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SAFETY IN ELECTRICAL LOW VOLTAGE INSTALLATIONS
BASICS OF LV EARTHING SYSTEM

Jitendra Singh
Principal Executive Director
CAMTECH/ RDSO

Himanshu Maheshwari
Dy. Director (Electrical)
CAMTECH/Gwalior

Abstract: This article describes about importance of Earthing and System Earthing in different electrical
installation such as TN (TN-S, TN-C, TN-C-S), TT & IT system. The concept of Equipotential bonding and
earth fault loop impedance in designing electrical protection system for low voltage installations based on
Indian Standards IS 3043-2018 “Code of Practice for Earthing” and IS 732-2019 “Code of Practice for Electrical
Wiring Installations”.

सारांश : यह लेख विभिन्न विद्तयु स्थापनाओं में अर्थिंग और सिस्टम अर्थिंग जैसे TN (TN-S, TN-C, TN-C-S), TT और IT सिस्टम
के महत्त्व के विषय में बताता है। कम वोल्टेज़ स्थापनाओं के लिए विद्तयु सुरक्षा प्रणाली को डिज़ाइन करने में ईक्विपोटेंशियल बौंडिंग
और अर्थ फ़ाल्ट लूप इम्पीडेंस की अवधारणा भारतीय मानक आई एस 3043:2018 भू-संपर्कन के लिए रीति संहिता और आई एस
732:2019 विद्ति
यु यों वायरिंग अधिस्थापनाऔ ं के लिए रीति संहिता पर आधारित है।

1. Introduction
Electrical safety is often understood as “achieved
by installing an improved electrical product”. The
installation standards and rules are neglected during
design, erection and testing, thereby the purpose
of using an improved product is lost. Use of proper
protective devices and circuit layout to activate these
protective devices in case of any failure in stipulated
time duration is most important. Proper selection
of protective devices and circuit specifications
accordance to standards can only save the living
kinds from electrocution and wiring/ equipment from
overheating/ burning in case of any failure or earth
fault.
Most of us treat earth electrode as solution of safety
which is just not the case. To ensure safety of life
and apparatus against earth faults, it is necessary to
provide proper earth connection to equipotential
bonding along with other suitable protection devices

to disconnect the electric supply within the stipulated
time in case of fault. For understanding of all these
concepts, the electrical engineers shall be familiar to
various standards, codes & practices. There are national,
international Standards and regulations on earthing &
wiring of low voltage installations which are neglected
and misinterpreted at many places during design and
commissioning of system.

2. Importance of Earthing
The object of a good earthing system is to provide as
nearly as possible a surface at uniform potential and
nearly zero or absolute earth potential as possible,
which can be achieved through equipotential bonding.
The purpose of equipotential bonding is to ensure
that all non-current carrying metal parts (exposed
conductive parts) of apparatus/ equipment shall be
at uniform/ earth potential. This will also ensure that
user/operator will always remain at earth potential at
all times.
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Earthing of an electrical system or installation is
provided for the reasons of safety. The earth connection
improves service continuity, avoids damage to circuit/
equipment and danger to living kinds. Earthing will
also help to limit the rise in potential (touch voltage) of
non-current carrying metal parts with respect to earth
under earth-fault conditions to a value which is not
harmful for the safety of persons/animals in contact/
proximity to such metal parts.
Earthing also provides stable platform for operation
of sensitive electronic equipment i.e., to maintain the
voltage at any part of an electrical system at a known
value so as to prevent over current or excessive voltage
on the appliances or equipment.
Earthing also provides a low earth fault loop impedance
to facilitate automatic disconnection of supply in
the event of a fault to exposed conductive parts of
equipment/apparatus. Earthing also provides safe path
to dissipate lightning current to earth.

3. National And International Standards On Earthing
Sr.

Standard No.

Version

Title

1

IS 3043: 2018

Second Revision

Code of Practice for Earthing

2

IS 732: 2019

Fourth Revision

Code of practice for electrical wiring installations

3

IEC 60364

Low-voltage electrical installations

3.1 Major changes in First and Second Revision of IS 3043 (i.e. 1987 and 2018 version)
S.N.

Topic

Clause No. in
IS 3043:1987

Clause No. in
IS 3043:2018

Detail

1

Amendment no. 1 January 2006

9.2.1

14.2.1

Resistance of plate Electrodes formula
modified.

2

Amendment no. 2 January 2010

8.6

13.6.1

New clause 13.6.1- Corrosion Allowance
added.

3

9.2.2

14.2.2

Resistance of pipe or rods Electrodes formula modified and para 4 modified.

4

9.2.3

14.2.3

Resistance of strip or conductor Electrodes
formula modified.

5

Updating of Cross-referred standards

6

Static and lightning protection
earthing

Section 8

Removed

Separate BIS Standards IS/IEC 62305 (Part
1 to 4) based on IEC 62305 series on Protection against lightning made.

7

Soil treatment and earthing resistivity enhancing materials

8.5

13.5

Clause updated on earth resistivity enhancement material.

8

Resistance of an electrode encased in low resistivity material

14.2.5

Formula for the resistance of a backfilled
electrode Rb in ohms (Ω) added.

9

Structural Steelwork

14.2.7

Matter updated for structural steelwork
earthing.

2

2

9.2.6

References has been added
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Topic

Clause No. in
IS 3043:1987

Clause No. in
IS 3043:2018

Detail

10

Mesh (grid) resistance

14.2.10

Formula for the resistance of mesh (grid)
Rm ohms (Ω) added.

11

Miscellaneous Electrodes

14.2.11

Matter for miscellaneous electrodes added.

12

Calculation of Ground Surface
Potentials

16.4

Formula for the ground surface potential of
the vertical & Horizontal electrodes added

13

Earthing for unearthed generating sets (ratings below 10kW)

28

Detail of UNEARTHED GENERATING
SETS (RATINGS BELOW 10 kW) added.

14

Supply system for street lights

32

36

Matter updated.

15

Measurement of earth resistivity

36

40

One Rod Test Method added.

16

Measurement of earth electrode
resistance

37

41

Methods under Fall of potential technique
added.

4. Types of System Earthing
Any system comprises mainly two portions, first
the source of energy (transformer/DG) and second
is installation. The source includes supply cables/
conductor connecting to the installation. Electrical
supply systems are further classified as TN system, TT
system and IT system based on system earthing. They
are as given under.

4.1 TN System
TN system has one or more points of the source of
energy (preferably Neutral point of Transformer
or DG) directly earthed at source end. The exposed
and extraneous conductive parts of the consumer
installation are connected by means of protective
conductors to the earthed point(s) of the source.
In this way, there is a metallic return path for earth
fault currents to flow from the installation to the
earthed point(s) of the source. TN systems are further
sub-divided into TN-S, TN-C and TN-C-S systems.

4.1.1 TN-S System
In TN-S system where separate conductors each
for neutral and protective functions are provided
throughout the system is called as TN-S system.
All exposed conductive parts of an installation are
connected to this protective conductor via main
earthing terminal (MET) of the installation. An
independent earth electrode within the consumer’s
premises is necessary in case of 415 V three phase
domestic, commercial supply connected to MET. TN-S
system requires 5 conductors (three lines, one neutral
and one protective conductor), due to this, cost of
installation is high as compared to other systems.

Source

TN-S SYSTEM (415 V THREE PHASE)

R
Y
B
N
PE

SINGLE PHASE LOAD

CONSUMER
INSTALLATION

SOURCE EARTH

Installation Earth
Electrode

EXPOSED
CONDUCTIVE PART

THREE PHASE LOAD

Fig.: TN-S System for 415 V three-phase domestic
commercial supply

4.1.2 TN-C System
In TN-C system, neutral and protective functions
are combined in a single conductor (PEN conductor)
throughout the system. All exposed conductive parts
are connected to this PEN conductor. For three phase
consumer, local earth electrode has to be provided in
addition.
Source

TN-C SYSTEM

R
Y
B
COMBINED PE AND
N CONDUCTOR
(PEN)

SOURCE EARTH

Additional Source
Earth
EXPOSED
CONDUCTIVE PARTS

THREE PHASE
CONSUMER
EXPOSED
CONDUCTIVE PARTS

SINGLE PHASE
INSTALLATION
Installation Earth

Fig.: TN-C System
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As the protective function and neutral function
are combined in one conductor, in case of PEN
conductor breaks/disconnects due to any reason
(neutral breakage), the exposed conductive parts in
an installation becomes live, which may lead to shock
hazards. TN-C systems are not suitable for modern
installations with electronic equipment.

4.1.3 TN-C-S System
In TN-C-S system, neutral and protective functions
are combined in a single conductor (PEN conductor)
up-to consumer’s premises and separate neutral
(N) and Protective conductor (PE) at installation
side. All exposed conductive parts of an installation
are connected through protective conductors. All
protective conductors/connections run separately
inside consumer’s premises and connected to main
earthing terminal (MET) and then to the PEN conductor.
TN-C-S SYSTEM

Fig.: Multiple Earthing of PEN Conductor in TN-C-S
System

R

4.2 TT System

Y

TT system has one or more points of the source of
energy directly earthed and the exposed and extraneous
conductive parts of the installation are connected to
a local earth electrode. Source and installation earth
electrodes are electrically independent.

B
COMBINED PE AND N
CONDUCTOR (PEN)

Earth Electrode

SOURCE
EARTH
EXPOSED
CONDUCTIVE
PARTS

Multiple earthing of the PEN/CNE conductor ensures
that if the conductor becomes open circuit for any
reason (probably cut or snapped), exposed-conductor
parts remain connected to earth, and under such
conditions the supply voltage between the installation
line and neutral conductor is substantially reduced
and consumer will experience unacceptable voltage
variations. If PME is not provided to PEN conductor
any breakage of it may cause dangerous rise in
potential of exposed-conductor parts and which may
lead to shock hazards.
As per statutory provisions for earthing mentioned
in Cl. No. 4 of IS 3043-2018, the TN-C-S is the most
common system adopted by Electrical supply
undertakings. TN-C-S system is also called as
Protective Multiple Earthed (PME) system.

Fig.: Neutral breakage in TN-C System

Source

referred to as the Combined Neutral and Earth
(CNE) conductor. An earth electrode may be
necessary at or near a consumer’s installation.

TT System

Source

R

Three Phase Consumer Installation

Y

Installation Earth Electrode

B

Fig.: TN-C-S System

This system requires only four conductors in public
distribution (i.e. up-to incoming supply at consumer’s
premises). This saves the cost of 5th conductor in
public distribution. The supply system PEN conductor
is earthed at several points. Therefore, this type of
distribution is also known as Protective Multiple
Earthing (PME) and the PEN conductor is also

4

N
Exposed Conductive Parts
SOURCE EARTH

Exposed Conductive
Parts

Installation
Earth
Electrode
Single
Phase
Load

Three Phase Load

Fig.: TT System

Consumer
Installation
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4.3 IT System

IT System

Source

IT system has the source either unearthed or
earthed through a high impedance and the exposed
conductive parts of the installation are connected to
electrically independent earth electrodes. IT system is
used where continuity of supply is desired as safety
services, fire services, medical (operation theatre, ICUs
etc.).

Y
B
Consumer
Installation
HIGH
IMPEDANCE
SOURCE
EARTHING

Installation Earth
Electrode
Three Phase Load

Exposed Conductive
Parts

Single Phase
Load

Exposed
Conductive Parts

Installation Earth Electrode

Fig.: IT System

Table: Comparison of all earthing systems
Earthing System Conditions

R

TN-C

TN-S

TN-C-S

TT

IT

Earth Fault Loop Impedance (EFLI)

Low

Low

Low

High

Highest

Residual Current Device (RCD)
Preference

No

Optional

Optional

Yes

N.A.

Need of Earth Electrode at Site

No

No

Optional

Yes

Yes

Least

Highest

High

Low

Low

Highest

High

High

No

No

Least safe

Safest

Safe

Safe

Less safe

High

Low

Low

Least

Least

Broken
neutral

Broken
neutral

Broken neutral

High loop Impedance (step voltages)

Double fault,
Over voltage

PE Conductor Cost
Risk of Broken Neutral
Safety
Electromagnetic Interference
Safety risks

5. Equipotential Bonding
“Electrical connection putting various exposed
conductive parts and extraneous conductive parts at a
substantially equal potential is termed as equipotential
bonding”.
Equipotential is derived from Equal potential between
two points. In a system, connections of all non-current
carrying (exposed conductive parts) parts of a current
using equipment like metal body of equipment, etc.
and connections of all non-electrical metallic items
embedded in building structure (extraneous conductive
M

Exposed
Conductive Parts

M

1

1

3
Protective Conductor
Supplementary Bonding Conductor

Metallic water pipe (extraneous-conductive-part)
Earth electrode (TT and IT system)
PE (TN systems)
1

Circuit protective conductor

2

Main protective bonding conductor

3

Earthing conductor

4

Supplementary protective bonding conductor (if
required)

1,2,3,4

4

PE

Protective conductors

6. Earth Fault Loop Impedance

2
Structural
Steel

2

MET

Structural steel (extraneous-conductive-part)

M

4
1

parts) for ex Reinforced steel in concrete, Metallic pipe
lines, etc. to main earthing terminal in order to bring
all at same potential (Equipotential) in event of an
earth fault is called Equipotential bonding.

Metallic
water pipes

Earth Electrode

Fig.: Equipotential bonding with all exposed/ extraneous
conductive parts

Impedance/resistance encountered by fault current
under earth fault condition is called “Earth fault
loop impedance” i.e. the impedance of the earth fault
current loop (phase to earth loop) starting and ending
at the point of earth fault. This impedance is denoted
by the symbol Zs. Whenever fault occurs the current
will flow through this fault loop and protection system
will be designed accordingly with prospective fault
current. This fault current can be calculated with the

5
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help of System voltage and Fault loop impedance.
The earth fault loop comprises the following, starting
from the point of fault:
a) The circuit protective conductor,
b) The consumer’s earthing terminal and earthing
conductor, and for TN systems, the metallic return
path,
c) For TT and IT systems, the earth return path,
d) The path through the earth neutral point of the
transformer,
e) The transformer winding, and
f) The line conductor from the transformer to the
point of fault.

6.1 Fault Loop in TN-C-S System
In TN-C-S system, there will be two loops for flow of
fault currents, first through the metallic return path

i.e. PEN conductor and second through the earth (Soil).
The magnitude of fault current flowing through each
path will depend on its impedance. Practically the
major portion of fault current will flow through the
first path i.e. PEN conductor. Fault loop impedance in
this path comprises the impedance starting from the
point of fault, protective conductor (PE) up to MET
(Neutral link at main incoming supply), protective and
neutral conductor (PEN) up to source, neutral point
of the transformer, transformer winding (involved
in faulty circuit) and phase (line) conductor from the
transformer to the point of fault. The other earth fault
loop through installation earth electrode, soil back to
source earth electrode. Earth fault loop impedance
tester is used for measurement of earth Fault loop
impedance. It is very useful for testing of electrical
installations for ensuring the safety.

Fig.: Fault loop impedance circuit in TN-C-S system

Conclusion
The word “earth” and “earthing” is misunderstood as
an electrode in soil and similarly there are so many
Myths and misconceptions related to earthing and
earthing system which are deeply incorporated as
wrong practices in the regular working systems. The
sole object of earthing is to ensure safety of life and
property against earth faults. CAMTECH, Gwalior
has published volume-1 “Basics of LV Earthing
System” under the document “Safety in Electrical
Low Voltage Installations” with the intention to
spread awareness on myths and facts about earthing
in LV installations and other terms related to LV
installations. This booklet is E-launched by Sh. Jitendra
Singh/ Principal Executive Director/ CAMTECH/
RDSO on 01.07.2021.

Link for the CAMTEHC booklet vol.1 Basics of LV
Earthing System

https://rdso.indianrailways.gov.in/uploads/files/Safety%20in%20Electrical%20Low%20Voltage%20Installations%20
Vol-1%20Basics%20of%20LV%20Earthing%20System%20(1).pdf
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ROLE OF ATTENTION IN COGNITIVE PERFORMANCE
OF LOCO PILOTS

Manoj Kumar Sinha
ED/Traffic/Psycho-Tech
RDSO,Lucknow

Dr. Miny Chandra
Scientific Supervisor/Erg & Trg
RDSO,Lucknow

Abstract: Loco pilots play an important role in the Indian Railways as they are the primary contributors in
the safety and efficiency of the rail transport system. They need to be very focused, proactive, efficient and
task-oriented to carry out their work properly. About 23 million passengers use rail as a means of transport
daily. Humans have a limited capability to observe all the details in their environment, which reduces a
worker’s ability to see objects and focus on relevant aspects. The cognitive performance involved in train
operations includes alertness, multi-object tracking, and potentially a number of other related mental functioning. Environmental factors, sleep, alertness, job requirements, working conditions, all play a major role
in successful execution of their task. The present paper aims to understand the role of attention on cognitive performance of loco pilots in Indian Railways. To reduce and manage the risk of rail accidents, there
is a need for continuous improvement in the conditions of locomotive pilots to ensure the safety of trains
and passengers. Attention-span assessment of pilots at the time of recruitment followed by assessment of
other cognitive attributes during service period is essential. This problem can be solved by adopting new
technology to reduce the dependence on human factors.

सारांश: भारतीय रेलवे में लोको पायलटों की एक महत्वपूर्ण भूमिका हैं क्योंकि रेल परिवहन प्रणाली की सुरक्षा और कार्य-क्षमता में उनका सबसे
अहम योगदान होता है। अपने कार्य को सही रूप से कार्यान्वित करने हेतु उन्हें अत्याधिक एकाग्रचित, सक्रिय, प्रभावी और कार्य-उन्मुख होने की
आवश्यकता होती है। लगभग 23 मिलियन यात्री रोजाना परिवहन के साधन के रूप में रेल का उपयोग करते हैं। मनुष्य के पास अपने वातावरण में
सभी विवरणों को देखने की एक सीमित क्षमता है, जो रेल चालक की वस्तुओं को देखने और प्रासंगिक पहलओ
ु ं पर ध्यान कें द्रित करने की क्षमता
को कम करता है। ट्रेन परिचालन में शामिल संज्ञानात्मक निष्पादन में सतर्क ता, बहु-वस्तु ट्रैकिंग और संभावित कई संबधि
ं त मानसिक कारक
शामिल हैं। वातावरण सम्बन्धी कारक - नींद, थकान, सतर्क ता, नौकरी की अपेक्षाए,ं काम करने की स्थितियां सभी लोको पायलटों द्वारा कार्यों के
कुशलतापूर्व क काम करने में प्रमख
ु भूमिका निभाती हैं। वर्तमान लेख का उद्देश्य भारतीय रेलवे में लोको पायलटों के संज्ञानात्मक प्रदर्शन पर ध्यान
देने की भूमिका को समझना है। रेल दरु ्घटनाओं के जोखिम को कम करने और प्रबंधित करने के लिए रेलगाड़ियों और यात्रियों की सुरक्षा सुनिश्चित
करने के लिए लोकोमोटिव पायलटों की स्थितियों में निरंतर सुधार की आवश्यकता है । भर्ती के समय पायलटों का ध्यान अवधि मूल्यांकन और
इसके पश्चात सर्विस के दौरान दूसरे संज्ञानात्मक गणु ों का मूल्यांकन आवश्यक है। मानव कारकों पर निर्भरता को कम करने के लिए नई तकनीक
को अपनाने से इस समस्या का समाधान किया जा सकता है l

1.1 Introduction
The multiple tasks that the brain does continuously
is called a cognitive performance. These are the
procedures in charge of processing all the information
we receive from our environment. Train operations to
be run safely depends primarily on the psychomotor,
cognitive
processes
(alertness/fatigue/attention),

behavioral abilities and skills of the loco pilots. The
job entrusted to them is way too demanding in terms
of work conditions (work shifts), reaction time to
unpredictable conditions. In this situation, their
performance is influenced by the level of alertness
and awareness about the situation, factors that can
be detrimental for successful enactment of train
operations during their duty hours. Being attentive,
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vigilant and alert on sustained basis depends mainly on
various factors (extrinsic and intrinsic) that influence
each other in various situations altering with passage
of time and distance during train operation.

I. External Factors or Environmental factors:

1.2 Attention

These can be classified as:

Attention is the term used for perceptual processes
that select certain inputs for inclusion in our conscious
experience, or awareness at any given time. Attention
is the ability to focus on relevant environmental
stimulus. In scientific words, attention is defined as
directing cognitive resources towards an internal or
external stimulus of any kind.
There can be various types of attention:
1) Sustained Attention - Ability to focus on one
specific task and avoiding the other distractions
for a long period of time is called sustained
attention. It requires the ability to concentrate and
focus on one single task while removing all other
distractions.
Sustained
Attention

Divided
Selective
Alternating

2) Divided Attention - If a person focuses on
two different tasks at hand, it will be practically
impossible for him/her to give the same amount of
focus to both the tasks. The brain has the limited
amount of attention that it can provide and if the
person is having two or more tasks, the percentage
of attention does not increase but the entire
available attention is split for different tasks.
3) Selective Attention - In the case of selective
attention, various kinds of stimuli are present in
the environment and the listener chooses to focus
only on a specific one while ignoring the rest. The
brain is naturally tuned to avoid the unnecessary
stimuli and focus only on the necessary ones.
4) Alternating Attention - It is the ability to switch
one’s focus back and forth between tasks that
require different cognitive demands.

1.3 Determinants of Attention

These conditions are generally those characteristics
in the outside environment or stimuli which make the
strongest aid for capturing our attention.
1) Nature of the stimulus:
All types of stimuli
are not able to bring the same degree of attention.
An effective stimulus will always be chosen for
capturing maximum attention.
2) Intensity and size of the stimulus: In comparison
to the weak stimulus, the most immense stimulus
captivates more attention of an individual.
3) Contrast, change and variety: Change and
variety strike attention more easily than sameness
and absence of change. The factor, contrast
or change is highly responsible for capturing
attention of an individual and contributes more
than the intensity, size or nature of the stimulus.
4) Repetition of the stimulus: Repetition is the
factor of great importance in procuring attention.
Because one may ignore a stimulus at first instance,
but if it is repeated for several times it captures our
attention.
5) Movement of the stimulus: The moving stimulus
catches our attention more quickly than a stimulus
that is stationary. We are more sensitive to objects
that move in our field of vision.
6) Duration and Degree of Attention: The
ability to grasp a number of objects or in other
words, to attend a number of stimuli in one short
“presentation” is different for different individuals.
The ability of a person is evaluated in terms of
the span of attention, which differs from person
to person and also situation to situation. The term
“span of attention” is designed in terms of the
quality, size extent to which the perceptual field of
an individual can be effectively organized in order
to equip him to grasp a number of things in a given
spell of short duration.
II. Internal or Subjective Factors:
These factors predispose the individual to respond to
objective factors and attend to those activities that
fulfill one’s own desires and motives and suit his/her
interest and attitude. It is said that it is the mental state
of the perceiver.

It can be influenced by various factors:

Some of the subjective factors are:



External factors or Environmental factors



Internal or subjective factors

1) Interest: Interest is said to be the mother of
attention. We attend to objects that are of our
interest. In our day-to-day life we pay heed to the
stimulus we are interested in.
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2) Motives: Our basic needs and motives to a great
extent, determine our attention. Thirst, hunger,
curiosity, fear are some of the important motives
that influence attention.
3) Mind set: Person’s agility to respond to any
stimuli determines his/her attention. If we are
expecting a stimulus, occurrence of that stimulus
along with many other stimuli may not come in
the way of attending to that particular stimulus.
4) Moods and attitudes: The stimuli we attend to
is influenced by our moods and attitudes. When
we are disturbed or in angry mood, we notice the
smallest mistake of others very easily.

1.4

Importance of Attention
Locomotive pilots

in

Loco-Pilots are the most important people in executing
the humongous task of transporting approximately 23
million passengers and more than 3 million tons of
freight daily with the help of 2,93,077 wagons, 76,608
coaches and more than 12,729 locomotive engines of
various kinds. To carry out such an essential task along
with taking care of both the passenger’s convenience
and safety requires a lot of maneuvering. Loco-pilots,
therefore, play an eminent role in Indian Railway’s
safe & punctual running of trains with utmost security
and productivity.
Quite often, it may become difficult to sustain the level
of alertness and be vigilant for long due to multiple
reasons. This includes performing multiple task
performance that could be monotonous, when the
tasks undertaken are long, boring and uneventful or
when there is little work to be performed. Sometimes
remaining attentive for longer period itself becomes
stressful, resulting in a drop in alertness. This limitation
of human ability gets intensified by repetitiveness,
distraction and unfavorable cabin environment such as
noise levels and extreme temperatures that add up to
their fatigue level and cause a drop in perceptiveness,
which might have repercussions in train operations.
Skills required for Loco Pilots •
•
•
•
•
•
•
•
•
•

Good mechanical knowledge.
Good hands-eye co-ordination.
Ability to concentrate for long periods of time.
Physical stamina.
Good memory.
Flexibility
Excellent awareness of health and safety
regulations and emergency procedures.
A responsible attitude.
Good judgment and decision-making skills.
Reliability.

1.5 Roles and Responsibilities of
Loco Pilots
The job of a Loco-Pilot demands hard work and great
presence of mind along with courage to handle diverse
conditions. For this, one should have discipline,
diligence, patience, responsibility, punctuality and
commitment. The job requires lots of hard work,
stamina, alertness of mind, adaptability to follow
difficult time schedules too. But the most remarkable
and highly appreciable role of Loco-pilots is only to
work with full honesty, day & night, in extremely cold,
hot & rainy weather.
The typical tasks undertaken by Loco-Pilot are:
•

Checking on safety circulars, safety bulletins,
technical circulars, driver instructions, caution
orders, and divisional circulars before starting the
train/locomotive.

•

Reading the caution order carefully in respect of
engineering work in progress with temporary
speed restrictions, etc.

•

Check the repair book of loco about any remark
for any locomotive trouble.

•

Check the oil level (diesel, lube oil, compressor oil
in case of diesel locomotive and transformer oil,
GR oil, compressor oil, exhauster oil in case of
electric locomotive) and time to time during the
run.

•

After coupling with the train check brake pipe
pressure continuity test with guard.

•

After getting departure signal, to start the train and
run the train as per the aspect of station signals.

•

Loco Pilots must be vigilant all the time, while on
run he must observe all permanent & temporary
speed restrictions.

•

Loco Pilots must also be ready to notice: a. Any track defect through jerk or lurch,
b. Anything unusual with self or other trains. He
must be mentally prepared for precautionary
remedies as per the General & Subsidiary
Rules and Accident Manual Provisions.
c. Checking the engine and general state of the
train prior to starting each journey.
d. Maintaining an awareness of track conditions
and weather conditions.
e. Following signals (On an average, there are
signals after every 2.5 kilometer distance, and
in Automatic Signaling territory, after every
1.0 kilometer)
f. Follow all safety regulations all the time.
g. Keeping the train under control and at
appropriate speed at all times.
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h. Keeping control of instruments including brakes.
i. Maintaining an awareness of emergency
procedures.
j. Stopping the train at the appropriate schedule
on each stop.
k. Keeping a record of any problems encountered
during the run.

1.6 Working Conditions of Loco-Pilots
•

•
•

•

For Loco-pilots operating on long distance routes,
overnight stays in various locations is a necessity.
Furthermore, it can be stressful, as delays and
hazards on the track are not uncommon.
The cab of the train may be relatively comfortable
but it may be quite cold, hot and noisy.
There are no fix schedules during operating
Goods trains. It takes normally long duty hours
(sometimes continues 10 hours or more). While
operating Goods train, very long waiting time
for returning his own H.Q./Home Station (it is
sometimes 30 hours or more).
There are no immediate returning schedules of
loco-pilot. In any personal or family emergency
loco-pilot can’t leave the cab without Signing-off.
In any emergency, loco-pilot can be called for duty
at any time while he may be in his rest period.

1.7 Conditions of the Cab
Heavy noise, dust pollution, excess heat, high voltage
electricity in the electric locomotive and diesel smell in
the diesel locomotive are contributing to early fatigue
to the crew.
•

•

•
•
•
•

Noise level - More than 100 Decibel has an
adverse impact on the minds of pilots. It is a
source of disturbance to the pilots and does not
allow them to work with concentration. Therefore,
it is essential to keep noise under control, limited
to 75 decibels as prescribed by Industrial Pollution
Control Board.
Temperature – Comfortable Room Temp. of the
loco is considered to be 25 degrees centigrade. In
adverse weather conditions, the temperature can
increase up-to 54 to 56 degree centigrade. Pilot’s
efficiency is bound to suffer if the temperature of
the cab is either too high or too low.
Pollution and high voltage electricity. It has an
adverse impact on the physical and mental health
of pilots.
Bad wiper, not properly functioning during rainy
and foggy season, so poor visibility during rains
and foggy weather.
No voice recorders in the cab for recording the
shortcomings and calling out of signals
Loco-Pilot seats are not very comfortable.
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•
•
•
•
•

(normally without back rest provision). However
presently some modifications have been made.
No natural calls facilities (no toilets available).
In some Locos, recently some changes have been
made.
Sometimes fans and lights are not properly
working.
Poor lighting (without proper lighting, chances
for eye damage arises. It is essential to the health,
safety and efficiency of pilots).
No air-conditioning.
In diesel locomotive, positions of seat are bad.
Track cannot be seen properly while the loco pilot
is seated. Therefore, often driver performs his duty
in standing position.

1.8 Issues and Challenges
•
•
•
•
•
•
•
•
•
•

•

Irregularities in lunch and dinner
Irregularities in sleep (Disturbed sleep, Sleep
disorder)
Working under pollution and high voltage
electricity
Adverse weather conditions.
Noise level more than 100 db.
Insufficient facilities in running room
Unhygienic water and meal atmosphere
Suffer from stress related disease (hypertension,
diabetes, frequent headaches etc.)
No calendar day rest provision, so that they may
fulfill their family and social obligations.
They have to complete their personal tasks by
availing leave, or between short spells in between
duties, which creates mental agony, losing
concentration in running duties.
Not able to spend sufficient time daily with their
family members (including wife, child/children,
and old parents).

1.9 Consequences
Analysis of various accidents has revealed that lack of
alertness among locomotive pilots has been one of the
most attributing factors in many consequential and
indicative train accidents affecting safety in Indian
Railways. Cognitive performance of the brain including
alertness gets impaired due to lack of adequate sleep,
the duration of which varies considerably among the
pilots ranging from 6 to 8 hours per day. Effects of sleep
deprivation on alertness and cognitive performance
are mainly due to a decline in brain activities and
functions, primarily in the thalamus, which monitors
alertness and attention, and the prefrontal cortex, a
region also related with alertness, high order cognitive
processing and performance.
Sleep deprivation (both long and short) reduces alertness
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and deteriorates performance on simple tasks such
as reaction time, vigilance and attention and complex
tasks including working memory, verbal fluency, speech
articulation, logical reasoning, creative and flexible
thinking, planning, decision making and judgment.
These performance deficits can occur during the first
night without sleep and gets amplified after two-tothree nights without sleep.
In human beings, sleep-wake cycle is regulated by
interacting process of homeostasis and circadian
rhythmicity. Sleep, being primarily important for
body restitution, regulation of metabolic processes,
energy conservation, thermoregulation and upkeep
of immune response, is equally essential for cognitive
performance. As such, those who suffer from sleep
loss, experience decline in cognitive performance that
adversely affects their well-being, mental health, safety
and productivity leading to failures and accidents in
real situations.
A study conducted by the Psycho-Technical Directorate
of RDSO, on duty hours of running/ station staff and
effects of night shift had revealed that the basic mental
functioning gets influenced by diurnal variations, and
after the night shift and before signing ‘on’ for the next
duty, adequate sleep of minimum 7 hours is essential.
A research study was conducted to compare the effects
of loco pilots’ age at different levels of sustained
attention. It was found that the loco pilots who have
achieved the highest level of sustained attention are
significantly older than their fellow counterparts. The
study also explored the level of sustained and selective

attention between two groups of pilots who had an
accident (or more than one accident) and pilots who
never had an accident showed that the first group had
a lower level of sustained attention while no significant
difference in selective attention was observed between
the two groups. The results indicate that to reduce
& manage the risk of railway accidents, attention
evaluation of loco pilots at the recruitment time and
periodic cognitional examinations are necessary.

Conclusion
The environmental factors like illumination, weather
conditions, temperature, noise all bear a distinctive
stamp, yet they are interrelated and interdependent
in their effects on levels of stress, fatigue, alertness
and cognitive performances of the brain of the loco
pilots. Therefore, the conditions of the loco pilots
should be reformed so as to ensure the safety of trains
and passengers. There is a significant and negative
relationship between Loco Pilots’ experience and their
selective attention. It is observed from the results
of the study that there is a positive and significant
association between working unusual hours by pilots
and its impact on the health, work life balance &
cognitive performance of loco pilots. In spite of several
new initiatives and efforts, scope exists in many areas
of train operation on Indian Railways where new
technology and automation like introduction of Train
Collision Avoidance System (TCAS) could reduce
dependence on human element ensuring much higher
level of safety in train operations.
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BRAKE INTERFACE UNIT (BIU) FOR DIESEL
AND ELECTRIC LOCOMOTIVES
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Abstract: In the following article the details of Locomotive Brake Interface Unit (BIU) have been discussed.
The BIU is a sub-system unit in locomotive and used as an interface fitted with IRAB class of brake system
for implementation of braking instructions commanded by the Train Collision Avoiding System (TCAS)/
Distributed Power Control System (DPCS)/Distributed power Wireless control system (DPWCS).

सारांशः निम्नलिखित लेख में लोकोमोटिव ब्रेक इंटरफे स यूनिट (बी.आई.यू.) के विवरण पर चर्चा की गई है। बी.आई.यू. लोकोमोटिव में एक उपप्रणाली इकाई है, इसका उपयोग ट्रेन टकराव से बचाने वाले सिस्टम (टी.सी.ए.एस.)/ वितरित पावर कं ट्रोल सिस्टम (डी.पी.सी.एस.)/वितरित पावर
वायरलेस नियंत्रण प्रणाली (डी.पी.डब्ल्यू.सी.एस.) द्वारा नियंत्रित ब्रेकिंग निर्देशों के कार्यान्वयन के लिए आई.आर.ए.बी. ब्रेक सिस्टम लगे लोकोमोटिव में इंटरफे स के रूप में किया जाता है।

1.0 Introduction

2.0 Functions of BIU

The BIU accepts braking signal inputs from TCAS/
DPCS/DPWCS/Multiple
Train
Safety systems,
and communicate with existing Brake system of
locomotive to control the speed. Based on the level
of brake command given by the TCAS/DPCS/DPWCS,
the Brake Interface Unit (BIU) applies normal, full
service or emergency brakes of locomotives through
existing brake system of locomotives.

The major functions of BIU are Locomotive brake
application, Formation brake application, BP charging
cut out, Emergency brake application and Recording
of data.

TCAS is used to ensure safe train operation in the
event of human failure. Under unsafe train operation
situations like collisions, SPAD etc., TCAS gives audiovisual warning to driver and takes action to control the
speed of the train/stop the train as per their respective
system design.
The DPCS/DPWCS allows multiple locomotives to be
used at different locations over entire train consist.
Such a system leverages the existing rolling stock
and allows much longer trains to be run by minor up
gradation of the locomotives.
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3.0 Construction of BIU
BIU mainly consists of two module i.e. electronic
module and pneumatic panel.

3.1 Electronic Module
Electronic module consists of a control card which has
inbuilt air brake control logic. Control card interfaces
with analog input module, Digital input module and
digital output module to monitor and control air brake
application/release. It also interfaces with TCAS/DPCS/
DPWCS/TSS systems through CAN communication.

3.2 Pneumatic Panel
Pneumatic panel consists of:
3.2.1 Manifolds of different valves (A9 control valve,
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A9 Selection Valve, SA9 Control valve, SA9
Selection valve, BP Charging cut out valve,
Emergency Magnet Valve),
3.2.2 Pressure transducers (A9 handle pressure, SA9
handle pressure, Main reservoir pressure,

Feed pipe pressure, Brake pipe pressure, Brake
cylinder pressure & Air flow) and
3.2.3 Manual cocks (MR COC, BP COC, Emergency
Valve COC) which are interfaced with IRAB
system and electronic module for brake control
purpose.

Pneumatic Panel (Make: Medha)

BIU (Make: Lotus)

Electronic Module(Make: Medha)

Pneumatic Panel(Make: HBL)

3.2.4 Based on brake control pressure signals, IRAB panel applies formation and locomotive brakes. This panel is
readily available in locomotives.

TCAS

BIU

Existing IRAB
System

DPCS / DPWCS
(In remote
operation)
Schematic of Interface of TCAS/DPCS/DPWCS to IRAB Brake System
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•

On withdrawal of brake command from TCAS/
DPCS/DPWCS, the corresponding brake released
and restoration of traction cutoff control enabled.

•

There is a facility to override the “TCAS/DPCS/
DPWCS initiated braking” by the “driver’s braking”
(or vice-versa) to achieve higher braking intensity
whenever required.

The detail of working of BIU is given below:

•

BIU can work in electrified traction (25 KV 50 Hz
AC and 1500 V DC) as well as non-electrified diesel
traction areas.

•

It is suitable for Diesel loco (Nominal voltage: 72
Volts DC, Limits of voltage: 50 to 90 Volts DC) and
for electric locomotive (Nominal voltage: 110 Volts
DC, Limits of voltage: 78 to 136 Volts DC).

•

Based on the input signal from the TCAS/DPCS/
DPWCS through BIU, the existing brake control
system shall apply the corresponding brake.

BIU is capable of receiving braking command
simultaneously from Loco pilot through Brake
handle as well as from the DPCS/ DPWCS/TCAS/
TSS at the same time.

•

In case of light engine operation, TCAS provides
the amount of Brake Cylinder pressure equivalent
to independent brake and BP drop to BIU.

•

The system provides braking application along
with feedback over communication line to the
Train Safety Systems.

•
•

Whenever, brake command signal is received,
traction cutoff automatically.

•

BIU can measure air flow and communicate to
DPCS/DPWCS for detection of train parting.

•

There is a provision of manual and automatic
isolation, Self-Test feature, Data logging feature
and an emergency brake valve to apply emergency
brake.
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5.0 Scope
BIU is being installed in Diesel and Electric locomotives
fitted with IRAB class of brake system along with TCAS.
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FITMENT OF EXISTING FORMATION FOR HIGHER AXLE
LOAD AT 100 KMPH AND PASSENGER/MAIL TRAIN
AT HIGHER SPEED AT 160 KMPH

S. K. Ojha
ARE/Geo-technical Directorate
RDSO, Lucknow

Shailendra Saurabh
SSRE/Geo-technical Directorate
RDSO, Lucknow

Abstract: Existing Indian Railway Track Formation is designed/suitable for 22.9t axle load and upto
140kmph speed. Indian Railway is thinking for 25t axle load train operation and also for higher speed.
For this, it is essential to judge the existing formation for suitability of higher axle load and higher speed.
Literature survey & international practiced has been studied. Based on methodology adopted in a project
with IIT/Kanpur and other literature available, calculation has been done for assessment of existing
formation. If existing formation is not fit, then what input is required to the formation is also determined.
This paper deals with assessment of existing formation for higher axle load and higher speed potential,
calculation of permissible stress and induced stress, threshold strength of formation, requirement of
blanket thickness and use of geo-textile and geo-grid etc. A model calculation is also described. This
approach is also described in new comprehensive guidelines issued in September’ 2020 by Geo-technical
Engineering Directorate of RDSO, Lucknow.

साराशं : वर्तमान भारतीय रेलपथ संरचना 22.9 टन एक्सिल लोड एवं 140 किमी./ घंटा की गति हेतु डिजाइन की गई है। भारतीय रेलवे
25 एक्सिल लोड एवं अधिक उच्च गति हेतु भी विचार कर रहा है। इसलिए, हायर एक्सिल लोड एवं उच्चतर गति हेतु वर्तमान संरचना की
उपयक्त
ु ता पर निर्णय लेना आवश्यक है। साहित्यिक सर्वेक्षण एवं अंतराष्ट्रीय व्यवहारों का अध्ययन किया गया है। आईआईटी /कानपरु के साथ
एक परियोजना पर अपनाई गई क्रियाविधि तथा उपलब्ध अन्य साहित्य के आधार पर वर्तमान संरचना के आंकलन हेतु गणना कर ली गई है। यदि
वर्तमान संरचना उपयक्त
ु नहीं है तो संरचना हेतु आवश्यक इनपुट भी निर्धारित किया जाना है। इस लेख में हायर एक्सिल लोड एवं उच्चतर गति
क्षमता, अनुमत बल एवं प्रेरित बल की गणना, संरचना का सीमा सामर्थ्य, ब्लैंकेट थिकनेस की आवश्यकता तथा जियो-टेक्सटाइल एवं जियोग्रिड आदि के प्रयोग हेतु वर्तमान संरचना के मूल्यांकन के बारे में बताया गया है। एक आदर्श गणना का भी उल्लेख किया गया है। इस प्रस्ताव को
भू-तकनीकी इंजीनियरी निदेशालय, आरडीएसओ, लखनऊ द्वारा सितंबर, 2020 में जारी नए समग्र दिशानिर्देशों में भी शामिल किया गया है।

1.0 Introduction
The Indian Railway is entering in new era. Recently
the Prime Minister set the target to make the Indian
Economy for $ 5 Trillion. Indian Railway is the lifeline
of the Indian Economy. Higher speed will be helpful
to reach the manpower and services at required places
as well as higher axle load contributes to carry out
goods at their required destination, raw materials at
manufacturing units of industries and products to

consumers and harbors for export purpose quickly.
Also to pace with world railways practices, Semi high
speed train is introduced in Indian railway. High speed
train requires a separate and specific formation, but
semi high speed train could be operated on existing
formation with minor modifications. Hence, it is felt
that requirement of assessment of existing formation
to fitment of 25 t axle load at 100 kmph and passenger
trains operations at 160 kmph speed. The methodology
to assess the fitment of existing formation &
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requirement for 22.9T/25T axle load operation at 100
kmph & passenger/mail train operations at 160 kmph
and recommendations are discussed in this paper.
Pride of Indian Railway by operation of Vande Bharat
operating at speed 160kmph on existing formation is
shown in fig 1.
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References have been taken from “Modern
Railway Track” book by C. Esveld, ORE Report
No. D-117, RP-28 and ORE Report No. D-71, RP12.

iv) Ev2 value

wherever used for calculations,
corresponds to the lower limits of different soil
quality class and approximate correlation to the
different CBR values from ORE report D 117 RP
28 has been used.

v)

The CBR of the subgrade soil which is considered
in calculation is assumed as minimum CBR value
for soil available in top 1.5 - 2.0 m depth of the
formation, below the bottom of the ballast.

vi) The thickness of ballast (ballast cushion) used in
calculations is total clean ballast cushion of 350
mm.

vii) As per IPWE technical diary 2019-20, passenger

locomotive WAP5 has maximum speed of 160
kmph and its axle load is 19.5 T. This is considered
for calculation for assessment of requirement for
Passenger train operations at 160Kmph.

Fig.-1 : Vande Bharat Express on existing formation

2.0 Methodology
A simple methodology for fitment of existing formation
for higher axle load and higher speed has been adopted
that the induced stress due to static or dynamic loading
should be lower than the threshold stress of the subgrade. Hence, the adopted methodology involves
determination of induced stress at top of subgrade
due to design axle load including dynamic augment
for different speeds. Subsequently the threshold stress
of the soil used in the sub-grade also determined and
compared with induced stress. If the induced stress
is more than the threshold stress of the subgrade
then makes an arrangement by providing a suitable
thickness of blanket layer so that the induced stress at
top of subgrade should not exceed the threshold stress
of the subgrade soil.

2.1 Assumptions
i)

The induced stress on top of subgrade is calculated
by Empirical formula on the basis of various
assumptions. References have been taken from
IIT/Kanpur Research report no. 1/93, April-1993,
“Modern Railway Track” book by C. Esveld.
However, the actual stresses may vary, which are
measured by instrumentation in the field.

ii) Dynamic Augment (for live load) to be considered

for different speed has been calculated assuming
an average condition of Track i.e. ‘Good’
condition.

iii) The permissible stress on the formation has

also been calculated using empirical formula.
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viii) It is assumed that 30% reduction in blanket

thickness requirement can be achieved with
application of two layers of geo-grid.

ix) In fitment calculations, it is presumed that there

are no persisting problems in sub-soil/subgrade
like ground settlement, slope failure etc. in
existing formation.

x)

In case of stretches where weak/unstable formation
exists - Formation rehabilitation measures should
be adopted first in pursuance to Para 218 to 222
of IRPWM, 2020, before implementation of the
recommendations mentioned in Para 10.

xi) Other considerations like cess width, slope of
embankment etc. for railway formation as per
extant policies shall also have to be ensured.

2.2 Calculation of permissible stress
i) The permissible stress on the formation is

calculated by an empirical formula according to
Heukelum and Klomp and as reiterated in “Modern
Railway Track” by C. Esveld, 2001.

Permissible stress (σz) = 0.006 Ev2
1+0.7 log n
Where,

Ev2 = Modulus of elasticity of subgrade soil
n = Number of load cycles
The calculated permissible stress considered as
threshold stress at top of formation i.e. depth of 30 cm
from bottom of sleeper (assuming Ballast cushion 30 cm)
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ii) The threshold strength of formation increases

with the increase in construction depth
(Ballast+Blanket) due to confinement effect. This
is also established by Sri J. S. Mundrey in their
book ‘Railway Track Engineering’. To assess the
requirement of blanket layer thickness for fitment
of existing formation for different axle load and

different speed, threshold stress for different depth
of construction (Ballast+Blanket) is determined by
the reproduced graph (based on ORE Report D-71RP-12) assuming depth of ballast 300 mm. Graphs
of Permissible stress for CBRs 2, 3, 4, 5, 6, 7, 8, 9, 10
& 11 have been drawn to obtain threshold stress at
different depth shown below (Fig. 2):

Fig.-2: Relationship between Threshold stress and Depth of construction.

2.3 Calculation of Dynamic Augment &
Induced stress
i) Dynamic Augment is calculated by Eisenmann
formula as stated in “Modern Railway Track” by
C. Esveld, 2001.

DA = 1+ t ϕ, If V < 60 kmph 		
DA = 1+ t ϕ {1+ (v-60) }, If 60 ≤ V ≤ 200 kmph
160
ii) Moving Wheel loads have been modelled as
equivalent concentrated load by using dynamic
augment, as described in IIT/Kanpur research
report no. 1/93, April-1993, ‘A Rational Approach
to the Development of a Design Methodology for
Railway Formation’).
Equivalent wheel load = Axle load x Dynamic Augment (D.A.)

2

iii) Induced stress is calculated from the graph as
presented in IIT/Kanpur Research report no. 1/93,
April-1993. Initially the graph was prepared for
16.25 T equivalent wheel load at 52 kg rail by IIT
Kanpur. For other equivalent wheel load, Induced
stress could be calculated by linear method.
The graph is reproduced for different depth of

Fig.-3 : Reproduced graph - Induced Stress (σ1-σ3) Vs
Modular Ratio (m)
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formation, as per our requirement. In this graph
a relationship between Induced stress vs Modular
ratio (m) and depth of formation (dt) is presented
at Fig 3.

iv) As per study of RDSO that is supported with their

Report No. CT-23 of January-2010 induced stress
at 60 kg rail is 87% of stress induced at 52 kg Rail at
foot of Rail. It inferred that 13% stress reduced by
using heavier rail profile. C. Esveld also described
in their “Modern Railway Track” , 2001 that the
effect on ballast stress is approximately half of the
effect on the rail stress due to use of heavier rail
profile .
From above discussion, it is concluded that
induced stress at 60 kg Rail may be assumed as 93%
of stress induced at 52 kg Rail on the ballast. It is
also established by graph of IIT/Kanpur Research
Report no. 1/93; April-1993 i.e. induced stress in 60
kg rail for a particular load is 93% of induced stress
in 52 kg rail.

Induced Stress -

Induced Stress - σvt (kPa)

σvt (kPa)

Thus it is assumed that the induced stress value for
60 kg rail for a given equivalent load is 93% of 52 kg
Rail (calculated from reproduced graph based on IIT/
Kanpur graph, presented in their Research Report
No. 1/93, April, 1993). The induced stress for 52 kg
Rail is converted for 60 kg rail by multiplying 0.93.
120
108

100 101
80
60
4000
1600 2158 2400 3055 3200
4
Moment of inertia of rail, Ir (cm )

Variation of σvt with moment of inertia
of rail, Ir

Fig.-4: Graph presented in IIT/Kanpur Research
Report no. 1/93, April, 1993.

According to graph (Fig.-4),
Moment of Inertia (Ir) of 52 kg Rail= 2158 cm4
Corresponding induced stress σvt =101
Moment of Inertia (Ir) of 60 kg Rail= 3055 cm4
Corresponding induced stress σvt =108
% Reduction in induced stress due to 60 kg rail in
comparison of 52 kg rail = 101 x100
108
			
= 93.5%
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2.4 Assessment of speed potential of
Existing Formation
i) If induced stresses (as discussed in para 2.3) at

bottom of ballast (top of formation) for a particular
Axle load and specified speed in a formation is
lower than Permissible stresses/Threshold stress as
discussed in para 2.2 for that soil, then formation is
fit for running that particular Axle load and speed.

ii) If Induced stresses at bottom of ballast (top of

formation) is higher than Permissible stresses/
Threshold stress, then a suitable thickness of
blanket layer is required to mitigate the Induced
stress.

3.0 Detailed Calculations of Dynamic
Augment (D.A.), Permissible stress
and Induced stress
Assume: Axle load = 25 T, Speed - 100 kmph

3.1 Dynamic Augment (D.A.)
Eisenmann derived formulae for calculating the
Dynamic Augment factors at different speeds
considering various parameters. These formulae are as
below:DA = 1+ t ϕ, If V < 60 kmph
----------- Eq. (1)
(v-60)
DA = 1+ t ϕ {1+
}, If 60 ≤ V ≤ 200 kmph-----Eq. (2)
140
Where,
t = 1 (for Contact stress on subgrade)
t = 2 (for stress on ballast bed)
t = 3 (for stress on Rail, fastening)
ϕ = 0.1 (for Very good condition of track)
= 0.2 (for Good condition of track)
= 0.3 (for Bad condition of track)
Here we have taken ϕ = 0.2 for good condition of track
and t=1 for stress on subgrade.
V = Speed of train in Kmph

For 100 kmph speed - DA = 1+ t ϕ {1+ (v-60)}
140
(100-60)
			
= 1+ 1x 0.2 {1+
}
140
			
= 1.257
Dynamic Augments at different speed are calculated in
same manner and tabulated as below –
Table-1
S. No.
1
2
3
4
5
6

Speed (Kmph)
60
80
100
120
140
160

Dynamic Augment (DA)
1.200
1.223
1.257
1.285
1.314
1.343

May- 2021

Indian Railway Technical Bulletin

3.2 Permissible stress

Es = Elastic modulus of subgrade

The permissible stress is determined from the formula
given in ‘Modern Railway Track’ by C. Esveld, 2001,
which is as underPermissible stress (σz) = 0.006Ev2 --------- Eq. (3)
1+0.7 log n
Where,

Eb = Elastic modulus of ballast

Ev2 = Modulus of elasticity of subgrade soil
n = Number of load cycles
For CBR = 5, Ev2 = 25 MPa
(Ref: Elastic modulus of subgrade (Es) is taken equivalent
to Ev2 which is obtained by converting CBR into Ev2
according to the graph presented in ORE Report No.
D-117, RP-28 (Fig.-5).

db = Depth of ballast
Esb = Elastic modulus of blanket
dsb = Depth of blanket
dt = Depth of formation (db+dsb)
Equivalent wheel load is = Axle2 load x Dynamic
Augment (D.A.)
For 25 T Axle load at speed 100 kmph - 25 x 1.257
2
					
= 15.7 T

4.0

Loading cycle = 2 million (2x106)
Permissible stress is(σz) = 0.006Ev2
1+0.7 log n
= 0.006Ev2
1+0.7 log n
= 27.72 kPa

Fig.- 5 : Graph presented in ORE Report No. D-117,
RP-28.

3.3 Induced stress
Induced stress is calculated from the reproduced graph
(Fig.-3) based on the graph of IIT/Kanpur Research
report no. 1/93, April-1993. The graph was prepared
for 16.25 T equivalent wheel load on 52 Kg Rail. In
this graph a relationship between Induced stress vs
Modular ratio (m) and depth of formation (dt) is given.
The formula for ‘m’ value is as underEb x db + Esb x dsb ------------- Eq. (4)
m = 			
Es x dt
Where,
m= Non dimensional Factor (Ratio of Elastic modulus
of Formation and subgrade)

Calculation for Permissible
stress and Threshold stress at
different depth

4.1 Permissible stress
The CBR of soil is converted into Ev2 by using the
chart/graph given in ORE Report No. D-117- RP-28
and Permissible stress is calculated by Eq-3 above. The
results of Permissible stresses of the corresponding
CBR are tabulated as below –		
Table-2
S.
No.

CBR

Ev2 (kPa)
(As ORE report)

Permissible
stress (kPa)

1

2

12500

13.86

2

3

16000

17.74

3

4

20000

22.18

4

5

25000

27.72

5

6

28000

31.05

6

7

31000

34.38

7

8

35000

38.81

8

9

38000

42.14

9

10

40000

44.36

10

11

45000

49.90

4.2 Threshold strength of formation
for different depth of construction
The Permissible stress on the formation as shown in
table 2 is assumed as threshold strength of formation
at top of subgrade i.e. depth of 30 cm from bottom of
sleeper (assuming ballast depth 30 cm). The threshold
strength of formation increases with increase in depth
of construction due to confinement effect. Threshold
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stress for different depth of construction for different CBR of Sub-grade is calculated by graph given as Fig. -2,
and tabulated as belowTable-3
Depth →
CBR ↓

Threshold strength of formation(kPa)
for different depth of construction (ballast+blanket)
30 (cm)

40 (cm)

50 (cm)

60 (cm)

70 (cm)

80 (cm)

90 (cm)

100 (cm)

2

13.86

15.30

16.73

18.17

19.60

21.04

22.47

23.91

3

17.74

19.45

21.17

22.88

24.60

26.31

28.03

29.74

4

22.19

24.42

26.65

28.88

31.11

33.34

35.58

37.81

5

27.72

30.48

33.22

35.96

38.69

41.43

44.17

46.91

6

31.05

34.11

37.17

40.23

43.30

46.36

49.42

52.48

7

34.38

37.80

41.21

44.62

48.03

51.45

54.86

58.27

8

38.81

42.65

46.49

50.33

54.18

58.02

61.86

65.70

9

42.14

46.29

50.44

54.59

58.74

62.89

67.04

71.18

10

44.31

48.69

53.07

57.45

61.84

66.22

70.60

74.98

11

49.90

54.65

59.40

64.15

68.90

73.65

78.40

83.15

5.0 Model calculation
Data taken:
Axle load - 25 T, Speed - 100 kmph
Equivalent Wheel Load= 15.7 T
CBR (Subgrade soil) = 3, Ev2 = 16 MPa,
Eb =140 MPa, Esb = 100 MPa,
db =35 cm,

dsb = 50 cm,

dt = (db+dsb)= (35+50) = 85 cm,
Es≈Ev2 =16 MPa
m = Eb x db + Esb x dsb
Es x dt
140
x
35
+ 100 x 50
=
16 x 85
= 7.28
From reproduced graph (Fig.-3), for m = 7.28 at dt 85 cm,
Induced stress on top of subgrade is = 31.53 kPa (for
wheel load 16.25 T)
Now, For Wheel Load 15.7 T,

Permissible stress for CBR 3 is - 17.74 kPa on the
formation top.
Threshold stress on formation with 85 cm depth of
construction (35 cm ballast +50 cm blanket) is- 27.17
kPa
Induced stress (28.36 kPa) is more than Threshold stress
(27.17 kPa) at blanket thickness (dsb) 50 cm, hence more
blanket thickness is required to mitigate the induced
stress.
Assuming blanket thickness (dsb) = 55 cm
db =35 cm,

dsb = 55 cm, dt = 90 cm,

Here, Assuming Es≈Ev2 =16 MPa
m=

Eb x db + Esb x dsb
Es x dt

140 x 35 + 100 x 55
16 x 90
= 7.22
=

From reproduced graph (Fig.-3), for m = 7.22 at dt 90
cm,

Induced stress on top of subgrade is = 31.53 x

Induced stress on top of subgrade is = 30.97 kPa (for
wheel load 16.25 T)

		

Now, For Wheel Load 15.7 T,

15.7
16.25
= 30.49 kPa (for 52 kg Rail section)

Induced stress on top of subgrade due to 60 kg
Rail section is = 0.93 x 30.49 kPa
		
= 28.36 kPa
(Induced stress on top of subgrade due to 60 kg rail
section is 93% of induced stress on top of subgrade due to
52 kg Rail section)
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Induced stress on top of subgrade is = 30.97 x

15.7
16.25

= 29.95 kPa (for 52 kg Rail section)
Induced stress on top of subgrade due to 60 kg Rail
section is
= 0.93 x 29.95
= 27.85 kPa
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(Induced stress on top of subgrade due to 60 kg rail
section is 93% of induced stress on top of subgrade due to
52 kg Rail section)

6.0

Permissible stress for CBR 3 is - 17.74 kPa on the
formation.

Calculation for requirement of
Blanket thickness for existing
Formation

6.1

Ballast thickness 35 cm, 60 Kg Rail

The requirement of blanket thickness for fitment of
existing formation for 25 T axle load at 100 kmph speed
is calculated for CBR 2, 3, 4, 5, 6, 7 and 8 for ballast
thickness 35 cm and 52 kg rail by reproduced graph
Now, Induced stress (27.85 kPa) is less than Threshold
based on IIT/Kanpur Research report no. 1/93. The
stress (28.03 kPa) at blanket thickness (dsb) 55 cm, hence
induced stress for 52 kg Rail is converted for 60 kg rail
adopted blanket thickness is sufficient to mitigate the
by multiplying 0.93 (induced stress in 60 kg rail is 93%
of induced stress of 52 kg Rail). The threshold strength
induced stress.
of formation for different depth of construction is taken
from table-3. The induced stress, Threshold strength
and requirement of blanket thickness is tabulated as
below –
Table-4
Threshold stress on formation with 90 cm depth of
construction (35 cm ballast +55 cm blanket) is- 28.03
kPa

S. No.

CBR of subgrade

Threshold
strength (kPa)

Induced Stress in 52
Kg Rail (kPa)

Induced Stress in
60 Kg Rail (kPa)

Required Blanket
thickness (mm)

1

2

23.91

25.45

23.67

650

2

3

28.03

29.95

27.85

550

3

4

32.23

34.13

31.74

400

4

5

35.96

37.94

35.28

250

5

6

38.70

39.51

36.74

200

6

7

39.50

41.60

38.69

100

7

8

40.73

43.75

40.69

0

The calculation for other CBR values of the subgrade soil at different speed according to axle load can be worked out
in the same manner.

7.0

Requirement of blanket thickness for 25 T & 22.9 T axle load at different
speeds and CBR values of the soil are shown below:

7.1 25 T Axle Load
Table-5
Speed →
(kmph)
CBR ↓

Thickness of Blanket Layer (mm)
Assuming Ballast cushion - 350 mm
40

60

75

100

2

600

600

650

650

3

500

500

550

550

4

350

350

400

400

5

200

200

250

250

6

150

150

150

200

7

50

50

100

100
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7.2 22.9 T Axle Load
Table-6
Speed →
(kmph)
CBR ↓

Thickness of Blanket Layer (mm)
Assuming Ballast cushion - 350 mm
40

60

75

100

2

550

550

550

600

3

450

450

450

500

4

300

300

300

350

5

150

150

150

200

6

50

50

100

100

7

0

0

0

50

8.0 Requirement of blanket thickness for 19.5 T axle load at different speeds
and CBR values of the soil are shown below:
8.1 Passenger Trains (for 19.5 T Axle Load/WAP-5 loco.)
Table-7
Speed
(kmph)→
CBR ↓

Thickness of Blanket Layer (mm)
Assuming Ballast cushion - 350 mm
60

75

100

130

140

160

2

400

400

450

450

450

500

3

300

300

350

350

350

400

4

150

150

200

200

200

250

5

0

0

50

50

100

100

8.2 Passenger Trains (for 17T Axle Load/Train 18)
Table-8

9.0

Speed →
(kmph)
CBR ↓

100

130

140

160

2

300

300

300

350

3

200

250

250

250

4

50

100

100

100

Determination
Subgrade Soil
Testing)

Thickness of Blanket Layer (mm)
Assuming Ballast cushion - 350 mm

of CBR
(Sampling

of
&

i) The soil samples should be collected @ of 4 to

5 locations in a block section of the existing
formation. The testing shall be done on a few
samples based on the visual examination.

ii) Take out the three soil samples from a location

at the depth of 50-100 cm (50 cm depth where
embankment height is 1-2 m, assuming ballast
penetration if any is less than 30cm) according to
illustrative diagram as per Fig.-6.
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a) One sample below ballast in the line of rail
seat between two sleepers.

b) One sample on each side of the Cess near the
toe of ballast.

c) Soil samples should not contain pulverised
ballast, grass roots etc.

iii) Now, CBR value of soil samples should be

determined in the Geo-technical Engineering lab/
Soil testing laboratory.

iv) Average value of all three CBR values of a location
should be taken for calculation purpose.
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v) Based on the determined average value of the CBR of subgrade soil, provision of blanket layer (if required)
shall be made, as per the recommendations given in Para 10.1 and 10.2 accordingly.

Fig-6: Locations of Soil samples to be collected.

10.0 Recommendations for Fitment of
Existing Formation
For operations of 22.9T / 25T axle load at 100 Kmph and
Passenger Train (for 19.5T axle load) at 160 Kmph, in
existing Railway Formation, the recommendations are
given in para 10.1 (assuming 350 mm ballast cushion
and 60 kg Rail Section). The recommended blanket layer
thickness is higher than calculated values as presented
in table-5; considering the following reasons:

i) In view of safer side
ii) 100 mm of blanket layer is unpractical in field to

maintain the level of Formation and compaction
equipment.

iii) Error in soil sampling
iv) Error in testing of soil samples
v) Formation level differences
vi) Quality control and execution issues
vii) Under the running traffic difficulties
Recommendations are made for group of CBRs of
soils. Grouping of CBR is done to mitigate the fraction
values of CBR and reach any conclusion easily for
blanket layer thickness.

10.1 Recommendations for 22.9T/25T axle load operation at 100 Kmph:
CBR of Subgrade soil

Recommendation

Remarks

<2

700 mm with provisions of two layers of geogrid*
one at bottom and another in middle of blanket layer
(Fig.-7).
or
A minimum 1000 mm thick blanket layer should be
provided.

However, as CBR is low, detailed
geotechnical investigation shall also
be conducted & if necessary suitable
additional measures required as per site
conditions/soil investigation should be
taken for fitment of existing formation.
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CBR of Subgrade soil

Recommendation

≥2 and <4

A 650 mm thick blanket layer should be provided
along with a 350 mm thick layer of better quality soil
i.e. soil having CBR ≥ 4.
Alternatively, thickness of blanket layer can be
reduced to 450 mm by provisions of two layers of
geogrid one at bottom and another in middle of
blanket layer (Fig.-7).

≥4 and <5

A 400 mm thick blanket layer should be provided.

≥5 and <8

A 300 mm thick blanket layer should be provided.

≥8

Remarks

No blanket layer is required.

10.2 Recommendations for Passenger train operations (assuming 19.5 T Axle Load for
passenger train/ WAP-5 loco) at 160 Kmph :
CBR of Subgrade soil

Recommendation

Remarks

<2

700 mm with provisions of two layers of geogrid* one
at bottom and another in middle of blanket layer (Fig.7).
or
A minimum 1000 mm thick blanket layer should be
provided.

However, as CBR is low, detailed
geotechnical investigation shall also
be conducted & if necessary suitable
additional measures required as per site
conditions/soil investigation should be
taken for fitment of existing formation.

≥ 2 and <4

A 600 mm thick blanket layer should be provided
along with a 350 mm thick layer of better quality soil
i.e. soil having CBR ≥ 4.
Alternatively, thickness of blanket layer can be reduced
to 400 mm by provisions of two layers of geogrid one at
bottom and another in middle of blanket layer (Fig.-7).

≥4 to <6
≥6

A 300 mm thick blanket layer should be provided.
No blanket layer is required.

* It is assumed that 30% reduction in blanket thickness requirement can be achieved with application of
two layer of geo-grid.

Fig- 7: Illustrative diagram for Geo-grid and Geo-textile Application

10.3 Wherever the blanket layer is to be provided; a
suitable non-woven geo-textile layer should be
provided below the blanket layer as a separator
layer to prevent upward migration of fines from
subgrade to blanket layer and penetration of
coarse particles of blanket into subgrade.
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10.4 The above recommendations are on the basis
of 350 mm total ballast cushion. Wherever it is
less, full clean ballast cushion of 350 mm shall
be ensured in the section, even where no blanket
layer requirement is recommended based on CBR
of subgrade.
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10.5 Geo-grid and Non-woven Geo-textile to be used
as per RDSO specification nos. RDSO/2018/GE:
IRS-0004 Pt.-III (Feb 2020) and RDSO/2018/GE:
IRS-0004 Pt-I (March 2019) respectively.

11. Conclusion
The above recommendations with the approval of
Railway Board has been circulated for implementation
to Zonal Railways and should be monitored for a period
of two year, accordingly feedback/suggestions are to
be given to RDSO. Feedback/suggestions of the Zonal
Railways and others will be welcomed and considered
positively. In view of the feedback/suggestions, the
document will be reviewed and improvement suggested
(if any) will be incorporated accordingly.
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END OF TRAIN TELEMETRY SYSTEM

Sri Soumya Kanti Das
ADEE/TRS-I/ELS/ANGL/ECoR

Abstract: EoTT Stands for - End of Train Telemetry System. This System has been in service in foreign
countries like USA & South Africa. In late 2016, Indian Railways has decided to implement the EoTT System
with the main objective to increase the loading capacity by replacing the Guard Van with an Extra Wagon
& to use Artificial Intelligence in Safe Train Operation by replacing Guards. RDSO has played a vital role
in designing the Technical specification keeping in view the topography of the Rail Network with valuable
suggestions from zonal Railways. EoTT System introduced in IR is broadly classified as USA Model & South
African Model.

सारांश: ईओटीटी का अर्थ है- एंड ऑफ ट्रेन टेलीमेट्री प्रणाली । यह प्रणाली संयक्त
ु राज्य अमेरिका और दक्षिण अफ्रीका जैसे विदेशों में सेवा में रही
है। 2016 के अंत में भारतीय रेलवे ने गार्ड वैन को एक अतिरिक्त वैगन के साथ बदलकर लोडिंग क्षमता बढ़ाने और गार्डों को बदलकर सुरक्षित ट्रेन
संचालन में कृत्रिम उपयोग करने के मखु ्य उद्देश्य के साथ ईओटीटी प्रणाली को लागू करने का निर्णय लिया है। आर.डी.एस.ओ. ने जोनल रेलवे के
बहुमूल्य सुझावों के साथ रेल नेटवर्क की स्थलाकृति को ध्यान में रखते हुए तकनीकी विनिर्देश तैयार करने में महत्वपूर्ण भूमिका निभाई है। भारतीय
रेलवे में शुरू की गई ईओटीटी प्रणाली को मोटे तौर पर यूएसए मॉडल और दक्षिण अफ्रीकी मॉडल के रूप में वर्गीकृत किया गया है।

1. A brief Introduction on start of
project
After series of meetings with zonal Railways &
suppliers at RDSO, it was decided that ECOR will make
PO for 10 sets of EoTT for proof of concept field trial
which will be carried out by ELS/ANGL/ECoR and
ELS/BNDM/SER. Based on the above discussions PO
was issued to M/s Siemens (02 sets), M/s TATA (02
Sets), M/s Signatron (03 sets) & M/s AAL (03 sets).
M/s Siemens was First to deliver the EoTT in Nov2020 at ELS/ANGL and M/s Signatron in Jan-2021 at
ELS/BNDM. ELS/ANGL was first in Indian Railways
to commission the EoTT System in Two of its WAG-7
locomotives (28602 & 28093) in Nov-2020. First Field
trial on 29.11.2020 was unsuccessful due to High Signal
loss between Loco & Last Wagon. Later M/s Siemens
had deputed its RF engineer & all technical aspects
were jointly studied by Firm, ELS/ANGL & RDSO.
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Corrective measures such as provision of Aluminum
base Plate & increase in height of antenna to improve
the Gain were implemented. The first successful proof
of concept field trial was conducted in IR by ELS/ANGL
in Talcher-Paradeep Section of Khurda Road Division
of East Coast Railway in presence of firm & RDSO.

2. Existing System of Train Operation
Presently Trains are running with Guards. During
Train operation, Crew is continuously in contact with
Guard by VHF sets while starting & stopping, for BP
continuity test, for Fouling mark clear etc.


In ECoR(KUR, WAT & SBP Division), average TO
in a Day = 1100



Total Trains running in ECoR = 600



Total TO without Guard = 80 (Approx. 14%)



These 14% trains are stabled in Night time in
major yards in the zone.
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3. Need for Joint Procedure Order
As EoTT is a new system, so awareness for all
departments involved in Train Operation is a must.
Keeping in view of this, PCEE, PCOM, PCME &
PCSTE of ECoR, have issued the JPO No. 01/2020,
dated 03.08.2020. JPO contains General Instruction,
Duties of Section Controller, Duties of Station Master/
TP and Duties of LP/ALP.



Railway has to “Pay the fee” through NTRP Web
portal or through AIMS by creating New party
Code



WPC Issues the “Decision Letter” to Zonal railway
regarding granting of License & its validity.



Now provides copy of this letter to Firms” who will
supply the equipment.



Firms has to apply for “Dealer Possession License
(DPL)” from Wireless monitoring Office (WMO)



Then, Firms have to obtain the “Equipment
Type Approval (ETA)” certificate from Regional
Licensing Office (RLO)



After obtaining the above two, Firms will apply
for “Import License” from RLO & import the
equipments from abroad



Then firm will provide all above documents, radio
Specification, invoice to Zonal Railway



Zonal Railway will apply to WPC to obtain the
“Operating License”. Its validity is 01 year from
the date of issue of Decision Letter

Frequency allocation:As EoTT System uses Radio Frequency, so as per
Govt. of India Guidelines to control misuse of RF
for anti-national movements, its mandatory that all
RF equipments must be registered with the Wireless
planning Commission (WPC) under Department of
Telecommunication after which WPC will issue the
Working Operating License (WOL).

4. Procedure to Obtain WOL


Zonal Railway has to “Apply to WPC” as per
format in Saral Sanchar Web portal



WPC will verify the Application & Issue the “Letter
of Intent” in which amount payable is mentioned.

5. Basic System Architecture (USA Model)
The EoTT System consists of Two Main Units namely HOT & EOT.
HOT –
It is called as Head of Train Unit. It is fitted in both loco cabs. It is as also known as Cab Display unit (CDU). 02
HOTs are fitted in two cabs. Power Supply is through 110/74 Volt DC-DC Converter. Only one HOT works at a
time. HOT does not have GPS.

M/s Siemens

EOTIt is called as End of Train Unit. It is also known as Sense & Brake unit
(SBU). It is fitted to CBC of LV & its air hose pipe is connected to BP
pipe. It is equipped with auto ON/OFF HVML (High Visibility Marker
Light) with inbuilt DTWL (Disable Train Warning Light) feature. One Air
Generator is present in EoT to charge the inbuilt EoT battery (13.2 volt,
4500mA. It is Equipped with GPS.
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Other Accessories- Two numbers DC-DC Converters
for 110/74 volt DC power supply, Two numbers of RF
antennas for communication between HOT & EOT,

RF Antenna

Axle Generator for Speed input Feedback and Pressure
Switch for Braking Feedback to the EoTT System are
provided with the system.

Axle Generator

Pressure Switch

6. Basic System Architecture (South African Model)
HOT –
02 HOTs are fitted in two cabs & they work in Master- Slave Mode. Power Supply is directly from loco battery of
110 volt. HOT too has GPS.

M/s Signatron

M/s PPS

EOTIt is similar to USA Model. Only difference is that, two Separate HVML & DTWL lights are provided.

M/s PPS

28

M/s Signatron
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Other AccessoriesOnly one RF antennas is provided for communication
between HOT & EOT and one Pressure Switch is
available for Braking Feedback to the EoTT System.

Pressure Switch

It does not have DC-DC Converter as it is taking
direct power supply from Loco battery and there is
no Axle generator as the speed input & Fouling mark
clear are monitored through GPS. It’s having simpler
architecture.

RF Antenna

7. Functionality Testing & Operation of the EoTT System

29
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How to Ensure Safety:

Initiate Testing Sequence –
•

Testing Sequence Starts with EOT

•

Power ON using the Push button Switch (5-7
Seconds)

•

Note Down the 5 digit Unique ID of EOT

•

Check the Battery Status (BAT OK & Battery
Charging% should be more than 50%)

•

Check the HVML/Flasher Indicator Function
(30 Sec Flash & then Stop)

•

Check working of Air Generator. If we make it
OFF, then it will automatically become ON after 05
minutes if BP pressure is available in EOT.

Power ON HOT & Pairing •

Power ON the HOT using MCB in loco Cab.

•

Enter the 5 digit EOT Unique ID through Keypad.

•

Initiate Pairing:


1

BP Pressure of Cab 7
Unit

Train Status

2

F = Flasher Indicator

8

Train Length

Ensure Display of EOT information on HOT
Display.

3

S = STOP, M=Move

9

Rear Unit ID

4

X = Armed (Paired)

10

Time from GPS clock



BP Pressure of EOT (Brake Pipe Continuity is
Ensured).

5

Cab Unit Voltage

11

BP Pressure of Last
Wagon



Red marker (HVML) Status.

6

Rear Unit Battery Life

12

Fouling Mark Clear



Motion Sensor Status (MOVE/STOP).


•

Press the push Button on EOT.
Press the push button on HOT within 05
seconds.
Communication will be established &
displayed in HOT.
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8. Emergency Brake Test (Manual
Mode)
As soon as LP/ALP Pushes the EMERGENCY button
on the HOT, the Brake Pipe pressure will come to Zero
within 15 seconds. The Release Brake function will be
restored automatically after this and BP pressure will
rise within 02 minutes & will be displayed in HOT.

9. Emergency Brake Test (Auto
Mode)
As soon as LP/ALP brings A9 to Emergency position
or open D1/D2 or pressure drops below 3.0 Kg/cm2,
the Brake pipe pressure will come to Zero within 15
seconds. Then Emergency port valve will automatically
closed. But, BP pressure will remain at Zero till A9 is
released. BP pressure will rise within 02 minutes & will
be displayed in HOT only after LP/ALP releases the
brake valve.

10 Train Integrity Function Test – USA
Model
It is ensured by two conditions, i.e., the MOV & STP
Function and the display of BP pressure.



If train integrity is OK, then HOT & EOT will move
& stop together. After HOT achieves a speed of

12. Fouling Mark Clear Test – USA
Model
Knowledge of Train length is important for the LP/ALP
for this test. LP/ALP has to press the Odometer count
switch as soon as the Fouling mark clear board appears

more than 3.3 Kmph, MOV LED in HOT glows. If
HOT moves & EOT does not move, the STP LED
will glow in HOT.



If train integrity hampers (Train Parting, BP cut
out cock closed), then Zero BP Pressure will be
displayed in HOT.

11. Train Integrity Function Test –
South African Model
It is also ensured by two conditions which are
monitored through GPS i.e., the difference of Speed
and the difference of length of train between HOT &
EOT.



If the Differences in Length and Speed remain
below 100m and 10km/h, the Train Integrity
system will report “Train OK”.



If anyone of the two conditions, i.e., either the
Differences in Length or the Speed is more than
100m and 10km/h, the Train Integrity system will
report “Caution”.



If both the two conditions, i.e., the Differences
in Length and the Speed is more than 100m and
10km/h, the Train Integrity system will report
“Train Error”.

and monitor the distance travelled. Suppose the length
of the train is 670 meter, then as soon as 670 m is
displayed in Odometer, it is confirmed that the Fouling
mark is cleared. In a nutshell, with the knowledge
of Train length & display of length travelled using
Odometer, LP can be confirmed of Fouling mark clear.
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13. Fouling Mark Clear Test – South
African Model
LP/ALP has to press the Odometer count switch as
soon as the Fouling mark clear board appears. The

Monitoring By LP/ALP:
Crew will monitor all Safety aspects through HOT
Display. These are:
•

BP Pressure

•

Battery % of EOT

•

Radio Communication

•

HVML Working

•

EOT Motion/Stop Status

•

Working of Odometer

•

Display of Train Length

•

Brake Application & Release

•

Train Integrity

•

Fouling Mark Clear

Some Audio Warning indications are also provided for
the crew to alert in case of any fault.

14. Summary of Proof of concept Field
Trial
As per RDSO Specification, 50000 Km of Field Trial is
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GPS coordinates of the HOT is locked & transmitted to
EOT. EOT compares its own coordinates with that of
received coordinates from HOT. When both are equal,
Fouling mark clear will appear in HOT display.

to be carried out for Proof of Concept of EoTT. First
successful Field trail in Indian Railway was conducted
by ELS/ANGL/ECoR with Guard on 12.12.2020 and
without Guard on 24.12.2020. 253 trips of trial without
guard has been completed & the confidence level of
the crew has been found satisfactory. Successful Proof
of concept Field trial of 50000 Km has been completed
in ECoR on 14.08.2021 and reports submitted to RDSO
& RB.

Conclusion
The introduction of EoTT System is a mile
Stone in view of the Technological advancement &
enables Guardless Train Operation, Ensures Safety
through Technology, Increase Loading Capacity with
01 Extra Wagon in place of Guard Van, huge Revenue
generation in thousands of crores and huge savings in
terms of Salary for Guards.

Bibilography
i. RDSO FRS No. RDSO/2019/EL/FRS/0025 Rev. ‘0’
issued on: 25.6.2019 & latest.

ii. User manuals of M/s Siemens (USA Model) & M/s
Signatron (South African Model)
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