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T HRAHATPIR/ GOVERNMENTOF INDIA
3d HElcdd Y WA/ MINISTRY OF RAILWAYS —

(@3 91¥ )/ RAILWAY BOARD) —

No.E(MPP)/2023/3/28 NewDelhi,dt:As signed

The General Managers, DG/NAIR/Vadodara

All IndianRailways/PUs. DG/IRITM/Lucknow

Metro Railway/Kolkata. DGI/IRIEEN/Nasik

DG/RDSO/Lucknow. DG/IRIMEE/Jamalpur

CAO/DMW/Patiala. DG/IRICEN/Pune

CAO/COFMOW/NewDelhi DG/IRISET/Secunderabad

ED/CAMTECH/Gwalior. DG/JRRPF/Lucknow

DG/IRIFM/Secunderabad

Sub:-Training content on KAVACH training of CLIs and LP/ALPs.

Vide Board's letter no. E(MPP)/2023/3/28 dated 27.08.2024 training Module for
imparting training on 'KAVACH' to running staff at Zonal ETCs/ZRTIs by CLIs and
instructors trained at IRISET was circulated to all Zonal Railways/ PUs etc.

2. Revised training Modules for LPs and ALPs for Initial/Promotional/Refresher
courses have been issued vide 2024/E(Trg.)/41/13 dt 19.11.2024, which includes
Kavach Training in Initial and Promotional Courses.

3. Further, Revised Training Modules for Initial/Refresher Course of Chief Loco
Inspectors (CLIs) were circulated vide 2024/E(Trg)/41/15 dated 06.11.2024, which also
contain a 3-day training session at IRISET on all aspects of Signalling, Kavach, etc.

4. Detailed Training Contents for KAVACH training has now been prepared by
CoE/IRISET for training of CLIs and LP/ALPs, which have been approved by Board
(M/TRS & DG/HR).

5. Training Contents on KAVACH Training of CLls and LP/ALPs have been
uploaded under MPP Training Circulars on'Indian Railways' website and can be viewed
or downloaded from Railnet.

6. Kindly acknowledge the receipt.

- a\\"\
(JitendraKumar)
Dy.Director/Estt.(Training)

RailwayBoard
Ph.:(011)23047251

...contd/-
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Copy to:

1) The General Secretary, NFIR, 3 Chelmsford Road, New Delhi for information (Copy may be

2)

3)

4)

5)

6)

7)

downloaded from E(MPP) Training Circulars/Railnet/Internet).

TheGeneralSecretary, AIRF,4StateEntryRoad,NewDelhiforinformation(Copymaybe downloaded
from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, FROA, R.N0.256-A, RailBhavan, New Delhifor information (Copy may
be downloaded from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, IRPOF, R.N0.268, Rail Bhavan, New Delhi for information (Copy may
be downloaded from E(MPP) Training Circulars/Railnet/Internet).

All Members, Department Council & Secretary Staff side National Council 13-C, Feroz shah
Road, New Delhi (Copy may be downloaded from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, AIRPF Association, Room No0.256-D, Rail Bhavan, New Delhi (Copy
may be downloaded from E(MPP) Training Circulars/Railnet/Internet).

General Secretary, All India SC & ST Railway Employees Association, 171/B-3, Basant Lane
Railway Colony, New Delhi (Copy may be downloaded from E(MPP) Training
Circulars/Railnet/Internet).

Signed by

Sadhna Aggarwal

Date: 19-12-2024 12:56:44

For Principal Executive Director(IR)/RailwayBoard

Copyto:

Vi)

PS&ED(PG)toMR,MoSR(S)&MoSR(R)
PSO/Sr.PPStoCRB,MF,M(Infra.), M(TRS),M(O&BD),DG(HR),DG(RHS)&DG(RPF)

Sr.PPS/PPS/PStoAM(Budget),AM(CE),AM(C&IS),AM(Comml.),AM(E&HM),AM(Fin),
AM(HR),AM(L&A), AM(Mech.), AM(PIlg.), AM(Project), AM(PUAM(RS),AM(Sig.),
AM(Staff), AM(Traction), AM(T&C), AM(Tele), AM(TT),AM(Works), PED(Vig.), PED(Safety),
PED(Coaching), LA,

ED(PIg.),ED(Accts.),EDCE(B&S),EDCE(G),EDCE(PIg.),ED(CHG),ED(CC),ED(C&IS),
ED(E&R),EDEE(Dev),EDEE(G),EDEE(M),EDEE(RS),EDE,ED(RRB),EDE(N),EDE(Res),
EDF,EDF(B),EDF(X)I,EDF(X)II,ED(H),JS(C),EDME(Chg.),EDME(Fr.), EDME(PU&W),
ED(PC)I,ED(PC)II, EDRE,ED(Safety), ED(Safety)-II,IG./RPF(Hgs),ED(Sig.),ED(SP),
EDRS(G),EDRS(S),ED(TD),EDTC(R),EDCE(P),ED(PM),ED(FM),EDPG,EDTT(F),
EDTT(S),EDV(E),EDV(Elect),EDV(T),EDVE(S),ED(W).

Chief CommissionerofRailwaySafety,3™Floor, TA Office,State Entry Road,NewDelhi-55.

E(NG)I,E(NG)IILE(G),F(E)I,F(E)II,F(E)III,E(SCT)I,E(SCT)lIbranchesofRailwayBoard.

RoomNo0.27A,GroundFloor,RailBhawan,NewDelhi-110001
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PREFACE

Welcome to the training module on Kavach, India’s indigenous Automatic Train
Protection (ATP) system. Kavach, meaning "shield" in Sanskrit, represents a significant
leap forward in railway safety and technology. Developed to enhance the reliability and
safety of train operations, Kavach integrates advanced features designed to prevent
collisions, manage train movements, and ensure adherence to signal systems. This
training module is meticulously crafted to provide Loco pilots/Chief Loco Pilots/LocoShed
Supervisors/Professionals involved in Kavach Operation and Maintenance with
comprehensive knowledge and practical insights into operating and managing this
critical safety system.

As railways form the backbone of India’s transportation infrastructure, ensuring the
safety and efficiency of train operations is paramount. Kavach is a testament to adopting
cutting-edge technology to safeguard passengers and railway staff alike. In this module,
you will explore various safety innovations in Indian Railways, various types of
Automatic Train Protection (ATP) systems and the key functionalities of Kavach,
including its real-time monitoring capabilities, automatic braking mechanisms, and its
role in maintaining seamless communication between Onboard and Stationary Kavach.

This training is designed not only to familiarize Loco Pilot with the technical aspects of
ATP systems and Kavach but also to enhance Loco Pilots practical skills in using the
system effectively. Through detailed theoretical discourse and practical case studies,
Loco Pilot will gain the expertise needed to use Kavach effectively.

1
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INTRODUCTION TO TECHNOLOGIES FOR
TRAIN SAFETY IN INDIAN RAILWAYS

INTRODUCTION

Indian Railways is committed to enhancing safety through the adoption of cutting-edge
technologies. By integrating advanced systems such as automatic train protection,
real-time monitoring, and predictive maintenance, the goal is to significantly reduce
risks and ensure a safer journey for passengers.

SAFETY TECHNOLOGIES IN IR

Various innovations by Indian Railways to enhance safety includes:

Vigilance Control Device (VCD)

Fog Safe Device (FSD)

Anti Collision Device (ACD)

Train Protection & Warning System (TPWS)/ Auxiliary Warning System (AWS)
Track and Equipment Enhancements

Additional Safety Measures by IR

Vigilance Control Device (VCD)

Vigilance Control Device (VCD) is a microcontroller based safety device which will
automatically apply penalty brakes in case the driver is incapacitated.

o Gk W

Implementation: Installed on all diesel locos and electric locomotives.

Limitations: The VCD primarily focuses on detecting the alertness of the Loco Pilot but
does not address other factors that might contribute to accidents, such as signal failures,
or external factors.

Vigilance Cycle Warning Cycle Warning cycle 2 Penalty Cycle

Fig. 1: Transition diagram of VCD

6
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Fog Safe Device (FSD)

Functionality: A GPS based Device that is provided to loco pilots in fog affected areas,
which enables loco pilots to know the distance of the approaching landmarks like signals,
level crossing gates etc.

Limitations: Not a safety system, but an aid to reduce driver stress in foggy conditions.

Fig. 2: Fog Safe device being used in train

Anti Collision Device (ACD)

It operates using a combination of GPS, radio signals, and onboard sensors to monitor
and communicate the position and speed of trains. If a potential collision is detected, the
system triggers automatic braking to avoid the accident.

Pilot project since July 2006 on Northeast Frontier Railway (NFR) covering 1736 route
Kms and 548 locomotives.

Trials on Southern Railway in 2010-2011.

Challenges: Operational and technical problems, particularly on high-density routes and
stations.

1
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Working of “on-board” ACDs
Receive inputs from satellites, communicate with
each other using radio modems & use intelligence to act
- To prevent ‘dangerous’ Collisions

oy Dervice (ACD) Metwark A Train Collitsan Preventlon System - Konkan Radlwey, Inda

Fig. 3: Working illustration of ACD

Auxiliary Warning System (AWS)

AWS and AAWS are audible warning systems that alert the driver about the aspect of the
upcoming signal, with AAWS providing additional features like speed monitoring and
braking assistance.

AWS (Auxiliary Warning System) & AAWS (Advanced AWS) are functional on Mumbai
Suburban.

The AWS panel in the driving cab has an alarm buzzer, a vigilance button, and can show
indicator lights in red, yellow, or blue. When the buzzer alarm goes off, the motorman
must press the vigilance button with 4 seconds, otherwise the brakes (either electro
pneumatic or emergency pneumatic) will be applied and the motorman will not be able

to release them until the rake comes to a complete halt.

8
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Fig 4a: AWS display unit in driving
cab

Fig. 4b: TPWS installed on track

Train Protection and Warning System is a continuous ATP system based on the European
Train Control System (ETCS) Level 1, which continuously supervises train speed and
issues warnings or applies brakes if the driver exceeds permissible limits.

9
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e TPWS is designed to stop train:

e Passing a signal at Danger without Authority
e Approaching a signal at danger too fast

e Approaching Speed restriction too fast

e Approaching buffer stop too fast

Track and Equipment Enhancements

e 60 Kg Rails: Enhanced track strength.

e Track Recording Cars: Detects track geometry defects.

e Ultrasonic Flaw Detectors: Identifies internal rail defects.

e Twin Beam Headlights: Improves night visibility for Loco Pilots.

e Flasher Lights: Activates automatically in case of derailment.

e Air Dryers: Enhances braking system reliability by reducing moisture content in
the air.

e Energy-cum-speed Monitoring System (ESMON): Monitors and optimizes energy
consumption while tracking the speed and performance of the Loco Pilot's train
operation.

Additional Safety Measures by IR

e Track Circuiting: Detects presence of a vehicle on the track.

e Electronic Interlocking: Centralized operation of points and signals.

e Axle Counters: Detects leftover vehicles in block sections.

e Crashworthy Coaches: Increased production of superior LHB design coaches.

10
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INTRODUCTION TO KAVACH SYSTEM
(ONBOARD KAVAGH)

Introduction To Onboard Kavach

Kavach system is being provided on sections equipped with Multi Aspect Colour Light
Signalling controlled by relay or electronic interlocking and loco pilot will follow
prevalent operating rules. Provision of Kavach will be a safety aid to the loco pilot to
prevent consequences arising out of Movement Authority or/and display Signal Aspect in
Loco pilot’s cab and to further reduce the probability of train collisions in block sections
and on running lines at stations through non-signalling based protections.

Kavach is India's indigenous Automatic Train Protection (ATP) system. Originally called
the Train Collision Avoidance System (TCAS), it has been developed in India to ensure
train safety. Kavach is designed to help loco pilots, by providing them with important
information and automatic controls. Kavach has been adopted as our National Automatic
Train Protection (ATP) System in the year 2020.

The Kavach System shall comprise of:

Track side subsystem: RFID tag, Stationary Kavach unit, Tower & antenna
Onboard Kavach sub-system: RFID reader, PL-OCIP, BIU, Vital computer
Network Monitoring System (NMS)

Temporary Speed Restriction Management Server (TSRMS)

L=

Basic Functioning

1. Kavach shall enable the train to run at maximum permissible speed safely.

2. Kavach shall be an aid to the loco pilot which shall prevent Signal Passing At

Danger (SPAD).

Kavach shall be able to carry out speed supervision

Kavach shall be able to display Signal Aspect in Loco Pilot’s cab.

Kavach shall be able to supervise train movement and shunting limits

Kavach is functional upto a maximum train speed of 200 kmph

The trains equipped with Onboard Kavach shall be able to run in non-Kavach

territory also

8. Kavach shall be capable of working in electrified as well as non-electrified
territories.

Nk w

1
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Onboard Kavach Overview

Figure. 1 below illustrates the integration of Onboard Kavach with the Loco and its

subsystems.
VILRM FROM LOCOMOTIVE o
Antenns 3 Antenna 4
™~
VI RM VI RM
Antenna 1 Wl GNSS I, GNESS Antenna 2
Antenna 1 Antenna 2
2N I. MCB UNIT Y

LOCO ONBOARD KAVACH

Il. LOCO
VITAL

COMPUTER
_j —{NTERRAcET |
Xl. BRAKE
INTERFACE
UNIT
|_1—_| | il, CAB il CAR |_‘—_|
;K. RHD1 INPUTS. l IE 1. ”'“1
GEfl‘EplgﬂLngR 5 LOGO BRAKE SYSTEM GE:.'E’;LLLmRz

Figure 5: Onboard Kavach Block Diagram

The function of various units are as follows:
I.  An Miniature Circuit Breaker is provided with MCBs to Switch ON/OFF:
a. Onboard Kavach
b. Brake Interface Unit (BIU)
c. LP-OCIPs.

II. The main part of Onboard Kavach is a computer called the Vital Computer.
It's like the brain of the Onboard Kavach system, controlling how it works
with the rest by interfacing with the locomotive and its subsystems.

III.  Onboard Kavach Vital computer receives CAB control inputs from the
locomotive, which provides Onboard Kavach two important things:
a. Which cab of the train the LP is controlling from
b. The direction in which direction the train is moving

IV. Two Loco Pilot — Operation cum Indication Panels (LP-OCIPs) are installed
in the locomotive cabs. These LP-OCIPs are connected to the onboard
Kavach vital computer to display relevant information to the loco pilots.
Using the LP-OCIPs, loco pilots can monitor the status and activities of the
onboard Kavach system.

12
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V. The train sends information from its CAB to Onboard Kavach's Vital
Computer. The computer utilizes this information to determine from which
end of the train the driver is exercising control.

VI.  On top of the train engine, the following antennas are installed:

a. Radio Antennae:

i.  Two for receiving signals (Rx)
ii.  Two for sending signals (Tx)
b. GNSS/GSM antenna
VII. Each pair of radio antennas on the train is connected to an individual radio
modem, enabling the train to transmit and receive information via radio
communication.

VIII. Each GNSS antenna connects to a dedicated GNSS module, ensuring that all
Kavach wunits, both on the train and along the tracks, operate in
synchronized time.

IX. Two RFID antennas/Readers mounted underneath the train read the
track-embedded RFID tags, enabling the train's vital computer to determine
its precise location as it moves along the track.

X.  Two directional pulse generators, each mounted on a different wheel and
connected to the onboard Kavach system, monitor the speed and distance.

XI. The onboard Kavach interfaces with the brake system through the Brake
Interface Unit (BIU), allowing it to apply Normal Brake(NB), Full
Service(FSB) Brake, and Emergency Brake(EB). In the case of a locomotive
operating as a light engine, the BIU also activates the Independent Brake
(SA9) interface to generate Brake Cylinder Pressure up to the maximum
value corresponding to the loco's independent brake.

XII.  An Isolation switch with "Service position" and "Isolated position" settings
is installed.

a. When the switch is in the "Isolated position,” it disables Kavach
commands from the BIU to the brake system and also disables the
traction cut-off feature.

a. When this switch is kept in “Service position”, then it enables
activation of Brake commands from the BIU and also enables
traction cut-off feature whenever brake commands are issued from
Onboard Kavach.

XII. Manual Isolation cocks are installed in the BP pipeline named as
EM(Emergency Magnet Valve Isolation) cock and MR line(incase of
Diesel/Electric locomotives equipped with IRAB brake system and
Conventional EMUs only) . Micro switches monitor whether the cocks are
in the cut-off position or open position.

13
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Arrangement of Onboard Equipment
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Figure 6: Onboard Kavach illustration diagram

Features Of Onboard Kavach

Kavach is designed to provide the following functionalities:

[. IR-ATP-"Indian Railway Automatic Train Protection System (Kavach)” is

radio communication based electronic control system to
(1) Prevent Signal Passing at Danger (SPAD),

(i) Reduce consequences arising out of Signal Passing at Danger (SPAD)

including Collision by stopping train within adequate distance,

(iii) Prevent over-speeding by automatically activating the train's braking
system if the locomotive pilot fails to adhere to the prescribed speed limits.

II.  Cab signaling (On-board display of Signal aspect in CAB)

III.  Over Speed monitoring

IV.  Permanent Speed Restrictions (PSR) monitoring
V. Turn out speed monitoring

VI.  SOS generation during unusual stoppage in Block section

VII. Manual SOS generation
VIII. Head on and rear end collision prevention
IX.  Standstill and roll-away protection
X.  LC gates alert in advance to loco pilot with automatic whistling feature

Working Of Onboard Kavach

I. Track Information Reading:

> Onboard Kavach reads track information (kilometer, position, track ID,

etc.) from track-side pre-programmed RFID tags through RFID readers.
> All RFID tags are duplicated to increase availability.
II. Direction Determination:

14
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III.

IV.

Direction is established after reading consecutive two tags containing
kilometer information.
Onboard Kavach determines the direction as:

o Nominal: if in the direction of travel, kilometers are incrementing.

o Reverse: if in the direction of travel, kilometers are decrementing.
Movement Authority and Signal Information:
Based on the current locomotive position, track ID, and train movement
direction, the stationary Kavach system provides the following:

o Movement authority

o Signal information

o Gradient information

Turnout speed with distance (e.g., loop line speed control)

Target Monitoring and Speed Control:

Onboard Kavach decides the most restrictive target based on signal
information from Stationary Kavach and available track data.

Kavach determines the safe permitted speed to the loco pilot based on
current train speed and distance from the target duly considering the
braking characteristics of the train.

If the locomotive pilot exceeds the speed limit, Kavach applies the
appropriate brakes to ensure the train approaches the target location
within the specified speed limit, in accordance with the configuration
parameters.

Ceiling Speed Monitoring:

When the target distance is far away:

o Onboard Kavach monitors the most restrictive speed (minimum of
section speed, loco max speed, train max speed, mode-related speed,
loop line speed and PSR).

o This speed limit is displayed to the loco pilot on LP-OCIP as Max
Permitted Speed (e.g., 100 KMPH).

% If train speed exceeds the permitted limit by 2 KMPH, an
Over-speed alarm is issued.

% If train speed exceeds the permitted limit by 5 KMPH, the
Normal service brake is applied.

% If train speed exceeds the permitted limit by 8 KMPH, the
Full service brake is applied.

% If train speed exceeds the permitted limit by 10 KMPH, the
Emergency brake is applied.

O

Note: These speed limit parameters are configurable and vary for different types
of rolling stock

VI.

15

Brake Characteristics:

> The Onboard Kavach acquires the braking characteristics through LP-OCIP

as per the selections made by Loco Pilot at the start of mission or whenever
there is change in train consist.

17
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> On formation of a new train, Onboard Kavach unit prompts Loco Pilot for

selecting the train consist.

Target Current
Pointer Speed Permitted Speed WMoveneit
Red due to Speed Authority
Braking
Target RS S
Distance .
Overspeed Braking
Warning_Zone, Zone

—_—

Target
Distance

&— Movement Authority upto EoA—p
Figure 7: Brake Characteristic

> The braking logic of the Onboard Kavach is intelligent which is based on

the brake characteristics of the train and depending upon the speed of the
train, gradient of the location & the target, Onboard Kavach decide which
type(s)of brake and when to be applied to stop the train short of safe
distance or control the speed to desired.

In case the distance available between the train and target at the instance
of perceived danger is not adequate, Onboard Kavach applies maximum
brakes to reduce the speed of the train as much as possible under the
circumstances so that impact can be minimized.

On detection of an incident of a stop signal subsequently put back to ON,
the train stops with Train Trip through application of Emergency Brakes at
least after crossing the Signal if not earlier.

Sealing arrangements for loco Kavach equipments

The loco pilot must check the intactness of Kavach equipment and sealing arrangement

at the time of taking charge, before switching ON the Kavach system, because it ensures

that the Kavach equipment is in proper condition and not being tempered with.

If the equipment is tampered with, damaged, or malfunctioning, it could result in system
failure on run, which could lead to troubles during working.

Before switching ON Loco Kavach, Loco Pilot (LP) shall ensure that equipments like Loco

16
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Kavach unit, Brake Interface Unit (BIU) and Driver Machine Interface (DMI) are in
properly sealed condition. If the seal is found broken / tampered, the Loco Kavach is to
be treated as Defective. LP shall intimate / inform respective loco shed and concerned
Traction Loco Controller (TLC) / Power Controller (PRC) that the sealing of Loco Kavach is
broken and it is defective.

Shot on OnePlus
gl lale -

By s = Anas

Figure 8: Sealing arrangement in Onboard Kavach
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Difference between Kavach system Version 3.2 and version 4.0

e At the start of the mission, the train configuration selection prompts are different.

e In Version 4.0, SR mode can not be selected manually except as part of start of
mission

e After passing two tags (getting direction and connectivity to SKAVACH), the
onboard enters LS mode in Version 3.2, whereas it enters OS mode in version 4.0.

e Whenever two consecutive tags are missed, the onboard enters SR mode in
version 3.2. Whenever three consecutive tags are missed, the onboard enters SR
mode in version 4.0.

HARDWARE CHANGES FROM VERSION 3.2 TO VERSION 4.0

e Medha On-board: The requirement for pressure transducer was mentioned in the
specification of BIU but not in Kavach Specification. The BIU spec. was applicable
only for IRAB. Now in Version 4, the requirement of BC, BP & MR pressure
transducers has been mandated in Kavach Specification itself.

e Kernex On-board: All 06 Main Intelligent Equipment (MIE) cards are upgraded
with a new Micro Controller (Processor) from LPC 2378 to STM 32 F series..
Version 4 is using new MIE cards.

e HBL On-board: The old Integrated Data logger (IDL) Card is replaced with a new
Vital Gateway Card (Ruggedized with more capacity and more processing power).
A GSM module is also introduced in the Vital Gateway itself.

18
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ONBOARD KAVACH WORKING

LP-OCIP Unit Front Panel

The LP-OCIP screen with Loco Pilot controls is as shown in Figure.4 and 5 below:

= * e e [
| Train | |Section| | Looo |-Fun:mn| [ Context | |Communication|
Length | | Spoad | [Location| | Keys | | | | with Station

Figure 9a: LP-OCIP panel Figure 9b: Default screen of LP-OCIP

Description of various fields on the LP-OCIP:
I.  Target Type: Specifies the type of target ahead, such as a speed restriction,
signal aspect, or other operational limits.
ll. ~ LOCO ID: The unique identification number of the locomotive.
lll.  Current Speed: Displays the train's current speed in Kilometers Per Hour
(Kmph).
IV.  Over Speed: Indicates whether the train is exceeding the permitted speed
limit. The speed indicator needle turns to red along with an audio buzzer.
V. Permit Speed: The maximum allowable speed in the current section of the
track, determined by track conditions and regulatory requirements.
VI. Target Speed: The speed the train should aim to achieve, often determined
by upcoming track conditions or signal aspects.

VIl.  Target Distance: The distance to the next significant target, such as a
signal, speed restriction, or stop point, measured in meters.

VIII.  Brake Applied: Indicates application of brake by Kavach in red colour. The
symbol thickness increases with the increasing brake application type -
Normal Service Brake (NSB), Full Service Brake (FSB) and Emergency Brake
(EB).

19
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XI.

XIl.

XII.

XIV.

XV.

XVI.

XVILI.

XVIII.

XIX.

20

Type of Brake Symbol Displayed on LP-OCIP

Normal Service Brake(NSB)

Full Service Brake(FSB)

Emergency Brake(EB)

Deceleration Constant: The rate at which the train decelerates when
brakes are applied, often represented as a numerical value. This data is
derived by onboard Kavach based on the train configuration selected by
Loco Pilot.

Context Message: Provides additional information or warnings relevant to
the current operational context, such as approaching Turnouts, level
crossing gates, Permanent Speed Restrictions (PSRs), failure messages,
acknowledgment messages etc.

Functional Keys: These keys are used for selection of train configuration
and Kavach operation modes such as Reverse, Shunt, Isolation etc.

Train Length: Indicates the train length computed by Kavach. This is
generally set to a preset value with initial train configuration and updated
after crossing Advance Starter signal at each station.

Loco Location: The current geographical location or positional data of the
locomotive (chainage in decameters)

Mode Name: The current operational mode of the train, such as "Full
Supervision,” "Shunting," or "Staff Responsible"” etc.

Mode Symbol: Indicates the symbol of current mode of operation of the
train such as "Full Supervision,” "Shunting," or "Staff Responsible” etc.
Communication with Station: Indicates the strength of radio signal with
stationary Kavach of Station / LC /IB / ABS Huts.

Movement Authority: The maximum distance the train is authorized to
travel without danger.

Signal Aspect: This field displays the current aspect of the approaching
signal.

Tag Indication: Indicates the status of the last three normal RFID tags read.

Green color indicates tag read and red color indicates tag not read

22
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Onboard Counters
The Onboard Kavach Electronic Unit is equipped with three 6-digit electromechanical
non-resettable counters. These counters record specific operations as follows:

ISOLATION MODE COUNTER
o Increments when: Isolation mode is selected
o Purpose: Tracks frequency of Isolation mode usage
TRIP/OVERRIDE MODE COUNTER
o Increments when: Onboard Kavach enters Trip mode OR Override
mode is selected by Loco Pilot
o Purpose: Monitors occurrences of Trip and Override modes
SOS COUNTER
o Increments when:
m  SOS is sent to other Onboard Kavach units
m  SOS message is received from Kavach units
o Purpose: Records frequency of emergency events

Onboard Kavach System Indications
The Onboard Kavach unit provides critical status information via LP-OCIP. Two key
indications are displayed (as shown in Figure 5):

green-system healthy
red-system faulty

Figure 10: System Indicators on the LP-OCIP

SYSTEM HEALTHY/FAULTY STATUS:
o LP-OCIP displays the System health status as Green as long as the
system is healthy otherwise it will be displayed as Red.
SOS STATUS
o Green: No SOS activity
o Red: SOS received or transmitted

21
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KAVACH OPERATION MODES AND RESPONSIBILITIES OF LOCO PILOTS

The onboard Kavach shall be capable of supervising the following operational

Modes:

01. Stand By (SB) Mode

Name of mode Standby (SB)
Symbol of mode
Definition It is the mode in which the Onboard Kavach awakes.

Entry Conditions

The Onboard Kavach enters into Standby Mode in any one of
the following cases:
1) When the Onboard Kavach is powered on and the
Self-tests are completed successfully.
2) When No CAB is occupied or EM cock is closed in SR, LS,
FS, OVRD, OS, PT, RV and SH modes.
3) On the exit of RV, SH, NL, SF and IS Modes.

Functionalities in this
mode

e In this mode, the desk of the engine can be opened or
closed. No interaction between Kavach and Loco Pilot
shall be possible as long as the desk is closed, except for
isolation of the Onboard Kavach

e The Onboard Kavach unit shall perform the Standstill
Supervision.

e Radio Transmission is active if it is in Kavach Territory.

Display Information
on LP-OCIP

The Onboard Kavach shall display train speed and permitted
speed (which in this case is Zero).

Exit Conditions

The Onboard Kavach exits from Stand By mode in any one of
the following cases:
1) if any CAB is occupied, based on New train Status and on
successful self-tests it suggests SR or Shunt Mode to Loco
Pilot.
2) If any CAB is occupied and no new train status, it enters
into the previous mode (SR, LS, FS, OVRD, OS, PT and
SH).
3) Transit to Non Leading mode in case Non Leading input
is Active and the train is in standstill.

22

24

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

598001



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

4) Transit to Isolation mode in case Onboard Kavach is
isolated manually.

5) Enters into System Failure Mode in case Onboard
Kavach is faulty.

Responsibilities

e The Onboard Kavach is responsible for maintaining the
Loco/train at standstill.

e The Loco Pilot cannot move the train in this mode.

02. Staff Responsible (SR) Mode

Name of mode

Staff Responsible (SR)

Symbol of mode p—
Paskd
Definition This mode allows the Loco Pilot to move the train under his or

her direct responsibility in Kavach territory/Non-Kavach
territory.

Entry Conditions

SR mode can be selected manually only during the start of
mission.

The Onboard Kavach enters into this mode in any of the
following cases:

1) Manual selection after the successful Onboard Kavach
self-tests and train configuration available and Cab is
Active.

2) After loss of radio communication in the communication
mandatory area.

3) Three consecutive RFID tags missing.

4) When the train direction is not known.

5) When Kavach territory exit tag is read.

Functionalities in this
mode

e In this mode, the Onboard Kavach shall supervise
against:

o ceiling speed: maximum permissible speed for
loco/train.

o When both the Onboard Kavach are functional,
head-on and rear end collisions can be prevented,
if TIN, direction, and absolute location
information are available through Onboard direct
UHF communication.
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o SOS generation and emergency stop in case SOS is
received if TIN, direction and absolute location
information is available.

Loco Pilot shall acknowledge the automatic transition to
Staff Responsible mode to avoid braking by Kavach.

This mode is used when the system does not know the
route.

In case of new train formation, the Onboard Kavach
shall continue in Staff Responsible Mode till direction,
On Sight movement Authority and track profile-are not
available.

Since the gradient pertaining to track side is unknown to
Onboard Kavach, the supervision of the braking curves
in Staff Responsible mode does not ensure that the train
will stop at the given distance.

Display Information
on LP-OCIP

The Onboard Kavach shall display train speed and permitted

speed.

Exit Conditions

The Onboard Kavach shall exit from SR Mode in any one of the
following cases:

1)

2)

3)
4)

When No CAB is occupied or EM cock is closed (Enters
StandBy Mode).

When direction and On receipt of On Sight Movement
Authority, track Profile and Valid Communication
packets are available in the communication
mandatory area (Enters On Sight Mode).

When Loco Pilot selects Reverse mode in standstill.
When Loco Pilot selects Shunt mode in standstill.

Responsibilities

The Onboard Kavach unit supervises a ceiling speed
without distance limit.

The loco pilot should respect the existing line-side
information (signals, speed boards etc.) in this mode.
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03.Limited Supervision (LS) Mode

Name of mode

Limited Supervision (LS)

Symbol of mode ]
Definition Limited supervision mode enables Onboard Kavach to supervise

track profile in case of communication failure.

Entry Conditions

Limited supervision mode cannot be selected by the loco pilot,
but shall be entered from Full Supervision mode automatically
when Valid Radio packets are not available (configurable) in
Communication Mandatory Area and track profile is available
upto 3000m (Configurable).

Functionalities in
this mode

The Onboard Kavach shall supervise train movements against a
dynamic speed profile.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed. If the
permitted speed is lower than the sectional speed limit and the
maximum train speed, the permitted speed and the target speed
shall be indicated.

Exit Conditions

Onboard Kavach exits from LS Mode if any one of the condition
is satisfied:

1) On receipt of On Sight Movement Authority and Valid
Communication packets are available in the
communication mandatory area (Enters On Sight Mode).

2) When Loco Pilot selects Reverse mode in standstill.

3) When Loco Pilot selects Shunt mode in standstill.

4) Enters into Staff Responsible mode for any of the
following conditions:

a) Track profile is not available upto 3000m
(configurable).

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities e The Onboard Kavach is responsible for supervision of the
train speed and section speed.
e The Loco Pilot must observe the existing line-side
information (signals, speed boards etc.)
25
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04.Full Supervision (FS) Mode

Name of mode

Full Supervision (LS)

Symbol of mode @
[
Definition In this mode, Onboard Kavach unit oversees train movements in

accordance with a dynamic speed profile.

Entry Conditions

Full Supervision mode cannot be selected by the loco pilot,
but shall be entered automatically when all the following
necessary conditions are fulfilled:
1) Track profile Available (Including Traffic Direction) up
to 3000m or Movement Authority, whichever is less.
2) Valid Radio Packets are receiving in communication
mandatory area.
3) Movement Authority is valid .
4) In case of On Sight mode, train has crossed at least one
stop signal in OFF condition .

Functionalities in
this mode

e The Onboard Kavach wunit shall supervise train
movements against a dynamic speed profile.

e Track Profile and gradient are required to be available
from the REAR END of the train for Full Supervision
mode.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed, the
permitted speed, Signal Aspect, the target distance and the
target speed to the Loco Pilot.

Exit Conditions

Onboard Kavach exits from Full Supervision Mode if any of the
condition is satisfied:

1) When train is at Standstill and Full Supervision
Movement Authority is less than 200m, LP shall press
'OVRD' and 'CNFM' buttons (Enters Override mode).

2) When approaching a LSS/IBS at danger, LP shall press
'OVRD' and 'CNFM' buttons on run. Loco enters into On
sight mode on receiving On Sight Movement Authority
from Stationary Kavach.

3) When calling On Signal is lowered , Stationary Kavach
shall command Onboard Kavach to On Sight mode.

4) When a train passes a stop-signal at ON or End of
Authority, the Onboard Kavach shall enter into Trip Mode.

5) When Loco Pilot selects Reverse mode in standstill.

6) When Loco Pilot selects Shunt mode in standstill. Valid
radio communication packets are not received and track
profile available wupto 3000m (Configurable) in
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communication mandatory area (Enters into Limited
Supervision).

7) Enters into Staff Responsible mode for any of the
following conditions:

a) Valid Radio packets are not available in
communication mandatory area and track profile
is not available (Including Traffic Direction) upto
(3000m or Movement Authority) , whichever is less.

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities The Onboard Kavach unit is fully responsible for the train
protection.
05.0verride (OVRD) Mode

Name of mode

Override (OVRD)

Symbol of mode

_B...

Definition

This mode enables the train to pass the signal at danger (End of
Authority).

Entry Conditions

The Override mode is entered, when all the following conditions
are satisfied:
1) Train is at standstill.
2) Loco pilots select Override mode from FS, OS and PT
modes.
3) Movement Authority is less than 200m. (Configurable).
This condition shall be relaxed when transiting from Post
Trip Mode.

Functionalities in
this mode

When 'OVRD' and 'CNFM' buttons are pressed by Loco Pilot on
run (if the Authority to proceed is received in advance) or at
standstill (after the receipt of Authority to proceed is received),
Onboard Kavach shall display 'Override Selected' and keep
informing this status to Stationary Kavach till passing the signal
foot or EOA. This feature enables passing signal at danger in the
following cases without undesirable braking from Kavach.
e Approaching LSS/IBS at ON where authority to proceed
is received by Loco pilot in advance.
or
e When 'radio communication failed ".

2]
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Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and the
permitted speed to the Loco Pilot in this mode.

Exit Conditions

The Onboard Kavach exits from Override mode when one of the
following conditions satisfied:

1) Time out - Default: 240s. (Loco Pilot shall cross the signal
within this time out; otherwise, the extended On Sight
Movement Authority will be truncated to the approaching
stop signal. Loco Pilot need to select override again for
moving further.

2) On Sight Movement Authority extended, when Track
Profile is available, received and Valid radio packets are
received (Enters into On Sight Mode).

3) Full Supervision Movement Authority extended , when
track profile is available and radio packets are received.
(Enters into Full Supervision Mode)

4) Enters into Staff Responsible mode for any of the
following conditions:

a) Valid Radio packets are mnot available in
communication mandatory area.

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities e The Onboard Kavach shall supervise the train speed and
permitted speed .

e Loco pilot is responsible for checking the track occupancy
in this mode when moving the train, because the track
may be occupied.

06.0n Sight (0S) Mode

Name of mode

On Sight (0S)

Symbol of mode

Definition

This mode enables the train to enter into a track section that
could be already occupied by another train or obstructed by any
kind of obstacle.

Entry Conditions

Onboard Kavach shall enter into On Sight mode in the following
cases:
1) Stationary Kavach shall extend On Sight Movement
Authority and Track Profile when Onboard Kavach is in
SR Mode.
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6)

Override of Main Stop Signals other than LSS/IBS/Auto:
When approaching signal is at danger, LP shall press
'OVRD' and 'CNFM' buttons within 200m (configurable) at
stand still after the receipt of Authority to Proceed as per
operating instructions. Loco enters into OS mode on
receiving On Sight Movement Authority from Stationary
Kavach.

Override of LSS/IBS signal: When approaching a LSS/IBS
at danger, LP shall press 'OVRD' and 'CNFM' buttons on
run if Authority to Proceed is received in advance. Loco
enters into OS mode on receiving On Sight Movement
Authority from stationary Kavach.

Override of Auto signals: When approaching an Auto
signal at danger, LP shall select 'OVRD' mode at standstill.
Loco enters into OS mode on receiving On Sight
Movement Authority from Stationary Kavach after the
train stops for one minute (Configurable) by day and two
minutes (Configurable) by night.

Override consecutive signals: When Consecutive signals
are in danger, Onboard Kavach shall stop on approach of
next danger signal (other than LSS or IBS) and LP shall
select 'OVRD' mode to get the On Sight Movement
Authority after the receipt of Authority to Proceed as per
operating instructions.

Override of stop signal leading to multiple routes:

a) Loco Pilot shall select override mode only after
receipt of Authority to Proceed as per operating
instructions.

b) Stationary Kavach shall transmit On Sight
Movement Authority for overrided danger signal
upto next nearest (where there are multiple
routes) approaching stop signal with speed
restriction as specified for each signal in Kavach
table of control.

c) Stationary Kavach shall also convey 'Route not
Known' information to the Onboard Kavach.

d) While approaching the next stop signal, based on
signal aspect, On Sight Movement Authority shall
be updated.

e) In case, On Sight Movement Authority is not
updated, when it is less than Override Selectable
distance (default: 200m which is configurable),
Loco Pilot shall select Override mode again.

f) After passing one signal at OFF aspect, Stationary
Kavach shall send Full Supervision Movement
Authority to Onboard Kavach to enter into FS
mode.
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e On Sight mode cannot be selected by the Loco Pilot, but
shall be entered automatically after the permission of
Stationary Kavach.

Functionalities in
this mode

e The Onboard Kavach shall supervise train movements
against a dynamic speed profile.

e The Kavach shall detect collisions in On Sight Mode, if
Kavach is functional in both the Onboards.

e The On Sight Movement Authority shall be erased after
the On Sight Movement Authority holding time (default:
120 seconds, configurable) on communication time out in
communication mandatory area.

e The extended On Sight Movement Authority after
override shall be limited to the approaching signal foot by
Stationary Kavach, if the signal is not crossed by the train
within 240 seconds (configurable).

e On Sight Movement Authority shall be extended up to the
foot of the stop signal (irrespective of its aspect) next to
stop signal being overridden, in case of entry into
override is from FS and OS modes.The next stop signal
aspect, marker and description (if available) shall be
linked only within 100m if no Kavach functional loco is
available between the Onboard Kavach and the
approaching stop signal.

e On Sight Movement Authority shall be extended up to the
foot of approaching stop signal irrespective of its aspect
in case of entry into override is from PT mode.The
approaching stop signal aspect, marker and description
(if available) shall be link only within 100m if no Kavach
functional loco is available between the Onboard Kavach
and the approaching stop signal.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and the
permitted speed to the Loco Pilot.

Exit Conditions

Onboard Kavach shall exit from On Sight mode, if one of the
following condition are satisfied:
1) After passing the signal at 'OFF', Stationary Kavach shall
provide Full supervision Movement Authority (Enters
into Full supervision mode).
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2) When a train passes a stop-signal at ON or End of
Authority, the Onboard Kavach shall enter into Trip
Mode.

3) When Loco Pilot sleets Reverse mode in standstill.

4) When Loco Pilot selects shunt mode in standstill.

5) When Loco Pilot selects override mode in standstill.

6) Enters into Staff Responsible mode for any of the
following conditions:

a) If no communication is available with Stationary
Kavach in communication mandatory area and
expiry of On Sight, Movement Authority.

b) When three consecutive tags are missed.

¢) Kavach Territory EXit tag is read.

d) Train traffic direction is unknown.

Responsibilities

e The Onboard Kavach shall supervise the train movement
against a ceiling On Sight speed specified by Stationary
Kavach.

e Loco pilot is responsible for checking the track occupancy
in this mode when moving the train, because the track
may be occupied or obstructed.

07. Trip (TR) Mode

Name of mode

Trip (TR)

Symbol of mode

:

Definition

When a Train in Full Supervision or On Sight Mode passes a
stop-signal at ON or End of Authority, the Onboard Kavach unit
shall enter into Trip Mode.

Entry Conditions

Trip can happen in any one of the following cases:
1) Due to Loco Pilot irresponsible operation.
2) Due to malfunction of Onboard Kavach.
3) Signal flying back to danger in the approach of the train
where there is no adequate braking distance.
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Functionalities in this
mode

The Onboard Kavach unit shall perform the Standstill
Supervision in Trip mode.

The Onboard Kavach unit shall command the emergency
brakes.

Closing the desk while being in Trip mode wili not cause
a mode change including standby mode but no
interaction with the Loco Pilot shall be possible as long
as the desk is closed, except isolation of the Kavach
on-board equipment.

Application of emergency brakes and train trip are two
different things. For example, exceeding the permitted
speed leads to application of the emergency brakes, but
as long as the train does not pass the EOA, it is not a train
trip.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and
permitted speed (which is zero in this mode).

Exit Conditions

On board Kavach exits the Trip mode when the Post Trip mode
is selected by Loco Pilot at Stand still.

Responsibilities

The Onboard Kavach unit is responsible for stopping the
train and for maintaining the train at standstill.

The Loco Pilot has to be relieved from the responsibility
for train movements during the condition. (Due to Loco
Pilot irresponsible operation.)

During the malfunction of Onboard Kavach, it shall be
isolated and put back to service, when it is proven that it
is safe for operations.

In case of (Signal flying back to danger in the approach
of the train where there is no adequate braking
distance.), the root cause for signal flying back to danger
is to be identified and mitigate as per railway
procedures.
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08.Post Trip (PT) Mode

Name of mode

Post Trip (PT)

Symbol of mode

Definition

This mode allows the train to be moved after the Kavach has
undergone Trip mode.

Entry Conditions

When the train enters trip mode, the Loco Pilot shall select Post
Trip mode in a standstill condition to move the train.

Functionalities in
this mode

On entering into post trip mode, the Onboard Kavach unit shall
release the command of the emergency brake, if the train is at
standstill.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and permitted
speed (which is zero in this mode).

Exit Conditions

The Onboard Kavach shall exit from the Post Trip Mode if the
following conditions are met:
1) When the train is at standstill, LP shall select override
mode to move forward. (linking distance is to be ignored.)
a) Further, on receipt of On Sight Movement
Authority with a speed limit of 15 Krnph
(configurable) enters On Sight Mode.
b) When communication is not available, Onboard
kavach shall continue in override Mode.
2) When the train is at standstill, LP shall select Reverse
mode to move reverse.
3) Enters into Staff Responsible mode for any of the
following conditions:
a) Kavach Territory Exit tag is read.
b) Train traffic direction is unknown.

Responsibilities

e The Onboard Kavach is responsible for maintaining the
Loco/train at standstill.

e In case, the Loco Pilot wants to move the train forward,
Loco Pilot shall select Override Mode after selecting the
Post Trip Mode.

e On receipt of Paper Authority, Loco Pilot shall select
Reverse Mode after selecting the Post Trip Mode to back
the train. When moving backwards, the train trip shall be
inhibited.
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09.Reverse (RV) Mode

Name of mode

Reverse (RV)

Symbol of mode

->

Definition

The Reverse mode allows the Loco Pilot to change the direction
of movement of the train and drive from the same cab, i.e. the
train orientation remains unchanged.

Entry Conditions

Onboard Kavach enters Reverse mode, when Reverse Mode is
manually selected by the Loco Pilot or Reverse movement is
detected through Cab input and the direction indicated by the
Wheel Sensor.

Functionalities in
this mode

e The Onboard Kavach wunit shall supervise train
movements against the following:
o a ceiling speed (Reverse mode speed limit
configurable, Default: 25 kmph),
o aconfigurable distance (Default: 500m) and
o a configurable time out (Default: 300s) for which
reverse movement is allowed.

e The position reports being sent by Onboard Kavach when
in reverse mode shall refer to the location of the driving
cab (as before reversing).

e When reverse mode is not selected, reverse movement
shall be detected based on Cab input and Wheel Sensor
direction, the MA should increase and brakes should be
applied within a distance of 2 meters (Configurable).

e Onboard Kavach shall ignore the RFID tag information
received in Reverse mode.

e Onboard Kavach shall blow horn in Reverse Mode.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display only the train speed
and the permitted speed.

Exit Conditions

In Reverse mode, the normally allowed movement is backwards,
and hence the Reverse Movement Protection avoids the train
running in forward direction. If the reverser is moved out of
reverse position, the Onboard Kavach exits from the Reverse
mode to Stand By Mode.
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Responsibilities

e The Onboard Kavach supervises a ceiling speed in reverse
direction.

e The Loco Pilot must keep the train movement inside the
distance to run as prescribed in the Authority given.

10. Shunt (SH) Mode

Name of mode Shunt (SH)
Symbol of mode .E
Definition This mode refers to the operational state of train movement for

the purpose of shunting.

Entry Conditions

This mode is entered by manually selecting Shunt Mode, only
when the train is at stand still from Stand By, Staff Responsible,
Limited Supervision, Full Supervision mode and On Sight mode.

Functionalities in
this mode

e Shunt signals are not monitored by Kavach system and
hence shunt signal passing at Danger can not be
supervised.

e As Shunting allows bumping into stable loads, hence
collision scenarios are not evaluated by Onboard or station
Kavach in this mode.

e The Onboard Kavach unit shall perform the Train Position
function.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed and the
permitted speed.

Exit Conditions

Onboard Kavach exits from shunt mode to Stand by mode when
one of following conditions are met:
1) No CAB is occupied or EM cocKk is closed.
2) Loco Pilot presses "Shunt" and "CNFM" button in
standstill.

Responsibilities

e The Onboard Kavach is responsible for the supervision of
the shunting mode speed limit (Default: 15 Kmph) within
shunting limits.

e The Loco Pilot is responsible for remaining inside the
shunting limits, train/engine movements and shunting
operations as prescribed in Station Working Rules and
General & Subsidiary Rules.
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11. Non leading (NL) Mode

Name of mode Non leading (NL)
Symbol of mode 5-6
Definition The Non-Leading mode is defined to manage the Onboard Kavach

of a slave engine that is either electrically coupled to the leading
engine (remote controlled)or NOT electrically coupled to the
leading engine (not remote controlled).

Entry Conditions

Non leading mode shall be selected by the Loco pilot when the
train is at standstill.

Functionalities in
this mode

e The Onboard Kavach shall attempt to transmit an
Onboard-to-Stationary Radio Packet at a periodicity of not
less than 02 minute on encountering any tag (excluding L.C
Gate Tag) in one of the randomly selected access time slots
merely to indicate the Onboard Kavach mode to NMS
through Stationary Kavach, when any desk is open.

e It shall be possible to use multiple traction
units/EMU/MEMUs /DEMUs without isolating the Onboard
Kavach equipment on traction unit(s) with an inoperative
cab by using Non-Leading mode.

e Information received from trackside shall not influence
the traction unit(s) within operative cabs.

e The train trip function shall be suppressed in traction
unit(s) with inoperative cabs.

Display
Information on
LP-OCIP

The Onboard Kavach shall display only the train speed.

Exit Conditions

This mode is exited manually by Loco Pilot when the Loco is Not
non-leading.

Responsibilities

The Onboard Kavach unit shall not perform any train movement
supervision in Non-Leading mode.
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12. System Failure (SF) Mode

Name of mode System Failure (SF)
Symbol of mode n
Definition In the event of a fault that impacts safety, the Onboard kavach

enters into System Failure (SF) mode.

Entry Conditions The Onboard Kavach shall switch to the System Failure mode in
case of a fault, which affects safety.

Functionalities in The Onboard Kavach is responsible for commanding the

this mode Emergency Brakes.

Display Information |-

on LP-OCIP

Exit Conditions This mode is exited, when the Loco Pilot isolates the Kavach

systema and runs the train under his/her responsibility.

Responsibilities e The Onboard Kavach is responsible for commanding the
Emergency Brakes.

e The Loco Pilot shall isolate the Kavach system and run the
train under his/her responsibility.

13. Isolation (IS) Mode

Name of mode Isolation (IS)

Symbol of mode Not Applicable

Definition In Isolation mode, the Onboard Kavach unit shall be physically
isolated from the brakes. In isolation means turning isolation
switch to ISOLATE position. In addition EM cock shall be closed in
case of pressure leakage.

The mode is entered, when Loco Pilot turns the isolation switch to
Entry Conditions ISOLATE position. Provided that the EM cock is closed in case of
pressure leakage.
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Functionalities in
this mode

e There shall be a clear indication to the Loco Pilot that the
Onboard Kavach equipment is isolated.

e Onboard Kavach shall attempt to transmit an
Onboard-to-Stationary Radio Packet at a periodicity of not
less than 02 minute on encountering any tag (ex-eluding
LC Gate Tag) in one of the randomly selected access
timeslots merely to indicate the Onboard Kavach mode to
NMS through Stationary Kavach, when any desk is open.

Display Information
on LP-OCIP

Exit Conditions

To leave Isolation mode, procedure described in Onboard Kavach
operating manual shall be followed. This procedure shall ensure
that the Onboard Kavach it is only put back into service when it
has been proven that this is safe for operation.

Responsibilities

Isolation of the Onboard Kavach is performed by the Loco Pilot
under his complete responsibility .

Mode Transition

Standby  Staff Responsible

A System Failure
Non Leading

Mode Transitions in Ver. 4.0

— » Manual Transition
—————— » Automatic Transition

38

Figure 11: Mode Transitions in Kavach Ver. 3.2
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Mode Transition

Procedure

Standby to Staff
Responsible Mode

e After Train configuration, Onboard Kavach prompts for
selection. Upon selection of the SR mode Onboard
Kavach enters into SR mode.

Staff Responsible to
Limited
Supervision Mode:

e This transition happens automatically when Onboard
Kavach reads two RFID tags and RF communication is
available with Station/LC Kavach.

Limited
Supervision to Full
Supervision Mode:

e This transition happens automatically when Onboard
Kavach in LS mode passes one stop signal at off signal.

Full Supervision to
Limited
Supervision Mode:

e This transition happens automatically when the
Onboard Kavach fails to read to consecutive Normal tags
or RF communication is not available with
Station/L.C/ABS Kavach in the communication mandatory
zone for 30 seconds.

e Loco Pilot has to acknowledge within 15s(configurable)
to avoid brake application by Kavach.

Limited
Supervision to Staff
Responsible Mode:

e Upon entering Non-Kavach territory, loco automatically
transits to SR mode.

e This transition also happens when Loco Onboard Kavach
fails to read more than two consecutive Normal tags.

e RF communication is not available with Station/LC/ABS
Kavach in communication mandatory zone for 30 sec
and section speed information is not available with
onboard Kavach for 3000m or Movement authority
distance (whichever is less).

e Loco Pilot has to be acknowledged within
15s(configurable) to avoid brake application by Kavach.

Full Supervision to
Staff  Responsible
Mode

e Upon entering Non-Kavach territory, loco automatically
transits to SR mode. Loco Pilot can also manually select
SR mode when the loco at Standstill.

e Loco Pilot has to be acknowledged within
15s(configurable) to avoid brake application by Kavach.

IMPORTANT: Failure to acknowledge any prompt within the specified 15-second window
will result in automatic system actions as stated above.

39
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Kavach functionality demonstration:

llustration for using Override mode and transition into Onsight mode

After Pressing OVED and CNFM buttons

0S Mode Aflter passing 200metres
OVRD selected LSS enters into FS Mode

MA:=200mir & 300 metres —*
; & !
| Train is Standstill

Figure 12: Illustration for using Override mode and transition into Onsight mode

e While the Onboard Kavach is working in FS mode, whenever any signal is
defective and authority has been received to pass the signal at Danger or to pass
an automatic signal at Danger, Loco Pilot has to make use of override mode.

e Loco Pilots need to stop the train near the signal at danger i.e. within 200m before
foot of signal (MA<200m). Loco Pilot needs to select OVRD and CNFM buttons to
select Override mode.

e Upon selection of Override mode, Onboard Kavach will transit into override mode
and on crossing the signal, Onboard Kavach will transit into Onsight mode. Loco
pilots have to drive cautiously in Onsight mode while moving the train, because
the track may be occupied.

e The Onboard Kavach will transit into Full Supervision mode depending on the
type of signal

o Last Stop Signal/ Gate Signal/Other type of Signals: when loco passes
LSS+200m or Gate signal+250m, for all other types of signals after crossing
the next signal at OFF aspect (other than Danger).

o IB Home and Auto signals: when loco passes IB Home+200m, Auto Signals
after crossing the next signal at OFF aspect (other than Danger).

40
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[llustration for using Post Trip Mode

Select P_TRP and CNFM Buttons

FS Mode 1.8S Trip Mode Post Trip Mode Full Supervision Mode

Figure 13: Illustration for using Post Trip Mode

e When an Onboard Kavach is in Full Supervision / Limited Supervision mode and
passes a stop signal at ON or End of Authority+30m, the Onboard Kavach unit
enters Trip Mode.

e Loco Pilot(LLP) has to select P_TRP and CNFM to select Post Trip mode. Onboard
Kavach will transit into Post Trip mode and onboard Kavach will supervise the
train movements against Post Trip mode Ceiling Speed Limit (15kmph).

e Onboard Kavach transits into Full Supervision mode If valid MA is received ,
Section Speed is known & Traffic direction Known and when the approaching
Stop Signal is crossed at OFF or a predefined distance (Default: 250m) is traveled.
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INTRODUCTION TO KAVACH SYSTEM
(STATIONARY KAVACH AND NMS)

Stationary Kavach Unit:
Stationary Kavach unit shall comprise of:
e Station/LC/IB Kavach Vital computer.
e Station Kavach Radio Unit.
e Station Master Operation cum indication panel (SM-OCIP).

Station/LC/IB Kavach Vital Computer:

The Vital computer shall generate messages to be sent to the On Board Kavach based on
information received from interlocking inputs, adjacent stationary Kavach,TSR
management system and information exchanged with the On Board Kavach units.Vital
computer architecture shall be minimum 2 out of 2.

The Vital computer shall have Real time clock synchronization facility with GNSS clock to
synchronise with other Kavach systems in hot standby mode.

The Vital computer shall have provision for the following:

i. . To interface with signalling inputs in a fail safe manner.

ii. The data shall be recorded at three levels.

iii. Ethernet port and 2 GSM/LTE interfaces for connectivity with Network monitoring
system (NMS) and key management system (KMS).

iv. To interface adjacent Stationary Kavach,TSRMS and Radio communication(LTE/5G),EI
etc. Minimum 08 no. of communication Ethernet port is required in stationary Kavach.

v. To interface with OFC (Dark fibre) for connectivity with Remote Interface unit
(minimum six port).

vi. USB/Ethernet interface to connect the laptop for downloading of log and other data
for diagnostic purposes.

vii. To interface with video display unit (VDU) to show real time display of loco
movements and signal aspects of the yard. However, Video display unit (VDU) itself is not
part of the Kavach system and optional as per requirement of the Zonal Railway needs.
viil. To interface with two numbers of Radio units.

ix.To interface with SM-OCIP.

There shall be provision of switching off display of signal aspect and signal template on
LPOCIP (DMI) through stationary configuration data. When configured so, stationary
Kavach shall send signal aspect as ‘undefined’ in radio data packet sent from stationary
Kavach unit to Onboard Kavach. On getting signal aspect as ‘undefined’, OnBoard unit
shall switch off the display of signal aspect and signal template on LPOCIP (DMI).
Stationary Kavach and Remote Interface unit (RIU) shall work with input Voltage of +110
V DC (+30%.-20%). If any other Voltage is used, necessary provision for conversion of
Voltage to be ensured by the firm.

Stationary Kavach shall be universally suitable for various types of signalling of Indian
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Railways with or without provision of color light signalling. By default, it shall be suitable
for interfacing with relays.

Stationary Kavach Radio Unit:

The radio communication network shall be used for the bi directional exchange of
messages between stationary Kavach and Onboard Kavach.

UHF full-duplex radio communication unit shall have hot standby provision with
separate cable and antenna for each radio, to communicate with Onboard Kavach.

If no communication is received from a registered Onboard Kavach unit for continuous 2
minutes for absolute block section and 30 seconds for automatic block section, the same
shall be deregistered by the stationary Kavach.

The stationary Kavach to Onboard Kavach regular packet shall be sent by switching
radio modems at predetermined intervals not exceeding 3 cycles for transmission
purpose, if both radio modems are working properly.

The communication mandatory zone for a stationary KAVACH shall include at least two
RFID tags prior to a distance of 1km from the first approaching signal of the respective
stationary KAVACH in Absolute Block Section. Communication is mandatory for the
entire automatic Block section.

The Station / Interlocked LC Gates / IBS unit shall periodically transmit in a manner not to
cause clashing of signals from two such stationary units.

In order to improve the throughput, on recognition of radio message from a fresh loco
pertaining to the territory of Stationary KAVACH unit, the Stationary KAVACH shall
allocate a Time Slot and Frequency Channel pair for Communication with that particular
Onboard KAVACH unit.

Stationary and Onboard KAVACH time slots and frequency channel pairs shall be
approved by User Railway.Care should be taken so as to not allocate adjacent time slots at
the same station.

Remote Interface Unit (RIU):

Remote Interface Unit (RIU) shall be used where remote signalling functions are required
to be fetched to a nearby Stationary KAVACH.

Remote Interface Unit (RIU) shall have provision for interfacing with signalling inputs in
a fail-safe manner.

OFC shall be the only medium for connecting the various RIUs to the stationary KAVACH
unit. The maximum number of dark fibres shall be four in each direction. Single mode
OFC shall only be used for Indian Railways Application.

The OFC ring network shall be formed to increase availability of the network. RIUshall be
connected with two modems each with two ports.

A single RIU shall be capable of communicating with two adjacent RIU units so that the
operations are not affected in case of communication link failure on one side only.
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A single RIU shall be capable of handling at least 32 field inputs.

RIU shall consist of Vital Input modules with minimum Two-Out Of-Two architecture.
Each vital input module shall have independent read channels to read the status of each
input. If the same state is detected after the timeout (6 seconds-Configurable) by any
channel, a comparison of the obtained input state between input channels shall be
performed. Unless the same status is detected for same input through various input
channels for definite time, corresponding input state will not be considered as safe for
further processing.

Station Master Operation cum Indication Panel:

Following indications/ buttons/ buzzers shall be given in the Station Master’s OCIP:

(i) Station Master’s Key

(i)LCD display (Minimum 4 Line x 20 char)

(iii) SoS indication

(iv) Health indication

(v) Audio Buzzer

(vi) Three Push Buttons (Common, Generation and Cancellation) to generate and cancel
the SoS.

(vii) Electromechanical non-resettable 6 digit counter for recording SoS operation.

(viii) TSR acknowledge button.

Signalling cable shall be used for button, counter and power supply. CAT 6 armoured
cables or OFC fibre shall be used for communication.

Health Indication shall be flashing green if stationary KAVACH is healthy and it shall be
made blank when Stationary KAVACH is not healthy and Red indication shall glow.

Key Management System (KMS) Server:

Key Management Server (KMS) is designed to share secret Authentication keys to
Stationary and Loco KAVACH units. Message origin authentication/message integrity is a
safety procedure ensuring the integrity and authenticity of messages during Radio
communication. These Authentication keys are used to protect the messages against
modification and to ensure that no one can
masquerade as the originator of the message. They are shared only after authenticating
the Loco KAVACH through OTP.
KMS is deployed on a secured server on the Internet. All the Loco KAVACH units request
for the Authentication keys periodically
and use the same for Radio Communication. GSM modules residing in the Event Logger
module are used to connect Loco KAVACH to GPRS (Internet).

e KMS is responsible for distribution of authentication keys to KAVACH systems for
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radio security.

Communication between Stationary and Loco KAVACH Units is based on AES-128

encryption.
GSM communication is used to transfer Keys to Loco and Stationary KAVACH.

A central KMS server is hosted at HeadQuarters to communicate authentication

keys to Loco KAVACH and Stationary KAVACH.

Single KMS is sufficient for all Railways. All the stationary KAVACH and Loco
KAVACH IDs and SIM card numbers are to be provided to Railtel, to update the

same in the KMS.

Communication between KMS and KAVACH is on GPRS and is currently being

upgraded to LTE.

Network Management System (NMS):

Network Management System (NMS) shall be provided over OFC Network (E1 interface)

for centralized monitoring of KAVACH

equipped Trains and Stations within the network. It is used for troubleshooting of error
events, off line simulation, real time monitoring of loco KAVACH etc. Stationary KAVACH

and Loco KAVACH transmit exceptional fault/critical messages to NMS.

A Central Server is present in the Division Control Room. All relay information and radio
packets exchanged between Station and Loco are logged in Central Server and accessed

through NMS.

Salient feature of NMS

45

Real time display of train movement on NMS monitors.

Offline display of train movement on NMS monitors at Normal, 2x, 4X, 8%, 16X &
32x speed.

Display of Data log in Spreadsheet (Excel Format).

Display of "Permitted Speed+ Current Speed Vs Location" and "Permitted Speed+
Current Speed V/s Time" including information

whether brake command is applied by KAVACH or not.

Ability to watch the NMS at Distant Location through the Internet (Password
protected).

Ability to extract offline data log through NMS.

Generation of Exception Reports - Loco KAVACH Unit-wise, Stationary KAVACH
Unit wise.

RFID Tag Set wise.
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e Prompt through NMS for missing one of the two RFID tags of same set.

e Prompt through NMS for missing both RFID tags of the same set.

e Prompt through NMS for missing communication packets overall below a set level
(say 20%) for moving train in the Communication mandatory zone.

e SMS Alert for repeated same RFID tag missing events in Full Supervision Mode.

e SMS Alert for any brake application command by KAVACH Loco forcing the train
to bring to a dead stop in Full Supervision Mode.

e SMS Alert for SPAD.

e SMS Alert for SPAD Prevention by KAVACH.

e Capturing of speed restrictions imposed by TSR Management System from
Stationary KAVACH after every update.

e Capturing health status and event log from Loco KAVACH if LTE is available.

GPS/GNSS Communication:

Time synchronisation is very important for seamless data communication among
various KAVACH units. Absence of time synchronisation often results in error/faults.
Multiple Access TDMA scheme is used in KAVACH which requires unified time
synchronisation. We do not have a Universal Time clock in India, hence we use GPS/GNSS
Clock to correct the Real Time Clock (RTC) of any system.

Station/LC/IBS Vital Computer shall have Real Time Clock (RTC) synchronisation facility
with GPS/GNSS clock to synchronise with other KAVACH systems in hot standby manner.
A GPS antenna is installed at the stationary KAVACH unit for time synchronization. Two
separate antennas for GPS shall be installed using a diverse path for high availability.
Diverse GPS are preferable to avoid common cause failures.

The Station/LC/IBS Vital Computer RTC should be synchronised with the RTC of all Loco
KAVACH Vital Computers and other KAVACH systems. The RTC of all the KAVACH units
are set with time reference to GPS/GNSS.

The factors affecting time synchronisation are temperature, inferior quality clocks,
resource constraints, high density and node failures. When the RTC of any Station/L.C/IBS
KAVACH or Loco KAVACH is not matching with the RTC of other KAVACH units, it
synchronises with the GPS/GNSS clock.

When CPU time of Station/LC/IBS KAVACH or Loco KAVACH and GPS time are not
synchronised, the time reference shall change

to other GPS.

If both GPS are failed, then the system shall work on CPU time for 30 minutes until the
situation is stabilised. If there is no stability
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After GPS time-out, the Loco shall transit out of Full Supervision Mode.
A GPS antenna is installed on top of the station building and connected to the station
KAVACH.

4]
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KAVACH OPERATION PROCEDURE FOR
LOCO PILOT

Switch ON Procedure of Onboard Kavach

Energize the locomotive and Develop MR (above 7kg/cm?*) and BP(4.8 kg/cm?) pressure as
per the practices in vogue. Switch on the Onboard Kavach as per the procedure given
below:

Switch on Kavach power MCB. LP-OCIP shall boot within 2 minutes. Ensure the
Leading/Non Leading switch available on LP-OCIP of Working CAB in case of
Locomotives/Conventional =~ EMUs (for Three Phase EMUs if
Leading/Non-Leading switch is available on LP-OCIP) in “Leading Position” .

2. Keep Kavach Isolation switch on NORMAL position.

e IRAB: Keep MR cock and EM cock in ON(Open) position (Provided on
BIU).

e E-70: Keep EM(Vital EB) cock of both CABs (below A9 handle in each CAB)
in ON(Open) position. Further place the IRU Bypass Switch of Active CAB
IRU in Normal Position.

3. e CCB 2.0: Keep EM cock (Isolation cock of SIFA magnet valve) provided in
CAB1 (below A9 handle) in ON(Open) position.

e EMU Conventional: Keep MR cock OFF(Close) and EM cock in ON(Open)
position.

e Three Phase EMU: Keep EM cock of Driving Cab in ON(Open) position.

e VandeBharat Express: Keep EM cock in ON(Open) position.

Once Loco pilot (LP) inserts BL or Reverser key, Onboard Kavach performs

& brakes functional test, on success it asks for train configuration and select Staff
Responsible(SR) or Shunt (SH) mode.
> Upon failure of brake test either Loco pilot (LP) can retest the same or he can
isolate Kavach for train movement.
& Until Loco pilot (LP) selects SR/SH mode, Onboard Kavach will be in Standby(SB)
Mode.
48
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Switch OFF Procedure of Onboard Kavach

Keep Kavach Isolation switch on ISOLATE position.

IRAB: Keep MR cock and EM cock in OFF(Close) position (Provided on BIU).

E-70: Keep EM (Vital EB) cock of both CABs (below A9 handle in each CAB) in
OFF(Close) position. Further place the (Interface Relay Unit) IRU Bypass Switch of
Active CAB IRU in Bypass Position.

CCB 2.0: Keep EM cock (Isolation cock of SIFA magnet valve) provided in CAB1
(below A9 handle) in OFF(Close) position.

EMU Conventional: Keep MR cock(Open) and EM cock in OFF(Close) position.
Three-Phase EMU: Keep EM cock in OFF(Close) position.

VandeBharat Express: Keep EM cock in OFF(Close) position.

Switch OFF power MCB.

Note: LOCATION OF MCBs/Isolation switch/Cocks for all OEMs and
Rolling stock is detailed in Sectio#4 II- 1V

Procedure of Brakes Functional Test and Train Configuration Selection

1.

49

Ensure the Driving Cab/Desk is activated by inserting the BL key (for Electric
Locos) or placing the Reverser handle in the forward position (for Diesel Locos).
Ensure that Main Reservoir (MR) pressure is above 8.75 kg/cm? and Brake Pipe
(BP) pressure is above 4.8 kg/cm? Onboard Kavach will wait until MR and BP
reach these limits.

Onboard Kavach performs an automatic brake test by applying NormalService
Brake (NSB), Full Service Brake (FSB), and Emergency Brake (EB) if conditions in 2
are met/fulfilled.

Train Type Selection & reconfirmation to be done using Up/Dn arrows followed by
Enter (soft keys) on LP-OCIP.

After completion of the brake test, the result will be displayed on the LP-OCIP. If
the brake test fails, the Loco Pilot can retest the brakes by pressing the ACK button
on the LP-OCIP. Until the brake test is successful, Onboard Kavach remains in
Standby mode. If the brake test fails continually, the Loco Pilot can isolate the
Kavach unit as mentioned in Section#3(I1).

On Successful completion of Brake Test, Loco Pilot shall select Train Configuration.
Train Configuration to be done as follows:-
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SR | PROCEDURE

PTRP REv oOVRD fSHNW® MBT SR CONFIG CNFM  INFO

BY pressing CONFIG followed by CNFM button on LP-OCIP

Train Type Selection

1. Light Engine

Press .v* to Mavigate Press Enter Key to Continue OR € ey for Previous Screen

h '. ‘. Enter Esc
Fig. 14(1) New Configuration Train Type selection screen

Select the Train Type from the available options.

Passenger Train Type Selection

Fress 'v‘.' to Mavigate Press Enter Key to Continue OR ﬁ}\'ay for Previous Screen

‘ ‘ " Enter Esc

Fig. 14(2) New Configuration Train Type selection screen

If we SELECT Train type as “passenger train” from the menu, a sub menu
appears on LP-OCIP To SELECT the appropriate Passenger Train Configuration.

o0
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Passenger Train Type Selection
Reconfirm The Selection

3. Passenger Train 7 Te 14 Coach

4. Passenger Train 0 To 6 Coach

Press '.’ to Navigate Press Enter Key to Continue OR 4l Key for Previous Screen

h ... ‘.' Enter Esc

Fig. 14(3) New Configuration Train reconfirmation screen

RECONFIRM the selection again

5. 26-Oct-2019

11:00:32 Mov. Authority

++4+
3000

2000

DC 0.47 TL 500 m Stand By

Select Staff Responsible or Shunt Mode

Tid-0, Dir-u

CHNFM INFO

Fig. 14(4) SR/SHNT mode selection screen

Upon reconfirmation, Onboard Kavach Prompts “Select Staff Responsible or
Shunt Mode”. If loco/train is being used for shunting operation, select the Shunt
mode by PRESSING soft key SHNT followed by CNFM.

Select Staff Responsible (SR) mode by PRESSING soft key SR followed by CNFM
for any operation other than shunting. On successful selection of the mode, the
mode name and mode symbol will be displayed on the LP-OCIP.

6. Now, Train can be operated with Kavach in Service. The loco pilot can run the
loco/train by following the usual operations to run the loco/train. Kavach is
designed to ensure compliance to IR operating guidelines relevant for that
mode.

ol
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Note:
a. whenever there is a change in Formation of Train. Loco Pilot needs to do Train
Configuration as per above procedure.
b. Loco pilot shall correctly select train configuration at the following:
i. At the start of mission and
ii.  Whenever formation changes.
c. The above procedure will be the same for MEDHA and KERNEX. However, for
HBL, train configuration followed by brake test will be performed.
d. If the loco pilot does not select the correct train configuration, safe braking
distance by Onboard Kavach cannot be assured.

Procedure for SOS Generation and Reception in Onboard Kavach:

Manual SOS:
Whenever a Loco pilot(LP) detects an emergency situation and wants to alert other
trains, he has to press ‘SOS’ and ‘COMMON’ on LP-OCIP simultaneously to generate
Manual SOS.

Unusual Stoppage SOS:

If a train stops in a block section in spite of line clear, Kavach asks Loco pilot(LP) for
acknowledgement. He has to ‘Acknowledge/Cancel’ button on LP-OCIP within 15
seconds. If not acknowledged, Onboard Kavach broadcasts SOS messages and brakes will
be applied. To cancel the already broadcasted SOS message, the loco pilot has to press
‘Acknowledge/Cancel’ and ‘Common’ buttons simultaneously.

SOS Reception consequences and normalization:
Whenever Onboard Kavach receives SOS from any Loco/Station, trains approaching the
originating source of SOS(within 3000 m of location of SOS originating station) shall
apply brakes to bring the train to standstill. Further trains can be operated upto a
maximum speed of 30 Kmph till the train passes the source of SOS generation. The
normal speed will be restored only in the following conditions:

e SOS message is canceled by the source.

e Train/Loco is moved away to more than 1500 m from the SOS source.

e SOS message is not received from the source for more than 3 minutes.

Collision scenarios and action by loco Pilots:

Collision Situations:
A. Head on Collision :
Whenever two Kavach equipped Trains are in ON and working condition
enter into same line in Block section and starts to move in opposite
direction, Onboard Kavach detects this situation (Only when Radio
communication is available between two Kavach equipped trains which

02
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are in On and working condition) and alerts the Loco pilot to apply brakes
to avoid collision. If Loco Pilot really wants to move ahead, LP can select
shunt mode/non-leading mode.

Message as shown below is displayed on DMI/OCIP on detection of head on
collision scenarios.

Head on Collision with Loco 233318 in 4500m

. Rear end Collision:

Whenever two Kavach equipped trains which are in ON and working
condition enter into same line in Block section and starts moving in the
same direction, rear train Onboard Kavach detects this situation (Only
when Radio communication is available between two Kavach equipped
trains which are in On and working condition) and alerts the Loco pilot to
apply brakes to avoid collision. If Loco Pilot really wants to move ahead, LP
can select shunt mode. Leading loco onboard Kavach have no impact in
this situation.

Message as shown below is displayed on DMI/LP-OCIP on detection of rear
end collision scenarios.

Rear End Collision with Loco 235641 in 5400m

Train movement from Kavach section to non-Kavach section

Onboard Kavach identifies the train movement from Kavach section to non-Kavach
section by reading the exit tag. On reading the exit tag, Onboard Kavach will transit to
Staff Responsible(SR) mode and Loco Pilot will be prompted to acknowledge the same by
pressing the ACK/Cancel button within 15 seconds (configurable). If not acknowledged,
brakes will be applied by the Onboard Kavach until Loco Pilot acknowledges by pressing
the ACK/Cancel button.

SHUNTING OPERATION PROCEDURE

03

Activation of Shunting: Loco pilot presses SHNT then CNFM on LP-OCIP while
LOCO is stationary.

Make sure to follow the station working rules and general/subsidiary rules

For exit from the Shunting mode: Repeat activation process i.e. Loco pilot presses
SHNT then CNFM on LP-OCIP while LOCO is stationary
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PROCEDURE FOR Leading/NON-LEADING Switch OPERATION

For single Locomotives:
Ensure the Leading/Non Leading switch available on LP-OCIP of Working CAB
Locomotive in “Leading position” when the train/loco is at standstill.

For multiple locos:

Leading loco performs Train Supervision, hence the Leading/Non-Leading switch of both
LP-OCIPs(both CABs) shall be kept in Leading position when the train/loco is at standstill.
The trailing locomotives do not perform Train Supervision, hence the
Leading/Non-Leading switch of both LP-OCIPs(both CABs) shall be kept in Non-leading
position when the train/loco is at standstill.

CAUTION: The Leading/Non-Leading Switch should not be placed in Non-Leading
Position in a single loco/train formation. In case a Loco pilot operates the
Leading/Non-Leading Switch to Non-Leading Position, it must be noted that Kavach will
not perform train supervision and will not provide any protection to the loco/train. The
entire responsibility for the safety of the train rests on the loco pilot.

SPAD AND TRAIN TRIP RECOVERY

e Selected by loco pilot by pressing soft keys P-TRIP followed by CNFM on the
LP-OCIP.

e By loco pilot: By pressing ACK/Cancel button on the LP-OCIP. Can be selected
only when loco is stand still and Onboard Kavach is in Trip mode

e When a loco pilot presses the ACK/Cancel button on LP-OCIP, the Emergency
Brake is released by Onboard Kavach, allowing the train to move. Onboard
Kavach will supervise train movements against the Ceiling Post Trip mode speed
(default is 15 kmph).

DOs and DON'Ts
1. DOs

SR. | DESCRIPTION

1. | Check for intactness of Onboard Kavach, LP-OCIP equipment & BIU before
switching ON of OnBoard Kavach. Loco Pilot(LP) shall intimate the status to
concerned traction Loco Controller (TLC) / power Controller (PRC) about the
broken seal on Onboard Kavach and LP-OCIP.

2. | Read and understand this user manual thoroughly.

3. | Acknowledge the alerts on LP-OCIP, immediately within the specified time.

ol
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Properly select the train configuration (Goods/ Formation/ Light Engine) and
operating modes.

When switching ON Onboard Kavach,
a. Switch ON required MCBs when activating Onboard Kavach
b. Put Isolation switch in Service/Normal mode
c. Open EM and MR cocks(wherever applicable)

When switching OFF Onboard Kavach,

a. Place Isolation switch in isolation mode

b. Close EM and MR cocks(wherever applicable)

c. Switch off all MCBs when switching off Onboard Kavach.

Handle LP-OCIP with care

Loco Pilot has to inform the Traction Loco Controller (TLC) / Power
Controller (PRC) whenever Onboard Kavach is defective, so as to attend the
failure by concerned Railway/OEM staff at the earliest.

LP shall follow the G & SR provisions and operational requirements issued
by ¢ Railways.

2. DON’Ts

SR.

DESCRIPTION

Don’t attempt any repair work.

Don’t switch OFF power to the Onboard Kavach system, when it is
functioning

Don’t remove system modules or connectors, Radio Modems and Antennae
connections when Kavach is functioning.

Don’t isolate the Onboard Kavach when the Train is in movement.

09
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DMI Messages and Indications

Turn Ouwt

Target

200

\
1433 m LOC : 61.84 Km @ 02363 m

DC 0.35 TL 550 mts Full Supervision

Messages from serial No. 1-46 displayed here

Messages from serial No. 47-60 displayed here

P_TRP REV OVRD  SHNT MBT SR CONFIG

Fig.15 Context Messages for the Loco Pilot

SR |Messages for the Loco Pilot

1. System Fault, Isolate or Restart TCAS

2. Ack Loco stop in Block Section, SOS Generates in XX s

3. Emergency Brake Bypassed(EB cock Closed), No Traction
4. Train Tripped, Select P_Trip

5. Brake Applied, Dead End Detected

6. Brake Applied, Movement in StandBy Mode

7. Brake Applied, Rollback Detected

8. Reverse Movement Not Allowed, Use REV mode

9. Forward Movement Not Allowed in REV mode, Use SR mode
10. |Ack SR mode - TCAS Teritory Exit

11. |Ack SR mode — Radio Comm Fail with Station

12. |Ack SR mode — No Section Speed Info

13.  |Ack LS mode — Radio Comm Fail with Station

14. |Ack LS mode — No Section Speed Info

15. |Ack Repeated Red signal Override

16. [Head On Collision with Loco XXXXX in YYYY m

17. |Rear End Collision with Loco XXXXX in YYYY m

18. |Override selected, Pass Signal in XXXs

19. |Reverse Mode Expires in XXXXm or YYYs

06
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20.

Manned LC Gate XXXX approaching in YYYYm

21.

Unmanned LC Gate XXXX approaching in YYYYm

22.

LS mode Waiting for Radio Comm with Station

23.

LS mode Waiting for Section Speed Info

24.

Both Leading & Non-leading Inputs are Active

25.

Train Length Computation in Progress

26.

Train Length Computation Success (XXXXm)

27.

Train Length Computation Fail (XXXXm)

28.

Train Length Computation Aborted

29.

TurnOut in XXXXm with Speed Limit YYYkmph

30.

TSR in XXXXm with Speed Limit YYYkmph (for future use)

31.

PSR in XXXXm with Speed Limit YYYkmph

32.

End of Authority in XXXXm

33.

TCAS Territory Entry

34.

System Self Test in Progress

35.

System Self Test Success

36.

System Self Test Fail — XXXX

37.

Brakes Testing — Waiting for MR X.YY( X.YY)Kg/cm?

38.

Brakes Testing — Waiting for BP X.YY(X.YY)Kg/cm?

39.

Brakes Testing — NSB Applied, BP-X.YYKg/cm?

40.

Brakes Testing — FSB Applied, BP-X.YYKg/cm?

41.

Brakes Testing — EB Applied, BP-X.YYKg/cm?

42.

Brakes Testing Success

43.

Brakes Testing Fail ( NSB,FSB, EB)

44.

Brakes Testing Fail, Press ACK for Retest Brakes

45.

Select Train Configuration, Press Config Button

46.

Select Staff Responsible or Shunt Mode

SR

Messages for the Loco Pilot

47.

SOS — Self Loco ( Manual )

48.

SOS — Self Loco ( Stopped in Block section )

49.

SOS - Self Loco ( Train Parted ) (For Future Use)

50.

SOS — From Loco XXXXX ( Manual )

51.

SOS — From Loco XXXXX ( Stopped in Block section )

52.

SOS — From Loco XXXXX ( Train Parted ) (For Future Use)

53.

SOS — From Station XXXXX ( SOS to All Locos)

54.

SOS — From Station XXXXX ( SOS to This Loco)
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55. |Over Speed, Please Reduce Speed
56. [Brake Applied, Speed Limit Exceeded
57. [FSB will be applied in YYYS
58. [EB will be applied in YYYS
59. |BIU Isolated
60. XXXXXXX Train Type selected

Limitations of Kavach and IMPORTANT Note to the Loco Pilot

1.

© N

10.
11.

12.

o8

Kavach is only an additional safety aid to loco pilot. The primary responsibility for
regulating the speed of the train and stopping it at the correct location solely rests with
the locomotive pilot. This does not absolve the locomotive pilot of their responsibilities
in any way.

Loco Pilot has to follow line side Signals, Caution Orders, Warning boards and Whistle
as per the prevalent operating rules. The signal aspect displayed on the LP-OCIP of
onboard Kavach is only an additional aid to the Loco pilot.

When the onboard Kavach is switched ON and started in SR mode from a
non-Kavach section, as and when the train enters into Kavach section, depending on
the availability of information, the Onboard Kavach will transit into LS mode and finally
to FS mode automatically without any intervention from the Loco pilot.

Similarly when the Train enters into Non-Kavach Section from a Kavach Section,
Onboard Kavach will transit automatically into SR mode and Loco Pilot needs to
acknowledge the transition into SR mode within 15s (configurable) to avoid brake
application by Onboard Kavach. Whenever there is a degradation in operating mode
Loco Pilot's Acknowledgement is needed.

The operation of Kavach shall, no-way, infringe / override the rules of normal train
operations on Zonal Railways as per G&SR and other instructions issued for train
operations. Hence, Loco Pilot(LP) shall ensure compliance to G&SR and other
instructions issued for train operations.

For any clarifications, please refer to RDSO specifications and guidelines issued from
time to time on Kavach Version 3.2, as well as the manuals approved by RDSO from
M/S Medha, M/s HBL, and M/s Kernex Kavach.

This Loco pilot Operation Manual is prepared for understanding of Kavach operations.
Check for Green LED indication of Health Status on LP-OCIP.

LP needs to follow the General and Subsidiary Rules for Passing Auto Signal at ‘ON’
and not to rely on ceiling speed permitted by Kavach.

The sequence of mode transitions is indicated in the above diagram.

LP needs to select isolation mode in the block section for carrying shunting operations
in the block section since shunt mode is applicable only in the yard.

In case of RF communication failure, please follow the instructions detailed at section
2.(I1)
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13.

14.

15.

16.

17

18.

Choose the appropriate train configuration as per the train type from the available
combinations displayed in the LP-OCIP.

Refer section IV.2(b) for the procedure to be followed while working in staff responsible
mode.

In case of continuous horn blowing due to any failure on Kavach side, isolate the horn
by closing the horn Isolation cock of Kavach.

LP may experience undue brake intervention in the event of signal
non-correspondence (Signal at site might be different from the signal indicated on
LP-OCIP). Isolate the onboard Kavach and restart the onboard Kavach at the next
stop.

.Whenever BP drops immediately after Switching ON of Kavach and not restoring

back, try isolating the Kavach as per Switch OFF procedure mentioned above.

In CCB 2.0 locomotives, whenever Brake Pipe Pressure(BP) is not created even after

isolation of Kavach and ensuring cock position as per Switch off procedure, operate the

connectors on the Train Protection Module(TPM) as per the procedure given below.
MCE OFF

o remove the cable (795018 & 787603) from TPM-J1 & J2 & MPIO-]2.
o connect Cable no- 795018 between MPIO-]2 & PS)B-100A as below picture.
o MCE ON

Figure 16: CCB 2.0 locomotives

Recording of Kavach incidences noted during run in CMS and Engine Book:

09

Loco Pilot to ensure that any trouble noted in Kavach system to be recorded in CMS
during Sign-OFF and also in the Engine book.
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LOCO KAVACH SYSTEM WORKING (MCB,
ISOLATION SWITGH, AND COCKS FOR
DIFFERENT OEMS)

All OEMs MCB Location

Three phase EMU

Fig. 17(1) Fig. 17(2)

Medha: One MCB - AWS Supply in CRW panel and two no. of MCBs at onboard Kavach

Fig. 17(3) Fig. 17(4)
HBL: One MCB - AWS Supply in CRW panel and two nos. of MCBs at onboard Kavach

Fig. 17(5) Fig. 17(6)
Kernex: One MCB-AWS Supply in CRW panel and One MCB at onboard Kavach
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Three phase locos
Fig. 17(7) Fig. 17(8)
Medha: Two nos. of MCBs at on board Kavach Kernex: One MCB at SB-1 PANEL
Fig. 17(9)
HBL: Two nos. Of MCBs at SB-1 PANEL
Vande Bharat
g W T : I..-.-n-.\;h\\!-_llﬁ‘f-‘
Fig. 17(10) Fig. 17(11)
Medha: Two nos. Of MCBs at Onboard Kavach HBL: Four Nos. of MCBs at Onboard Kavach
Conventional loco
Fig. 17(12) Fig. 17(13)
HBL: Two nos. Of MCBs beside of Pneumatic Medha :Two nos. Of MCBs On Onboard Kavach
Panel
63
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Fig. 17(14)
Kernex : One no. of MCB in TB board

Diesel loco

Fig. 17(15)
Medha: Two nos. Of MCBs at onboard Kavach

Fig. 17(16)
Kernex: Five nos. Of MCBs in adjacent to
Onboard Kavach

HBL: Kavach MCB(two) besides Pneumatic
panel

Conventional EMU

Fig. 17(18)
Medha: Two Nos. of MCB at Onboard Kavach

Fig. 17(19)
Kernex: One no. of MCB near Onboard Kavach
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Fig. 17(20)
HBL: Two nos. Of MCBs at contactor panel

Summary of MCBs to be operated rolling stock wise across all OEMs
Rolling stock MEDHA HBL KERNEX

Diesel loco Two Two Five
Conventional loco Two Two One

Three phase loco Two Two One

Three phase EMU Three Three Two
Conventional EMU Two Two One
Vandebharat Two Four Not yet Installed

All OEMs Isolation Switch Location

Three

hase EMU

IR

Fig. 18(1)
Kernex: Isolation switch near contactor panel

Fig. 18(2)
Medha: Isolation switch On onboard Kavach

63
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Fig. 18(3)
HBL: Isolation switch on BIU box

Three phase loco

Fig. 18(4) Fig. 18(5)
Medha: Isolation switch on top of Onboard Kernex: Isolation switch near Onboard Kavach
Kavach
NDIAN"RAILWAY PROPERTY,
HMBL -

a BRAKE
il

Fig. 18(6)
HBL: Isolation switch on top of E-70 Interface Unit

Vande Bharat

Fig. 18(7) Fig. 18(8)
Medha: On top of Onboard Kavach HBL: Near onboard Kavach
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Conventional loco

Fig. 18(10)

Fig. 18(9)
Kernex: Kavach Isolation switch Medha: Kavach Isolation at onboard
atPn.panel kavach

Fig. 18(11)
HBL: Kavach Isolation switch at BIU unit

Die

sel loco

Fig. 18(12)
Kernex: Kavach Isolation switch

Fig. 18(13)
HBL: Kavach Isolation switch at BIU unit

Fig. 18(14)
Medha: Kavach Isolation switch at
onboard kavach
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Conventional EMU

Fig. 18(15) Fig. 18(16)

Medha: Ontop of Onboard Kavach Kernex: Near Onboard Kavach

Fig. 18(17)
HBL: Near Onboard Kavach

Summary of Isolation Switch to be operated across all OEMs

Rolling stock MEDHA HBL KERNEX

Diesel loco, | Switch with | Switch with | Switch with
Conventional loco, | positions: Normal | positions: Service | positions:  Normal
Three phase loco, | and Isolation and Isolation and Isolation

Three phase EMU,
Conventional EMU
and Vandebharat

All OEMs Cocks Locatios

Three Phase EMU Vande Bharat

Fig. 19(1) Fig. 19(2)
ALL Makes: EM(AWS cock) In the Pneumatic Panel ALL Makes: EM cock (left side of LP seat)
below Driver Desk
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Three Phase Locomotive E-70 Three Phase Locomotive CCB

Fig. 19(3) Fig. 19(4)
ALL Makes: EM cock below A-9 in each CAB ALL Makes: EM cock below driver desk in
CAB1

| IRU in NORMAL POSITION l l

Fig. 19(5) Fig. 19(6)
ALL Makes: IRU Bypass Switch on top of IRU in ALL Makes: IRU Bypass Switch on top of IRU
each CAB in each CAB

Conventional/Diesel Locos

Fig. 19(7) * Fig. 19(8)

Medha: Conventional/Diesel Locos Kernex: Conventional BIU MR and EM cock at

MR and EM cock at BIU unit BIU unit

Fig. 19(9) Fig. 19(10)
HBL: Diesel loco EM cock at Pn.panel HBL: Diesel loco MR cock at Pn.panel
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ZZ

Fig. 19(11) Fig. 19(12)
HBL: Conventional loco EM cock at beside of CPs HBL: Conventional loco MR cock at beside of

CPs

Conventional EMU

Fig. 19(13) Fig. 19(14)
Kernex: Conventional EMU MR cock at back side of Kernex: Conventional EMU EB coc at bottom

LP center door of drivers desk

vl ol ofs s ¥

Fig. 19(15) Fig. 19(16)

Medha: Conventional EMU MR cock at back side Medha: Conventional EMU loco EB cock at
of LP center door bottom of drivers desk

Fig. 19(17) Fig. 19(18)

HBL: Conventional EMU MR cockat back side of LP HBL: Conventional EMU EM cock at bottom of
LHS door drivers desk
70
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Cock Nomenclature:

1. Emergency Magnet(EM) valve Isolation cock : One Emergency Magnet Valve is
mounted on the BP pipeline which is used for exhausting BP in the event of an
Emergency Brake Application. The isolating cock for this Emergency Magnet
valve is named EM cock. The Isolation/closing of this cock will prevent venting of
BP.

2. Main Reservoir(MR) cock: It is available in IRAB brake System(both Diesel and
Electric Locomotives) and in Conventional EMUs.

3. Interface Relay Unit(IRU) Bypass Switch: This needs to be operated only in the
case of E-70 Brake System. This switch is available on top of IRU below A9 in each
CAB.

Summary of cocks to be operated rolling stock wise across all OEMs

Rolli tock MEDHA HBL KERNEX

olling stoc MR EM MR EM MR EM
Three Phase loco (E-70)* - Two - Two - Tne
Three Phase loco (CCB)** - One - One - One
Three phase EMU -- One - One -- One
Vandebharat - One - One - One
Diesel loco One One One One One One
Conventional loco One One One One One One
Conventional EMU One One Three One Two One
Note:
*In E-70 brake system operate the EM cock and also operate the IRU Bypass switch of
active CAB

**In CCB operate only one EM cock which is available in CAB1
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Brake Interface Unit (BIU) and
Troubleshooting related to Kavach

Brake Interface Unit (BIU)

Air Brake System

10

Locomotive is equipped with two brakes i.e. Automatic Brake (Formation Brake
with BP Dropping) and Direct Brake(Independent Brake without BP Dropping)
Popularly known as  A9(Automatic  Brake/Formation  Brake) and
SA9(Independent/Direct/Locomotive Brake)

The air required for the brake system and also for additional associated systems
viz. EP contactors, horns, wipers etc. is generated by compressors. This air
developed by the compressors is stored in the reservoir which is known as Main
Reservoir (MR). It maintains a pressure of 10kg/cm2.

The air required for application of brakes in the formation is also generated from
locomotive.

BP (Brake Pipe) and FP(Feed Pipe) are the air supply pipes which are running
along the train. The pressure in these pipes is generated from the air supply
source of the locomotive which is MR.

Nominal pressure of BP is 5.0kg/cm2.

Nominal pressure of FP is 6.0kg/cm2 — In twin pipe system the FP is used for quick
releasing of brakes. During Brake Application, FP has no role.

The pressure levels and the application and release timings are guided by UIC
standard.

SA9 will enable brake application only the locomotive — there is no BP dropping.
A9 will enable brake application in locomotive and as well as in the formation -
Along with BP dropping.

PVEF- The application of brakes in the locomotive during A9 operation can be
disabled through an electrical valve which is known as PVEF.
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E7O0
(Faiveley)

ccB
(Knorr Bremse)

Locomotives

3 Phase L
(WAP-5 7 WAG-9)
Conventional

[ Electrical

o
IRAB

WAP-4, WAG-T |

cCB 1.5
(Knorr Bremse)

3 Phase

ccB 2.0
(Knorr Bremse)

HHP
(VWDG-4D, WDP-4D)
Diesel
Locomotives
Conventional (Medha, HBL, Lotus)
(ALCO Locos) ‘
DNESEA WM S ien CCB (very few)

IRAB

(Knorr Bremse)

}—[ EP braking l

EMU
| - I<: Conventional }——{ EP braking ]

Brake systems

IRAB cCB

E-70

3-phase H

KAVACH
Electric Loco

specific BIU Universal BIU

HP

CCB 1.5 J— CCB 2.0

Fig. 20 HBL: Brake system types
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12

Light Engine Operation: No coaches or Wagons are connected. It can be used
during Multi Unit operation of Locomotives. Loco Pilots shall use SA9 which is
known as loco brake.
Brake Cylinder Pressure — 0-3.5kg/cm2* (0 when released and maximum possible
pressure is 3.5+/-0.2kg/cm2*)
The Brake Application Time (BAT) is max. 8s* and Brake Release Time(BRT)
10-15s*
Loco pilot can control the brake cylinder pressure as per his driving technique to
any level between 0-3.5kg/cm2
BAT and BRT are the same for the SA9 interface whether the locomotive is a goods
locomotive or passenger locomotive.
Automatic Brake : When coaches or Wagons are connected. Loco Pilots shall use
A9 which is known as Formation Brake.
o A9is having 5 different positions (UIC 541 03)
m Release (5.4 +/-0.1 kg/cm?2)
m  Run (5.0 +/-0.1 kg/cm2)
m Initial(4.6 +/-0.1 kg/cm2)
m Full Service (3.35 +/-0.2 kg/cm2)
m  Emergency(<0.3 kg/cm2)
o Brake Pipe Pressure level determines the type of brake application.
o For a BP of Full Service, the Brake Cylinder(BC) pressure is 2.5+/-0.1 kg/cm2
o Brake Application (BAT) and Release (BRT) timings depending upon the
selection of Distributor valve (UIC 540)
m For Passenger Trains — BAT: 7.5+/-1.5 s and BRT 21+/-3 s*
m For Goods Trains — BAT: 17.5+/-2.5 s and BRT 52.5+/27.5 s*
m *Ref- TC-113 of RDSO
The Brake Cylinder pressures levels, BAT and BRT are different for SA9 and A9
operation.
BP reduction from locomotives — Based on the design of coaches the Brake
Cylinder Pressures will be generated in proportion to the reduction of BP.
ICF — Max. BC pressure for Full Service Brake Application is 3.8kg/cm2
LHB- Max. BC pressure for Full Service Brake Application is 3.0kg/cm2
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— Mechanical brakes
(essential for safe and
reliable rolling stock braking)

— Adhesion brakes

— Electric brakes

— Tread brakes
— Axle-mounted disc brakes

— Wheel-mounted disc brakes

— Non-adhesion brakes —|: Air resistance braking
Rail brakes

Brake Cylinder Pressure

Dynamic brakes

— Regenerative brakes

Air pressure in the brake cylinder depends on the brake pipe pressure according to UIC
leaflet no.540 requirements that impose the characteristic shown in fig.3.

A
3.7 .39

brake cylinder pressure [bar]

34..37 48..5
brake pipe pressure [bar]

.

manageability domain of
indirect air brake system

Fig 21. Brake cylinder buildup time

13
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Braking Curve

120 kmph

110 kmph \\
FSBD based Braking Z

=== WAP7

= = NI

Fig. 22. Brake curve of locomotives

SPECIFICATION REQUIREMENTS

e Onboard Kavach unit shall obtain the braking parameters from the train
configuration selected by LP — Ex. LE, Passenger & Freight.

e Normal brake (NB) shall be used for Ceiling speed Monitoring

e Full Service Brake (FSB) shall be applied based on Speed Margin

e Emergency brake (EB) shall be applied in case of system failure, trip and in case of
exceeding the limit of EB speed.

e The braking curve shall be derived such that the train shall stop within 5m by
application of FSB and in overlap through application of EB.

BIU Features

e BIU shall not reduce the braking level initiated by Loco Pilot. However, onboard
Kavach can increase the levels of braking over loco pilot initiated braking as and
when need arises. It shall be possible to increase the extent of brake level by loco
pilot, if he desires so.

e BIU shall not modify the existing braking characteristics of locomotives as well as
other self propelled vehicles treated as trains.

14
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It shall automatically cut off traction/regression at the instance of onboard Kavach
unit initiated braking & traction shall be enabled after withdrawal of onboard
Kavach brake commands.

BIU works parallel to Locomotive brake system

Does not affect brake characteristics of locomotive/train

Can override the loco pilot braking and vice-versa-higher braking prevails

BIU initiated braking can not be reduced by loco pilot

Manual and automatic isolation possible

Brake Interface: Vital EB

During emergency brake application, air must be released into the atmosphere
from the main brake pipe by some form of direct mechanical action which opens
up large outlets. (Defined in UIC 541-03 (Driver’s Brake Valve)). This feature is
implemented in the A9 valve.

This functionality for the Kavach interface is replicated through the EP coil which
opens up BP pressure to the atmosphere during emergency brake application.

Braking Algorithm

Elements affecting Braking Distances
o Brake Build Up times

O

Traction Cut off Interfaces

O

Speed dependant deceleration values
Gradient

O

Brake Buildup Time

A brake |
) 1| —
9%

Fig. 23 Brake buildup time

time

15
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e For trains when the brake is applied it takes some time to actually get the brake
force. This is called brake lag.
o Brake propagation time
o Brake Build time
e t0-t1:Time lapse between command of the brake by onboard & moment of the
brake force to starts to build up
e t1-12:Time interval between zero to 95% of full brake power.

Gradient

Onboard Kavach gets track gradient as a profile and same will be used for computation
of weighted average which then gets compensated with rotating mass of the train.

Static Speed Profile

130 Kmph

110 Kmph

80 Kmph

Target Speed % Sincl !
Monitoring arget Spee A\ =000
WAP7 Teraet Spoed Monitoring A\
-22LHB g \
70 Kmph
% \- 60 Kmph Ceiling Speed
Ceiling Speed Monitoring
Monitoring

VB Express
_‘-——.._\\

=

Fig. 24 Static speed profile
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BLOCK DIAGRAM OF BIU OF IRAB

BIU -IRAB PNEUMATIC CIRCUIT
AGQ | rmow s '.'-"u‘:;",‘ FROM MR SA9 PO A '::,u 1 oM
: 5.5 5
! zt
" [ sl
!
i
! e p—— sz ol iip
[ 15.5,5) s | -
' L » o
i | waLve
[ T i
! -
L T vALVE |
|
!
i ol e
i
I 5 B
| (- I "
bl e ssa E T D i

Note:-
LPSR: Low pressure sensor
3/2 &2/2 - Electrically
operated valves
3/2 - Energized : o/p of LPSR
given to IRAB
: « 342 -de-energized :LP
i ) command directly routed
EPC-BP : Electric Pneumatic
cantroller for BP
2/2 - energized to open
QRY - Quick release valve
' *  DCV : double check valve

Fig. 25 Block diagram of BIU

BRAKE INTERFAGE UNIT

ELECTRONIC
[ MODULE
| KAVACH :
Degatal Dgtal
! | input Cord | | Output Cave |
Contrel | | Analog |
Card Input Card

Comarad Unit Praumatic |
r:mmm | Power Supply |

1

Powsr Operational
Cutalt | pgy Voltage o
Ralay | Laptop Praumatic Panal

& Feadbuck'y |
M| PRESSURE SENSORS  |fwied (RAB PANEL

PHEUMATIC PANEL
Al SAD Handin
Aulo Braks Indepandant
Conired Brewks Control
et A Handle
o EMERGENCY dusss  KAVACH
cuTouT |

Block diagram of Loco brake Interface

+ Electronic Module:

It consists of a Control Card having
built-in air brake control logic.

Control Card interfaces with
Analog Input Module, Digital Input
Module & Digital Output Module to
monitor and control air brake
application/ release.

* Pneumatic Panel:

It consists of different valves,
pressure transducers and manual
cocks - |Interfaced with IRAB
system & Electronic Module for
brake control purpose.

Fig. 26 Brake interface unit

1
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TROUBLESHOOTING RELATED TO KAVACH

Modification in Existing Troubleshooting

Sub
syst
em
no.

Fault
humber
(Fault
message

)

Lamp

(Effect)

Action to be taken by driver

SS10

F1001P1

(Loco XXX
SS10: Brake
System FUALT
IN BRAKE
ELECTRONICS
)

LSFI will start
blinking &
BPFA will
glow

(Emergency
brake will

apply)

1. Bring throttle to 'O’ position. Acknowledge fault
by pressing BPFA. 2. Check MCB No. 127.7.

If found tripped, reset 127.7 once after switching
MCE OFF.

Release parking Brake through SV30 release
plunger and work on wards. If unsuccessful try
from the rear cab. 3. If not tripped,

Switch OFF the MCE and Switch it ON once again.
Raise panto,

close VCB and resume Traction,

If loco gets normal. 4. If the message is repeated,
bring TE/BE throttle to 'O’ position. 5. With CCB
(Knorr Bremse) equipped locomotives, if rear cab
A9 in Emergency, bring it to FS & lock it and mode
switch in trail position. If not successful use the
instructions* to make PTDC mode of CCB (Knorr
Bremse) active to clear the Block section.

6. If Kavach is installed in the locomotive, then

Try isolating Kavach by

a) BIU Bypass Switch of both IRUs in each
CAB to “Bypass” Position.
b) Keeping COC of
Emergency exhaust valve in both the cabs
in Close position if in open
c) Switching off the Kavach(TCAS) Control
unit MCBs (2 nos.)
d) Keeping the Isolation
Switch in the isolation box in “Isolation”
position.
7. If not successful within 20 minutes, ask for a
relief loco.

18
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SS 10

F1002P1

(Loco XXX
SS10: Brake
System LOW
PRESSURE
MAIN
RESERVOIR No
traction
allowed till
pressure
reaches 6.4
kg/cm2
F1002P17)

LSFI will start
blinking &
BPFA will
glow

(TE/BE will
not possible
till MR
pressure
reaches to
6.4 Kg/cm2)

Bring TE/BE throttle to ‘O’ position. Acknowledge
fault by pressing BPFA. 2. Check whether
compressor works or not. If

MCPs not working, Press BLCP to MAIN position. 3.
Wait until a MR pressure of 6.4 Kg/cm2 reached. 4.
Check the MCB of compressors 47.1/1in HB1 &
471/2 in HB2 panels. If found

tripped, open VCB and reset the MCB once. 5. If
MCPs are working, check leakage from Air dryer. If
leakage persists, then isolate Air dryer by isolating
D in cock & D OFF cock and by putting D out to
normal position provided in under frame. 6.
Check leakage from Auto drain valve, drain cocks
of main reservoir 1& 2 or air leakage from CP
delivery pipe and
unloader valve if any air leakage concerned COC
can be closed if available. If unloader valve COC is
not available, the cable of EP26 in the pneumatic
panel to be disconnected. In KNORR CCB-2 locos,
VEUL COC to be closed in pneumatic panel. 7. FP
pressure drops, close 136 coc. 8. Check train for
heavy leakage in pneumatic system. If BP pressure
drop causes drop MR pressure, isolate VCD/SPM /
TPWS/Kavach (TCAS) (close cocks provided in
both cabs below A9 If provided). Try isolating the
Kavach by

a) Keeping BIU Bypass Switch of both IRUs

in each CAB to "Bypass” Position.

b) Keeping COC of Emergency exhaust valve
in both the cabs in Close position if in open
c) Switching off the Kavach(TCAS) Control
unit MCBs (2 nos.)
d) Keeping the Isolation Switch in the
isolation box in “Isolation” position.
Ensure ALP Emergency valve

closed on both cabs/rear cab A9 in neutral. 9. If
there is no leakage and MCBs of both the
Compressors are in closed condition, even then
Compressors are not working and MR is not being
maintained, Switch OFF the MCE and Switch it
ON. Raise panto, close VCB and resume Traction
if loco gets normal. 10. If not successful, isolate
BUR3 (open MCB.127.22/3 in SB2 panel after
opening VCB ).

Close VCB and resume Traction if loco gets
normal. 11. If not successful within 20 minutes,
ask for a relief loco.

596/509°
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Modification in Existing Troubleshooting..contd.

Sub Fault Fault message | Lamp Effect Action to be taken by driver
sys num
no.
SS10 | ---- BP pressure -—-- Check for any leakage in
not creating equipment related to Kavach.
Try isolating the Kavach by
a) Keeping BIU Bypass Switch
of both IRUs in each CAB
to "Bypass” Position.
b) Keeping COC of
Emergency exhaust valve
in both the cabs in Close
position if in open
c)  Switching off the
Kavach(TCAS) Control unit
MCBs (2 nos.)
d) Keeping the Isolation
Switch in the isolation box
in the “Isolation” position.
-—-- -—-- Traction Not -—-- Traction Check for whether Kavach is
coming will not working or not. If Kavach is in
(Throttle not be working condition, Try isolating
responding) allowed the Kavach by
a) Keeping BIU Bypass Switch
of both IRUs in each CAB
to “Bypass” Position.
b)  Keeping COC of
Emergency exhaust
valve in both the cabs in Close
position if in open
c)  Switching off the
Kavach(TCAS) Control unit
MCBs (2 nos.)
d) Keeping the Isolation
Switch in isolation box in
“Isolation” position.
If not successful within 20
minutes, ask for a relief loco.
80
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-—-- -—-- Horn - Horn Isolate the horn COC related to
continuously will Kavach which is present near the
blowing continuou | pneumatic gauges pipeline just

sly blow below the DBC.
due to

the

malfuncti

on of the

EP valve

of

Kavach.

-—-- -—-- Abnormal -—-- Check In the event of CRO or observing
Sound from the abnormal sound from under
Under gear or intactnes | gear, visually inspect the RFID
CRO s of RFID | reader mounting/fixing

reader arrangement and ensure it is not
fixing infringing with the train
arrangem | movement.

ent in

both

cabs.

-—-- -—-- Both cabs - Cab One possibility might be merging
occupied selection | of cables through Onboard
messages will not Kavach. Try isolating the Kavach
getting be by
displayed in possible a) Keeping BIU Bypass Switch
the DDU. due to of both IRUs in each CAB

merging to "Bypass”
of cables | Position.
through b) Keeping COCK of
Onboard Emergency exhaust valve
Kavach. in both the cabs in Close
position if in open
c)  Switching off the
Kavach(TCAS) Control unit
MCBs (2 nos.)
d) Keeping the Isolation
Switch in the isolation box
in the “Isolation” position.

81
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-—-- -—-- Air leakage -—-- Pressure Leakage might be from the

from cab will not transducers or Horn valve or BIU.

maintain. | If possible, try by isolating the

cock of the horn valve or
Emergency brake valve coc/knob
on BIU. For transducers, try to
dummy the pipeline.
If not successful within 20
minutes, ask for relief loco.

--- -—-- BC pressure -—-- Light Try isolating the Kavach by
creating Engine a) Keeping BIU Bypass Switch
without Valve of of both IRUs in each CAB
application of to "Bypass”

SA9 Kavach Position.
Interface b) Keeping COC of
might be Emergency exhaust valve
Malfuncti in both the cabs in Close
oning. position if in open
c)  Switching off the
Kavach(TCAS) Control unit
MCBs (2 nos.)
d) Keeping the Isolation
Switch in the isolation box
in the “Isolation” position.
Even if not successful, then try by
disconnecting the Coil Supply to
LE valve.
If not successful within 20
minutes, ask for a relief loco.

-—-- -—-- No traction -—-- Traction 3051 cable (Traction cut off) and
with will not its related circuit from junction
Emergency be box to be checked.

Brake allowed.
pressure

switch

message in

the

background

(Note: Only for

ELS staff)
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Maintenance activities during minor/major schedules in locomotives equipped

$590/509:

with Kavach(TCAS)

Loco No: Date: Identified Schedule in which
the activity shall be
carried out

Details of work Trip| IA/I| IC [ TO | IO
SNo Description of Parameter for done Re B H/ | H/
the quality check Cab 1 Cab m AO | P
Equipment's 2 ir H |C_|)
s
On Locomotive
111 | LPOCIP Cleanliness v v v v v
11.2 Physical condition v v |V v v
11.3 Fixing condition v |V v v
11.4 Open all couplers and v v
check the intactness
of couplers and its pins.
1.2 | cab Radio Cleanliness 4 vV |V 4 v
1.2.2 Display Physical diti v v |V v v
22| Unit (1f ysical condition
1.2.3 applicable) Fixing condition v |V v v
1.2.4 Open all couplers and v v
check the intactness of
couplers and its pins.
211 | Buzzer Cleanliness v |V v v
21.2 Physical condition vV |V v v
311 | Radio Unit Cleanliness v |V v v
Trip| 1A/I| IC | TO | 1O
S.No Desc Parameter for Cab 1 Cab Re B H/ H/
rip quality check 9 m AO | P
tio ar H 0
ks H
31.2 n Physical condition vV |V v v
of
313 h Intactness of Connectors v v v v
and Couplers
e
314 £ Fixing condition v |V v v
q
83
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uip
me
nt'
S
411 Cleanliness v |V v v
41.2 | 17E Physical condition vV |V v v
41.3 | Rout Intactness of Connectors vV |V 4 %4
er-1 and Couplers
41.4 | (If Fixing condition vV |V 4 v
appli
cabl
e)
511 Cleanliness v |V v v
512 | LTE Physical condition vV |V v v
51.3 | Rout Intactness of Connectors vV |V v 4
er-2 and Couplers
51.4 | (If Fixing condition v v v v
appli
cabl
e)
6.0 | Brake interface
6.1.1 | Interface Relay | Intactness of Mounting v |V v v
6.1.2 | Unit Intactness of connectors v |V v v
Trip| IA/I| IC | TO | IO
S.No Desc Parameter for Cab1 Cab Re B HI | HI
rip quality check 2 m AO | P
tio ar H 0
ks H
6.1.3 n Visually inspect the v
of condition of Relays
th inside interface
e relay unit for
Eq any sulphation
uip marks
me
nt’
S
6.2.1 | EP Relay valve | Air leakage v |V v v
84
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6.2.2 Wiring terminations vV |V v v
6.2.3 Cleanliness v |V v v
6.3.1 | EP Relay Air leakage v v v v
6.3.3 | valve Cleanliness v v |v | Vv
6.3.4 | isolating Labelling OK v |v |v
cock
6.4.1 | Piping for Check the intactness of v v
Transducers connectors and
and ferrules and attend if
EP Valve require
6.4.2 Check the leakages with v v
Soap Water
6.5.1 | Isolating Cocks | Ensure Proper Operation v 4
of Isolation
Cocks and Handles
6.6.1 | Horn Circuit Check the proper v v
condition of Horn EP
coil piping
Details of work Trip| IA/I| IC | TO | IO
S.No Desc Parameter for done Re B H/ | A
rip quality check Cab 1 Cab m AO | P
ti ar H 0]
10 2
ks H
6.6.2 n Check working of Horn 4 v
of Isolation Cock for
th any leakage
e
Eq
uip
me
nt'
s
6.7.1 | Testing of Ensure proper recording v v
Transducers of pressures
(Cab-1only) through Transducers
by comparing with
Data logging in
Onboard Kavach.
(Cab-1only)
Underframe
711 | RFID Reader Cable Conduit clamping v v |V v v
condition
85
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7.2 RFID Reader v |v |v |V
Mounting fixture
welding Intactness
(visual check)
71.3 Ensure intactness of v |V
welding by Magnetic
particle testing/DPT
71.4 Availability and vV |V |V
intactness of Sling
for RFID Reader
71.5 Intactness of Guard for vV |v |V
RFID reader
811 | Onboard Cleanliness v v |V v
8.1.2 | Kavach Physical condition v |v |v |v
813 Intactness of Connectors v v |V v
and Couplers
814 Fixing condition v 4 v
815 Feeding/ensuring of v 4 v
correct wheel dia. As per
the wheel dia.
Measurement carried out
by Shed
8.1.6 Remove all v v
connectors/coupl
ers and examine
the intactness of
connectors/couplers
8.2.1 | Counter Note EB counter reading vV |V |V |V
8.2.2| Readings Note Isolation counter vV |V |V |V
reading
8.2.3 Note SOS counter reading 4 vV |V v
8.31 | CAB Cleanliness v 4 v v
8.3.2 | Input Physical condition v |v |v |v
8.3.3 | Box(If Intactness of Connectors v |v |v |V
Appli and Couplers
8.3.4 | cable Fixing condition v |v |v |v
)
8.41 | E70 Interface Cleanliness 4 v |V v
Unit(If

86
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8.4.2 | applicable)(HBL| Physical condition v v |V v
8.43 |) Intactness of Connectors v v |V v
and Couplers
8.4.4 Fixing condition v v |V v
8.51 | MCBs (2 nos) Check Working and v v
Tripping of MCBs on
Test Bench
911 | LE Valve Fixing condition v v
9.1.2 Overhauling of LE Unit 4 v
10.1.1 | Isolation Box If Isolation box kept in 4 vV |V v
Isolation position
whether LPOCIP is
indicating the status or
not
10.1.2 Cleanliness v v |V v
10.1.3 Physical condition v v |V v
Underframe
1111 | Speed Sensor | | Visual check of Speed v v vV |V v
Sensor Cables
1n1.2 Physical condition of v vV |v |V |V
PG mounting and
Junction box
Parameter to be checked: |Details of| Rem| Trip IA/IBfIC | TO |[IOH
work | arks % ,/,o
done H H
11.3 Remove the speed vV |V 4
sensor and clean any
excess grease
11.2.1 | Speed Sensor Il| Visual check of Speed v v vV |V v
Sensor Cables
n.2.2 Physical condition of v vV |V v |V
PG mounting and
Junction box
1.2.3 Remove the speed sensor v v v
and clean any
excess grease
Roof
81
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1211 | GSM/GNSS(GP | Physical condition v |v |v |V
1212 S) v |v [v |v
Antenna on Cable conduit clamping
roof (In some | condition
makes only
one unit
available)
Antenna| Ant
-1 enn
a-2
13.1.1 | Antenna Physical condition v v |V v
131.2 | eon Cable Conduit clamping v vV |V v
13.1.3 CAB] Checking Reverse Power v v |V v
status
13.2.1 | Antennae on Physical condition v vV |V v
13.2.2 | Roof of Cable Conduit clamping v |v |[v v
CAB2 condition
13.2.3 Checking Reverse Power v v |V v
status
Provided on
top of same
LTE
cab
Anten - —
13.31 1 Physical condition 4 vV |V v
na-
13.3.2 (If Cable Conduit clamping v v |V v
l condition
applic
able)
Identified schedule in which
Loco no. Date:
: the activity shall be
carried out
Sl.no.| Description of Details of| Rem| Trip IA/fB | IC | TO | IOH
the Parameter to be checked: work | arks :'\é Lo
equipment’s done H H
13.41| LTE Physical condition v vV |V v
13.4. | Anten Cable Conduit clamping v vV |V v
2 na-2 condition
(If
applic
able)
141 | Data Data downloading for v v |V v
downloading analysing
88
90

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



06/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) Ba0/508

1900883/ PU20/BatyP IDERS )

1/3112549/2024

from

Onboard

Kavach

14.2 Testing as per the Station v v vV |V 4

System Kavach Layout

Functionality . .
in Shed(in
Trip sheds
subject to
availability of
Station
Kavach)

Disclaimer: Efforts are made to explain things in detail as per RDSO specifications.
Observations if any, may be forwarded to Centre of Excellence-Kavach, IRISET

89
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T WAk frtareh / et dreete ikt % fore sfrerer wigae

20
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sf@e

October, 2024
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Hxdld-l

Faa Treer dtgge § ST W §, S R Y el Tt o7 grer (vt somett 21 w@end §
"ehaa'" w1 o1 ere” B 7, 3R A% Yo qral SR Senfieht § U wacaul St i weden 81 97 Heer it
forgefiarar 7R et #t 9gM o g foekfea foram T, sheret 31 gferematt 1 Tehishd T &, S THTd b
U, o T Tfafafertt o1 e w3 e someft &1 arem g we % o festte o 8 8 @'
SfTefor Aigger Al el / e Tkl el / et XS wicerhi / Fae dere 3R @ # wmiia
IRE T 9 AECAIUT AT UM o HeTer ST efeH & Sa7ves FH 31 ST Siagiy JaM i & fag
HraETgEes daw fam 2

WA o IRaed i 6l g o &7 H (Al o G, 7 HTe o GUaTT ST 3&7aT A T Add wecayu 2
e A TN Sl S HT JHI0T 2, Feeht Sevar Al 3 Yetel se=nidi a1 o gee & 8
39 Higgd H, 39 AR (o H geedr Ter=n, o= werr ot weenford o geer (weidt) sorferi iR e
1 W@ FHEGHAHAT F T Hl, SHH 50h! arefaeh G7d i R awer, SeEnfad st & 3R
HAETE 3R WY Faw & off=r Fafer Sem sAme W § seeht vfter it )

I8 IRTE0T T A Alehl TS i T JUMTerai 3 el o deheilehl Teqiall § qifad s o forg festreT
foram T 2, sifosk ARt URie I TR Hivta @ ff Sen & fou @ a@1fer 3 3@ yoreft &1 el @ @
ST F Tkl Toqa dgifash F=isll SR TR d WS o AT H, Al IIAE i FHad
FRIAAEE ITANT LA o A e fRissar s gl
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A !

foma

TR YTl § o G o foTe Srenfirferat st afeersr 7-10

A JUTTed! T g (IS o) 11-19
3THEIE o T HRHT 20-43
e JUTTEAT T I (LT sharer 37 THuqTd) 44-48
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Table of Contents
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12. R%eq BiMER (SF) A8
13. TSGR (IS) HIS
HId DHIAEHA UGZH:

TRRTZS HIS HT IUTNT T 3R 3Hiarge Ais H Tifore™ & forg femon

Uie feu AI8 &1 S9N & o forg oo

Had YUl BT URET (RYR] Hag 3R TITHTY)

WY DHad gHe

LA/ 3MR6 Had dlged HeR:
WY I e gie:

e St e (RIV):

LI AR TRTA HH 3fH Y U (SM-OCIP):

3 yde Red (KMS) Tak:
Jedd UeeYH Red (NMS):
NMS ! T faRiwdd

di! grde & e wag ddara ufshar

AHTENS HTad BT R 34 B BT ufeha

3HfaTS HIad BT e 3 B &1 ufesan

S AR ¥ 3R ¢ BIRHIRRH Ia Bi Ufchar
SIS Had H SOS TR 3R RAwM & ufgsar:
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THd & fRufear:

Had YRM I TR-HId JIRME db ¢ Pi ATATSTe!
i AT ufshar
AfETAF-AET Raw Terem o ufssar

SPAD 3R ¢ feu et

T P 3R FT T B

DMI He® 3R Hoba

HId B YA 3R Ah! Urade & o Ayl a1
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IRAB & SI3{ISY &1 sl 3R 80
P S g 81
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et sifere fearsa (ACD)
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T ¢ I 30T H gor
6. WRATT T gRT Al Gee 3ur
fafsoe shgiet fearga (VCD)
fafSreta s feamga (VCD) T wigshishgia SATemid RaT SUshivl & Sit =Teieh o S1ae 8 ot ferfa &
@ T s (EB) @y e
FHTaa: Tt SISTel Akl SR o drenl o Ea)
Hwrd: VCD 77 &9 & el Iaee i Tashar 1 9aT o W Shisd @, Al I8 31T SRehi bl gt
TET AT ST gHATSAT & AN F Hhd &, S et i forceran am sredt el

Al A

BT 4% feamsd (ThuEs)

FHrateashar: 78 Th GPS Smenfid Sushor @ Sit g TTfod &1 § @bl qreiet i Se fepar St &, o
T TTT T Hehall, TR SHIHT TSt S1fe S Fefreard! weredi i gl or =rerd 2|
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2l

fer 2: 29 9 3%auTeT 2631 <71 181 Wi 9% fearsg

©t wifers feamsw (ACD)
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o UTEE Wrwae: @ 2006 & IR gdfverd (NFR) ® 1736 e foramter sit 548 arbmifea
! FHAL HLd T

o urterUT: Eferor tre ww 2010-2011 #
AT Foel el Ted AT A EIET 0 IR e A dehetiehl G|

Location

@ < | K- ops satetites

Speed

) Course of Travel
e S Ny e
UHF Data
Radio Modem
GPS Receiver

g </

- ey - -

Inter-ACD Radio Communication

ol

Working of “on-board” ACDs

Receive inputs from satellites, communicate with
each other using radio modems & use intelligence to act
To prevent ‘dangerous’ Collisions

fer 3: wEiet &1 e fomror
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1 A AEca ol =Sl Y T &
a. wadt 27 i forg e @ fesor o+ T R
b. A femasr &R
IV. demifea & 8 a1 dehl uRee - iied &1 ek 39a (LP-OCIP) wenfie fhe e
& A Taf-eirdieSdt R TRl S e S Feitfa w F fau e wew
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VL

VIIL

VIIL

IX.

XI.

XII.

13

TEE FH ¥ TS §U o TAN-STEHIAER T ITANT ek, AR TS S o
vorredt ht feerfer o wfafafrn o ) o= gehd 2

1 CAB & SW&R! &l AHaIE Fad % aTgec HRel Hl Wil 8| HL 39 SRR 0
Iy T freifia 0 & fore o @ o <o 3 & e i @ e s wn R
TEHAT: 37 % 99 & SW (HTARgd TeAT e 971 8
a. e o
i. o g%a om0 * fae (RX)
ii.  <rdda 999 F fo (Tx)
b. GNSS/GSM ddr:
i s Y W & ue Siter v sfea e diew & e e 2, e
27 W) TR % Uregn @ SRR S5 3 9TH i § ger Bt 2
ii. wes GNSS i o wnfia GNSS dieger & wer 2 2, fredt 7@
giferd rar & for avfl e gerrsat, o7 W3R 3 o @1, EHeRl(cTeh 9
T & Ll 2
S T e (AT UEHT BT Tk STST Uk AR SaT HIeH ¥ (ST BiaT @, foreer 3 a1 e
TR o UTEAH  STHEHRT Soi 3T I 6 § T8I0 1T 2
Sedish SCTHTE GEHT U wfid SeTeaed digdel @ SedT €, S 7e i e & 6
3R wefEt ST W Tt e SeRTgaT THehTToTS TH | T A &
o & = @ & RFID den/iiet ¢w-uriee RFID &1 &1 wed €, s 21 &1 aecaye
R T T T T IGHT Geh v it s § ga g 2
3l TexToAsh ued ST, Wosh U AT Uil W A B & SR SIS Fed Jonelt § 99
B &, Tifer o g i frmt w2
HSIE ol sish YUl o W1 sish ey gfe (BIU) o aream & e st @, forea
7e g 5% (NB), 1ot &&r (FSB) si#, 3ii staraeiet sis (EB) @m &t st tmfa
2T 21 A AR T goh g % w9 8 i war , df BIU e 5% (SA9) sethu
= ff AlRT AT 8 TR sioh Rciet IoTa T Akl o T 5ioh o SATIhad 7 & ATET
g1 fopam ST & |
TS HATHINH e "aar fufa! ot ergHieis feufa" afém & wrer wenfua e 2)
a. v g "smgErcies feafa” & gar 8, @ 98 BIU @ siss wored! & fore e st
1 FfSher Rt 3T & SR S he-3iT e ot off fftshar e 3 2
a. 59 38 g & “Aar feafa” & war st 2, @ 78 BIU @ sis 3tresn st afsh s
i FAfa IO ¥ IR S off S e ¥ R I I RTS8, TR
-6 B ol oft Terd Lar B
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XIII. BP usuemss # #fs@ AEeRE #iEw w@iud 8, e EM (33 fde aed
ATEEIM) i 3 MR wreT (Sia/zafaes smmifea & forg IRAB s yorredt 3ii
Faera EMUS # fett) et Strar 21 wrgsht fa=r a8 et s 2 o e she-3iT
feerfer o oo feurfa & &)

GNSS for time
synchronization, GSM

il .-'I ff.".’l.a ’
| LPOCIP-1

for 6. 3fiaIe W FHa= f=or

HHEIS shar ol foRiyamd
Far 1 FTaRad FRieman Jem i & fog fesg fomam m 2;
. o= = fF=fafga sefemad yem w3 & fau festea fmen w2 IR-ATP - "ard
T T o e SomTet (e’ Uk (e HeR i seragiten R et 2,
S
(1) Rreer uifeT ve S (SPAD) =i I & fog
(ii) Ferrer wifer e E/ (SPAD) & qftomst st &1 & & forg, e s it 2,
& i 3fea g # e % for,
(iii) atferer wfer = U & foAw afs SArepiiiea wrere feifi wif diuret w1 aem T
AT B, T o o ST TR ol Toranfeld &9 T |fsha T 2
. e fpafe (e fome i feufa &1 -1 wesi)
III. o7 wfie et
IV. o of wfewier (PSR) it frreeft
V. i e =me
VI. sdih SawE 8 @M &6 & 0 SOS 3= gt
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VII.  #g3ra SOS 3= &
VIII. = oK b <t aohtra & ke
IX. wefea ik Ia-31 gean
X.  LC e wamnfera €iet gfoem 3 @rer el TR i 9ed § € Jud A ©
JATENE Fa T I BT
I. & SRl ugaT:
o e Faw gw-urse E-wumie RFID 1 & & st (freinfier, fefa, 3= ID,
s1%) RFID fres % wrem & veen
o @ft RFID &1 6 gwfishe 3uciswar sgH & forg s 7% 2
II. R Ferivorn
O AT & AT M Ut & e few Fuffa & St R, fred framfier i s 2t R)
SIS e T T 38 TR i e 2
B qE: i g Y fewn § fRanfe 5e © R
W T Al A i fewm § freiet 7T w® 2
III. wadie slifedt ot frae st adam demife fufa, 3 ID, iR & i afq i fazm &
TR W, TR = Joned! FfaRad T it 2:
O WaHe AT
o e S
o fgte S
O TS Tt SR gl (S, < g Ty foiaron)
IV. g fmt e nifer feisror:
O IAMEIE Fad WLl Fad U e THFRT 3R ST 35 2T o TN W TG YieeIchsh
e Tt e 21
O Fa™ IauM ¢ T AR Al T A gl ok SAER W AR UL HI gLl gaa i
AT &, S o 31 SifehT foreisemadi t e & W gu 8 2
O Afe KM T i HAT I UK T €, q1 here 3T Sk AN HLAT § dlieh oA
frerifed nifr e o +fiat e T o e a5 Hehl
V. diferr wite
O Vo W T [ T 2 AMEE T Fod Wicraterenen i A R s @ (SR
Areh! AR T, o Sferehad Tfd, Ars-wsiferd i, T «1gT i 3 PSR &1 =gaw))|
o = T Hmr el g i LP-OCIP W stfteraw sgwa wifa (s, 100 KMPH) %
9 7 Yefyia it St 21
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m A oF &t afa agea @ @ 2 KMPH stfiss 2t 2, dr sfiee-wits samd S
fopam far R
m AR o F fa sga H & 5 KMPH 3R 2t €, ar @ @4 sid ang
fopam far R
m 3l g il srgea dim & 8 KMPH 1 2t 8, a1 FSB @ foram S 2
m I T i fa srgwa @ @ 10 KMPH tfees €1t €, a1 EB sish <0 foparm St
2
Te: 3 Tfa a1 Rt FIER FE T 8id 8 iR [ Jar & e @i & forg fa= g1d 8
VI. o frard:
O IAMEE Fad sifh femarsti s LP-OCIP & qresm & Id T 8, ST foh el areiete
ZRT T #ft Speetd § o1 St o ot Reufa § seerma drar 2, qe =t o s )
O T 7% ¢ & MHIT W, AAIE FHad (e AR e 8 o ht ol 1 == w7 o g

Hohd AT 2
Target Current
Pointer Speed Permitted op cle‘jMﬂv«zment
Red due to Speed Authority
Braking
Target

Distance

Overspeed Braking

Warning_Zone, Zone

g

Target
Distance

| Zero

&— Movement Authorilty upto EoA—p
fom 7: st fawiwar

O AFEIE Faa i ST Al g &, S g7 i o fRIvarstt  ATeR T &t 31 37
T 7T, T 1 Sl AR A& % AR, AFEIS Foa FoRy ol 2 6 fora T &
51 I el A fohU ST f1feh ¢ skt GRiera gt o et ST Wk A1 TIfr =Rt Sifesd &L
it foram T @)
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o Al wat i fufd # &7 3 wex & 9 Iucted g waiw T E, A ATAE Fa
HTRHAH 5% AT FIAT § ATk o AT TThd b1 37 fEerferl o STTaT Fomeve w for
ST |k, 68 TTe T =[aw fohT ST &eh)

o i W e 1 gar e W) 3@ B & ON foran Smar 2, @ o7 =i fame &6t ar

T o 918, A TE e, AT STITTRICAH sih o HTEAH | ¢ {3 & |rer %k STt 2
AT = IYHON o AT HifedT saeemd

® TR URIAE ol harel IUshUT 3R EifelT srawen i wdt feufa i St st =nfee st o =t of @t
21, THH el foh € e Jorrett it ON *ht Ie G2 hear @ foh sharer susheor et feerfd 3 @ 3
TEH I3 DIVIG T ol TS 2

o IS U T DSBS hl T8 B, I &UEd &I, AT Stk & 13 7 L T&T &, al 3HE 31 & I Juredt
T faherdr &1 Hehdt B, ST 1 & I TS 30T L Tehdl &

o T Fa= w1 ON & ¥ wedt, @l urreie (LP) o7 gifaa um o Sueor S el e
afre, 3% e afie (BIU), i gaaw wei Zecke (DMI) 3% & dier 1 w8 Reerfer & 81
Hiet 2t A1 BEBIS hl T UTS ST &, Al Al hele hl AIYUT HET ST Alehl IS h Faiferd
TR T 3R Fafera ge @t shgier (TLC) / v shgier (PRC) # gfera & =g f
TAIeh! el i €l 22 T3 & T I8 ST
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0388

@
| @

Shoton Onelf_'lus

i By =5 <t Anand raj s

Anand:gaj s

Shot on OnePlus
By « 2,

fom 8: 3 Fa= # Hifer sgareen

el JuTTet HEhtor 3.2 S Tkt 4.0 & st SFa
o iR ol YA H, 7 HIHIRM 3T % Hohd IHT 8Id o
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o e 4.0 1, SR IS I Fg37et &Y ¥ et M sh1 IEATT o AT o &9 § & = foram sin
Hehell 2

e T &1 Uk & & a1g (fewm st SKAVACH & shaferefadt s &), siee @whr 3.2 % LS
Hre o YaIT T 8, Saih I8 ekt 4.0 7 OS #rg § Y3y LT 2

® S ff G TR & B S €, SAalig weareor 3.2 § SR HIg # Walzr e 21 Sfaifeh i I &
e W, SAeE wehor 4.0 # SR i # yewr e 2l

geor 3.2 § @R 4.0 § grédaT uied

o Wggt sim-ars: BIU & faftredt @ qamer giagger i staveshar i Seci@ fopam i o, wfet
e fafzrean # 7€t BIU wuféfteree shaet IRAB o fog @ny em s1er e 4 4, e fafimean
% BC, BP st MR =ama giogger i sAreraedr Af-am #i 73 2|

o i af-ard: wit 06 Ter Lz swwwr (MIE) @t %1 LPC 2378 & STM 32 F
@A | Teh T HIgshishe IR (SITEER) o |rer 319 foram T &) Hearr 4 9u MIE et &1 saam
SR

e HBL siA-atg: T tehia <1 @i (IDL) %1€ &t 78 amsedt e Fre (St ek arwar 3iK
e T Hia o AT HSe R T ©) | SIge T 21 arged Wed # wh GSM wigge ot
STIST T 2
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~ N ¢ ¢
HIHd[S hdd hY{d

TATT-SAERHATER (e The I7e
TRT TS FHIRAOT 3 T TAd- AT eTEd SR e e 9a 3ikt 9b # s E 2

Fod 9a: Terdt-srreiangdt de o 9b: Terdt-arrefiansdt #1 fewice whiv
TEdt-STre TSt ot T & et foreor:
I. &= wer (Target type) : 311 &% T&d & YR &l HQE HaT &, S T Jhaee,
ToreT TR, A A aiteer Hemd)

II. =z amEd(LOCO ID): dmmifes i fafirs ge=m g
II. =due wfr (Current Speed) : 37 & aaae T feratiiex fa = (et wfa =) #
vaf¥td & 2
IV. efrex wiie (Over speed) : 37 3=MMar & for o7 I i €aT & e =t @8 A
T T g g8 ST St % Ty A & S )
V.  sgad nfa (Permit Speed): 3% & adam e # stferehan wlishd il do it Rerfaai
TR Tk strevasharett g0 fuffa i S )
VI. e nfa (Target Speed): &7 &1 & 7fd &I 910 & T T8 THT AT, T8 T
AT Sop fRarfert o et weet gra e =t ST 2
VII.  =te= gft (Target Distance) : 3rrei qecaqui @i, S fowe, 7ifd gidsier, a1 &7 dige
1 g, sfvex & st weh 2
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VIII. s e wan (Brake Applied) : 9= 570 g% @ & At 07 § q9iiar @1 sk
T % TR 6 e 6 |19 Tl shi AT 9¢ St @ - qm da s (NSB), qof @
s (FSB), 3R sturasrre= s (EB)

H HT ThR LP-OCIP = uefita Ui

WH’%’H@EF(NSB) -

%o dfad s (FSB) -
TR Sk (EB) -

IX. wfe & &t @1 Reriw (Deceleration Constant): a8 & S8 W ¢ o @+
efieft et 2, S8 TR U HeaTeTs A % ®9 ° g9iiET ST 2| I8 S AFEE had gRT
TAIh! TR ZRT AT 15 ¢ ST o6 TR T R ST 2

X. wew dewt (Context Message): sdue dfwred daef & defa sifafes Sert =
ATl TS HET 7, S R 3T 9T Hie, ae shife ey, T it @ (PSRs),
forchetar TiawT, TeRf dawr o)

XI. =i &t (Functional Keys): 3 i@t ¢ sifwmee SR e d=red 918 &
T o fore 3wz Y STt €, S Tk fad, sie, stmeareye o)

XII. %= &g (Train Length): 3 &7 o & Fa= g/ T0HT 1 71 81 98 AR W
TR T HIFERIA % T T G 79 R e i STt 2 3 Jeis ©YH | gedi

wId e &l IR i & 918 9L T A 2l

XIII. et v (Loco Location): emifea &1 adwe syiifers o an Rafa ger
(ST § =)

XIV.  wie & am (Mode name) : ¢5 1 SciHM qiETe Arg, S "yl wieegor,” "wifé,"
"HHERT fER" STl

XV. e wdiew (Mode Symbol) : 27 % €@=red & aqa Are & "qof qeieer," vt
a7 "t Rer" omfe % wdtes w1 3T Rt 2
XVI. vy & gy @=r (Communication with Station) : v=/LC /1B / ABS
T o TR Fharaieh @1 ST Hord 3T qTehd i 31T 2
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XVIIL.  =fa wfersor (Movement Authority): steeras gl {5 2 forr forelt @t < amr
F % forg stfergpa fomam mm R

XVII. fawer @t woha (Signal Aspect): o8 &7 31 arct B & SdAM Hopd 1 JaRId
AT 2

XIX. &r@wa (Tag Indication): sifom o= s RFID 2 i feufa w1 guifar 21 g0 @1
& UG T ST B TR AT T & T T i qidT 2

A HTIIT

SIS e I A A 6-3ih SRR A Free ¥ gaiem 3 ¥ Fe
fraferfaa uferemt i fere # €

SATSTTAI WIS HTSEX

® AT Afeg TA: HATFHIRM HIS T =& foham SITerm 2
® ITIA: ATTHIGIYH HIE o ITINT Al T I Ik HLaT 7
fEu/siawrse wis W
o Iy aa Tt ¥ Tar: SIS A fgW WIS H A AT & AT Alehl TGS G SATWEE WIS
1 =3 forarm ST @
o Iem: 37 3T fiawiss A i FeTel W A5K TadT ®
SOS =wrEE
® I gy wa:
O THITH 1= SIS Fard (28 T oSl STl &
O Fad I(eH ¥ THIITH HxT ITH IaT &
® ITTA: ARG HATHT Al JAART FhlE T
HAHTS o™ faEeH Hahd
HAeE sherel e, LP-OCIP o #resm & et feerfd St T st 21 &1 5@ Heoha fetferiad
9 ¥ yefdid Bd € (S for for 10 7 fewmar man 2)

green-system healthy

fo 10 Tadt-sHiesdt W ey gaas
T W/gri%qg’f fafd (SYSTEM HEALTHY/FAULTY STATUS):
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o LP-OCIP w foren it feafa &t femdt & St qek foreed Ty 2iar 21 o=, 78

SOS Rafa

AT 1 H FaRiq B

O E: s wHIUg iafatey 7t
o @rer: SOS w31 yEfa fomm mw

KAVACH OPERATION HIGH 3R @] Uradc] & forHaIRal

TS e FFfiRad afenes @i sl et s & gem g
01. == (SB)drE

I T A1 Tea (SB)

WIS T Ttk

qfeTST

I 9% Hie & fSraw SAaTE e afshd gir 2

EENCI RG]

IS share ffafaa § & foreh v Rafy & Seam e § vaw war 2:
1) S STEIE o i =T T ST & ST T- 0o HhedTqesh 9L aid 8
2) S« Fis Fa Afmtea 7t gt & ar SR, LS, FS, OVRD, OS, PT, RV 3k
SH diga & EM % &g 2raT 2.
3) RV, SH, NL, SF 3R IS Hig@ & aTet &9 W,

A H

® 3T HiS ¥ S5 & SEh ol Wil AT s fohaT ST HehelT 21 ST ek &6 o< ©,
e N A TIAS o S IS ST Gve T8 grfl, SAaTe s i
AT T S AT

® SIEIE FHad e WeRed wiaerr &1 w1l Huf|

o e U e & | B W s 2

LP-OCIP ut
FEHEGESIEET

HEIE el ¢ ohl T S STTAA I (ST 36 A I &) TR |

EIRSECTGE )
NG

FreferRaa & o foret e Rufa & SiHETE o &g 9/ Hie ¥ et feher ST 2:
1) =fe forel Hust w wvear 2, a1 78 27 it fearfa 3 awer To-udieqont & Aam

T FE G fom ST € SR A7 viE A Al IR .
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2) afe i wes O g & R RIS 3 oA Furfd 72t 8, @t 7% fUser wie | yaw
Fdl 2 (SR, UeTuH, TwUH, AETTREY, oud, et 37 w).

3) afs 7 e $qe Al 8 3 & Tl 85 & a1 A1 ofifen Aie 7 gifse i

4) 3TEE Faa w A=eTe ®9 § e A hi Rurfer § sy A # gifsre
F

5) SIS e & U B o i ¥ foreeq BierR e § orer T 2

ST ® IS e ¢ ol fRer T & forw e 8rar 2

® Il TIAS 39 HIS H ¢ 1 T =T HehelT|

02. wmw fwdffaea (SR) A

IS T A9 s freditaeret (SR)

IS T Ueish F?‘q
T TE IS AT T i S /- & i 3 e i st a2, R 3
i et ot aig & e i B 2

STOIRT T 3 SR wiIE &l A=g3Telt share oI ohT R[ESATA | <A fohaT ST Eehall 2
e o fmfaifaa & & foret oft feurfa # 5@ dig & yo st 2
1) B =2, T-OE0T Goherdgach 9O € o §18 S ¢ Al hilHTEr
IUCTSE BT qAT hel |ihT Bl
2) Afard TR & § e Tun @H m
3) AR @ RFID & 7 fire @)
4) S 37 S fewm a7 2@
5) & aw &7 e &7 et S| St
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A
R

OIS H, 3AHeS e Fefafad S fFre s
O ARy T: WAeRT/ 6 g AfRreham tgea e
O I« M SIS Fad FACHSF B ©, Al HAFEIS T JTATH
e o wred | ASEE, v S qul T Sl SRR SueTey
B T SATHA-HTH 3T A o TohTa bl UehT ST TehalT 2
o SOS vy gF W stmrashreE Wk (SOS, TIN, feem, ik @i
T SR 3l Jqedd T)|
® Fad FI Sk W & o9 & (oI oAl Uee Wi Redif-aee og o
TATAd SIS ol T=flehr e
TH IS 1 YA el forarT ST 2 ST e st & ot aelT e Brar 2
T 3T F TS % A H, AFIE Fhad Wk {Edif-gere Oig ¥ ae a6 SR
W S 7 fowm, o7 |rge gave Srife ot 3% Wesa Sucey T &
Sk
fh 3 W15e ¥ Hefid T SIS e o o 319 2, T fedifoee
Are U sifeht shedl ot oAt e GRTEr et shelt @ fe &1 <1 8 gl otz

LP-OCIP w
EEHNGESIEETT

HIEIE herdl ¢ 3 i TR STTAA T FeRid )

EIRSECIGERcT)
NG

freafafaa et § & foedt we § i e e SR Hie & st et St

1) i@ s CAB w1 8311 4 & a1 EM &fe o€ & (¥ o Hie H Jawr &t
H]

2) S famm ST T |15e qoHe AT T Wi W, THrse i o L 3R

JudeR I & TR AfaE & | Iuctsy ? (31 |rge

HIg o o9 T )
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AT fSeRT & d'd 37 T 2
et o 3IAIE FHaT SATIAHIAT 5 T FHIE F F for rdaw 2|
® TR UTICTE had JUITCAT ol ST hiTr 3T 19t et o qed oo
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Mode Transitions in Ver. 4.0

Reverse

Standby Staff Responsible

A System Failure ﬂ
L

b 4 l

Non Leading Override Past Tri[{ Trip

Manual Transition

_______ Automatic Transition

ferg 11 e geator 4 71 glad+l 3.2

Hre i afskan

i 4 @ ® T FHIFHNIE F o1, AHeIS Fhad w37 % foT¢ Goha a1 21 SR Wg 1 =
er e F T IS o=l SR HIS | I3 T =l

i fer @ ® IE UNaEd TEETeid &Y ¥ de BIdT © Sa SAHe1e haa &f RFID 277 ygar g 37K
Hiftra wedaer qre; TYM/TAH SHal o G190 SN FoR UTsY BIaT 2l

Hifid Wi & ol | @ Ig uftad FEiiad &9 § el 21T @ S TATH HIS H HHeIS shad 3T feeed

R0 AIS: T U T et 918 e 2
qof TR € € | @ F7 giEd TEiird Y 8 09 ST § 9 SIS Fad AR ST T i e
RO RIS 7 et war 2 a1 30 Wehe 3 fory T aafvere e o v /uerel/ushiue she=
& WY STRTE TR SUTsH T 2T 2l
® o g Sk AT & oo & fofT ATkl et st 15 Tehg (hif-H e =)
o offqt TR ST B0 |

Hiftra wefaeor ® -Fad & U YA T W, Aokl WeETfeld &9 & SR Ag o THiaid & S
T fSer Ore: 2

T gftgdd aa off BT 8 I Alhl AFSIE Hhad TR &l ¥ AT [T &
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After Pressing OVED and CNFM buttons

0S Mode After passing 200metres
OVRD selected LSS enters into FS Mode

MA: <200 gy ﬂ—i 200 metres
i & !
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ferg 12 ST1a3E HIS &1 SUA1 4 3R Sa1se 1S & forg fomo

® S AMIE shee FS die o M T e, dl 37 i3 et ol gt iR foret il @t fafa
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-
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LP-OCIP (DMI) ® f&mat vgq] 3R et Sraeie o Taxi o foR il hiem ST o wreaw & 3
FT HEYT SR ST THT IR FoRAT T 21, a7 IR Faasiare shad i 9et TC et 27 Yohe § fier
veel # 'undefined' % ®v # wsm 'Undefined' & &9 # et v e w, e gfe
LP-OCIP (DMI) w fawet wee] 3 Rt erocie 1 9w sia L <7

44

136

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

B45/509°



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

Ll et e eba g (RIU) +110 V DC (+30%-20%) 3 e sesst % @ m i)
I I3 3= AT 1 ITAN AT ST &, T dlcest i qiafid i o (o TR el BH gRT giHfea
T ST

T AT (Tl o it Sohte o Hehel oh foTq AeiIiires &9 8 S92 81T, e T Sehrer Hehdl sh
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® UnH (Aiftehd BT had) shadd THAT "W &, fseek g1 fafi=r RIUSs &1 fer o= 3o @

45

SheT STwm| yesk foum o stfeshay = gk wiger @9 =1fewl et Wi OFC shaet wrer Wod &
HTANT o forg 3wt fera e

AMUEH o1 Jeash @l Jeasdh it Iuctsuar e & forg Tenfya femar smom RIU =6 @) @igw @ sier
SITQIT, Yk | & Uie 2|
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NN o . o
NIEd l4|¢|Q’I¢% [T end = Al Hlsndl

AHATS a1 Ra 3T i hl Tfshar
IS T ! AlshT FA & fore, FafaRad =wom &1 are L, ST 31T AhmIfee sl Hell I L 3N

MR (7 ferm/a? & $R) 3K BP (4.8 formn/awi?) g foemfaa =i

e qet MCB @t =] &4 LP-OCIP 2 fime % +ffd 52 g gffem ¢ 6 LP-OCIP w
ffen/Fm-ehifen = (demmifea/mmma EMUSs & fau #eia CAB #) "wfifén feufq” = @2
2l

A< ATHTAYH &= ol amT=r feorfa w @

o IRAB: MR 3t EM #is@ & ON (@) feurf # il

o E-70: 2t CABs # EM (arsea EB) & &6t ON (@) Reafa # w@ (A9 g=a &
1)1 wfFr CAB IRU 1 [RU sérma fars ammr R # i

e CCB 2.0: CABI i EM % (SIFA # area a1 sediowm ) 1 ON
(Tet) Reafa o v (A9 = & =)

e EMU wiwrma: MR ## OFF (d) st EM #t#@ # ON (wst) feffa 1 @i

o dia-=wur EMU: gfsm CAB # EM #is@ &1 ON (@) fufa @ wi)

o g wia wwmsE: EM #iam & ON (Tor) Reurf # w

S el qraeie (LP) BL a1 et it Steta &, a1 SiHIlS shia= siad sl ShiaicHeh qaful T g
HEHA B T AT I HIFHIRM 6 [T IBdT & IR Wi fwmifeea (SR) 1 3ie (SH) #@re &1 ==
T 2

519 TR0 & forherar o, TRt aee (LP) O WveToT S EeRdT 8 AT 38 3 i 1fer o fore st
SATEETAL L FehelT 2

STeT o lieht arreie (LP) SR/SH @ire &1 == =& ot 3iHele siae eats (SB) wie o @
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File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
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1/3112549/2024

SIS hla hT &=l 3HATH o hl TishaT

AT ITHTAYH o o1 AsdIeie feufa 9t W)

o IRAB: w3 #ie 3R $TH Fidh 1 3T (379 ol & el (BIU sftatrsy = 3ueisy)

e E-70: 3t CABs # EM (areet EB) #ia @t OFF (se) fufyy  wdi 3o arerm,
afsrg CAB IRU =1 IRU e g amgue fufa 7 )

CCB 2.0: CABI # EM % % OFF (s7) fearfiy  w

EMU wiwwrra: MR i (@) 3t EM %t %t OFF (3 feafi # wil
#-=or EMU: EM =7 =1 OFF (sie) Rufe # wh

3% wa vaem: EM @i =1 OFF (a7) feufir §

TFie: Gt ITUH N AT Teieh & Torg TaEe /gy Ramy/wiaq &1 o9 Geid [I-1V 5
foreqa 2l

Sioh BRI ¢ 3 ¢ -SRI =T shl TishaT

1.

50

giifaa i for grefam Fe/ses afma 21 (3ol dmnt & fag BL 3 ses a1 S5« &
fore fraelt Seat @1 o1 it fefa & weR))

. gt =t 6 g sier (MR) s 8.75 fern/asi? & $w 3R 5% ursd (BP) z=ma 4.8

fopam/E? @ S0 31 SIS F1a 1 AMeRT T Tga I SASI BT

. afe 2 & ST Mg 9 i 2 St 8, @ ArE e g #ar s (NSB), wot & s (FSB),

3R staraetet= s (EB) @1 wenfera adveror swam
& bR = AR g 9 1 LP-OCIP W 3wk feen-fHewi 1 o shtd g Su/S1sT i s
YN STk foRaT STHT =fRT, I6eh o718 Ut (Hiwe ) e

. st wlegor & wre, giom LP-OCIP w wefdfa forar smom afe s aferor fawer & Smar 2, at

@bt g ACK 92 3o s &l I9: eI R §ehdl 8| STl 0o sk SieTor a%d Tel e,
AMEE i Hedrs A ¥ &M A s st Fiaw fawe giar 2, af Aiehl UrIeie shie 318 i
JMSHIAE L HehaT © ST foh a3 (10) 7 afdfa 2

ik TS0 shl HeheTdTqeih UTdT % ITe, TAIehl TTICE 3l o Shi [T T < AT =M1y
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1900883/ PU20/BatyP IDERS )
1/3112549/2024

CNFM  INFO

Press .v* to Mavigate Press Enter Key to Continue OR € Key for Previous Screen

« .. ‘. Enter Esc
ferg 14(1) 73 F1-%ReM 29 YR =27 Thid
STSH I T ¢ T THR |

Passenger Train Type Selection

Train 0 To 6

Train 7

Fress 'r‘.' to Mavigate Press Enter Key to Continue OR ﬁ}\'ay for Previous Screen
ﬁ ‘ " Enter Esc
fom 14(2) 73 HH-HRIA 379 TR 937 @hiA

afe 9 7 & o TR 1 Al 39" o w9 H I €, @ ITIE AL S HIHIEH F = F & g LP-OCIP w
T 3 B foes a2
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1900883/ PU20/BatyP IDERS )
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Passenger Train Type Selection
Reconfirm The Selection

3. Passenger Train 7 Te 14 Coach

4. Passenger Train 0 To 6 Coach

Press ' .’ to Navigate Press Enter Key to Continue OR 4l Key for Previous Screen
h . ‘.' Enter Esc
o 14(3) 73 BB 27 G4 Jieao Ghiq

= T T g A

5 26-Oct-2019

11:09:32 Mov. Authority

+4++
3000

2000
1000 ——

500 —

250 -

DC 0.47 TL 500 m Stand By

Select Staff Responsible or Shunt Mode

i 14(4) SR/zauawsd vie w7

q: ¥ o o1E, AHSIE Hioa “Terh Redif~aaet a1 3ie Wie 4”7 1 Hehd <M AfS SAehl/o Tt
Gt o foAT Suam it 5 & 8, @ SHNT e it galtet Tic 1 &l = i

3iféT & st foret oft SATMRE % g d@f9e st SR 3R 36 a6 HTIuwud o =%
frdifaerer (SR) AE T 99 il 7S & el I3 T, WIS T I 3R IS Tdfieh Teadt-STreftsdt
W eTd foRaT S
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6. | oA, T I U1 H Had o G1Y AT fRAT ST FehdT 21 Akl IFAC SAIhI/3T I I & folw
AT I ST ITa ek @lhl/S ol Il TehdT 2| Shad ol 3H HIS o (ol JTETs TSR
AP feRmfacen &1 STaTe gitaa s o o festre fomm mm 2

fewutt:
a. o ot g7 % @Y § GREd BT 2| Aleh! ITace shi STUh TIshaT o STTAR o T~ AT BRI
b. et urrere frefeafad w37 swiffemEm &1 ae == S

i firew ot speeTa # R
i, S oft 7 SIg 2.

C. W GRAT HeT 3R hied o foIT 90 EFfll BTaieh, ToeiUd o f7u, ¢ Si-HIEM % 18 5
ateqor feram ST

d. e el qEere wEt ¢ HIFHTEM H = TE AT €, A A Hae grn g s gl
e T2 fe ST "eRar 2

HAHaE e 4 SOS S 37 flwH it ufska:

fig3re SOS:
v oft 1S St arrete (Tadt) faRet stmarashTel feufa < adT @ar @ 3 31T 3T Y geid T =T B,
Tl 3 HFST THIATCH IcT~ A o TG TeAT-STEAATEHT T "THATCH' ST ' T A1 I 93t 2
sramTa weuw SOS:
afe HIE g7 A TR B o Srasg Rt sk WM | wehd €, 1 ad dleh! draee (TEdt) 8 e
HATAT 21 SH AT T TR/ il S Tehe & it Tadi-STeiemsdt W e afe T Tt 3 S 2,
A AHEIE o THIATH I FATNG FHLAT & 3T 5ok ST ST 98t 8 TETid THIed HesT &l &
% TTC ARl UTIete Sl 39 T BT "Efteh R Shi/AE Rl ST AT’ e U 9Tl
SOS wifa & ufturm e ATaT=A kT
S Wl SIS = I el SAlel/ETT ¥ THAIE TT6 BT €, A1 TSI % 0o Gid (TEsiy e
Ty % 3000 et 3 fiaX) AT AR S ST g1 T &7 1 TS FH o 1T 5ioh ST G| AT 6T ST Rl
HAtereraw 30 forrft Wi =1 =i iy qeF denfora foram ST whaT € STl do T O wastiey Wiet o &id 8 o A
SITQ) ST i haet Fefaiaa Refa # serer it St

e SOS ¥ &d g & A 31 74T =

® F/ciieh! ! THAH Fid d 1500 Hie & Afereh gL o S St e

o wiq ¥ 3 fire ¥ 31firek THw do THAITH €T ITH Tl Biar 2
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File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

THUT o TG 3T ARl TRIeTe gRT SHIATS:
TR s feafaat:

A. ATHY TTHA hl TFFT ¢

St off A e & gEised ¢4 =] ardt § 3R e it Rufa 7 St €, it Jawm § vk & e
T FeeT Lt € A foroia feerm # STy et €, v ATIE shere 38 Reerfer 7 ga e @ (et
ST A A & GEISSI ST o afel HSat TR ITCTsd BT & S =i1e] 3T 1 e b Rearfer F 2t )
) 3R THE ¥ T2 o [T TRl TS i s TR o ToTC doid hiaT =l AT Aol rIee aread |
AT ST =TedT 7, df T 3ie AIe/AH-cET Hie T == T HehaT 2l

ST o e e wa R, et it Rufa 1 gar wem w dRwr Sumes/s e st i gefiia g
2

4500 #iex & @Rt 233318 § wieft o

. TR dg e

ST 31 e ¥ GEiesTd oo Sl =] 3R FrEwie feufd § €, T € A1sd § seith QR | Yot Fdl 8
IR e fovm & o E FA 2, dF f arelt oF 1 AFEre wraw gw fufa i war a2
(Farer aft ST 3 e @ gERSa i % ot e §aR ey )| I8 A T H Thd |
T o U 3k T o AT T T 21 9 il IrRIeie aTEqd § ST ST =medT €, df 98 Y
HIE T = L TehdT | STV SAThT T SIS shia= 3 fefd & I yma Tt Srerar 2

St fop e femen mo 7, Tor dg e afge™l &1 ar Jei W HaYT SITHeTS/ Tadl-STrEte st T
weffd g 2

5400 HieX # Akl 235641 & 91 fiw i T

Fard Y O T-shaa YR deh 7 hl TSI

TS Sharer FoohTe 37T T Tga e ORI & TR-shae 999 qF 3 1 SATTSTE 7 T T 21 ufiste
ST H U W, A T s fedifaeaet (SR) wie # TyHiaia & S SR drenl aeee w15 e
(SR T =) % ofiat Telieh/Tg, s qeTeht 38 Teheh R i & fore Sfta fomar stramm| afe eefienm == feparr

SITAT €, AT SIS ol ST 5/ TR SITET STel qeh o TATeh! TS THIoh/H¥et e qameRt qfF & &R <l

o4
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ifeT HaTe ufsham
o Iifd = Gfshur: S reRl Rer gt ® @ @Rl wee LP-OCIP Wt SHNT i file CNFM
T 2l
® TN % Tl SR wrHT=/aeren el i urer HTT G
o ifd Hig ¥ et e o T wfsharT ufskan st g It @Rl arrete LP-OCIP ww SHNT
3R fit CNFM garrar @ Safer arent feer 21
SHfen/Am-ciiten Ra= d=re st afsham
Teh AR HIeT & feu:
gt # o e g/t @1 &t d afd Hiust Ammitea & Tadi-TEtersdt w et/ ifen fa=
" disfivH" § Iucte &
THTYP Treht o feru:
ST el &7 T HAT ®, 3T /AR k@ B W aH Tedl-sTEie e (ST Hiusft) &
ifen/Am-ehifén Ram = <fifén Rufa & war smom 6 oa ® demifea o3 wiasor 78 #d €, safae
/AR % @S B W 3 TAdl-SAHTSTEd (ST Hiwst) & SffS/AH-efifen fam s AH-cfifér Rafa @
@ S

AIILTY: Tohal Ao/ BHeH | Sffen/AH-chifem = @i dm-affén Rufa & 7€ war s =nfew) afe #°E
TRl IRIe Sfen/AH-efiféT fa= &t AF-chifen Rufa & denfoa sar 2, @ 98 = fean s =nfe fo
o ¢ THSEIUT &l BT ST AR/ T hlS YT TG el hTT| o ol Gear ol ot FSrHardt efen! urrete
T BT 2
SPAD 3t &7 feu feratt
o el yrreie 311 LP-OCIP w P-TRIP s gamemt =@t foan siran 2, sae sie CNFM
o @i urree g LP-OCIP wt ACK/Cancel 52 3o 38 shaet O T ST @9kl &
® ST cten! fRor B K HeIE e fou Are # &
o & arhl gete LP-OCIP wt ACK/Cancel s gt 2, df 3iHele shia< §RT SATITqshle
5o 1 Feeftst foram STt &, fSe@ 2 &t 3101 sed it rafa firerd! 81 Sfae e fiw wre wite
(fewiee 15 fereft/sier) & flamme o wifa i et svam|
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File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

AT hT 3T FIT T L
1. & am ard (DOs)

1.

e e, LP-OCIP sustor 31t BIU =it &t fafa it st/ s, ONBOARD =rer=r sl
=T FA ¥ TEl| ARl I (LP) i Heifer o @bl sheter (TLC) / wrar shgier (PRC)
! HAEE e 3 LP-OCIP w2 gu Hiet s fearfer ot sweprl &t =iz

T STANTHRAT JIeehT I 381 qL8 § Ue R aH|

LP-OCIP wt 31eid st ffde wwy 3 it qid e i)

S IR (TTSH/HHRM/ETE 351 R AT A 1 3ferd =2 H

HTTE o™ T = o av T,
a. SIS Fare I Aok Fd T SITIF THHTST <A1 L
b. smedicRH = =i wfdw/am= we 7 w
c. EM 3t MR %1% @iet (et +ft @my )

SATTIS hae o §Ig Hd T,

a. MEEAYH e it ATy 7 ¥ W@

b. EM it MR %% 52 it (et +#t @my 2)

C. 3AIE hord i sig Hid THT Gt THHST T 5 o 2|

LP-OCIP = graet & dwre

ARl IIAC T STeT i AFEE e § IS @S &, a $9H atehl shele’ (TLC) / dmaw
#giel (PRC) =1 gferd st =ey, arfer wsife t@e/OEM =T gr fasherdr i Sieet &
ganferg femam ST we|

LP =1 toa i S S U THITR W=l ST SeiTei STTE9aeshd 3Tl ol Ta AT ey

o6
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2. & % amg s /DON’Ts

1. | forelt oft gom9a & T S T AL
2. | S AHETE o e A T T&T &1 a1 SHeh! ITe s 7 ol
3. | S Fo FE B, 7 fkeH Aigge AT FriaeH, AT AieH TR THT FAarHi i 7 8]
4, |99 = @ e, a9 SIS Fad Dl AT 7
DMI w27 37 Gohd

ol

14:.08:57

Turn Out 27854 -Jan-2016

Target

Distance

~
40

.
60 1
=40 \e 160—
20 1

2 80

-~ S

v 0 200 ~

/ \
100

toc:61.84km ] 02363 m

TL 550 mts Full Supervision

relilll”

HHS 1-46 % HEU TgT Yeid ¢

11d-245,Dir-N

FHE 47-60 F A TRTISIT & T Dist-532

PTRP REV OVRD SHNT MBT SR CONFIG CNFM  INFO

ot 115 Srept grIeie % forg Geof gawr
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THAN  Frepy qrreie o T deed gewm

1. |frew & @, TCAS &1 sTrgdice a1 e il
2. SciTeh TR | TIh! Tk ok forg ACK, XX @he # SOS 30— et 2l
3. [T S ST (S ik oE), IS AR A6l
4., e E, P_Trip =
5. S5k ST TT, S8 US T 9dT =ell
6. 515 TTRIT TRIT, TS HiS § qawe
7. EEASHIMRGCEAIRCIRC)
8.  |faw wave i argufa et €, REV HIg 1 U2 &
9.  |REV Hre & 311 sgH ot S1gafd 7= &, SR Hie &1 3w &
10. SR e &t qfy &t — TCAS fedt ufise
11.  |SR e i qf¥ i - T3 o @rer et dar fowal
12. (SR e I qfE i - FIE TN 7T STHRRT T |
13.  |LS dre 1 gfE & - R % wry e gun fowal
14.  |LS Hre i qfE = - IS STHAT T b Tl
15. [@R-9R AT Hehd SAEES 1 IE
16. [l XXXXX & @r Rr-8-fag esmua YYYY Hiet #)
17.  [@ret XXXXX & | fser oid 8 zshaa YYYY Het |
18. |eferwss = ata, XXX # famet u ot
19. (fd " XXXXm 2 YYYs ® g 8 Sfrar @
20. [wmaEgw LC e XXXX YYYYm & 311 @1 8
21, |-+ LC e XXXX YYYY =Hiex & 311 w1 2
22, |LS Hie RH % |1y (et @ sht Teftelr o T °
23.  |LS i ST Tfr SR Y e et 2
24. B T il A-efifé sge wfsa 3
25.  [3F 1 g Y ToET wfd W
26. [t o o werr (XXXXm)
27. [ o s om faree (XXXXm)
28. [ oY e shY o e e

58
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19002383/ P02028etyP IDEWRS )
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29.  [ufa =i YYY foret e sier o gy XXXXm & sHermse
30.  [fa = YYY foret ufer sier o @y XXXXm & TSR (wferss & 3wz & forw)
31.  [fa =i YYY foret ufe =i 3 @mer XXXXm & PSR
32, [XXXXm # yrferror s i
33. [TCAS &= § yasr
34, | dew o wIfd W R
35. |[fo%en G ¥ AherdT
36. |[forew Tew T famer - XXXX
37. [ e - MR X.YY(X.YY)Kg/cm? & e i
38.  [3e wE - BP X.YY(X.YY)Kg/cm? & sweva i
39. [orF T - NB UTwTsS, Sf-Ua. ararsehs /o
40. [3 T0E - FSB UwATSE, S-Ua. arsarsest/
41. [5% TOET - EB UATSS, si-Uae, arsarsanst /S
42. e TE 96
43, [ wlverr fosha (Toesh, whuwsh, 34)
44,  [sie e fosd, T sl s % forg ACK gamd
45. R HIHRIA T, Hif-HT T qamd
46. [wTw fredff~deet a1 3ie O 1 =5 i
47. [SOS - w: wiw (Agra)
48. [SOS - 4% Tl (sciieh HaR § &1 g3I)
49, [SOS - ¥<F A (& wiee) (wfersr & 3w % fo)
50. [SOS - @ XXXXX & (A7)
51. [SOS - @t XXXXX & (sciteh S o ekt 71)
52. [SOS - @kt XXXXX & (37 s1em) (wferss & 3w & fomw)
53. [SOS - w3 XXXXX & (waeiieg & @it wiishl )
54. [SOS - =™ XXXXX & (qaaiieg & 56 «rhl ae)
55. (7R TIfd, seET Tfd S L
56.  [sieh ST T, TR T 9 g T
57. [FSB YYYS % @y ferar smam
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1/3112549/2024
58. [EB T YYYS # &y foram s
59. [FISTTET 9ok
60. XXXXXXX 27 yebr =rafaa

l.

el ol HHTE TR SR TRIE 6 17T Heedqol et

FHAT ATl YT & ToTC Tk SATdh ReAT WETaat 0T . oF ol i ol i o 3K 39
el T W U T refive (e o e @ A T el 8l $EE dlmmited e
forett oft g & 1ot foriraTiat @ 976 e 2 Sl

ATl RIS i S=erd TiaTe (T o STaR A1 |5e e, amaert e, =T |ie 3R
el 1 arer T Bl AAE Fee % LP-OCIP W weRkia firer uge] @bl qreie & g
et Ueh AT FErIar 8

. 99 HWEIE Fod H A HAT @1 § SN TR dawe & SR A # & o S 8, S o

o YA H Yo FAT &, AT G hl SUSASHAT o SATUR W, AHA«IS Fara LS Are # 3R 3 &
FS e # w=nfad 9 9 THiaia &1 S| Akl 9rEee o gEaad & ol

T YR ST 7 FHed HRH ¥ R-hd< R T Jo3T Hdl ¢, al AFae wad @anad &9 @ SR
AlE § TN & ST SR SIS Fae 510 s A § F9- & g Akl 9raee &l 15 &he
(iR T ar) & ofiat SR g # gifem 1 Tier Fr g S oft SRian 9 § 5
fiRree STt & o SAient Uraere ot Tfiehfr sht STTarvershdT Bt 2

. ad 1 ered fordt off a@ ¥ G & SR 3 7 dere o o Sl o g 1= fali o s1En

SIS (& T A & HaTed o T T Soaiod/3Tawise T8 ®anl saiae, @ e (LP)
& FETe o g ST St U2 TatR 3R 311 HaRIT ol SAITe G- sl
foreft +ft TafieRor o foTu, o shae @80T 3.2 W aH-awa W SR fRg 1@ RDSO fafade sk

femféeit % @a-wrs MEDHA, HBL st KERNEX #== & RDSO gm0 srifea fgeret
29|

TE AT TRIAC HATRIA HIST Farel HelTe hl GHF o FTg T fofa 7t 2

8. LP-OCIP wt wareey feufa & g taAsel Gohd &t ST o

10.
11.

60

TAdt B "I 9T AT o 9 % fT g 3 g fAIET s 9Te T 8 ST e
SR STTAT AT T 0 ST Tl FHEAT SR

Hie ZIfSTe o1 69 SUURk 7 & gt T |

TAdt I Solieh AR W WET Tee % fOU ot GH ¥ STEEIYS Wie 1 wE e
SATATIHAT & Ffeh I WIS Faet AT F AR & 2

152

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

BBT/H09S



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

12, 5mus = foeetdt o wmet #, o A 2 # foreqa fdwn =t arem s (1)
13.LP-OCIP + wefiia 3ucied H2sHI H & ¢ FohT o SR SUIHh o hil-H <l
14 r=r fSrier At H S Fd J9 3T9TS ST arelt Tfskar & forg srgwmr [V.2(E) 2wl
15 .a= it T et TUslt & SR AaR € s 1 Rufq #, s & 8 AZHINE ®ish hl 5]
Tk B ol ST A 4|
16.faat R-srgewar it ol & tadt 1 sfad s swad #1 S 8 gehar § (|rse | e
TAH-ATETEN R Hehfia fomer & BT 21 ThaT ©)1 eI T e Sl 3T i IR 3T I8
T HAEIE T ol hl IH: THA A
17.5& +ft o= &l =1 F % qid 918 it 3 21 a1 @ SR AT SR A2l 2 2, Al S fetiad
T AT WfshaT & STTER Fa i ST FL 1 T il
18. wieftsft 2.0 wrepimifee H, e ot shorel ol AT T IR e AT6 AfoRAT o STTET =hich i feafa
gt 1 & ag off s gy YRR () T awar 2, @ e TS AR % STIER o TieHRH
g (ITTH) T Fded i Heanford il
O uHHY s
o TPM-J1 3w J2 stk MPIO-J2 @ wsa (795018 sk 787603) ger €l

o =+ Wéﬁaw- 795018 &t MPIO-J2 3k PSIB-100A = = sae
Ty

e 16: =it 2.0 dwmies

CMS 3R §5H o H AT o I A1 hl T3 el Sl ol Rt
AT TS T T8 Y21 AT BT foh oy Yomedt # oh1g oft Tt @1s-3i16 & e CMS # STR §54 o 4 &l
&1 =y

61 153

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

BB83/509:



£89/509:
File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

ARl e o] (= OEM & filw. MCB,

AT et 37 i)
aft OEM-MCB s

fm 17(1) ferr 17(2)

HYT: HSTEsey I7e H Uoh THETST - TSseq U SR TR a1 11| el I8 THEftsl 3

i 17(3) fom 17(4)

T e HISTREsey Ie H U THETel - Tgeeud STqfd S & 7| sherel T THeielt ot

fert 17(5) R 17(6)

62 154

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



1/3112549/2024

File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

i HIATSs It H Toh THETE-USseq U AT TR SHTHeS el T T THETS T

fm 17(7)
TYT; &7 9, o< W THE S Y

7 17(8)
T THeT-1 A9 W uen Tl

1 4
i 2 .
WCE RESET
conAciot i

7%3179)
Tosfiuet: a1 7| weefl-1 e ot uhesft it

fm 17(10)
BT S 7. IS hard W TS Y

- - T I..-..wu.uw‘\,-r- .-.(.-
1 g

fm 17(11)
TEETer: SIS hae W AR H&AT § THETst

63

155

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

$£60/509°



1/3112549/2024

File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

f 17(12)
T=EIUe: & | AR 3 o ST § uHEs

i 17(13)
TYT: S 1. IS T hera W st Y

i 17(14)
T Teh AL, et i o uhEis] Ay

i 17(15)
TYT; Y . hore 9T THETS i

R 17(16)
T U . IS had o Hohe TS it

64

156

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

BO5/509°



1/3112549/2024

File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

fm 17(17)
TEUe: I e % STATET Hae THEE (a1))

AT AT el YT &7 7 Tl

i 17(19)
Feird; Tk o, SIS sherel o q19 THE ST sh

i 17(20)
TSSTTE: &7 | hi-edred T W uHHslt 1

65

157

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

B88/509:



£63/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Tt SETH | ATART ETeh o ATAR HATIq fohyg AW ater MCBs @t |t

T

ar ar ar

: a a T

3 el - SRt al ar Th

3o TAY, @ = a

wHAT U a & 3
LR LG a Rl anff aF wfud T

ferar

Fr18(1) £ 18(2)
A FHirede I o T AT T A T SATFEICRA fa =1 8

7 18(3)
TR SHATSY Sia T ST R

66 158

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

7 18(4)
T TS shore o IS W 3MSHATH =

fo 18(5)
el : IS halel o T8 HATEETATH o=y

INDIAN"RAILWAY PROPERTY,

Ve

o1 18(6)
TEfiea: $-70 $eThd AfHe % ¥ W smEeR R

o 18(7)
AT TS sherr o 3T T

fom 18(8)
TEEUe: TS T el o ITE

67

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

159

$£68/509°



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

19068834 PURABH&IP DIDEWRS )

1/3112549/2024

f118(9)
HaE: Pn.panel W e AgHcTH R

fo118(10)
TYT: SIS shard T shelel EEAIA

1 18(11)
Tsfiuer: sfteTTsy Ffie # e rgde faw

fomr 1 18(12)
T el SATFHATH

ESGRSICT

f= 1 18(13)
TS SIS A H Fad g fa

68

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

160

£689/509:



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

1 18(14)
TYT: SIS shar I halel UM feasr

T 1 18(15)
TeT: S o & W

for118(16)
e IS ha=l o I1E

11 18(17)
TEeiud: IS sl & 919

69

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

161

B896/509°



69T/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) 1

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Tt OEM # E=rfera forT ST aTet SATSH 9 f&ar=r vt awier

e w2ren LT LSELL EEE

SIS AT, FHragHe o], 3 | &l o qref o i g | wel & 9y faw i e | w6l & qrer faw s ame
TS AP, 3 ol SUHY, | i ssaeee 3R SRR 3T srrgEeT
FATAA STAY HI R

gft OEMs & e T @] 3TISUH hish T

i 19(1) 19(2)
ai 3euta: EM(TesedTd i) great S0 o i At det & Tt T S e (e we ¥ e oiv)

fomr 19(3) fe 19(4)
uft SeuTe: Ik it § T-9 % i StH wih ft Saare: CAB1 o SRR 2% & 9 EM ®ish

10 162

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



1/3112549/2024

File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

o 19(5)
Fft ST 2 e WS T SIS o ¥ T ST AT

fo 19(7)
TT: ezl /EINe Arehated
TS A § THIR 37K $TH i

IRU in BYPASS POSITION .
Ny

o7 19(6)
Fft SIATAT & Seieh WSt H TSI o N T ATHT
ey fiamr

o 19(8)
e SISy I § FHrawre sATsd THAR I 3T
Hich

fer 19(9)
Toreiue; .99 T ESTeT Aleh! SUH shieh

fer 19(0)
TEUe: iU, 39t W EINe dAlehl THITR Shich

1

163

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

B93/509:



699/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

1900883/ PU20/BatyP IDERS )
1/3112549/2024

22

i 19(11) | fm 19(12)
werfiuer: #dt 3 St § hea v Siehl SUH shich wersfiuer: #dt 3 STl H hea T Sliehl THIAR hish

7 19(13) fo 19(14)
A TAT 5 o AT % 1S Fravmet ST THAR H1sh A SIS ST o A<l e SUAY S Ereret

o 19(15) fm 19(16)
HYT: TR 5 6 AT o e FHra¥iiel SUHE UHSTR ik T BT3RS o el FHra¥rIet STHE Al Sl ik

12 164

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



B00/509:
File No. Axe ORPleEERESTARBIPPYCa¢dakaetag (Computer No. 3473229) 00/508

1900883/ PU20/BatyP IDERS )
1/3112549/2024

i 19(17) fo1 19(18)
TEEURA: FHraRTe SUAY UHIAR Shiehe TeAt! TeTU=ud STarst 1 TESUA: SR S o I Fravel SUHY ST hish
EERIE I

ik ATHRLTT:

1. stuTaektea THe (EM) ared SITSHIGT which: Ush SMUTARH §H dicd BP Irsuaiisd © €fud 2T ¢,
FreehT ST SATaTaehTeA Sk Tfterhy it Reurfa & BP &t smeX frehra & fow 3R Siram 31 5@ smardenTef e
ATedl o fI STTSETAT ik T EIM hieh 2T ST 81 8 hich b1 STEETATH/sE L & BP =t aiféw T feam stram)

2. wem femamar (MR) &t : 78 |IRAB 5% fred (S5t oiR seifge dipmited aMi) IR w=wma EMUs #
IS B

3. devrm fer afie (IRV) srdure Raer: s faw &1 demem Faa E-70 s fawen & wmet & o st =nfe) o=
i gegs CAB # A9 & == IRU & 3fief o Suetsr R

Tt ST § AT Tk & ATAR HATAT TohT T AT hiod T AR

R HaT TTETA ERES)
fe =i

MR EM MR EM MR EM
3 it arem et (3-70)* - @ - = - -
3 U v (efrefaft) ** - ki - hid - w
3 %9 suag -- e -- h -- T
SISt ATt T T T T T T
AT AR h Tk Th T Th Th
FAVA ST ks T e T a T
femoft:
*3-70 i fireew 1 $uH i E=ferd BT & TR Hioha HTa T ST$eTR arsury e off weferd g &
**CCB # %aet U EM ek Enfera &rar & it CABL & 3uetey &

13 165

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

sih HY IS (BIU) R o<l § Haford Gl
HamoT
37 deira 20 (BIU)

R s faeen

74

(o]

SrepiEifea 3 S & gafsia € At wEfea 3 (BP ifter % arer witlem 39) 3t seiae s (BP gifter & fomr
T 5

AL T A9 (i sen/®HeM o) 3t SA9 (3feice/sriae/armmifed Se) o ™ & SHT ST 2

3k Tt o oA iR eifafies derg wonfornt & fow oft srravers g $t shieder, 8, ATET TS HITR FRT S~

B1d 8 FEER g G a8 g Sane # wufed @t @ Y Ter Sarm (THeTR) % §9 § ST S 8 98
10kg/cm? =T et ST T 2

GHYE sk o 3 foTg sAragaes o off Aenmiies @ 3ca=T gt 2l

it (s 13T SR Tt (Fre TET) A UG wEW & S F WY 9 @ F 7 g { G0 AR F g
ATIf HIq & I BT § S THAR R

BP a1 A g 5.0kg/cm? R

FP 1 amam gora 6.0 form/ad? ? - ofom ey focen & wwdt o1 v sk ot STedt fefist e 3 forg feram st
1 5o T o SR Ut Y R fereRn T Eref

TETE T SR AT SR RSt 1w gemset wwe g FER g 2
SA9 Faa M o sish o | GeTH 8N - i BP gift 7= 2
A9 AR T 5ok T o A1-1e by 7 ot - sfidt it o ary-any aem |

PVEF- A9 o & 3 SArhmITed # s % STIIANT I TF [Eq dTeal & WIeam § S1em o S @ehat @ fo|
TeftSe % 9 H ST S

166

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

BOB/509°



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

E7vOo
Faivelaw)
I Phasa L >
WAL -5 T W -y
. = > Ll o) =
Electrical (K rorr Bram-ng)
oo oarmiotives

Conhea nticral
WS ] WA ACS ST NEEaE ]

cCCB 1.5
{Kﬂorr BEremse)

HH
CWEES A, WA
}]

coB 2.0
{Knorr Bremse

Die=el
Locomotives ]

IRAB
e rvtece il :Meﬂha_ HBL, Lotus)

AL O Lo 05-)
T B, DA s,

B (wery facwr)
(H:n:-rr Bramsa)

3 Phase F—— EP braking |
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Conventional I—[ EF brakimng ]

Brake systems
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EIETIR:CAE R

— Mechanical brakes — Tread brakes
(essential for safe and |
reliable rolling stock braking) — Axle-mounted disc brakes

— Adhesion brakes

— Wheel-mounted disc brakes

— Electric brakes Dynamic brakes

— Regenerative brakes

— Non-adhesion brakes —|: Air resistance braking
Rail brakes
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10 Kmph

130 Kmph

80 Kmph
Target Speed % il N
Monitoring arget Spee . =800
WAP7 Tﬂgﬁ}tgﬁ:ed Monitoring
-22LHB g
70 Kmph
ﬁ 60 Kmph Ceiling Speed
Ceiling Speed Monitoring
Meonitoring

VB Express

=
ferm 24 wifaes nfa SiwrEa

IRAB 3 sfisméq o1 st s

BIU -IRAB PNEUMATIC CIRCUIT

AQ | rmowas Tu‘:;’)‘ FREOM R S5A9 FROM BAS PORTE  FROMEBP
5.5 3
wpam P
WALWVE
Mz ol lp

Min
15.5,50

T VALVE

Mote:-

LPSR: Low pressure sensor
342 &2/2 - Etectrically
operated valves

3/2 - Energized : o!/p of LPSR
given to IRAB

3i2 - de-energized ;LP
command directly routed
EPC-BP : Electric Pneumatic
controller for BP

212 - energized to open
QRY - Quick release valve
DCV : double check valve

fem: 25 w1 1 st A
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= Electronic Module:

It consists of a Control Card having

ELECTRONC PHEUMATIE PANEL built-in air brake control logic.
KAVACH o . "
D | ogw « Control Card interfaces with
e : fles| 548 Hancte Analog Input Module, Digital Input
o | [ heg | [ Module & Digital Output Module to
e Al monitor and control air brake
INCLTIESY application/ release.
I i f cuTouT EMERGENCY el  KAVACH
it § Opaatonl » Pneumatic Panel:
A A
s Fenilocks « It consists of different valves,

wh|  PRESSURE SENSORS (il IRAB PANEL

Block diagram of Loco brake Interface

pressure transducers and manual
cocks - Interfaced with IRAB
system & Electronic Module for
brake control purpose.

Rt 26 3 3z A
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Onboard Kavach system working on and
switch off booting up procedures, DMI
messages
& indications and train configuration
&

Procedure for SOS generation & Reception in
loco Kavach
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Procedure

Switch On the Kavach Power MCB. Ensure Leading/Non-Leading switch on LP-OCIP of both CABs
incase of Locomotives in Leading Position.

III

Keep Kavach Isolation switch in “Normal” position.

Operate the Pneumatic Cocks.
*IRAB: Keep MR and EM cocks in Open Position.

* E-70: Keep EM Cocks of Both CABs in Open Position. Further IRU Bypass Switch of Active CAB IRU in
Normal Position.

*CCB 2.0: Keep EM Cock in CAB1 in Open Position.

* EMU Conventional: Keep MR Cock OFF and EM Cock in Open Position.

* Three Phase EMU: Keep EM Cock in Open Position.

*VandeBharat: Keep EM Cock in Open Position.

Loco Pilot needs to Activate the LP Desk with BL Key or Reverser Key and Kavach performs Brakes
Functional Test. If Successful prompts for selecting Train Configuration.

If Brake Functional Test Fails, LP can re-test or Isolate the Kavach System

Until LP selects SR/’S?IEI mode, Onboard Kavach will be in Standby(SB) mode.
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207/509:

e’ “SERIECH OFFPFOCEG U E™
SN  Procedure

1. Keep Kavach Isolation switch in “Isolate” position.

2. Operate the Pneumatic Cocks.
*IRAB: Keep MR and EM cocks in Close Position.
* E-70: Keep EM Cocks of Both CABs in Close Position. Further IRU Bypass Switch of Active CAB IRU in
Bypass Position.
*CCB 2.0: Keep EM Cock in CAB1 in Close Position.
* EMU Conventional: Keep MR Cock Open and EM Cock in Close Positions.
* Three Phase EMU: Keep EM Cock in Close Position.
*VandeBharat: Keep EM Cock in Close Position.

3. Switch OFF power MCB.
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;jfﬁ%f@h att of Mission:stand 'bw I"Méde -
Brakes Testing

* After selection of Desk or CAB,

— TCAS will perform brake test to
ensure brakes (BIU) functionality

- 5 ?
Loc: —- > o0000m

DC 0.37 TLZS mts Standby

Brakes Testing - EB Applied, BP - 0.00Kg/cm?®

I'rain Data Mot Available

P_TRP REV OVRD  SHNT MBT SR CONFIG
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209/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

~e=es Brakes Testing Success

*  Brakes testing Success

Loc: - > 00000 m

DC 0.37 TL25 mts Standby
Brakes Testing Success

Irain Data Mot Available

F_TRE REV OVRD SHNT MBT SR

194
Generated from eOffice by SOMhARA SANDISTHES VENENRTHASS D REORISEFRG )D MEAREMERCSaaidasggn REe.10n024102282410:09 am



260/509:

et @PL OF VI15SION: Stand by Mode -
Entering Train Configuration

Train Type Selection & reconfirmation
to be done using Up/ Dn arrows
followed by Enter (soft keys) on DMI.

BaloaTr-Inconﬁg Press "CONFIQ" Buttion

BU Isolated
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20%/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) o

19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Tra|n Type SEIGCtlon (Ver 32)

Press Configure button using Up/Down
arrows followed by Enter in DMI
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88/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 208/508

1906883 /2020 2BHgIH IBEWRS )
1/3112549/2024 Train Type Selection (Ver 3.2)

[_ LI;‘ Englncr Types
(1. Light Engine

|2. Light Engine Mult
3. Light Engine WAPS
4. Light Engine WAP7

e i ] N Light Engine is selected, with types
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 208/508

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|eCt|0n(Ver 3'2)

TCAS TRAIN SETS
Reconfirming the selection
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208/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

173112549/ 2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Goods/Freight is selected

Press ¢ J To Navigate m_mwmon@mmmm

AN | W [ 1< | [ -]
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Goodsi/Frieght Train Types

cods 58 BOXN Empty (1000 - 1999 Ton) 3 '

1. G
2 Full Load(3500 -5500 Ton)
Empty (1000 - 1999 Ton)

B5 § Loescosossom e - Goods/Freight Train Type
selected

Press ¢ JJ To Navigate Press l(ny to Continue OR 4l Key for Previous Screen

[ W/ . ][] - |
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6/5093
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 2807508

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|On(Ver 3'2)

Reconfirm The Selection

1. Goods 42 BCN Full Load(3500 -5500 Ton) Reconfirming the selection

2. Goods 42 BCN Empty (1000 - 1999 Ton)

3. Goods 59 BOXN Full Load(3500-5500 Ton)

4.Goods 59 BOXN Empty (1000 - 1999 Ton)
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Z31/%09:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

173112549/ 2024 Tra|n Type SE|eCt|0n(Ver 3'2)

Passenger
Train is selected

Pross ¢ JJ Yo Navigate Press [IEIIH e to Continue OR @ Key for Previous Screen

| || | O | | ] <> |
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8/5093
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) Z88/508

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|On(Ver 3'2)

- Y, Pwrm.bncm

4. Passenger Train 3 to 7 Coach

P-ung.v TrI!n Types
[ Pansenger Train 3 to 7 Coach
’2 Passenger Train 8 to 13 Coach

3 Passenger Train 14 to 20 Coach
4 Passenger Train 21 to 27 Coach

Passenger Train is selected, with types

Press ¢ JJ To Navigate Proes @ Key for Previous Screen

[ [ || [T I ] - [ i |
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9/%093
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 289/508

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Reconfirm The Selection

1. Passenger Train 21 to 27 Coach
2. Passenger Train 14 to 20 Coach

Reconfirming the selection
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240/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

e Type Selection (Ver 4.0)

Train Type Selection

Gc;;;is/#;e;g}ht Train
Passenger Train(ICF) using Up/Down arrows followed by Enter

Passenger Train(LHB) 'in DMl
EMU

Train set

Parcel

Press 4 § To Navigate  Press @Key to Continue OR €M Key for Previous Screen
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24%/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

e Type Selection (Ver 4.0)

Train Type Selection

' LghtEngine _ Using Up/Down arrows followed by Enter

Press 4 ‘ To Navigate Press mlﬂw to Continue OR 48 Key for Previous Screen
L e [ ][ & RS
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File No. mmﬂm&l@@tﬂ@)ﬁﬂ’f&mahmpz (Comp(telr No. 3473229)

Ver 4.0)

—Ptraln Type Selection

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

' R0 S SIESOoRIRE. 0020241042 010:09 am
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File No. mmﬂm&l@@tﬂ@)ﬁﬂ’f&mahmpz (Comp(telr No. 3473229)

Ver 4.0)

—Ptraln Type Selection

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

' R0 S SIESOoRIRE. 0020241042 010:09 am
[ | o | x| EE RS




248/509:

e TP T T DS SEIECEIOR TVEFA0)

1/3112549/2024

Train Type Selection

Light Engine

EMU
Train set

Parcel

Press ' ‘ To Navigate Press @ Key to Continue OR ﬁ Key for Previous Screen
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249/509:
File No. A2 20Rtedi@ES) Tamahmz (Compl(elr No. 3473229

JstP )
s Frain 1ype Selection (Ver 4.0)

Passenger Train(ICF)

Passenger Coaches
Calculated Length Meters

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or -- to decrement
Pressf JJ To Navigate Press m Key to Continue OR € Key for Previous Screen




1SQMMWE‘¥“ISI5 Thmrﬁyrec&pka%wsgmepfgg%m (Comp

1/3112549/2024

Passenger Train(ICF)

Passenger Coaches

Calculated Length

Braking Efficiency (Range : 85% -100%)

Are You Sure...Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment
Press - or - - to decrement
Press ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

(- - e o] 8/ R

-(tvo_ 347%9)0)
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: F;ille bo. 2mrlﬁl‘efcﬁl(§ﬂﬂ PTamabr 3 (Comp r No. 3472?9)0
1900583/ PORD /B THRYP
1/3112549/2024 a I n y p e e e C )

Train Type Selection

1 Light Englne
3 Passenger Traln(ICF)

4 Passenger Train(LHB)
5.EMU

6.Train set

7.Parcel

Press 4 § To Navigate Press m Key to Continue OR 4 Key for Previous Screen

I
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223/509:

- quv'gmé ilor] Nmr&ﬁl‘e«ﬁl(@@tﬂfgmeﬁiamah 6Cﬁmp r No. 347%9)0)

1/3112549/2024

Goods/Freight Train

1.BCN/BCNA

2 BONHL
3.BOXNHL

4 BTPN/BTLN

5 BTPGLN/BTALN
6.BLCS

7BRN

Press ‘ To Navigate Press Key to Continue OR 4@ Key for Previous Screen

L L el 4] 8 EE BN
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229/509:

. E'E\c'g;'"é T(h mrﬁxl/mﬁp@%ﬂgmepfggfu (Compyter No. 3472?9)0)

1/3112549/2024

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen

BENN T R oo I

ECO I AS000 0. T01C024102280240n0:09 am
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. E'E\c'g;'"é T(h mrﬁxl/mﬁp@%ﬂgmepfggfu (Compyter No. 3472?9)0)

1/3112549/2024

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen

BENN T T oo I

ECO I AS000 0. T01C024102280240n0:09 am




s ST TYBE SEIECHOR

1/3112549/2024

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon
Empty/Loaded

Calculated Length | Meters

Calculated Weight 1143 ERELGES

Braking Efficiency (Range : 85% -100%)

Are You Sure... Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment

Press - or - - to decrement
Press ., To Navigate Press @ Key to Continue OR 4 Key for Previous Screen

(- - Jea]le] 8BS EN

/ér'4.0)
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238/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Once Train configuration completed, Loco pilot needs to select Staff Responsible
Mode Or Shunt Mode by pressing SR or SHNT respectively followed by CNFM
soft keys on DML

After selection type train and formation type system asks for reconfirm selected
formation type

Then this mode can be changed to SR mode or Shunt Mode
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233/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

~=~Standby Mode to SR/ Shunt Mode

LOC: ——

- 5 :
Loc: —— > oo0000m

DC 0.45 TL 310 mts Standby

TL 310 mts
Select Staff Responsible or Shunt Mode

Passenger Train 8 to 13 Coach

Passenger Train 8 to 13 Coach

F_TRE REV OVRD  SHNT mMB F_TRE REV OVRD  SHNT MBT
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238/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Train Configuration Detalls
as per Version 3.2
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

~eeaelection of Type of Train

Train Type Selection

Press 'f to Navigate

1. Light Engine

2. Goods/Freight Train

3. Passenger Train

Press h key for Previous screen

Bk 2K

Enter

Esc

220
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

~usPTIONS for Goods/ Freight selection

GOODS / FREIGHT TYPES Selection

1. Goods BOXN 1000 - 1999 Ton

2. Goods BOXN 2000 - 3999 Ton

3. Goods BOXN 4000 - 5500 Ton

Press ’f to Navigate Press mm key for Previous screen

&

\ 4

2 2

Enter

Esc

y44u N
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Z31/%09:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

~=@ptions for Passenger Freight selection

PASSENGER FREIGHT TYPE Selection

Reconfirm the selecthon

1. Passenger Train 20 to 27 Coach

2. Passenger Train 9 to 19 Coach

3. Passenger Train 3 to 8 Coach

Press " to Navigate Press h key for Previous screen

« ’r f Enter Esc

OO0

Y444
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238/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Train Configuration Detalls
as per Version 4.0
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239/509°

Train Type Selection

'”“‘Wﬁﬁp Type Selection

> nght Englne GOOds/Frelght Train

» Light Engine :::::? 1::&2)
» Light Engine Multi =T
> Goods/Freight Train Train set
* BCN/BCNA Parcel
« BCNHL
« BOXNHL

« BTPN/BTLN
« BTPGLN/BTALN

« BLCS
« BRN Press ¢ § To Navigate Press mxey to Continue OR 4 Key for Previous Screen
> Passenger Train(ICF) T e[ [

» Passenger Coaches, Calculated Length,
Braking Efficiency to be enter then
confirm
> Passenger Train(LHB)
> EM.U 224
Generated from> eo-flf_icre k!)n sgﬂehttm BN Dl HES VENENAGHARS S D REORS PR )D PE(TREmME e Seaidasggn Rt 10n202410228241m0:09 am
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

e OPLIGHS for Light Engine selection and then Reconfirmation

1/3112549/2024

Train Type Selection Train Type Selection

Reconfirmation window

Light Engine  Light Engine Multi
Light Engine Multi Light Engine

Press ¢ JJ To Navigate Press I Key to Continue OR 4 Key for Previous Screen Pressf¢ JJ To Navigate Press JEIEA Key to Continue OR 4 Key for Previous Screen

I Telle /S N o e el
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199%%.“ OnS fglg(H‘RBBm @@tmmﬁkéﬁamg@'mm 3472229 e
P8 ia) QWE % selection of Number of coaches e
and brake efficiency then reconfirmation

Calculated Length

Braking Efficiency (Range : 85% -100%)

Train Type Selection

Light Engine
Goods/Freight Train Press + or ++ to increment

wmj\(&mn Press - or -- to decrement

. Press To Navigate Press Key to Continue OR ‘ Key for Previous Screen
Passenger Train(LHB) 3 @

EMU (][« &K= EN

Train set

Passenger Train(ICF)
Parcel

Passenger Coaches

Calculated Length - 225 ECE

5

Braking Efficiency (Range : 85% -100%)

Press ', To Navigate Press @Key to Continue OR 4 Key for Previous Screen Are You Sure.. Do You Want lo Continue with

above information  ?please use up/down

( L e ][# s/ER EN == =

Press + or ++ 1o increment

226 Press - or - - to decrement
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" File No. Az poRleEIERGIARBIPPIKACESHARTEE (Computer No. 3473229)
'8t Goods/ Freight Train selection

Train Type Selection Goods/Freight Train

1.Light Engine 1.BCN/BCNA
2. Good/Freight Train 2 BCNHL
3.Passenger Train(ICF) 3.BOXNHL

4 Passenger Train(LHB) | |{4.BTPN/BTLN

5.EMU 5 BTPGLN/BTALN
6.Train set | 6.BLCS

7.Parcel 7.BRN

Press 4 ., To Navigate Press Key to Continue OR 4 Key for Previous Screen [l Press % . To Navigate Press @ Key to Continue OR 4 Key for Previous Screen

T TTefefe/Em EEy [ [ [ (e« 8ER [EN
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283/30%

Fil ) PORIGEERS) PRagdaiaretas (C t . 3473229) - .
sele f Y Toad and brake efficiency

@fiorsselection of number of wagon, load an
then Reconfirmation

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon Goods/Freight Wagon

Empty/Loaded Empty/Loaded

Calculated Length | 649 Calculated Length

Calculated Weight Tonnes Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%) Braking Efficiency (Range : 85% -100%)

Are You Sure.. Do You Want to Continue with
above information... ?please use up/down
keys for selection

2 . I Cancel l Confirm I
Press + or ++ to increment Press + or ++ to increment =

Press - or -- to decrement Press - or - - to decrement
Press ' ‘ To Navigate Press @ Key to Continue OR ﬁ Key for Previous Screen Press ' ‘ To Navigate Press @ Key to Continue OR « Key for Previous Screen

[l - e[ #] 3/ EHQ - [« ¢«+[s/EH i
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A Il B N

7.
8.
9.

PIREA BARMTIZR R

PHRE)

nTaVaty

Wagon

Name

BCN/BCNA
BCNHL
BOXNHL
BTPN/BTFLN

BTPGLN/BTAL
N

BLCS

BRN
BOBRN
BCFCM

Type of
wagon

Covered
Covered
Open
Tank
Tank

Container

Flat
Hopper
Cemeaa?

45

43
58
59

Normally no | Length of wagon
of wagon in | Over coupling (in

15.429
10.963
10.963
12.420
17.529

A-Car- 14.554
B-Car- 13.141

14.645
10.6
10.713

File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

Tare Weight
(In Tonnes)

27.2
20.8
20.52
27
47.97

19.2
18.1

23.3
25.61
23.1

Generated from eOffice by SoritidR SIANDFETHS UENENATHAS S DSORS SFRE )D MRTRBME=C Saraldesggn Ree1020241022524Mm0:09 am

10.

BTAP

Food grain

47

12.329

27.319

288/509:

Gross Load
(In Tonnes)

91.28
91.6
91.6
81.0
80.1

100
100

91.6
89.28
91.6
87.68




289/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Procedure for SOS Generation and Reception
in Loco Kavach
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File No. Ao poRle@@GRETARNPPIKa¢GEa RT3 (Computer No. 3473229) a7 g
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Procedure for SOS Gen. and Recep.
Follow the procedure given below for SOS

generation and reception

Manual SOS:
Whenever a Loco pilot(LP) detects an emergency situation and wants to alert other trains,
LP has to press ‘SOS' and 'COMMON' simultaneously on LP-OCIP to generate Manual

SOS.

Unusual Stoppage SOS:
If a train stops in a block section in spite of line clear, Kavach prompts Loco Pilot(LP) for

acknowledgement. Loco Pilot has to press the ‘Acknowledge/Cancel’ button on LP-OCIP
within 15 seconds. If not acknowledged, Onboard Kavach broadcasts SOS messages and
brakes will be applied. To cancel the already broadcasted SOS message, the loco pilot
has to press ‘Acknowledge/Cancel’ and ‘Common’ buttons simultaneously.
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Procedure for SOS Gen. and Recep.
Follow the procedure given below for SOS

generation and reception

SOS Reception consequences and normalization:
Whenever Onboard Kavach receives SOS from any Loco/Station, trains approaching the
originating source of SOS (within 3000 m of location of SOS originating station) shall
apply brakes to bring the train to standstill. Further trains can be operated upto a
maximum speed of 30 Kmph till the train passes the source of SOS generation. The
normal speed will be restored only in the following conditions:

® SOS message is canceled by the source.

@® Train/Loco is moved away by more than 1500 m from the SOS source.

® SOS message is not received from the source for more than 3 minutes.
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26-Oct-2019
11:13:20

120 7.

3000

3 P —
140 = 1000 —

500

DC 0.47 TL 500 m

TCAS Territory Entry

Mov. Authority
e —

CNFM

INFO

STAFF RESPONSIBLE MODE

This mode is can be selected only during Start of Mission.
This mode allows LP to move train under his/her direct
responsibility.

Supervises loco ceiling speed (Maximum permissible
speed) of loco/train .

As non-guaranteed protection, it might provide some
protection in case of head on/rear end collision situation.

As non-guaranteed protection, SOS generation and
emergency stop with SOS reception. However, TIN ,
direction and absolute location information is mandatory.

The supervision of braking curve in SR mode doesn’t
ensure that train will stop at the given distance.

LP to respect line side information (signals, speed boards)
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s LIMITED SUPERVISION MODE:

e This mode cannot be selected by LP System

PSR 30132 1ieo-20ot Mov. Authority

Targe B S T e automatically enters from FS to LS mode when Radio
Pelice 80 120 7 - = packets are not available from SKAVACH in
' e | " Communication Mandatory Area and track profile is
] available upto 3000m..
190 | i e Supervises train movement against a dynamic speed
180 \: 20 1B () P rofile.
s A e * Onboard Kavach transit from LS to SR in case track
¥ ) profile is not available upto 3000m (configurable) or
0301 m LOC : 244.72 km 21721 m o7 when three consecutive tags are missed or Kavach
P TL25m | Limied SuperisionMode |UPMLSUL2 territory exit tag is read or traffic direction is
il \ 129/ unknown.
. - . 3 ,"“F I '-‘ |‘ . . . .
LI SEOm MY Spood L1 S wmph Sl ° |t obeys general SOS from station if loco within
o | e 3000m, supervise roll away and reverse movement
— protection.
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st SHUNT MODE :

il 1) Authority i

Vo Shunt mode shall be selected by loco pilot
3000 — and shall only be accepted when the train is

| 2000 o at standstill.

e [ It shall be possible to manually select
” = shunting mode from stand by, SR,LS,FS
mode by pressing SHNT followed by CNFM
soft key on DMI.

/ ! — O «  Supervises Shunt mode speed (default: 15
Loc:111505_5z - kmph) within shunting limits.
' e STCAS generates SOS if the train crosses the
Block section limit.

i N

DC 0.47 TL 500 m Shunt Mode

PSR in 1181m with Speed Limit 80 kmph ze Tl

Tid-800, Dir-N
TDist-72

CNFM
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28 OVERRIDE MODE (only in Ver 3.2):

N iss Mov. Aty *  The override mode enables the train to pass the signal at
0 1'26 2 _ danger (End of Authority) when train is at standstill, LP

selects OV from FS, OS and PT modes

*  Entry to override mode shall be selected by LP and it can be
entered only when MA < 200 mts and train is at standstill.

140 =

*  For last stop signal and IB signal, the Override mode can be
selected on run (without stopping the train).

200 N
o * If MA is extended or after override timeout (Default 240
0
LOC : 164.44 km -E» 00170 m - seconds), section speed is known and traffic direction is
m . .
DC 0.47 TL500m | Override Mode e known, then it will go to FS mode.
3 ”l ;Tag; * The loco Kavach unit shall supervise the train movement
Override selected, Pass Signal in 236s rRe |1l — ) . .
=] i against a ceiling override speed ( Default: 15 kmph).
TDist wf * It obeys SOS from SKAVACH.
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Amenulacihlsi G G sur AAVACH

B.A¢tion to be taken by Loco Pilot:

Gen

As per SR 6.07.3 prescribes action to be taken by Loco Pilot and
Guard in the event of experiencing any abnormal condition in the
track over which his train has passed and he considers that the
portion of the track over which his train has passed is detrimental for
safe running of subsequent trains.

Accordingly, it may be added under SR 6.07.3, as following:

SR 6.07.3.(h) In IR-ATP (Kavach) territory with functional
Kavach Loco, in the even of unusual circumstances likely to
affect the safe and prpoper working of trains, the Loco Pilot shall

rated from eOffice by SOmidR SANDA] S VENENRTHASS DDPEORSEIRE D Na(TRfEMEEc Seraidesggn R 10m20241022802410:09 a

at first apply SOS to stop other functional Kavach trains



PROCEDUR:S TC BE FULLCWELD UN3IER SFECLAL SCENARIOS:

1/3112549/2024

Shunting in Station Section: Loco Pilot shall switch the Kavach to Shunt Mode by
pressing soft key SHNT followed by soft key CNFM on Kavach DMI after the train is
brought to a stop. Loco Kavach would enter into Shunt Mode. During the Shunt Mode
the Kavach will supervise the speed of the train movement (default: 15 kmph). Station
Kavach would generate SOS when shunting is done beyond the shunting limits.

« Shunting beyond station section / Dispatch of train into Wrong Line in Double
Line Section (For cases of Temporary Single Line Working) /Non-interlocked
working:

The Loco Pilot shall switch the Loco Kavach to Isolation Mode. This isolates Loco
Kavach from brakes of the loco. The Loco will be fully under control of the Loco
Pilot. The Loco Pilot has to take responsibility in controlling the train movement. The
Loco Pilot shall exit Isolation Mode soon after the train reaches the next station.

239
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» TCAS Features — Side Collision

* There is a provision of automatically generating SoS from a loco TCAS unit if
it stops for a specific amount of time (Default: 15s) and MA >300 mtrs in the

block section.

« There is a provision to cancel the transmission of this message by Loco Pilot

«wao DY pressing a button on.the DM gither.before the generation or even after

transmission has started.
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1906833 /PU2DAB(BHPDEWS )| S Features — Manua

1/3112549/2024

Genera

> A UNIQUE feature even when a train is not protected by a signal.

> Loco as well as Stationary TCAS unit have the provision of
generating and Cancellation of SoS message by pressing SoS and
Common buttons together.

> The Loco TCAS units of all the trains/Locos within 3000m of
Location of SoS originating source (as well as self-train) apply
brakes to bring the train/locomotive to standstill.

> After train speed to be'stpérvised for 30Kmph (configurable) till
the train passes the originating Location of “SoS” message.
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Thank You
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Introduction to Kavach System Version 3.2/4.0
(Onboard and Stationary kavach)

CLI-05
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1.ONBOARD KAVACH
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woomsimeermtti ONBOARD KAVACH BLOCK DIAGRAM

1/3112549/2024
— FROM LOCOMOTIVE W
Antenna 3 Antenna 4
N EU
VI RM Vi. RM
Antenna 1 V1. GNSS VI. GNSS Antenna 2
Antenna 1 Antenna 2
> iz MCT UNIT | s
LOCO ONBOARD KAVACH
Il. LOCO
VITAL
COMPUTER
_j - [O~TErFAcET ]
Xl. BRAKE
INTERFACE
UNIT
I INPUTS J INPUTS | |
IX. RFID IX. RFID
S 248N eraToR 2 LOCO BRARE SYSTEM GENERATOR 2 penna!
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ON bﬂﬂfﬁﬂﬁbawlzbw AC&nln_[I)urtelr No. 3472229)

Radio modem
Antennae-TX RX

LP-OCIP1

GPS-1 Antennae | | GPS-2 Antennae
GSMH1| | GSM-2
| CANBUS |

Radio modem-2

Antennae-TX RX

LP-OCIP2

RFID-1 Antennae

d

LOCO TCAS

\

x

BIU RFID-2 Antennae

Onboard Equipment:-

*  Vital Computer

*  Full duplex Radio modems -2nos.

*  Pulse generators — 2nos

*  RFID Readers — 2nos

*  Driver Machine Interface (DMI) -
2nos.

* UHF antennae —4nos

*  GPSand GSM antenna — 2nos

*  Brake Interface Unit (BIU)
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1/3112549/2024 LOCATIONS

Radio Antennae-1

GNSS for time
synchronization,

e ——— e e ——
A ARNEERRRERNNNGRY /T GRTREERRRINRIEES

Isolation box .

Onboard Kavach

IRy,

-

[ zg?

ey

RFID
frerated Srom.



File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ P02 2B(7egP (DEWRS )

/31125492024 ONBOARD KAVACH - VITAL COMPUTER

The onboard Kavach vital computer shall have provisions

for following:-

* To interface with train interface unit and brake

interface unit

« Two direction sensing type speed sensor interface
for direction determination, distance and speed

measurement

* To interface with RFID reader to read RFID tags

fitted on track

248
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e UNBOARD KAVACH - VITAL COMPUTER ..contd

The onboard Kavach vital computer shall have provisions

for following:-

* To interface with DMI consisting of display

arrangement & buttons/switches for operation

* Two commercial GSM/LTE interfaces for
connectivity with centralized Network Monitoring

System (NMS) and Key Management System (KMS)

¥y 0

« USB interface for downloading of log and other data

for diagnostic purpose (Clause 3.6.2 of SRS)

249
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1906883/ D024 2B(7egP NDEWRS )

/31125492024 POWER SUPPLY ARRANGEMENT

The power supply module converts the 72V/110V DC supply to the supplies

required by the sub-systems of Loco Kavach unit.

Nominal working voltage: 72V (for Diesel)
' 110V (for Electric)

Input working voltage range : 20V to 100V (for Diesel)
60V to 160V (for Electric)

Operating Temperature : -102C to +702C

250
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1900833, (E20ABTs0P IDERS) RFID TAG/RFID READER

1/3112549/2024

 RFID Reader

+ Shall be able to read the tag from a vertical distance of 700mm

* Vertical fixing from top of rail level is 450+ /-50mm
* Permissible offset +/-100mm in horizontal plane RFID Reader

* IP 65 protection

* RFID Tag
* Suitable upto 250 kmph

+ Frequency of operation 865-867 MHz

* 128 bits(minimum) of information

8

« IP 68 protection 251 o
ag
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1900583 /EOPDAETHRPIDERS) RF ANTENNAS

1/3112549/2024

* RF Antennas

GNSS for time

synchronization, GSM Radio Antennae-1

* Suitable upto 250 kmph

/" dRTRERRERT

 Frequency of operation 425-430 Mhz //#”Wi WI///////////

"" '"""l"""ll

* IP 67 protection and flame proof

‘ ﬁdzv

* MTBF (Mean time between failures)
* Onboard Kavach : 40,000hrs

* RFID Reader, Radio Modem, GPS/GSM modem: 1,00,000hrs
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LOCATION ABOVE DRIVING CABs
NUMBER OF UNITS | 04-BLACK (02-RX, 02-TX) + 01-RED
(GPS/GSM)
ABOVE CAB-2 ABOVE CAB-1

A" — "?r

. e " » i
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TERFAC

avamz _I(Cl( Bp

ELECTRONIC
MODULE

Digital Digital
Input Card Output Card

Control Analog
Card Input Card
Control Unit Pneumatic

Power Supply | | Power Supply

Powor
Cut off
Rolay

Generated from eOffice gyowmgmm%%%@ﬁWE)Dmﬁmémm

PC/
LaptopJ Pendrive

1

& Feedback’s

PNEUMATIC PANEL
Auto Brake Independent
Control Brake Control

SA9 Handle

A9 Handle

BP
cuTout

EMERGENCY

Operational
Voltage to
Pneumatic Panel

Q-% KAVACH

PRESSURE SENSORS F IRAB PANEL

uter No. 3472229)

IU) -IRAB

 Electronic Module:

It consists of a Control Card having
built-in air brake control logic.

Control Card interfaces with
Analog Input Module, Digital Input
Module & Digital Output Module
to monitor and control air brake
application/ release.

*  Pneumatic Panel:

It consists of different valves,
pressure transducers and manual
cocks - Interfaced with IRAB
system & Electronic Module for
brake control purpose.
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PG JUNCTION BOX RFID READER

LOCATION UNDER FRAME BEHIND
CATTLE GUARD

s . NUMBER OF 02 PER LOCO
UNITS ,
orftifdiR. SANTDFE] HAS OENENRTHARS S DSORS SFRE )D DRTREM DP410:09 am

Generated from eOffice




File No. hup PoRle@EIERETARSPPICaOda a3 (Computer No. 3472229) )

e P V) PULSE GENERATOR

* Directional type PGs

* Based on Wheel Diameter :

Speed/Distance monitoring is

performed

. . . .
EEEEE NN RN RN R RN
. . . .
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P L OCUPILOT OPERATING CUM INDICATION PANEL (LP-OCIP)/DMI

Loco ID
?
Target LTLURN QLN 27854
Type Route Indicator
Permit
Speed Signal Aspect
With Line
Current Indication
Speed
Target Movement
Distance . 200 Authority | | Distance of Signal
g 110 ) Mode
1071 m LOC:4687Km [} gigi2 Symbol
Deceleration DC 0.19 TL325mts | Full Supenvision ' Mode
Constant Name
Tag
Indication
P TRP REV OVRD SHNT MBT

Track RFID No |

1| Next RFID distance |
Target 7 irain Section Loco | |Function Context Communication
Speed S ngth Speed | |Location} | Keys Messages with Station
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1506833 CQIF EO T OPERATING CUNVIN DICATIONPANEL (LP-
1/3112549/2024 OC|P)/DM|

: |@ |mnnaom:é:ulm(my .‘%I;:, e LEDs
= = * SYSTEM: Green/Red
o] [« « EMERGENCY/SOS : Green/Red
& >
3 B * Pushbuttons
£ .
| ‘ - Common/ Ack(black)

=
—m
.

» Cancel (Blue)

o » S0S (Red) .

mﬁm“ * Knob
- o NN\
e © =00
i N \ * Leading/Non Leadin
T & &
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1900883/ PU20/BatyP IDERS )

a2 ARDWARE CHANGES FROM VERSION 3.2 TO VERSION 4.0

Medha On-board: The requirement for pressure transducer was mentioned in the specification of BIU but
not in Kavach Specification. The BIU spec. was applicable only for IRAB. Now in Version 4, the

requirement of BC, BP & MR pressure transducers has been mandated in Kavach Specification itself.

Kernex On-board: All 06 Main Intelligent Equipment (MIE) cards are upgraded with new Micro
Controller (Processor) from LPC 2378 to STM 32 F series.. Version 4 is using new MIE cards.

HBL On-board: The old Integrated Data logger (IDL) Card is replaced with a new Vital Gateway Card
(Ruggedized with more capacity and more processing power). A GSM module is also introduced in the

Vital Gateway itself.
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2.STATIONARY KAVACH

261
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ytionary Kavach Architécture

* STATION TCAS Functions

e Station TCAS Block diagram
 STN TCAS Hardware

* RF Communication

* GSM Modem

* GPS Modem

* Antenna & Antenna Tower

* Network Management System

262
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The integrity of section ahead is ensured by the
aspect of signal

KVAO2

* What happens:if a driver ignores red aspect ?
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TRAIN
PROTECTION

- SEEET

TCAS

(AUXILIAR
(KAVACH )

Technological
solutions are(ATP)
—

PROTECTION

KVAO2

(ANTI
AND COLLISION

) AN ER N\ A
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What is Train Collision Avoidance System (KAVACH)

KAVACH is an automated situational awareness system that

provides Automated Train Protection as well as Collision

Prevention capabilities for trains.
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Salient Features of Kavach

e TCAS shall be an additional aid to the loco pilot which shall prevent Signal
Passing At Danger (SPAD).

e TCAS shall be able to carry out Speed Supervision.
 TCAS shall be able to display Signal Aspect in Loco pilot’s cab.

 TCAS shall be able to supervise train and shunting movements.

« TCAS is required to be functional up to a maximum train speed of 200 kmph.

* Blowing horn while approaching Level Crossing Gate
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* COLLISION FEATURES

* Head On Collision prevention
e Rear End Collision prevention
e Side On Collision prevention
* SoS Messages

e Computation of Train Length
* SIL-4

* CENELEC STANDARDS
268
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* Movement Authority: The distance up to which the

train is permitted to travel safely.

* End of Authority(EOA) : Location up to which the

train is permitted to proceed and where target speed

27
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tiohafry Kavach Architécture
Advantages of Kavach

User friendly Cab Signalling

Multi vendor interoperability - Free from monopoly (Medha, HBL & Kernex)

Suitable for specific requirement & conditions IR

Helpful in Foggy Weather

*Helpful at high speeds

STATIONARY ARCHITECTURE Ver 1.0

e Centralized monitoring of real- time train movement
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TCAS : Rear-end Collision Prevention

KVAO2
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maeaStREt{ONAry Rdvdch Architecture

e TCAS Features — Head on & Rear end Collision
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e Capable of detecting head on collisions, rear end
collisions in all possible scenarios based on track
identification, speed of the train, train location, train

length, train direction movement.

* |[n case of head on collision situation, Loco TCAS units of

both the trains,automatically applies the brakes
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* TCAS Features — Side Collision

* There is a provision of automatically generating SoS from a loco
TCAS unit if it stops for a specific amount of time (Default: 15s)
and MA >300 mtrs in the block section.

* There is a provision to cancel the transmission of this message
by Loco Pilot by pressing a button on the DMI either before the

generation or even after transmission has started.
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* It uses radio communication for exchanging information between Loco

to Station

e Station TCAS and Loco TCAS units communicates with each other for

every 2 seconds.

* GPS is the time reference for Loco and Station TCAS systems to perform

Radio Communication.
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

Gl 202 Remote Interface Unit (RIU)

* A Separate Stationary KAVACH unit is provided at Mid—Section
interlocked Level Crossing Gate and Intermediate Block Signaling (IBS)

locations if they do not come within the coverage of station radio
tower.

* Remote Interface Unit (RIU) shall be used where remote signaling
functions are required to be fetched to a nearby Stationary KAVACH
unit for example from end cabins/ distributed interlocking or LC gate/IB
coming within the radio coverage of station tower

 Remote Interface Unit (RIU) shall be used where remote signalling
functions are required to be fetched to a nearby Stationary TCAS unit.
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Remote Interface Unit (RIU)

File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

RIU shall have provision for interfacing with signaling inputs in fail-safe
manner.

RIU shall utilize line modems for communicating with stationary TCAS
unit.

OFC or Quad cable, ring network shall be formed to increase availability
of the network.

A single RIU shall be capable of communicating with two adjacent RIU
units so that the operations are not affected in case of communication
link failure on one side only.

2002 architecture
282
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> The Station Master Operation Cum Indication Panel (SM-OCIP) is installed in
the Station Master's room and it is connected to the Stationary TCAS through

dual RS485 interface.

> The SM-OCIP communicates with the Stationary TCAS to receive information

that has to be displayed on the LCD and system health status.

> Also, the Station Master can visualize the statuses of SOS reception, SOS

generation and System health through LED indications mounted on the SM-

OCIP module. 283
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PORIeEI@REI AR PPYCaGiadetad (Computer No. 3472229)
Features — Manual 5OS

g

> A UNIQUE feature even when a train is not protected by a signal.

> Loco as well as Stationary TCAS unit have the provision of
generating and Cancellation of SoS message by pressing SoS and
Common buttons together.

> The Loco TCAS units of all the trains/Locos within 3000m of
Location of SoS originating source (as well as self-train) apply
brakes to bring the train/locomotive to standstill.

> After train speed to be supervised for 30kmph (configurable) till
the train passes the originating Location of “SoS” message.
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tationary Kavach Architecture

> Stationary TCAS generates loco specific SoS, if the train crosses the

shunting limits.

> Stationary TCAS generates loco specific SoS, if the train shunting speed
exceeds the configured value.
» The normal speed shall be restored only when
* SoS message is cancelled by the source.
* Train is moved away to more than 1500m from the source.

* No SoS message for more than 3 minutes
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SM-OCIP

STATION MANAGER'S
OPERATION-CUM-INDICATION
(SM-OCIP)

SM Key

Health Status

SOS Counter

Push Buttons
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—=Stationary Kavac hitecture
* TCAS Features — Loco Specific SOS (Wrong Route)

Station TCAS able to monitors the set route continuously even after
passing the signal with the help of RFID sequence validation

)”

et

Stationary TCAS generatesdoco specific SoS, if thel‘f?ain enters into

wrong line kb
OFF
= .= -
L4
\ e
287 -
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

~otationary Kavach Architecture

 Station TCAS able to detect two trains approaching a
common signal due to Interlocking(IXL) system failure

e Stationary TCAS generates loco specific SoS, if more than
one train is approaching a common signal at any time

OFF
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N |—°°
Dy—
——— 1>
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Stationary Kavach Architecture

* The communication mandatory zone for a stationary
TCAS unit shall include at least two RFID tags prior to a
distance of 1km from first approaching signal of the

respective stationary TCAS unit.

* Radio communication range 3.5 km to 5 km
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Stationary Kavach Architecture

* The antennae for stationary communication system at
station/ IBS/ mid-section interlocked Gate unit shall be
suitable to provide a minimum range of
communication approximately 1.5 km on approach of
first signal of the Stationary TCAS unit (typically 4.5 kms

in case of Double-Distant territory of Indian Railways).
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yhaty Ravach Afchitééture
RF Communication Tower
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KVAO2 [  ARCHITECTUF
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BB DEWS)

gie"o/ 2024 Main Differences in Kavach Ver 3.2 and Ver 4.0

e There is provision of Kavach El Direct OFC interface in Ver 4.0 also. Protocol convertor has
been provided in Ver4.0 for this purpose

* In Ver 4.0, There is provision of direct Skavach to Skavach interface on OFC. In Ver 3.2,
There is need of overlapped RF communication in case of continuous communication
mandatory zone.

* InVer 4.0, Signal Approach Tag has been replaced with Normal Tag.

. !I_n Ver4.0, Signal Foot Tag and TIN Discrimination Tags have data format same as Normal
ag.

* InVer 4.0, Normal tags are not linked whereas Normal tags are linked in ver3.2

* In Ver4.0, Provision of TSRMS module in divisional control office and provision of TSR-ACK
button on SMOCIP have been made in Ver4.0 to make it TSR supervision ready.

* Inver 4.0, All tags have information about adjacent station IDs to be used by Onboard for
location based LTE addressing.

* Provision of LTE Routers has been made in Ver4.0 to make it ready for LTE integration.
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1900883/ PU20/BatyP IDERS )
1/3112549/2024

Sealing arrangement for Loco Kavach equipment
&
Loco Kavach system working (All type of locos)

CLI-06
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1900883/ PU20/BatyP IDERS )
1/3112549/2024

Sealing arrangement for Loco Kavach equipment
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File No. Axe ORPleEERETARBIPPYCa¢dakaetag (Computer No. 3473229) 508

1900883/ PU20/BatyP IDERS )

Sealing arrangement for Loco Kavach
equipment

e The loco pilot must check the intactness of Kavach equipment and sealing
arrangement at the time of taking charge, before switching ON the Kavach
system, because it ensures that the Kavach equipment is in proper condition
and not being tempered with.

e |[f the equipment is tampered with, damaged, or malfunctioning, it could result
in system failure on run, which could lead to troubles during working.
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1900883/ PU20/BatyP IDERS )

Sealing arrangement for Loco Kavach
equipment

e Before switching ON Loco Kavach, Loco Pilot (LP) shall ensure that equipments
like Loco Kavach unit, Brake Interface Unit (BIU) and Driver Machine Interface
(DMI) are in properly sealed condition. If the seal is found broken / tampered, the
Loco Kavach is to be treated as Defective. LP shall intimate / inform respective
loco shed and concerned Traction Loco Controller (TLC) / Power Controller
(PRC) that the sealing of Loco Kavach is broken and it is defective.
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

19068834 PURABH&IP DIDEWRS )

Sealing arrangement for Loco Kavach
equipment

Shot on OnePlus <] A N Shot'on OnePlus
By vy wAnand raf : 3 N ’ ; By vy wAnand ra s
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File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Loco Kavach system working (All type of
locos).
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1/3112549/2024

1. Switch On the Kavach Power MCB. Ensure Leading/Non-Leading switch on LP-OCIP of both CABs
incase of Locomotives in Leading Position.

2. Keep Kavach Isolation switch in “Normal” position.

3. Operate the Pneumatic Cocks.
*IRAB: Keep MR and EM cocks in Open Position.
* E-70: Keep EM Cocks of Both CABs in Open Position. Further IRU Bypass Switch of Active CAB IRU in
Normal Position.
*CCB 2.0: Keep EM Cock in CAB1 in Open Position.
* EMU Conventional: Keep MR Cock OFF and EM Cock in Open Position.
* Three Phase EMU: Keep EM Cock in Open Position.
*VandeBharat: Keep EM Cock in Open Position.

4, Loco Pilot needs to Activate the LP Desk with BL Key or Reverser Key and Kavach performs Brakes
Functional Test. If Successful prompts for selecting Train Configuration.

5. If Brake Functional Test Fails, LP can re-test or Isolate the Kavach System

Until LP selects SR/‘?lll mode, Onboard Kavach will be in Standby(SB) mode.
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190M1mmwamus(wgme No. %ﬁ{éﬂﬂﬂw&@% éConrcnjurtelr No. 3473229)

1/3112549/2024

1. Keep Kavach Isolation switch in “Isolate” position.

2. Operate the Pneumatic Cocks.
*IRAB: Keep MR and EM cocks in Close Position.
* E-70: Keep EM Cocks of Both CABs in Close Position. Further IRU Bypass Switch of Active CAB IRU in
Bypass Position.
*CCB 2.0: Keep EM Cock in CAB1 in Close Position.
* EMU Conventional: Keep MR Cock Open and EM Cock in Close Positions.
* Three Phase EMU: Keep EM Cock in Close Position.
*VandeBharat: Keep EM Cock in Close Position.

3. Switch OFF power MCB.
302
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File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Start of Mission for all types of Locos
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

“"Start of Mission: Standby Mode - Brakes Testing

e After selection of Desk or CAB,

o TCAS will perform brake test to
ensure brakes (BIU) functionality

| B :
> o0000m

DC 0.37 TL25mts Standby

Brakes Testing - EB Applied, BP - 0.00Kg/cm?®

I'rain Data Mot Available

P_TRP REV OVRD  SHNT MBT SR CONFIG
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1900883/ PU20/BatyP IDERS )
1/3112549/2024

Brakes Testing Success

e Brakes testing Success

Loc: - > 00000 m

DC 0.37 TL25 mts Standby
Brakes Testing Success

Irain Data Mot Available

F_TRE REV OVRD SHNT MBT SR
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) .

e Stalt of Mission: Standby Mode -Entering Train
Configuration

Train Type Selection & reconfirmation
to be done using Up/ Dn arrows
followed by Enter (soft keys) on DMI.

DC 0.00 num-aJ ‘Standby

e
Select Train Config, Press ‘CONFIG" Bution If"'z';" ”%l

BiU lwllbd
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19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Train Type Selection (Ver 32)

Press Configure button using Up/Down
arrows followed by Enter in DMI
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1900883/ PU20/BatyP IDERS )
1/3112549/2024

Train Type Selection (Ver 3.2)

[_ LI;‘ Englncr Types
(1. Light Engine

|2. Light Engine Mult
3. Light Engine WAPS
4. Light Engine WAP7

e i ] N Light Engine is selected, with types
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 48/808

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Traln Type Selecuon(ver 32)

ST
Reconfirming the selection
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849/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 457808

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Traln Type Selecuon(ver 32)

Goods/Freight is selected

Press ¢ J To Navigate n—_mwm&monﬁmmmm

AN | W [ 1< | [ -]
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826/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 40/808

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Traln Type Selecuon(ver 32)

{ Goodsi/Frieght Train Types

1.Goods 59 BOXN Empty (1000 - 1999 Ton) B ’
2. Gaods 59 BOXN Full Load(3500 -5500 Ton) |
3. Goods 42 BCN Empty (1000 - 1999 Ton) |

1 R0 N ol Lowaros05-8550 Tems Goods/Freight Train Type
selected

Press f ', To Navigate Press l(cy to Continue OR €M Key for Previous Screen

[ W/ . ][] - |
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821/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) 1

19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Traln Type SeleCt|On(Ver 32)

Reconfirm The Selection
1. Goods 42 BCN Full Load(3500 -5500 Ton) Reconfirming the selection

2. Goods 42 BCN Empty (1000 - 1999 Ton)
3. Goods 59 BOXN Full Load(3500 -5500 Ton)
4.Goods 59 BOXN Empty (1000 - 1999 Ton)

312
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828/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) A8/808

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Traln Type Selecuon(ver 32)

s

{ juln Type Selection

1. Uight Engine
2. Gooda/Freight Train =
3. Passenger Train

Passenger
Train is selected

Pross 4 JJ Yo Navigate Pross m-t-y to Continue OR @ Key for Previous Screen

| S T S~ | | ||
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829/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 49/808

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Train Type Selection(Ver 3.2)

- Y, Pwrm.bncm

4. Passenger Train 3 to 7 Coach

P-ung.v TrI!n Types
[ Pansenger Train 3 to 7 Coach
’2 Passenger Train 8 to 13 Coach

3 Passenger Train 14 to 20 Coach
4 Passenger Train 21 to 27 Coach

Passenger Train is selected, with types

Press ¢ JJ To Navigate Proes @ Key for Previous Screen

[ [ || [T I ] - [ i |
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830/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Traln Type SeleCt|On(Ver 32)

Reconfirm The Selection

1. Passenger Train 21 to 27 Coach
2. Passenger Train 14 to 20 Coach

Reconfirming the selection

315
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83%/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Train Type Selection (Ver 40)

Train Type Selection

Gc;;;is/#;e;g}ht Train
Passenger Train(ICF) using Up/Down arrows followed by Enter

Passenger Train(LHB) 'in DMl
EMU

Train set

Parcel

Press 4 § To Navigate  Press @Key to Continue OR €M Key for Previous Screen

Generated from eOffice by SOMhARA SANDISTHES VENENRTHASS D REORISEFRG )D MEAREMERCSaaidasggn REe.10n024102282410:09 am



838/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Train Type Selection (Ver 40)

Train Type Selection

' LghtEngine _ Using Up/Down arrows followed by Enter

Press 4 ‘ To Navigate Press mlﬂw to Continue OR 48 Key for Previous Screen
L e [ ][ & RS
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900583 (P0G AB(HYP IDERS ) Train Type Selection (Ver 40)

1/3112549/2024

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

' R0 S SIESOoRIRE. 0020241042 010:09 am
[ | o | x| EE RS




File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900583 (P0G AB(HYP IDERS ) Train Type Selection (Ver 40)

1/3112549/2024

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

' R0 S SIESOoRIRE. 0020241042 010:09 am
[ | o | x| EE RS




839/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

/311254972024 Train Type Selection (Ver 4.0)

Train Type Selection

Light Engine
Goods/Freight Train
‘Passenger Train (ICF)

>

Passenger Train(LHB)

EMU
Train set

Parcel

Press ' ‘ To Navigate Press @ Key to Continue OR 4 Key for Previous Screen
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836/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

/3125492028 Train Type Selection (Ver 4.0)

Passenger Train(ICF)

Passenger Coaches
Calculated Length Meters

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or -- to decrement
Pressf JJ To Navigate Press m Key to Continue OR € Key for Previous Screen

27



File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1900783/ P02 B8RP IDEWRS )

3112549, 2024 Train Type Selection (Ver 4.0)

Passenger Train(ICF)

Passenger Coaches

Calculated Length i Meters

Braking Efficiency (Range : 85% -100%)

Are You Sure...Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment
Press - or - - to decrement
Press ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

(- e o] 8/ R
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1900783/ P02 B8RP IDEWRS )

3112549, 2024 Train Type Selection (Ver 4.0)

Train Type Selection

1 Light Englne

3 Passenger Traln(ICF)
4 Passenger Train(LHB)
5.EMU

6.Train set

7.Parcel

Press ,., To Navigate Press m Key to Continue OR 4 Key for Previous Screen

” PO RSO DG e 6 reb8602248p10:09 am




839/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

3112549, 2024 Train Type Selection (Ver 4.0)

Goods/Freight Train

1.BCN/BCNA
2.BCNHL
3.BOXNHL

4 BTPN/BTLN
5.BTPGLN/BTALN
6.BLCS

7.BRN

Press ‘ To Navigate Press Key to Continue OR 4@ Key for Previous Screen

L L el 4] 8 EE BN
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880/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

3112549, 2024 Train Type Selection (Ver 4.0)

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen

2. 1OTZ0ZA41022824m0:09 am 31




8B%/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

3112549, 2024 Train Type Selection (Ver 4.0)

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen

2. 1OTZ0ZA41022824m0:09 am 32




888/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

3112549, 2024 Train Type Selection (Ver 4.0)

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon
Empty/Loaded

Calculated Length | Meters

Calculated Weight 1143 ERELGES

Braking Efficiency (Range : 85% -100%)

Are You Sure... Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment

Press - or - - to decrement
Press ., To Navigate Press @ Key to Continue OR 4 Key for Previous Screen

(- -] o] 8 S ER

33



883/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Once Train configuration completed, Loco pilot needs to select Staff Responsible
Mode Or Shunt Mode by pressing SR or SHNT respectively followed by CNFM
soft keys on DML

After selection type train and formation type system asks for reconfirm selected
formation type

Then this mode can be changed to SR mode or Shunt Mode

328
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888/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024
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889/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ;

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Brake Interface Unit (BIU) and Troubleshooting
related to Kavach (All types BIU)

330
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

S OF ROLLING STOCKS AND BRAKING SYSTEMS

1/3112549/2024

E70
Faivele
3 Phase ( y) J
AP-5, T WAG-9 h
o 2 cCcB
Electrical (Knorr Bremse)
Locomotives J
Conventional
WAP-4, WAG-7 RRa
cCcB 1.5

(Knorr Bremse)
HHP \ J
(WDG-4D, WDP-4D) CCB 2.0

(Knorr Bremse)

S

- 5

IRAB

Conventional (Medha, HBL, Lotus)
(ALCO Locos) = =
= el CCB (very few)

(Knorr Bremse)

. w

[ =T ]< 3 Phase ]—[ EP braking I
s

=L Conventional |——{ EP braking |
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Diesel
Locomotives
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881/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Brake systems

IRAB CCB E-70

KAVACH
specific BIU

Universal BIU HHP

CCB 1.5 CCB 2.0

332
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

e P V) BRAKING MECHANISMS

— Adhesion brakes ——

— Mechanical brakes Tread brakes
(essential for safe and _
reliable rolling stock braking) — Axle-mounted disc brakes

— Wheel-mounted disc brakes

— Electric brakes L Dynamic brakes

Regenerative brakes

— Non-adhesion brakes —[ Air resistance braking

333

Rail brakes
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ D0RDABBYP
/31125492024 BP/FP Arrangement
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1900883/ PURDABTERIP Brake Valves In IRAB
1/3112549/2024

o

Jbx@AO0




84%/509:
File No. Axe ORPleEERETARBIPPYCa¢dakaetag (Computer No. 3473229) F/B08

st LEVELS OF COMMANDS

* Kavach shall be capable of three levels of brake commands for train braking
— Normal Brake (BP: 4.4 +/- 0.1 kg/cm?)
— Full Service Brake (BP : 3.6 +/- 0.1 kg/cm?)
— Emergency Brake (BP:0+/- 0.1 kg/cm?)
* On board Kavach shall also give additional command i.e. Loco Brake Command in

conjunction with Normal Brake/Full Service Brake/Emergency Brake to develop brake

cylinder pressure upto maximum value corresponding to loco independent brake, if

the train is identified as light engine.

336
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848/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Brake Interface Unit (BIU)

337
Generated from eOffice by SeMihdR SANDFE] HES OENENRGHAS S D PEORSERREG )D Pa(TRBEMEC Saraidasggn Qe 1020241022824mMm9:09 am




ot " B RE THYEPPARR TRAR

1/3112549/2024

843/509:

Existing System w/o System with Kavach
Kavach
Pressure
| IRAB BIU
Brake
System \
Onboard
Kavach

IRAB
Brake
System

———  Pressure C03r£mand
Gemerated-frem—eosfice by SOL@E PRIGEE CCOIMMIMSINE A3 EPRE D PBIRRIMERC Saidesggn 2810/2024102282 10:09 am



848/509:

ERAKE TATERFACEONIT ™ *=

File No.
1900883/ PO et DIDEWRS )
1/3112549/2024
ELECTRONIC
MODULE PNEUMATIC PANEL
Digital Digital
Input Card Output Card SA9 Handle
Auto Brake Independent
Control Analog Control Brake Control
Card Input Card A9 Handle
Control Unit Pneumatic
Power Supply | | Power Supply |
BP i
I I CUTOUT EMERGENCY Q-% KAVACH
:&Mfl; Operational
Luto PC/ Voltage to
| Relay Laptop Pendrive Pneumatic Panel

& Feedback’s

PRESSURE SENSORS }Qq IRAB PANEL

339

Generated from eOffice wgmimm%éwmﬁmém&wi@ggn DE 1@20241022824n0:09 am

e Electronic Module:

It consists of a Control Card having
built-in air brake control logic.

Control Card interfaces with
Analog Input Module, Digital Input
Module & Digital Output Module
to monitor and control air brake
application/ release.

*  Pneumatic Panel:

It consists of different valves,
pressure transducers and manual
cocks - Interfaced with IRAB
system & Electronic Module for
brake control purpose.




File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

19008383 4/ Po2028 e8P (IDEWRS )
Features of BIU

1/3112549/2024

* BIU works parallel to Locomotive brake system

* Does not effect brake characteristics of locomotive/train
 Canoverride the loco pilot braking and vice-versa-higher braking prevails
* BIlU initiated braking can not be reduced by loco pilot

 Manual and automatic isolation possible

340
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Independent Brake Operation

INDEPENDENT BRAKE OPERATION

2-Control Pressure
3-Output Pressure

DCV

BRAKE CYLINDER

A35

341 Fl6q7>2n3

MU 2B 1-Input Pressure
Logic:
ASL When 3 less than 2 then 3 is connected to 1.
MR When 3 is more than 2 then 3 is connected to
Ex.
r
’
A33
C2 RNV
|
2 A2S
K
X
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8B1/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) sus

1900533 {Po2a2BetyP DIDEWRS )
1/3112549/2024 -
/3112549/20 A9 Brake Operation
“‘—’ A-9BRAKE OPERATION 2-Control Pressure
TRAIL 3-Output Pressure
TR MU 28 1-Input Pressure
; e , Logic:
B 20 53 AS4 When 3 less than 2 then 3 is connected
3 ‘2# 30 ) e3 to 1.
When 3 is more than 2 then 3 is
connected to Ex.
F-1SEL, A2, MR
= . =
534
53.] = C3 V]
20 4 =%
ASS 4
16
30 4
5 MR
% .
BRAKE PiFE
FlG.7.25
342
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File No. A2 poRleEIERETARBIPPHCaGd8 a3 (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )
/311254972024 BP & BC Development (FSB)

Loco+08 Coach LHB: BP & BC Development(FSB) Sansas

— R -l OO
—HC-Loco
BP-Coachl | |
— - Coacht |
s B P-Cach08 |

W

)
o

BP/BC in (bar)

y%]

—
(3}

—

0.5

20 30 40 50 60
Time in (s)

343
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File No. A2 poRleEIERETARBIPPHCaGd8 a3 (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )
/311254972024 BP & BC Development (FSB)

Loco+14 Coach LHB: BP & BC Development(FSB) e

| — | oco
! —BC-Loco
m— BP.Coach?

BC-Coach?
| EP-Coachi4
| ====BC-Coachi4

w
T

N
(3]

BP/BC in (bar)
he]

Y
91

—
I

=)
t;

1 1 1
10 20 30 40 50 60
Time in (s)

o
o
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8B0/509:
File No. Axe 0Pl EERSTARMIPPICaGdadtad (Computer No. 3473229) So/e08

1900833/ PO2OZBHHP CIDEVS ) BP & BC Development (EB)

1/3112549/2024

Loco+14 Coach LHB: BP & BC Development(EB)

—EP-Loco
m— - Loco
8P-Coach1
— BC-Coach1
s B3P Coach 14
|m===R_-Coachid| —|

ro
w w
I

BP/BC in (bar)
(p]
T

=t
wn
I

L ] | 3
0 R 10 15 20 25
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8B5/509:

Note:-

LPSR: Low pressure sensor
3/2 &2/2 - Electrically
operated valves

3/2 - Energized : o/p of
LPSR given to IRAB

3/2 - de-energized :LP
command directly routed
EPC-BP : Electric Pneumatic
controller for BP

2/2 - energized to open
QRV - Quick release valve
DCV : double check valve

File No. do» W@p Wﬁm quButelr No. 3472229)
1906533/ Pu202B a6 DIDEWRYS ) 8 ](
/311254972024
BiU -IRAB PNEUMATIC CIRCUIT
A9 | Fromag T&Rugz: FROM MR SA FROM SAD Tfé.lﬂ_uzﬂ FROM EP BPIN BP OUT
* Fy * 9 * & Y Y &

! bty | | i St il sl sl 1 = =l 5 = =il = e = e e Lt et = =T = = == = o |
| 55 |5 ;
] 1
: I I :
I 1
: R \I'::_f:E PILOT AIR :
i 1
i Min Max of I/p I
1 5.557T 1 - | 1 '
1 oRv POV 1
i VALE e VAIVE 1
1 ]
] | ]
i P VALVE 1
1 1
1 e 1
] EX o 1
1 1
] ]
! ouT ErLae N N EPCEC ouT 1
] ]
! A9-Em ]
1 b L ]

17



File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

PNEUMATIC BRAKE SYSTEM

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Driver’s
control

3
€
v
5
=

Equalising Locomotive |
i

rasareolk Main reservoir :r‘:::e Sa— 1
Relay valve Compressor qup :

I i

'

i

! .

Wheel

Emergency
reservoir (AAR) o

Auxiliary
reservoir

...........

Dlstnbutor

Rigging . yaive

Brake shoe

I Adhesion

Brake cylinder

to atmosphere

- --J' :;'

. Extension to the l
S next wagon .

- sl Hose and

reservoir (UIC) connections

Acceierated releass
reservoir {AUS, CHN)

Y
1S

J
s

Al

Wagon brake
equipment
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8B3/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

s PNEUMATIC BRAKE SYSTEM: CONTD.

[rmssemsesesssssessssnessaesanaaaas

Brake controf umil

Equalising /’U= q

TCSCTvour

Branch pipc

Pipefee Anglecock Brake pipe

Accelérated
B [clesse reservorr

' \\ Main reservoir
Compressor

il e S e R

Lacomative Auiliary reservolr

(automatic brake part) First wagon ith wagan nth wagon
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o BRAKE CYLINDER PRESSURE

Air pressure in the brake cylinder depends on the brake pipe pressure according to UIC
leaflet no. 540 requirements that impose the characteristic shown in fig. 3.

A
3.7 39

manageability domain of
indirect air brake system

brake cylinder pressure [bar]

>

34..37 48..5
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pommRem TR SPECIFICATION REQUIREMENTS

* Onboard Kavach unit shall obtain the braking parameters from the train configuration selected by
LP — Ex. LE, Passenger & Freight.

* Normal brake (NB) shall be used for Ceiling speed Monitoring
*  Full Service Brake (FSB) shall be applied based on Speed Margin

 Emergency brake (EB) shall be applied in case of system failure, trip and in case of exceeding the
limit of EB speed.

* The braking curve shall be derived such that train shall stop within 5m by application of FSB and in
overlap through application of EB.

361
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* Elements effecting Braking Distances
— Brake Build Up times
— Traction Cut off Interfaces
— Speed dependant deceleration values
— Gradient

362
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* For trains when brake is applied it takes A-bfakfe”“
afull .
some time to actually get the brake force. ]

This is called as brake lag.

— Brake propagation time |

— Brake Build time

v

t0 t1 3 2 time

= t,—t,: Time lapse between command of the brake by onboard & moment of the brake force to
starts to build up

= t, - t,: Timeinterval¥étween zero to 95% of full brake power.
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* Onboard Kavach gets track
gradient as a profile and same
will be used for computation
of weighted average which
then gets compensated with
rotating mass of the train.
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 Speed margins are used to avoid unnecessary interventions
when Loco Pilot is driving at boundaries of allowed speed
limits.
— Warning margin
— NSB margin
— FSB margin
— EB margin
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* Used when approaching a target (speed/distance)

 Brake lag/traction cut off time and speed dependant
deceleration are used

* Onboard Kavach has to select the most relevant display target
for the current position from available targets.
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Target Speed Monitoring

* Now, onboard Kavach computes EB intervention, FSB intervention(SBI1)
and FSB intervention to avoid EB intervention (SBI2).

— EBI = EBD + Distance travelled in EB build up
— SBI1 = SBD + Distance travelled in FSB build up
— SBI2 = EBD + Distance travelled in FSB build up

e SBI when most restrictive of (SBI1, SBI2)
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Troubleshooting
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no.

Fault number

Fault message

Lamp

Effect

Action to be taken by driver

Modification in Existing Trouble shooting

Generate

SS 10

il from eOffic

F1001P1

P by Soihidl SANDTHES VENERNRTHASS D PEORZ ESFRE )D PRATRBEMERC S|

Loco XXX SS10: Brake System
FUALT IN BRAKE ELECTRONICS

379

LSFI will start
blinking &
BPFA will glow

Emergency brake will apply

dEsgon RE.10/2024102292401M0

1. Bring throttle to ‘0’ position. Acknowledge
fault by pressing BPFA. 2. Check MCB No.
127.7.

If found tripped, reset 127.7 once after switching
MCE OFF.

Release parking Brake through SV30 release
plunger and work on wards. If unsuccessful try
from rear cab. 3. If not tripped,

Switch OFF the MCE and Switch it ON once
again. Raise panto,

close VVCB and resume Traction,

if loco get normal. 4. If the message repeated bring
TE/BE throttle to ‘0’ position. 5. With CCB (Knorr
Bremse) equipped locomotive, if rear cab A9 in
Emergency bring it to FS & lock it and mode switch
in trail position. If not successful use the
instructions* to make PTDC mode of CCB (Knorr
Bremse) active to clear the Block section.

6. If Kavach is installed in the locomotive, then

Try isolating Kavach by
a) BIU Bypass Switch of both IRUs in
09 am each CAB to “Bypass” Position.
b)  Keeping COC of

Emergency exhaust valve in both the
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Loco XXX SS10: Brake System LOW
PRESSURE MAIN RESERVOIR No

traction allowed till

pressure reaches 6.4 kg/cm2
F1002P1

380
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LSFI will start TE/BE will not possible till
blinking & MR pressure reaches to 6.4
BPFA will Kg/em2

glow

DEAREMERCS@aidEsgon R 102024102202 410

1. Bring TE/BE throttle to ‘0’ position. Acknowledge
fault by pressing BPFA. 2. Check whether
compressor works or not. If

MCPs not working, Press BLCP to MAIN position.
3. Wait until a MR pressure of 6.4 Kg/cm2 reached.
4. Check the MCB of compressors 47.1/1 in HB1 &

47.1/2 in HB2 panels. If found

tripped, open VCB and reset the MCB once. 5. If
MCPs are working, check leakage from Air dryer. If
leakage persists, then isolate Air dryer by isolating D
in cock & D OFF cock and by putting D out to
normal position provided in under frame. 6.

Check leakage from Auto drain valve, drain cocks

of main reservoir 1 & 2 or air leakage from CP
delivery pipe and

unloader valve if any air leakage concerned COC can
be closed if available. If unloader valve COC is not
available cable of EP26 in pneumatic panel to be
disconnected. In KNORR CCB-2 locos, VEUL COC
to be closed in pneumatic panel. 7. FP pressure
drops, close 136 coc. 8. Check train for heavy
leakage in pneumatic system. If BP pressure drop
causes drop MR pressure, isolate VCD/SPM /
TPWS/Kavach (TCAS) (close cocs provided in both
cabs below A9 If provided). Try isolating the Kavach
by

a) Keeping BIU Bypass Switch of both
IRUs in each CAB to “Bypass”
09 am Position.
b)  Keeping COC of Emergency exhaust

valve in hoth the cabe in Cloge no<ition if
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d) Keeping the Isolation Switch in
isolation box in “Isolation”
position.

Ensure ALP Emergency valve

closed on both cabs/rear cab A9 in neutral. 9. If
there is no leakage and MCBs of both the
Compressors are in closed condition, even then
compressors are not working and MR is not
being maintained, Switch OFF the MCE and
Switch it ON. Raise panto, close VCB and
resume Traction if loco get normal. 10. If not
successful isolate BUR3 (open MCB.127.22/3
in SB2 panel after opening VCB ).

Close VCB and resume Traction if loco get
normal. 11. If not successful within 20 minutes,
ask for relief loco.

New Troubleshooting

SS10 -
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BP pressure not creating

381
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Check for any leakage in equipment related to
Kavach.

Try isolating the Kavach by

a) Keeping BIU Bypass Switch of
both IRUs in each CAB to
“Bypass”

Position.

b)  Keeping COC of Emergency exhaust
valve in both the cabs in Close
position if in open

¢)  Switching off the Kavach(TCAS)

n0:09 am control unit MCBs (2 nos.)

d)  Keeping the Isolation Switch in
isolation box in “Isolation”

896/509:
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File No
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position if in open
c)  Switching off the
Kavach(TCAS) Control

unit MCBs (2 nos.)

d) Keeping the Isolation Switch
in isolation box in “Isolation”
position.

If not successful within 20 minutes,
ask for relief loco.

Horn continuously

blowing

Horn will
continuously blow due
to  the malfunction of
EP valve of Kavach.

Isolate the horn COC related to Kavach
which is present near the
pneumatic gauges pipeline just below the

DBC.

Abnormal Sound from Under

gear or CRO

Check the
intactness of RFID reader
fixin

g arrangement in both
cabs.

In the event of CRO or observing

abnormal sound from under gear, visually

inspect the RFID reader
mounting/fixing

arrangement and ensure it is not infringing

with the train movement.
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Both cabs occupied message

getting displayed in the DDU.
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Cab selection will not be
possible due to merging
of cables through

Onboard Kavach.

One possibility might be merging of
cables through Onboard Kavach. Try
isolating the Kavach by
a) Keeping BIU Bypass Switch
of both IRUs in each CAB to
“Bypass”

Position.

e 4no:Bb afteeping COC of Emergency
exhaust valve in both the cabs in

Close position if in open
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BC pressure creating without

application of SA9

Light Engine Valve of
Kava
ch Interface might be

Malfunctioning.

Try isolating the Kavach by

a) Keeping BIU Bypass Switch of
both IRUs in each CAB to
“Bypass”

Position.

b)  Keeping COC of Emergency
exhaust valve in both the cabs in
Close position if in open

¢)  Switching off the
Kavach(TCAS) Control unit
MCBs (2 nos.)

d) Keeping the Isolation Switch in
isolation box in “Isolation”
position.

Even not successful, then try by
disconnecting the Coil Supply to LE valve.
If not successful within 20 minutes,

ask for relief loco.
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No traction with
Emergency Brake
pressure switch

message in the background (Note:

383
Only for ELS staff)

Traction will not be

AOEIMERC S & e

3051 cable (Traction cut off) and its related

allowed. circuit from junction box to be checked.
SgON B TOIe0ZATOZZRE M09 am
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Thank You
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Kavach Operation modes,
Mode transition and responsibilities of LP &
Differences between Kavach system Version 3.2
and 4.0

388
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ERATIONAL MODES IN Version 4.0

G Standby (SB) (RV)

e Staff Responsible (SR)
e Limited Supervision (LS)

° Full Supervision (FS)
6 Onsight (0S) (SF)

G Trip (TR) (IS)
a Post Trip (PT)
389
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“"Train Type Selection

Train Type Selection

Light Engine
Goods/Freight Train
Passenger Train (ICF)
Passenger Train(LHB) ]
— Passenger Train Selected

Train set

Parcel

Press 4§ ‘ To Navigate Press @Key to Continue OR 4 Key for Previous Screen
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* Once Train configuration completed, Loco pilot needs to select Staff
Responsible Mode Or Shunt Mode by pressing SR or SHNT respectively
followed by CNFM soft keys on DMI.

* After selection type train and formation type system asks for reconfirm
selected formation type

* Then this mode can be changed to SR mode or Shunt Mode

391
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~=~Standby Mode to SR/ Shunt Mode

Loc: —-— @ Q0000 m

DC 0.45 TL 310 mts

- 5 ;
Loc: —— > oo0000m

DC 0.45 TL 310 mts Standby

Select Staff Responsible or Shunt Mode

Passenger Train 8 to 13 Coach Passenger Train 8 to 13 Coach

F_TRE REV OVRD  SHNT mMB F_TRE REV OVRD  SHNT MBT SR CONFIG

392
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DC 04T TL 500 m Sland By

Select Stafl Responsible or Shunl Mode

393

STANDBY MODE

e The SB mode is default mode and cannot be
selected by the Loco Pilot.

* In this mode, train is supervised for standstill. If
any movement is detected, it applies EB.

* The loco pilot cannot move the train in this
mode

At power on or if no cab is selected, Kavach
unit comes into this mode and performs brake
system health test if the cab is occupied.

* On test success, it suggests SR or shunt mode.
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STAFF RESPONSIBLE MODE

26-Oct-2019

:43:20 L)

120 7.

3000

Mov. Authority

_ P —
140 = 1000 —

500

250 —

DC 0.47 TL 500 m Staff Responsible Mode

TCAS Territory Entry

394

RF

Tid-922, Dir-U

This mode is can be selected only during Start of Mission.
This mode allows LP to move train under his/her direct
responsibility.

Supervises loco ceiling speed (Maximum permissible
speed) of loco/train .

As non-guaranteed protection, it might provide some
protection in case of head on/rear end collision situation.

As non-guaranteed protection, SOS generation and
emergency stop with SOS reception. However, TIN ,
direction and absolute location information is mandatory.

The supervision of braking curve in SR mode doesn’t
ensure that train will stop at the given distance.

LP to respect line side information (signals, speed boards)
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ON SIGHT MODE:

The on sight mode allows the train to enter
into a track that could be already occupied by
another train.

In this mode, the loco Kavach unit shall
supervise train movements against a dynamic
speed profile.

Loco Kavach enters into on sight mode from
SR when OS MA is received , Override Main
stop signals, Override of LSS/IBS and Auto
signals.

Loco exits from OS mode when it crosses
passing signal at OFF Aspect.
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s FULL SUPERVISION MODE:

13-Dec-2021 .
Tumout | 30132 _opm, ., sesaa MOV AN * FS mode cannot be selected by LP but shall be

Target b
Distance : 000 - L= entered automatically when all the necessary

2000 S

+++

conditions of operation under KAVACH are fulfilled.

1000 -
1000

* The loco Kavach unit shall supervise train movements
against a dynamic speed profile.

500

* Onboard Kavach enters in SR mode if, valid radio
packets are not available in communication

0

o
0974 m Loc:24299km K  o2184m - mandatory area and track profile not available

DC 0.41 TL25m  FulSupenisiontode  |(UpHomelt (3000m), whichever is less, three consecutive tags
TurnOut in 1003m with Speed Limit 30kmph el 3 are missed, exit tags are read & traffic direction is

Tid-252, DirN | ("= unknown.

T Dist-486

P_TRP REV OVRD  SHNT MET SR CONFIG CNFM
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isoosns amesmmaprt®E0 PILOT OPERATION COM TNDICATTON PARETBER)/

/311254972024 DRIVER MACHINE INTERFACE (DMI)

Loco ID
Target
Type Route Indicator
Permit
Speed Signal Aspect
With Line
Current Indication
Speed
Movement
Target - Dark green: Target speed
Distance [*1 , = Authority | [ pistance of Signal g getsp
i 5 *‘3'“‘\ : ( Orange: Momentary over speed
na Moge Red: Over speed
LOC:46.87 Km @ 01912 m . —y Symbo' ' p
Deceleration S Mode
Constant Name
TurnOut in 1073m with Speed Limit 30kmph
Dist Tag
Indication
PTRP REV OVRD SHNT MBT SR CONFIG | cwm Track RFID No
1-| Next RFID distance |
Target Train Section Loco | |Function Context Communication
Speed Length | | Sp88d | |Location| | Keys Messages with Station
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s LIMITED SUPERVISION MODE:

PSR 13-Dec-2021
12:58:51
Target

Distance

-

160 =

-

180 =
i

200 N
o
100

0
0301 m LOC : 244.72 km 21721 m

Mov. Authority

++4+
3000

2000

1000 -

500

250

DC 043 TL25m Limited Supervision Mode

PSR in 320m with Speed Limit 55 kmph

398

0171 m

Up M/L-Str L-2

_  Tag |
RF ||||I

Tid-259, Dir-N
T Dist-321

CNFM

INFO

This mode cannot be selected by LP System
automatically enters from FS to LS mode when Radio
packets are not available from SKAVACH in
Communication Mandatory Area and track profile is
available upto 3000m..

Supervises train movement against a dynamic speed
profile.

Onboard Kavach transit from LS to SR in case track
profile is not available upto 3000m (configurable) or
when three consecutive tags are missed or Kavach
territory exit tag is read or traffic direction is
unknown.

It obeys general SOS from station if loco within
3000m, supervise roll away and reverse movement
protection.
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26-Oct-2019
g, 121501
120 7,

Mov. Autharity
4 -

. p— * When a loco Kavach in FS/OS mode and
2000 — L, passes a stop signal at ON or end of
140"~ 4000 — authority, the loco Kavach unit shall enter
: ~ into trip mode.

* Loco applies EB continuously.

* Loco pilot has to acknowledge by pressing

o N N P_Trip followed by CNFM, then it releases
LOC :165.52 km IEI EB.

DC 0.47 TL500 m Trip Mode |

e \ Tag
Train Tripped, Select P_Trip w [l

.Tid-EUD, Dir-N
SOS - From Station 528 ( SOS to This Loco ) T Dist-72 o

P_TRP REV OVRD  SHNT MBT CNFM INFO
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26-0ct-2019

12:46:41 Mov. Authority

++d
3000 —
2000 —

1000 —

160 —i 500
180 <
~ 250

110
LOC : 165.52 km E

DC 0.47 TL 500 m Post Trip Mode

PSR in 1181m with Speed Limit 80 kmph

CNFM INFO

400

. ] \ Tag |
il 3 7
bt

| Tid-800, Dir-N
T Dist-72

POST TRIP MODE:

The post trip mode shall be entered
by pressing P_Trip button followed by
CNFM button, then it releases EB.

In P_Trip, it is required to press OVRD
button followed by CNFM button.
Mode will transit to OS mode.
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REVERSE MODE:
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26-Oct-2019

Mov. Authority
Thda Mov. .H\UU.E ity

4+
3000

2000
1000

500

50 \

ST
LOC:16582km  *J)

DC 1.02 TLZ25m Reverse Mode

Reverse Mode Expires in 500m or 290s

0855 m
Dn M/L-Str L-3

— \ Tag |
re L1l I | | I.'I
4 1

Tid-804, Dir-N

401

T Dist-89

CNFM INFO

This mode allows the LP to change the
direction of movement of the train and
drive from the same cab , i.e., the train
orientation remains unchanged.

This mode is selected by LP by pressing
REV button followed by CNFM soft keys
on DMI.

The loco Kavach unit shall supervise train
movements against a ceiling speed
(Default 25 kmph), distance (Default 500
mts) and time out (Default 300 sec) for
which reverse movement is allowed.
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1900883/ PU20/BatyP IDERS )
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13-Dec-2021

|,‘, 12:51:08 .,
100 7

120 7, "™

Z
140" %

Mov. Authority

200 N

) )
LOC : 187.24 km 5—6

DC 0.41 TL25m Non Leading Mode

Tid-804, Dir-N
T Dist-260

P_TRP REV OVRD  SHNT MBT SR CONFIG CNFM INFO

402

NON LEADING MODE:

The non leading mode is defined to
manage the loco Kavach unit of a slave
engine that is either electrically coupled to
the leading engine or not electrically
coupled to the leading engine.

It shall be entered manually into non
leading mode by the LP when the train is at
standstill.

The loco Kavach shall not perform any train
movement in this mode.
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26-Oct-2019
12:16:37

120 /.,
Z |00
140 = |4o00

Mov. Authority
44

3000

~

200 N

Y/ - \:

LOC:16552km Gy

DC 0.47 TL 500 m Shunt Mode

PSR in 1181m with Speed Limit 80 kmph e Nl

Tid-800, Dir-N
TDist-72

CNFM
403

SHUNT MODE :

Shunt mode shall be selected by loco pilot
and shall only be accepted when the train is
at standstill.

It shall be possible to manually select
shunting mode from stand by, SR,LS,FS
mode by pressing SHNT followed by CNFM
soft key on DMI.

Supervises Shunt mode speed (default: 15
kmph) within shunting limits.

STCAS generates SOS if the train crosses the
Block section limit.
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- SYSTEM FAILURE MODE:

17-Dec-2021

14:08:59 Mov. Authority

+++

3000 ——

2000

- 54 * The loco Kavach unit shall switch to this
/ mode in case of a fault which affects the
functioning of loco Kavach.

500

\ /

T
N

\.

rd

200 N\ ] &

g \ ) * The Loco Pilot shall isolate TCAS, which
100 5—
e B m T means that Loco shall be no more under
P [P P the control of Loco TCAS unit.

System Fault, Isolate or Restart TCAS re Ll

Tid-951, Dir-N
T Dist-94

CNFM

404
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ISOLATION MODE:

e This mode is resorted by LP during
malfunctioning of Kavach.

* In this mode, the loco Kavach unit shall
be physically isolated from the brakes
and shall not perform any train
supervision.

e There shall be a clear indication on
DMI that the loco Kavach is isolated
(Manual isolation).
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Mode transition and responsibilities of LP

406
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sisee Nlodes Transition in Version 4.0

* In case of transition, When Responsibility of Loco Pilot increases due to result
of automatic transition, the Kavach shall seek an acknowledgement from the
loco pilot, whether the train is stationary or not.

* In case the transition has to be acknowledged and he loco pilot fails to
acknowledge as required, the Kavach shall initiate a brake application. When
the train is standstill condition, in such case no brake shall be applied.

* During the transition period between two operational states the supervision
provided shall at least ensure the same protection provided by the least
restrictive state

s ThEEUrCERLIOde shall he.indicated to the Jogo.pilot on the LP-OCIP (DMI)
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

ydes of Operation in Version.3.2

1/3112549/2024

Stand-by Mode Post Trip Mode
Staff Responsible Reverse Mode
Limited Supervision Mode Shunt Mode
Full Supervision Mode System Failure
Over Ride Mode Isolation

On-sight Mode Non Leading Mode

Trip Mode o
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

e T COMPARISON OF VERSION 3.2 & 4.0

At the start of mission, the train configuration selection prompts are different.

In Version 4.0, SR mode can not be selected manually except as part of start of
mission

After passing two tags (getting direction and connectivity to SKAVACH), the onboard
enters to LS mode in Version 3.2, whereas it enters to OS mode in version 4.0.
Whenever two consecutive tags are missed, the onboard enters to SR mode in version
3.2. Whenever three consecutive tags are missed, the onboard enters to SR mode in
version 4.0.

In Version 4.0, P_Trip is necessarily to be followed by operating OVRD resulting entry
into Onsight mode or reverse mode.

In Onsight mode, permitted speed is always restricted (15kmph configurable) in
version 3.2,whereas it could be unrestricted, as high as MPS in version 4.0.

In version 4.0, Override can be operated on approach of Last stop signal and IB signal
on run without need,fpr stopping.
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927/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Types of Transitions

Automatic transitions

« System-initiated based on track conditions or signals
Manual transitions

o Loco Pilot initiated for operational needs
Emergency transitions

« Triggered by system failures or critical situations
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928/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

To Standby Mode:

Transition Condition

The Onboard Kavach enters into Standby Mode in any one of the following cases:
1. When the Onboard Kavach is powered on and the Self-tests are completed successfully.
2. When No CAB is occupied or EM cock is closed in SR, LS, FS, OVRD, OS, PT, RV and SH modes.
3. Onthe exit of RV, SH, NL, SF and IS Modes.
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929/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

Manual transitions

Standby to Staff Responsible Mode

Transition Condition

After Train configuration, Onboard Kavach prompts for selection. Upon selection of the SR mode Onboard
Kavach enters into SR mode.
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930/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

Staff Responsible to Limited Supervision Mode:

Transition Condition

This transition happens automatically when Onboard Kavach reads two RFID tags and RF
communication is available with Station/LC Kavach.
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93%/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

1/3112549/2024

Automatic transitions:

Limited Supervision to Full Supervision Mode:

Transition Condition

Full

Supervision mode cannot be selected by the loco pilot, but shall be entered automatically

when all the following necessary conditions are fulfilled:

1.

2.
3.
4

Track profile Available (Including Traffic Direction) up to 3000m or Movement Authority,
whichever is less.

Valid Radio Packets are receiving in communication mandatory area.

Movement Authority is valid .

In case of On Sight mode, train has crossed at least one stop signal in OFF condition .
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938/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

Full Supervision to Limited Supervision Mode:

Transition Condition

Limited supervision mode cannot be selected by the loco pilot, but shall be entered from Full
Supervision mode automatically when Valid Radio packets are not available (configurable) in
Communication Mandatory Area and track profile is available upto 3000m (Configurable).
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933/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

Limited Supervision to Staff Responsible Mode:

Transition Condition

Upon entering Non-Kavach territory, loco automatically transits to SR mode.

This transition also happens when Loco Onboard Kavach fails to read more than two consecutive Normal
tags.

RF communication is not available with Station/LC/ABS Kavach in communication mandatory zone for 30
sec and section speed information is not available with onboard Kavach for 3000m or Movement authority
distance (whichever is less).

Loco Pilot has to be acknowledged within 15s(configurable) to avoid brake application by Kavach.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 928/508

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

Full Supervision to Staff Responsible Mode

Transition Condition

Upon entering Non-Kavach territory, loco automatically transits to SR mode.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 9a5/s08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

To Trip Mode

Transition Condition

Onboard kavach enters Trip mode automatically in any one of the following cases:
1. Dueto Loco Pilot irresponsible operation.
2. Due to malfunction of Onboard Kavach.
3. Signal flying back to danger in the approach of the train where there is no adequate braking
distance.
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836/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Automatic transitions:

To Staff Responsible Mode

Transition Condition

The Onboard Kavach enters into this mode in any of the following cases:
1. After loss of radio communication in communication mandatory area.
2. Three consecutive RFID tags missing.
3. When train direction is not known.
4.  When Kavach territory exit tag is read.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) oST/e08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Manual transitions

To Shunt Mode

Transition Condition

This mode is entered by manually selecting Shunt Mode, only when the train is at stand still from Stand By,
Staff Responsible, Limited Supervision, Full Supervision mode and On Sight mode.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) OSR/a08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Manual transitions

To Isolation Mode

Transition Condition

The mode is entered, when Loco Pilot turns the isolation switch to ISOLATE position. Provided that the EM
cock is closed in case of pressure leakage.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 995/a08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Manual transitions

To Reverse Mode

Transition Condition

Onboard Kavach enters Reverse mode, when Reverse Mode is manually selected by the Loco Pilot or
Reverse movement is detected through Cab input and the direction indicated by the Wheel Sensor.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 900/508

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Manual transitions

To Non leading mode

Transition Condition

Non leading mode shall be selected by the Loco pilot when the train is at standstill.
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BE/509:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 9o/a08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Manual transitions

To Post Trip mode

Transition Condition

When the train enters trip mode, the Loco Pilot shall select Post Trip mode in a standstill condition to move
the train.
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988/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

Manual transitions

To Override mode

Transition Condition

The Override mode is entered, when all the following conditions are satisfied:

1. Trainis at standstill.
2. Loco pilots select Override mode from FS, OS and PT modes.
3. Movement Authority is less than 200m. (Configurable). This condition shall be relaxed when

transiting from Post Trip Mode.
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

Manual transitions

To Staff Responsible Mode

Transition Condition

The Onboard Kavach enters into this mode in any of the following cases:
e Manual selection after the successful Onboard Kavach self-tests and train configuration available

and Cab is Active.
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 908/a08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Emergency transitions

To System Failure Mode

Transition Condition

The Onboard Kavach shall switch to the System Failure mode in case of a fault, which affects safety.
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B89/%09:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 905/a08

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Differences between Kavach system Version
3.2 and 4.0

430
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8606/309:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

a2 ARDWARE CHANGES FROM VERSION 3.2 TO VERSION 4.0

Medha On-board: The requirement for pressure transducer was mentioned in the specification of BIU but
not in Kavach Specification. The BIU spec. was applicable only for IRAB. Now in Version 4, the

requirement of BC, BP & MR pressure transducers has been mandated in Kavach Specification itself.

Kernex On-board: All 06 Main Intelligent Equipment (MIE) cards are upgraded with new Micro
Controller (Processor) from LPC 2378 to STM 32 F series.. Version 4 is using new MIE cards.

HBL On-board: The old Integrated Data logger (IDL) Card is replaced with a new Vital Gateway Card
(Ruggedized with more capacity and more processing power). A GSM module is also introduced in the

Vital Gateway itself.
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

COMPARISON OF VERSION 3.2 & 4.0

® At the start of mission, the train configuration selection prompts are different.

® In Version 4.0, SR mode can not be selected manually except as part of start of
mission

e After passing two tags (getting direction and connectivity to SKAVACH), the
onboard enters to LS mode in Version 3.2, whereas it enters to OS mode in
version 4.0.

e Whenever two consecutive tags are missed, the onboard enters to SR mode in
version 3.2. Whenever three consecutive tags are missed, the onboard enters to
SR mode in version 4.0.
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;jfﬁ%f@h att of Mission:stand 'bw I"Méde -
Brakes Testing

* After selection of Desk or CAB,

— TCAS will perform brake test to
ensure brakes (BIU) functionality

- 5 ?
Loc: —- > o0000m

DC 0.37 TLZS mts Standby

Brakes Testing - EB Applied, BP - 0.00Kg/cm?®

I'rain Data Mot Available

P_TRP REV OVRD  SHNT MBT SR CONFIG

433
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969/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

~e=es Brakes Testing Success

*  Brakes testing Success

Loc: - > 00000 m

DC 0.37 TL25 mts Standby
Brakes Testing Success

Irain Data Mot Available

F_TRE REV OVRD SHNT MBT SR
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et @PL OF VI15SION: Stand by Mode -
Entering Train Configuration

Train Type Selection & reconfirmation
to be done using Up/ Dn arrows
followed by Enter (soft keys) on DMI.

BaloaTr-Inconﬁg Press "CONFIQ" Buttion

BU Isolated

435
Generated from eOffice by SorihldR FANDFETHS OENENRTHASS D REORS EFREG )D NB(TRSME=c Saralidesgan REe1020241022024M00:09 am




97%/509:
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) #ls

19068834 PURABH&IP DIDEWRS )

1/3112549/2024 Tra|n Type SEIGCtlon (Ver 32)

Press Configure button using Up/Down
arrows followed by Enter in DMI
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B/%09:
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) oR8/08

1906883 /2020 2BHgIH IBEWRS )
1/3112549/2024 Train Type Selection (Ver 3.2)

[_ LI;‘ Englncr Types
(1. Light Engine

|2. Light Engine Mult
3. Light Engine WAPS
4. Light Engine WAP7

e i ] N Light Engine is selected, with types

437
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/509:
File No. Axe ORPleEERETARBIPPYCa¢dakaetag (Computer No. 3473229) oRaf08

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|eCt|0n(Ver 3'2)

TCAS TRAIN SETS
Reconfirming the selection
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978/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

173112549/ 2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Goods/Freight is selected

Press ¢ J To Navigate m_mwmon@mmmm

AN | W [ 1< | [ -]
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Generated from eOffice by SorihldR FANDFETHS OENENRTHASS D REORS EFREG )D NB(TRSME=c Saralidesgan REe1020241022024M00:09 am



File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Goodsi/Frieght Train Types

cods 58 BOXN Empty (1000 - 1999 Ton) 3 '

1. G
2 Full Load(3500 -5500 Ton)
Empty (1000 - 1999 Ton)

B5 § Loescosossom e - Goods/Freight Train Type
selected

Press ¢ JJ To Navigate Press l(ny to Continue OR 4l Key for Previous Screen

[ W/ . ][] - |
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6/5093
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 950/a08

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|On(Ver 3'2)

Reconfirm The Selection

1. Goods 42 BCN Full Load(3500 -5500 Ton) Reconfirming the selection

2. Goods 42 BCN Empty (1000 - 1999 Ton)

3. Goods 59 BOXN Full Load(3500-5500 Ton)

4.Goods 59 BOXN Empty (1000 - 1999 Ton)
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9387/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

173112549/ 2024 Tra|n Type SE|eCt|0n(Ver 3'2)

Passenger
Train is selected

Pross ¢ JJ Yo Navigate Press [IEIIH e to Continue OR @ Key for Previous Screen

| || | O | | ] <> |
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8/5093
File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) O5R/a08

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|On(Ver 3'2)

- Y, Pwrm.bncm

4. Passenger Train 3 to 7 Coach

P-ung.v TrI!n Types
[ Pansenger Train 3 to 7 Coach
’2 Passenger Train 8 to 13 Coach

3 Passenger Train 14 to 20 Coach
4 Passenger Train 21 to 27 Coach

Passenger Train is selected, with types

Press ¢ JJ To Navigate Proes @ Key for Previous Screen

[ [ || [T I ] - [ i |
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File No. A eoRleEERETARMIPPICaGdakdtad (Computer No. 3473229) 955/a08

1900883/ PU20/BatyP IDERS )

1/3112549/2024 Tra|n Type SE|€Ct|0n(Ver 3'2)

Reconfirm The Selection

1. Passenger Train 21 to 27 Coach
2. Passenger Train 14 to 20 Coach

Reconfirming the selection
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File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

e Type Selection (Ver 4.0)

Train Type Selection

Gc;;;is/#;e;g}ht Train
Passenger Train(ICF) using Up/Down arrows followed by Enter

Passenger Train(LHB) 'in DMl
EMU

Train set

Parcel

Press 4 § To Navigate  Press @Key to Continue OR €M Key for Previous Screen
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98%/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )

e Type Selection (Ver 4.0)

Train Type Selection

' LghtEngine _ Using Up/Down arrows followed by Enter

Press 4 ‘ To Navigate Press mlﬂw to Continue OR 48 Key for Previous Screen
L e [ ][ & RS
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File No. mmﬂm&l@@tﬂ@)ﬁﬂ’f&mahmpz (Comp(telr No. 3473229)

Ver 4.0)

—Ptraln Type Selection

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen
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File No. mmﬂm&l@@tﬂ@)ﬁﬂ’f&mahmpz (Comp(telr No. 3473229)

Ver 4.0)

—Ptraln Type Selection

Train Type Selection

Reconfirmation window

 Light Engine Multi using Up/Down arrows followed
; by Enter in DMI

Light Engine

Press 4 ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

' R0 S SIESOoRIRE. 0020241042 010:09 am
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e TP T T DS SEIECEIOR TVEFA0)

1/3112549/2024

Train Type Selection

Light Engine

EMU
Train set

Parcel

Press ' ‘ To Navigate Press @ Key to Continue OR ﬁ Key for Previous Screen
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985/5095
File No. A2 20Rtedi@ES) Tamahmz (Compl(elr No. 3473229

JstP )
s Frain 1ype Selection (Ver 4.0)

Passenger Train(ICF)

Passenger Coaches
Calculated Length Meters

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or -- to decrement
Pressf JJ To Navigate Press m Key to Continue OR € Key for Previous Screen

IR T A .-

Gel



1SQMMWE‘¥“ISI5 Thmrﬁyrec&pka%wsgmepfgg%m (Comp

1/3112549/2024

Passenger Train(ICF)

Passenger Coaches

Calculated Length

Braking Efficiency (Range : 85% -100%)

Are You Sure...Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment
Press - or - - to decrement
Press ‘ To Navigate Press m Key to Continue OR 4 Key for Previous Screen

-(tvo_ 347%9)0)
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: F;ille bo. 2mrlﬁl‘efcﬁl(§ﬂﬂ PTamabr 3 (Comp r No. 3472?9)0
1900583/ PORD /B THRYP
1/3112549/2024 a I n y p e e e C )

Train Type Selection

1 Light Englne
3 Passenger Traln(ICF)

4 Passenger Train(LHB)
5.EMU

6.Train set

7.Parcel

Press 4 § To Navigate Press m Key to Continue OR 4 Key for Previous Screen

I
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- quv'gmé ilor] Nmr&ﬁl‘e«ﬁl(@@tﬂfgmeﬁiamah 6Cﬁmp r No. 347%9)0)

1/3112549/2024

Goods/Freight Train

1.BCN/BCNA

2 BONHL
3.BOXNHL

4 BTPN/BTLN

5 BTPGLN/BTALN
6.BLCS

7BRN

Press ‘ To Navigate Press Key to Continue OR 4@ Key for Previous Screen

L L el 4] 8 EE BN
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. E'E\c'g;'"é T(h mrﬁxl/mﬁp@%ﬂgmepfggfu (Compyter No. 3472?9)0)

1/3112549/2024

Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen
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. E'E\c'g;'"é T(h mrﬁxl/mﬁp@%ﬂgmepfggfu (Compyter No. 3472?9)0)
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Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon

Empty/Loaded

Calculated Length Meters

Calculated Weight Tonnes

Braking Efficiency (Range : 85% -100%)

Press + or ++ to increment
Press - or - - to decrement
Press ' . To Navigate Press @ Key to Continue OR ‘ Key for Previous Screen
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Goods/Freight Train(BCN/BCNA)

Goods/Freight Wagon
Empty/Loaded

Calculated Length | Meters

Calculated Weight 1143 ERELGES

Braking Efficiency (Range : 85% -100%)

Are You Sure... Do You Want to Continue with
above information... ?please use upfdown
keys for selection

Press + or ++ to increment

Press - or - - to decrement
Press ., To Navigate Press @ Key to Continue OR 4 Key for Previous Screen
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Once Train configuration completed, Loco pilot needs to select Staff Responsible
Mode Or Shunt Mode by pressing SR or SHNT respectively followed by CNFM
soft keys on DML

After selection type train and formation type system asks for reconfirm selected
formation type

Then this mode can be changed to SR mode or Shunt Mode
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~=~Standby Mode to SR/ Shunt Mode

LOC: ——

- 5 :
Loc: —— > oo0000m

DC 0.45 TL 310 mts Standby

TL 310 mts
Select Staff Responsible or Shunt Mode

Passenger Train 8 to 13 Coach

Passenger Train 8 to 13 Coach

F_TRE REV OVRD  SHNT mMB F_TRE REV OVRD  SHNT MBT
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Collision scenarios and action by Loco Pilot,
Kavach Incidences,
Do’s and Don’ts &
Limitations of Kavach

CLI-10
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Head on Collision

Whenever two Kavach equipped Trains are in ON and working condition enter into same line in Block
section and starts to move in opposite direction, Onboard Kavach detects this situation (Only when Radio
communication is available between two Kavach equipped trains which are in On and working condition)
and alerts the Loco pilot to apply brakes to avoid collision. If Loco Pilot really wants to move ahead, LP can

select shunt mode/non-leading mode.
Message as shown below is displayed on DMI/OCIP on detection of head on collision scenarios.

Head on Collision with Loco 233318 in 4500m
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Rear end Collision

Whenever two Kavach equipped trains which are in ON and working condition enter into same line in
Block section and starts moving in the same direction, rear train Onboard Kavach detects this situation
(Only when Radio communication is available between two Kavach equipped trains which are in On and
working condition) and alerts the Loco pilot to apply brakes to avoid collision. If Loco Pilot really wants to
move ahead, LP can select shunt mode. Leading loco onboard Kavach have no impact in this situation.

Message as shown below is displayed on DMI/LP-OCIP on detection of rear end collision scenarios

Rear End Collision with Loco 235641 in 5400m
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Recording of Kavach incidences noted during
run in CMS and engine book
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Recording of Kavach incidences
nhoted during run in CMS and engine

book

Loco Pilot to ensure that any trouble noted in Kavach system to be recorded in CMS during Sign-OFF and
also in the Engine book.
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DO’s and DON’Ts
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DOs by Loco Pilot

Ensure to comply the following stipulated instructions:

SR. DESCRIPTION

1| Check for intactness of Onboard Kavach, LP-OCIP equipment & BIU before switching
ON of OnBoard Kavach. Any defect is noticed, Loco Pilot(LP) shall isolate Kavach and
work further.

2| Read and understand this user manual thoroughly.

3| Acknowledge the alerts on LP-OCIP, immediately within the specified time.

cont.... 465
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DOs by Loco Pilot

4| Properly select the train configuration (Goods/ Formation/ Light Engine) and operating
modes.

5| When switching ON Onboard Kavach,

a. Switch ON required MCBs when activating Onboard Kavach
b. Put Isolation switch in Service/Normal mode

c. Open EM and MR cocks(wherever applicable)

6| When switching OFF Onboard Kavach,

a. Place Isolation switch in isolation mode

b. Close EM and MR cocks(wherever applicable)

c. Switch off all MCBs when switching off Onboard Kavach.

cont.... 466
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DOs by Loco Pilot

7| Handle LP-OCIP with care

8| Loco Pilot has to inform the Traction Loco Controller (TLC) / Power Controller (PRC)
whenever Onboard Kavach is defective, so as to attend the failure by concerned
Railway/OEM staff at the earliest.

9| LP shall follow the G & SR provisions and operational requirements issued by
Railways.

10 | LP to ensure intactness of mounting/fixing of both RFID readers in the event of CRO
and abnormal sound from undergear.
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DON'Ts by Loco Pilot

Ensure to comply the following stipulated instructions:

SR. DESCRIPTION

1| Don’t attempt any repair work.

2| Don’'t switch OFF power to the Onboard Kavach system, when it is
functioning

3| Don’t remove system modules or connectors, Radio Modems and Antennae
connections when Kavach is functioning.

cont.... 468
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DON'Ts by Loco Pilot

Ensure to comply the following stipulated instructions:

SR. DESCRIPTION

4| Don’t isolate the Onboard Kavach when the Train is in movement.

5|Don’'t consider the train direction display on the LP-OCIP (LP-OCIP) as
Nominal and Reverse. Follow UP/DN direction as per train working
procedure of the division.
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Limitations of Kavach
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Limitations of Kavach

The limitations of Kavach are:

® Kavach is only an additional safety aid to Loco Pilot. The primary responsibility
for regulating the speed of the train and stopping it at the correct location solely
rests with the loco pilot. This does not absolve the loco pilot of their
responsibilities in any way.

® Loco Pilot has to follow line side Signals, Caution Orders, Warning boards and
Whistle as per the prevalent operating rules. The signal aspect displayed on the
LP-OCIP of onboard Kavach is only an additional aid to the Loco pilot.

471



981/509:
File No. a2 poRle@E@RETARBIPPOKACEaARTE (Computer No. 3473229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

Limitations of Kavach

The limitations of Kavach are:

® When the onboard Kavach is switched ON and started in SR mode from a non-
Kavach section, as and when the train enters into Kavach section, depending on
the availability of information, the Onboard Kavach will transit into LS mode and
finally to FS mode automatically without any intervention from the Loco pilot.

® Similarly when the Train enters into Non-Kavach Section from a Kavach Section,
Onboard Kavach will transit automatically to SR mode and Loco Pilot needs to
acknowledge the transition to SR mode within 15s (configurable) to avoid brake
application by Onboard Kavach. Whenever there is a degradation in operating
mode Loco Pilot's Acknowledgement is needed.
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Limitations of Kavach

The limitations of Kavach are:

@® The operation of Kavach shall, no-way, infringe / override the rules of normal
train operations on Zonal Railways as per chapter 4 of G&SR and other
instructions issued for train operations. Hence, Loco Pilot(LP) shall ensure
compliance to G&SR and other instructions issued for train operations.

® LP needs to follow the General and Subsidiary Rules for Passing Auto Signal at
‘ON' and not to rely on ceiling speed permitted by Kavach.

® LP needs to select isolation mode in the block section for carrying shunting
operations in the block section since shunt mode is applicable only in the yard.

® Choose the appropriate train configuration as per the train type from the
available combinations displayed in the LP-OCIP.
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Limitations of Kavach

The limitations of Kavach are:

® In case of BP dropping immediately after Switching ON of Kavach and
not restoring back, try to isolate the Kavach as per Switch OFF

procedure mentioned above.
® In CCB 2.0 locomotives, in case Brake Pipe Pressure(BP) is not created even

after isolation of Kavach and ensuring cock position as per Switch off
procedure, operate the connectors on the Train Protection Module(TPM) as per
the procedure given below.

O MCE OFF

O Remove the cable (795018 & 787603) from TPM-J1 & J2 & MPIO-J2.

O Connect Cable no- 795018 between MPIO-J2 & PSJB-100A as per below

picture.
O MCE ON 474
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1B HRd I¥PIR / GOVERNMENT OF INDIA w2
I AT / MINISTRY OF RAILWAYS e e—
(Y&d §1S/ RAILWAY BOARD)
No. E(MPP)/2023/3/28 New Delhi, dt: As signed
The General Managers, DG/NAIR/Vadodara
All Indian Railways/PUs. DG/IRITM/Lucknow
Metro Railway/Kolkata. DG/IRIEEN/Nasik
DG/RDSO/Lucknow. DG/IRIMEE/Jamalpur
CAO/DMW/Patiala. DG/IRICEN/Pune
CAO/COFMOW/New Delhi DGI/IRISET/Secunderabad
ED/CAMTECH/Gwalior. DG/JRRPF/Lucknow
DG/IRIFM/Secunderabad

Sub:- Training content on KAVACH training of CLIs and LP/ALPs.

Vide Board’s letter no. E(MPP)/2023/3/28 dated 27.08.2024 training Module for
imparting training on 'KAVACH' to running staff at Zonal ETCs/ZRTIs by CLIs and
instructors trained at IRISET was circulated to all Zonal Railways/ PUs etc.

2. Revised training Modules for LPs and ALPs for Initial/Promotional/Refresher
courses have been issued vide 2024/E(Trg.)/41/13 dt 19.11.2024, which includes
Kavach Training in Initial and Promotional Courses.

3. Further, Revised Training Modules for Initial/Refresher Course of Chief Loco
Inspectors (CLIs) were circulated vide 2024/E(Trg)/41/15 dated 06.11.2024, which also
contain a 3-day training session at IRISET on all aspects of Signalling, Kavach, etc.

4. Detailed Training Contents for KAVACH training has now been prepared by
CoE/IRISET for training of CLIs and LP/ALPs, which have been approved by Board
(M/TRS & DG/HR).

5. Training Contents on KAVACH Training of CLIs and LP/ALPs have been
uploaded under MPP Training Circulars on 'Indian Railways' website and can be viewed
or downloaded from Railnet.

6. Kindly acknowledge the receipt.

(Jitendra Kumar)

Dy. Director/Estt. (Training)
Railway Board

Ph. : (011) 23047251

...contd/-
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Copy to:

1)

2)

3)

4)

5)

6)

)

The General Secretary, NFIR, 3 Chelmsford Road, New Delhi for information (Copy may be
downloaded from E(MPP) Training Circulars/Railnet/Internet).

The General Secretary, AIRF, 4 State Entry Road, New Delhi for information (Copy may be
downloaded from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, FROA, R.N0.256-A, Rail Bhavan, New Delhi for information (Copy may
be downloaded from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, IRPOF, R.N0.268, Rail Bhavan, New Delhi for information (Copy may
be downloaded from E(MPP) Training Circulars/Railnet/Internet).

All Members, Department Council & Secretary Staff side National Council 13-C, Feroz shah
Road, New Delhi (Copy may be downloaded from E(MPP) Training Circulars/Railnet/Internet).

The Secretary General, AIRPF Association, Room No0.256-D, Rail Bhavan, New Delhi (Copy
may be downloaded from E(MPP) Training Circulars/Railnet/Internet).

General Secretary, All India SC & ST Railway Employees Association, 171/B-3, Basant Lane

Railway Colony, New Delhi (Copy may be downloaded from E(MPP) Training
Circulars/Railnet/Internet).

For Principal Executive Director (IR) /Railway Board

Copy to:

i)
i)
i)

iv)

vi)

PS & ED(PG) to MR, MoSR (S) & MoSR (R)

PSO/Sr.PPS to CRB, MF, M(Infra.), M(TRS), M(O&BD), DG(HR), DG(RHS) & DG(RPF)
Sr.PPS/PPS/PS to AM(Budget), AM(CE), AM(C&IS), AM(Comml.), AM(E&HM), AM(Fin),
AMHR), AM(L&A), AM(Mech.), AM(Plg.), AM(Project), AM(PU), AM(RS), AM(Sig.),
AM(Staff), AM(Traction), AM(T&C), AM(Tele), AM(TT), AM(Works), PED(Vig.), PED(Safety),
PED(Coaching), LA,

ED(Plg.), ED(Accts.), EDCE(B&S), EDCE(G), EDCE(PIlg.), ED(CHG), ED(CC), ED(C&IS),
ED(E&R), EDEE(Dev), EDEE(G), EDEE(M), EDEE(RS), EDE, ED(RRB), EDE(N), EDE(Res),
EDF, EDF(B), EDF(X)I, EDF(X)Il, ED(H), JS(C), EDME(Chg.), EDME(Fr.), EDME(PU&W),
ED(PC)l, ED(PC)Il, EDRE, ED(Safety), ED(Safety)-ll, IG./RPF(Hgs), ED(Sig.), ED(SP),
EDRS(G), EDRS(S), ED(TD), EDTC(R), EDCE(P), ED(PM), ED(FM), EDPG, EDTT(F),
EDTT(S), EDV(E), EDV(Elect), EDV(T), EDVE(S), ED(W).

Chief Commissioner of Railway Safety, 3" Floor, TA Office, State Entry Road, New Delhi-55.
E(NG)I, E(NG)II, E(G), F(E)I, F(E)IIl, F(E)Ill, E(SCT)I, E(SCT)Il branches of Railway Board.

Room No. 27A, Ground Floor, Rail Bhawan, New Delhi-110001
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KAVACH TRAINING
MODULE
Training module for Chief
Loco Inspectors(CLIs)/LPs/ALPs &
Trainers.
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No. 2023/S&T/Dev/Kavach.Corres. Part (1) Dated: 14.10.2024

Sub: Kavach Training Module, Presentation and Reading Material for
CLIs/LP & Trainers

Ref: CoE/IRISET letter No. IRISET/CoE/Kavach/Misc dated: 04.10.24.

During the various review meetings on Kavach, it is brought out that for Pan
India Rollout & Deployment of Kavach System, training to Crew (LP/ALP) and
CLIs to be imparted at large scale at Zonal Training Centres.

Accordingly, CoE/ IRISET, SC was asked to prepare a Training Module meant
for LP/ALP and CLIs training at Zonal Training Centres. CoE/IRISET has
prepared and submitted the Training Course Module for LP/ALP and CLI’s
training. Same is being sent for consideration & onward submission to Zonal
Railways.

Zonal Railways may be advised to organize Training Courses to Crew

(LP/ALP), CLIs and Trainers at Zonal Training Centre. In case of any further
assistance, PED/CoE/IRISET, SC may be contacted.

Signed by
Vivek Kumar

Dol r{DUAT 5439

ED/EE(RS)

DA: Training Course Content.
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KAVACH TRAINING MODULE

Training module for Chief Loco Inspectors/LP Trainers

~ KAVACH

INDIAN RAILWAY

Center of Excellence - Kavach
IRISET

October, 2024
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PREFACE

Welcome to the training module on Kavach, India’s indigenous Automatic Train
Protection (ATP) system. Kavach, meaning "shield" in Sanskrit, represents a significant
leap forward in railway safety and technology. Developed to enhance the reliability and
safety of train operations, Kavach integrates advanced features designed to prevent
collisions, manage train movements, and ensure adherence to signal systems. This
training module is meticulously crafted to provide Loco pilots/Chief Loco Pilots/LocoShed
Supervisors/Professionals involved in Kavach Operation and Maintenance with
comprehensive knowledge and practical insights into operating and managing this
critical safety system.

As railways form the backbone of India’s transportation infrastructure, ensuring the
safety and efficiency of train operations is paramount. Kavach is a testament to adopting
cutting-edge technology to safeguard passengers and railway staff alike. In this module,
you will explore various safety innovations in Indian Railways, various types of
Automatic Train Protection (ATP) systems and the key functionalities of Kavach,
including its real-time monitoring capabilities, automatic braking mechanisms, and its
role in maintaining seamless communication between Onboard and Stationary Kavach.

This training is designed not only to familiarize Loco Pilot with the technical aspects of
ATP systems and Kavach but also to enhance Loco Pilots practical skills in using the
system effectively. Through detailed theoretical discourse and practical case studies,
Loco Pilot will gain the expertise needed to use Kavach effectively.

1
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Table of Content

Topic Page No.
INTRODUCTION TO TECHNOLOGIES FOR TRAIN SAFETY IN INDIAN 6-10
RAILWAYS

INTRODUCTION TO KAVACH SYSTEM (ONBOARD KAVACH) 11-18
ONBOARD KAVACH WORKING 19-42

INTRODUCTION TO KAVACH SYSTEM (STATIONARY KAVACH AND NMS) | 43-48

KAVACH OPERATION PROCEDURE FOR LOCO PILOT 49-60
LOCO KAVACH SYSTEM WORKING (MCB, ISOLATION SWITCH, AND 61-70
COCKS FOR DIFFERENT OEMS)
BRAKE INTERFACE UNITS (BIU) 71-78
TROUBLESHOOTING RELATED TO KAVACH 79-90
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INTRODUCTION TO TECHNOLOGIES FOR
TRAIN SAFETY IN INDIAN RAILWAYS

INTRODUCTION

Indian Railways is committed to enhancing safety through the adoption of cutting-edge
technologies. By integrating advanced systems such as automatic train protection,
real-time monitoring, and predictive maintenance, the goal is to significantly reduce
risks and ensure a safer journey for passengers.

SAFETY TECHNOLOGIES IN IR

Various innovations by Indian Railways to enhance safety includes:

Vigilance Control Device (VCD)

Fog Safe Device (FSD)

Anti Collision Device (ACD)

Train Protection & Warning System (TPWS)/ Auxiliary Warning System (AWS)
Track and Equipment Enhancements

Additional Safety Measures by IR

Vigilance Control Device (VCD)

Vigilance Control Device (VCD) is a microcontroller based safety device which will
automatically apply penalty brakes in case the driver is incapacitated.

o Gk W

Implementation: Installed on all diesel locos and electric locomotives.

Limitations: The VCD primarily focuses on detecting the alertness of the Loco Pilot but
does not address other factors that might contribute to accidents, such as signal failures,
or external factors.

Vigilance Cycle Warning Cycle Warning cycle 2 Penalty Cycle

Fig. 1: Transition diagram of VCD

6
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Fog Safe Device (FSD)

Functionality: A GPS based Device that is provided to loco pilots in fog affected areas,
which enables loco pilots to know the distance of the approaching landmarks like signals,
level crossing gates etc.

Limitations: Not a safety system, but an aid to reduce driver stress in foggy conditions.

Fig. 2: Fog Safe device being used in train

Anti Collision Device (ACD)

It operates using a combination of GPS, radio signals, and onboard sensors to monitor
and communicate the position and speed of trains. If a potential collision is detected, the
system triggers automatic braking to avoid the accident.

Pilot project since July 2006 on Northeast Frontier Railway (NFR) covering 1736 route
Kms and 548 locomotives.

Trials on Southern Railway in 2010-2011.

Challenges: Operational and technical problems, particularly on high-density routes and
stations.

1
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Working of “on-board” ACDs
Receive inputs from satellites, communicate with
each other using radio modems & use intelligence to act
- To prevent ‘dangerous’ Collisions

oy Dervice (ACD) Metwark A Train Collitsan Preventlon System - Konkan Radlwey, Inda

Fig. 3: Working illustration of ACD

Auxiliary Warning System (AWS)

AWS and AAWS are audible warning systems that alert the driver about the aspect of the
upcoming signal, with AAWS providing additional features like speed monitoring and
braking assistance.

AWS (Auxiliary Warning System) & AAWS (Advanced AWS) are functional on Mumbai
Suburban.

The AWS panel in the driving cab has an alarm buzzer, a vigilance button, and can show
indicator lights in red, yellow, or blue. When the buzzer alarm goes off, the motorman
must press the vigilance button with 4 seconds, otherwise the brakes (either electro
pneumatic or emergency pneumatic) will be applied and the motorman will not be able

to release them until the rake comes to a complete halt.

8
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Fig 4a: AWS display unit in driving
cab

Fig. 4b: TPWS installed on track

Train Protection and Warning System is a continuous ATP system based on the European
Train Control System (ETCS) Level 1, which continuously supervises train speed and
issues warnings or applies brakes if the driver exceeds permissible limits.

9
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e TPWS is designed to stop train:

e Passing a signal at Danger without Authority
e Approaching a signal at danger too fast

e Approaching Speed restriction too fast

e Approaching buffer stop too fast

Track and Equipment Enhancements

e 60 Kg Rails: Enhanced track strength.

e Track Recording Cars: Detects track geometry defects.

e Ultrasonic Flaw Detectors: Identifies internal rail defects.

e Twin Beam Headlights: Improves night visibility for Loco Pilots.

e Flasher Lights: Activates automatically in case of derailment.

e Air Dryers: Enhances braking system reliability by reducing moisture content in
the air.

e Energy-cum-speed Monitoring System (ESMON): Monitors and optimizes energy
consumption while tracking the speed and performance of the Loco Pilot's train
operation.

Additional Safety Measures by IR

e Track Circuiting: Detects presence of a vehicle on the track.

e Electronic Interlocking: Centralized operation of points and signals.

e Axle Counters: Detects leftover vehicles in block sections.

e Crashworthy Coaches: Increased production of superior LHB design coaches.

10
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INTRODUCTION TO KAVACH SYSTEM
(ONBOARD KAVAGH)

Introduction To Onboard Kavach

Kavach system is being provided on sections equipped with Multi Aspect Colour Light
Signalling controlled by relay or electronic interlocking and loco pilot will follow
prevalent operating rules. Provision of Kavach will be a safety aid to the loco pilot to
prevent consequences arising out of Movement Authority or/and display Signal Aspect in
Loco pilot’s cab and to further reduce the probability of train collisions in block sections
and on running lines at stations through non-signalling based protections.

Kavach is India's indigenous Automatic Train Protection (ATP) system. Originally called
the Train Collision Avoidance System (TCAS), it has been developed in India to ensure
train safety. Kavach is designed to help loco pilots, by providing them with important
information and automatic controls. Kavach has been adopted as our National Automatic
Train Protection (ATP) System in the year 2020.

The Kavach System shall comprise of:

Track side subsystem: RFID tag, Stationary Kavach unit, Tower & antenna
Onboard Kavach sub-system: RFID reader, PL-OCIP, BIU, Vital computer
Network Monitoring System (NMS)

Temporary Speed Restriction Management Server (TSRMS)

L=

Basic Functioning

1. Kavach shall enable the train to run at maximum permissible speed safely.

2. Kavach shall be an aid to the loco pilot which shall prevent Signal Passing At

Danger (SPAD).

Kavach shall be able to carry out speed supervision

Kavach shall be able to display Signal Aspect in Loco Pilot’s cab.

Kavach shall be able to supervise train movement and shunting limits

Kavach is functional upto a maximum train speed of 200 kmph

The trains equipped with Onboard Kavach shall be able to run in non-Kavach

territory also

8. Kavach shall be capable of working in electrified as well as non-electrified
territories.

Nk w

1
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Onboard Kavach Overview

Figure. 1 below illustrates the integration of Onboard Kavach with the Loco and its

subsystems.
VILRM FROM LOCOMOTIVE o
Antenns 3 Antenna 4
™~
VI RM VI RM
Antenna 1 Wl GNSS I, GNESS Antenna 2
Antenna 1 Antenna 2
2N I. MCB UNIT Y

LOCO ONBOARD KAVACH

Il. LOCO
VITAL

COMPUTER
_j —{NTERRAcET |
Xl. BRAKE
INTERFACE
UNIT
|_1—_| | il, CAB il CAR |_‘—_|
;K. RHD1 INPUTS. l IE 1. ”'“1
GEfl‘EplgﬂLngR 5 LOGO BRAKE SYSTEM GE:.'E’;LLLmRz

Figure 5: Onboard Kavach Block Diagram

The function of various units are as follows:
I.  An Miniature Circuit Breaker is provided with MCBs to Switch ON/OFF:
a. Onboard Kavach
b. Brake Interface Unit (BIU)
c. LP-OCIPs.

II. The main part of Onboard Kavach is a computer called the Vital Computer.
It's like the brain of the Onboard Kavach system, controlling how it works
with the rest by interfacing with the locomotive and its subsystems.

III.  Onboard Kavach Vital computer receives CAB control inputs from the
locomotive, which provides Onboard Kavach two important things:
a. Which cab of the train the LP is controlling from
b. The direction in which direction the train is moving

IV. Two Loco Pilot — Operation cum Indication Panels (LP-OCIPs) are installed
in the locomotive cabs. These LP-OCIPs are connected to the onboard
Kavach vital computer to display relevant information to the loco pilots.
Using the LP-OCIPs, loco pilots can monitor the status and activities of the
onboard Kavach system.

12
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V. The train sends information from its CAB to Onboard Kavach's Vital
Computer. The computer utilizes this information to determine from which
end of the train the driver is exercising control.

VI.  On top of the train engine, the following antennas are installed:

a. Radio Antennae:

i.  Two for receiving signals (Rx)
ii.  Two for sending signals (Tx)
b. GNSS/GSM antenna
VII. Each pair of radio antennas on the train is connected to an individual radio
modem, enabling the train to transmit and receive information via radio
communication.

VIII. Each GNSS antenna connects to a dedicated GNSS module, ensuring that all
Kavach wunits, both on the train and along the tracks, operate in
synchronized time.

IX. Two RFID antennas/Readers mounted underneath the train read the
track-embedded RFID tags, enabling the train's vital computer to determine
its precise location as it moves along the track.

X.  Two directional pulse generators, each mounted on a different wheel and
connected to the onboard Kavach system, monitor the speed and distance.

XI. The onboard Kavach interfaces with the brake system through the Brake
Interface Unit (BIU), allowing it to apply Normal Brake(NB), Full
Service(FSB) Brake, and Emergency Brake(EB). In the case of a locomotive
operating as a light engine, the BIU also activates the Independent Brake
(SA9) interface to generate Brake Cylinder Pressure up to the maximum
value corresponding to the loco's independent brake.

XII.  An Isolation switch with "Service position" and "Isolated position" settings
is installed.

a. When the switch is in the "Isolated position,” it disables Kavach
commands from the BIU to the brake system and also disables the
traction cut-off feature.

a. When this switch is kept in “Service position”, then it enables
activation of Brake commands from the BIU and also enables
traction cut-off feature whenever brake commands are issued from
Onboard Kavach.

XII. Manual Isolation cocks are installed in the BP pipeline named as
EM(Emergency Magnet Valve Isolation) cock and MR line(incase of
Diesel/Electric locomotives equipped with IRAB brake system and
Conventional EMUs only) . Micro switches monitor whether the cocks are
in the cut-off position or open position.

13
15

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

Arrangement of Onboard Equipment
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Figure 6: Onboard Kavach illustration diagram

Features Of Onboard Kavach

Kavach is designed to provide the following functionalities:

[. IR-ATP-"Indian Railway Automatic Train Protection System (Kavach)” is

radio communication based electronic control system to
(1) Prevent Signal Passing at Danger (SPAD),

(i) Reduce consequences arising out of Signal Passing at Danger (SPAD)

including Collision by stopping train within adequate distance,

(iii) Prevent over-speeding by automatically activating the train's braking
system if the locomotive pilot fails to adhere to the prescribed speed limits.

II.  Cab signaling (On-board display of Signal aspect in CAB)

III.  Over Speed monitoring

IV.  Permanent Speed Restrictions (PSR) monitoring
V. Turn out speed monitoring

VI.  SOS generation during unusual stoppage in Block section

VII. Manual SOS generation
VIII. Head on and rear end collision prevention
IX.  Standstill and roll-away protection
X.  LC gates alert in advance to loco pilot with automatic whistling feature

Working Of Onboard Kavach

I. Track Information Reading:

> Onboard Kavach reads track information (kilometer, position, track ID,

etc.) from track-side pre-programmed RFID tags through RFID readers.
> All RFID tags are duplicated to increase availability.
II. Direction Determination:

14
16

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

528001



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)
1906883/ D024 2B(7egP NDEWRS )

1/3112549/2024

III.

IV.

Direction is established after reading consecutive two tags containing
kilometer information.
Onboard Kavach determines the direction as:

o Nominal: if in the direction of travel, kilometers are incrementing.

o Reverse: if in the direction of travel, kilometers are decrementing.
Movement Authority and Signal Information:
Based on the current locomotive position, track ID, and train movement
direction, the stationary Kavach system provides the following:

o Movement authority

o Signal information

o Gradient information

Turnout speed with distance (e.g., loop line speed control)

Target Monitoring and Speed Control:

Onboard Kavach decides the most restrictive target based on signal
information from Stationary Kavach and available track data.

Kavach determines the safe permitted speed to the loco pilot based on
current train speed and distance from the target duly considering the
braking characteristics of the train.

If the locomotive pilot exceeds the speed limit, Kavach applies the
appropriate brakes to ensure the train approaches the target location
within the specified speed limit, in accordance with the configuration
parameters.

Ceiling Speed Monitoring:

When the target distance is far away:

o Onboard Kavach monitors the most restrictive speed (minimum of
section speed, loco max speed, train max speed, mode-related speed,
loop line speed and PSR).

o This speed limit is displayed to the loco pilot on LP-OCIP as Max
Permitted Speed (e.g., 100 KMPH).

% If train speed exceeds the permitted limit by 2 KMPH, an
Over-speed alarm is issued.

% If train speed exceeds the permitted limit by 5 KMPH, the
Normal service brake is applied.

% If train speed exceeds the permitted limit by 8 KMPH, the
Full service brake is applied.

% If train speed exceeds the permitted limit by 10 KMPH, the
Emergency brake is applied.

O

Note: These speed limit parameters are configurable and vary for different types
of rolling stock

VI.

15

Brake Characteristics:

> The Onboard Kavach acquires the braking characteristics through LP-OCIP

as per the selections made by Loco Pilot at the start of mission or whenever
there is change in train consist.

17
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> On formation of a new train, Onboard Kavach unit prompts Loco Pilot for

selecting the train consist.

Target Current
Pointer Speed Permitted Speed WMoveneit
Red due to Speed Authority
Braking
Target RS S
Distance .
Overspeed Braking
Warning_Zone, Zone

—_—

Target
Distance

&— Movement Authority upto EoA—p
Figure 7: Brake Characteristic

> The braking logic of the Onboard Kavach is intelligent which is based on

the brake characteristics of the train and depending upon the speed of the
train, gradient of the location & the target, Onboard Kavach decide which
type(s)of brake and when to be applied to stop the train short of safe
distance or control the speed to desired.

In case the distance available between the train and target at the instance
of perceived danger is not adequate, Onboard Kavach applies maximum
brakes to reduce the speed of the train as much as possible under the
circumstances so that impact can be minimized.

On detection of an incident of a stop signal subsequently put back to ON,
the train stops with Train Trip through application of Emergency Brakes at
least after crossing the Signal if not earlier.

Sealing arrangements for loco Kavach equipments

The loco pilot must check the intactness of Kavach equipment and sealing arrangement

at the time of taking charge, before switching ON the Kavach system, because it ensures

that the Kavach equipment is in proper condition and not being tempered with.

If the equipment is tampered with, damaged, or malfunctioning, it could result in system
failure on run, which could lead to troubles during working.

Before switching ON Loco Kavach, Loco Pilot (LP) shall ensure that equipments like Loco

16
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Kavach unit, Brake Interface Unit (BIU) and Driver Machine Interface (DMI) are in
properly sealed condition. If the seal is found broken / tampered, the Loco Kavach is to
be treated as Defective. LP shall intimate / inform respective loco shed and concerned
Traction Loco Controller (TLC) / Power Controller (PRC) that the sealing of Loco Kavach is
broken and it is defective.

Shot on OnePlus
gl lale -

By s = Anas

Figure 8: Sealing arrangement in Onboard Kavach
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Difference between Kavach system Version 3.2 and version 4.0

e At the start of the mission, the train configuration selection prompts are different.

e In Version 4.0, SR mode can not be selected manually except as part of start of
mission

e After passing two tags (getting direction and connectivity to SKAVACH), the
onboard enters LS mode in Version 3.2, whereas it enters OS mode in version 4.0.

e Whenever two consecutive tags are missed, the onboard enters SR mode in
version 3.2. Whenever three consecutive tags are missed, the onboard enters SR
mode in version 4.0.

HARDWARE CHANGES FROM VERSION 3.2 TO VERSION 4.0

e Medha On-board: The requirement for pressure transducer was mentioned in the
specification of BIU but not in Kavach Specification. The BIU spec. was applicable
only for IRAB. Now in Version 4, the requirement of BC, BP & MR pressure
transducers has been mandated in Kavach Specification itself.

e Kernex On-board: All 06 Main Intelligent Equipment (MIE) cards are upgraded
with a new Micro Controller (Processor) from LPC 2378 to STM 32 F series..
Version 4 is using new MIE cards.

e HBL On-board: The old Integrated Data logger (IDL) Card is replaced with a new
Vital Gateway Card (Ruggedized with more capacity and more processing power).
A GSM module is also introduced in the Vital Gateway itself.

18
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ONBOARD KAVACH WORKING

LP-OCIP Unit Front Panel

The LP-OCIP screen with Loco Pilot controls is as shown in Figure.4 and 5 below:

= * e e [
| Train | |Section| | Looo |-Fun:mn| [ Context | |Communication|
Length | | Spoad | [Location| | Keys | | | | with Station

Figure 9a: LP-OCIP panel Figure 9b: Default screen of LP-OCIP

Description of various fields on the LP-OCIP:
I.  Target Type: Specifies the type of target ahead, such as a speed restriction,
signal aspect, or other operational limits.
ll. ~ LOCO ID: The unique identification number of the locomotive.
lll.  Current Speed: Displays the train's current speed in Kilometers Per Hour
(Kmph).
IV.  Over Speed: Indicates whether the train is exceeding the permitted speed
limit. The speed indicator needle turns to red along with an audio buzzer.
V. Permit Speed: The maximum allowable speed in the current section of the
track, determined by track conditions and regulatory requirements.
VI. Target Speed: The speed the train should aim to achieve, often determined
by upcoming track conditions or signal aspects.

VIl.  Target Distance: The distance to the next significant target, such as a
signal, speed restriction, or stop point, measured in meters.

VIII.  Brake Applied: Indicates application of brake by Kavach in red colour. The
symbol thickness increases with the increasing brake application type -
Normal Service Brake (NSB), Full Service Brake (FSB) and Emergency Brake
(EB).

19
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XI.

XIl.

XII.

XIV.

XV.

XVI.

XVILI.

XVIII.

XIX.

20

Type of Brake Symbol Displayed on LP-OCIP

Normal Service Brake(NSB)

Full Service Brake(FSB)

Emergency Brake(EB)

Deceleration Constant: The rate at which the train decelerates when
brakes are applied, often represented as a numerical value. This data is
derived by onboard Kavach based on the train configuration selected by
Loco Pilot.

Context Message: Provides additional information or warnings relevant to
the current operational context, such as approaching Turnouts, level
crossing gates, Permanent Speed Restrictions (PSRs), failure messages,
acknowledgment messages etc.

Functional Keys: These keys are used for selection of train configuration
and Kavach operation modes such as Reverse, Shunt, Isolation etc.

Train Length: Indicates the train length computed by Kavach. This is
generally set to a preset value with initial train configuration and updated
after crossing Advance Starter signal at each station.

Loco Location: The current geographical location or positional data of the
locomotive (chainage in decameters)

Mode Name: The current operational mode of the train, such as "Full
Supervision,” "Shunting," or "Staff Responsible"” etc.

Mode Symbol: Indicates the symbol of current mode of operation of the
train such as "Full Supervision,” "Shunting," or "Staff Responsible” etc.
Communication with Station: Indicates the strength of radio signal with
stationary Kavach of Station / LC /IB / ABS Huts.

Movement Authority: The maximum distance the train is authorized to
travel without danger.

Signal Aspect: This field displays the current aspect of the approaching
signal.

Tag Indication: Indicates the status of the last three normal RFID tags read.

Green color indicates tag read and red color indicates tag not read

22
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Onboard Counters
The Onboard Kavach Electronic Unit is equipped with three 6-digit electromechanical
non-resettable counters. These counters record specific operations as follows:

ISOLATION MODE COUNTER
o Increments when: Isolation mode is selected
o Purpose: Tracks frequency of Isolation mode usage
TRIP/OVERRIDE MODE COUNTER
o Increments when: Onboard Kavach enters Trip mode OR Override
mode is selected by Loco Pilot
o Purpose: Monitors occurrences of Trip and Override modes
SOS COUNTER
o Increments when:
m  SOS is sent to other Onboard Kavach units
m  SOS message is received from Kavach units
o Purpose: Records frequency of emergency events

Onboard Kavach System Indications
The Onboard Kavach unit provides critical status information via LP-OCIP. Two key
indications are displayed (as shown in Figure 5):

green-system healthy
red-system faulty

Figure 10: System Indicators on the LP-OCIP

SYSTEM HEALTHY/FAULTY STATUS:
o LP-OCIP displays the System health status as Green as long as the
system is healthy otherwise it will be displayed as Red.
SOS STATUS
o Green: No SOS activity
o Red: SOS received or transmitted

21
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KAVACH OPERATION MODES AND RESPONSIBILITIES OF LOCO PILOTS

The onboard Kavach shall be capable of supervising the following operational

Modes:

01. Stand By (SB) Mode

Name of mode Standby (SB)
Symbol of mode
Definition It is the mode in which the Onboard Kavach awakes.

Entry Conditions

The Onboard Kavach enters into Standby Mode in any one of
the following cases:
1) When the Onboard Kavach is powered on and the
Self-tests are completed successfully.
2) When No CAB is occupied or EM cock is closed in SR, LS,
FS, OVRD, OS, PT, RV and SH modes.
3) On the exit of RV, SH, NL, SF and IS Modes.

Functionalities in this
mode

e In this mode, the desk of the engine can be opened or
closed. No interaction between Kavach and Loco Pilot
shall be possible as long as the desk is closed, except for
isolation of the Onboard Kavach

e The Onboard Kavach unit shall perform the Standstill
Supervision.

e Radio Transmission is active if it is in Kavach Territory.

Display Information
on LP-OCIP

The Onboard Kavach shall display train speed and permitted
speed (which in this case is Zero).

Exit Conditions

The Onboard Kavach exits from Stand By mode in any one of
the following cases:
1) if any CAB is occupied, based on New train Status and on
successful self-tests it suggests SR or Shunt Mode to Loco
Pilot.
2) If any CAB is occupied and no new train status, it enters
into the previous mode (SR, LS, FS, OVRD, OS, PT and
SH).
3) Transit to Non Leading mode in case Non Leading input
is Active and the train is in standstill.

22
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4) Transit to Isolation mode in case Onboard Kavach is
isolated manually.

5) Enters into System Failure Mode in case Onboard
Kavach is faulty.

Responsibilities

e The Onboard Kavach is responsible for maintaining the
Loco/train at standstill.

e The Loco Pilot cannot move the train in this mode.

02. Staff Responsible (SR) Mode

Name of mode

Staff Responsible (SR)

Symbol of mode p—
Paskd
Definition This mode allows the Loco Pilot to move the train under his or

her direct responsibility in Kavach territory/Non-Kavach
territory.

Entry Conditions

SR mode can be selected manually only during the start of
mission.

The Onboard Kavach enters into this mode in any of the
following cases:

1) Manual selection after the successful Onboard Kavach
self-tests and train configuration available and Cab is
Active.

2) After loss of radio communication in the communication
mandatory area.

3) Three consecutive RFID tags missing.

4) When the train direction is not known.

5) When Kavach territory exit tag is read.

Functionalities in this
mode

e In this mode, the Onboard Kavach shall supervise
against:

o ceiling speed: maximum permissible speed for
loco/train.

o When both the Onboard Kavach are functional,
head-on and rear end collisions can be prevented,
if TIN, direction, and absolute location
information are available through Onboard direct
UHF communication.

23
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o SOS generation and emergency stop in case SOS is
received if TIN, direction and absolute location
information is available.

Loco Pilot shall acknowledge the automatic transition to
Staff Responsible mode to avoid braking by Kavach.

This mode is used when the system does not know the
route.

In case of new train formation, the Onboard Kavach
shall continue in Staff Responsible Mode till direction,
On Sight movement Authority and track profile-are not
available.

Since the gradient pertaining to track side is unknown to
Onboard Kavach, the supervision of the braking curves
in Staff Responsible mode does not ensure that the train
will stop at the given distance.

Display Information
on LP-OCIP

The Onboard Kavach shall display train speed and permitted

speed.

Exit Conditions

The Onboard Kavach shall exit from SR Mode in any one of the
following cases:

1)

2)

3)
4)

When No CAB is occupied or EM cock is closed (Enters
StandBy Mode).

When direction and On receipt of On Sight Movement
Authority, track Profile and Valid Communication
packets are available in the communication
mandatory area (Enters On Sight Mode).

When Loco Pilot selects Reverse mode in standstill.
When Loco Pilot selects Shunt mode in standstill.

Responsibilities

The Onboard Kavach unit supervises a ceiling speed
without distance limit.

The loco pilot should respect the existing line-side
information (signals, speed boards etc.) in this mode.

24
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03.Limited Supervision (LS) Mode

Name of mode

Limited Supervision (LS)

Symbol of mode ]
Definition Limited supervision mode enables Onboard Kavach to supervise

track profile in case of communication failure.

Entry Conditions

Limited supervision mode cannot be selected by the loco pilot,
but shall be entered from Full Supervision mode automatically
when Valid Radio packets are not available (configurable) in
Communication Mandatory Area and track profile is available
upto 3000m (Configurable).

Functionalities in
this mode

The Onboard Kavach shall supervise train movements against a
dynamic speed profile.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed. If the
permitted speed is lower than the sectional speed limit and the
maximum train speed, the permitted speed and the target speed
shall be indicated.

Exit Conditions

Onboard Kavach exits from LS Mode if any one of the condition
is satisfied:

1) On receipt of On Sight Movement Authority and Valid
Communication packets are available in the
communication mandatory area (Enters On Sight Mode).

2) When Loco Pilot selects Reverse mode in standstill.

3) When Loco Pilot selects Shunt mode in standstill.

4) Enters into Staff Responsible mode for any of the
following conditions:

a) Track profile is not available upto 3000m
(configurable).

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities e The Onboard Kavach is responsible for supervision of the
train speed and section speed.
e The Loco Pilot must observe the existing line-side
information (signals, speed boards etc.)
25

27

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

B3MB0O1:



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

04.Full Supervision (FS) Mode

Name of mode

Full Supervision (LS)

Symbol of mode @
[
Definition In this mode, Onboard Kavach unit oversees train movements in

accordance with a dynamic speed profile.

Entry Conditions

Full Supervision mode cannot be selected by the loco pilot,
but shall be entered automatically when all the following
necessary conditions are fulfilled:
1) Track profile Available (Including Traffic Direction) up
to 3000m or Movement Authority, whichever is less.
2) Valid Radio Packets are receiving in communication
mandatory area.
3) Movement Authority is valid .
4) In case of On Sight mode, train has crossed at least one
stop signal in OFF condition .

Functionalities in
this mode

e The Onboard Kavach wunit shall supervise train
movements against a dynamic speed profile.

e Track Profile and gradient are required to be available
from the REAR END of the train for Full Supervision
mode.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed, the
permitted speed, Signal Aspect, the target distance and the
target speed to the Loco Pilot.

Exit Conditions

Onboard Kavach exits from Full Supervision Mode if any of the
condition is satisfied:

1) When train is at Standstill and Full Supervision
Movement Authority is less than 200m, LP shall press
'OVRD' and 'CNFM' buttons (Enters Override mode).

2) When approaching a LSS/IBS at danger, LP shall press
'OVRD' and 'CNFM' buttons on run. Loco enters into On
sight mode on receiving On Sight Movement Authority
from Stationary Kavach.

3) When calling On Signal is lowered , Stationary Kavach
shall command Onboard Kavach to On Sight mode.

4) When a train passes a stop-signal at ON or End of
Authority, the Onboard Kavach shall enter into Trip Mode.

5) When Loco Pilot selects Reverse mode in standstill.

6) When Loco Pilot selects Shunt mode in standstill. Valid
radio communication packets are not received and track
profile available wupto 3000m (Configurable) in
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communication mandatory area (Enters into Limited
Supervision).

7) Enters into Staff Responsible mode for any of the
following conditions:

a) Valid Radio packets are not available in
communication mandatory area and track profile
is not available (Including Traffic Direction) upto
(3000m or Movement Authority) , whichever is less.

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities The Onboard Kavach unit is fully responsible for the train
protection.
05.0verride (OVRD) Mode

Name of mode

Override (OVRD)

Symbol of mode

_B...

Definition

This mode enables the train to pass the signal at danger (End of
Authority).

Entry Conditions

The Override mode is entered, when all the following conditions
are satisfied:
1) Train is at standstill.
2) Loco pilots select Override mode from FS, OS and PT
modes.
3) Movement Authority is less than 200m. (Configurable).
This condition shall be relaxed when transiting from Post
Trip Mode.

Functionalities in
this mode

When 'OVRD' and 'CNFM' buttons are pressed by Loco Pilot on
run (if the Authority to proceed is received in advance) or at
standstill (after the receipt of Authority to proceed is received),
Onboard Kavach shall display 'Override Selected' and keep
informing this status to Stationary Kavach till passing the signal
foot or EOA. This feature enables passing signal at danger in the
following cases without undesirable braking from Kavach.
e Approaching LSS/IBS at ON where authority to proceed
is received by Loco pilot in advance.
or
e When 'radio communication failed ".

2]
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Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and the
permitted speed to the Loco Pilot in this mode.

Exit Conditions

The Onboard Kavach exits from Override mode when one of the
following conditions satisfied:

1) Time out - Default: 240s. (Loco Pilot shall cross the signal
within this time out; otherwise, the extended On Sight
Movement Authority will be truncated to the approaching
stop signal. Loco Pilot need to select override again for
moving further.

2) On Sight Movement Authority extended, when Track
Profile is available, received and Valid radio packets are
received (Enters into On Sight Mode).

3) Full Supervision Movement Authority extended , when
track profile is available and radio packets are received.
(Enters into Full Supervision Mode)

4) Enters into Staff Responsible mode for any of the
following conditions:

a) Valid Radio packets are mnot available in
communication mandatory area.

b) When three consecutive tags are missed.

¢) Kavach Territory Exit tag is read.

d) Train traffic direction is unknown.

Responsibilities e The Onboard Kavach shall supervise the train speed and
permitted speed .

e Loco pilot is responsible for checking the track occupancy
in this mode when moving the train, because the track
may be occupied.

06.0n Sight (0S) Mode

Name of mode

On Sight (0S)

Symbol of mode

Definition

This mode enables the train to enter into a track section that
could be already occupied by another train or obstructed by any
kind of obstacle.

Entry Conditions

Onboard Kavach shall enter into On Sight mode in the following
cases:
1) Stationary Kavach shall extend On Sight Movement
Authority and Track Profile when Onboard Kavach is in
SR Mode.

28
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6)

Override of Main Stop Signals other than LSS/IBS/Auto:
When approaching signal is at danger, LP shall press
'OVRD' and 'CNFM' buttons within 200m (configurable) at
stand still after the receipt of Authority to Proceed as per
operating instructions. Loco enters into OS mode on
receiving On Sight Movement Authority from Stationary
Kavach.

Override of LSS/IBS signal: When approaching a LSS/IBS
at danger, LP shall press 'OVRD' and 'CNFM' buttons on
run if Authority to Proceed is received in advance. Loco
enters into OS mode on receiving On Sight Movement
Authority from stationary Kavach.

Override of Auto signals: When approaching an Auto
signal at danger, LP shall select 'OVRD' mode at standstill.
Loco enters into OS mode on receiving On Sight
Movement Authority from Stationary Kavach after the
train stops for one minute (Configurable) by day and two
minutes (Configurable) by night.

Override consecutive signals: When Consecutive signals
are in danger, Onboard Kavach shall stop on approach of
next danger signal (other than LSS or IBS) and LP shall
select 'OVRD' mode to get the On Sight Movement
Authority after the receipt of Authority to Proceed as per
operating instructions.

Override of stop signal leading to multiple routes:

a) Loco Pilot shall select override mode only after
receipt of Authority to Proceed as per operating
instructions.

b) Stationary Kavach shall transmit On Sight
Movement Authority for overrided danger signal
upto next nearest (where there are multiple
routes) approaching stop signal with speed
restriction as specified for each signal in Kavach
table of control.

c) Stationary Kavach shall also convey 'Route not
Known' information to the Onboard Kavach.

d) While approaching the next stop signal, based on
signal aspect, On Sight Movement Authority shall
be updated.

e) In case, On Sight Movement Authority is not
updated, when it is less than Override Selectable
distance (default: 200m which is configurable),
Loco Pilot shall select Override mode again.

f) After passing one signal at OFF aspect, Stationary
Kavach shall send Full Supervision Movement
Authority to Onboard Kavach to enter into FS
mode.
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e On Sight mode cannot be selected by the Loco Pilot, but
shall be entered automatically after the permission of
Stationary Kavach.

Functionalities in
this mode

e The Onboard Kavach shall supervise train movements
against a dynamic speed profile.

e The Kavach shall detect collisions in On Sight Mode, if
Kavach is functional in both the Onboards.

e The On Sight Movement Authority shall be erased after
the On Sight Movement Authority holding time (default:
120 seconds, configurable) on communication time out in
communication mandatory area.

e The extended On Sight Movement Authority after
override shall be limited to the approaching signal foot by
Stationary Kavach, if the signal is not crossed by the train
within 240 seconds (configurable).

e On Sight Movement Authority shall be extended up to the
foot of the stop signal (irrespective of its aspect) next to
stop signal being overridden, in case of entry into
override is from FS and OS modes.The next stop signal
aspect, marker and description (if available) shall be
linked only within 100m if no Kavach functional loco is
available between the Onboard Kavach and the
approaching stop signal.

e On Sight Movement Authority shall be extended up to the
foot of approaching stop signal irrespective of its aspect
in case of entry into override is from PT mode.The
approaching stop signal aspect, marker and description
(if available) shall be link only within 100m if no Kavach
functional loco is available between the Onboard Kavach
and the approaching stop signal.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and the
permitted speed to the Loco Pilot.

Exit Conditions

Onboard Kavach shall exit from On Sight mode, if one of the
following condition are satisfied:
1) After passing the signal at 'OFF', Stationary Kavach shall
provide Full supervision Movement Authority (Enters
into Full supervision mode).
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2) When a train passes a stop-signal at ON or End of
Authority, the Onboard Kavach shall enter into Trip
Mode.

3) When Loco Pilot sleets Reverse mode in standstill.

4) When Loco Pilot selects shunt mode in standstill.

5) When Loco Pilot selects override mode in standstill.

6) Enters into Staff Responsible mode for any of the
following conditions:

a) If no communication is available with Stationary
Kavach in communication mandatory area and
expiry of On Sight, Movement Authority.

b) When three consecutive tags are missed.

¢) Kavach Territory EXit tag is read.

d) Train traffic direction is unknown.

Responsibilities

e The Onboard Kavach shall supervise the train movement
against a ceiling On Sight speed specified by Stationary
Kavach.

e Loco pilot is responsible for checking the track occupancy
in this mode when moving the train, because the track
may be occupied or obstructed.

07. Trip (TR) Mode

Name of mode

Trip (TR)

Symbol of mode

:

Definition

When a Train in Full Supervision or On Sight Mode passes a
stop-signal at ON or End of Authority, the Onboard Kavach unit
shall enter into Trip Mode.

Entry Conditions

Trip can happen in any one of the following cases:
1) Due to Loco Pilot irresponsible operation.
2) Due to malfunction of Onboard Kavach.
3) Signal flying back to danger in the approach of the train
where there is no adequate braking distance.
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Functionalities in this
mode

The Onboard Kavach unit shall perform the Standstill
Supervision in Trip mode.

The Onboard Kavach unit shall command the emergency
brakes.

Closing the desk while being in Trip mode wili not cause
a mode change including standby mode but no
interaction with the Loco Pilot shall be possible as long
as the desk is closed, except isolation of the Kavach
on-board equipment.

Application of emergency brakes and train trip are two
different things. For example, exceeding the permitted
speed leads to application of the emergency brakes, but
as long as the train does not pass the EOA, it is not a train
trip.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and
permitted speed (which is zero in this mode).

Exit Conditions

On board Kavach exits the Trip mode when the Post Trip mode
is selected by Loco Pilot at Stand still.

Responsibilities

The Onboard Kavach unit is responsible for stopping the
train and for maintaining the train at standstill.

The Loco Pilot has to be relieved from the responsibility
for train movements during the condition. (Due to Loco
Pilot irresponsible operation.)

During the malfunction of Onboard Kavach, it shall be
isolated and put back to service, when it is proven that it
is safe for operations.

In case of (Signal flying back to danger in the approach
of the train where there is no adequate braking
distance.), the root cause for signal flying back to danger
is to be identified and mitigate as per railway
procedures.

32

34

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

693001



File No. a2 poRle@E@RETARBIPPOKACEa IS (Computer No. 3472229)

1900883/ PU20/BatyP IDERS )
1/3112549/2024

08.Post Trip (PT) Mode

Name of mode

Post Trip (PT)

Symbol of mode

Definition

This mode allows the train to be moved after the Kavach has
undergone Trip mode.

Entry Conditions

When the train enters trip mode, the Loco Pilot shall select Post
Trip mode in a standstill condition to move the train.

Functionalities in
this mode

On entering into post trip mode, the Onboard Kavach unit shall
release the command of the emergency brake, if the train is at
standstill.

Display Information
on LP-OCIP

The Onboard Kavach shall display the train speed and permitted
speed (which is zero in this mode).

Exit Conditions

The Onboard Kavach shall exit from the Post Trip Mode if the
following conditions are met:
1) When the train is at standstill, LP shall select override
mode to move forward. (linking distance is to be ignored.)
a) Further, on receipt of On Sight Movement
Authority with a speed limit of 15 Krnph
(configurable) enters On Sight Mode.
b) When communication is not available, Onboard
kavach shall continue in override Mode.
2) When the train is at standstill, LP shall select Reverse
mode to move reverse.
3) Enters into Staff Responsible mode for any of the
following conditions:
a) Kavach Territory Exit tag is read.
b) Train traffic direction is unknown.

Responsibilities

e The Onboard Kavach is responsible for maintaining the
Loco/train at standstill.

e In case, the Loco Pilot wants to move the train forward,
Loco Pilot shall select Override Mode after selecting the
Post Trip Mode.

e On receipt of Paper Authority, Loco Pilot shall select
Reverse Mode after selecting the Post Trip Mode to back
the train. When moving backwards, the train trip shall be
inhibited.
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09.Reverse (RV) Mode

Name of mode

Reverse (RV)

Symbol of mode

->

Definition

The Reverse mode allows the Loco Pilot to change the direction
of movement of the train and drive from the same cab, i.e. the
train orientation remains unchanged.

Entry Conditions

Onboard Kavach enters Reverse mode, when Reverse Mode is
manually selected by the Loco Pilot or Reverse movement is
detected through Cab input and the direction indicated by the
Wheel Sensor.

Functionalities in
this mode

e The Onboard Kavach wunit shall supervise train
movements against the following:
o a ceiling speed (Reverse mode speed limit
configurable, Default: 25 kmph),
o aconfigurable distance (Default: 500m) and
o a configurable time out (Default: 300s) for which
reverse movement is allowed.

e The position reports being sent by Onboard Kavach when
in reverse mode shall refer to the location of the driving
cab (as before reversing).

e When reverse mode is not selected, reverse movement
shall be detected based on Cab input and Wheel Sensor
direction, the MA should increase and brakes should be
applied within a distance of 2 meters (Configurable).

e Onboard Kavach shall ignore the RFID tag information
received in Reverse mode.

e Onboard Kavach shall blow horn in Reverse Mode.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display only the train speed
and the permitted speed.

Exit Conditions

In Reverse mode, the normally allowed movement is backwards,
and hence the Reverse Movement Protection avoids the train
running in forward direction. If the reverser is moved out of
reverse position, the Onboard Kavach exits from the Reverse
mode to Stand By Mode.
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Responsibilities

e The Onboard Kavach supervises a ceiling speed in reverse
direction.

e The Loco Pilot must keep the train movement inside the
distance to run as prescribed in the Authority given.

10. Shunt (SH) Mode

Name of mode Shunt (SH)
Symbol of mode .E
Definition This mode refers to the operational state of train movement for

the purpose of shunting.

Entry Conditions

This mode is entered by manually selecting Shunt Mode, only
when the train is at stand still from Stand By, Staff Responsible,
Limited Supervision, Full Supervision mode and On Sight mode.

Functionalities in
this mode

e Shunt signals are not monitored by Kavach system and
hence shunt signal passing at Danger can not be
supervised.

e As Shunting allows bumping into stable loads, hence
collision scenarios are not evaluated by Onboard or station
Kavach in this mode.

e The Onboard Kavach unit shall perform the Train Position
function.

Display Information
on LP-OCIP

The Onboard Kavach unit shall display the train speed and the
permitted speed.

Exit Conditions

Onboard Kavach exits from shunt mode to Stand by mode when
one of following conditions are met:
1) No CAB is occupied or EM cocKk is closed.
2) Loco Pilot presses "Shunt" and "CNFM" button in
standstill.

Responsibilities

e The Onboard Kavach is responsible for the supervision of
the shunting mode speed limit (Default: 15 Kmph) within
shunting limits.

e The Loco Pilot is responsible for remaining inside the
shunting limits, train/engine movements and shunting
operations as prescribed in Station Working Rules and
General & Subsidiary Rules.

35

37

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am

B2B0O1:



3/50017
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) ’ !

1900883/ PU20/BatyP IDERS )
1/3112549/2024

11. Non leading (NL) Mode

Name of mode Non leading (NL)
Symbol of mode 5-6
Definition The Non-Leading mode is defined to manage the Onboard Kavach

of a slave engine that is either electrically coupled to the leading
engine (remote controlled)or NOT electrically coupled to the
leading engine (not remote controlled).

Entry Conditions

Non leading mode shall be selected by the Loco pilot when the
train is at standstill.

Functionalities in
this mode

e The Onboard Kavach shall attempt to transmit an
Onboard-to-Stationary Radio Packet at a periodicity of not
less than 02 minute on encountering any tag (excluding L.C
Gate Tag) in one of the randomly selected access time slots
merely to indicate the Onboard Kavach mode to NMS
through Stationary Kavach, when any desk is open.

e It shall be possible to use multiple traction
units/EMU/MEMUs /DEMUs without isolating the Onboard
Kavach equipment on traction unit(s) with an inoperative
cab by using Non-Leading mode.

e Information received from trackside shall not influence
the traction unit(s) within operative cabs.

e The train trip function shall be suppressed in traction
unit(s) with inoperative cabs.

Display
Information on
LP-OCIP

The Onboard Kavach shall display only the train speed.

Exit Conditions

This mode is exited manually by Loco Pilot when the Loco is Not
non-leading.

Responsibilities

The Onboard Kavach unit shall not perform any train movement
supervision in Non-Leading mode.
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12. System Failure (SF) Mode

Name of mode System Failure (SF)
Symbol of mode n
Definition In the event of a fault that impacts safety, the Onboard kavach

enters into System Failure (SF) mode.

Entry Conditions The Onboard Kavach shall switch to the System Failure mode in
case of a fault, which affects safety.

Functionalities in The Onboard Kavach is responsible for commanding the

this mode Emergency Brakes.

Display Information |-

on LP-OCIP

Exit Conditions This mode is exited, when the Loco Pilot isolates the Kavach

systema and runs the train under his/her responsibility.

Responsibilities e The Onboard Kavach is responsible for commanding the
Emergency Brakes.

e The Loco Pilot shall isolate the Kavach system and run the
train under his/her responsibility.

13. Isolation (IS) Mode

Name of mode Isolation (IS)

Symbol of mode Not Applicable

Definition In Isolation mode, the Onboard Kavach unit shall be physically
isolated from the brakes. In isolation means turning isolation
switch to ISOLATE position. In addition EM cock shall be closed in
case of pressure leakage.

The mode is entered, when Loco Pilot turns the isolation switch to
Entry Conditions ISOLATE position. Provided that the EM cock is closed in case of
pressure leakage.
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Functionalities in
this mode

e There shall be a clear indication to the Loco Pilot that the
Onboard Kavach equipment is isolated.

e Onboard Kavach shall attempt to transmit an
Onboard-to-Stationary Radio Packet at a periodicity of not
less than 02 minute on encountering any tag (ex-eluding
LC Gate Tag) in one of the randomly selected access
timeslots merely to indicate the Onboard Kavach mode to
NMS through Stationary Kavach, when any desk is open.

Display Information
on LP-OCIP

Exit Conditions

To leave Isolation mode, procedure described in Onboard Kavach
operating manual shall be followed. This procedure shall ensure
that the Onboard Kavach it is only put back into service when it
has been proven that this is safe for operation.

Responsibilities

Isolation of the Onboard Kavach is performed by the Loco Pilot
under his complete responsibility .

Mode Transition

Standby  Staff Responsible

A System Failure
Non Leading

Mode Transitions in Ver. 4.0

— » Manual Transition
—————— » Automatic Transition

38

Figure 11: Mode Transitions in Kavach Ver. 3.2
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Mode Transition

Procedure

Standby to Staff
Responsible Mode

e After Train configuration, Onboard Kavach prompts for
selection. Upon selection of the SR mode Onboard
Kavach enters into SR mode.

Staff Responsible to
Limited
Supervision Mode:

e This transition happens automatically when Onboard
Kavach reads two RFID tags and RF communication is
available with Station/LC Kavach.

Limited
Supervision to Full
Supervision Mode:

e This transition happens automatically when Onboard
Kavach in LS mode passes one stop signal at off signal.

Full Supervision to
Limited
Supervision Mode:

e This transition happens automatically when the
Onboard Kavach fails to read to consecutive Normal tags
or RF communication is not available with
Station/L.C/ABS Kavach in the communication mandatory
zone for 30 seconds.

e Loco Pilot has to acknowledge within 15s(configurable)
to avoid brake application by Kavach.

Limited
Supervision to Staff
Responsible Mode:

e Upon entering Non-Kavach territory, loco automatically
transits to SR mode.

e This transition also happens when Loco Onboard Kavach
fails to read more than two consecutive Normal tags.

e RF communication is not available with Station/LC/ABS
Kavach in communication mandatory zone for 30 sec
and section speed information is not available with
onboard Kavach for 3000m or Movement authority
distance (whichever is less).

e Loco Pilot has to be acknowledged within
15s(configurable) to avoid brake application by Kavach.

Full Supervision to
Staff  Responsible
Mode

e Upon entering Non-Kavach territory, loco automatically
transits to SR mode. Loco Pilot can also manually select
SR mode when the loco at Standstill.

e Loco Pilot has to be acknowledged within
15s(configurable) to avoid brake application by Kavach.

IMPORTANT: Failure to acknowledge any prompt within the specified 15-second window
will result in automatic system actions as stated above.
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Kavach functionality demonstration:

llustration for using Override mode and transition into Onsight mode

After Pressing OVED and CNFM buttons

0S Mode Aflter passing 200metres
OVRD selected LSS enters into FS Mode

MA:=200mir & 300 metres —*
; & !
| Train is Standstill

Figure 12: Illustration for using Override mode and transition into Onsight mode

e While the Onboard Kavach is working in FS mode, whenever any signal is
defective and authority has been received to pass the signal at Danger or to pass
an automatic signal at Danger, Loco Pilot has to make use of override mode.

e Loco Pilots need to stop the train near the signal at danger i.e. within 200m before
foot of signal (MA<200m). Loco Pilot needs to select OVRD and CNFM buttons to
select Override mode.

e Upon selection of Override mode, Onboard Kavach will transit into override mode
and on crossing the signal, Onboard Kavach will transit into Onsight mode. Loco
pilots have to drive cautiously in Onsight mode while moving the train, because
the track may be occupied.

e The Onboard Kavach will transit into Full Supervision mode depending on the
type of signal

o Last Stop Signal/ Gate Signal/Other type of Signals: when loco passes
LSS+200m or Gate signal+250m, for all other types of signals after crossing
the next signal at OFF aspect (other than Danger).

o IB Home and Auto signals: when loco passes IB Home+200m, Auto Signals
after crossing the next signal at OFF aspect (other than Danger).
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[llustration for using Post Trip Mode

Select P_TRP and CNFM Buttons

FS Mode 1.8S Trip Mode Post Trip Mode Full Supervision Mode

Figure 13: Illustration for using Post Trip Mode

e When an Onboard Kavach is in Full Supervision / Limited Supervision mode and
passes a stop signal at ON or End of Authority+30m, the Onboard Kavach unit
enters Trip Mode.

e Loco Pilot(LLP) has to select P_TRP and CNFM to select Post Trip mode. Onboard
Kavach will transit into Post Trip mode and onboard Kavach will supervise the
train movements against Post Trip mode Ceiling Speed Limit (15kmph).

e Onboard Kavach transits into Full Supervision mode If valid MA is received ,
Section Speed is known & Traffic direction Known and when the approaching
Stop Signal is crossed at OFF or a predefined distance (Default: 250m) is traveled.
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INTRODUCTION TO KAVACH SYSTEM
(STATIONARY KAVACH AND NMS)

Stationary Kavach Unit:
Stationary Kavach unit shall comprise of:
e Station/LC/IB Kavach Vital computer.
e Station Kavach Radio Unit.
e Station Master Operation cum indication panel (SM-OCIP).

Station/LC/IB Kavach Vital Computer:

The Vital computer shall generate messages to be sent to the On Board Kavach based on
information received from interlocking inputs, adjacent stationary Kavach,TSR
management system and information exchanged with the On Board Kavach units.Vital
computer architecture shall be minimum 2 out of 2.

The Vital computer shall have Real time clock synchronization facility with GNSS clock to
synchronise with other Kavach systems in hot standby mode.

The Vital computer shall have provision for the following:

i. . To interface with signalling inputs in a fail safe manner.

ii. The data shall be recorded at three levels.

iii. Ethernet port and 2 GSM/LTE interfaces for connectivity with Network monitoring
system (NMS) and key management system (KMS).

iv. To interface adjacent Stationary Kavach,TSRMS and Radio communication(LTE/5G),EI
etc. Minimum 08 no. of communication Ethernet port is required in stationary Kavach.

v. To interface with OFC (Dark fibre) for connectivity with Remote Interface unit
(minimum six port).

vi. USB/Ethernet interface to connect the laptop for downloading of log and other data
for diagnostic purposes.

vii. To interface with video display unit (VDU) to show real time display of loco
movements and signal aspects of the yard. However, Video display unit (VDU) itself is not
part of the Kavach system and optional as per requirement of the Zonal Railway needs.
viil. To interface with two numbers of Radio units.

ix.To interface with SM-OCIP.

There shall be provision of switching off display of signal aspect and signal template on
LPOCIP (DMI) through stationary configuration data. When configured so, stationary
Kavach shall send signal aspect as ‘undefined’ in radio data packet sent from stationary
Kavach unit to Onboard Kavach. On getting signal aspect as ‘undefined’, OnBoard unit
shall switch off the display of signal aspect and signal template on LPOCIP (DMI).
Stationary Kavach and Remote Interface unit (RIU) shall work with input Voltage of +110
V DC (+30%.-20%). If any other Voltage is used, necessary provision for conversion of
Voltage to be ensured by the firm.

Stationary Kavach shall be universally suitable for various types of signalling of Indian
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Railways with or without provision of color light signalling. By default, it shall be suitable
for interfacing with relays.

Stationary Kavach Radio Unit:

The radio communication network shall be used for the bi directional exchange of
messages between stationary Kavach and Onboard Kavach.

UHF full-duplex radio communication unit shall have hot standby provision with
separate cable and antenna for each radio, to communicate with Onboard Kavach.

If no communication is received from a registered Onboard Kavach unit for continuous 2
minutes for absolute block section and 30 seconds for automatic block section, the same
shall be deregistered by the stationary Kavach.

The stationary Kavach to Onboard Kavach regular packet shall be sent by switching
radio modems at predetermined intervals not exceeding 3 cycles for transmission
purpose, if both radio modems are working properly.

The communication mandatory zone for a stationary KAVACH shall include at least two
RFID tags prior to a distance of 1km from the first approaching signal of the respective
stationary KAVACH in Absolute Block Section. Communication is mandatory for the
entire automatic Block section.

The Station / Interlocked LC Gates / IBS unit shall periodically transmit in a manner not to
cause clashing of signals from two such stationary units.

In order to improve the throughput, on recognition of radio message from a fresh loco
pertaining to the territory of Stationary KAVACH unit, the Stationary KAVACH shall
allocate a Time Slot and Frequency Channel pair for Communication with that particular
Onboard KAVACH unit.

Stationary and Onboard KAVACH time slots and frequency channel pairs shall be
approved by User Railway.Care should be taken so as to not allocate adjacent time slots at
the same station.

Remote Interface Unit (RIU):

Remote Interface Unit (RIU) shall be used where remote signalling functions are required
to be fetched to a nearby Stationary KAVACH.

Remote Interface Unit (RIU) shall have provision for interfacing with signalling inputs in
a fail-safe manner.

OFC shall be the only medium for connecting the various RIUs to the stationary KAVACH
unit. The maximum number of dark fibres shall be four in each direction. Single mode
OFC shall only be used for Indian Railways Application.

The OFC ring network shall be formed to increase availability of the network. RIUshall be
connected with two modems each with two ports.

A single RIU shall be capable of communicating with two adjacent RIU units so that the
operations are not affected in case of communication link failure on one side only.

43
45

Generated from eOffice by Somihda PANDETHES OENENRGHARSS D BEORSEFRG )D PE(TREME T Saraidasggn D8 10202410228241m0:09 am



BEAN01-
File No. Aoz eoRle@IEREIARMPPHaGEsI?E (Computer No. 3473229) st

1900883/ PU20/BatyP IDERS )
1/3112549/2024

A single RIU shall be capable of handling at least 32 field inputs.

RIU shall consist of Vital Input modules with minimum Two-Out Of-Two architecture.
Each vital input module shall have independent read channels to read the status of each
input. If the same state is detected after the timeout (6 seconds-Configurable) by any
channel, a comparison of the obtained input state between input channels shall be
performed. Unless the same status is detected for same input through various input
channels for definite time, corresponding input state will not be considered as safe for
further processing.

Station Master Operation cum Indication Panel:

Following indications/ buttons/ buzzers shall be given in the Station Master’s OCIP:

(i) Station Master’s Key

(i)LCD display (Minimum 4 Line x 20 char)

(iii) SoS indication

(iv) Health indication

(v) Audio Buzzer

(vi) Three Push Buttons (Common, Generation and Cancellation) to generate and cancel
the SoS.

(vii) Electromechanical non-resettable 6 digit counter for recording SoS operation.

(viii) TSR acknowledge button.

Signalling cable shall be used for button, counter and power supply. CAT 6 armoured
cables or OFC fibre shall be used for communication.

Health Indication shall be flashing green if stationary KAVACH is healthy and it shall be
made blank when Stationary KAVACH is not healthy and Red indication shall glow.

Key Management System (KMS) Server:

Key Management Server (KMS) is designed to share secret Authentication keys to
Stationary and Loco KAVACH units. Message origin authentication/message integrity is a
safety procedure ensuring the integrity and authenticity of messages during Radio
communication. These Authentication keys are used to protect the messages against
modification and to ensure that no one can
masquerade as the originator of the message. They are shared only after authenticating
the Loco KAVACH through OTP.
KMS is deployed on a secured server on the Internet. All the Loco KAVACH units request
for the Authentication keys periodically
and use the same for Radio Communication. GSM modules residing in the Event Logger
module are used to connect Loco KAVACH to GPRS (Internet).

e KMS is responsible for distribution of authentication keys to KAVACH systems for
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radio security.

Communication between Stationary and Loco KAVACH Units is based on AES-128

encryption.
GSM communication is used to transfer Keys to Loco and Stationary KAVACH.

A central KMS server is hosted at HeadQuarters to communicate authentication

keys to Loco KAVACH and Stationary KAVACH.

Single KMS is sufficient for all Railways. All the stationary KAVACH and Loco
KAVACH IDs and SIM card numbers are to be provided to Railtel, to update the

same in the KMS.

Communication between KMS and KAVACH is on GPRS and is currently being

upgraded to LTE.

Network Management System (NMS):

Network Management System (NMS) shall be provided over OFC Network (E1 interface)

for centralized monitoring of KAVACH

equipped Trains and Stations within the network. It is used for troubleshooting of error
events, off line simulation, real time monitoring of loco KAVACH etc. Stationary KAVACH

and Loco KAVACH transmit exceptional fault/critical messages to NMS.

A Central Server is present in the Division Control Room. All relay information and radio
packets exchanged between Station and Loco are logged in Central Server and accessed

through NMS.

Salient feature of NMS
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Real time display of train movement on NMS monitors.

Offline display of train movement on NMS monitors at Normal, 2x, 4X, 8%, 16X &
32x speed.

Display of Data log in Spreadsheet (Excel Format).

Display of "Permitted Speed+ Current Speed Vs Location" and "Permitted Speed+
Current Speed V/s Time" including information

whether brake command is applied by KAVACH or not.

Ability to watch the NMS at Distant Location through the Internet (Password
protected).

Ability to extract offline data log through NMS.

Generation of Exception Reports - Loco KAVACH Unit-wise, Stationary KAVACH
Unit wise.

RFID Tag Set wise.
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e Prompt through NMS for missing one of the two RFID tags of same set.

e Prompt through NMS for missing both RFID tags of the same set.

e Prompt through NMS for missing communication packets overall below a set level
(say 20%) for moving train in the Communication mandatory zone.

e SMS Alert for repeated same RFID tag missing events in Full Supervision Mode.

e SMS Alert for any brake application command by KAVACH Loco forcing the train
to bring to a dead stop in Full Supervision Mode.

e SMS Alert for SPAD.

e SMS Alert for SPAD Prevention by KAVACH.

e Capturing of speed restrictions imposed by TSR Management System from
Stationary KAVACH after every update.

e Capturing health status and event log from Loco KAVACH if LTE is available.

GPS/GNSS Communication:

Time synchronisation is very important for seamless data communication among
various KAVACH units. Absence of time synchronisation often results in error/faults.
Multiple Access TDMA scheme is used in KAVACH which requires unified time
synchronisation. We do not have a Universal Time clock in India, hence we use GPS/GNSS
Clock to correct the Real Time Clock (RTC) of any system.

Station/LC/IBS Vital Computer shall have Real Time Clock (RTC) synchronisation facility
with GPS/GNSS clock to synchronise with other KAVACH systems in hot standby manner.
A GPS antenna is installed at the stationary KAVACH unit for time synchronization. Two
separate antennas for GPS shall be installed using a diverse path for high availability.
Diverse GPS are preferable to avoid common cause failures.

The Station/LC/IBS Vital Computer RTC should be synchronised with the RTC of all Loco
KAVACH Vital Computers and other KAVACH systems. The RTC of all the KAVACH units
are set with time reference to GPS/GNSS.

The factors affecting time synchronisation are temperature, inferior quality clocks,
resource constraints, high density and node failures. When the RTC of any Station/L.C/IBS
KAVACH or Loco KAVACH is not matching with the RTC of other KAVACH units, it
synchronises with the GPS/GNSS clock.

When CPU time of Station/LC/IBS KAVACH or Loco KAVACH and GPS time are not
synchronised, the time reference shall change

to other GPS.

If both GPS are failed, then the system shall work on CPU time for 30 minutes until the
situation is stabilised. If there is no stability
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After GPS time-out, the Loco shall transit out of Full Supervision Mode.
A GPS antenna is installed on top of the station building and connected to the station
KAVACH.

4]
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KAVACH OPERATION PROCEDURE FOR
LOCO PILOT

Switch ON Procedure of Onboard Kavach

Energize the locomotive and Develop MR (above 7kg/cm?*) and BP(4.8 kg/cm?) pressure as
per the practices in vogue. Switch on the Onboard Kavach as per the procedure given
below:

Switch on Kavach power MCB. LP-OCIP shall boot within 2 minutes. Ensure the
Leading/Non Leading switch available on LP-OCIP of Working CAB in case of
Locomotives/Conventional =~ EMUs (for Three Phase EMUs if
Leading/Non-Leading switch is available on LP-OCIP) in “Leading Position” .

2. Keep Kavach Isolation switch on NORMAL position.

e IRAB: Keep MR cock and EM cock in ON(Open) position (Provided on
BIU).

e E-70: Keep EM(Vital EB) cock of both CABs (below A9 handle in each CAB)
in ON(Open) position. Further place the IRU Bypass Switch of Active CAB
IRU in Normal Position.

3. e CCB 2.0: Keep EM cock (Isolation cock of SIFA magnet valve) provided in
CAB1 (below A9 handle) in ON(Open) position.

e EMU Conventional: Keep MR cock OFF(Close) and EM cock in ON(Open)
position.

e Three Phase EMU: Keep EM cock of Driving Cab in ON(Open) position.

e VandeBharat Express: Keep EM cock in ON(Open) position.

Once Loco pilot (LP) inserts BL or Reverser key, Onboard Kavach performs

& brakes functional test, on success it asks for train configuration and select Staff
Responsible(SR) or Shunt (SH) mode.
> Upon failure of brake test either Loco pilot (LP) can retest the same or he can
isolate Kavach for train movement.
& Until Loco pilot (LP) selects SR/SH mode, Onboard Kavach will be in Standby(SB)
Mode.
48
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Switch OFF Procedure of Onboard Kavach

Keep Kavach Isolation switch on ISOLATE position.

IRAB: Keep MR cock and EM cock in OFF(Close) position (Provided on BIU).

E-70: Keep EM (Vital EB) cock of both CABs (below A9 handle in each CAB) in
OFF(Close) position. Further place the (Interface Relay Unit) IRU Bypass Switch of
Active CAB IRU in Bypass Position.

CCB 2.0: Keep EM cock (Isolation cock of SIFA magnet valve) provided in CAB1
(below A9 handle) in OFF(Close) position.

EMU Conventional: Keep MR cock(Open) and EM cock in OFF(Close) position.
Three-Phase EMU: Keep EM cock in OFF(Close) position.

VandeBharat Express: Keep EM cock in OFF(Close) position.

Switch OFF power MCB.

Note: LOCATION OF MCBs/Isolation switch/Cocks for all OEMs and
Rolling stock is detailed in Sectio#4 II- 1V

Procedure of Brakes Functional Test and Train Configuration Selection

1.
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Ensure the Driving Cab/Desk is activated by inserting the BL key (for Electric
Locos) or placing the Reverser handle in