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¢rom the pen of 1€

Dear Readers,

We are pleasedto present the secondissue of the IRIEEN e-
Journal following its revival in 2026 after a hiatus of nearly two
years. This issue brings together a diverse collection of technical
articles, covering a wide range of subjects and varying levels of
depth. We are confident that these contributions will prove both
informative and valuable to our readers. IRIEEN remains
committed to delivering high-quality training to railway officers
and supervisors The publication of this e-Journal is another
important initiative in that direction, serving as a platform to share
technical knowledge, practical insights, and advancements in
emerging technologies It also enablesthe valuable experienceand
expertise of both our retired Electrical fraternity and serving
professionalsto be documentedand disseminatedfor the benefit of
the wider community. We encourage all readers to circulate this
Journal widely within their professionalnetworks. Your feedbackis
equally important to usd constructive suggestionswill help us
further improve the quality and relevanceof future issues We also
invite contributions in the form of technical articles, casestudies,
and field experiencesfor upcoming editions. We look forward to
your continued support and active participation in making this
initiative a meaningful and enduring success

(Ishag Khan)

IRSEBatci87
Director General, IRIEEN
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We are pleasedo announcethatthe vol 2 3 andissue
no 1 of the "IRIEEN e-Journal’;, a quarterly magazine
publishedby the IRIEEN Institute, Nashik Road for the
period of JanuaryMarch 1 / 1 Ikas beenreleased This
issuefeaturesspecializecandvaluableresearctpapersand
articles that will prove to be highly informative for the
entire fraternity of Indian Railway The articlescontained
in this issue provide insights into various subjects of
Electricalbranch,which will undoubtedlyprove beneficial
for staff andofficers of Electrical Department

(Pramod B. Gadre
Additional Director Genel
IRIEEN
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It gives us great pleasureto announcethe publication
of thequarterly"IRIEEN e-Journal,"for the quarterfiJanuary
March' 2026 issue (Molume 34, Issue 1 no). This issue
contains10 articles primarily focusedon Railway Electrical
Engineering,which will assistelectricalengineersof Indian
Railways in gaining a better understandingof various
subjectsrelated to the field. Your suggestionsfor further
improvementrealwayswelcome This journalalsodedicates
ample space to our Hindi-speaking readers With the
objective of promoting the usageand disseminationof the
Hindi language, we invite technical articles from the
Institute's faculty membersand other railway officials who
wish to publishtheir work in Hindi. We hopeyou find this
journal informative and useful, IRIEEN look forward to
receiveyour valuablefeedback

(Hari Ram
Senior Professor (TRD)
IRIEEN
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History of Railway Electrification: Global
and Indian Railways Perspective

5 Abstract:

The history of railway electrification marks a

transformativgourneyin the developmenbf global

transportationsystems,replacing traditional steam
locomotives  with  electricpowered trains

Beginning in the late 1%h century, early

experimentswith electric railways were conducted
in Europe,notablyin GermanyandEngland,paving

the way for widespreadadoption Over time,

countriessuchas Japanand Franceadvancechigh

speedelectrictrains, revolutionizingboth passenger
and freight transport In India, railway

electrificationbeganin the early 20th century, but

significant  progress only occurred after

independenceThe Indian Railways electrification

effort acceleratedn the 196G and 197Gs with the

introductionof 25 kV AC systemsandtoday, India

aims for completeelectrification by 2025 with a

goal to achieve carbonneutrality by 203Q This

article explores the global history of railway

electrification, high-lighting key milestones,
technologicaladvancementsand | n d ieffordsdo

modernize its railway network, ensuring
sustainabilityandefficiency in the future

3 Introduction

Railways have been one of the most efficient
modes of transportationfor both passengersand
freight, contributing immenselyto the industrial
revolution and the global economy From their
humble beginnings in the early 1%th century,
railways have evolved significantly, incorporating
various technologicaladvancementsOne of the
most important of these advancementsis the
electrification of railways, which hasled to more
efficient, cleaner, and faster trains This article
explores the history of railway electrification

aroundthe world, with a specialfocusonl ndi a

electrificationjourney.

3 The Early Beginnings of Railway
Electrification

PRAMOD B. GADRE

Additional. Director General
IRIEEN

The concept of electrification in railways
emerged in the late 19%th century The initial
experimentswith electriclocomotivestook placein
the 1870 and 188Gs, predominantlyin Europeand
North America Before electrification steam
enginesweretheprimarysourceof powerfor trains,
which posedseverallimitations such as high fuel
consumption,pollution, and the needfor frequent
maintenance

Oneof thefirst major breakthroughgamein the
1873 when the German engineer Werner von
Siemengeveloped practicalmethodfor powering
trains with electricity. Siemensdemonstratedhe
first electricrailway in Berlin in 18792 The system
was basedon a third rail supplyingelectriccurrent,
which poweredan electriclocomotive This wasthe
beginning of the transition from steampowered
trainsto electrictrains

Erste eleetr Locomelive

BerlmerG " (% | s o
et e B

Fig: First electric locomotives,such as the one
developedoy Wernervon Siemensn Berlin.

The world's first electric railway to operate
regularly was the Volk's Electric Railway in
Brighton England, which openedin 1883 How-
ever, it wasthe electrificationof the SouthEastern
Railway in London in 1905 that marked a
&ignificant milestonein the adoption of electric
trainsfor urbantransportation

3 Early 20th Century Developments
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The early 20th century saw several countries
experimentingwith electrificationfor differenttypes
of railway networks In the United States, the
PennsylvaniaRailroad startedelectrifying its tracks
in the early 190%. However, it was in Europe,
especiallyin Switzerland,that electrify-cation took
off. The Swiss FederalRailways (SBB) electrified
its main routesby 192Q paving the way for more
widespreadadoption

By the 193G, several countries, including
Germany,the United Kingdom, France,and Japan,
beganelectrifying their railways to replacesteam
engines Theintroductionof the electriclocomotive,
which could pull heavier loads at higher speeds,
offereda significantadvantagever steamengines
Electrification also allowed for better acceleration
and a more consistentpower supply, leading to
improvements in  scheduling and operational
efficiency.

3 The GoldenAge of Electrification

The postWorld War Il period saw a boom in
railway electrification acrossthe world, driven by
the needfor more efficient transportationsystems
andreducedelianceon fossil fuels Oneof thekey
drivers of electrificationduring this period wasthe
rapidexpansiorof high-speedrail services

In the 195G and196Gs, countrieslike Japarand
Franceintroduced high-speedelectric trains The
Shinkansenor "Bullet Train," introducedin Japan
in 1964 was one of the first massproducedhigh
speed electric trains in the world, traveling at
speeds exceeding 200 km/h. This milestone
revolutionizedthe way peopletraveled,providing a
model for othernationsto follow.

&~

L St S,
Fig: First Bullet train beinginauguratedn Japan
in 1960

In Europe,countrieslike Franceand Italy also
made significant strides in electrifying their
railways, usinga variety of electrificationsystems
including overheadlines and third rails. The
French TGV (Train a Grande Vitessg network,
which beganin the 198Gs, is now oneof the fastest
and most efficient electric railway systemsin the
world.

3 Railway Electrification in India

India's railway system,one of the largestin the

world, has undergonesubstantialchangesin its
infrastructureand operationssinceits inceptionin
the mid-19th century The introduction of
electrificationto Indian Railwaysbeganin the early
20th centurybut did not seewidespreadadoption
until the 198Gs.

1. TheEarly Years of Electrification in
India

The first experimentin railway electrificationin
India took placein 1925 whena 10 km stretchof
track betweenBombay (now Mumba) and Pune
was electrified using a 1500volt DC system
However, due to various technical and financial
challenges,this experimentwas shortlived, and
steam locomotives continued to dominate the
Indianrailway networkfor decades

:-...;,_‘. '-.:‘..:_‘_‘ LY "-'p J ]
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Fig: First DC Electric traction train in Mumbai
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2. PostIndependenceElectrification

After India gained independencen 1947 the
need for modernization and expansion of the
railway networkbecamemore pressing The Indian
government recognized the importance of
electrification to improve efficiency, reduce
dependencen coal, and minimize air pollution. In
the 196Gs, Indian Railways beganexperimenting
with 25 kV AC (alternatingcurrent)electrification Fig: Proliferation of Electric traction for high speed
which hadprovensuccessfuin Europe
In 1967, the first major stretchof Indian Railways
was electrified with 25 kv AC systems,on the

3 Trends in Railway Electrification in
Global and Indian context

HowrahDelhi route This markedthe beginningof Globally, thetrendtowardsrailway electrify-cation
largescale electrification in India. Over the next is intensifying as countrieslook to reduce their
few decades,severalimportant routes acrossthe carbon emissionsand improve the efficiency of
country, including Delhi-Mumbai and Chennai their transportsystems Europeand EastAsia have
Hyderabadyereelectrified led the way in adoptinghigh-speedelectric trains,
but many countriesin Africa, SouthAmerica,and

3. Modern Era and Ambitious Electrification SoutheastAsia are also working to electrify their
Plans railway networks to improve connectivity and

reducerelianceon dieselengines

In the 199Gs and2000s, the paceof electrification
in Ind|a accelerated Slgnlflcantly The Ind|an Electrification of Railways Around The World (% of total route)
governmentset ambitioustargetsto electrify more
than60% of its railway network,a movethatwould
reduce fuel costs and improve environmental
sustainability By 2018 India had electrified
approximately60% of its rail network,andby 2025
thegoalis to achievel00% electrification

One of the key milestones in India's
electrification journey is the shift from DC (direct ‘ ;
current)to AC (alternatingcurrent) systemswhich e plir
aremoreefficient andbettersuitedfor long-distance a47%
trains The electrificationof high-densitycorridors,
like the Delhi-Mumbai and Delhi-Howrah routes,
hassignificantlyimprovedthe speedgfficiency,and

SIKKIM
(Does not have any

environmentafootprint of Indian Railways e %
4. Future of Electrification in India L oy ea )

D
As part of its modernizationefforts, the Indian e

governmentimsto makethe entirerailway system

carbonneutral by 203Q This includes not only

electrifying all routesbut also adoptingrenewable e e

energy sourcessuch as solar power to run trains —_— =

Projects like the installation of solar panels on -‘rf:;wé T il P
B

railway stationsandtrainsarealreadyin progress sy,

L > 0
o wniilry of Eamway 2014-15 2022-23

ELECTRIFICATION
PROGRESS SINCE 2014

— Electrification target (RKM)
— Electrified (RKM)
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£ Conclusion

The electrification of railways has been a
critical milestonein the developmentof modern
transport systems, significantly  improving
operational efficiency, speed, and sustainability
Fromits humblebeginningsin the 19th centuryto
the global adoptionof electric high-speedtrains in
the 20th and 21st centuries,railway electrification
has played a major role in shapingthe future of
transportation

India's railway electrification journey is a
testamento the country'sambitionto modernizeits
infrastructureandreduceits carbonfootprint With
the goal of achieving100% electrificationby 2025
and becoming carbonneutral by 203Q Indian
Railways is on track to lead the way in railway
electrification

WiFi

The Invisible Revolution of the Modern
Digital Age

Int o d awprfilsit is difficult to imagine life
without the internet,and Wi-Fi playsa crucialrole
in bringing internetconnectivityto everyhome

This technologyenableswirelessdatacommuni
cation makingour lives simpler, faster,and more
connected This article presentsa comprehensive
andauthenticanalysisof variousaspect®f Wi-Fi.

1. Origin of Wi-Fi

The conceptof Wi-Fi is basedon datacommunt
cationthroughradio waves Its foundationwaslaid
in the 20th centurywith the developmenbf wire-
lesscommunicatiortechnologiedy scientists

In the 199G, the needfor wireless networking
increased|eadingthe IEEE (Institute of Electrical
and ElectronicsEngineers)to developthe 80211
standardwhich becamethe basisof Wi-Fi techn
ology.

The first 80211 standardwas releasedn 1997,
capableof transferringdataat a speedof 2 Mbps
Continuousimprovementshave been made since
then

2. History of Wi-Fi

The development of Wi has taken place in
several stages:

0 1997: IEEE released the first 802.11 standard
0 1999: Formation of the ki Alliance, giving

globalrecognition to the technology

0 2003 Introduction 0f802.1% (54 Mbps speed)

0 2009 802.1M offered higher speed abetter
range

0 2019 Launch of WiFi 6 (802.11]Xx), faster and
more efficient

Today, modern technologies like \Wi 6 and WiFi

7 are in use, which are essential for smart devices

andloT.

3. How Wi-Fi Works

Wi-Fi transmits data through radio waves.
Working Process:

AData comes from the Internet Service Provider
(ISP) to the router

AThe router converts this data into radio signals

AThese signals are transmitted through the air

ADevices like mobile phones and laptops receive
these signals

AWi-Fi primarily operates o8.4 GHz and5 GHz
frequency bands

4. Importance of Wi-Fi

AEasy and quick access to the internet

ABoosts education, business, and communication

AContributes to Smart Cities and Digital India

AForms the foundation 6T (Internet of Things)

AWi-Fi has played a significant role in transforming
the world into &iGlobal Villaged

5. Uses of WiFi in Dally Life

Wi-Fi has become an integral part of everyday life:
AMobile usage and internet browsing

AOnline education (dearning)

Awork from home

AOTT platforms (video streaming)

AOnline banking and digital payments

A Smart home devices (CCTV, Alexa, §tc

6. Disadvantages oWVi-Fi

ASecurity Risks: Possibility of hacking, data theft,
andcyberattacks

AHealthConcerns: Although no conclusieid-
enceexists, prolonged exposure raises some
concerns

ANetwork Issues: Weak signals may lead to slow
internet speeds

AAddiction: Easy access can lead to excessive

internet usage
I St See Next Page 6020
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WAG - 12B Locomotive and
Train Tracer System

Abstract

This technical Artical describesthe architecture,
data flow, and operational significance of the
WAG-12B locomotiveandits Train Tracersystem
It explains how onboard data is acquired,
transmitted,storedin the cloud, analyzedthrough
digital platforms, and utilized by maintenance
depotsfor predictive maintenanceand operational
optimization

1. Overview of WAG-12B Locomotive

The WAG-12B locomotiveis a high-power (12,000
HP) threephase electric freight locomotive
developedunder a joint venture between Indian
Railways and Alstom. It is engineeredor heavy
haul freight operations on Dedicated Freight
Corridors (DFC) and conventionalrailway routes,
with advanced traction, braking, and digital
monitoring systemsto ensurehigh reliability and
operationalefficiency. The locomotiveis equipped
with  multiple control units, sensors, and
communication interfaces that continuously
generateoperationabnddiagnosticdata

2. Technical Overview of WAG-12B
Loco- motive

2.1 Key Specifications

A Poweroutput 12,000HP

A Configuration Bo-Bo + Bo-Bo (twin-section
locomotive

A Maximum speed 100km/h (upgradabléo 120
km/h)

A Tractiveeffort: ~706kN at22.5t axleload
(upgradable-785kN at25t axleload)

Vijay Gautam, IRSEE
Senior Divisional Electrical
Engineer (TRS),Ajni, Nagpur
Division, Central Railway

A Axle load 22.5 tonnes(upgradableo 25 tonne$
A Braking Regenerative- pneumaticair brakes
ATrain haulage capability:6;000tonnes

Application: Heavy freight on DFC and IR

network

The locomotiveis basedon Alstom® Prima T8
platform and incorporatesIGBT-basedpropulsion
technology,which improvesefficiency andreduces
energyconsumptiorthroughregenerativéoraking

| P
: eail

3. Digital Ecosystemof WAG-12B The
digital ecosystemncludes

1 ICMS
System)

1 CFM (Centered-leetMonitoring)

1 TrainTracer

1 OnboardControl Units (TCU, TCMS, BCM,
VCU, etc)

1 Communication Interfaces (Ethernet, CAN,
MVB, Cellular,GPS)

These systems together form a cyberphysical

architecture enabling reattime monitoring and

analytics

(Integrated Condition Monitoring

4. Train Tracer SystemArchitecture

Train Tracer acts as an interfacebetweenonboard
systemsand cloudbased analytics platforms It
collects realtime data related to traction
performance, braking, auxiliaries, compressor
health,faults,alarms,andGPSlocation

Vol-34, Na 01



Dataacquisitionlayer (sensorsaandcontrollers)
Communicationayer (cellular/GPS)
Cloudstorageandanalyticslayer.
Userinterfacelayer (dashboardandreports)

MMM

ol

. Data Flow and Cloud Storage Mechanism

Transmisson e Precessng and
through oelubar aad ) d;ff"'m“ aualytics uang CPY
GPS nebworks R and Health Hob

A Typesof data stored in cloud:

A Faultcodesandeventlogs

A Operational parameters (current,
temperaturespeed)

A Energyconsumptiorandregeneratiordata

A Healthindicesandtrends

A GPSlocationandroutehistory

voltage,

6. Train Tracer Architecture Diagram

Below diagramillustratesthe endto-end dataflow
from locomotiveto cloud anddepotusers
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Train Tracer System Architecture

7. Applications in Maintenanceand
Operations
Predictivemaintenancehroughtrendanalysis
Root causeanalysisof failures

Reliability andavailability monitoring
Energyoptimization
Fleetperformancebenchmarking
Decisionsupportfor maintenancelanning

Advantagesfor Indian Railways

Reductionin unscheduledailures
Fasterfault diagnosis
Improvedlocomotive availability
Enhancedsafetyandreliability

Datadriven maintenanceulture

Digital transformatiorof freight operations

O© MMHEHMAMNMNM 0O MMMEMNEMNMN

. Importance of CFM Data and Train
Tracer in WAG-12 Locomotives

The CFM data(Eventdata)is a highly vital
sourceof informationin WAG-12 locomotives The
eventsin CFM dataare generatedand recordedat
millisecond intervals, providing a detailed
chronologicalrecordof locomotiveoperations The
CFM datacanbeaccessednddownloadedhrough
theTrain Tracersystem

CFM data is extremely useful for failure
investigation and technical analysis of any
abnormalor unusualoccurrencan the locomotive
It monitors and records all operational events
performed by the operator, such as locomotive
power ON, pantographON demand,VCB close
command, direction selector command, tractive
effort (TE) demand,brake application, and other
critical operationabctions

In addition, CFM data records multiple
locomotive parameters,including OHE voltage,
load current,speedprakepipe (BP) pressurebrake
cylinder (BC) pressure, main reservoir (MR)
pressure, TE demanded,TE realized, auto brake
handle position, direct brake handle position, and
severalother parametersTheseparameterdelp in
assessinthe operationatonditionandhealthof the
locomotive

For every abnormality, thereis a provision for
generatiorof 10S alertmessagefor the concerned

Vol-34, Na 01
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equipment which alerts the Loco Pilot about
associategkquipmentfaults This enableshe Loco
Pilot to carry out necessaryroubleshootingn real
time. which alertsthe Loco Pilot aboutassociated
equipmentfaults This enablesthe Loco Pilot to
carryout necessaryroubleshootingn realtime.

The locomotive events and status can also be
monitored live through the Train Tracer system,
providedthe locomotiveis connectedo the mobile
communicationnetwork Basedon realtime data,
engineersandcontrol offices canguidethe operator
to take necessaryorrectiveactionsin caseof any
abnormalityon the mainline.

The CFM dataplays a crucial role during failure
investigation,asit providesa completesequencef
pre-eventsprior to the occurrenceof a major fault.
It helpsin identifying the root causeof failures by
correlating operational commands, system
responsesandfault events

For example, in the case of emergencybrake
application on the main line, CFM data enables
detailed analysis of the actual cause of the
emergencybraking It can determinewhether the
emergencybrake was triggered due to traction
converterfailure, OHE disturbance brake system
malfunction, control system fault, or manual
initiation by the Loco Pilot or AssistantLoco Pilot,
or anyothertechnicalissue

Thus, CFM data servesas a powerful diagnostic
and analytical tool for engineers, supporting
accurateroot causeanalysis,improving reliability,
and enhancingmaintenancestrategiesof WAG-12
locomotives

10. Advantage of Cloud-BasedData

Cloudbaseddata enablescentralizedstorageand
reattime accessto information from anywhere,
improving coordination and decisionmaking It

enhanceglatareliability throughautomaticbackup
anddisasterecovery,reducingtherisk of dataloss

Cloud platforms also offer scalability, allowing

systemsto handleincreasingdatavolumeswithout
additional infrastructure Overall, cloud-baseddata
improvesefficiency, availability, andsecuritywhile

reducingoperationabndmaintenanceosts

11. Procedure for Manual Download of
Event Data from 3 PhaseLocomotive

For manual downloading of event data from a
WAG-9 locomotive, maintenancetaff arerequired
to physicallyattendthe locomotiveat the shed The
downloadis carriedout by connectingan approved
laptop with the requisitediagnosticsoftwareto the
| o c o mo prnboarml &wwent recorder/diagnostic
port providedin the control cah After establishing
communicationwith the system,the requiredevent
logs andoperationadataaredownloadedas per the
prescribedprocedure The downloadeddatais then
saved,verified for completenessand forwardedto
the concerned section for analysis and record
purposes

Here are clear, practical notes on the difficulties
faced during data acquisition from WAG-9
locomotives, written in standardtechnical/railway
languageandsuitablefor reportsor justifications

12. Difficulties FacedDuring Data
Acquisition from 3 phaseLocomotives

1. Requirement of Physical Presence

Dataacquisitionfrom 3 phasdocomotivesrequires
physicalattendancef maintenancetaff at the shed
or siding, leading to delays, especiallywhen the
locomotiveis outstationor undertraffic.

2. Limited Accesswindows

Data can be downloaded only when the
locomotive is available at the shed, resulting in
missed or delayed data collection due to tight
operationakchedules

3. Dependency on Laptop and Software
Compatibility

Successfutlatadownloaddependson availability
of compatible laptops, cables, and approved
diagnosticsoftware Softwareversion mismatch
or hardwardssuesoften hinder dataacquisition

4. Power Supply Constraints

Data download requires adequate locomotive
powersupply In casesof low batteryvoltageor
shutdown conditions, data extraction becomes
difficult or impossible

5. Risk of Data Overwriting or Loss

Eventdatahaslimited storagecapacityand may
be overwritten if not downloaded promptly,
leading to loss of critical failurerelated
information

Vol-34, Na 01
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6.Time-Consuming Process

Manual data downloadnd verification is time
intensive,delayinganalysis and corrective action,
particularly in safetyrelated failures.

7. Manpower Dependency

The processis highly dependenton trained
manpower Nonavailability of skilled staff can
resultin delaysor improperdataextraction

8. Environmental and Site Constraints

Poor lighting, weatherconditionsor limited space
inside the cab can affect safe and effective data
downloading

9. PostEvent Analysis Only

Manualdataacquisitionsupportsonly postfailure
analysis,limiting the ability to monitor trendsor
detectissuesproactively

Cloudbaseddatais extremelyhelpful in technical
and safety investigationsbecauseit changesthe
processfrom delayed, manual analysis to real-
time, evidencebasedinvestigation

13. How Cloud-Based Data Helps in
Investigation

1. ImmediateAvailability of Event Data Event
logsareavailablein nearrealtime without waiting
for physical data download, enabling prompt
initiation of investigationafteranincident

2. AccurateEvent Time Correlation Cloud data
provides precisetime-stampedrecords, allowing

accuratecorrelation of brake commands,system
responsesndoperatoractions

3. Complete and Continuous Data Continuous
datalogging avoidsloss or overwriting of critical

events, ensuring availability of complete pre

event,eventandposteventdata

4. Faster Root Cause Analysis (RCA)-
Investigatorcanquickly analysetrends,command
execution and system behaviour, reducing

investigationtime andimproving RCA accuracy

5. Multi-Parameter Analysis Simultaneous
analysis of electrical, pneumatic, control and
safety parametersis possible, helping identify
inter-systemfailures

6. Remote Access for Multiple Stakeholders
Data can be accessedby sheds, headquarters,
OEMs and safety officers simultaneously,

enabling collaborative and
investigations

transparent

7. Reductionof HumanDependency Eliminates
dependency on manual downloading and
handling, reducing chancesof human error or
datamanipulation

8. Trend and Patternldentification Historical
cloud data helps identify recurring faults or
degradationpatterns that may not be evident
from a singleevent

9. EvidenceBased Decision Making- Provides
factual and traceable digital evidence,
strengtheningsafety reviews, audit compliance
andaccountability

10. Support for Preventive MeasuresInsights
from cloud dataallow formulation of corrective
and preventive actions to avoid recurrenceof
similar incidents Some case studies are
presentedelow for furtherreference

14. Casestudies of Technical Investigation
basedon Train Tracer

CaseStudy-1

TechnicallnvestigationAnalysis Report of issue
experiencedvith Loco 60395

Detailed Investigation:

1. SecB CP hasalreadycompleted30 ON/OFF
Cyclesin previousl hour.

2. It was analysedthat becauseof low oil level
inside the compressor,temperatureinside the
compressoincreasedeyondthe thresholdvalue
which triggeredthe thermalsafety

3Teae SMSTEN BT HET &, "SI
311 HEcaqUT ey &, 3iR "3
T IRTHeT el BId STel ddb 31T AT
AT §G TaT PR el |
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il e Tl']i?zln::tf UOR description Investigation Analysis [ i 5z L 7 Tn T ®
Mo | reported | tion |y d g e sgeBrrogygeyyeet DEBREDECRIREEERINT
BEEBEBEEEAEREEE EEEECEEEEEEEEEEEES
¢ Helpline got a call from loco [ L
pilot on 06-12-2025 stating that [ i
'FC-153 s active’ As, Sec-B CP Raafleeeeeecereed (eFEREERocofYeeceeene
was showing red as it has | | e
already completed 30 ON/OFF | | H
JHJ/EBCN BLZ 60395 |  Cyclesin previous 1 hour. o Ri° ° e iaie jels iele e ;
REPORTED BY TLC / | » It was analysed that because of [
L NDLS LOCO FAILED|  low oil level inside both the ,,_leu‘_,‘“_‘““_g B g e b e e e e e
60395 | Compressor NR 07.12.2025 | DUE TO CP ISOLATE compressors, which resulted [ 12
FRESH increase in the temperature
Loco ARRANGE inside the compressor beyond
49313 the threshold value. 21412l l4le g il
o Further, PRT attended this :EE EEEEEE: jggggéﬁégésﬁg_,_z,
locomotive on 07-12-2025 itself *HE; 2 {§f§§§§ §§§§2E3§§§§223§-5§§
wopedwpiobcin®| | KEIR G TEEEREITEIREAE T
oil and locomotive was given fit HE Eze 2= Lrcszrsrsaflzzeoldg
P 1 55”3;““}3 SRR ER N IR RE
S EHHU R HHH
1 lEEE;%E;Kgi aiz&axix&aiaagagn,
CaseStudy-2 FRLEEUERRASRRE: JEEEEiaEiaqflisols]g
i r FEFE E = H H 5 ¥z TsT
ELBEEEEE LIS FETEIREITE Ega4s
. o . . ] L3t 185300500013
TechnicallnvestigationAnalysis Reportof issue ({id EEEREE iEIEIEEII QI
experiencedvith Loco 60354
o
UOR Date & .
].;coo report L?::ﬂ Time | UOR description Investigation Analysis ARNRNNNNNN N I3E33
M| ™ |oun P biiniininniiie
¢ Call was receiyeFl in helpl.ine at £ § g g g § g § i § g § § § ¥EE g
13:45hrs and LP informed helpline that - 2 EEETE T - AR g
TCU22 was isolated earlier and same is= o §| é. % g gl 3. i g: % ﬁl EI % 3 % 3 P4
was normalized by him though DDU El 8333333333 33,2 3 i
screen at 12:37hrs. B W
¢ As per CFM data analysis, between 1 Ll s
12:09hrs to 12:37hrs TCU22 remain SITEITIILIILSIILT O [TIEIIIIGILGEEGLLIIG
isolated due to intermittent fault “Main ;_;;_;..;;.;;.;.;;.; ;;; % i ?‘%? bl ?‘;‘? g‘? % ?Z“. 902
pipe pressure drop information fault Eaggigagiiiagﬂi pEEiEibREEERMRERERERE
Jocal". PEBERESRERERE o|PEESSFESSEEFsSEERS
LOCO NO-60354 IDBR | ® As per CFM data chronology, loco started IR IEEEEENEREE] ': 22zz333z2z2z2Blz333333
PASSED CTQ AT 12/10|  from standstill by 12:13 Hrs with ong 5 @ 8 § B8dB3ikiiss H 8,8 85 8088 85 8Bl8 8550885
HRS, PASSED IBH-11| TCU isolated and observed a caution o FeEB353553585853 2 3zavageoomliesazag
cro. | 1612 | PET CICTORIAT 12/23 | S0kph and achieved 4Skph speed b i1 %?,9 11999948897 ;33338243233 HFii3is
Load | ToR1 | /2025 HRS AND STALLED BET. 12:20hrs. After that loco speed keep on| N L1 ! 1 e e T e 1 e Blx 3 0e ol
60354 t'ila' (DHN /12_25' CTQ-TORIAT KM. decrease irrespective of around 90% = £ i '; i = g FEEReR T ! é 22 --2n
statling ECR] H- Gross weight -4931 T,| effort demand in time frame of 12:20hrs % : i H gz g fzgzzecmaszgszgz
" | Permissible weight - | to 12:28 Hrs due to continuous wheel LR - R 2 R - R
6090 T, Gradient - 1:182, | slipping. : 8 £5¥ g § ] § § g d § E FEEE
Curve - 4", Sander - | e After loco stop at 12:29 Hrs, LP itself i0g S - B
Working, Weather - Fair. normalized TCU22 through DDU screen gl "ol :b ———————
at 12:37hrs. godo s aBled s aad
Findings: o
¢ TCU22 was isolated due to intermittent
issue  of “Main  pipe pressure _
information fault local” at 12:09 Hrs CaseStUdy 3
and LP started without normalizing i i i i i
TCU.  Meanwhile  TCUZ2  was TechnicallnvestigationAnalysis Report of issue
normalized after load stalling at
12:37hrs and block section was cleared expe”enced\”th Loco 60325
without assisting loco.
. H UOR Loc |Date &
CFM data : As per CFM data’ Sandmg was ;?0 reporte | atio | Time | UOR description Investigation Analysis
activated through foot pedal by LP and TCU d n | ofUOR
itself, indicates continuous wheel slip was * TCULL was Isolated due to 'PMCF22
. IGBT dynamic no closing fault’ since
happenlng 2209-2025 as observed through
WRR:-MLSW-603Z5(NEDA |, Ir-le;p(:itz: a:;in received a call from
TCU Health Status One TCU remainisolated 1/0) WRR UP/LALINE |y on 04-11-2025, stating
- - Loco | ngp | gg.q. | ARROOSTLOCO FAILLED| ooy 11 is isolated:. As per
from 12:0%hrsto 12:38hrs 60325 | Trouble AT 020010AD DETN & ed. A5 p
CR | 2025 POWER  SEND o | remote data TCU11 was isolated due
X R A]NI{NED to ‘PMCF22 IGBT dynamic no closing
2 ?;] ult’
U C Z «r a y « p & g A a | t I h When Locomotive visited depot,
N~ A [} ~ . .
h D r X © h « Z a : :Z a : X< U ¥ 2 g ﬂ A r 2Trouphysho@ing was carried out and
PMC was  replaced and
locomotive was given fit for service.
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e q q 4 4
T3 0535817 WGHE D35 fa-20141 E. et Tractio et 1 o monoe
RS 303 WAGH2 0325 utt-20441 ME N Tt e 2 i i
TR 308 WAGT2 D untt-20441

i iy

i g

i ME_ I T e 2 rbon g
RS 3545 WAGHZ 0325 antt-20441 i 0

i

i

i

i

ME I Trecion i 4 o moi
s WAGT2 D5 - 20441
NS I35 500 WAGHZ 0325 anmpl- 0447
TN 362 WAGH2 D5 autt-20444

(7S] 086183 TCUM B wiaed I
04 PROTPM: PRICF22 63T stz st omnied fat
NS 356247 WAGHZ 0325 ot -20441
CFM Data: As per remote data, TCU11 was
Isolated due to AiPMCR22 IGBT dynamic no
closingfault.0

ME_PROTPAE PICF221G8T s s

PMCF221 IGBT Dynamic fiNo Closingo Fault

Meaning of the fault : PMCF22 indicatesthatthe
dynamic braking IGBT (chopper IGBT) has
failed to close (turn ON) when commandedby
the traction control system In other words, the
systemissuesa commandto activate dynamic
braking, but feedbackconfirmsthatthe IGBT did
not closeasexpected

What this implies in operation

A Dynamic braking is not effective or not
available

A Energy from traction motors is not properly
dissipatedhroughthe brakingresistor

A The locomotive may rely only on pneumatic
brakes reducingbrakingredundancy

A In somecasesraction effort may be reduced
or isolatedfor safety

Possiblecauses

U IGBT device failure (open circuit / internal
damage)

U Gate drive circuit fault (gate signal not
reachinglGBT)

i Controlor feedbacksignalfailure (IGBT status
feedbackmismatch)

i DC link voltageabnormality,preventingiGBT
firing

i Wiring or connectorissuesof IGBT module

Action required

A Faultto beinvestigatedmmediately

A CheckIGBT health,gatedriver card,feedback
signals,andDC link parameters

A Clear fault only after confirmation of proper
IGBT operationduringtestbraking

CaseStudy-4

TechnicallnvestigationAnalysis Reportof issue
experiencedvith Loco 60265

Laco L Locat Lo
No | report| T Time | UOR description Investigation Analysis
ed of UOR
REW ALP- KK SAINI, TM- PAWAN
KUMAR18:45 Load dep Ex KYN.
19:35-19:43 KDV loop arr/dep.
20:07-22:11 ASO loop arr/dep.
22:36  Load stalled at KM
90/26.22:41 Stalling message
received from NE SCOR.22:45 Asst | » TCU21 was isolated rom 08-10-
Engine Planned Ex KDV. (Asst| 2025 due to ‘In consistance
Loco-  34039+34043/KZ]) from between the two DC link voltage
Load |SWD/VSD.23:00 Asst Engine sensors’ and was isolated since.
Detached from Load.23:03 Asst e The difference between Effort
Engine Dep Ex KDV.23:15 Asst demand and effort realisation was
Engine VSD passing.23:25-23:28 not that large but still the speed
ASO- ASST quinu A.SO arr/dep.23:49 was gradually decreasing which
Load 16 | 0s-11- Asst engine arrival on spot.2$:55 means that the required effort is
60265 | Stallin (88) | 2028 Asst engine on load (asst from not enough to cross the gradient.
g R rear).00:00 Load ready and|e Auto sanding was continuously
dep00:07 ATG passing.00:41 KSRA getting activated by TCU which
arrival. indicates wheel slipping which in
NOTE- SECTION-B 2 TM ISOLATE turn leads to adhesion loss. So,
SINCE 19.0825 (6 TM WKG). availability of sand in all sand
MEMO GIVEN boxes is mandatory for its
TO CHIEF GOODS MR SONKAR AT prevention.
16:00 HRS SHIFT AND
PERMITTEDTHE LOCO UPTO KYN
ONLY BUT TRAFFIC RUN THE
LOAD.
Load= 3975T, Gradient= 1/100,
Curve= 2.18°, Track
Conditions=Dry.
Gesumova dae Tant Bkt (=] Ll L At menat
Q ga Q Q Q Q 0
OO OEAETTIN  WAGRE D85 f [TBS] VW s eomvman2 Sus (W Corcn  Sectend L] B
[ el ket ¥ 785V osng command1 s () contach i St (] IR
RSB WA, ¥ TES| Ve cesg e s ET
WA TN WG ¥ (4] o Tt xStz [ G
(v i TRS0S688 TELE1 St [ T
VS 457688 i [ICH g ok ot B et TEUR1 " BN
NS 1 i [TESVCB kg Cha T A S Sl [} R
04102024 06254 428 6h @1 20M1 1] ME_STATUS: C8 opéning requested by TCU SEWR
O0TNS064540408  WAGTZOZ6S  wt- 2001 1] DA, CAOND:Incensitency betn e i OC Bk vokage sensars SEIVR

CFM Data: As per remote data, TCU21 was
isolated on 08102025 at 0645 due to
61 nc o n detveeenthertwoyDC link voltage
sensorg

Inconsistency Between the Two DC Link
VoltageSensor s o

Meaning:

This failure indicatesthat the two independent
DC link voltage sensorsare giving different

voltage readings beyond the permissible
tolerance Sinceboth sensorsare usedfor cross

checking safety and control, the systemdetects
the mismatch as an abnormal condition and

generates fault.

What this means for thelocomotive
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A The traction control system cannot reliably
determinethe actualDC link voltage

A To prevent damage to power electronics
(IGBTs, converters), the system blocks or
limits traction/dynamidoraking

A Thefault is treatedas a protective/safetyault,
not a performanceassue

Possible Causes

1. Faulty DC link voltage sensor (drift,
calibrationerror,internalfailure)

2. Wiring or connector issues (loose contact,
high resistanceintermittentsignal)

3. Differencein referencesupplyto thesensors

4. EMlI/noise interferenceaffecting one sensor
signal

5. Input card or A/D converter fault in the
control electronics

6. Actual unstable DC link voltage due to
converteror filter issueglesscommor)

Required action

A Compare both sensor readings in CFM/
diagnosticlogs

A Check sensor calibration, connectors, and
wiring.

A Inspect DC link measurementcircuit and
control card

15. Conclusion

The implementationof Train Tracerin WAG-12
locomotives significantly enhancesmonitoring,
diagnostics,and safety of operations It enables
reattime and continuous recording of critical
traction, braking, and control systemparameters,
providing accurateand reliable datafor technical
investigationandroot causeanalysis Train Tracer
reducesdependencyon manual data download,
minimizes data loss, and allows faster
identification of system abnormalities The
availability of centralized, cloudbased data
supports predictive maintenance,improves fleet
reliability, and strengthens safety assurance
Overall, Train Tracer is a valuable tool for
improving operationalefficiency, availability, and
safetyof WAG-12 locomotives
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TESTER

An Electrical Testadis an essential tool used
to check for the presence of current and volt
within electrical circuits.

Metallic le%\
Flat type heas (I%“\/

Origin: The developmentof the electrical
testercoincidedwith the expansionof electr

ical sciencein the 19th century Early testers
werevery simpleand merelyindicatedwhether
or not electricity wasflowing througha circuit.

Over time, technologicaladvancemented to

the developmentof more preciseand digital

testers

Definition: An electricaltesteris a deviceused
to verify the presenceof electric current,
voltagelevels,andthe statusof connectionsn
awire, socket,or appliance It is of paramount
importancefor electricalsafety

Applications: 1t is utilized in both domestic
andindustrialsettings for taskssuchasidentt

fying phaseand neutrallines, detectingfaulty

wiring, testingappliancesand ensuringsafety
during electricalrepairwork.

Types Currently,thereareprimarily four types
of testersavailable

1. Screwdriver (Line) Tester
2. Non-Contact Tester

3. Multimeter (Analog/Digital)
4. Digital Voltage Tester

Thus the electrical testeris a simple yet
extremely useful and indispensabletool that
plays a crucial role in ensuringsafe electrical
operations
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Analysis and Implementation of

Unbalance Compensation
Methodologies
Traction System

ABSTRACT

This article discusseghe unbalancecreateddue
to singlephasdoading thelimited utilization rate
of the regenerativebraking energy (RBE) due to
electrical separation in Indian Railway (IR)
traction system This article proposesa co-phase
compensatorto tackle the above scenario A
corresponding algorithm is also proposed to
calculate the distribution of the regenerative
braking power in the railway power circuits. The
structure and working principle of the
compensator are introduced Finally, the
simulationis carried out, the effectivenesof the
proposed compensatorand the electricity cost
analysisareverified.

Keywords i regenerative braking energy
(RBE), unbalance regulation, cephasecompe
nsator, steinmetz theory, single phase IRac-
tion system

. INTRODUCTION

Therailway is in urgentdemandor expanding
the capacityof the railway network which put
forwards many challengesas economieslike
India are facing a looming energy deficit
situation at present,nearly 50% of its primary
energyis beingimported Indian Railwaysasan
organizatioris consumingnearly 30 billion units
per annum which is nearly 2.5% of the total
countryds consumptiorandis growing at a high
rateannually[1].

Indian Railways (IR) is predominately a
singlephasetraction system which results in
deterioratinghe powerquality of the grid dueto
heavy unbalanceloading as traction energy
consumptioris the main contributingfactor that
is to bereducedandregulated

Besides,four quadrantconvertersare widely
used in ACiDCi AC electric locomotives to
recoverthe brakingenergygeneratedvhenthe

in Indian Railway

tg‘

Kosuru Chaitanya, IRSEE
Integral Coach Factory, Chennai

locomotive goes downhill or decelerates
regenerativebraking energy(RBE) needsto be
consumedn the samesectionor to be fed back
to the utility grid, asaresult,thereis a negative
impacton the balancingof the utility grid dueto
singlephasing In addition to that the electric
power sectorhas adoptedthe billing methodof
not counting the reverse delivery of active
power, the cost of electricity consumption
cannotbereducedtor railway operators

This researchproposesa methodologyfor the
singlephase transformeifed Indian railway
circuits In this methodology,a compensatoris
modeledo overcomehephaseseparationssuein
the singlephasetraction systemto regulatethe
unbalancen the utility grid andalsoto utilize the
RBE effectively amongthe power circuits. The
effectiveness of the proposed model is
demonstratedby the computer simulations on
MATLAB/Simulink.

2. ANALYSIS & IMPLEMENTATION

A. ConventionalTractionSystem& Hypothesis

The Indian Railways traction system adopts
singlephaseAC circuits, which are supplied by

singlephaseTraction

SubStations (TSS) Consecutive circuits are
connectedto the different phasesof the three

phaseutility grid andisolatedfrom eachother by

the Neutral Sections(NS) as shownin Fig. 1.

Sincethe tractionloadingvarieswith thetime and
the locationsof locomotives,unbalancedoading

at the utility grid is observedand would causea

significant power quality problem In addition to

it, the RBE is eitherto be usedby the accelerating
trainsin the samepower armor directly fed back
to the grid which againdeteriorateghe quality of

thegrid.

Vol-34, Na 01



iRiEEN

OURMAL
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Fig. 1. Single-Phase Railway Traction System. ]
As the unbalance facto?] is one of the main

reasons for the power quality issue of the utility
grid
Y& 0o O w e IW

..OZ
0 pmIm 0]

ny = SCC (Short Circuit Capacitgf the grid,;

“Y= Apparent power supplied by TSS;
‘O = negative sequence currei@;= positive
sequence current.

From the above equationit is understoodthat
either by minimizing the power suppliedby TSS
or O of the TSSloading,the unbalancdactor can
be minimized up to the standardlimits of the

tractionnetwork

Hence, in this research,an unbalance
compensatoat the neutralsectionis proposed
as shown in Fig. 2 in which backto-back
convertertopology is consideredso that there
will be a provisionof transferof poweramong
adjacentsectionsand to minimize the number
of compensators thetractionnetwork

ne»

Fig. 2. Proposed Hypothesis

B. Implementation of Co-PhaseCompensa
tor (CPC)

CPCcomprisedidirectionalbackto-backconve
rterswith a controlmodulethatworks throughan
algorithm to calculate the distribution of the
active power in the railway power circuits incl-
uding RBE for unbalanceregulation and cost
efficiency.

220KV GRID

TSS A
NEUTRAL
SECTION
PA

¥

STEINMETZ
CIRCUIT

STEINMETZ
] CIRCUIT

Fig3 Schematic Diagf@ompkensator

C. ControlModule
In this Control Scheme equalizingthe loading
amongadjacentsectionsof the traction network
throughthe transferof activepoweris considered
the governingprinciple of the Co-phaseTransfer
Scheme For practical modeling of the IR
sections, the control scheme includes RBE
utilization locally, to regulatethe unbalanceand
achievemonetarybenefit

As shownin Fig. 4, the scheme'sfirst leg
indicates the co-phasetransfer during traction
mode, the secondleg indicatesthe co-phaseof
RBE during braking mode, and the third leg is
the Steinmetzzontrolfor minimizing the negative
sequenceurrents

Pd
Tss If — IfUPLS
A B then allow
P Prss* Prog > 0 L oncger
+ UF
— If Pp

T Pg‘ss * P¥55 < ) |—| Generator

0f

[ Pl ]
b QB 1 I
¢ | Steinmetz Circuit s e}
Piss — Q¢ .
*To CPC under TS5 C aref Ib_rer

Fig. 4. Detailed Control Scheme of CPC
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As per the above control scheme the condition o

the feeder power of the TSSs i.e.,
0 M AT@&
train operating mode) are to be considered to

TS5 53
B
A ; NS
y [
v Prss v Prss
\ 4 Fy
Py
—

Fig. 5a. Power FloNomenclature

Measure
feeder power

N, N,

p,{!ss = p1l?5.5< h) UF > 1.5%

iy Y
v B
Enable Py Enable WAD

c n

- v
Calculate
Reactive power

-
% Update feeder
compensation

power
g
Hysteresis
based

Controller

Fig. Sb. Control Scheme Flowchart

implementthe scheme

Basedon theaboveflow chartandpowerflow
nomenclatureshownin Fig 5a & 5b, the below
algorithmis designed
Step 1: If the trains on either side of the CPC
are in traction or regenerativebraking mode,
thenany of thefollowing conditionsprevaili.e.,

If P{ss * PEs > 0, then implement step 2 where both the sections
are in the same operating mode.

If the above conditions don’t satisfy then the below condition
applies which is one of the sections under CPC’s jurisdiction is in
braking mode i.e.,

If Pfss + PEss < 0, then

~ {—min(Pﬁss, |Péss|), when Pfss < 0,PE >0 2

min(Pfss, |Phss|) when Piss > 0,Pfs <0
pfE = pp (2b)

where, Py is the regenerative braking power to be transferred; P#*
is the transfarred power

(which in turn depends on the

§ Step 2:1f Pfcc * PEsg > 0, then the co-phase transfer will be carried
only if the unbalance factor {UF) is more than 1.5% as per the Fig.4,
then the transfer power is given as per the weighted average difference
(WAD) as shown below:

.

PP‘

(Prss)
Poap = QTSS _( TSS) (3a)
P){’E — Pyap, when Pf?gs >0, P‘?ESS >0 3b)
—Pyap, when Pfes < 0,PEc <0

The feeder power of each TSS at this time should be written as:

Pfss « Pss + P4°
B B 4B O]
Prgg < Prog — P¢

For implementingthe third leg to minimize
the negative sequencecurrent due to single
phaseloading, a requiredamountof reactance
or reactive power to be injected as per the
principle of Steinmetzcircuit [5]. When the
load is modeled as constant power The

compensation reactive power injections
0 R0 R canbewritten asfollows:

Q? . 0 1 -11|P {355

Q¢ =551 0 -1 PEss (5)
Q¢ L =1 0J]pg

In the scheme,using PQ Controllers [9] the
required active and reactive power injections
aremadeto regulatethe unbalancdactor.

[l . SIMULATION RESULTS

The Simulations for different traffic
conditions including RBE, in a specific
section of Indian Railways are carried out
which has 7 traffic slots In eachslot it is
assumedhatthe loadingis constant

In the below graph, the section loadinih

a negativesign indicatesthat the locomotivein

that sectionis under regenerativebraking mode
and a positive sign indicatesthe traction mode
operationof the locomotive

It is observedthat with CPC under operation,
during the traffic slots 3&5 and slots 1&6 of

Fig.7, the feederpowersof respectivesectionsA

& B respectively,became@®d which indicates
regenerativebrakingin one sectionis beenused
to supply the required amount of power to its

adjacentsection
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Fig.6. Assumed section loading

Similarly, duringthe othertraffic slotswhenboththe
sections are in traction mode and whenever the
unbalance factor >1.5% condition prevails, the
required amount of feeder power has been
transferredo equalizethe sectionloading

In Fig. 8 it is observedrom traffic slot 2 thatthe
feeder power in both the adjacentsectionis same
with CPCimplementation

mTS55A mMTSSB

25

20

15

10

Section Loading (MW)

-10

-15

-20

Traffic Trafflc Traffic Traffic Trafflc Traffic Trafflc
Slot 1 Slot2 Slot 3 slota slots slot & Slot 7

Fig.7. feeder powecpc

B without CPC @ with CPC

25

20

15

10

-10

Reactive power consumption Q. [MVAR)
} [=] w

-15

-20

Traffle Tratfle Traffic Traffic Trafflc Traffic Tratfic
Slet1 Slot2 Stor 3 Slotd Slat 5 slot 6 slot 7

Fig.8. Reactive power injection in the section
underTSSA

In otherslotsthe valueof injectionis lessin red
bars compareto blue bars, this indicates less
variation in the feeder powers of the adjacent
sections
This graphin Fig. 9 indicatestheapparenpower
variation during eachtraffic slot for a 10MVA
rated CPC A, the amount of apparentpower
utilization is highi.e., in slots1,3,5& 6 compared
to otherslots

Fig.10 depictsthe unbalancdactor duringthe
different casestudies the solid blackline
indicates 2% standard,it is observedthat the
unbalancefactor with the co-phasecontroller
implementatioris ableto work effectively.
Tablel illustratesthe electricity costcomparison
with the implementatiorof CPC As thereis no
monetarybenefitfor RBE,

12

Full Rated Capacity of Inverter

10

Apparent Pawer (MWA)
o

IEENEENE

Traffic Slot 1 Traffic Slot 2 Traffic Slot 3 Traffic Slot4 Traffic Slot 5 Traffic Slot 6 Traffic Slot 7

Fig.9 Apparent power
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Fig.10. Unbalanced power
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TABLE1
ELECTRICITY COST COMPARISON [3]

TSS A TSSB
Electricity cost Electricity cost
Traffic (in millions) (in millions)
Slot Without With Without With
CPC CPC CPC CPC
1 0.586 0.3354 *) 0
2 0.3135 0.4575 0.603 0.4575
3 0.2667 0 *) *
4 0.4731 0.4731 0.4236 0.4236
3 *0 0 0.6063 0.4092
6 % *) 0.3522 0
7 0.2214 0.2214 0.2799 0.2799

Electrical Cost per traffic slot is calculated as follows:
Cp=axPhsxt, (¥) where, o is the ¥/kwh (30 ¥/kwh for
commercial purpose); P??ss is feeder power in p phase; tp 15 the
duration of cach traffic slot (4hrs each)

*no monetary benefit for RBE

here is no advantage of regeneration in

conventionatractionsystembut with CPCunder
operationthe RBE is transferrecetweensections
sothat the electricity costof adjacentsectiongot
reducedasshownin 1,3,5& 6 slots

IV. CONCLUSION & FUTURE WORK

Therefore throughthis researchwe are able to
model the existing railway traction network and
design a controller to regulate the unbalance
scenario In additionto this, in this researchwe
tried to design a controller considering the
practicalscenarid.e., consideringRegenerative
braking energy, to implement the CPC for
equalizingandeffective utilization of feeder

power in the singlephasetraction systemand
the corresponding cost comparison were
presented

In the future work the continuous traffic
scenario will be studied and corresponding
continuous analysis of the controller and its
effectivenesswill bestudiedandimplemented
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Lithiumwv—-iom batteryr - a game
changerr imenergy; storing

techniques:

Dr. RavikumaranNair C
Professor (Electronics),IRIEEN

Abstract I Lithium -ion or Li-ion battery
Search for alternative fuels or technologiesin discharge :
transportation sectors gaining more and more 'f*'{ —— i ‘lﬂe
momentumnowadaysin oil importing countries, +«—( Q) 4%«
especiallyin light of recentunstablegeapolitical = power source | —_
scenariosBlending of 20 % Ethanolwith Petrolis 7| fpeeest icharge ] |

one of its kind, through which country like India Pee] oo~ hisal

had already savedINR 1.36 lakhs crore with the L £

reduction of 244 lakhs Metric Ton of Crude Oill —poge} charse  aes] 2

import In the year 2025 itself, India saved$12 | Ceee: '° ve

billion in oil import Increasein Indian f a r Me I coliector (co) - ofets OV EEEEE—cwment |
incomein tune of Rs 1.18 lakh croreby sellingthe anode cHthiode

Ethanolwas an additional benefit of it. Besides,it s LLCo0,

directly helpedin reductionof approximately698 Fig nol

lakh tonnes of CO, emission However, the Lithium-ion  batteries is a group type

invention or instruction of alternatefuel is not the
6 c wipthe t e m darge quantity electric energy
savingrequirements

Shifting of InternalCombustionEnginesto Electric
Motors in road vehiclesis anotherfast growing
scenario on the above mentioned context The
utilization of storagecells madeup of LeadAcid

wasthemain constraintin the pathof conversiorof

automotiveenginesfrom fossil fuel to electric

But, with the adventof storagecell technologies,
the Lithium-ion batteriesare found to be fit in the
present fossil fuel saving requirements in

automobile industries,as well as in bulk energy
storagearenas The energydensityof a Li-ion cell

is typically 150-200 Watt-hour/Kilogram,whereas
that of LeadAcid cell is around 30-40 only. In

short, a ability of Li-ion cell in energysavingis

moreor lessfive times higherthat of a LeadAcid

cell. However,the Li-ion cell is around2.5 times
costlier than LeadAcid cell of samecapacity But

thelife spanandCyclesof charging& discharging
in Li-ion cell is almost4 times higher. As such,the

cost per kWh of Li-lon battery is worked to be

aroundRs 10, whereast is aroundRs 25in Lead

Acid battery

of rechargeablebatteies that use reversible
intercalation of Li+ ions (ie. the process of
inserting ions into a host material like a layered

structure)into electronicallyconducting solidsto

store energy(Fig.1). Comparedto other types of
rechargeable batteries, they generally have
higher specificenergy energydensity andenergy
efficiency, andlongercyclelife & calendatife. In
the three decadesafter Li-ion batterieswere first
introduced in market in 1991, their volumetric
energy density increasedthree folds while their
costdroppedtenfolds.

In late 2024 global demandpasseddne Terawatt
-hou® (TWh) per year China dominates in
productionof Li-ion batteries accounting80 % of
the global production The country's production
capacityis expectedo reachl.2 TWh by 2030
Drives of Demand
V Electric Vehicles Expectedto accountfor 70-
80% of lithium consumptioracrossscenarios
V Energy Storage Systems Growing at 6-7%
annually as renewablesdominate new power
capacity
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V ConsumerElectronics Increasingdemandfor
high-performancebatteries

Inventionof Li-ion batterieshashada largeimpact
on technology, which was recognizedby Nobel
PrizeCommitteein 2029in Chemistrystream

Li-ion batterieshaveenableg portableConsumer
electronics laptop computers cellular phones,
and electric cars They are used for grid-scale
energy storage, in military and in aerospace
applications

Lithium-ion batteriescanbe a fire or explosion
hazard as they contain flammable electrolytes
Progresshas beenmadein the development and
manufacturingof safer lithium-ion batteries And
hence,Lithium-ion solid-statebatterieswere been
developedo eliminatethe flammableelectrolyte

Recycled batteries can create toxic waste,
including from toxic metals, and are a fire
risk. Lithium and other minerals can have
significant issuesin mining, with lithium being
water intensivein 6 o f arid ne g i and stler,
minerals used in some Li-ion chemistries
potentially being conflict minerals such
as cobalt Environmentalissueshave encouraged
the Researcherso improve mineral efficiency and
find alternatives such as Lithium - Iron -
Phosphatdithium-ion chemistriesor nortlithium-
based battery chemistries such as Sodiumion
andlron-air batteriesetc..

Chemistries of Li-ion batteries

"Li-ionb a t teacompassesatterytypesof at
least 12 chemistries Lithium-ion cells can be
manufacturedo optimize energydensityor power
density Handheldelectronicsmostly use Lithium
polymer batteries, with a polymer gel as an
electrolyte, a Lithium Cobalt Oxide (LiCoO2)
cathodematerial,anda Graphite(C) anode,which
together offer high energy density Lithium Iron
PhosphatgLiFePO4), Lithium ManganeseOxide
(LiMNn 204 spinel,or Li2MnO3) based.ithium-rich
layered materials, (LMR-NMC), and Lithium
Nickel Manganese&obalt Oxide (LINIMNCoO2 or
NMC) offer longer life anda higher dischargerate
NMC and its derivativesare widely usedin the
electrification of transport one of the main
technologiegcombinedwith renewablesnergy)for
reducinggreenhousgasemissionsfrom vehicles

Generally the
conventional Lithium-ion cell is made from
graphite The positive electrodeis typically a
metaloxide or phosphate

negative electrode of a

The electrolyteis a lithium salt in an organic
solvent The negativeelectrode(the anodewhen
the cell is discharging)and the positive electrode
(the cathode when discharging) are prevented
from shortingby a solid separatarThe electrodes
are connectedo the poweredcircuit throughtwo
piecesof metalcalledcurrentcollectors

The negativeand positive electrodesswap their
electrochemicaloles (anodeand cathode)when
the cell is charged Despitethis, in discussionsf
battery design, the negative electrode of a
rechargeableell is often just called "the anode"
andthe positive electrode'the cathodé.

In its fully dithiated state of LiC6, graphite
correlates to a theoretical capacity of 1339
coulombs per gram (372 mAh/g). The positive
electrodeis generallyone of threematerials (i) a
layered oxide (such as lithium cobalt oxide,
LiCo02), (ii) a poly-anion (suchas lithium iron
phosphate,LiFePO4) or (iii) a spinel (such as
LiMnO2, Lithium Manganes@®xide)

Lithium reacts vigorously with water to form
Lithium Hydroxide (LiIOH) and Hydrogen (H2)
gas Hence,a nonaqueouslectrolyteis typically
used, and a sealed container rigidly excludes
moisturefrom the batterypack The non-aqueous
electrolyte is typically a mixture of organic
carbonatesuchasethyleneCarbonatend Prop
ylene Carbonateontainingcomplexesof Lithium
ions EthyleneCarbonates essentialfor making
solid electrolyte interphase on the Carbon
anode butsinceit is solid atroomtemperaturea
liquid solvent(suchasPropyleneCarbonater
Diethyl Carbonate)s added

Theelectrolytesaltis alwaysLithium HexaFluoro
PhosphatgLiPF6), which combinesgood ionic
conductivity with chemical and electrochemical
stability. The Hexa Fluoro Phosphateanion is
essential for passivating (means, making a
material less chemically reactive by creating a
protective layer on its surface) the aluminium
currentcollectorusedfor the positiveelectrode A
Titanium(Ti) tab(connection)is ultrasonically
weldedto the Aluminium current collector.
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Other salts like; LiClO,, LiBF, LiC,FsNO,S,
are frequently usedin researchin dab-less coin
cellsh (a type of batterydesignwherethe electrode
connectionsare eliminated, making the cell more
compactand potentially improving performance),
but are not usablein larger format cells, often
because they are not compatible with the
Aluminium currentcollector. Copper(with a spot
weldedNickel tab) is usedas the currentcollector
atthe negativeelectrode

Currentcollector designand surfacetreatments
may take various forms foil, mesh, foam (de
alloyed), etched(wholly or selectively),andcoated
with various materials to improve electrical
characteristics

Depending on materials choices,
the voltage, energy density, life, and safety of a
Lithium-ion cell can changedramatically Current
effort has been exploring the use of novel
architectures using nanotechnologyto improve
performance Areas of interestinclude nanescale
electrode materials and alternative electrode
structures

The reactantsin the electrochemicaleactions
in a Li-ion cell arethe materialsof the electrodes,
both of which are compoundscontainingLithium
atoms Although many thousands of different
materialshavebeeninvestigatedor usein Lithium-
ion batteries, only a very small number are
commerciallyusable All commercialLi-ion cells
useintercalationcompoundglike graphiteor clay)
as active materials The negative electrode is
usually graphite,althoughsilicon is often mixed in
to increase the capacity The electrolyte is
usually LiPF6, dissolvedin a mixture of organic
Carbonates A number of different materials are
used for the positive electrode, such
asLiCoO2, LiFePO4, andLiNiMnCoO2.

! Lithium -lIron -Phosphate Battery

Lithium Iron Phosphateor Lithium FerroPhosp
hate(LFP) is aninorganiccompound. It is a gray,
redgrey, brown or black solid that is insoleblein
water The material has attracted attention as a
componenif LFP batteriesT his batterychemistry

is targetedor usein powertools, electricvehicles,
solar energy installations, and more recently in
largegrid-scaleenergystorage

Lithium iron phosphateexistsnaturallyin the form
of the mineral triphylite (the name comes from
Greek, meaningdhreefold referring to its three

main components Li, Fe and PO4), but this
materialhasinsufficient purity for usein batteries

Fe2t L Lt

| LiIMPO

Generakhemicalformulaof LIMPO4, compounds
in the LiFePO4 family adoptthe olivine structure
(the orthorhombic crystal system, as shown in

Fig.2). M includesnot only theFe, but alsothe Co,

Mn and Ti. As the first introduced
commercial LIMPO4 was LiFePO4, the whole
group of LIMPO4 is informally called fiLithium

Iron Phosphate (LFP) or fiLiFePO10. However,
morethanoneolivine-type phasemaybe usedasa
battery's cathode material Olivine

compounds have the same crystal structures
as LIMPO4, and may replaceit in a cathode
Although the term 'LiFePO4 (LFP) strictly refers
to the iron-basedcompound,the related olivine-

type phosphates with similar structures are
included under the LFP designation due to

structurabndelectrochemicasimilarities

i Physical and chemicalproperties

In LiFePO4, lithium hasa +1 charge,ron hasa +2
charge, and phosphate carries a 13 charge,
balancingthe charges Upon removal of Li, the
materialconvertsto the ferric form, FeP QL.

The Iron atom and 6 Oxygen atoms form
an octahedral coordination sphere, described
as Fe®, with the Feion at the centre The
phosphatgroups,PO4, aretetrahedral
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The threedimensionalframework is formed by
the Fe(6 octahedralsharingdé corners(Fig.2).
Lithium ionsresidewithin the octahedrathannels
in azigzagmanner

In  contrast to two traditional cathode
materials, LIMnO4 and LiCoO2, Lithium ions
of LiFePO4 migrate in the lattice's one
dimensional free volume During charge/
discharge, the lithium ions are extracted
concomitant{means happeningat the sametime)
with the oxidationof Fe(ll) ions

LiFellPO4 z FelllPOA4 + Li+ + @

A nearly closepackedhexagonalarray of oxide
centres provides relatively little free volume
for Li+ ions to migrate within. For this reason,
the ionic conductivity of Li+ is relatively low at
ambienttemperature

Conclusion

The developmentof the Lithium-ion battery has
significantly transformedmodern energy storage
technology With its high energy density,
lightweight design,long cycle life, andrelatively
low maintenanceequirementsit hasbecomethe
backboneof many moderndevicesand systems
Fromsmartphonesndlaptopsto electricvehicles
and renewableenergy storagesystems,lithium-
ion batteries have enabled greater efficiency,
portability, andreliability in energyuse
Moreover,asthe world movestowardcleanerand
more sustainableenergy solutions, lithium-ion
technology plays a crucial role in supporting
renewableenergysourcessuchas solarandwind
by providing efficient storageand stable power
supply This capability helps bridge the gap
between energy generation and consumption,
making renewable energy more practical and
dependable

Although challengesuchasresourceavailability,
recycling, safety concerns, and environmental
impact remain, continuous research and
technological advancements are steadily
addressingthese issues Innovations in battery
chemistry,recycling technologiesand alternative
materials are expected to make lithium-ion
batteries even more efficient, safer, and
environmentallyfriendly in thefuture

Therefore lithium-ion batteriesare not merely an
improvementin energy storagé they representa
revolution in how energy is stored, managed,
and utilized, paving the way for a more

sustainable, electrified, and
advancedvorld.

technologically

Continued from page ne04

7. Advantages of WiFi

A Wireless convenience

A Fast and easy connectivity

A Multiple device connections simultaneously
A Costeffective

A Mobility (usable anywhere within ranpe

8. Factual Statistics onWi-Fi

A Over5 billion internet users worldwide

A India is expected to have ov@d0 million
internet users bg2025

A Around 80% of internet usage happens
through WiFi

A Wi-Fi 6 can deliver speeds up %06 Gbps

9. Social Impact of WiFi on Media

Wi-Fi has had a profound impact on media and
society:

Positive Effects:

A Rapid dissemination of information

A Connectivity through social media

A Growth of digital journalism

Negative Effects:

A Spread of fake news

A Increased screen time

A Growing socialsolation

10. Conclusion

Wi-Fi is one of the most important technologies
of the modern era. It has not only simplified
communication but also revolutionizeduca

tion, business, and entertainment.

Although it has some drawbacks, when used in a
balanced and secure manner, it proves to be
extremely beneficial for human life.

Message

fiThe right use of technology drives progress, and
Wi-Fi is a powerful medium for i.

Vol-34, Na 01



OURNAL

iRiEEN

A Comparative Study of Overhead

Equipment Earthing in Indian Railways,
Metro Railways and HSR System

]
.

Shri. PunitAgrawal, IRSEE
DRM, Bhusawal, Central Rly

Abstracts

The Earthingsystemis an essentialpart of electrical
systemswhich protectsinfrastructure equipmentand
peoplefrom the dangerof high voltage and achieve
safetyfrom fatal electricalsurges This paperaimsto

comparatively present the system The Earthing
systemis anessentiapartof electricalsystemswvhich

protectsinfrastructure,equipment,and people from

the dangerof high voltage and achievesafety from

fatal electrical surges This paper aims to

comparativelypresentthe systemof earthingusedin

AC electrifiedrailwaysin particularindian Railways
(IR), Metro Railways and the upcoming Mumbat

AhmedabadHigh-SpeedRail (MAHSR). The study
focuseson the OverheadEquipment(OHE)/Traction
earthingsystemusedin variousrailway systemsWith

avision of providing ecofriendly andenergyefficient

transportationg $ of routekm of Indianrailwaysis

electrified and marching towards 0O/ %

electrification Metro railway and MAHSR in

electrified system Hence OHE earthingin all the
electrified systembecomesdmportant

Keyword: Electric Traction, [ 1 [ Buried Rail
Track Circuit, Impedance Bond. Ill, Protection
wire, Grounding wire

1. Introduction

The railway has gradually evolvedfrom the time of

its inceptionin India from steamenginehauledtrain

to dieselenginehauledtrain to electricenginehauled
train. As a result, there is developmentof several
metrotrainsandthe constructionof high speedail is

undergoingat a fast pace Almost all new trains are
basedon electricrolling stocktractionsystem Hence
earthing systemforms an indispensablegpart for the

safetyandprotectionsystem The purposds to ensure
that in generalall partsshall be at samepotentialso

thatthereis no potentialdifferencebetweentwo
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metallic surfacesand hencethe touch potential is
lessthanthe prescribedbotential

li- Ohe Earthing Systemin Indian Railways

Indian Railway runsits operationon 1 &V, 4 / Hz
AC Tractionsystem The currentis drawnfrom the
OHE by the Electric rolling stock and the return
current passeghrough the tracks and earth after
passingthroughthe loco to the wheel The tracks
are electrically grounded The return currentflows
mostly through the earth leaving the traction rail
exceptin a zone extendingover a few hundred
meterson both sidesof the electricrolling stockin
operationin the section or in the vicinity of a
feedingstationandreturnto the tractionsubstation
(Fig. 0-) Bondingof rail facilitatespassagef the
tractionreturncurrentfrom the earthto the traction
rails which are connectedto the rail to earthand

'vice versaandis, therefore providedin the vicinity

of traction substationfeeding posts where the
traction return current hasto flow back from the
earth to the traction rails which are connectedto

the earthedleg of the traction transformerat the
substation, through a buried rail opposite the
feedingpost

The traction power return systemconsistsof the
running rails, impedance bonds, crossbonds,
overheadstatic wires, return conductors,and the
ground (earth) itself. Assistancehas been taken
from the following standardstodesof practicesin

the preparationof codeof practicefor earthingfor
Indian Railway. (0( 1S:2/ 312/ QQode of
Practice for Earthing (latest edition) (ii) IEEE
Guidefor safetyin a.c. substationgroundinglEEE
Standard? /1 / G & maybefurther notedthatfull

load current would not necessarilytake Running
Rail> Buried Rail> Transformer Somecurrentcan
as well get to the transformer from Earth
Electrode>EarthGrid> Transformettractionpower
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With advancesn track technology,the Rail is no
longer at groundpotential Thus,it wasdecidedto
createEarthingstationsat aboutO / km separation
(for saleof conveniencethis canbe sited closeto
SwitchingPosts) Idesis to createa positive,strong
anddeliberateearthconnectionto improve system
resilience

r — s I - Catenary
'
a5 ()
! Ralls
-4 — — T
= IR =
k\,_____,/h/- _
Simple Catenary Feeding System
— 12 — 12 —+314 L4 Catgrary
i '
El gl f o
i 2 g1 25K E g " ”2 .
1 g 4] Rails
=z Tz < - <
8 1 'gJ -
plaw olm ll i ‘Negativa’
Ll E| ] Phasa Feadar
—H AT I L4 AT

Rutetransformer Feeding System (2+ 25kV}

Fig. 0- Tractioncurrentandreturncurrent [2B

Thereareno direct earthconnectionsexceptat the
Feeding posts The design philosophy assumes
thatthe Rails arenaturallyat groundpotentialand
thestructureget earthedoy connectiorto therails
(Fig. 2

l" > | 2 —\&8)/
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1-Buried Rail 8 -Earth electrode [1]
Fig. 2. Buried Earth Rail connection to traction rail

STRUCTURE BOND
TRACK

—2- 5

Fig.3. Structure bond to OHE mast

1 ~

]

All non-current carrying metallic parts of traction
masts(Fig. 2( of structuresor supportsor metallic
parts of concrete/wooden masts, supporting the
traction overheadequipmentshall be connectedoy
meansof the structure bondto the nearestraction
rail or to an earth wire run on the traction mast
structures/supports to anearth[2B

I METRCRAILWAY

The Delhi Metro systemis our of its first Metro Rail
Systemin India. The Delhi metrois basedonthe2 5
KV AC metrotraction system The basicdesignof
the earthing systemis basedon French railway
design(SNCF) About 7 @ of Delhi

Metro Rail Corridor alignmentis on the elevatedvia
duct piers and parapetin connectedto common
grounding conductor known as Buried Earth
Conductor(BEC) [4]

ape et b

,_nn lm '
nn

|m

v e €N "o Cavim Cusaer Sewiw $33

Fig. 4- Integral Transversal Link

The return currentflows mostly throughthe rails
return cable conductorand partially through the
BEC The return current flows to the traction
substation through the impedance bond
Impedancéond provideslow impedancepathfor
the traction return current and relatively high
impedancepathfor truck circuit current There
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is no deliberateconnectionto earthin the track
rails in doublerail track circuit signaling, while
impedancebondis not usedin singlerail track
signaling BEC in connectedo Earthto Earth
grid of Auxiliary substationthrough Integral
Transversal Link (ITL). The Earth grid is
connectedto the Buried rail in the substation
which serves as common earth for OHE
earthing Now a daysburiedcopperstrip is used
asburiedrail network

Integral Transversal Link (ITL) is an
interconnection(Fig.4( of DN line OPC, BEC
and Up line OPC, REC and tracks direct or
throughimpedancebond It is connectedo the
returncablefrom the buriedrail [3B

This shall be provided at an interval of 0
km or lessthan O km [3B Various structural
provisionsare implementedn order to provide
low impedanceeturn path on the via duct [4B
Reinforcement of steel bars of plinth are
interconnectedand then in turn connectedto
Buried EarthCable(BEC). Reinforcementteel
barsof one segmentof viaductis connectedo
the reinforcementsteelbar of adjacentsegment
Reinforcemensteelbar of via-ductis connected
to commonearthingbar at an interval of 0 / ,/
1 / M. Reinforcemensteelbarsof the viaduct
is connectedo the reinforcementsteel bars of
piers Earthingplateis providedat both endsof
viaductspan(Up andDn.)

The main line and around5 & of depot
network is provided with double rail track
circuits. Hencerails cannotbe earthedandhence
impedancebonds are being used Phaselll
metroline networkincluding line 6 andline &
8 usesCBTC systemof signaling Airport Line
and Line-2 in on single track circuit in such
systemITL is used for bondingin place of
impedancebond In nontrack circuit areas,
structurebond, rail bondandcrossbhondshallbe
providedasis providedin Indian Railways

Iv. High Speed Railway

High SpeedRail (HSR) in India is basedon

Shinkansentrain systemof JapanAbout 8 $
of HSRis basedon raisedviaduct[4B The

earthingsystemshallconformto IEFE 80 Guide
for Safetyin AC SubstationGrounding

In HSR, the tractionfeedingsystemis based
on the 1x1 4 Auto Transformer (AT) feeding
system(Fig.5(-The neutralof theauto trans
former is connectedo the protectionwise (PW)
The neutral of the auto transformer is also
connectedthrough the Neutral wire (NW) and
impedancebond to the rail. Hencein HSR, the
return current partially flows through the rails
andis channeledhroughthe impedancebondto
the PW. Connectingwire for auto transformer
protection wire (CPW) shall connect the
autotransformer protection wires (PW) with
neutralwire inside the feederleadout structure
Between two autetransformers, CPW shall
connect protection wire with impedancebond
[5B Unlike conventionakailway the potentialof
the rail is around 4 / /V. However, if the
potentialof rail in HSRreaches thresholdvalue
say4 /| IV or more, protectionmechanisnsuch
asGroundingProtector{GP) comesin to picture
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Fig.6. HSR Feeding System and its connection to
PW, NW

For earthing on viaduct for OHE mast other
metal installations, earthing cable will be
installedfrom reinforcing barsor earth
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electrodegdependingon type of foundationfor
civil structures) Over head grounding wire
(GW) shallbeinstalledfor all linesin

Current
p—

S type horn i
. Ground fault
Discharge ]
Substation 2z, -
@ Protective wire Feeder
Steel pipe pillar
Rail

Ground resistance

Fig. 6 OHE connection to ground BB

openarea(Fig. 7). The earthingwire is further

providedat intervalsof 2 0 fd andconnectedo

the overhead grounding wire and grounded

Earthingwire shall be connectedwith mast S

type horn (Fig. 7) is installedon the suspension
insulatorsof autetransformerprotectionwire to

detect flashover at the insulators and for its

protection It is alsoinstalledat the termination
sectionof overheadgroundingwire. Length of

the gap of S type hornis adjustableboth on the

cap side and the clevis side accordingto the

groundingresistancef the support

GP stands for Gap for Ground fault
protectionequipmentfor dischargingthe rise of
potential of the earth mesh in the switching
stationtherebyensuringits protection

Overheadyroundwire shallbeterminatedat
earth overloadanchormetal fittings of stations
and at tunnel entrance OHE Feedersupportin
station shall be connectedto ground and
connectedto the Station earth via Station
structuresEarthMat providedat groundfloor of
the stationfor Structureand OHE earthingis a
specialfeatureof HSR, OHE supportearthingin
by connectingisersfrom the EarthMat to OHE
support(Fig.9.). To suppressherail potentialin
the stationand Depotspremisesandto prevent
electric shock accident to personnel, a rail
potential suppression facility [7] shall be
provided(Fig. 1 @ It is connectedhroughcable
to the rail impedancebond and the grounded
steelframeof the building.

Metallic structureson HSR viaduct such an

EvacuatiorBarrier, Metal Fencing Anemometer,
is earthedthrough earthing strip connectedto

earthingcableof OHE foundation(Fig. 7(

REVISED EARTHING SCHEME

e [iil
gy T

TYACAL NOIEL BARRILE

|

’ -

Fig.8- Metal fencing, evacuation barrier earthing
connection

OKE tuppoel it statics conmotnd wits
wantkingsrpto farth AMag

Fig 0 / Rail connectionto Station grounded steel
frame

For the structure along the HSR alignment
suchas substationfault protectiongrounding
wire is installedfor lightning protection

V. Conclusion

The mode of providing OHE earthing
changesasthetechnologychangesvhile the
basic intent of the earthing remainssame
The metro railway and HSR are primarily
basedon the viaduct Hencethe rail is not
grounded while conventional railway is
basedon ground hencerails are grounded
Also in HSR the train movesat high speed
of 2 1 kmph Thereforeelaborate
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protectivearrangementare made In HSR the
rail is at floating potential therebyprohibiting
personnel to approach track in normal
conditions Thereis no conceptof buriedrail in
HSR asit is therein Indian Railwaysor Metro
railways
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Shell design in electric

Locomotives Including camber

ChetnaNandsingh
CAD/GPL/ECR

Salient features of greenfield

Abstract locomotive & wag9

In Indian Railway, Locomotivesdesignstart SN DESCRIPTIONS e ;:::E‘; L
with Shell/Truck design Need was felt to 1 | Configuration I T T T oo
designand comparethe green field locomotives Loco Tone
with WAGS8- 3 | Length of Loco 38400 22567 20562

In Electric Locomotives,Car body shell Base __mm
or truck provides the basic structureon which 4 | Width of Loco 3200 3152
othermechanical/Electricalomponentsrefixed. __mm

. . 5 | Height of Loco 4227 4255

Manufacturing of Locomotive starts from m
truckibase _ _ 6 | Wheel Base TN 1850

Camber is applied to Car body during e
manufacturing to avoid deflection/sagging 7 | Pivotcenters 14478 12000
beyond acceptable limits during its service mm
period Locomotives are condemned mainly 8 | Axleload 22/23 22
basedbn Camber& age e .

RDSO locomotive specificationmainly talks ? HP ( umgou] 1500/6000 (et
aboutbuffing Ioaql of 4 0Ten RDSO Para4.5.9 10 | Starting (TE) 206 sa4kn/570 [T
Underframe 'Designof the underframe/bodyof KN

the Locomotive shall be made to safely with
stand the following loading conditions Also
detailedFEA reportfor theseloading conditions
shallbe providedto IR at DesignStage

StationaryLocomotive under a squeezdoad
of 4 0 tonesappliedatthe centerbuffer couplet

4.5.9.2 The design of the underframe and
body of the Locomotive shall be such that the
stressesshall not exceedendurancdimit of the
material for loading conditions prescribed in
Clause4.5.9- The pivot arrangementransferring
forcesbetweerbodyandbogiesshallbe designed
and manufacturednot only for the repeated
tractionandbraking cycles,but alsofor repeated
shunting shocks

k3" Yp " OY y@NIY N p
9e70P" Yp " OYy" | +—+—+—+—"+++,
S0 BRI 3
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WAG 12B MAJOR COMP ONENT OF
UNDERFRAME/ TRUCK DESIGN

LOCO ‘ PART DESCRIPTION
Assembly Sole Bar Left & Right and
Longitudinal Beam Left & Right Assembly
Front & Rear Beam
WAG12B

Bolster Assembly

Pivot Housing

Folded Plates

WAG 12B CAMBER DETAILS

In WAGO 1 B, the loads in the CBS are
uniformly distributed and are well balanced
There is no need of Camberfor WAGO 1B
Locomotives as there is no passengerflow
and/or any other environmentalimpacts which
may causeunevenloading on the Locomotive
Further, according to FEA simulations, the
deflections under worst case conditions with
zerocamber,with 0-2g loading(ENO 1 5 ®@
are well within 3mm (sag) Even at this
maximum loading, the Locomotive meets the
gaugerequirement®venwith worn out wheels,
detailed in Annexure 0- Due to the above
mentionedreasons provision of camberis not
neededn the WAGO B CBSandhencedesign
considerationshad been also without camber
However, as per industrial requirementsfor
manufacturingCBS, a tolerancerangeof 7mm
for approx 0 8nlengthof CBSasin WAGO B
is required, basedon proven designand good
industrypractice

i Zero Camberis consideredn WAGO B
CBS with max deflectionat 0-/ g Load <
2mm andat0-2g < 3mm

q With a maximumdeflectionof 3mm, No
Gauge Infringement is observed, and
sufficientclearancés maintainedoetween
Equipmentand Top of Rail (considering
both new wheel J0 1 4nim & Worn
wheel @0 0 5mén conditions)

i In WAG 0 B, the loadsin the CBS are
uniformly distributedandarewell

balancedand the deflections observedin
FEA arewell within 3mm becausef which,
No Camberis provided

1 Alstom's Return of Experience
KZ7A ElectricLocomotive (Twin Section
Bo-Bo) with sameAxle load requirement
developedor KazakhstanZero Cambetis
consideredn designandthesel.ocosarein
servicesfor approximately0 /* years

WAG 12B CAMBER MEASURED DATA
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WDG4G Major component of underframe
[truck design
LOCO PART DESCRIPTION
Sill Beam A and Sill Beam B
End Plate/End Assembly

Ll Side Bolster

Traction/Pivot Pin

Camber specification of WDG4G / 6G

LOCO NO
(PLATFORM)

CAMBER VALUE | ACTUAL
(SPECIFICATION)

32Zmm-46mm 42.7mm 36.5mm

35mm-53mm 50.2Zmm 41.2mm
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WDG4G UNDERFAME / TRUCK
DESIGN

Tactin/ it

In Diesel Locomotivescamber providedis 2 1
mmto 3 Bnm Locomotivebody steelfabrication
consisting of weld fabricated under frame
oblique platform assemblywith an integrated
fuel tankwhichis the backboneo supportall the
abovedeckcomponent@&ndotherstructuresThe
cab frontal collision structure has been

designedto load casesdefinedin EN1 2 6 6 3

crashworthinesss being provided for antk
climber protectionandstandardiesign,

guidelines and practices are followed for the
major structural members,including the under
frame FEA analysis has been completed to
confirm adequatestrength and stresseswithin
limits atvariousunderframelocations

WAG9 Camber design

B - SPAINGS @ 110 = 15000
2000 BETWEEN BOLSTERS |
e
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i =2 B 2 w T 2 e e g

I
-
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'

g TP
T80 OVER HEADSTOCK FAONT PLATES

CAMBER DIAGRAM

LAY

DOWN TOTAL

CAMBER

UP

(+)6 (-)11.5 17.5

WDG4G CAMBER DESIGN
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— W 1% " gt
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Comparative chart for major sub-components of car body shell under frame

LOCO UNDER FRAME CLASSIFICATION OF
PART DESCRIPTION IEC/EN/15 STEEL THICKNESS (MM)
ASSEMELY SOLE BAR EN 10149-2 S 500 MC 8
LEFT/RIGHT
WAG12B LONGITUDINAL BEAM EN 10149-2 S 500 MC a
RIGHT/LEFT ASSEMBLY
A SILL BEAM A/B 1S 2062 E350C Combination of 12,25,32 &
52
WDGAG CENTRE SECTION/FUEL TANK IS 2062 E 550 BR Combination of 6,8 & 12
SIDE SILL ASM R.H/L.H 15-2062 7.8
WAGS E 250 C
CENTRAL SILL ASM 15-2062 =0
EN 10149-2, 5 500 MC , S 355 L
FRONT BEAM/REAR BEAM Combination of 4,6,8 & 25
WAG128B EN 10025-2 J2+N
END PLATE/END ASSEMBLY IS 2062 E-350 C Combination of 10.16 & 25
B WDG4G !
HEAD STOCK ASSEMBLY 152062 E 410 ER, Combination of 25, 50, 16,
WAGY E250 C 40
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EN 10149-2 5500 MC, 5 355
WAG12B BOLSTER ASSEMBLY ’ ' R
EN 100252 2N Combination of 6,25 & 100
WDGAG SIDE BOLSTER IS 2062 E350C Combination of 16 & 32
WAGS BOLSTER ASM 15-2062 E250 C 16
WAG12B PIVOT HOUSING EN 10025-2 5355 12+N 40
WDG4G TRACTION/PIVOT PIN 15 2062 E350C 25
Combination of
WAGS CENTRAL UNDERFRAME ASM 1S-2062
E250C 16,20,40,50
WAG12B FOLDED PLATES EN 10149-2 5500 MC £ l;ll;alt:fn o
E rer
Combination of
WDG4G/6G TOP PLATES 15 2062 E- 250 BR 2532

Comparison Of Chemical And Mechanical Properties Of Material Used In The
Manufacturing Of WAG 12B, WDG 4G & WAG 9 Under Frame Is Given As Under.

LOCO CLASSIFICATION COMPOSITION

MIN. YIELD STRENGTH IMPACT TEST
TYPE OF STEEL

(MPA)

500 M

152062 E 350 C
€-0.20,Mn-1.55,P-0.040,5-0.040,5i-0.45 350 27)at-20°C
WDG4G
IS 2062 E 550 BR €-0.22,Mn-1.65,P-0.025,5-0.02,5i-
0.5,Nb+Ti+V-0.25,N-0.012,Cu-0.2 to 0.35 550 15J atRT

WAG9 } $52062E250C H €-0.20,Mn-1.50,P-0.040,5-0.040,5i-0.40 [ | 27)at-20%C

S We often feel tired 8 not
Ca@® n{@?? because we have done too

VAB.@&| aap@xt@@@) much work, but because we

~ have done too little of the
3
th n{© 7. things that spark enthusiasm

M UAFPAp@TX& ~ b t Cwithin usi
VAzpa®f].! . -Alexand@erHeijer
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A Comparative/Engineering Study‘an

the: NeutralcSeetion Designiin

ConventionalanmchHigh
RailwaySystems

TEJ PRATAP NARAYAN, IRSEE
General Manager (Electrical)
(NHSRCL), New Delhi

Abstract

Neutral sections(alsoknown as phasebreaks)
are critical componentsin singlephase AC
railway electrification systems  They
electrically isolate adjacent traction power
supply sectionsfed from different grid phases
or substationswhile maintaining mechanical
continuity for  uninterrupted pantograph
passage This paper presentsa comparative
technical review of neutral section
methodologiesisedin Indian Railways, China,
Japan,South Korea, and Europeanhigh-speed
rail networks (France, Spain, UK, lItaly,
Germany, etc), examining their electrical
principles,structuralconfigurations operational
handlingstrategiesand emergingtechnologies
Implementation differences are analyzed in
relation to Feeding System, Neutral Section
Type, NeutralSectionLength,PhaseSeparation
Method, Switching Operationthrough Neutral
Section,AutomationLevel, CoastingDuration,
and emerging technologies, such as
automaticallyswitchedneutralsections

1. Introduction

Modern electrified railways predominantly
use 25 kV singlephaseAC overheadsystems
derived from a threephasepublic utility grid,
where the three phasesare ideally loaded
equally to ensure system stability and
efficiency. Connecting a large, singlephase
load directly to one phaseof the grid would
create a severe imbalance To minimize
unbalancingon the grid, phasesaretappedrom
adjacentsubstationgn sequence

- Speed

Ix)‘

PRAVEEN PAL
Junior Technical Manager (Elect)
(NHSRCL), New Delhi.

This is achievedy feedingconsecutiveraction

substationgTSS) from different phasesof the

grid. Each substationpowersa sectionof the

track, typically 30-40 km long. Consequently,
theinterfacebetweernthesesectiongpoweredby

different phasescannotbe a direct connection,
as that would result in a short circuit. The

solution is to install a Neutral Section (NS),

which electricallyisolatestwo differenttraction

powerphases

A Neutral Section(alsocalleda deadzoneor
phasebreak) is a short stretch of overhead
catenanythatis electricallydeador de-energized
and separate$wo traction supply sectionsthat
are fed by different sourcesor phasesof the
electricalsupply.

Neutral Sectionsare typically provided near
Traction Substations (TSS) and Sectioning
Posts (SP) The neutral section allows a
locomotive'spantographto passsmoothlyand
safely from one phase to another without
causing phaseto-phase short circuits while
ensuringuninterruptednechanicatontinuity of
the contactwire.

The fundamentalissuewith a neutralsection
is thatit createsa temporaryfideadzone in the
overheadsupply, throughwhich the train must
pass without drawing power During this
interval, the locomotive coastswithout traction
input, resulting in a momentaryreduction in
speedand tractive effort. This paperanalyzes
the various technical approachesadopted by
railway systemsacrossthe globe to overcome
neutral section constraints,with emphasison
high-speedrailways

Vol-34, No.01
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2. The Fundamental Challenges
2.1. Needfor PhaseBalancing

A singlephase traction load inherently
unbalancesa threephasegrid. To balancethis
asymmetry, adjacent feeding sections are
suppliedfrom rotating phasesof the grid. The
similar principle of rotating phasesis applied
globally, from the European high-speed
networkto the systemsin Japan,SouthKorea,
andChina

2.2. Operational Challengesof the Neutral
Section

While essentialfor grid balance,the neutral
section introduces several operational
problemsfor a high-speedtrain:

1 Loss of Traction Power and Speed
Reduction: The train must passthrough
theneutralsectionin a poweroff (coasting)
mode, as no traction supply is available
within the electrically deadzone

3. Neutral Section Design Comparison

During this interval, tractive effort drops to
zero, resulting in a temporary reduction in
speed

Risk of Train Stranding: If a train stops
within the NS dueto operationabr emergency
conditions, it cannot directly draw traction
power. Restoration requires  special
operational proceduresor rescueassistance,
leadingto delaysandsafetyconcerns

ComponentStress Thefrequentopeningand
closing of the main vacuum circuit breaker
(VCB) to enter and exit the NS leads to
significantweatr.

Electrical Transients. The closing of the
breakercan causemassiveinrush currentsin

the train's transformer, while opening can
generateovervoltageand arcing, accelerating
equipmentaging

Electromagnetic Interference (EMI): The
arcing during transition can create EMI,
potentially affecting sighaling systems,track
circuits,andcommunicatiorlines

Railway
Systems India India Japan
(Indian Railways) (HSR)* |(Shinkansen
(130160 km/h) (320 km/h) | (320 km/h)
Parameter

South Korea Europe (General)

(Tgl’var;(lt_%v) (KTX), Spain (AVE) UK, Germany, Italy 4
China others
(300320 km/h) (320-350 km/h) (200-300 km/h)

Feeding System 25 kV, AT systems 2x25 kV AT feeding

2x25 kV AT feeding | 2x25 kV AT feedin| 2x25 kV AT feeding

1.Conventional Overlap

a. Section Insulator
b. Arthur Flury PTFE

Type changeover switching

1. Long Neutral Sectio
(LNS) &

2. Split Neutral Sectior] Section (LNS) &
(SNS)

Neutral Section |2. Short Neutral section| Power Supply Controlled

1. Long Neutral
Section (Carrier Wirg
NS) &

2. Split Neutral
Section (SNS)

1. Long Neutral

Short dead zone
49.5m & (5 ng 41 m)

Neutral Section

Length electrical switching

Very short dead zone wit

200¢ 400 m,
<142 m (SNS)

> 402 m (CWNS) &

800¢ 1000 m <142 m (SNS)

Dead neutral zone
between phases

Phase Separatio

Method between phases

Controlled switching

Long deenergized
overlap

Long deenergized
overlap

Long deenergized
overlap

Switching

Operation throug
Neutral Section

Pilot switches OFF
traction and coasts

manages the transition

Electronic switching

Auto power cutoff
(Balisedriven)

Auto power cutoff
(Balisedriven)

Auto power cutoff
(Balisedriven)

Automation Leve|

Fully driveroperated

Highly automated

Onboard automatic | Onboard automati¢ Onboard automatic

procedure electronic switching control control control
Electrical Systen Low High (power electronics Moderate Moderate Moderate
Complexity control systems)
Coasting Duratiol 13¢ 16 Sec 0.30 sec 3¢5 Sec. 13¢ 16 Sec. 5¢8 Sec.

(300 milliseconds)

* High-speed rail (HSR) networks are currently under construction in India, utilizing Japanese Shinkansen technology.
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4. System Architecture / Methodology

Globally, neutral section (NS) passing
methodologiesireclassifiedbasedon how the
tractionpower interruptionis managecdiuring
phaseseparation These neutral sectionsare
typically categorizednto two typeshbasedon
the switching method

1) Onboard Circuit Breaker Off switching
systems

1 Manual Circuit Breaker off Switching
system

1 Long Neutral Section (Automatic Circuit
Breakerswitching)

9 Split Neutral section (Automatic Circuit
Breakerswitching)

2) PowerSupplyInstallation(PSl)side
switching systemgUsing Changeover
Switch)

Each one of the abovementioned Neutral
section type reflects a different engineering
philosophyfor handlingthe deadzone

Breaker Off
(On-Board

Manual Circuit
Switching  System
Neutral Section)

4.1.1.

The earliestmethodis the manualneutral
section passingsystemusedin conventional
Indian Railways In this arrangementthe loco
pilot is alertedby tracksidewarning boardsto
openthe main VacuumCircuit Breaker(VCB)
before enteringthe NS andto recloseit after
exiting. This approacltreliesheavilyon human
intervention and is therefore susceptibleto
operationalerror and inconsistency,and can
only be usedin low-speedoperations(up to
160km/h)

Indian Railways hasadoptedfour principal
types of neutral sections, each suited to
specific operational requirementsand track
conditions

4.1.1.1Conventional Overlap Type Neutral
Section (Manual CB off)

The conventional overlatype neutral
section represents the earliest design on Indian
Railways.

It consists of a fivespan arrangement with
specific span lengths:

Central span: Strictly 49.5meters
Adjacent spans: 36 meters on each side
Effective dead lengthd1 meters

The Dead zoneis createdby the physical
separationof the live zone of the yellow and
blue phases through a carefully planned
staggeredarrangementThis ensureselectrical
isolation while maintaining mechanical
continuity so that the pantographremains
properly supportedunder its upward contact
force

54/49.5/45m 3m 49.5m . 36m 54/49.5/45m

Description A B C D E F G H | J

Stagger (mm)| -200 [ 300 | 1300 -50 | -550 | -550 | -50 | 1300| 300 | -200

Encumbrance|

1400 | 750 | 1050 1400( 750 | 750 | 1400 | 1050 750 | 1400
(mm)

Height (m) | 5.50 | 5.50 | 5.90 | 5.50 | 5.575| 5.50 | 5.50 | 5.90 | 5.50 | 5.50

This type of neutral section is generally
maintenancdree under normal operating
conditionsand hasprovenreliable on mainline
routes The permissible speed through the
section is the same as that of the parent
overheadequipment, making it suitable for
mainline  applications  However, this
arrangementasinherentlimitations Thereis a
risk of a locomotive stoppingwithin the dead
zone due to alarm chain pulling or improper
driving. In such cases,the train may become
stranded,and recoverymay require assistance
from anotherlocomotive
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