ।
इक दूजे से हम जीत गये,
पर अपनी नजरों में हार हुई,
जो औकात बनाई थी अपनी,
वो साबित करना दश्ु वार हुई ।

मैंने उसको हर सबु ह चमकती,
रोशन किरनों मे पाया था,
फूलों पत्तों खशु ्बू शबनम मे,
बस उसका अक्स समाया था ।

माना हम अब भी दूर नहीं पर,
बदली सी नजर तो लगती है,
अब उसके बिन बे नूर सबु ह,
हर शामज़हर सी लगती है ।

वो अक्सर मझ
ु को मिल जाता था,
तोता मैना के किस्सों में,
वो शामिल था गीतों,नगमों में,
और नॉविल के रूमानी हिस्सों में ।

मेरे जीवन की नदिया में,
उसकी यादों की रवानी है,
जिसे भूल ना पायेगा वो भी,
ये एसी परु कै फ़ कहानी है ।

वो शामिल था मेरी सांसों मे,
वो मेरे खूऩ में बहता था,
उससे रोशन नजरें थी मेरी,
वो मेरी नजरों में रहता था ।

इक दिन तो मेरे अल्फ़ाज़ों का,
उस पर भी अ़सर हो जायेगा,
जो बंजर है दिल में छिपा हुआ,
वो भी ‘शादाब’ हो जायेगा ।

हमराह यूं ही चलते चलते,
जाने कब रस्ता बदल गया,
जाने किस रौ में बस यूं ही,
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“कोरोना काल का सच”
कल तक पैसे की हवा थी,
आज हवा के पैसे हैं ।

जिनके साथ वक़्त बिताने को
तरसते थे,उनसे ऊब जाएँगें ।

कभी सोचा नहीं था,
ऐसे भी दिन आएँगें ।

क्या है तारीख़ कौन सा
वार,ये भी भूल जाएँगे ।

छुट्टियाँ तो होंगी पर,
मना नहीं पाएँगे ।

कै लेंडर हो जाएँगें बेमानी,
बस यूँ ही दिन-रात बिताएँगे ।

आइसक्रीम का मौसम होगा,
पर खा नहीं पाएँगे ।

साफ़ हो जाएगी हवा पर,
चैन की साँस न ले पाएँगे ।

रास्ते खल
ु े होंगे पर,
कहीं जा नहीं पाएँगे ।

नहीं दिखेगी कोई मसु ्कराहट,
चेहरे मास्क से ढक जाएँगें ।

जो दूर रह गए उन्हें,
बल
ु ा भी नहीं पाएँगे ।

ख़ुद को समझते थे बादशाह,
वो मदद को हाथ फै लाएँगे ।

और जो पास हैं उनसे,
हाथ मिला नहीं पाएँगे ।

क्या सोचा था कभी,
ऐसे दिन भी आएंगे ।

जो घर लौटने की राह देखते थे,
वो घर में ही बंद हो जाएँगे ।

संकलित प्रस्तुति
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“कविताए”ं

हिमांशु शर्मा
वरिष्ठ प्राध्यापक (पी.ओ.)
इरीन, नासिक रोड

“दीवाली”
आशाओं के दीप जगमगाते रहें दिलों में
खशि
ु यों के दीप टिमटिमाते रहें दिलों में
आज किसी रोते हुए बच्चे को हंसाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

पैसा कमाने में जिंदगी बीत जाती है
ख्वाइशें पूरी करने में उम्र बीत जाती है
आज लोगों की अनमोल दआ
ु एं कमाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

ये मेवा ये मिठाई सब को नहीं मिलती
बहुतों को यहाँ दो जून की रोटी नहीं मिलती
आज किसी भूखे को खाना खिलाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

अपने दूर हो गए इस मतलबी जमाने में
हम भी पीछे न रहे दोस्तों को गंवाने में
आज रूठे मित्रों को फिर से मनाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

लालच ने छीन ली हरियाली धरा की
जीवन की तपती धूप में छाँव न जरा सी
आज कहीं रेगिस्तान में पेड़ लगाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

लोगों के बीच संप्रदाय की दीवार खड़ी है
जो आकार में इंसानियत से भी बड़ी है
आज इस दीवार को बम से उड़ाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

कुछ हो गए शहीद इस देश को बचाने में
झोंपड़े बिखर गए किसी का महल बनाने में
आज किसी उजड़े घर को फिर से बसाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।

हम माँगते हैं रब से सदा अपनों के लिए
वतन को भल
ु ा दिया खदु के सपनों के लिए
आज लक्ष्मी को घर ही नहीं देश में बल
ु ाते हैं
चलो इस बार दीवाली ऐसे मनाते हैं ।
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“मिल कर लड़ें”
लाभ उठाओ इस अवसर का,
परिजनों संग समय बिताओ ।
माता पिता की सेवा करलो,
बच्चों पर खूब प्यार लटु ाओ ।।
अच्छी बात लगी यह मझ
ु को,
प्रदषु ण का घट गया स्तर।
नदियां साफ़ हुई भारत की,
प्रकृति भी गयी निखर ।।
माना रफ़्तार प्रगति की मंद हुई है,
किन्तु रुकी नहीं है ।
मानव जाति परु जोर लड़ रही है,
लेकिन झक
ु ी नहीं है ।।
लड़ें भूलकर मतभेद सभी हम,
मेरी बस ये आस है ।
तब जीतेंगे इस महामारी से हम,
मन में ये विश्वास है ।।

ये वायरस अति सूक्ष्म है,
इसे व्यापक नहीं होने देना है ।
तांडव देख चक
ु े विश्व में इसका,
सबक हमें अब लेना है ।।
सबसे बड़ा उपचार है इसका,
विशेषज्ञों का कहना है ।
रखें स्वयं सरु क्षा अपनी,
सबको घर में रहना है ।।
मंहु को रखें सदा ढक कर,
बनायें आपस में दूरी ।
तोड़ो प्रसार की शख
्रृं ला,
होने ना दो इसको पूरी ।।
कहना मानो शासन का,
करो नियमों की कड़ी पालना ।
अपनी नादानी से मानव जाति को,
मत मस
ु ीबत में डालना ।।

हिमांशु शर्मा
वरिष्ठ प्राध्यापक (पी.ओ.)
इरीन, नाशिक रोड
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“हिदं ी में सर्वप्रथम”

संकलनकर्ता
विकास बघेल, वरिष्ठ अनवु ादक
इरीन, नाशिक रोड
1.
2.
3.

अपभ्रंश के प्रथम महाकवि -					
स्वयंभू
हिंदी के प्रथम कवि -					सरहपा (9 वीं सदी)
हिंदी के चौपाई-दोहा का सर्वप्रथम -				सरहपा

4.
5.
6.
7.

हिंदी की प्रथम रचना					श्रावकाचार (देवसेन कृत)
हिंदी साहित्य की प्रथम रचना-				
पथृ ्वीराज रासो
हिंदी काव्य में प्रथम बारहमासा वर्णन का प्रथम प्रयोग-		
बीसलदेव रासो(नरपति नाल्ह)
भारतीय भाषा में रचित इस्लाम धर्मावलंबी कवि की
की प्रथम रचना-						संदशे रासक (अब्दुर रहमान)
हिंदी के सर्वप्रथम गीतकार-					विद्यापति
हिंदी में सर्वप्रथम मक
अमीर खस
ु रियों की शरुु आत-				
ु रो
भक्ति के प्रवर्तक -						
रामानज
ु आचार्य
हिंदी के प्रथम सूफी कवि-					
असाइत
हिंदी का प्रथम बड़ा महाकाव्य- 				
पद्मावत (जायसी)
हिंदी का प्रथम कथात्मक महाकाव्य- 				
पद्मावत
हिंदी की आदि कवयित्री-					
मीराबाई
कृष्ण भक्ति काव्य का सबसे प्रसिद्ध काव्य-			सूरसागर (सूरदास)
राम भक्ति का सबसे प्रसिद्ध काव्य-				
रामचरितमानस (तल
ु सीदास)
भक्तिकाल को हिंदी काव्य का “स्वर्ण यगु ” घोषित
करने वाला प्रथम व्यक्ति- 					
जार्ज ग्रियर्सन
सर्वप्रथम सतसई परंपरा का आरंभ -				तल
ु सी सतसई
खड़ी बोली में लिखित सर्वप्रथम काव्य ग्रंथ-			श्रीधर पाठक द्वारा अनूदित एकांतवासी योगी
खड़ी बोली का प्रथम महाकाव्य- 				प्रियप्रवास (हरिऔ ंध)
छायावाद की प्रथम कृति - 				
झरना (1918 ई) जयंशकर प्रसाद
मक्त
निराला (जूही की कली में )
ु छं द का प्रथम प्रयोगकर्ता -					

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
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23.
नई कविता नाम दिया -					
अज्ञेय ने
24.
हिंदी की प्रथम दलित रचना -					
अछूत की शिकायत
25.
हिंदी का प्रथम उपन्यास -					
परीक्षा गरू
ु (लाला श्रीनिवास दास
26.
हिंदी की प्रथम कहानी लेखिका -				
बंग महिला (राजेंद्र बाला घोष)
27.
नयी कहानी की प्रथम कृति -					
परिंदे (निर्मल वर्मा)
28.
हिंदी का प्रथम मौलिक नाटक -				नहुष (गोपाल चंद्र)
29.
हिंदी का प्रथम अभिनीत नाटक -				
जानकी मंगल(शीतला प्रसाद त्रिपाठी)
30.
हिंदी का प्रथम एकांकी -					
एक घूटं (प्रसाद )
31.
हिंदी की पहली सैद्धांतिक आलोचनात्मक कृति- 			
काव्य में रहस्यवाद
32.
रस विवेचन को पहली बार मनोवैज्ञानिक आधार प्रदान कियारामचंद्र शकु ्ल ने
33.
पद्य में रचित हिंदी की प्रथम आत्मकथा- 			
अर्द्धकथानक (1641 ई. बनारसीदास)
34.
गद्य में रचित हिंदी की प्रथम आत्मकथा -			
स्वचरित आत्मचरित (1879 ई. दयानंद सरस्वती)
35.
हिंदी में प्रथम जीवनी -					
भक्तमाल (1585 ई. नाभादास)
36.
हिंदी में प्रथम मौलिक जीवनी लेखक-				
कार्तिक प्रसाद खत्री
37.
हिंदी में प्रथम संस्मरण- 					
हरिऔ ंध का संस्मरण (बालमक
ु ंु द गप्तु )
38.
हिंदी में प्रथम रेखाचित्र -					
पदम पराग ( 1929 ई. पदम सिंह शर्मा )
39.
हिंदी में प्रथम यात्रा-वतृ ांत 					
लंदन यात्रा (1883 ई. श्रीमती हरदेवी)
40.
हिंदी में प्रथम रिपोर्ताज-					
लक्ष्मीपरु ा (1938 ई., शिवदान सिंह चौहान )
41.
हिंदी में गद्य-काव्य की प्रथम रचना -				साधना (राय कृष्णदास)
42.
हिंदी साहित्य इतिहास का प्रथम ग्रंथ -				
इस्तवार द ला लितरेच्यूर ऐन्दुई ऐ ऐन्दुस्तानी
									
(गाँर्सा -द- तासी)
43.
हिंदी साहित्येतिहास का हिंदी भाषा में लिखा जाने
वाला प्रथम ग्रंथ -						शिवसिंह सरोज (शिव सिंह सेंगर)
44.
हिंदी साहित्य इतिहास का प्रथम वास्तविक ग्रंथ -			
द मॉडर्न वर्नाक्यूलर लिटरेचर ऑफ हिंदसु ्तान
									
( जॉर्ज ग्रियर्स)
45.
हिंदी साहित्य के काल विभाजन व नामकरण का प्रथम प्रथम
प्रयास करने वाले -						
जॉर्ज ग्रियर्सन
46.
हिंदी साहित्य इतिहास का प्रथम व्यवस्थित ग्रंथ -			हिंदी साहित्य का इतिहास (रामचंद्र शकु ्ल)
47.
खड़ी बोली (पद्य) का प्रथम प्रयोगकर्ता -				
चंद छं द बरनन की महिमा ( गंग कवि)
48.
किसी भारतीय द्वारा देशी भाषा में प्रकाशित प्रथम पत्र- 		संवाद कौमदु ी (1821 ई. सं. राजा राममोहन राय)
49.
प्रथम हिंदी पत्र -						
उदंत मार्तंण्ड ( 30 मई 1826 ई.)
50.
सर्वप्रथम हिंदी दैनिक पत्र -					समाचार सधु ा वर्षण (1854 ई.)
51.
हिंदी की प्रथम लघु पत्रिका -					नये पत्ते (लक्ष्मीकांत वर्मा)
52.
हिंदी में प्रकाशित प्रथम ग्रंथावली -				
भारतेंदु ग्रंथावली
53.
ज्ञानपीठ परु स्कार से सम्मानित प्रथम हिंदी साहित्यकार -		समित्रान
ंदन पंत ( चिदंबरा 1968 ई.)
ु
54.
ज्ञानपीठ परु स्कार से सम्मानित प्रथम हिंदी महिला साहित्यकार - महादेवी वर्मा (यामा, 1982 ई.)
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55.
प्रथम व्यास सम्मान- 					
भारत के भाषा परिवार और हिंदी (डॉ रामविलास शर्मा
									
1991 ई.)
56.
प्रथम विश्व हिंदी सम्मेलन -					नागपरु (1975 ई.)
57.
एम. ए. (हिंदी) का सर्वप्रथम शिक्षण प्रारंभ हुआ-			
काशी हिंदू विश्वविद्यालय में (1921 ई. में )
58.
काशी हिंदू विश्वविद्यालय के प्रथम हिंदी विभागाध्यक्ष – 		
श्यामसदंु र दास
59.
साहित्य अकादमी का प्रथम अध्यक्ष -				
पंडित जवाहर लाल नेहरू
60.
विश्व का प्रथम व्याकरण-ग्रंथ- 					
अष्टाध्यायी (4 वीं सदी ई. पू.पाणिनी)
61.
विश्व का प्रथम शब्दाकोशकार -				
महर्षि यास्क
62.
हिंदी के प्रथम शब्दकोशकार -					
अमीर खस
ु रों
63.
हिंदी का प्रथम मौलिक शब्दकोश -				हिंदी शब्द सागर (1929 ई.)
64.
छपाई के लिए नागरी टाइपों का निर्माण करने वाला प्रथम व्यक्तिचार्ल्स विल्किनंस ( 1750-1836 ई. )
65.
हिंदी माध्यम से सम्पूर्ण शिक्षा देने वाली देश की पहली संस्था गरू
ु कुल कांगड़ा, हरिद्वार
66.
हिंदी का प्रथम अंतर्राष्ट्रीय विश्वविद्यालय – 			
महात्मा गाँधी अंतर्राष्ट्रीय हिंदी विश्वविद्यालय,
									
वर्धा (महाराष्ट्र)
67.
हिंदी की प्रथम शोध कृति -					हिंदी काव्य में निर्गुण संप्रदाय
68.
हिंदी का पहला स्वतंत्र मौलिक निबंध -				
राजा भोज का सपना (राजा शिवप्रसाद सितारे हिंद)
69.
प्राचीनतम गद्य -						
पद्य(चम्पू) काव्य- राउरवेऴ- रोड़ा कवि
70.
ब्रजभाषा गद्य की प्रथम रचना- 				
शगंृ ार रस मंडन- गौसाई विठ्ठलनाथ
71.
आधनु िक खड़ी बोली हिंदी गद्य का जनक-			
भारतेन्दु
72.
हिंदी की पहली वैज्ञानिक कहानी-				
चंद्र लोक की यात्रा
73.
फ्लेश बैक पद्धति पर आधारित प्रथम कहानी- 			
उसने कहा था
74.
नवगीत परंपरा के सूत्रधार -					
अज्ञेय
75.
हिंदी आलोचना के प्रवर्तक -					
भारतेंदु
76.
हिंदी के प्रथम लक्षण ग्रंथकार 					
के शवदास
77.
हिंदी में रामभक्ति प्रथम काव्य रचना -				
रामरक्षा स्त्रोत (रामानंद)
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“सत्य बचन”

संकलनकर्ता
श्रीमती वैशाली बी. भागवत
कनिष्ठ टंकण, इरीन
1. मनषु ्य और पशु के बीच एक मौलिक भेद यह है कि मनषु ्य अपनी आत्मा 8. अहिंसा निश्चित रूप से समाज का वह गणु है जो लोगों के अंदर सत्य का
प्रतीत कराने के लिए प्रयास और प्रयोग कर रहा है ।
की आवाज को सनु सकता है, उन मनोवेगों पर काबू पा सकता है जो
उसके और पशओ
ु ं के बीच समान रूप से विद्यमान है और इसलिए वह 9. प्रत्येक व्यक्ति को संतलित
ु भोजन, रहने को ठीक-ठाक मकान, अपने
स्वार्थपरता और हिंसा से ऊपर उठ सकता है ।
बच्चों की शिक्षा के लिए सवि
ु धाएं और पर्याप्त चिकित्सा व्यवस्था
उपलब्ध होनी चाहिए ।
2. वह अर्थशास्त्र झूठा और निराशाजनक है जो कुबेर की पूजा का प्रश्रय
देता है और शक्तिशाली लोगों को दर्बु ल लोगों की कीमत पर धन संचय 10. माता-पिता का अपनी बेटिंयों का जबरह विवाह करना सरासर गलत है ।
करने में मदद करता है ।
उनका अपनी बेटियों का जिविकोपार्जन के योग्य न बनाना भी गलत है ।
3. माता-पिता को चाहिए कि अपने बच्चों को आत्मनिर्भर बनाएं ताकि वे 11. यदि शक्ति का अर्थ पाशविक शक्ति है तो सचमचु परू
ु ष की तल
ु ना में स्त्री
शारीरिक श्रम के द्वारा ईमानदारी से जीविकोपार्जन के योग्य बन सकें ।
में पाशविकता कम है और यदि शक्ति का अर्थ नैतिक शक्ति है तो स्त्री
निश्चित रूप से परू
4. मैं बद्धि
ु ष की अपेक्षा कहीं अधिक श्रेष्ठ है ।
ु मान व्यक्ति को अधिक कमाई करने का अवसर दूगं ा, मैं उसकी
प्रतिभा का गला नहीं घोटूंगा । लेकिन उसकी अतिरिक्त कमाई का ज्यादा 12. जिसकी बद्धि
ु स्थिर नहीं है, वह क्रोध, कुविचारों अथवा अपशब्दों का
हिस्सा राज्य की भलाई के लिए इस्तेमाल किया जाना चाहिए। ठीक
शिकार हो सकता है ।
उसी प्रकार जैसे कि एक पिता के सभी कमाऊ लड़कों की आमदानी
13. इसके विपरित स्थिर बद्धि
ु का व्यक्ति प्रशंसा अथवा अपशब्दों से समान
परिवार के साझे कोष में जाती है ।
रूप से अप्रभावित रहता है।
5. स्त्री परुु ष की सहचरी है, उसकी मानसिक क्षमताएं परू
ु ष के बराबर
14. मेरी पक्की धारणा है कि आध्यात्मिक पूर्णता की प्राप्ति के लिए जीवन में
हैं । जितनी स्वाधीनता और आजादी का हकदार परू
ु ष है, उतनी ही
मनसा, वाचा, कर्मणा पूर्ण आत्मनिग्रह का होना आवश्यक है ।
हकदार स्त्री भी है ।
15. स्थिर बद्धि
ु वाला व्यक्ति कभी किसी की बरु ाई नहीं चाहेगा और अपनी
6. मेरी दृष्टि में, उस गणु का कोई मूल्य नहीं रह जाता जो के वल व्यक्तियों
अंतिम श्वास तक अपने शत्रु के लिए भी प्रार्थना करेगा ।
तक ही सीमित हो या उस पर आचरण करना के वल व्यक्तियों के लिए
16. अपशब्द उस जिह्वा को हो कलषित
ु करते हैं, जो उन्हें निकालती है, उसे
ही संभव हो ।
कभी नहीं जिसके विरूद्ध वे कहे जाते हैं ।
7. अहिंसक व्यवसाय वह है जो मूलतः हिंसा से मक्त
ु हो और जिसमें दूसरों
के शोषण अथवा उनके प्रति ईर्ष्या का कोई स्थान न हो ।
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“मसु ्कराता चेहरा”

मोहम्मद जावेद
व.अनदु शे क, एसटीसी,इरीन

लंबी उम्र का मल
ू मंत्र है हँसते रहना यानि “मसु ्कराते रहना” । आपका
“मसु ्कराता चेहरा” किसी की भी जिंदगी में खुशियाँ और ताजगी
ला सकता है । यदि हम अपने अंदर से उदासी, ससु ्ती, बैचनी, चिंता
और संशय को त्याग दें तो हमारे जीवन में सफलताएं हमारे कदम
चूमेंगी।

रही । जब उसे फोटो मिली तो वह चकित रह गई । उसकी उम्र फोटो
में वास्तव में बीस वर्ष कम लग रही थी । वह बहुत खुश हुई उसने प्रण
किया कि अब हमेशा इसी प्रकार से मसु ्कराती रहूगं ी । इस प्रकार से
वह पुनः अपने यौवन की ओर वापस लौटने लगी । लोग देखकर हैरान
हो गए ।

उस महिला की भाँति समाज के लोग असमय ही वृद्ध हो जाते
एक बार एक 40 वर्ष की महिला (देखने में 60 वर्ष के आसपास की लग रही थी ) अपना फोटो खिंचवाने फोटोग्राफर के पास गई है । यदि वे लोग हँसते-मसु ्कराते रहें तो उनका यौवन वापस लौट सकता
है । जी हाँ, यौवन वापस लौटाया जा सकता है । चहेरे पर हँसी लाइए ।
। फोटोग्राफर ने उस महिला से कहा- “आप थोड़ा मसु ्कराइए” ।
हँसमख
ु चहेरा बनाइए ।
उस महिला ने बहुत प्रयत्न किया परन्तु वह अपने चहेरे पर
यदि हम हमेशा हँसता हुआ चहेरा लेकर किसी के भी सामने
हँसी नहीं ला सकी । फोटो ग्राफर ने पुनः कहा – “थोड़ा मसु ्कराइए”।
जाएंगे तो वह भी आपको देखकर मसु ्कराकर आपका स्वागत करेगा।
महिला बोली- ‘शायद आप जानते नहीं कि मैं विधवा हू’ं । कै से
मसु ्करा सकती हूं ? बाहर का कोई प्रभाव ही हँसा सकता है ?
चिंता, कुढ़न, असंतोष, बेईमानी, ईर्ष्या, जलन, निराशा,
अतिरिक्त काम का बोझ, एवं घरेलू तनाव यह सब हमारे शरीर- तंत्र पर
नहीं, प्रसन्नता या मसु ्कराहट तो अंदर से आती है फोटोग्राबुरा प्रभाव डालती है । ये जहर का कार्य करती है और यह हमारे शरीर
फर ने कहा । उसने आगे कहा- “आप एक बार प्रयास किजिए” । कृपया
को कुरुप, असमय वृद्ध एवं अस्वस्थ बना देती है ।
एक बार प्लीज.... । यह वाक्य फोटोग्राफर ने अपनी वाणी में मिठास भर
कर इस प्रकार कहा कि वृद्ध महिला मसु ्करा पड़ी ।
अपने आपको सदुं र एवं स्वस्थ दिखने के लिए जीवन के वास्तविक स्वरूप को हँसते-हँसते स्वीकार करना चाहिए । सामर्थ्य के
“बहुत-अच्छा, बहुत अच्छा” । फोटोग्राफर ने खुशी से चिल्लाअनस
ु ार आशाएँ लगाइए । अपनी शारीरिक और मानसिकता की पूर्ण
कर कहा -आप अपनी आयु से बीस बर्ष कम लग रही है । अपने पति
शक्ति के साथ प्रयास किजिए । आशावान रहिए ।
की मतृ ्यु के बाद उस महिला ने पहली बार इतने मधुर शब्दों में अपनी
प्रंशसा सनी
उन आशाओं को मत लगाइए जो के वल स्वप्न है, वे ही
ु थी ।
आशाएँ लगाइए जिनको पूरा करने की क्षमता एवं परिश्रम करने की शक्ति
घर जाकर वह शीशे के सामने खड़ी होकर घंटों मसु ्कराती
हो।
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यदि हमारे बुजुर्गों के चेहरे खिले रहते हैं तो उनकी संतानों के दिखाई देंगे तो सामने वाला भी आपको खुश दिखाने की कोशिश करेगा
चेहरे भी हँसते-खिलखिलाते रहते हैं । संतान को मसु ्कराहट भी विरासत ।
में दिजिए । आप प्रसन्न रहेंगे तो आपसे मिलने वाले भी प्रसन्न होंगे ।
हँसते-हँसते जीने का यह सरल रास्ता है । कितनी भी मस
ु ीबतें
हँसमख
ु स्वभाव ही स्पष्ट स्वभाव है । प्रसन्नता, हँसी, मसु ्कान यद्यपि
हो, कितना भी दःु ख हो -प्रभु भक्ति में लीन होकर अपने मनहूस आँसओ
ु ं
ह्दय से आती है । लेकिन हँसते-मसु ्कराते चेहरों से प्रेरणा मिलती है।
को पोंछ डालिए । प्रभु ने आपको रोने के लिए नहीं भेजा है । हँसने के लिए
मनहूस चेहरे सारे वातावरण को मनहूस बना देते है ।खूब भेजा है । हँसिए और सष्टि
ृ के इस सौन्दर्य को फैलाइए ।
हँसिए । प्रत्येक समय चेहरे पर प्रसन्नता का भाव रखिए । आप खुश
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2 अिधसूचनाएं (Notification) (राजपत्र में प्रकािशत/Published in the Gazette)
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4
5
6
7
8
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संिवदाएं (Contracts)
अनुबंध (Agreement) उद्धरण (Quotation)
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(अ) '�ेत्र क' से िबहार, ह�रयाणा, िहमाचल प्रदेश, मध्य प्रदेश, छ�ीसगढ़, झारखंड़, उ�राखंड
राजस्थान और उ�र प्रदेश राज्य तथा अंडमान और िनकोबार द्वीप समूह, िदल्ली संघ राज्य �ेत्र अिभप्रेत है;
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िदनांक 08.01.2021 को संसदीय राजभाषा क� दूसरी उपसिमित
का राजभाषा िवषयक िनरी�ण
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ARTICLES & PAPERS FOR IRIEEN JOURNAL
IRIEEN Journal is a quarterly publication. The editorial board of IRIEEN Journal invites practitioners,
researchers and other interested persons to contribute articles pertaining to or relevant to the area of Railway
Electrical Engineering. The articles can be on relevant technical/ management topics and should help in
dissemination of knowledge besides offering new ideas for application in the field. Officers working in Indian
Railways acquire a wealth of knowledge and experience as they progress through their careers. It is important
that the officers write articles/ papers around their important experiences, contributions and findings on the
work front. Such articles/ papers when published in IRIEEN Journal can reach a wide audience and also secure a
permanent place in our institutional memory and knowledge base.

Guidelines to authors / contributors
1. Soft copy as well as hard copy of articles must be sent to: Editor, Indian Railways Institute of Electrical
Engineering, Nasik Road, Email Id : irieenlib@gmail.com)
2. Author should send the original printout of photograph along with the digital copy of the photograph
3. The paper should be concise (5 to 10 pages). Sketches, tables and figures should be accommodated in a two
column set up.
4. The paper’s content should be easily comprehensible to the readers.
5. The paper may be a review of conventional electrical technology, possibilities of improvement in the
electrical technology or any other items which may be of some interest to the readers. For the guidance of
contributors, an indicative (not exhaustive) list of subject areas is as follows :
(i)

Traction Rolling Stock

(ii) Train Lighting & Air Conditioning
(iii) General Services
(iv) Traction Distribution
(v) Railway Electrification
(vi) Success stories
(vii) Management tips to improve working
(viii) Do’s and Don’ts on matters of interest

(Editorial Board)
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