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- About this book

Indiais currently the world's secondlargesttelecommunicationsnarketwith a subscribeaseof 1.20
billion and has registeredstrong growth in the last decadeand a half. The Industry has grown over
twenty times in just ten years Telecommunicatiorhas supportedthe socioeconomiaevelopmentof
Indiaand hasplayeda significantrole in narrowingdown the rural-urbandigital divideto someextent
Theexponentialgrowth withessedby the telecomsectorin the pastdecadehasled to the development
of telecomequipmentmanufacturingand other supportingindustries
Overthe years the telecomindustryhascreatedmillionsof jobsin India Thesectorcontributesaround
6.5% to the country's GDPand has given employmentto more than four million jobs, of which
approximately 2.2 million direct and 1.8 million are indirect employees The overall employment
opportunitiesin the telecom sector are expectedto grow by 20%in the country, implying additional
jobsin the upcomingyears
ThisParticipantHandbookis designedto impart theoretical and practicalskill training to studentsfor
becomingan Optical Fiber Technician Optical Fiber Technicians responsiblefor maintaininguptime
and quality of the network segment(both optical media& equipment)assignedo him by undertaking
periodic preventive maintenanceactivities and ensuringeffective fault managementin caseof fault
occurrence He is alsorequired to coordinate activitiesfor installation and commissioningof Optical
FiberCable(OFCasper the route plan
This Participant Handbookis based on Optical Fiber TechnicianQualification Pack (TEL/®401) &
includesthe followingNationalOccupationaStandard§NOSs)

1. TEL/M137 Coordinatenstallationand Commissioningf OpticalFiberCablegOFCs)

2. TEL/M403 UndertakeConditionbasedMaintenanceandPlannedRepairActivities

3. TEL/M404 PerformCorrectiveMaintenance/Restorationf OpticalFiberFaults

4. TEL/N112: Followsustainabilitypracticesin telecomcablingoperations

5. DGT/VSQ/N101 EmployabilitySkills(30 Hours)
TheKeyLearningOutcomesandthe skillsgainedby the participantare definedin their respectiveunits.
Postthis training, the participantwill be able maintain uptime and quality of the network segmentby
undertakingperiodic preventive maintenanceactivities & effective fault management We hope that
this Participant Handbookwill provide a sound learning support to our young friends to build an
attractivecareerin the telecomindustry.

— SymboldJsed
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—KeyLearningOutcomes| ¢

Bythe end of this module, the participantswill be ableto:
1. Explairthe importanceof TelecomSector

2. Discusshe role andresponsibilitief an OpticalFiberTechnician
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UNIT 1.1lintroduction to Telecom Sector and Role of
an Optical Fiber Technician

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Explainthe significanceof the telecom sectorin the installationand maintenanceof optical fiber
networks

2. Elucidatehe keyskillsandtechnicalexpertiserequiredfor an OpticalFiberTechnician

3. Describethe challengesfaced in splicing, testing, and troubleshooting optical fiber cablesin
telecomnetworks

4. Determinethe impactof precisionand quality control in opticalfiber installationand maintenance
for reliabletelecomservices

5. Discusghe rolesand responsibilitiesof an Optical Fiber Technicianin ensuringefficient and high
guality network performance

—1.1.1 Introduction to Telecom Industry

Thelndiantelecomindustry hasbeenone of the fastestgrowingsectorsin the country, strivingto tap

almostevery potential customerwith its services Today,owning a mobile deviceis a basicnecessity,

andthe demandfor seamlesgonnectivitycontinuesto rise.

With the rapid expansionof the Information Technology(IT) sector,the telecomindustryin Indiahas

experienceda major boom, leadingto continuousmarket growth. Sincethe Indian population has

becomehighly dependenton telecom services and with severalcompaniesoperating both in India

and overseas the sector often faceschallengesin maintaining smooth operations amidst growing

customer expectations This study aimsto provide insightsinto the current telecom sector and the

measuredeingtakento enhancecustomerrelationships

Post1991 liberalisation privatisation and globalisation the Indiantelecommarket hasbecomehighly

competitive, with multiple playersoperating simultaneously In suchan environment,companiesare

keen to understandcustomer perceptionsof mobile servicesto refine their strategiesand capture

marketshare

India remainsthe ¢ 2 NIsétéhdlargest telecommunicationsmarket As of March 2025 the total

telephone subscriberbase stood at around 1,200 million, with an overall tele-density of 85% The

internet subscriberbase reachedapproximately944 million, while broadbandsubscriptionsgrew to

over935million wirelessandabout45 million wired usersby mid-2025

A Sectorgrowth and infrastructure expansion Telecominfrastructurecontinuesto expandrapidly,
with the number of towers and mobile basetransceiverstations (BTS)steadilyincreasing This
expansiorhashelpedimproveconnectivityand servicequality, especiallyin urbanregions though
rural areasstill facegaps
A Policytargets and initiatives: The Governmenthaslaunchedthe NationalBroadbandVission2.0

(202%30), aimingto provide opticalfibre connectivityto all GramPanchayatandkey institutions,
with at least 95% uptime, and to raise averagefixed broadbandspeedsto 100 Mbps by 2030 In
parallel,the Draft National TelecomPolicy2025 setsambitiousgoalssuchas achievingl00% 4G
coverage 90%5G coverage 80%tower fibreisation broadbandaccesgo 100 million households,
andthe rollout of 1 million publicWi-Fihotspotsby 2030

— B/
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Fig. 1.1.1: Telecom Industry

Subscribetrends and market dynamics

ByMay 2025 L Yy Rtbtal @l&comsubscribebasereachedabout 1,207 million. Reliancelioand Bharti

Airtel together accountedfor nearly all new subscriberadditions, while Vodafone Idea and BSNL
continuedto losemarketshare ByJune2025 the total wirelesssubscribelbasestoodat approximately
1,171 million, drivenlargelyby urbangrowth, thoughrural subscriptionshoweda slightdecline

—1.1.2 Various Suisectors of the Telecom Industry

Telecommunicatiofis a multi-dimensionaindustry. It is dividedinto the followingsubsectors

w Telecominfrastructure- It is a physicalmediumthrough which all the data flows. Thisincludes
telephonewires, cablesmicrowaves satellites,and mobile technologysuchasfifth-generation
(5G)mobilenetworks

w Telecom Equipment - It includes a wide range of communication technologies, from
transmissiorinesand communicationsatellitesto radiosand answeringmachines Exampleof
telecommunicationsequipmentinclude switches,routers, voiceover-internet protocol (VolP),
andsmartphones

w TelecomServiceg; A serviceprovided by a telecommunicationgrovider or a specifiedset of
user information transfer capabilitiesprovidedto a group of usersby a telecommunications
system It includesvoice,dataandother hostsof services
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%,

Telecom Infrastructure

Telecom Equipment

Fig. 1.1.2: Telecom S#ectors

Themajor segmentswithin thesesub-sectorsincludethe following
w Wirelesscommunications

Communicationgquipment

Processingystemsand products

Longdistancecarriers

Domestidelecomservices

Foreigntelecomservices

Diversifiedcommunicatiorservices

€ €€ € €€

—1.1.3 Broadband Industry

Telecommunicatiomplaysa major role in economicand socialdevelopmentand hasits scopeacrossall
technicalfields. It integratesall telecommunicatiorrelated servicesn Indiaand actsasa backbonefor
digitaltransformation

The rapid improvementof internet and mobile technologieshas had a significantimpacton L Yy RA|l Q &
economic growth. Recognisinghis, the Governmentof India has placed strong emphasison the
developmentof the telecomindustry. Indiacontinuesto bethe ¢ 2 NIsdRdddlargesttelecommarket,
after China

However,broadbandpenetration and fixed broadbandspeedsin India still lag behind those of China
Strengtheningoroadbandconnectivityremainsa key driver for digitalisation economicinclusion,and
innovation The governmenthastherefore prioritised expandingboth mobile and fibre-basedinternet
servicedo bridgethe gap

N .y
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Amajorfocusis on enhancinghetwork connectivityin rural and semiurbanareas Theprimaryaimisto

provide broadbandaccesdo every citizen of the country. Underthe National BroadbandMission2.0

(2025:30), the Governmentis targeting optical fibre connectivity for all Gram Panchayatsand key
institutions, ensuringat least95% uptime. Themissionalsoaimsto raiseaveragebroadbandspeedso

100Mbpsby 2030

In line with this, rural and villagelevel networks are being upgradedto support highspeedinternet,

includingthe rollout of affordable100 Mbps connectionan villagesthrough Panchayatevelinitiatives

Bydoingso, Indiais workingtowardsnarrowingthe rural-urbandigital divide.

The Draft National TelecomPolicy 2025 further outlines ambitious goalssuchas 100% 4G coverage,
90% 5G coverageby 2030 80% fibreisation of towers, and 1 million public Wi-Fi hotspotsacrossthe

country. Thesestepsnot only aim to improve connectivitybut alsoattract foreigninvestmentinto the

telecomsector,therebycreatingnew avenuedor employmentandskilldevelopment

5G adoption and economicimpact

Indiahasalreadyrolled out 5G servicesacrossmajor citiesandindustrialhubs,with rapid expansiorinto
smallertownsandrural regionsunderway Theadoptionof 5Gis expectedto drive innovationin sectors
like smart manufacturing healthcare,education,transport, and agriculture,enablingapplicationssuch
as loT, automation, and Aldriven services Accordingto projections,5G technologycould contribute
around USD450 billion to L y R &cbnOniybetween 2023 and 204Q Thistransformativeimpact will
strengthenL y R diditaDecosystem enhanceproductivity, and supportthe 3 2 @S NJ/ Wsthyoil €2 &
digitallyempoweredsocietyand knowledgeeconomy

With theseinitiatives, Indiais positioningitself stronglyin the globaltelecomspaceand aspiresto move
closerto the top rankworldwide.

—1.1.4 OpticaFibreTechnology

Optical transmissionover the fiber cablesneed immensestrengthentechnologyassociated Optical
cablesinner core glassis madein a wayto propagatecompleteray travellingby givingzeroresistance
and losses To achieveconnectivity over long distance optical medium proven to be the best even

though it is laying and maintenancetakes more economy Unlike in copper cable electrical signal
convertedinto light andit is transmitted over fiber cables It beganabout 40 yearsagoin the R&Dlabs
(Corning,Bell Labs,ITT UK, etc.) and was first installed commerciallyin Dorset, Englandby STCand

Chicago]L, USAIn 1976 by AT&T By the early 198Gs, fiber telecommunicationsnetworks connected
the major citieson eachcoast Bythe mid-80s, fiber wasreplacingall the telecom copper,microwave
and satellite links In the 90s, transoceanicfiber optic cables replaced sate llites between most

continents

Overthe period fiber optics took over the entire major serviceprovider favorite as its effectiveness
ruled out the cost DTHand CATVare few servicesmostly relied on fiber network. Addingon the

Researchprove that the network will be the reliable to provide Internet services,mobile services
network development




Slowly the fiber placedin the small networks and then tried with LAN, WAN, MAN, and most of
implantations is taking place with fiber network in i 2 R -d&ta. 3As the cablescould be routed
fascinatinglywithout disturbing the infra, more O 2 Y LJ- sfi@w@dinterest in havingfiber network.

Fiberis effective in huge data transfer and connectivitywith reliability. Fiberis implementedin most
Multinational companieswith fiber LANsbackbonesgconnectionsto systemsfor employeesor design
workstationswith manywirelessAP(accespoint).

Somemore applicationsfor considerationare: mobile - cell network connections,Ship & aircraft,

automationand automobile connectinglines, securitylike CCTV& digital stereosfor consumersFiber
optics usersin current time zonesare systemswho useit for connectingsocialblockslike Educational
institutes, stores/ departments transport& traffic lights, securityadd on like CCT\surveillancesystems
Fiberto home is another upcomingbig businesswhich providesthe best connectionsto their users

Opticalfiber is either predominantmediumor choicemadelogicallyfor mostof communicatiorsystem

With reducedCostsfiber to the home is most likely acceptedby userends,the fantasycometrue for

usersasfiber to home providesall meansof dataandservicesvhichother mediumfailsto provide

Fig. 1.1.3 An opticdibre

Fiber optics would be usedas a channelfor communication& networkingasit is easyand flexible
Plasticor glassmanufacturesfibers, it is s usedin long-distanceapplicationsof telecom Opticalfibers
mostly prefer glassinner core medium than plastic as glassprovide low absorption Optical fiber
principallyusestotal internal reflection phenomenonfor the light transmissiorwithin the material Due
to total internal reflection angle Eliminatesdistortion, leakage,reflection, signal crosstalkbetween
fibers within the cable and allows the cable routing (supportingtwists and turns). Infrared Light is

mostlyusedfor communicationin caseof telecomapplicationsaswavelengthgrovenbestfor the case
(minimumabsorptionwith fiber).

Total Internal Reflection
Inner Core:

p with high refractive index

p

Light

Outer Cladding: _—"

with low refractive index
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—1.1.5 Types of Opticdtibre

OpticalU 6 t&hnologyisassociateavith datatransmissiorusinglight pulsestravellingalongwith along
U 6 Mdchis typicallymadeof glassor plastic Thesefacilitate the propagationof light alongwith the
opticallU 6 Ne&endingnthe requirementof poweranddistanceoftransmission

Multi-mode U 6 NsBused for shorter distances,while singlemode U 6 NsRused for longdistance
transmission

Fig. 1.1.4FibreOptics

/ f I aa laséibnihergfraciveindex:
1 Step Index Fibreslt consists o core surroundedy the cladding, whichasa singleuniform
indexof refraction

| GradedindexFibres- Therefractiveindexof the opticalU 6 Né8reasessthe radialdistance
fromtheU 6 Wd&increases

/ t | é&iérbdasedonthe materialsused:
1 PlasicOpicalFibres Polymethylmethacrylatesusedasacorematerialfor the transmissiorof
light
1 GlasFilres-It consetsofextremelyU ydfasd) des

/ £ I &a lasebnihenyddeof propagaionof light:
1 SingleModeFibres Usedfor long-distancesignatransmission
9 Muli-mode Fibres- Usedfor shott-distancesignatransmission

Themodeof propagationand refractiveindexof the coreis usedto form 4 combinationtypesof optic
U 0 Nasdllows:

1 Sepindex-singlemodeU des

{1 Gradedindex-SinglenodeU fes

{1 Sepindex-MultimodeU des

1 Gradedindex-MultimodeU @es
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—1.1.6 Role and Responsibilities of an Optical Fiber Technieian

An Optical Fiber Technician(OFT)is a skilled professionalresponsiblefor installing, splicing,testing,
repairing, and maintaining optical fiber cablesused in telecom, internet, and data transmission
networks They play a key role in ensuring high-speed connectivity, minimal downtime, and safe
handlingof delicatefiber infrastructure
Roleof an Optical FiberTechnician

w Toensurereliableandefficientfiber optic networkinstallations

w Tocarryout splicingtesting,andtroubleshootingof fiber optic cables

w Tomaintainsafety,quality,andcompliancewith industrystandardsduringfiber operations

w Tosupporttelecomoperators,|SPsandenterprisesin providinguninterruptedservices

KeyResponsibilitiesof an Optical FiberTechnician
1. Installation
w Lay,pull,androute opticalfiber cableshroughducts,conduits,andaerialroutes.
w Terminatefiber cablesat distribution boxes patchpanels,or customerpremises
w Followstandardiayouts,blueprints,andinstallationplans
2. Splicing& Jointing
wPerformfusionsplicingand mechanicasplicingfor connectingiber cables
wEnsureminimalsignallossand high-quality connections
wUseprotectivesleevesclosuresandenclosuredor safesplicing
3. Testing& Troubleshooting
wUseequipmentlike OTDROptical Time DomainReflectometer) power meters,and light sources
to testfiber quality.
wldentify faults, breaks bends,or signallossin the cable
wCarryout correctivemeasurego restoreconnectivity
4. Maintenance
wConductpreventiveand correctivemaintenanceon fiber networks
wReplacalamagediber cablesconnectorspr equipment
wDocumentandupdaterecordsof fiber routesand maintenanceactivities
5. Safety& Compliance
wFollowelectricaland optical safetyguidelineqgeyesafetywhile handlinglasersignals)
wUseproper PersonaProtectiveEquipment(PPEvhile workingon-site.
wDisposeof fiber scrapsandwastematerialssafely
6. Documentation& Reporting
wMaintainlogsof installation,splicing,andtestingresults
wPreparereportsfor supervisoror clientson network healthandrepairs
wFollowtelecomindustrystandardsand organizationaSOPs
7. CustomerService
wAssisttustomergduringfiber installationsat homes offices,or industrialpremises
wExplainbasictroubleshootingstepsto end-usersif required
wEnsureminimalservicedisruptionduringrepairsor upgrades
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~1.1.7 Skills Required to be a successful Optical Fiber
Technician

Optical FiberTechnicianseedthe following skillsin order to be successful

w Technicakkills A technicianemploystheir technicalskillsand knowledgeto carry out tasks To
install and fix fiber optic cables splicefiber optic cables troubleshootfiber optic cableissuesand
perform other jobs, fiber optic techniciangemploytheir technicalexpertise

w Communicatiorskills Sincefiber optic techniciandrequently operatein teams,they must be able
to describetheir job to othersin a clearand straightforwardmanner. Theymustbe ableto explain
technologicaprocessesnd proceduredo clientsbecausehey work with them frequently.

w Problemsolvingabilities Fiberoptic techniciansemploytheir problemsolvingabilitiesto diagnose
equipment problems, pinpoint the source of network outages,and fix damagedcables These
abilitiesare alsousedto choosethe besttools and equipmentto employandto choosethe most
effectivemannerto executejobs.

w Attentionto detail: Tomakesurethey are installingthe equipmentcorrectly, fiber optic specialists
needto paycloseattention to everydetail. Beforethey departa project site, they mustalsomake
surethe equipmentis in good working order. Thisis crucialto guaranteethe client is happywith
the job andto stopanypotential problemsin the future.

w Teamworkabilities Beinga part of ateam canhelpyoulearnmore aboutyour careerandadvance
your talents By participatingin a club or volunteer organizationat your school,you candevelop
your teamwork skills Working together with your co-workers to complete tasks and solve
difficultiesis anotherwayto learn

—1.1.8 Fiber Optic Infrastructure Growth

Fiberoptic infrastructureexpansions a trend that is
becomingmore and more popularall over the world.

The demandfor experiencedprofessionalgo install
and maintain these systemswill increaseas more
homes and businessesdopt fiber optic technology
Becausethey possessthe knowledge necessaryto

install, test, and troubleshoot fiber optic systems,
fiber optic techniciansare in highdemand Therewiill

be arisingneedfor these specialistdue to the fiber

opticinfrastructure'scontinuingexpansion

Fig. 1.1.5FibreOptics
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—1.1.9 Public Switched Telephone Network (PSTN)

wlt isa standardtelephoneservice Someof the examplesare BSNLAirteland MTNL

wPublicSwitchedTelephoneNetwork,operatedthrough"SWITCHtlevicego openor closecircuits,or
it canbreakthe electronicor certainpath.

wThisintegratesthe world circuit of telephonenetworksthat are performedby na

wlt consistsof the fibre optic cable,telephoniclines, communicationwaves,networks, satellitesand
telephoniccables Theseare interconnectedwith eachother to communicatewith anyonearound
the world.

wThetelephonesystemnetwork consistf mobileandtelephonesaroundthe world.

wTheprocessof PSTN, Diallinga personwith whomwe want to connect Thereceivergetsthe signal,
picksthe call,andexchangeshe information. Thecircuitcompletesvhentheytalk to eachother.

-
-
-

Fig. 1.1.6: Public switched telephone network

— 1.1.10 TradiionalFormsof Retailingin India

Intelecomterminology,a transmissiommediumis a physicabath betweenthe transmitter andreceiver,
i.e., the channelthroughwhichdatais exchangedrom one placeto another. TransmissioMediacanbe
broadlyO f | a iatdthé SIRwWingtypes

N .
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Types of
Transmission Media

\ Y

Guided Media Unguided Media

/N I

Twisted Pair Cable Coaxial Cable Optical Fiber Cable Stripline Microstripline Space

Fig.1.1.7: Typeof TransmissioiMedia

Twisted pair cablingrefersto wiring type. Thisconsistof /

two conductorsin a singlecircuit in which the conductors 7

are twisted to cancelthe electromagnetidanduction from V S
externalsources T S,

Fig.1.18: TwistedPairCable
Coaxialcable was invented and designedin 1880 by the

EnglistengineemamedOver Heaviside It hasa condudor :
whichis layeredby a tube insulatorand a shield Most of *‘
them havean outer jacket Thisterm coaxialis usedasthe

innercondudorandjadket sharethe samegeometric axis Fig.1.19: CoAxialCable

OpticalU 6 ddBleconsistsof oneor morethanoneoptical
U 6 N@Beseare coated with plastic plates and contain
protectivetubeswhicharestablein allclimaticconditions

—

A microwave is an electromagneticwave It has a
wavelengthin the rangeof 0.001 ¢0.3 m, or sometimes
shorter than that of a normal radio wavelength Theyare
larger than the IR These wavelengthsare used in
microwaveovenandother industrialprocessesTheseare
alsousedto carrythe telecommunications.

Asatellite isa sysemthat recevessignaldrom any part of
the earth and transmitsthem to a receiveron earth. The
main function is communicatingand transmitting the
signafromthe sendertothereceer.

Fig.1.1.12 satellitesystem
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— BExercise

N

ShortQuestions

1. Explain the significanceof the telecom sector in modern communication and economic
development
Listthree keytechnicalskillsan OpticalFiberSplicermustpossess
Describeone major challengefacedin fiber optic splicingandhow it canbe addressed
Howdoesfiber optic technologyimpactinternet speedandoverallconnectivity?
Outlinethe mainrolesandresponsibilitief an OpticalFiberSplicerin network deployment

o~ w DN

Fillin the Blanks
1. AnOpticalFiberSpliceiis responsibldor and opticalfibers.
2. Thetelecom sector contributesto economicdevelopmentby enablingfaster and
transmission
3. Precise of fiber coresis criticalto reducesignallossduringsplicing
4. Fiberoptic cablesprovidehighspeeddatatransmissiordueto the principleof
5. One challengein splicingoptical fibers is ensuringproper alignmentto maintain
signalquality.

Multiple ChoiceQuestions(MCQs)

1. Thetelecomsectoris crucialfor moderncommunicatiorprimarily becauset:
a) Generateglectricity
b) Facilitateshigh-speeddataand voiceconnectivity
¢) Manufacturesopticalfibers
d) Regulategovernmentpolicies

2. Whichof the followingis a keytechnicalskillrequiredfor an OpticalFiberSplicer?
a) Weldingmetal cables
b) Precisiorfiber cleavingandsplicing
c¢) Installingelectricaltransformers
d) Designingsoftwarealgorithms

3. Onemajorchallengeacedin opticalfiber splicingis:
a) Highvoltagecurrentin fibers
b) Aligningfiber corespreciselyto minimizesignalloss
c) Excessivéber flexibility
d) Overheatingof fiber jackets

4. Fiberoptic technologyprimarilyimproves
a) Electricapowertransmission
b) Internet speedand connectivity
¢) Radiosignalquality
d) Cabledurability for plumbing
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5. Theresponsibilitieof an OpticalFiberSplicerinclude
a) Designingietwork routers
b) Installing splicing,andtestingfiber optic cables
¢) Manufacturingtelecomhardware
d) Draftinggovernmentpolicies
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—Notes

Scan the QR Code to watch the related videos

https://www.youtube.com/watch?v=77dO0O5hvd58

What is FibeOptic Cable with Full Information



https://www.youtube.com/watch?v=77dOO5hvd58
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_ KeyLearningOutcomes| ¥

Bythe end of this module, the participantswill be ableto:

1. Explairthe keystepsinvolvedin inspectingthe route planfor opticalfiber cableinstallation
2. Elucidatethe processof coordinatingcablelayingand pullingto ensurecompliancewith industry

standards
3. Discusghe importance of adheringto health and safety guidelinesin optical fiber installation

projects
4. Explainthe significanceof reporting and recordinginstallation activities for project trackingand

fault management
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UNIT 2.1:Site Visit and Route Inspection

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Demonstratehowto obtainandreviewthe OFQoute planfrom the planningteam or supervisor

2. Showhow to verify the proposedroute, ensuringcompliancewith manufacturerspecifiedbend
ratiosandindustrystandards

3. Demonstratehow to identify dependenciesnd createan effectiveinstallationwork plan.

4. Showhow to determinethe requiredstatutory permissionsand liaisewith relevantauthoritiesto
secureclearances

5. Discussthe different types of clearancesand municipal approvalsrequired for optical fiber
installationwork.

6. Demonstratehow to supervisetrenchingto ensureit is carriedout asper the route plan and site
terrain.

7. Showhowto usespeciallydesigneddispensergor accurateduct placementin trenches

8. Demonstratehow to checkpipe/duct depths for compliancewith laying standardsand rectify
collapsedor twisted ducts

9. Show how to confirm ducts are clean and sealed with appropriate end plugs to prevent
contamination

10. Showhowto confirmthe useof protectivematerialssuchasGlor RCipeswherenecessary

— 2.1.1 Site Visit

Sitevisit is essentialbefore makingany plan of action Thevisit givesthe necessarynformation about
the changedo be neededfor the ideal plan. Site visit also emphasizeshe action list with necessary
competencyneeded By doing effectivesite visit one could makethe bestplan of installationand avoid
ambiguities Obstructionwhichmay preventtransportationof variousequipment'sto the site couldalso
betakencare It isnecessaryo note down all the pointsobservedstart from layoutview while site visit.
While in the site data collectedwill equipinformation sothat proper, complete& accuratepackageor
the samecouldbe estimated Sitevisit will makeus understandactualequipmentlocations,routing for
conduits, and proper elevations It will help you to apply methodsto overcomethe challengesby
applyingthe architecturaldrawings/layouts If found Sitedrawingdetailsincomplete,then updateit by
site actualdata. Note downthe physicaktatus,changesieededandplanfurther.

Fig. 2.1.1: A site visit in progress

— B/
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—2.1.2 Route Inspection and Its Benefits

Routelnspection
Routeinspectionwill give you an insightinto what may confront you while performingyour job. You
may see obstructions,issuesor gapswhich you would have not known unlessyou conductedthis
WAYaLISOlAz2yQ
RoutelnspectionBenefits
Followingarethe benefitsof a detailedroute inspection
w Routeinspectionwill giveyou aninsightinto what mayconfrontyouwhile performingyour job.
w Youmayseeobstructions,issuesor gapswhichyouwould havenot known unlessyou conducted
thisWA Yy aLISOGA2Y Q
w Planis verified with the actualphysicalocationto identify gaps Helpsin meetingY | y dz¥ I O (i dzNB |
specificationsregarding® 6 SNIR{. Plards@esignedkeepingin mind the health and safety
standardsAnyre-work dueto lackof properplanis avoided

w Accidentsare avoideddueto proper planning

Fig. 2.1.2: Effective route inspection

—2.1.3 Stepg; Route Inspection

Followingare the stepsfor route inspection
wSteplc Obtainan OFQoute plan
wStep2¢ Verifythe planthrougha RouteWalk
wStep3¢ Takecorrectiveactions
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—2.1.4 Step X Obtain OFC Route Plan

ObtainaWf | &esaiiinghe proposedOFQoute from the planningteam soasto identify the:
w Physicalocations(premisesor outside plant) alongthe route. Other utilities, cablesetc. so that
damagesare avoided
w Departmentsnvolvedg electricity,water, municipality etc.
w Permission(kequiredto carryingout the entire activity.
w Physicabbstacles healthhazardsalongthe route.
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Fig. 2.1.3: OFC route plan

—2.1.5 Step Z, Verify PlancWw 2 dzi S —2+ {1 Q

Conducta W w 2 A4 Rlor@ywith W C AGpte NS O K ydndah dxpéiencedd C AGpRNLI 50daS ND
to:
w Verifythe W LIt fdr gc€essibilityand availabilityasper design Verify constructionmethods,special
tools,splicelocations etc.
w Verify ground characteristicsincluding subsurfaceinvestigation it helps allay fears related to
trenching/ ploughing
w Drawandmarkbends,conduitsize,splicelocations,manholesgtc., soasto beginany preparatory
or co-ordinationwork (Ref nextpage)
w Mark the proximity to AC power areasto avoid possibility of damages/ accidentsCheckfor
materialstorageareas,ventilation,etc.

P —
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Fig. 2.1.4: OFC Route Walk

Avoid proximity to AC power areasto avoid any accidents Although the fiber does not conduct
electricity yet, fiber could be meansto conductelectricity, installer shouldtake precautionswith live
electricalwires in working when closeto ACpower. Mark other utility lines so asto avoid damage
Thereaftermakea sketchasper the route walk It is calledthe Ww 2 @ikE { S i OK Q
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—2.1.6 Step I Take Corrective Actions

Preparethe site sothat it isreadyfor installationby takingcorrectiveactionswith the help of laborers

w Takepermissiondrom other departments etc., if required Reviseoutes¢ bends,splicerlocations,
etc., if required

w Arrangefor the availabilityof any specialtools if required Removeor circumventany obstruction/
conflict alongthe route. Preparethe site thoroughly and properly for better productivity. Protect
opticalfiber cablefrom hightemperature

w Takemeasurego preventopticalcablesfrom direct stress

w Determinelocationswherereelsareto be positionedduringthe installation

Fig. 2.1.6: Take corrective actions

—2.1.7 Benefits of Route Inspection

Route inspection, especially in contexts like optical fiber installation, logistics, construction, or
transportation, playsa critical role in ensuringthe efficiency,safety, and effectivenessof operations
Herearethe keybenefits

1. Identifying Obstaclesand Risks
w Detectsphysicabarrierssuchastrees,poles,undergroundutilities, or difficult terrain.
w Helpsavoidpotentialhazardgshat coulddelayor complicatethe project
2. AccuratePlanning
w Allowsproperassessmenf distancesmaterialsneeded,and equipmentrequirements
w Helpsin preparinga detailedprojectplanwith realistictimelinesandbudgets
3. Improved Safety
w ldentifiesunsafeareasor zoneswhereaccidentsarelikely.
w Ensureshat safetyprotocolsare built into the planningphaserather than beingreactive
4. CostEfficiency
w Preventaunnecessargxpensedy identifyingthe bestpathsandreducingredundantwork.
w Helpsavoidcostlyreroutingor redesigningafter work hasstarted

R T—
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5. Complianceand Documentation

w Ensureghat all inspectionameetregulatoryor industrystandards

w Providesdocumentationrequiredfor permits,audits,or safetyreports.
6. EnhancedCommunication

w Providesstakeholderswith a clearunderstandingof the route.

w Ensureghat teams,contractors andclientsare alignedwith expectationsandchallenges
7. ResourceDptimization

w Helpsin selectingoptimalpointsfor equipmentsetup,accessoads,or stagingareas
w Reduceduel, labor,andtime wastage
8. EnvironmentalConsiderations
w ldentifiessensitiveareasto avoiddamagingecosystemsr violatingenvironmentalguidelines
w Helpscreateroutesthat minimizedisruption
9. ImprovedQuality Control

w Ensureghat routes meet technicalrequirementslike signalstrength (for fiber optics)or gradient
levels(for roads)

w Preventdnstallationerrorsandincreaseshe longevityof the infrastructure
10. Better EmergencyPreparedness

w ldentifiesalternateroutesor accesgointsin caseof emergencies

w Ensuregjuickresponsdimesduringincidentsor breakdowns

—2.1.8 How to Verify a Proposed Route Ensuring Compliaree
with Standards

Wheninspectingand verifyinga proposedroutet whether for optical fiber installation, transportation,
pipelines,or other infrastructure projects you needto ensurethat the route complieswith technical,

safety,regulatory,and environmentalstandards Belowis a structuredapproachto verify the proposed
route:

Stepl ¢ ReviewApplicableStandardsand Guidelines
1. Identifyrelevantstandards
wlLocalgovernmentregulations(e.g., road safetynorms, utility clearance)
wIndustryspecificstandardqe.g., telecom,electrical,mining,or environmentalcodes)

wSafetystandardssuchasPPEtrenchdepth, accessontrol, etc.
2. Documentrequirements

wRightof-way permissions
wMaximumgradient,curvaturelimits, and allowablematerials
wEnvironmentalmpactassessments

wUtility protectionprotocols

— B/
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Step2 ¢ Conducta Detailed Surveyof the Route

1. Physicainspection
wWalk,drive, or drone surveythe entire route.
wNote naturalobstaclesunstableterrain, or erosionproneareas

2. Mapping
wUseGPS3oolsto createaccuratecoordinates
wComparewith existinginfrastructureand utility maps

3. Crossverification
wEnsurethe proposedroute matchesthe layoutandengineeringdrawings

Step3 ¢ EvaluateSafetyand Accessibility

1. Accespoints.
wConfirmavailabilityof safeaccesgor equipmentandemergencyservices

2. ldentify hazards
wLookfor unsafeslopeswater bodies,wildlife corridors,or otherriskzones

3. Workersafetymeasures
wEnsurePPHEequirementsare practical
wEvaluatevhethertemporarysignageandbarrierscanbe installedwhere necessary

Step4 ¢ CheckUtility and EnvironmentalClearances
1. Consulutility providers
wAvoidinterferencewith powerlines,undergroundcableswater pipelines etc.
2. Environmentabssessments
wAvoidprotectedareaswetlands,andforestboundariesunlessproper clearancesre obtained
3. Mitigationplans
wPreparestepsto handlepotential spills,wastedisposalor habitat disruption

Step5 ¢ ConfirmTechnicaFeasibility
1.Desigrvalidation
w Confirmthat gradients bends,andterrain featuresconformto engineeringstandards
2.Loadbearingcapacity
w Evaluatevhetherthe groundsupportsmachineryor installationswithout risk
3.Signabr serviceefficiency(for telecomroutes)
w Ensurethat bends reflections,or interferenceg 2 yd@niptthe servicequality.

P
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Step6 ¢ Obtain Approvalsand DocumentCompliance
1. Prepareinspectionreports:
w Includephotographsmeasurementsandtechnicalassessments
2. Engagawvith stakeholders
w Getwritten approvaldrom regulatorybodies clients,and safetyinspectors
3. Maintaindocumentation
w Storeall permits,inspectionsandenvironmentalcomplianceeportsfor future audits

Step7 ¢ FinalChecklisBefore Execution
w Routealignswith all mappedinfrastructure
w Safetyhazardsare either avoidedor mitigated
w Technicaparameteramatchengineeringstandards
w Allnecessarpermissionsandclearancesre obtained
w Emergencyccessandevacuatiorroutesare verified
w Environmentatoncernsare addressed
w Documentatioris completeandaccessible

—2.1.9 ldentify Dependencies in a Route Inspection

Dependenciesire factors,resourcespr conditionsthat needto be in placefor a projector taskr like a
route inspectiort to proceedsuccessfullyldentifyingthese early helpspreventdelays,avoid conflicts,
andensureproper coordinationbetweenteams,vendors,or authorities

Howto systematicallydentify dependenciesn aroute inspection

Step1l ¢ Understandthe Scopeof the Route

Ask
w Whatisthe purposeof the route?(e.g., installation,transportation,surveying)
w Whatarethe startandend points?
w Whatarethe technicalandregulatoryrequirements?

Thishelpshighlightthe elementsthat mustbe readybeforeinspectionstarts

Step2 ¢ ListAll Activities Relatedto the Routelnspection
Forexample

w Surveyinghe terrain

w Verifyingutility lines

w Obtainingpermits

w Safetyaudits

w Equipmentdeployment

w Environmentabssessments
Eachof thesemaydependon somethingelse

R T—
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Step3 ¢ Identify Typesof Dependencies
ResourceDependencies

w Availabilityof surveyequipment(GPSools,drones,measuringdevices)

w Qualifiedpersonnelengineerssafetyofficers)

w Transportatioror accessehicles
RegulatoryDependencies

w Permitsfor digging trenching,or accessingestrictedzones

w Environmentatlearanceapprovals

w Localkuthority permissiongor workingin publicareas
TechnicaDependencies

w Existingnapsor infrastructuredata

w Communicatiorsystemdor coordination

w Datafrom utility providers(e.g., power, water pipelines)
EnvironmentalDependencies

w Weatherconditions(ho heavyrain, landslides)

w Seasonalestrictions(wildlife protectionzones)

w Groundstabilityandwater drainagepatterns
Inter-team Dependencies

w Coordinationwith operationsteams,safetyteams,and contractors

w Schedulingurveysaroundother ongoingactivities

w Clearhandoverbetweeninspectionandexecutionteams

Step4 ¢ Createa DependencyMap or List

Dependency Type Impact if Missing Who Provides It
GPS equipment Resource Survey accuracy Equipment supplier
available compromised
Local authority permit | Regulatory Inspection cannot Local government

proceed
Utility data map Technical Risk of damaging Utility provider
pipelines
Weather forecast Environmental Safety hazards increag Meteorological dept.
clearance
Survey team Resource Delay in execution Project manager
availability
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Step5 ¢ Validate Dependencies
w Arealldependenciesonfirmedor planned?
w Arethere fallbackoptionsif adependencyails?
w Whoisaccountablgor eachdependency?
w 2 K I théx@adlinefor eachdependencyto be ready?

Step6 ¢ Documentand Monitor
w Recorddependenciesn projectmanagementoolsor checklists
w Setremindersor alertsfor criticaldependencies
w Ensurecommunicatioriinesare openbetweenstakeholders
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— Notes




UNIT 2.2Choosing the right type of Optical Fiber

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Showhowto selectthe appropriateoptical fiber mode (SingleMode or Multi-Mode) basedon the
projectlocationand network design

2. Elucidate the basics of network design, including LAN/WAN integration and patch panel
management

—2.2.1 Choosing between Single Mode vs Multimode Optical
Fiber

Themanneran opticalwaveis transmittedis often referredto asthe mode Asthey reachthe optical
fiber, uniformly frequenciesopticalwavesare dispersedalongseveraltransmissiorroutes Mode is the
namegivento the specificpath that eachindividualopticalwavetakes

The Helmholtzequation for wavesis usedto compute the number of modesin a fiber optic cable
Applying boundary conditionsto Maxwell's equation results in the actual Helmholtz equation The
projectilesolutionsof Maxwell'sequationare the fiber optic modesasaresult
Themodaldispersiornphenomenahat occurinsidethe fiber optic cablecauseshe modes

Note: Thequantity of glassfiber strandswrappedinsidethe claddinghasabsolutelyno bearingon the
modaldispersion

—2.2.2 Overview of Single Mode Optical Fiber

Singlemode optical fiber is a specifickind of optical fiber made for the transmissionof singlemode
light. Thisindicatesthat this particular type of optical fiber allows the transmissionof variouslight
waveswith variousfrequenciesalong a single channel The preferred abbreviationfor these single
mode optical fibersin the sectoris SMFE Transversanode optical signalsare carriedviathe SMF This
indicatesthat althoughthe electromagneticscillationoccursin a perpendicularor transversedirection
to the lengthof the fiber optic core strand,the path of the opticalwavetransmissioris parallelto it.
Characteristicsf SingleMode OpticalFiber

Thefollowing featuresof singlemode optical fiber (SMF)makethem exclusive:

w SMHeaturesa micro corediameterof sizesrangingamid 8 to 10.5um. Thediametercladdingof
SMHs approximatelyl25um

w Laserraysbeingthe basisof optical signalsn SMF the categorizedoptical wavelengthsor SMF
is1310nmand1550nm

w ldeally,SMFofferslimitlessbandwidth,asit offersa singlelight transmissiormodeat atime

w Accordingo TIA598C,the industrialcolor-codingor sheathcolourfor an SMFs yellow for non-
military uses

— B/
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w Owingto higherfidelity for all pulseof light wavecoupledwith smallerdiametersthese

w SMFsareappropriatefor long-distancetransmissiorwithout excessiveignal/dataloss

w TheSMFsantransferthe optical signalover hundredsof kilometresat a transmissiorspeedof
40Gbps and above thousandsof kilometres at the transmissionspeed of 10Gbpsby using
dispersioncompensatiordevices

w Dependingon the variationin features,the singlemode optical fiber (SMF)is classified Let us
discusghe classificatiorof SMHurther

Typesof SingleMode Optical Fiber
Thegeneraltypesof singlemode SMFare listed below.

w O3 Thefirst type of SMFdescribedin ISO/IEQ1801is OS. Thecore diameter of this kind of
optical fiber is between 8 and 9 m. Thisfiber, however, experiencesa greater attenuation of
roughly 1dB/km. Thesignalweakensfrom one endto the other due to increasingattenuation
Becauseof this, this SMFis utilised for interior fiber-optic connectionsand relatively small
distances

w O 02 isan SMFvariantthat is generallysuperior. In ISO/IE@4702 it is described Although
it has a similar diameter of 8 to 9 m, the signalonly experiencesa slight attenuation of 0.4
dB/km. Lowerattenuationmeansthat the transmission'signalstrengthis constant Installations
of outdoor andlongdistanceopticalfibersfavourthis kind of SMFE

—2.2.3 Overview of Multimode Optical Fiber

Atype of opticalfiber createdfor the propagationof severallight signalgs the multimode opticalfiber.
MMF isthe abbreviationusedin industryfor multimode opticalfiber. Accordingo the different optical
signalwavelengthsmodal dispersionoccursin MMF. The MMF hasincreasedmodal dispersionas a
result Dependingon the refractiveindexof the glasscore material,the optic wavepropagationroute in
the MMFiseither zigzagpr semiellipticalin shape

Characteristicef Multimode Optical Fiber

The following characteristicsof Multimode optical fiber (MMF) make them ideal for certain
applications
w Thecore diameter of MMF is greater, rangingfrom 50 to 100 m. Thetypical core sizesfor the
basictypes of MMF, however,are 50 mm and 625 mm. The cladding'sdiameter staysat 125
meters
w Theclassifiedopticalwavelengthan MMF remain850nm and 1300hm sincethe light sourcesare
either verticatcavitysurfaceemitting lasers(VCSELsY light-emitting diodes(LEDS)
w Modaldispersionimits the MMF'srangeof operation MMF bandwidthhasa theoreticalvalueof
2800MHz*km

w Theindustrialcolor-codingor sheathcolourfor MMFis an orangeor aquajacket,per TIA 598C
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Typesof Multimode Optical Fiber
Refractiveindex and signalbehaviour alongwith a classificationscheme,are the major two criteria
usedto dividethe multimodeopticalfiber (MMF)into two categories
w Basedon Systemof Classification Both the 1SO11802 and the TIA492-AAAD classification
methodsare usedto categorizemultimode optical fiber. Let'sunderstandabout the following
categories OM1: Accordingio 1S011802 OML1 is a categoryof MMF. It hasa core diameter of
62.5 mm. Theseopticalfibersprovidemore bandwidthand are FDDigradecablecompatible
w OM2: Accordingto 1SO11802 OM2 hasa core diameter of 50 mm. It is intendedto provide
usersmore control overhow light signalsspread
w OM3: Thecore diameterof OM3 is 50 m, andit is alsodescribedby 1ISO11802 Thisparticular
MMF, however,is madefor laseroptimizedpropagationover VCSELSs
w OM4: It isan MMFtype that is specifiedby TIA492AAAD Althoughit hasa 50 m corediameter,
it is made for high bandwidth, long-distancetransmission It supportstransmissionrates of 40
and100gigabitsper secondovera 125meter distance
w Basedon the Refractivelndex and SignalBehavior The behaviouror courseof a signalvaries
dependingon the refractive index of the material that makesup the core of the glass The
followingtypesof MMF are establishedasedon the same
w Multimode GradedindexFiber Thiskind of optical fiber hasa core madeof a substancewith a
graduated refractive index This indicates that the refractive index of the core gradually
decreasesluring signaltransmissioracrossa cable Thesignalbehaviouror path of propagation
in this type of cableis semiellipticaldue to the gradedrefractiveindex In this cable,attenuation
andopticaldispersionare reducedbecauseof the sametype of propagation
w Multimode StepIindexFiber Thisvarietyof MMF hasa corewith adiameterof 100m. Thereisa
variationin the refractiveindexthroughoutthe fiber asa result of the big diameter. Completeor
partial refractioninsidethe coreis causedby a randomlyfluctuating refractiveindex at various
refractionangles

—2.2.4 Difference between Single Mode and Multimode——
Optical Fiber

Inadditionto the features,there are severalwaysto describethe distinctionsbetweensinglemodeand

multimode opticalfiber. Thehighlighteddistinctionsbetweensinglemode and multimode opticalfibers

arelistedbelow.

Impactof Optic WavePropagation

Aswassaidin earlier sections,it is understoodthat the modal dispersionand refractive index of the

codeglassmaterial affectshow opticalwavespropagatein different ways Theinput and output signals
sentby fiber opticsare impactedby this variationin the propagationpath.[ S talRaboutthe effectsof

opticalfiber cableghat are singlemodeand multimode.
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SingleMode Optical Fiber

Sincemodal and light dispersionare negligiblein singlemode optical fiber, the light wave propagates
linearly. Asa result, there is lessattenuation and the signalstrengthis constant Asa result, acrossa

great transmissiondistance, the input signal and output signal are of equal strength in SMFE

Additionally, all of the data packetsarrive at the output end of the optical fiber since many optical

waveswith different frequenciesmay Communicatevia SMFbut they all take the samepath. Asa

result, the securityof datatransferfrom the sourcedeviceto the receiveris maintained

Multimode Optical Fiber

Let'sunderstandabout how both of the waysthat multimode optical fiber cabletransmitsinformation
affectthe input andoutput signals
A Zigzad.ightPropagationDueto increasedefraction, light dispersiorand attenuationare higherin
the zigzagform of light propagationin the MMF. As a result, with this kind of MMF light
propagation,signallossoccurs Additionally,becauseoptical waveshave zigzagrransmissiondue
to refraction at various angleswith variable frequencies,each optical wave follows a distinct
transmissionpath. As a result, light signalsare transmitted at varying speedsusing MMF. As a
result, there is a chancethat certain optic data packetswill arrive at the recipient later than
expected Dataislostasaresult

A Semielliptical Light Propagation Becausehe light beam doesnot hit the core wall during semi
elliptical propagation,there is lessrefraction and optical dispersion The samecausegust slight
attenuation Additionally,all light wavesthat propagatein this mannerhavea point-to-point semi
elliptical shape Asa result, eachwavearrivesat the samelocationand is then transferredto the
receivingdeviceasawhole. Becausef this, there isavery smalllossof datapackets

Optical ResourceRequirement

Both SMFandMMF installationrequire specificresourcedike light sourcesgconnectors,

SingleMode Fiber

If placedfor longdistanceuse,the SMFneedsoptical amplifiersto lessendispersionin additionto a

laserdiode asa light resource Toinjectthe laserbeaminto the opticalfiber, thesecomponentsneedto
be calibratedprecisely

Multimode Optical Fiber

TheMMF needsVCSELar LEDdiodesasits light source Additionally,if the MMF is installedfor longer
distancetransmissionthen the integratedcircuit mayneedsignalamplifiers,connectionsandrectifier

Costof Deployment

Despitebeinglessexpensivethan multimode, singlemode optical fiber cable neverthelesscostsmore
to installthan multimodefiber. Thisis dueto the highercapitalexpenditurerequiredfor optical sources
andintegrateddevicesn the SMFetwork than MMF. In general the equipmentfor laserdiodesis 1.5¢

5 times more expensivethan that for LEDdiodes Additionally, SMFimplementation costs may be

higherthan MMF dueto the potentialneedfor amplifierupgradesandsystemupkeep
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Application Compatibility
Oneof the distinctionshetweenSMFand MMFis their compatibilitywith variousapplications
A Longdistance optical fiber networks, where the signalintensity is anticipated to remain at its
greatest, use SMFs Campusfiber optic connections,submarinefiber optic connections,distant
office connectionsetc. are examplesf commonapplicationdor SMFs
A Fiberoptic cablesare mostly utilised with MMFs Theseare utilised for telecomconnections| ANs,
video/audio/multimediatransmissionCCT\optic fiber connectionsetc.

—2.2.5 How to Select between Single Mode vs Multimode—
Optical Fiber

Onemusttake into accounta number of criteria while choosingbetween singlemode and multimode
fiber optics for a particular application Considerableaspectsinclude applicationrequirements,fiber
costs,installationsystemcosts,equipmentinstallationrequirements,transmissiordistanceand speed,
amongothers Theseselectionparametersmust be thoroughlycomparedbefore choosingeither single
modeor multimodeopticalfibers

ComparisorChartfor ConvenientSelection

SelectionParameter SingleMode OpticalFiber  Multimode Optical Fiber
1 Priceof Fiber Low High
2 Priceof Equipmentand Installation| High(1.5-5 timesmore) Moderate
3 Attenuation/ SignaDispersion Low Moderate
4 Bandwidth High Low
5 Transmission Low High
6 Transmissioistance High Low
7 DataReliability High Moderate

—2.2.6 Basics of Network Design

Network designis the processof planningand structuringhow devicesand systemswill communicate
with each other. A well-designed network ensures efficient data flow, scalability, security, and
reliability. Below is a breakdown coveringfundamental principles, LAN/WANintegration, and patch
panelmanagement
1. Basicof Network Design
Purposeof Network Design

w Enableseamlessommunicatiorbetweendevices

w Supportdatasharingandcollaboration

w Ensurescalability performance andsecurity

w Allowfor monitoring,troubleshootingand maintenance
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KeyElementsof Network Design

1. Topology Defineshow devicesare connected
wStar,bus,ring, mesh,hybrid

2. Protocols; Rulesfor communication
WTCP/IPHTTPFTPSNMP

3. Hardwareg Physicatomponents
wRoutersswitchescablesserversfirewalls

4. IPAddressing; Allocatesuniqueidentifiers
wStaticvsdynamiclPs

5. Securityg Protectsdataandaccess
wFirewallsVPNsauthenticationmethods

6. Redundancy Reliability
wBackupinks,failoversystems|oadbalancing

7. Scalability
wDesignindor future expansiorandincreasedraffic

2. LAN/WANIntegration
LocalAreaNetwork (LAN)
w Coversaasmallarealike anoffice or building
w Providedastdatatransferspeeds
w Typicallyusesswitchesrouters,andwired/wirelessconnections
w ExampleComputersprinters,serversconnectedwithin acampus
Wide AreaNetwork (WAN)
w Connectsnultiple LANsacros<cities,regions,or globally
w Usedechnologiedike leasedines,MPLSor VPN
w Enablesemote communicatiorbetweenoffices
w ExampleCorporatebranchofficesconnectedviathe internet or privatelinks
Integration of LAN& WAN
1. RouterConfiguration
w Routedraffic betweeninternal LANandexternal WAN
2. VPNSetup
w Securaemoteacces®verpublicnetworks
3. BandwidthManagement
w Ensuresptimalusagefor both localandremotetraffic
4. Addressingk Routing
w Useof subnettingto organizeL ANsandefficientrouting protocolsfor WAN
5. RedundancyndFailover
w Ensuresonnectivityif one path fails
6. SecurityPolicies
w Firewallsandencryptionprotocolsto protect dataasit movesacrossetworks

— B/
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3. PatchPanelManagement
Apatchpanelis a passivenetworkingdevicethat connectsand managexableswithin a network.
Purposeof PatchPanels

w Organizeandcentralizecablemanagement

w Simplifytroubleshootingand maintenance

w Allowflexibleconnectiondetweendevicesand network ports

w Improveairflow andreduceclutter in serverroomsor datacenters

BestPracticedor PatchPanelManagement
1. Labeling
wEachport andcableshouldbe clearlylabeled
wMaintaindocumentationmappingcablesto devicesor switches
. CableManagement
wUsestructuredcabling(Cabe, Cas, fiber optics)
wAvoidtanglingand stresson cablesby usingcabletraysandties
3. PortUtilization
wGroupportslogicallypbasedon departmentor floor
wLeavespareportsfor future expansion
4. Maintenance
wRegularlyinspectconnectiondor loosecablesor wear

N

wEnsurecablesare properlyseatedand avoidover-bending
. ColorCoding
wUse different colored cablesto distinguishbetween types of connections(e.g., data, voice,
video)
6. Documentation

62

wKeepupdateddiagramsand cablescheduledor quickreference
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—Notes

Scan the QR Code to watch the related videos

https://www.youtube.com/watch?v=jZ0g39v73c4

Opticalfiber cables, how do they work?

=,


https://www.youtube.com/watch?v=jZOg39v73c4
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UNIT 2.3Fiber Optic Tools and Tool Kit

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Describehe importanceof maintaininga properand completetool kit

2. Demonstratehow to arrangetools, includingadvancedcablehandlingequipmentand spares for
installation

3. Showhowto confirmthe proper placementof the cabledrum at the site.

4. Demonstratehow to test cableson the drum for opticalcontinuity.

—2.3.1 Fiber Optic Tool Kit

Righttools in best conditionwill ensurethe bestresultin splicingand connectorization|t is suggested
to keep the complete set of fiber optic tools needed for splicing,connecting,troubleshootingand
testing Fiber optic installer requires full list of fiber optic tools (needed start from installation to
troubleshooting)

Thetool kit primarily consistsof:
wTestingequipmentandtestingsuppliesand consumables
wCablehandlingtools.
wTermination/splicingoolsandconsumables
wSplicingsplices

BasicChecks Fig. 2.3.TFiber optics tool kit

Ensuretools, equipmentavailabilityfor testing, splicing,cablelaying Referto the list of tools neededin
the tools manual In caseof unavailabilityof anytool, get in touch with logisticsteam. In caseof faulty
toolsandequipment,getin touchwith logisticteam. Keepyourtool-kit absolutelyclean
Remembethat thesetools varyfrom organizationo organizationdependingon their needand budget
asthe casemaybe.
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—2.3.2 Various Optical Equipment

FibreOptic Tools
It isimportantto havepropertoolsandfibre for completetelecomcommunication

Toolsfor Installer'sToolbox Overview

1. CablePreparationTools

TubingCutter It is usedo cutthe cable
jacket,andarmour,cleanly

‘ without damagind) 6 S N& &

RotaryCableSlitting&
Ringingrool

Usedfor slittingand ringing
(circumferentiakcuts)on cable
jackets.

CableJacketStripper Removeshe pfotectiveouter
g jacketof U6 S NJ 2 LJG A G

— ’ approximately2-3mm.
__,‘ - —

s

O«
(@]
—

FiberOptic Stripper Helpsto removeprimary
coating fromU 6 SNJ 6 A {i|K|2 dzi
nicking the optidJ 6 $t ik
alsocut 2-3mmcablejacket.

Cuts2 I O S Gtubésitzii S INJ
loose tube cables. It @milar
to UTHacketcuttersand
preventsU 0 8aiihge

. dz{i TaibeStripper

KevlarScissors » Super shargcissoraisedto
N cutKevlarl 6 Nd&F&cable.
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Toolsfor Installer'sToolbox

Overview

LinemarScissors

Heavyduty scissor$or Cutting
thicker cablematerials.

2. Splicing& TerminationTool

CrimpTool CrimpsU 6 Spidconnectors
onto the cable.lt is used in
termination.

Scribe Usedto scoreandcleavel 6 S

duringtermination. Sapphire
or carbidearebest.

NJ

NeedleNosePliers

Usedwhenaccessingipcords
or strengthmembersinsidethe
U 0 Spidcable.

Tweezers Usedto handle andposition
individualU 6 SINk#gsplicing
or termination.

Fusiorsplicer Coretool that alignsandfuses

U o Saittselectricarc.
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Toolsfor Installer'sToolbox Overview

Fibrecleaver Preciselycleaved) 6 8nidd for
fusionsplicing.

Protectthe splice jointfrom
stressandenvironmental
factors.Usethe type
recommendedby the fusion
splicer, manufacturer

Fusiorspliceprotectors

Mechanicabplices AIternatjvetg fusion, usedfor
joiningU 0 Swhittimechanical
alignment

3. Polishing& ConnectorizationTools

PolishingPlate Basesurfacefor polishing.
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Toolsfor Installer'sToolbox Overview

PolishingPad Softunderlaybeneath
polishingd f Y @

Insert connectointo this
polishingtool, layon polishing
paper.Holdsthe Ferrule
connectorsin placeduring
polishing.

PolishingPuck

Usedto cure epoxyin
connedors. Portablesandeasy
handling

ConnectoiCuringOven

( Adhesiveor UE A y 3
( connectors. "BiPax" package
/y hasepoxyandhardenerin

' plasticpackagethat is mixed
in the packageCan baused
with many connectors at one
time

Heat Cue, 2-Part Epoxy, 2.5
Gram

Usedto cutcorner2 {epoxy
packageCheapnceare
available whicltan be used
andthrow.

Cheascisas

T
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Toolsfor Installer's Toolbox Overview
Anaerobic Adhesive Fasteradhesive method.
Acceleator (optiond) Used inanaerobic connector

termination.

4. Testing& Inspection Tools

Hashlight Gontinuity
Tester(MM only) or
Visual Fault Locator
(VFLred laserSMor

Usd for Testing purpose-
bright, visiblelight sourcefor
checking continuityr tracing
U érs, VA_can Undfautsalso.

MM)

Lightsource Providesstable optical signal for
testing.

Powemeteradapters Measuresoptical power at Uber
ends.Canbe used on2.5mm
ferrules.

ReferencelestCables Pre-tested, low-loss cables for
acarate measurements. To be
usedbasedon connector
Types.

Gonnecta Mating Comedorswith precison

Adapters alignment sleeves

(ceramic/metal preferred)-
ST/ ST, ST T, etc, or hybrid ST/
SC
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Toolsfor Installer'sToolbox

Overview

Connectoinspecion
microscope

Inspects endacesof
connectorsfor dirt, cradks, or
defects.

ST. I NB addpief NJ

Usedin testingandit allows

directtestingof bareU 6 S NA& |
Optical TimeDomain Used inOSP cablesnd
w S b $etierZlOTDR) troubleshootproblems.
Advancedool to measureoss,
locate faults, and characterize
U o Sphids.
5. Cleaning& SafetyEquipment
Alcohotsaturatedpads . Usedto cleanU 6 Sahda
: m connectorsbefore
: % P splicing/termination.
\ § .: ;g
Y f2 §0
a 3 F n;a
Q
Wipes& ReagenGrade Forprecisiorcleaningpf U 6 S NJ

Alcohol(99%-+ethanol)

endsandequipment.
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Toolsfor Installer'sToolbox

Overview

Labwipes Lint-free wipesfor cleaning
connectors/tools.
W
ST
Dryconnector cleaner Dryconnectorcleaner

TrashBin(with lid)

Safedisposabf U 6 Schipsi-
pint deli container with lid
workswell.

Blackwork mat

Providegontrastbackground
toSFaArte asSiS
helps seehe U 6 Schapsto
Clean.

K A

Safety glasses

ProtecteyesF N2 Y U0 S
andlaser light.

NJ

Table2.3.1 Toolsand Equipmentisedin FibreOptics

KI N

ax
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—2.3.3 Optical Power Meter (OPM): A Must for Fiber Cable—
Testing

Atestingtool usedto preciselymeasurethe power of fiber optic equipmentor the power of an optical
signaltransmitted through a fiber cableis an optical power metre (OPM),also known as an optical
power metre tester or OPMtester. TheOPMtester, which consistof a calibratedsensorthat measures
anamplifiercircuitanda display,canbe usedto install,troubleshoot,and maintainanyfiber network

Additionally,it can adaptto different connectortypes like SC,ST,FC,etc. The optical power metre
typically hasfive buttons. the POWERutton, the LIGHTbutton, the dB button, the ZERutton, and
the button. Belowisa list of eachbutton's functions

Anintuitive wayto measureoptical poweris by lookingat the opticalpower metre readingon the OPM
screenwhichis displayedin dBmunits. Themilliwatt referencepower is indicatedby the letter "m" in
the term "dBm." Thepower of a sourcewith a power level of 0 dBmis therefore 1 milliwatt. Similarto
how 0.1 milliwatt equals-10 dBmand 10 milliwatts equals+10 dBm Thelossincreasesasa number
becomesdncreasinglynegative OPMtestsmeasurea negativenumberfor loss,but in everydayspeech,
it isreferredto asa positivenumber. Forinstance the lossis 3.0 dBif the optical power metre reads"-
3.0dB" In addition, different network typesresultin different opticalpower ranges

ZERO | ZERO Button

@ POWER Button

Press this button for 3s then enter into
Control tuming on or off.

zero calibration procedure.

LIGHT 'LIGHT Button A AButton

Turn on or off LCO backlight. Choose different wavelength.

dB | dBButton LIGHT + A
Press this two buttons simultaneously and

Choose the display unit.
then enter into self-calibration procedure.

Fig. 2.3.2 Optical Power Meter

Network Type Wavelength (nm) Power Range (dBm) Power Range (W)
Telecom 1310, 1550 +3 t0-45 dBm 50 nW to 2 mW
Datacom 650, 850, 1300 0 to-30 dBm 1 to 100 uW
CATV, DWDM 1310,1550 +20 to-6 dBm 250uWto 10mw

Typesof Optical PowerMeter

OPMtesterscomein a variety due to resolutionsthat rangefrom 0.001dBto 0.1dB. Dependingon the
requirementsof the test, one should selectan acceptableresolution for measurement For instance,
laboratory networks often require OPMtesters with a precisionof 0.01dB, whereasa few specialist
fiber optic powermetreshavearesolutionof 0.001dB.

Additionally, the physical limitations of transferring standards using optical connectors result in
measuremenuncertaintiesfor fiber optic power metresthat are essentialljthe sameacrosshe board
No matter what the display'sresolution,mostmetreshavean error of +/-5 percent,or roughly0.2dB.
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FiberOptic PowerMeter TestProcedure

An OPMtester and a light sourceare two piecesof handheldequipmentrequiredto evaluatea fiber
optic system'sperformancefrom beginningto end. A wavelengthof light is transmitted alongthe fiber
by the light source Thepower metre readsthe optical power levelof the light at the other end of the
cable and calculatesthe amount of signal loss Optical power metres should utilise the same
wavelengthasthe light sourcesinceoptical fiber lossvarieswith wavelength Forinstance the optical
power metre shouldbe setto 131hmtestingif the light sourcerunsat that wavelength

Lossbudget (TIA/ElAspecificationlimits)
Element Insertion Loss

<0.3dBat allwavelengths

Splice

ConnectorPair <0.75dBatall wavelengths

Theconnectionattenuationallowanceshouldbe matchedto test resultsasfollows.
Link Attenuation Allowance (dB) = Cable Attenuation Allowance (dB) + Connector Insertion Loss
Allowance(dB)+ SplicelnsertionLossAllowance(dB)

One-Jumper Reference Method

Remote
Main Tx Jumper Main Ada;\)ters R':?l’::\t:e r

Rx Jumper

Rx
0 aBm 0.4 dBm
o -
- = | & | = &)
Main Unit Remote Unit Main Unit Remote Unit

1) Set reference 2) Check jumpers




Optical Fiber Technician

—Notes

Scan the QR Code to watch the related videos

https://www.youtube.com/watch?v=fCX7U20CWes

Fiber Optic cable splicing

L n


https://www.youtube.com/watch?v=fCX7U2oCWes

UNIT 2.4installation of Fiber Optic Cable

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Describethe standardproceduresfor trenching,cablelaying,splicing jointing, blowing,and back
filling.

2. Discussthe procedures for sealing joints using heat shrinking, multi-diameter seals, and
mechanicakeals

3. Determinethe keystepsinvolvedin developingan effectiveinstallationwork plan.

4. Describethe methods for managinglabor and coordinatingwith third-party vendorsin optical
fiber projects

5. Demonstratehow to ensureadherenceto manufacturerspecifiedbendradii and managetension
duringinstallation

6. Demonstratehow to overseecableblowing/jetting usingadvancedlowingmachines

7. Showhowto verify additionalcablelength(loop)is availableat jointing locationsfor future use

8. Demonstratehow to ensureproperuncoilingandalignmentof PLBducts

9. Explainthe installation proceduresfor ultra-low loss cablesand their significancein network
performance

10. Demonstratenow to ensurecompatibilityof ultra-low losscableswith projectrequirements

11. Explainthe importance of standardreporting, documentation,and asbuilt diagramprotocolsin
opticalfiber installation

—2.4.1 Fiber Optic Cable Specification3ensile Strength ——

TensileStrength- is the maximumload that canbe set upon a link before any harm strikesthe strands
or their opticalattributes:
w Themaximumloadthat a cablecanwithstandat the time of layingisthe short term or installation
load
w The operating load is the load that impact on cable after the installation and it will be less
comparedo the installationload
w At the time of installation, the main concernwill be to lay the cableswith minimum load as
possible ¢ K | Wh@ there will be a definite tensile load value on every cable and the actual
practicalload shouldnot be exceededt.
w Thisisthe practicalpermissibldimit but not a cabledamagindoad
w Themaximumloadthat a cablecanwithstandat the time of layingis the short- term or installation
load. Theforce maybe becauseof pullingoversharpobjects/cornersor pullingthroughthe ducts
w At the time of installationitself, installerswill measuresand control the stresswith which they
pullingopticalfibersto avoidsuddenhard pulling
w Theload whichwill effect on installedcablewill be lessandthis load valueis termed asoperating
loador longterm load.
w Accordingo the applicationin whichwhere we are layingthe cable,both the tensileloadswill be
indicatedon the cablesheath

o
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(V)
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—2.4.2 Fiber Optic Cable Specification8end Radius ———

BendRadiugs the minimumradiusthat one canbendan opticalfiber cablewithout damagingt. If the
Bendings morethan the permissibldimit, the fiber losswill be more at the following points.

Donot bendthe fiber cableovera permissibleradiuslimit.
Liketensileloadsthere are 2 bendradiusesjnstallationradiusand Staticradius

Theminimum bendradiusvaluethat a cablecansustainthe attributes without any breakageat
the time of installationis calledinstallationbendradius Thisbendwill be higher(Radiusshould
be minimum)

The bend radius which is acceptableafter the installation of optical fiber without any pulling
forceiscalledlongterm bendradius Thebendvaluewill be less(Radiushouldbe higher)

Dependson the applicationof cablewhichwhereit isusingthesevalueswill be different.

Thecarelessness the fiber handlingwill normally make the bend radii to exceedpermissible
value Normallyit will happenat the time of pulling cablethrough duct whenthe bendradii are
too small

Cableshould not bend exceeda permissiblelimit when it is going through trays or when
installing

Opticalfibers are very flexible to use in outdoor and indoor applications Eventhough there
shouldbe chancesf bendingopticalfiber cablesin cornersor at the nearto equipments These
overbendingcandamagethe fiberspermanently

Another causeof damagesn optical fiber is tight wrapsaroundthe cablenormally at the user
end.

CORREC

INCORRECT

Fig. 2.4.1: Bend radius




Optical Fiber Technician

—2.4.3 Fiber Optic Cable SpecificationSrush & Impact———

Crushand Impacthelpsto make sure howeverwell an optical fiber canlive through slow crushingor
compressiorimpact Thelive cablewill be crushedor compressedat any point to measurechangesn
optical power lossasper the test procedure Foreverycustomerrequirementpermissibleattenuation
will be specifiedfor a particularcompressioror impactforce.

w Tomeasurethe changesn opticalfiber characteristicandfor the fiber breakagevaluesthe optical
fiber cablesmaybetested

w Forthe practicalinstallationthesecrushandimpactmeasurementsre essential
w Theductor tray whichis usingto run the heavierpower cablecanbe usedby opticalfiber cables

w It is better to avoidlarge compressivdoad on optical fibers, and to makethat optical fiber cable
shouldbe lay on the top or sidesof heaviercables If the compressivdoadis more on fiber cables
it canproducephysicadamages

w Thechancesf getting damagein installedoptical fibers are more if they are shiftingwith a large

weightonit.

Fig. 2.4.2: Bend radius

Refractionof Light

Thephenomenonof a light ray changingdirectionasit travelsthrough a transparentmediumis known
asrefraction of light. Therefractiveindex of the mediumsdetermineshow muchthe direction of the
lightrayvaries

Totalinternal reflectionis the only foundationuponwhichopticalfibersare built. Theillustration below
explainghis.

total internal reflection cladding (low refractive index)

AN N
N/

core (high refractive index)

Fig. 2.4.3: Refraction of Light

R
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Along, thin strandof ultra-pure glassyoughlythe sizeof a humanhair, is an opticalfiber. Tocarrylight

messagesacrosgreatdistancesppticalfibersare bundledtogetherinto opticalcables

The core, cladding,and buffer coatingmake up typical optical fibers. The fiber's interior, or core, is

wherelight travels Theentire coreis encasedwith cladding Lightin the corethat strikesthe cladding's
boundaryat an anglelessthan the critical anglewill be reflected backinto the core by total internal

reflectionbecausehe refractiveindexof the coreis higherthan that of the cladding

The core diameter spansfrom 8 to 625 m for the most popular varietiesof optical glassfiber, which

include 1550 nm single mode fibers and 850 nm or 1300 nm multimode fibers. The most typical

diameterfor claddingis 125m. Typically buffer coatingsare madeof acrylicor nylon, two typesof soft

or hard plasticwith diametersrangingfrom 250to 900 m. Thefiber is protected mechanicallyand has
bendingflexibility thanksto buffer coating

Polarizatiorrmaintaining optical fiber:

In fiber optics, polarizatiormaintainingoptical fiber (PMFor PM fiber) is a singlemode optical fiber in
which linearly polarizedlight, if properly launchedinto the fiber, maintainsa linear polarizationduring
propagation,exitingthe fiber in a specificlinear polarizationstate; there is little or no crosscouplingof
optical power betweenthe two polarizationmodes Suchfiber is usedin specialapplicationswhere
preservingpolarizationis essential

Specializeduses for polarizationmaintaining optical fibers include quantum key distribution,
interferometry, andfiber optic sensing Sincepolarisedlight is neededasinput for the modulator, they
are alsofrequently employedin telecommunicationgo connecta sourcelaseranda modulator. Dueto
its high cost and lower attenuation than singlemode fiber, PM fiber is rarely employedfor long
distancetransmissionFiberoptic gyroscopeswhich are frequently utilisedin the aerospacesector,are
anothersignificantuse

The polarisationextinctionratio (PER)which s the ratio of correctlyto wrongly polarisedlight and is
givenin dB,is commonlyusedto describethe output of a PM fiber. With the useof a PERmetre, PM
patchcord and pigtail quality canbe assessedExtinctionratiosin exces®f 20 dBare a signof goodPM
fibers

Polarizatiorcontrolusingdifferent fiber squeezes

—2.4.4 Fiber Optic Cable Specifications Attenuation

Attenuationisthe decreasingpticalpowerwhena

light signalis travelling from senderto receiver s catteying Absorption
There are different classificationsof attenuation, -
according to the cause of loss in power. %
Attenuation can happen becauseof Absorption, g
Scattering,Birefringence and Bendingetc. Optical Zl Tl
attenuationistermedindB(decibely | ) \ ) e
850 1300 1550
Wavelength
Fig. 2.4.4: Cable
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Fig. 2.4.5: Attenuation in Optical Fiber

Attenuation:

Attenuation refers to the weakeningof a signaland can affect any sort of transmissionanalogueor
digital. Becausehis is a typical result of a signalwhile it is transmitting acrosslong distancesjn some
circumstancest might be referred to as attenuation loss This can be expressedin terms of DBs
(decibels)for eachfoot, kilometre, thousandfeet, etc. in some cables,suchas conventionalor FOCs
(fiber optic cables) Whenthe attenuationfor eachunit distanceis low, the cableefficiencyis high

A repeater or repeatersmust be addedto the length of any cablewhen it is necessanto transmit
signalsover vastdistances Becauseepeatersare crucialin boostingthe signal'sintensity to overcome
this. So,thisimprovescommunicatiorat its highestpossibldevel

Thereare different typesof attenuationswhichincludedeliberate,automatic,andenvironmental

A Deliberate Wherever a volume control can be used to lower the sound level over consumer
electronicsthis form of attenuationmayoccur.

A Automatic By detectingautomaticlevel to activate attenuation circuits, this type of attenuation is
usedto stopthe distortion of soundin TVsandaudioequipment

A Environmental Thistype of attenuation refers to a reduction in signal strength causedby the
transmissiormedium,whichmaybe wireless fiber optic, or coupledto copperwire.

Compositional Fluctuation

/

Cladding

R \,_~
SR N

Cladding

Fig. 2.4.6: Attenuation
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—2.4.5 Fiber Optic Cable Specifications Continuity

Fiberend continuity is the testingmethod usingto verify the optical signaldeliveryat the receiverside
of the communicatiorsystem It isworkingby measuringhe optical sighalpower at the both end of the
fibersandalsocanbe worksby checkinghe reflectinglight intensity. If the reductionin the intensity of
lightpulsesisWA y & A JoyWA | FSEBofYinuifyis goodandthe OFQsfine.

Fig. 2.4.7: Fiber optics continuity checks

—2.4.6 Dispersion in Fiber Optic Cable

Dispersionin optical fibers

The processby which an input signalbroadens/spread®sut asit propagates/travelgdown the fiber is
referred to as optical fiber dispersion Modal, chromatic, and polarisationmode dispersionare the
typicaltypesof dispersionin fiber optic cable

In multimode fibers and other waveguidesa distortion mechanisnknown asmodal dispersioncauses
the signalto be spreadout in time asa result of the variousmodes'varyingrates of propagation Asis
commonknowledge light raysenteringa fiber at variousanglesof incidencewill follow variousroutes
or modes Asshownbelowwith a step-indexmultimodefiber, some

of these light rays will travel directly through the fiber's centre (axial mode), while others will
continually bounceoff the cladding/corebarrier and zigzagtheir way through the waveguide Modal
dispersion(or intermodal dispersion)occurswheneverthere is a bounceoff. Themodel dispersionwill
increaseasthe pathlengthens

The varying speedsof light rays causea phenomenonknown as chromatic dispersion,which is the
spreadingof a signalacrosstime. Theeffectsof material and waveguidedispersioncombineto create
chromaticdispersion

Chromatic Dispersion

High-Order Mode (Longer Path) Cladding

Core 1
P xial Mode (Sh Path)

Lower-Order Mode (Shorter Path)

Claddi s
= Ideal Pure Chromatic

Light Wave Dispersion

Fig. 2.4.8: Chromatic Dispersion

T
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Thepolarisationdependencyof the propertiesof light wave propagationin opticalfibersis represented
by polarisationmode dispersion(PMD) The propagationcharacteristicsof light waveswith various
polarisationstatestypicallyvariesslightlyin optical fibers. Whenconsideredasan energywaveor area,
light has two axes that are perpendicularto one another, the electromotive force and the
magnetomotiveforce. PMDhappenswhenthe energyin thesetwo axesmovesat a different rate in a
fiber.

Polarization Mode Dispersion

Optical Pulse }

Differential Group Delay

Fig. 2.4.9: Polarization Dispersion

Despitethe fact that opticalfiber dispersioncanspreadand distort informationin manydifferent ways
over time, it is not always detrimental to the transmissionof telecom signalsacrossfiber optic
networks When employing wavelength division multiplexing, it is really preferable to have some
dispersiorbecauseét couldlesserthe impactsof nonlinearity.

A technique for multiplexing several services onto optical light lines is provided by the
telecommunicationsndustry standardprotocol known as optical transport networking It wasinitially
intendedto encouragehe expansiorof networksbeyondSONET/SDH

Technologicasolutionslike OTNare being modified as network serviceprovidersdeal with the ever
growingchallengeof rapid usergrowth and increasingdigital traffic, with thingslike mobile apps,social
media,cloudcomputing,VolP andvideochatting

The majority of contemporary networks are packedbased and feature multiple services and
applicationswith varyingdemandson bandwidthand transmissiorperformance,in contrastto circuit
basednetworks of the past, which frequently consistedof predictable connectionsbetween pairs of
endpoints

Theinformationstructureis calledthe OpticalTransportModule (OTM)
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SONET/SDH Emerne, _s
IP/MPLS, etc... : '
For Client Service Mapping —> ‘ o OCh Payload Unit (OPUK) Payload
s > I R
and Multiplexing > %’ OCh Data Unit (ODUK) Payload

For Transmission —> OCh Transport Unit (OTUk) Payload

Adaptation
¥ Analog

For Management

Optical Multiplex Section {OMS)
Optical Transmission Section (OTS)

Fig 2.4.10: Optical Transport Module

Benefitsof Optical TransportNetworking

Lowercost OTNprovidesan economicalmethod of filling optical network wavelengthsand eliminating
excessivexpenditureby transportingnumerousclientson a singlewavelength

Performance OTN enables performance to be managed for each client by allowing individual
configurationof bandwidthto eachserviceor groupof services

Spectrakfficiency Byguaranteeingonstantfill ratesall throughouta network, OTNoffers efficientuse
of DWDMcapacity

Flexibility OTNnetworkslet operatorscustomisethe technologieshey use at the moment while also
allowingfor the adoptionof new onesasandwhen clientsdemandthem.

Security OTNoffers a high level of privacyand securitybecauseto the use of hard segmentationof
traffic on dedicatedcircuits

—2.4.7 Signal Strength and Quality KPIs of Opti€iftle ———

TheThree/ fanOpticalFiber The"three C's"arethe fundamentalcomponentsof an opticalfiber in
termsof fiber testing

w Core A carefullytreated glassor plasticthat makesup the fiber cable'scentre. Thismustbe as
pure and clean as possible becauseit servesas the conduit for the transmissionof light
throughoutthe entire wire.

w Cladding To enable consistentreflection of the light sourcebackinto the core, an extra layer
madeof materialcomparableto the corebut with alower refractiveindexisadded

w Coating Thecable'souter layer,whichencirclesshieldsandinsulatesthe coreandcladding

T
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w OpticalLossMeasurement Thepower output of the light sourcedropsasit travelsthroughthe
fiber. Decibelsare usedto expresghe opticalloss,or drop in powerlevel (dB)

w Fibertesterscanmeasurethe overalloptical lossin a fiber most preciselyby injectinga known
amount of light into one end and usingan OLTS0 measurethe amount of light at the other
end. Thisapproachneedsaccesgo both endsof the fiber becausethe optical light sourceand
power metre are attachedto different endsof the network.

OpticalPowerMeasurement A power measuremenis a test of the transmitter'ssignalintensityoncea
systemhasbeenturned on or activated An optical power metre, which canbe attachedto the output
of the opticaltransmitter or to afiber cableat the locationof the optical receiver,will showthe optical
power receivedon its photodiode The unit of measurementfor optical power is "dBm," where "m"
standsfor 1 milliwatt and"dB" for decibels

TestingFiberfor Optical Loss

Fibertestersmustbe connectedto atest sourceto providean opticalllight standardand a launchcable
to offer a calibrated"0 dBloss"referencefor testingfiber optic cablesfor opticalloss Todeterminethe
lossin dB of the fiber itself, a power metre at the other end of the circuit will measurethe light source
with andwithout the fiber undertest.

Launchcablesand "receiving” cablesattachedto the power metre are additionalwaysto verify fiber
optic cableconnections Thelossmeasurementsat both test cableconnectionendsare includedin this
standardtest for lossin aninstalledcableplant. Becauseof this, a crucialcomponentof everyfiber test
ismakingsureall connectionsare exceptionallyclean

Youmayasses®pticallossin fiber optic cablesusingan opticaltime domainreflectometer(OTDR)The
OTDRequipmentexaminesthe backscatterof light that is returning to the sourcelocation usinghigh
intensitylaserlight that is emitted at pre-determinedpulseintervalsthrougha connectingconnection

—2.4.8 Factors Effecting OFC

IncorrectSpecificationof FibreOptic Cabling

If the speedyouwishyour networkto runonR 2 S &aleié correctfibre optic cablinginstalled,it will
neverrun at the desiredspeed Forexamplefor 10Gigspeedsand linksthe maximumcablelengthyou
canrun the fibre optic cablerangesfrom OML (33metres),OM2 (82metres),OM3 (300metres)to OM4
(400metres) Exceedthis distancesor pick the wrong fibre optic cable and your network will not
Performat the DesiredSpeedand Standard

Consideratiorbetweensinglemodeand multimodefibre optic cablechoice Singlemoddibre cableis a
singlecore of fibre cablesvsa multimodefibre cabless madeup or glassmodesalongthe cable

Singlemodelight transmissionis via a laser rather than a light source so although the speedsand
distancesachievableare greaterthe overallcostof the link andhardwareare greater.
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PoorConnectorTerminations

A The connectorstarts with firstly makingthe correct choiceof fibre optic connector Thefibre
optic connectorchosenmust match the existingpatch panel connectorsasthe different types
arenot interchangeablandR 2 fitiniio one another

A TheSTfibre connectorwasthe connectorof choicefor sometime but hasbeensurpassedy the
SCand LCconnectorswith the LCnow the connectorof choicefor its performanceand low
densitypatchingcharacteristics

A Additionallyif the fibre optic cablingconnectorendsare poorly terminated or the endsbent too
sharply then the light passingthrough will either be limited or at too low a range for the
transmissionto be connected Lightcould still be shiningthrough a fibre optic cablinglinks but
not haveenoughtransmissiorguality to createthe datalink.

A With fusion splicingand correct terminations, standard optical fibre cabling speedscan be
guaranteed

Dirty ConnectorEnds
A Ifthe fibre optic cablingconnectorendsbecomedirty then the transmissiorcanbe intermittent
or not work at all. Keepinghe unusedopticalfibre cablingconnectorscoveredwhennot in use
goesalongwayto alleviatingthis problem
A Dirty connectorends can be causedduring the termination processbut are more commonly
causedduring un-patchingand re-patchingof fibre optic patchleadsand links Careshouldbe
takento cleanthe fibre optic endseachtime patchingis undertaken

Poorlnstallation
A Fibreoptic cablinghasa specificbend radiusand pulling tension guidelinewhen installingthe
main cablingruns If the cablebecomesstretchedor bent too tightly then the quality of light
downthe cableis compromisedesultingin a pooror.

—2.4.9 Factors Effecting OEChoosing Cable

Let us understandhow to choosecableson the basisof variousfactors performancethat affect the

cable

Bend Radius; Larger Smaller Larger
Diameter: Larger Smaller Larger
Tensile Strength: (Install): Higher Lower Higher
Impact Reslstane: Lower Higher Higher
Crush Resistance: Lower Higher Higher
?:‘":ﬁ;’r‘g“"” ey Lower Higher Higher

Fig 2.4.11: Choice of cables consideration factors

e —
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—2.4.10 Handling Optical Fiber Cable

Opticalfiber CableHandling
w Opticalfibers are easilygetting damageat the time of installation becauseof carelesshandling
Thesedamageswill largelyaffect the performanceof the communicationsystemand sometimes
cableneedto bereplaced
w We must handle the cable appropriately as describedin subsequentpagesto avoid these
situations

CableUnloading
Followingprecautionseedto be takenduringthe cableunloading
w At the time loadingand reloadingthe optical fiber cabledrum shouldnot drop from height asthe
load candamagethe fibersinsidethe cables
w At the time of reloadingfrom truck roll the drum from it to floor or platform, which shouldbe in a
sameheightor otherwiseuseforklifts.
w Forklifthasto be usedwhenunloadingit from truck.
w Useinclinedrampsto roll the drumwith control
w Rollcabledrumsoneat atime onramp.

CableUnwrapping
Followingprecautionsneedto be takenduringthe cablehandling
wEverycabledrum hasto be wrappedby woodenlagginggo avoiddamageby impactsor to protect
from suddenrolling of drum on roughsurface Soit hasan essentialole in cableprotection.
wRemovehe wrappingcompletelyonly at the time of installation
wCableStorage
wThebeststoragepositionof the drumis upright, otherwisewindingeffectscancausedamageonit.
wln somesituations,storagespacewill be lessand on theseplacesdrumsshouldbe stacked Sothe
stackshouldbe wrappedwith the flangesedgeof drums
wToavoidthe overlappingof flangeswith the cablesafter removingentire wrap the drum shouldbe
alignedasthe flangesshouldtoucheachothers

Fig 2.4.12: Handling OFC
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EnvironmentStoragelssues

w Woodendrumsare usingto wound optical fiber cables After someduration of time thesewood
getsdegradeddueto environmentalactions

Important Wayto Addressthe Same
w Recommendingndoorstorageof drumto avoidthe degradation
w Thestoringplatform shouldbe hardand moistfree to avoiddegradation

w Thewoodenparts shouldnot be in touch with any moist soilto avoidthe generationof wooden
degradingnsects

w Usepolythenesheetsto coverthe drum stacksn outdoor storageareasto avoiddegradationdue
to rain. Thedrum moisture content shouldnot more than 25%To protect the drumsfrom these
situationsin-housestorageprefers

Fig 2.4.13: Handling OFC

Prelnstallation- DrumInspection
Checkthe drumsfor the following

w Before shifting drums from storage spaceto sites all the drum should be checkand verified by
continuity breakageanddamagenspections

w Theimportant drum parametersor specificationdlike fiber count & type, meter marking, cable
length, manufacturedetailsetc. Shouldoe markedonthe drumflanges

w Alltheseverificationsshouldbe donebeforetakingit to shift from one placeto another.
Cablelnspection

Checkthe cablefor anydamage
w Incaseof doubt, removelagging& examinecablethoroughly:.

— B/
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w Continuitytest shouldbe donefor everycable

w Totallengthandthe total attenuationshouldbe measuresand marked

w Atthe time of shippingitself, checkthe damagesandinform suppliers

w InnerandOuterendsshouldbe locatedfor everycabledrum.

w Pullinggripsandend capsshouldbe removedfrom the cablebeforetakingit to sites

Apart from makingsure that the correct type and quantity of cable was shippedfrom factory, it is
necessanto inspecteachdrum for damage Before installing cable, test all fibers for their optical
continuity,attenuationandlength; if anydeviationis foundinform the supplierimmediately

OpeningDrum
Openthe drum carefullykeepingthe followingin mind:

w OpticalFibercablesare protected by enclosingt with woodenbatten nailingon the flangesof
drum with aluminumor iron strip .It canavoid damageof fiberswhenit transportingfrom one
locationto another. Forlayingthe cableat the installationsite, it hasto openwithout damaging
the fiber.

Stripcutterscanbe usedto cut the aluminumor iron strip safely
Woodenbatten shouldbe takenout safelywith hammers
Nailsalsoshouldbe removedor bendit to avoidinjurieswhile handlingthe drum.
w Removeahermalwrapperappliedovercable
Preparationof Drum
w Thereel or drum mounted on a shaft which canroller payoff. Forthe easyroll of action, the

pulling direction and the payoff orientation shouldbe sameand take out the cablefrom the
roller from top to avoidcablecontactwith platform.

€ € ¢

Cabie Pull from

Fig. 2.4.14: Preparation

T
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—2.4.11 Installation of OFC

Theactualinstallationprocessbasicallyinvolvespulling cable,terminatingand testingit. Prerequisites
to do the sameareto:

w Keepthe cablepullingplanhandy:

w Keepcopyof all the permitshandy

w Keepallthe tools& equipment& emergencyplanhandy.

w Sharethe cablepullingplanwith all the relevantstakeholders/installatioeam.

w The location of intermediate accesspoints, splice locationsand the specificresponsibilitiesof
eachmemberof the installationteam.
StepsOFAnstallation
Work to convert the designedsystemto operating communicationsystem A contractor comesin
betweenuserandthe network ownerto establishthe real connection Themainrolesof contractorare
design, installation, testing, trouble shooting, documentation,and restoration The contractor must
have the experienceon the network installation and should have the samelike referenceworks to
submit
Followingarethe stepsfor installingopticalfiber cable
Steplc Installationthrough
(a) Trenchingor (b) Aerial
Step2¢ Ductingprocess
Step3¢ Conductfigure 8Q A .\GtapA¢ Cablepullingandblowing Step3¢ Cabletermination.
Stepl(a) Trenching
Trenchingis a processof makinga narrow excavationon earth along a short distance It involves
digging,placingcablesand refilling. Trenchescan be made by severalmethodslike manuallyby hand
tools, excavationmachineriesetc. After digging,it should be visuallyinspectedand verify that there
should not be any rocks,debris or sharpobjectsto damagethe cable Thisprocessneed more man
power andtime to establishandit is the most effective installationmethod/Layingmethod for shorter
distanceapplications Most normally after dugtrench a conduitmade up of concreteor plasticwill laid
throughout the trench to make the fiber lay quite smoothly and also it can avoid the repetitive
trenchingto pull againcablebetweenaccespointsin future.
Ploughings alsousedfor the cablelay, where dig a narrow channel placefiber cableon it and coverit
with the soil Thereare somemachineriedo ploughanddirectly reel off the cableandthe samesystem
can coverit with mud. Thissystemis quite fast on their work, will reducethe manpowerand time.
¢ K I wihg aloughingis usedfor the long distanceapplicationand it is lesscatastrophicto soil The
cablewhichlayingafter ploughis directly buried and so the depth of channelshouldbe more compare
to trench to providing more protection. But againthe actual depth will be varyingaccordingto the
applicationand characteristicsof cable which using Sothe direct buried processis more beneficial
whenit comeswith costandtime.
w Trenchesare done where the excavationwill be hard becauseof more obstaclesare presentand
normallyat urbanandsuburbanareasto layingopticalfiber cables
w Trenchingis a processof excavating placingcable and refilling. Trenchingis conductedby using
machineryor manually Trenchdimensionwill vary accordingto the applications Every cable
terminationpoint will be sealedand protectedby protectivecaps
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w Route markers and warning tape will be usedto protect the underground cablesfrom future
excavation Undergroundcable will be buried under a standard depth to avoid the accidental
damagedy beingdugup.

w Thenormaldepthat whichthe trenchesare madeis 3-4 feet from the ground

w Thefirst procesdsdigginga narrow channeland duct placementalongthe distancewith pullingtape
will be providedinsidefor the actualpullingprocesof cablein future.

w Thereare varioustypesof ductsare availablein market and the duct selectionwill be dependson
characteristicof soil where we are installing If the dielectric duct is using,normally a conductive
markerwill be placedon the groundlevelto get noticed by workersand pedestriansto avoidthe
dangers

w Trenchingconductednormally by machineriesand in someareasmanualtrenchingis alsodone by
usinghandtools. But the manualtrenchingwill take more manpowerand time. To completethe
trenchingin maximumspeed trenchingwidth and depth will not goesoverrequirement

Soil
________ (Zahle waming
taps

Cable

Fig. 2.4.15: Trenching

Precautionsof Trenching- While using® (i NB yid ikskafirdtkle OFGollowingprecautions
mustbe taken
w Buriedcableto belocatedin amannerthat it isnot moved
w Trenchroute shouldbe selectby consideringhe future developmentplanningin thoseareas Road
wideningshouldnot disturbthe installedfiber cable
w Route selection of cable trench should considerthe natural drainage holes on the particular
location
w Needto usearoute markerandshouldbe placedon the surfacewhere undergroundcableis laid.
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Step1(b)- Aerial Cabling

Thereis anothertype of cablelayingwhichis generallyusingin outdoor siteslike direct buried is Aerial
installation Specialized\erial cablesare usingfor this pole- to - p o | e installation Theinstallationof

aerialcableis executedby specializedcompaniesAerialinstallationneedssophisticatedequipmentsfor

the long-distanceapplications Opticalfibers are lightweightand flexible but the cableswhich designed
to install outdoors are made with high tensile strength Aerial cablesmay be subjectedto high pulling
force becauseof wind, ice, and other environmentalfactors Thesefactorscancausethe cablesto pull

on the cableor sag Toavoidthe damageof cablesbecauseof this sagforce, normally aerialcableswill

be supportedby a specializednessengecablemadeof steelwith strongtensileforce capabilityalong
the route. So,the aerialcablewill be laid alongwith messengewire and at everyparticularlengththey
will be tied or lashedtogether. Toavoidanykind of dangersdue to electricalconductivitybetweenthe

conductive cables and messengerwire, they will utilize dielectric threads to lash Accordingto

requirements of support on messengerwire, they will selectthe number of threads in particular
distance Generally there shouldbe at leastone lash/tie per foot. Accordingto the application,cable
layingdistance type of cableusingthe type of messengewire alsowill vary. Thereis one method that

cablescanbetied or lashedon the existing

It isanarmor bufferedtube fiber cablewith the following keyfeaturesasdepictedin the picture. Aerial
cableis:

w Supportedby poles(Telephone/electricalowers) (istough for the samereason)- is usedwhere
outdoor conditionsprevent OFCburial or where aerialinfrastructureis present; telephonepoles
or electricaltowers.

w Thereare two typesof cableinstallationthat selfsupported(no need of messengemire) and
tied/lashed

w Susceptibléo ¢ load,wear & tear etc. asit standsexposed
w Messengewires& hangersare usedto preventit from sagging

Messenger

Messenger wire
Web
Water blocking tape

Loose tube
PE sheath
Steel wire
Optical fiber
Filling compound

Fig. 2.4.16: Stegaerial cable
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Fig. 2.4.17: Stepaerial cable

Step2¢ DuctingProcess
Theduct usedin outdoor applicationsis providingan extra protection to the optical fiber cablesfrom
rodent penetration and other damagesAlsothese ducts are providing an extra easinessn the cable
layingand pulling Ductsare made up of rigid, abrasionresistantmaterial Theseconduitsare buried
directly and cablesare layingthrough it. By usingseriesof ducts and conduitsunder the cities, where
they laggingthe physicalspaceso accommodatdfiber plant, they are utilizing undergroundplant and
accessingt through manholesor accessholes Oncea duct laid, it will provide a new route for new
cablesandit isveryeasyto removeold cablewithout damaginghe opticalfiber cables It will alsoavoid
makingfurther disturbanceto streets,footpathsand other public constructions Mostly theseductswill
havea pull tape or rope to makethe future run easy Sometimeghe duct will be placedwithout any
cablesinsideand it will be usedin future for the upgradation Inner ductswill alsoplay major rolesin
the optical fiber cablelaying It will be in a physicalcondition that, it can easilyplaceinside outer big
ducts Theinner ductscolorsare usingfor the identification purposein maintenanceandit will be clear
andcleanfor the newfiber installation

w Ductingisdoneeither manuallyor throughmachine

w Itismadeof PVQPolyVinylChloride)

w Ductdiametermustbe at leasttwice the OFC

w Ductshouldhavepull ropesor tapesto easefuture runs.

w Ductshaveinner ductsor lining to avoid damageto OFCdue to rubbing in variouscolorsthey
assistn cableidentificationand maintenance
Requiredengthof ductismeasuredby the installer.
Lengthof ductis properlyunwound& put in position
w Ductisfed throughthe path after whichrefillingis doneandpathis restoredwith grassor tiles as

maybethe case
w Ensureductsare clean,without twists, collapsedportions, with endssealed- usingend plugs(to

avoid¢ mud, water or dust).
w Ensureductjoints areairtight.

e €
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Fig. 2.4.18: Ducting process

Followingis the undergroundduct ¢ advantages

w Ductis providingan extra protectionto the opticalfiber cablesfrom rodent penetrationand other
damagesbut it canprovidefollowingadvantages

w Conduitsare excellentfor installingtight buffered cables
Ductcanavoidthe rodent penetration

w Ductis an economicway of installingoptical fibers where the repeated ploughingand refilling is
difficult orimpossibleto carryout.

w Bundleof Ducts/conduitsare laying under the street to create undergroundplant and also can
accesst by manholes

w It will alsoavoidmakingfurther disturbanceto streets,footpaths,andother properties
w Ductwill havea pull tape or ropeto makethe future run easy

w Sometimeghe duct will be placedwithout any cablesinsideand it will be usedin future for the
upgradation

w Inner ducts will also play major roles in the optical fiber cable laying It will be in a physical
conditionthat, it caneasilyplaceinsidebig ducts

w Theinner ductscolorsare usingfor the identification purposein maintenance andit will be clear
andcleanfor the newfiber installation

w Innerductwill makesurethat the inner path is clearand cleanfor smoothlayingand pullingwhere
if ductsare alreadyfilled with multiple cables

w Ductscanavoidthe further disturbanceon soilby the ploughingandrefilling.

w Ductwithout any cableinside will also establishin certain areas It canbe utilized for the future
run.

Step3 ¢ Figure8Q A y 3 Q

Followingstepsto be takenfor figure 8ing:

w Drawtwo adjacentcirclesto createafigure 8 patternwith adiameterof 1.5to 2 meters
w If require,usecardboardsheetsbetweenlayers

w Createone aboveother layersof figure 8 loopsby takingthe cablefrom drum or payofftrailer and
Putit onthe circlemarks

w Tocreatefigure 8 pattern loop by heavyopticalfiber cablesyrequiredat least3 people,one at center
andoneeachon endof both circles

w Figure8 pattern is particularly advantagedor heavyand lengthy optical fiber pulling in opposite
direction

w Avoidfree runningandjerkingof cablewhile wingingby usingcabledrum brake

T
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Fig. 2.4.19: Figure

Stepg CablePulling& Blowing

Cablepulling

In many situationswhere the opticalfiber cableis layingin short straightenoughpaths,without using
any sophisticatedequipment,the cablescanbe pulledin by hand In optical fiber cablethe entire load
hasto be subjectedto strengthenmembers To makeit, at the end of the cable,strengthenmember
will be tied to the pullingrope andthe samehasto be attached/clampedwith the whole cableunits to
distribute the force. If it is not connectedthe entire cablecomponentsthere is a chanceof elongation
of the cablesheaths,and this will result damageon optical fibers inside Thereare so many standard
equipmentare availableto apply additional mechanicaforce to pull. With this equipmentthere are
number of pulling grips availableto lock pulling rope with the entire cable units. Pulling grips are
tighteningaroundthe cableandwhichwill be attachedwith the pullingto distribute the tensileforce.

Pullinggrip is the attachingpoint of cableto the pullingrope soto makethe attachmentin properway
andto avoidthe fiber damageat the pullingcontactpoint grip hasto be fixed on the aramidstrengthen
memberinsidethe outer jacketaroundthe core of fiber optic cable Thejacketlength which hasto be
removedwill dependon the length of pulling grip. Therope shouldbe attachedwith core part of the
cablewith the strengthenmemberinside cableto avoidthe elongationof cablesheathdue to heavy
tensileforce. Tofix the rope with core strengthenmembera tape or tying mechanismhasto utilize. In
orderto avoidthe twisting of fiber, needto useswivelat the joining point of cableandrope. It will avoid
the chanceof twisting of fiber cable by keep awaytransferringthe twisting motion of pulling rope to
cable Thetotal load whichis appliedon to the cablehasto be measuredand analyzedcontinuouslyto
avoidthe excesdorce actingon the fiber. Asper the permissiblevalueof tensilestrengthof the cableit
is better to cut the cable10 feet from pullingside It will avoidthe generationof largetensileforce on
cable
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w

w
w

Evenif the optical fiber cableis pulled over alongthe trench length, it is not readyto terminate or

connectorization Beforedoing any connectorizationor termination the cablehasto pull over an extra
length for the future works on either side of the route endsor in between manholes In outdoor

applicationthe connectorizatioror the termination work will not take placeon the trench end, for this

purposethe cablewill be laid to a specialcleanareaor atent. So,the total length shouldbe considered
at the time of link designincludingall extracablelengthto the workplaceandfor the future upgrades

h C / néagimumtensile strength variesfrom 600 poundto lessthan 1000 pounds lubricantsare
usedto reducepullingtension

Pullingforcedshouldbe keptlessthan the designatedimit.

At the time of pulling optical fiber cables especiallywhen usinghigh power equipmentsare using
to pull the tension monitoring equipmentsshould be used To avoid the twisting in optical fiber
swivelsshould be usedwhen pulling cable Duct should have pull ropesor tapesto easefuture
runs

During OFCde-spoolingavoid; twisting or sharpbending Payoff cableform the top of the reel
duringcablepulling

If the cablehasto lay long distance pulling shouldbe completedin numberof stagesat leasttwo.
Attachpullingeyedto the O | 6 §trBngtBmember

Adequatecableis stored on groundin the shapeof figure 8. Thecablepulling shouldbe started at
the middle pullinglocationand get goingtowardsend.

Onceit reachedat one end of the cable run, the same processstarted at the center againin
oppositedirection. After the entire pull iscomplete Rackhe opticalfiber cable
Maximumpullingspeedto be 3 feet/ secif pullingropeisused it canbe tripled for muletape.

Separate Aramid Yarmn Z—

and Pass through Swivel
Eye in Opposite Directions

=8

Knot Aramid Yarn

;

Tapa/

Fig. 2.4.20:Duct with pull ropes, tapes
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CableBlowing
Followingstepsareto be takenfor cableblowing
w Cablesinsertedin the motorizedblower headwith a ductandaonewayvalve
w Theopticalfiber cablewill pushedthroughthe duct by usinghigh-speedairflow from a source
w Highspeedair currentpusheghe cablealongthe length
w Highair drag& low friction causeghe cableto moveforward.

w It provideshigh installation speeds,with lesscabletension and reduced chancesof damage it
requireslessmanpower

Fig. 2.4.21Cable blowing
Step5: OFCTerminationMethod

Thereare 2 methodsfor terminating the fibre: Thefirst is through the use of connectorsthat form a
temporary joint, and the other is through splicing,which is actually connectingtwo bare fibre ends
directly. Themostcommonterminationmethodsare:

w No-epoxy/no-polish
w Epoxyand-polish
w Pigtailsplicing

Stepsto terminate OFQusingfibre boot:
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Strip the fibre using a wire

Put on a fibre boot Measure 14 cm for striping a i
stripper

per specifications

Use alcohol wipes to clean arly  Give the fibre a very slight Put the fibre in a cleaver
residue bend holder at the 10.5 cm mark (a
per specs) and cleave the fibrle

Put the fibre in the connector & squeeze thg Slide the boot, and the connection is complele
holder

Fig.2.4.22: Stepdo terminate OFQusingfibre boot

—2.4.12 Testing and Closing Activities

After installation, splicing and termination of opti¢dler it must be
tested for the following:

w Polarity testing

w Total insertion loss

w If there is any problem, troubleshoot it

w Ensure marking for identification of route for future maintenar
and troubleshooting.

w Appropriate cable marking should be done as per the
recommended guidelines.

w Backfill and remove debris and rock to clean the site.

Fig.2.4.24: Testing equipment

— B/
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—2.4.13 Reporting and Documentation

Documentationis absolutelynecessaryor future referencesand troubleshootingtherefore we should
ensure a proper reporting and documentation The whole plant of optical fiber cable has to be
documentedn designpart for the installationandfuture upgradation

It helpsin:

w Thelossof time & costcanbe reducedby the procesgplanningat the time of installation
Upgradatiorprocesswill be more
Thecablelayingprocesswill be faster,includingcablepullingandinstallation
Tracindinks& finding faults
Speedup the pullingprocessf the routing andterminationsare alreadydocumented

€ e e ¢e ¢

Thetest datashouldbe documentedwith the previousinformationto getthe acceptancdrom end
user

w After the installation, if there is any repositioningof equipmentthe documentationwill helpsto
reroutingto the exactend points

Informationrecordaboutthe cable,splice fiber, paths,etc. isamustand shouldbe capturedasfollows:
w Cable manufacturertype, ID,length,anddrum number
w Thedistanceat whichthe Splicesandterminationpoint hasdone
w Opticalfiber type & size,spliceandconnectorgosition,losses
w Roteof cablelay
w Opticalfiber cableroute, lossandtest resultson cableplant shouldbe noted
w Allthesedatashouldbe keptwith the documentsof Componentconnectionandthe testresults
w OTDRest resultswill be stored separatelyfor the troubleshootingpurposein future. It can be
printouts or in digital format. The digital data file should be stored in databasein an arranged
manner
w All the cable spool should be marked with type, installation method hasto be followed, total
numberof fibersinside,andthe total length
w Specialrequirementsshould be specified(type of applicationand installation requirements)to
estimatethe total manpowerand costrequired
w Recordestdataon eachindividualfiber run.
It will reducethe complexityof troubleshooting
w Documentatiorwill tell youabouteverythingthat requiredfor a cableinstallation,like where cable
go, distance between accesspoints, the areasin which where installation take more time etc.
Testingnformationgivesthe wayto find out the degradationovertime.

(>

Merely recordingis not enoughrecordstorageis alsoan essentialingredient
w Documentatiorof R I (iih pfadt locationis very essential

w Databasesasto be storedin different data formats, paper printouts or digital files, shouldhave
multiple copiesstoredin severalocationsand makesurethat the datais accessibléor everyteams
to review.

w Ensurdt isavailableto all the authoritiesfor review.
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Followingreports haveto befiled regularlysoasto regularlyupdate status
w Reportonthe statusupdate

w Pendingssues

w Challenges

w Faults& Serviceability

w NOCor cableintegration

w FinalClosureof the job

—2.4.14 Installation Procedures for Ultraow Loss (ULL)}———
Optical Fiber Cables and Their Significance

Ultra-LowLosqULL ppticalfiber cablesare designedo minimizesignalattenuation,whichis critical for
high-performance, long-distance, or high-bandwidth networks Proper installation is essential to
maintaintheir performancecharacteristics

1. Installation Proceduredor ULLCables
Stepl: Planningand RouteSurvey
w Reviewthe route planprovidedby the planningteam.
w Ensurecompliancewith bendradius,tensionlimits, and environmentalconditions
w ldentify obstaclesexistinginfrastructure,and clearancesequired
Step2: Handlingand Preparation
w Transportcablescarefullyto avoidphysicabktressor bending
w Storecablesn aclean,dry areato preventcontamination
w Usespecializedlrum dispensergo preventtwistingor kinking
Step3: Trenchingand DuctPlacement
w Supervisdrenchingto follow depth andalignmentstandards
w Placeductsusingproperdispenserandcheckfor uniform depth.
w Ensureductsare cleanandsealedwith end plugsto preventdustor moisture
Step4: CableLaying
w Maintainthe minimumbendradiusthroughoutthe installation
w Avoidsharpbends,pullingstressespr compressivdoadsthat coulddamagefibers.
w Usetensionmonitorsduring pullingto avoidexceedingecommendedimits.
Step5: CableBlowing/Jettingif applicable)
w Usecableblowingmachinedor microductinstallations
w Ensureproperalignmentof ductsandadequatelubricationto reducefriction.
w Monitor the procesgo maintaintensionwithin safelimits.
Step6: Splicingand Jointing
w Usefusionsplicingfor minimallossjoints.
w Protectjointswith heat-shrink,mechanicalpr multi-diameterseals
w Ensuresufficientslackor loop at joint locationsfor future maintenance

— ———
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Step7: Testingand Documentation
w TestopticalcontinuityandsignallossusingOTDRor power meter.
w Recordashbuilt diagramsgablelengths,andjoint locations
w Documentcompliancewith industrystandardsand manufacturerspecifications

2. Significanceof Ultra-LowLossCablesn Network Performance
1. ReducedsignalAttenuation
o0 Lowerlossper kilometerallowslongertransmissiordistanceswithout repeaters
2. HighBandwidthCapacity
0 Supportshigherdataratesoverlongdistancesmakingit idealfor backbonenetworks
3. ImprovedReliability
o Minimizesthe risk of signaldegradationreducingnetwork downtime.
4. CostEfficiency
o Fewerrepeatersor amplifiersrequireddueto lower signalloss
0 Reducednaintenanceandoperationalcosts
5. FutureProofing

o Suitablefor emerginghighspeedapplicationssuchas400G/800G networks,5G backhaul,
anddatacenters
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—Notes

Scan the QR Code to watch the related videos

https:/lyoutu.be/46JAjiQfCkg

10 tips for installindiber optic cables

o n


https://youtu.be/46JAjiQfCkg
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UNIT 2.5Safety, Quality, and Environmental Compliance in
Optical Fiber Installation

— Unit Objectives|@

By the end of this unit, the participants will be able to:

Explairthe importanceof OHSand environmentalregulationsin opticalfiber projects
Discusgjuality assuranceAcceptancd esting(AT)standardsandkey signalquality KPIs

Identify and userelevantPPEcorrectlyfor fiber optic work.

Recognizeandmanageelectrical, chemicaland environmentahazards
Demonstrateproperuseof fire safetyequipmentandfirst aid procedures
Followstandardproceduredor disposabf fiber wasteandhazardousnaterials

Complywith site-specificrisk controls,OHSuidelinesandenvironmentalregulations
DocumentcablelDs,drum numbers test results,and obtain signoffs for auditsand NOCupdates

ONoGOrWNE

—2.5.1 Occupational Health and Safety (OHS) in Fiber——
Installation

OccupationaHealthand Safety(OHSYefersto a structuredapproachto protectingthe health, safety,
andwell-beingof workerson-site. In opticalfiber installation,OHSconsiderationsnclude
1. RiskAssessmerand SiteSafetyPlanning

w Before starting any installation, a comprehensiverisk assessmentnust be conducted This
includesidentifying potential hazardssuch as uneventerrain, open trenches,live electrical
lines,andchemicalexposure

w Site safety planning ensuresthat work areas are clearly marked, accessis restricted to
authorizedpersonnelandemergencyexitsareidentified.

2. PersonaProtectiveEquipmentPPE)

w Techniciansnust useappropriatePPEat all times. Thisincludeshelmetsfor head protection,
safety boots to prevent foot injuries, knee pads for groundlevel work, glovesfor fiber
handling,andtrenchguardsto protectagainstexcavatiorhazards

w PPEselectionshouldconsiderthe type of installation(undergroundvs aerial),environmental
conditions,andpotentialexposureto chemicalsr electricalhazards

3. Electricaand EnvironmentaHazards

w Electricalhazardsinclude contactwith high-voltagelines or Earth Potential Rise(EPRareas
Techniciansshould maintain safe distances, use insulated tools, and follow grounding
protocols

w Environmentalhazardsinclude exposureto extreme temperatures, rain, or unstable soil
Properprecautions,suchasweathermonitoring andtrench reinforcement,reducethe risk of
accidents

4. FireSafetyandFirstAid

w Firesafetyequipment,includingextinguishersblankets,andalarms,mustbe availableon-site.
All personnelshouldbe trainedin their usage

w Firstaid training is essentialfor managinginjuries such as cuts, burns, eye punctures,and
electricshocksImmediateresponsecanpreventsevereoutcomes

- JH—
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—2.5.2 Environmental Regulations and Waste Management;

Fiber optic installation impacts the environmentin severalways, especiallyduring trenching, duct
placement,and cable laying Compliancewith environmental regulationsensuressustainabilityand
legaladherence

1. Permitsand Approvals

w Municipalapprovalsand statutory permissionsare required before excavatioror installation
Thisincludesclearancdrom localauthorities, utility providers,andenvironmentalagencies

w Approvalsmay coversoil disturbance watercoursecrossingstree or vegetationremoval,and
accesso publicproperty.
2. Managingenvironmentalmpact
w Installationteamsmust minimizesoil erosion,avoidcontaminatingwater sourcesand protect
natural habitats Temporarybarriers, sedimentcontrol, and careful route planningmitigate
environmentaldamage
3. WasteDisposal
w Cut fibers, chemicalresidues, packagingmaterials, and other waste must be disposedof
safely Sharpfiber scrapsshouldbe placedin puncture-proof containers
w Environmentalcompliancerequiresadherenceto guidelinesfor waste segregationyecycling
where possible and safedisposaln designatedacilities

—2.5.3 Quality Assurance and Acceptance Testing (A F——

Qualityassurancensureghat fiber optic networksperformreliablyand meet contractualandtechnical
specificationsKeyconsiderationsnclude

1. Acceptancd estingStandards

w Opticalfibers are tested usingOTDROptical Time DomainReflectometer)to measuresignal
loss,reflectance and continuity.

w Acceptancelesting(AT)validatesthat fibersmeet projectrequirements jncludingattenuation
limits, opticalreturn loss(ORL)and signatto-noiseratio (SNR)

2. KeyPerformancdndicators(KPIs)
w InsertionLoss Measuressignalattenuationacrossa fiber segment
w OpticalReturnLosgORL)Indicatessignalreflectionsthat candegradeperformance
w Bandwidth Confirmghe fiber cancarrythe requireddatarate.
w Continuityand FaultLocalizationldentifiesbreaksor faultswithin the fiber link.
3. Documentatiorand Reporting
w Alltest resultsmustbe accuratelyrecordedand submittedto projectteamsandthe Network
OperationgCenter(NOC)
w CablelDs,drum numbers,andjoint locationsmustbe loggedto enablefuture fault localization
andmaintenance
w Ashbuilt diagramsreflectingthe installedroute, duct placement,and splicingpoints provide a
referencefor operationalandauditingpurposes
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—2.5.4 Handling and Installation of Optical Fibers

Proper handling of optical fibers is crucial to prevent damage, contamination, and performance
degradation

1. CableHandling

w Fibersshouldbe uncoiledcarefully,avoidingtwists, sharpbends,or excessivgullingtension

w Special dispensersand tension monitoring tools ensure smooth deployment without
exceedingnanufacturerspecifiedimits.

2. DuctandTrenchManagement

w Ducts must be placed at proper depths and aligned correctly to comply with installation
standardsCollapsear twisted ductsshouldbe rectified promptly.

w Protectivematerialssuchas Gl (galvanizedron) or RC(reinforced cementconcrete)pipes
are usedwhere environmentalor mechanicaprotectionisrequired
w Endplugspreventdirt or moisturefrom enteringducts,maintainingfiber cleanliness
3. ManagingearthPotentialRise(EPR)

w EPRhazardscanoccurnear highvoltageinstallations Technicianshoulduseinsulatedtools,
maintainsafedistancesandimplementgroundingmeasurego preventelectricalshocks
4. FiberSplicingandJointing

w Fusionsplicingensureslow-lossjoints. Protectiveclosures suchasheat-shrink or mechanical
sealsmaintainthe integrity of splicedfibers

w Adequateslackor loop at joint locationsallowsfor future maintenanceor network expansion

—2.5.5 Emergency Protocols and Incident Management——

Workplace incidents can occur despite preventive measures Adherenceto emergency protocols
ensuressafetyandrapidresponse

1. Emergencyresponse

w In caseof accidentspersonnelshouldfollow pre-definedevacuationroutesand communicate
with supervisorsmmediately

w Fire incidents, chemical exposure,or electrical hazardsmust be reported and managed
accordingo site protocols

2. FirstAid

w Injuries such as cuts, burns, eye punctures, or electrical shocks must be addressed
immediatelyusingavailabléfirst aid kits.

w Properfirst aidreducesthe severityof injuriesand preventscomplications
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—2.5.6 Maintenance of Cleanliness and Documentationr——

Maintaining cleanlinessand accurate records supports both quality assuranceand regulatory
compliance
1. ClearHandling
w Optical fibers must be kept free from dust, moisture, and other contaminants during
installation
w Sitecleanlinesgnsuredibersremainin optimalconditionfor network performance
2. Documentation
w CablelDs,drum numbers testresults,andjoint locationsshouldbe meticulouslyrecorded
w OTDRestreports,acceptanceertificates,andasbuilt diagramsmustbe submittedto project
teamsandupdatedin the NOC
w Obtainingsignoffs from supervisorsand maintainingall documentsensuresaccountability
andcomplianceduringaudits
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— BExercise

N

ShortQuestions

1. Explainthe importanceof reviewingan OFGoute planbefore beginningnstallation

2. What are the key differencesbetween SingleMode and Multi-Mode optical fiber, and when
wouldyouuseeach?

3. Describethe stepsinvolvedin supervisingrenchingto ensurecompliancewith site terrain and
route plans

4. Whyisadherenceo manufacturerspecifiedoendratioscriticalduringcableinstallation?

5. List the statutory permissionsand municipal approvalscommonly required for optical fiber
installationwork.

Fillin the Blanks

1. The of an optical fiber must be maintainedaccordingto manufacturerspecifications
to avoidsignalloss

2. fiber istypicallyusedfor long-distance hightbandwidthapplications

3. Before beginning installation, all required statutory permissionsand must be
obtained

4. Patch panels help in organizingnetwork connectionsand facilitate easier and
maintenance

5. Duringtrenching,ductsmustbe checkedfor proper depth, alignment,and be free of
to ensurecableintegrity.

Multiple ChoiceQuestions(MCQs)

1. Whichof the followingis a keybenefit of usingultra-low lossopticalfiber cables?
a) Reducednstallationcost
b) Enhancedetwork performancewith minimalsignalloss
c) Easiettrenching
d) Lessdlocumentationrequired

2. Whatisthe primary purposeof a patchpanelin a network?
a) Storecabledrums
b) Organizeand managenetwork connectiondor easymaintenance
¢) Measurecabledepth
d) Providepowerto networkdevices

3. Wheninspectingductsin trenches whatis a keycompliancecheck?
a)Ductcolor
b) Pipe/ductdepth andalignmentasper layingstandards
¢) Cablemanufacturer
d) Contractomame
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4. Whichtool is specificallyusedfor checkingoptical continuityin cableson the drum?
a) Splicetray
b) OpticalTimeDomainReflectomete(OTDR)
c) Cablecutter
d) Multimeter
5. Whatisacommonmethodto sealfiber opticjoints?
a) Heatshrinking
b) Wrappingwith cloth
¢) Paintingwith epoxy
d) Tyingwith cableties
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—Notes

Scan the QR Code to watch the related videos

https://www.youtube.com/watch?v=mkwScwUVyuM

Fiber Optic Safety Introduction

N ..,


https://www.youtube.com/watch?v=mkwScwUVyuM
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— KeyLearningOutcomes| ¢

Bythe end of this module, the participantswill be ableto:

1. Explairhow advancedoolsare usedto testthe effectivenes®f afiber splice
2. Describethe processof recordingtest resultsfor traceability and performanceanalysisin fiber
splicing
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UNIT 3.1Carry Out Testing of Optical Fiber

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Explairthe principlesof opticaltransportmediaand OFG:ommunication

2. Elucidatethe characteristicof optical fibers, includingrefraction, polarization,attenuation, and
dispersion

3. Discusshe impactof different wavelengthbandson signaltransmissiorin opticalfiber networks

4. Explainthe working principles of optical test equipment like OTDR power meters, and light
meters

5. Determinethe optimal valuesfor OTDR power meter, and light meter test resultsto ensure
network efficiency

6. Discussthe importance of spare part managementand the repair/return processedor faulty
opticalfiber equipment

7. Showhow to use advancedtesting tools like OTDRpower meters, and light metersto validate
opticalfiber installations

8. Demonstratehow to identify and eliminate crossfiber issuesusing power source and power
metertests.

9. Demonstrate how to perform final transmissionloss tests and rectify any issuesexceeding
manufacturerspecifications

— 3.1.1 Testing Optical Fiber Visual Fault Locater

We start the testingwith a visualinspectiontool calledvisualfault locator. Thisis a very helpful tool to

trace a path of afiber, if the fibers are not brokenfrom one end to anotherwith many connections,
duplexconnectorpolarity verifyingfor example It lookslike a pertlike instrumentor a flashlightwith a

LEDor light bulb, sourcethat matesto a fiber optic connector Connectthe fiber to be testedto the

visualtracerandcheckat the other end of the fiber to identify the light transmitted throughthe core of

the fiber. If there'sno light at the end, return to intermediateconnectiongo seekout the badsectionof

the cable

Fig. 3.1.1: Visual fault locator

A handheldopticaltest deviceis to inject a highlyvisiblelaserlight into a fiber to identify faults, bends,
continuity, or port identification

'
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Fig. 3.1.2: VFL general specifications

Continuity check with the help of the visual fault locator (VFL):

Stepn 2
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Fig. 3.1.3: Checking continuity through VFL

It can be usedto identify fault location A highly visible laser light is injected on to a fiber; for
identificationof faults, bends,continuityor port identification

Youcaneasilyseethe lossof light at fiber damageby the bright red light from the VFLthroughmany
yellow or orangesimplexjacketcables(exceptblackor greyjackets) L (im@stimportant function is
finding faults near the connectorsor in short cableswhere OTDRgannotfind them. Youcanalso
utilize this gadgetto visuallytest and optimize mechanicalsplicesor pre polished -splice type
connectors By visuallyreducingthe light lost you canget the lowest spliceloss In fact- no waysto
think of doingone of those pre-polished-splicetype connectors No option will assureyou of high

yieldwith suchconnectors
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Fig. 3.1.4: Testing fault location through VFL
LightSource

In fiber optics, a light source(suchasa laseror LED)is usedto generateelectromagneticradiationin
orderto carryout a specificduty, suchasidentifyinglink lossor certifyingLAN/WAN®r detectingfaults,
breakage and microbends Forthe purposeof testing a fiber optic cable,light is injectedinto the wire
usinga fiber light source Laserdiodesand light emitting diodesare the two main typesof them. The

wavelengththey produce and the kind of cablethey test help to further distinguishthem from one
another

///‘//'// 77

Fig. 3.1.5: Lighting Source
PowerMeter

Thepower of fiber optic equipmentor the strengthof an optical signaltransmittedthroughafiber cable
canbe preciselymeasuredusingan optical power metre (OPM),a testingtool. It aidsin calculatingthe
powerlossthe opticalsignalexperiencessit travelsthroughthe opticalmedia

An opticaltime-domainreflectometer(OTDR)on the other hand, provideslengthandlossby exploiting
backscattereflection,while an opticalpower metre measureghe incomingopticalpower

A cheapmethod of certifying opticalfiber is with a power metre and light source Thesetwo test tools
are usedto gaugethe opticalsignal'sactualpoweraswell asthe fiber optic light's continuityandloss
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Fig. 3.1.6: Power Meter

—3.1.2 Testing OFCInspection Microscope

Testing OFC¢ Inspection Microscope Visual connector inspectionwith the help of microscope To
inspectconnectorsfiber optic inspectionmicroscopesare usedso asto confirm proper polishing find
problemslike scratchespolishingdefectsand dust and also checktermination quality procedureand
diagnoseproblems A goodconnectorwill havea smooth,scratchfree, polishedfinishandthe fiber will
not showanysignsof cracks chipsor areaswhere the fiber is either protruding from the end or pulling
backinto it.
1. Theamplificationfor surveyconnectorscanbe 30to 400 power units, howeverit is bestto utilizea
mediumamplification
2. The best Microscopeinstruments enable you to investigatethe connector From a few edges,
either by tilting the connectoror havingpoint light to getthe bestpicture of what'shappening
3. Checkto ensure the magnifyinginstrument has a simple to-utilize connectorto append the
connectorgmportantto the microscope
4. Make sure to watch that no power is availablein the link before you take a ganderat it in a
microscopeto secureyour eyes Themicroscopewill focusand concentrate,any power introduce
in the fiber, into your eye with possiblydangerousoutcomes A few magnifyinginstrumentshave
channelsvhichexpelinfraredlight from sourcego be protected

Fig. 3.1.7: Inspection microscope
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Followingtools arerequiredfor ¥ + A atuteftor. y 4 LISOG A 2y Q

Fig. 3.1.8: Tools required for visual connector inspection
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— 3.1.3 Steps Visual Connector Inspection
Followingare the stepsto be followed for visualconnectorinspection

s anthe connnring

Fig. 3.1.9: Steps for visual connector inspection

Connector end views as observed by microscope:

Fig. 3.1.10: Connector end views

R T—
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—3.1.4 Testing OFCConnector End Cleaning Procedure———

We needto learnthe connectorend cleaningprocedure

1. We need to learn the connector end cleaning procedure Continuouslykeep clean tops on
connectorspulkheadgrafts,fix boards,or anythingthat will havean associatioomadewith it.

2. Utilize build up free cushionsand isopropylliquor to cleanthe connectors A few solventsmay
assaultepoxy,sojust liquor oughtto be utilized Cottonswabsand materialdesertstrings Some
opticalcleanerdeavebuildups Buildupsasarule pull in soiland makeit stick

3. All"cannedair" now hasa fluid force. Quite a while back,you could purchasea jar of plain dry
nitrogento blow thingsout with, yet not anymore. Thepresentairbornecleanersutilize non-CFC
force and will leavea buildup unlessyou hold them at consummateevel when splashingSplash
for three to five secondefore utilizingto guaranteethat anyflui d fuel is oustedfrom the spout
Thesdarscanbe utilizedto blow tidy out of bulkheadswith a connectorin the oppositesideor a
dynamicgadgetmount. Neverutilize packedair from ahose(Thisradiatesa fine splashof oil from
the compressoir blow on connectors Try not to utilize your breath, your breath is loadedwith
moisture,alsoeachone of thosegerms)

4. A superiorapproachto cleanthese bulkheadsis to removethe two connectorsand cleanwith
alcoholpads,at that point utilize a swabmade of a similarmaterial with liquor on it to wipe out
the bulkhead

5. Indicatorson fiber optics control meters shouldbe cleanedwith the alcoholpadssometimesto
removedirt. Takethe connectoroff andwipe the surface at that point air dry.

6. Ferruleson the connectors/linksutilized for testing will get messybecausethey scrap off the
material of the arrangementsleevein the splicebushing Someof thesesleevesareformedglass
filled thermoplasticand sold for multimode applications Thesewill give you a filthy connector
ferrule in 10 inclusions Youcan seethe front edge of the connectorferrule getting dark The
arrangementsleevewill developan inner edgeand makea hole betweenthe matingferrules(a
1¢2 dBattenuator). Utilizethe metal or fired arrangementsleevebulkheadgust in the eventthat
you are expectingrehashedadditions Cleaninghe aboverequiresaggressivesrubbingon the
ferruleswith the liquor cushionand hurlingthe bulkheadaway:

7. Fewcompaniessell fiber optics cleaningkit. Theseare better solutionsbut perhapsnot ascost
effectiveasmakingyourownto meetyourneeds

[ o — L)
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Fig. 3.1.11: Connector end cleaning procedure
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—3.1.5 Tools Required for Bare Fiber Test

Knife
Armor stripper
Kevlarshears
Alcoholandwipes
Fiberstripper
Fibercleaver
Barefiber adapter
OTDR
w Heatshrink& cableties
Stepsfor BareFiberTest
Tworeasonsve maywantto test barefiber i.e., fiber that hasnot beenterminatedin connectorsbut is
simplyplainopticalfiber:
Toensurethe fiber or cablewe makemeetsits specifications

Totest cableon the reel to ensureit is in good condition before we install it (or even purchaseit or
acceptit on delivery)

€ e e e e e ege

Followingstepsare neededto perform the tests:

Stepl ¢ Checkthe cableandrecordanyvisiblesignsof damages

Step?2 ¢ Stripcableendat leastof 2 ft, strip andcleanthe fibers.

Step3 ¢ Connecthe fiber usinga barefiber adapterto an OTDRhrougha patchcord.

Step4 ¢ Switchon the OTDRand selectthe properwavelengthand refractiveindexfor the test. Record
andprint the OTDRraceson disk Mention directionof measuremenandloosetube - fiber color.

Step5 ¢ Comparethe testrecordsto the specification®f Y I y dzF | O (i dzNB N &
Step6 ¢ Takeout barefiber adapterand Removesxcesdiber from the cableend.

Step7 ¢ Installheat shrink/ protective coveringsleeveto the link endto keepthe sectionof dampness
or different contaminants

Step 5 Step 6

Fig. 3.1.12: Steps for bdiibertests
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— 3.1.6 About OTDR

Telecommunicatiortharacterizatiorof optical networkscantested by fiber optic tester calledOTDRit
actslike aone-dimensionaradarsystem Theuseof an OTDRsto detect, locate,and measureelements
at anylocationon a fiber optic cable Only one end accesss need by OTDRor the link and actslike a
one-dimensionakadar system By providingpictorial trace sighaturesof the fibersundertest, graphical
representationalsopossiblein the entire fiber optic link.
What an OTDRVleasures?
OTDRmeasurespticaldistanceto:

A Elementssplicesconnectorssplitters,multiplexersFaults

A Endof fiber

OTDRalsomeasures
Losof splicesandconnectors
What an OTDRVleasures?
w OTDRmeasurespticaldistanceto:
w Elementssplicesconnectorssplitters,multiplexersFaults
w Endof fiber
OTDRalsomeasures
w Losof splicesandconnectors
w ORLUopticalreturn loss)of link or sectionReflectancef connectors
w Totalfiber attenuation

Laser

Diodes :H.: OTDR Trace Information
— Comnectors splice

Photodiode R /
Detector 5B

www technopediasite.com

Distance From OTDR

Fig. 3.1.13: OTDR block diagram and OTDR trace
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Whydo I needan OTDR?

Fibertesting is essentialto provide confidencethat the network is optimizedto deliver reliable and
robustservicesvithout fault.

Telecom,video, and data wirelessserviceprovidersand network operatorswant to ensurethat their

investmentsinto fiber networksare protected In outsidefiber optic plant, eachcablewill be tested for

endto-endlossandwith an OTDRo ensurethe installationwasproperlymade Installerswill be asked
to uselosstest sets (sourceand power meters) aswell as OTDRsperforming bi-directionaltests and
providing accurate cable documentation to certify their work. Later, OTDRscan be used for

troubleshootingproblemssuchasbreaklocationsdueto dig-ups

Many contractors and network owners question whether they should perform OTDRtesting for

premisescabling Theyalsowant to knowif OTDRestingcouldreplacethe traditional losstestingwith a
power meter anda light source Premisediber networkshavetight lossbudgetsandlessroom for error.

Installersshouldtest the overalllossbudgetwith a light sourceand power meter (Tier 1 certification
requiredby TIA568Cstandards)

OTDResting(Tier2 certification)is a bestpracticethat canidentify the causedor excesdossand check
that splicesand connectionsare within appropriatetolerances It is alsothe only wayto knowthe exact
location of a fault or a break Testinga fiber link with an OTDRalso helps documentthe systemfor

future verification

Understandingkey OTDRspecifications
Wavelengths

In generic,Thesamewavelengthis usedto test the fiber whichis usedfor transmissiorthat is usedfor
transmission

w 850nmand1300nm wavelengthdor multimodefiber links
w 1310nmand/or 1550nm and/or 1625nm wavelengthdor singlemodefiber links
w Filtered1625nm or 1650nm for in-servicetroubleshootingof singlemodefiber links
w CWDM wavelengths (from 1271 nm to 1611 nm with a channel spacing of 20 nm) for
commissionin@ndtroubleshootingsinglemodefiber linkscarryingCWDMtransmission
w 1490 nm wavelengthfor FTTHsystems(optional T test can be performed at 1490 nm, but a
commonrecommendatioristo testat 1550nm to minimizeadditionalinvestments)
Testing at a single wavelength will only allow fault location Testing at dual wavelengthsis
recommendediuringthe installationphaseandtroubleshootingasit detectsfiber bends

DynamicRange

Thedynamicrangeis an important characteristicsinceit determineshow far the OTDRcan measure
Thedynamicrangespecifiedby OTDRrendorsis achievedat the longestpulsewidth andis expressedn
decibels(dB) The distancerange or display range sometimesspecifiedis usually misleadingas this
representghe maximumdistancethe OTDRandisplay,not whatit canmeasure
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...... 7y 7'y
Measurement IEC Dynamic RMS Dynamic
Range Range Range
(98% Noise Level)

0.1 dB Noise Level

g ) A (SNR=1)

Different definitions of dynamic range

Fig. 3.1.14: Key OTDR specification table

DeadZone
Deadzonesare important characteristicsincethey determinethe h ¢ 5 iy to detectandmeasure
two closelyspacedeventson fiber links Deadzonesare specifiedby OTDR/endorsat the shortestpulse
width andare expressedn meters(m).
w Theeventdeadzone(EDZ)ishe two consecutivereflective eventsof minimum distance(suchas
two pairsof connectorstanbe distinguishedy the OTDR
w Theattenuation deadzone(ADZ)is the minimum distanceafter a reflective event (for instance,a
pair of connectors}hat a non-reflectiveevent(for instance a splice)canbe measured

Pulsewidth

Therelationshipbetween dynamicrangeand a dead zoneis directly proportional To test long fibers,
more dynamicrangeis neededsoawide pulseof lightis required Asdynamicrangeincreasesthe pulse
width increasesand the deadzoneincreasegcloseeventsg 2 yhe detected by the OTDR)For short
distancesshort pulsewidths shouldbe usedto reducethe deadzones Thepulsewidth is specifiedin

nanosecondgns)or microsecond$> i

Fig. 3.1.15: Atypical OTDR

T
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Chooseyour OTDRasper your applications

Wide rangeof OTDRnodelsavailablein the market, addressinglifferent measuremenneedsandtest.
A solid understandingof key OTDRspecificationsaswell asthe applicationwill usefulfor buyersmake

right choicefor their specificneeds
Theseare the questionsto answerbefore looking for an OTDR
w Whichkind of networkswill you be testing?LAN,metro, longhaul?
w Whichtype of fiber will you be testing?Multimode or singlemode?
w Whatisthe maximumdistanceyou couldtest?500m, 20 km, 125km?

w Whichkind of measurementsvill you perform?Constructionacceptanceesting),troubleshooting,

in-service?

Choose your OTDR asper your applications.

Premises, LAN/WAN, Data Centers, Enterprise

CWDM & DWDM

Single-mode
and

Type of Fiber | Multimode Single-mode | Multimode
Wavelengths 850/1300 nm 1310/1550 nm 850/1300/

1310/1550 nm
Key Shortest possible dead zones to locate and

specifications

characterize events that are closely spaced

Installation, Wavelength Provisioning,

Type of Test | or Troubleshooting

CWDM From 1271 nm to 1611 nm with a channel spacing of
Wavelengths 20 nm

DWDM C-band tuning -

Wavelengths €62 to (12 (152799nm =156795nm)

Key Dynamic range =35 dB to test through mux,

specifications

optical add/drop multiplexer (OADM), and demux

FTTA, DAS, and Cloud RAN Shortest possible dead zones to locate and
Single-mode characterize events that are closely spaced
and Integrated continuous-wave light source
Type of Fiber | Multimode Single-mode | Multimode capability to verify end-to-end continuity
Wavelengths 850/1300 nm 1310/1550 nm 850/1300/
1310/1550 nm Metro/Long/Ultra Long Haul
Key Shortest possible dead zones to locate and =
. : Type of Metropolitan/ | Very Long Ultra Long
specifications | characterize events that are closely spaced Network Long Haul Haul Haul
- . Wavelengths 1310/1550/ 1310/1550/ 1550nm/
Point-to-Point Access/Backhaul 1625 nm 1625 nm 1625 nm
Type of Fiber | Single-mode Key Dynamic range | Dynamic range | Dynamic range
Wavelengths | 1310/1550 nm eadlicalions) |jEdgiREt EDant £50.dB
Key Dynamic range =35 dB at 1550 nm

specifications

Shortest possible dead zones to locate and
characterize events that are closely spaced

Point-to-Multipoint Access/FTTH/PON

Shortest possible dead zones to locate and

characterize events that are closely spaced

Multiple Applications

Installation —

Installation

Type of
MNetwork

Premises/Access

Metro to Very
Long Haul

fore with one or In-Service
and After cascaded Trouble-
Type of Test Splitter(s) Splitter(s) shooting
Wavelengths 13101550 Am 131041550 nm Filtered 1625 nm
or 1650 nm

Key
specifications

Dynamic range
=35 dB at
1550 nm

Dynamic range
=35 dB at

1550 nm to
test through
1/32 splitter
type

Dyvnamic range
=40 dB at

1550 nm to
tost fibers with
1/64 splitter
type

Dynamic range
not relevant

Shortest possi-
ble dead zones
to locate and
characterize
events that are
closely spaced

Shartest possi-
ble POMN/split-
ter dead zones
+ automatic
multi-pulses
acquisition

Shortest possi-
ble dead zones
to locate and
characterize
events that are
closely spaced
+ autamatic
multi-pulses
acquisition

Wawvelengths

850/1300/1310/1550 nrm
{1625 nm optional)

1310/1550/1625 nm {add-
ing an external filter on
the 1625 nm wavelength
makes OTDR suitable for
FTTH/POM network trou-
bleshooting)

Key
specifications

Dynamic range: Not
relevant for multimode;
=35 dB at 1550 nm far
single-mode

Highest dynamic range

Shortest possible dead zones

Moedular platferm that evolves according to
testing needs and provides the most flexibility

Fig. 3.1.16: Choosing OTDR as per application
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Fig. 3.1.17: Various OTDR

Other Important ProductSpecifications

Operatingan OTDRs not difficult, but it doesrequire familiarity with fiber testingbestpracticesin order
to measurecorrectly OTDRiraces can only be analyzedand correctly interpreted by trained and

experiencedechniciansL (diffiéult for a lessqualifiedtechnicianto operatean OTDRand makesense
out of the results

An intelligent software application,integratedinto the instrument, can help techniciansuse an OTDR
more effectively,without the needto understandor interpret OTDRraces It schematicallyshowsthe
fiber link tested and automaticallyrecognizesand interprets each OTDRevent and representsit asa
simpleicon for easyunderstanding However,it is mandatoryto be ableto correlatethe resultsto the

original OTDRraceif needed
D stdwithco x = RE 10:48 11/09/201
1310nm 100ns C 1 A->B 3 1 |¢Trace
_21:' (‘Smart]_ij
LFD . L
daB-jA : : : AL } vanesd v LT
A e L feshiee
. ol l } ceevspiionveresencliononeesd
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Event Distance m Loss dB Reflect. dBSection Att. dB Sectionm T. Loss dB = F;ét
il Bz 14.04 -0.001 -52.63  0.006 14.04  0.006 Report
2 == 1030.38 1.836 0.350 1016.33 0.354 2
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Fig. 3.1.18: OTDR trace
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Factorsto considerwhen choosingan OTDRnclude:
w Sizeand Weight vital on the off chancethat you need to scalea cell tower or work inside a
building
w ShowSize 5" oughtto be the baseprerequisitefor a showestimate OTDRsvith littler showcases
costlessyet makeOTDHRollow examinationrmoretroublesome

w BatteryLife an OTDRughtto be usablefor a dayin the field; 8 hoursoughtto be the base

w Followor resultsstockpiling 128 MB ought to be the baseinward memory with alternativesfor
outsidecapacity for example outer USBnemorysticks

w Bluetooth and additionally Wi-Fi Wireless Technology remote network empowers effortlessly
sendingout test resultsto PCs/portablevorkstations/tablets

w Measured quality/Upgradability a particular/upgradablestage wills all the more effortlessly
coordinatethe developmentof your test needs this may be costlierat the seasorof procurement
yetismoreaffordablein the longhaul

w PostProcessingsoftwareAvailability in spite of the fact that it is conceivableo alter and record
your strandsfrom the test instrument, it is significantlylessdemandingand more advantageouso
examineandarchivetest comesaboututilizingposthandlingprogramming

Acceptanceesting of fiber optic cablewith the help of OTDR

Fiber optic acceptancetesting guaranteesthat any new link coordinatesthe optical and physical
necessitieof the arrangedapplication Thistestingoughtto be endlesssupplyof the link, precedingits
establishment

Alwayscarefullyexaminethe cablereel for physicalsignsof shippingdamage Lookfor evidence that
indicatesthe cablehasbeensubjectto unacceptableamountsof stress Thereel will includesomeform
of cabledocumentation A copy of this information should be attachedto the acceptanceest form.
Thesedocumentsgenerally contain traceability information, as well as optical test data difficult to
acquirein the field. Forexample,a multimode fiber N5 Sibc@ndentationwould includeinformation on
the T A 6 Bantiidth, while a singlemode fiber reel would provide test data related to the various
typesof opticaldispersion

This documentation form also lists the ¥ A 0 BdéXdi refraction, as documented by the T A 6 S
manufacturer Thisnumber shouldnot be usedfor the indexof refractionin the OTDRbecauset does
not includethe O I 6 hefix@adtor, which is a measureof the differencein fiber versuscable sheath
length. The technicianmust compensatefor the extra fiber slackby adjustingthe h ¢ 5 wefydctive
indexsettingsothat OTDRlistancereadingamatchthe sequentiaimarkingson the cablejacket Thetest
of acceptanceis the best opportunity to make these adjustmentsprior to cable installation One
important considerationin testing is to ensurea good launch condition that couplesthe maximum
amountof light from the OTDRnto the fiber. Poorlaunchconditionsresultin greatly reduceddistance
to measurementcapability,and possiblemeasurementerrors. Beforeany tests can be made with the
OTDRIt mustbe properlyterminatedto the fiber to be tested ForinstalledspansJinkingthe OTDRo
the spanunder test requiresa hybrid patch cord. Most OTDR$ave an internal ultra-physicalcontact
(UPC)sphericalpolish, but some reflection-sensitive systemsuse the angled physicalcontact (APC)
polish Thehybrid patch cord addressedoth connectortype and connectorpolishissues Alwaysclean
the endfaceof the plugprior to matingto the OTDR

NI2 a
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Thereare two strategiesfor endinga fiber. The primary techniqueutilizesan exposedfiber connector,
whichcomprisesof anattachmentbodythat holdsthe fiber to be tried. Theoutline of the exposediber
connectoris with the end goalthat the fiber cango totally through the connectorbody and harm the
optical port. Along these lines, the exposed fiber connector should never be associated
straightforwardlyto the OTDRRather,the connectorought to be utilized with a short fix rope and
matingconnectorsleeveto disconnecharmfrom OTDR'port.

Thesecondtechniqueutilizesa ponytail with a reusablemechanicagraft, which enablessimplemating
of the filamentsto betried with the OTDRTheNorlandreusablemechanicagraft hasbeenutilizedfor a
considerabldength of time for testing exposedstrands It highlightsa glassbody that insideholdsand
adjuststwo filaments Thejoin isloadedwith arefractivelist coordinatingliquid to decreasaeflections

To makethe associationstrip and severboth strandsto be tried, at that point embedand focusboth
into the mechanicajoin to finishthe end. Forthe link to be tried, setup the finishof the link by stripping
ceaselesslyhe external coats,reinforcement(if present),and cradletubesto a separationof roughly
one meter. Cleanthe greater part of the strandsand sort out them consideringthe businessstandard
shadingcode Strip, clean,and separatethe principaltest fiber and embedit into the other side of the
mechanicajoin.

We will utilize the manual technique for OTDRoperation Beginthe OTDRand select the right
wavelengthandrefractivelist for the test. Setthe OTDR'gstimationmodeto "Two Point Attenuation”.
In this mode, the OTDRenablesyou to set markersat any two focuseson the backscatterfollow and
show the constriction of the locale between the markersin either dB or dB per kilometre. For an
acknowledgmentest, setthe primarymarkertoward the start of the follow the underlyingtail of the no
man'sland andthe secondmarkertoward the finish of the follow. Theoutcomeswill showasdB/km at
a wavelengthbeingtried. Setthe OTDRo "ConstantMode" and alter its range,beat width, and zoom
settingssothe wholefiber traverseis noticeableon the screen

Forthis situation, alter the filamentsin the brief mechanicapraft. Make certainthat the dividelengthis
right andthat the filamentsare focusedin the join.

In reaktime mode, the trace may appearnoisy. Startthe h ¢ 5 wwrAagingmnode to reducenoiseand
cleanup the trace. After averagings complete,the eventtable will showreflectiveeventsat the OTDR
port and at the end of the fiber. Thetrace shouldappearlinearwith no abruptinterruptionsthat would
indicatea breakor other fault in the fiber. After the deadzone,the straightline will havea very gentle
slopeindicatingthe attenuationof the fiber span
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Fig 3.1.19: An OTDR trace showing a linear attenuation/
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Marker placementis extremelyimportant when makingany OTDRmeasurementSelectthe & ! narker
and usethe arrow keysto placeit immediatelyfollowing the deadzoneat the h ¢ 5 wddr@ector The
tail of the deadzoneis shapedsomewhatlike a skislope Theexactpoint where this slopebecomesa
straight line is the point where the marker will be placed The far Fiber end could be a spike
representation,or lesscommonly,by a roll-off. In either case,the & . rdarker must be placedat the
exact point where the backscattertrace ceasesto be a straight line. To correctly place the second
marker,usethe zoomcontrolson the OTDHRor increasedesolution

The OTDRwiIll displaythe distancefrom the OTDRconnectorto the end of the fiber as well as the
completelossof spanin dBor the lossper kilometer. Usedata storagefeaturesof the OTDRo savethe
trace usinga uniquefile name If usinga deadzonebox, the length mustbe subtractedfrom the length
measurementWhenmeasuringhe other fibersin the cable,the endreflectionshouldbe locatedat the
roughlysamepoint. The presenceof shorter fibersimpliesthat the fiber is damagedor stressedwithin
the cablestructureandwill requirefurther investigation It couldalsobe causedy cablestructureswith
inner and outer rows of buffer tubes Theinner buffer tubes would have a shorter fiber length than
thosein the outer rows. In this case anindexof refractionadjustmentmustbe madefor both innerand
outer rowsandthe adjustmentdocumented

For eachfiber, makea note of the total length and dB per kilometer for eachtest wavelengthon the
acceptancdest form. It is alsoimportant to test eachfiber at the wavelengthsdesignedfor the fiber
type. Formultimode fiber, this is 850 and 1300nanometers and for singlemode fibers, both 1310and
1550nanometers Referto the testingspecificationsand note if they passor fail. In addition, makenote
of the sequentiaimarkingsat both endsof the cable,aswell asthe adjustedvalueof refractiveindex
After eachfiber hasbeentested, trim back50 percentof the exposedength Thisindicatesthat it has
beentested, but allowsre-testing if necessaryWhen all fibers go under testing, fibre tracesmust be
countedinthe h ¢ 5 wéndoryto ensurethat all fibershavebeendocumented Then,cut backthe left
overlengthsof showcasediber and correctlyresealthe cableends All userswill dependontheh ¢ 5 wQ a
automaticmeasurementunctionswhich displayslength, lossesand reflection valuesfor the fiber span
veryquickly In caseof anacceptanceest, the keypointsto document

are the total length of the fiber, the total lossof the fiber in dB, and the lossof the spanfor eachtest
wavelengthin dBper kilometer.

OTDRbestpractices
Severabestpracticesensurereliable OTDResting
Useof Launch/Receiv€ables

Launchand get cableswhich hasspoolsof fiber with specificdistancesmustbe connectedto it endsof
the fiber link undertest to qualifythe front endandthe far end connectorsusingan OTDRThelength of
the launchand receivecablesdependson the link beingtested, but A {igén&rallybetween300m and
500 m for multimode testing and between 1000m and 2000 m for singlemode testing Forvery long
haul, 4000 m of cablemay be used The fiber length highly dependson the OTDRattenuation dead
zone,whichis function of the pulsewidth. Thelargerthe pulsewidth, the longerthe launchcableand
receivecables Launch/receiveablesmustbe of the sametype asthe fiber undertest.
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ProactiveConnectorinspection

A singledirty fiber connectioncan affect overall signalperformance Proactivelyinspectingeachfiber

connection with a fiber microscope probe will significantly reduce network down time and

troubleshooting Alwaysuse it in practice to ensure fiber end terminals are clean before making
connections A dirty OTDRport or a dirty launch/receive cable connector will impact the OTDR
measurementlt needsto be inspectedand cleanedbeforethe launchcableis connected

An optimized fiber optic y' S i ¢ Anftdstéuéiure deliversreliable and robust servicesto customers

Positive customer experiencedrives loyalty, enabling a fast return on investment and sustained
profitability. An OTDRs a keyfield tester for maintainingandtroubleshootingfiber optic infrastructures

Beforefinalizingan OTDRrelookinto the applicationgthat the instrumentwill be utilized and checkthe

h ¢ 5 wp@dificationgo ensurethat they are suitedto your applications

— 3.1.7 Insertion Loss Test

All measurementin fiber optics bringsnotice to optical power measuredin dB. The power output of a
transmitter or the input to receiveris "absolute"optical power measurementsthat is, you measurethe
actualvalueof the power. Lossis a "relative" power measurementthe differencebetweenthe power
coupledinto a componentlike a cable,spliceor a connectorandthe power that is transmitted through
it. Thisdifferencein power levelbefore andafter the componentis what we callopticallossand defines
the performanceof a cable,connector splice etc.

Insertion LossTest An insertionlossverification conductedby light sourceand power meter is a easy
test that resembleghe principleof fiber optic link operation Alight is kept on one terminal of the cable
anda power meter measuredossat endterminal, aslike alink transmitter andreceiverusethe fiber for
communications

Tools¢ InsertionLossTest
Followingarethe toolsrequiredfor measuring’ L y 4 ERA A DY

O O

Launch Receive
Reference Cable Reference Cable
. Cable To Test J
® S =
1310 1550 Connector -00.00
L} Mating Adapters dBm 1310nm
Wavelength () dB/dBm
= () Wavelength
Connector = Oods
Cleaner -
Inspection
Microscope
Test Source Power Meter

Fig 3.1.20: Tools for testing insertion loss
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Steps- Insertion LossTest

Followingare stepsto test the insertionloss

Stepl - Connectorendfacesareto be verifiedand cleaned(alcoholwipes)before matingviaadapters
Step?2 - Setup light source powermeter e.g., adapters power supply,dataentry, etc.

Note: givenlist of entitiesneedwarmup periodto stabilize

Step3-Setupd f | d2yf @ for Sadibrationbefore actualtests

Step4 - Connectactualleadsto the & t | d2yF @ K d8der checkiossat oneend.

Step5 - Connectthe third leadto the ¢ £ I d2yF @ Hntise actualleadto checkthe lossat the other
end.

Fig 3.1.21: Steps for testing insertion loss

— 3.1.8 Optical Return Loss

Reflectanceor optical return loss(alsocalled"back reflection”) of a connectionis the amount of light
that isreflectedbackup the fiber toward the source by light reflectionsoff the interfaceof the polished
end surfaceof the mated connectorsandair. It is alsocalledFresnereflection andis causedby the light
goingthrough the changein index of refraction at the interface between the fiber (n=-1.5) and air
(n=-1). Reflectancaes primarily a problemwith connectorsbut may alsoaffect mechanicakpliceswhich
containanindexmatchinggelto preventreflectance
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Fig 3.1.22: (a) Return (b) Return Loss

Stepsg OpticalReturnLossTest
Followingare stepsto test the insertionloss

Stepl- OpticalReferencd.osg ORL)referencing countthe output power levelat the fiber jumperwith
help of powermeter

Step2- Measurethe ORLof the front connector(jumperto test equipmentconnection) Requiresuseof
connectors

Step3 - Connecto the fiber undertest:
w ORLlismeasuredn dBandisa positivevalue
w Higherthe number,smallerthe reflection¢ yieldingthe desiredresult
w ORLlismostcommonlymeasuredat 1310, 1550and 1625m singlemodewavelength

BR IL

IChange in Index of
Refraction

Fig 3.1.23: Optical return loss test

— 3.1.9 Miscellaneous Test

Followingare the other checkghat shouldbe done
w Verifythe fiber joint by OTDRo assuredconformanceo designneeds
w Sealingff joint closureviaheatshrinking/multi-diameterseals/mechanicakealsasappropriate
w FRPFiberReinforcedPlastids utilizedto strengthenthe joint asneeded

w Verifythe fiber at both terminalsfor instancesof crossfiber usingpower sourceand power meter
testsandensuretheir elimination
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We needto makesurethat:
w Jointiskept properlyin chamberproperly
w Additionalcable(loop)is coiledasneeded& keptinsidethe joint

w Sandisfilled in the chamberto the brim and the chambercoversare placedproperly Connected
indicatormustbe placedright 1 m behindthe chamberocation(awayfrom road)

w Aspecificcolorusedfor paintingindicator (for e.g., yellowfor joint)

—3.1.10 Identifying and Eliminating Cro$sber Issues and —
Performing Final Transmission Loss Tests in Optical Fiber
Networks

Ensuringhe integrity of opticalfiber networksinvolvesmore than just proper cablelayingand splicing
Testingthe fiber after installationis critical to detect faults suchas crossfiber connectionsand signal
lossthat could compromisenetwork performance Thischapterexplainshow to identify and eliminate
crossfiber issueausingpower sourceand power meter testsand how to conductfinal transmissiorloss
teststo ensurecompliancenith manufacturerspecifications

Identifying CrossFiberlssues
What are CrossFiberlssues?

Crosdfiber issuesoccur when signalsintended for one fiber path unintentionally coupleinto another
fiber. This can lead to poor signal quality, increasederror rates, and even complete failure in
communicatiorbetweenendpoints Crossfiber interferenceis often causedoy:

w Impropersplicingor connectorinsertion
w Physicatlamageto the cable
w Looseconnectionsat patchpanels
w Faultyor dirty connectors
w Incorrectroutingor labeling
Identifyingtheseissuesarlyensureghe network operatesat peakefficiency
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UsingPower Sourceand PowerMeter Teststo DetectCrossFiberlssues
1. EquipmentOverview
w PowerSource Adevicethat generatesa knownopticalsignal typicallyat a specificwavelength
w PowerMeter: Ameasurementool that detectsthe strengthof the opticalsignalin afiber.
2. SettingUpthe Test

w Connectthe power sourceto one end of the fiber link, ensuringa stable and calibratedlight
output.

w Connecthe powermeter at the receivingend of the fiber link.

w Confirmthat both devicesare set to the correct wavelength(typically 1310 nm or 1550 nm,
dependingon the fiber type and project specifications)

3. Performingthe Test
w Sendthe test signalfrom the power sourcethroughthe intendedfiber.
w Measurethe receivedsignalusingthe power meter.
w Compareghe measuremento the expectedoutput.
4. |dentifyingCrossFiberinterference
w If the powermeterreadssignalson unintendedfibers, thisisa signof crossfiber issues
w Multiple unexpectedeadingsacrosdifferent fibersindicatecouplingor leakage
w Asuddendrop or risein signalstrengthmayalsosuggessplicingerrorsor connectorfaults.
5. EliminatingCrossFiberlssues
1. Visualinspection
w Checlconnectordor dirt, dust,or misalignment
w Inspectpatchpanelsto ensurecorrectfiber labelingandport usage
2. ReSplicing
w If the issuearisesfrom poor splicing,carefullyremovethe damagedsectionand perform
fusionsplicingagain,ensuringprecisefiber alignment
3. CleaningConnectors
w Usefiber optic cleaningtools to removecontaminantsfrom connectorsand ensureproper
mating
4. Rerouting

w Ensure cables are correctly routed accordingto the documented layout to prevent
accidentakoupling

5. Retesting

w After adjustments,perform another power sourceand meter test to confirm that cross
fiber interferencehasbeenresolved
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—3.1.11 Performing Final Transmission Loss Tests———

UnderstandingTransmissiorn_oss

Transmissiottossrefersto the reductionin signalstrengthaslight travelsthroughafiber. Everyfiber has
an acceptablelossthreshold, defined by manufacturerspecificationswhich ensuressignalscantravel
longdistanceswvithout degradation

Commoncausef transmissionlossinclude
w Poorsplicing
w Bendingor stresson the fiber
w Dirty or faulty connectors
w Incorrectinstallationdepth or duct placement

Stepsto PerformFinal TransmissionLossTests
1. Calibration
w Ensurehe powersourceandmeter are calibratedbeforetesting
w Setthe appropriatetest wavelengthaccordingo fiber type.
2. TestProcedure
1. Connecthe powersourceto the transmitter sideof the fiber link.
2. Connecthe power meterto the receiverside
3. Measurethe input power at the sourceend andthe output power at the receivingend.
4. Calculatedransmissionossby subtractingthe receivedpowerfrom the transmittedpower.
Formula
TransmissiohosqdB)=Input Power(dBm)¢ Output Power(dBm)
Interpreting Results
w Comparehe measuredossagainstmanufacturerspecifications
w Atypicalsinglemodefiber lossat 1550nmislessthan 0.35dB/km.
w If the measuredossexceedshe threshold,correctiveactionsmustbe taken

RectifyinglssuesThat ExceedSpecifications
CommonCausesnd Solutions
1. ExcessivBending
wChecKor sharpbendsnearsplicesor connectors
wEnsurehe fiber bendradiusis not lessthan the recommendedimit (usually30 mm or greater)
2. ConnectorContamination
winspectconnectorausinga fiber inspectionscope
wCleanconnectorswith lint-free wipesandapprovedcleaningsolutions
3. SpliceErrors
wReviewsplicingproceduresandrepeatfusionsplicingwith better alignment
4. ImproperPatchPanelTermination
wConfirmfiber routing and proper port usage
wReinsertconnectorsandsecurethemto preventmovement
5. EnvironmentaDamage
wCheclkductsfor crushingwater ingresspr physicadamage

wReplacedamagedsectionsand ensure proper protective materialslike Gl or RC(pipesare in
place
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DocumentationAfter Rectification
w Recordnitial andfinal transmissiolossmeasurements
w Documentanycorrectivestepstaken(re-splicing,cleaningre-routing).
w UpdatecablelDs,joint locations andtest reports.
w Obtainsignoff from the projectteambefore commissioninghe fiber link.

Importanceof TheseTests
1. EnsuredNetworkIntegrity
w Detectingcrossfiber issuegreventsdatalossandnetwork failures
2. ImprovesSignalQuality

w Accurate transmission loss measurement guarantees the network meets performance
requirements

3. Reduce®owntimeand MaintenanceCosts
w Earlydetectionandresolutionpreventfuture disruptions
4. Compliesvith Standards

w Adhering to manufacturer guidelines and industry best practices ensures regulatory
complianceandlongterm network reliability.
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—Notes

Scan the QR Code to watch the related videos

https://www.youtube.com/watch?v=wnCOnzGc0iU https://www.youtube.com/watch?v=jML 7kg®jA

VFL(visual Fault Locator) How to test the insertion loss of Fiber Optic Cable



https://www.youtube.com/watch?v=wnCOnzGc0iU
https://www.youtube.com/watch?v=jML7kgQ-MjA
https://www.youtube.com/watch?v=jML7kgQ-MjA
https://www.youtube.com/watch?v=jML7kgQ-MjA
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UNIT 32: Optical Fiber Testing, Documentation, and Predicti
Maintenance

— Unit Objectives|@

Bythe end of this unit, the participantswill be ableto:

1. Describethe compatibility requirementsfor advancedconnectorsand protection sleevesin OFC
installations

2. Explainthe different types of OFCconnectors based on equipment specificationsand their
applications

3. Determinethe functionality and usageof optical equipment like cleavers,fusion splicers,and
mechanicabplicingkits.

4. Discusghe operation and importanceof fiber strippers, protection sleeves,and fiber-reinforced
plasterin fiber opticinstallation

5. Describethe use of advancedools like multi-joiner fusion splicersand cableblowing machinesin
opticalfiber deployment

6. Demonstratehow to verify the availabilityand proper operation of advancedmulti-joiner fusion
splicers

7. Showhowto supervisemulti-fiber splicingto ensureproperalignmentand minimalsignaloss
8. Demonstratehow to useadvancedrotectionsleevesandconnectorsiuringfiber termination.

9. Show how to follow step-by-step splicing and termination techniques to maintain quality
standards

10.Showhowto ensuresplicequality meetsestablishedjuality assurancetandards
11.Showhowto checkfor properbackfilling,crowning,andthe installationof route/joint markers

12.Demonstratehow to update ashbuilt documentationwith accuratejoint locationsand installed
fiberroutes

13. Showhowto ensuresite cleanupandproperdisposabf debrisafter fiber opticinstallation

— 3.2.1 Splicingof OFC

It isa processof connectingtwo optical fibres permanently. PN
It is commonlyusedin long cableruns,whichneedmore than Ot_c:‘?i'c'i:rilb’e
one cableconnection Thiscan connect different cablesand plicing
can interlink various locations It is usedto terminate the ~
singleFibres It is commonlyusedin OSFapplicationsbecause /J\ /J\
cablesare pulled and terminated There are two types of N N
.. Mechanical Splicing Fusion Splicing

splicing

N N~
Why do we needto spliceoptical fibres? Fig.3.2.1:Typesof splicingof OFC

Following areghe reasondor carryingout 'Splicing':
w Itisusedwhenalongfibre cableisrequired
w Itisusedto connecttwo or more smallfibre cableswhichare boundto makea singleconnection
usingsmallcables
w Cutoff fibre linksmayneedsplicingto jointhem
w Itisusedin terminating theopticalfibre to networkandfibre panels
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— 3.2.2 Typesof Optical FibreSplicing

Asalreadydiscussedbove,opticalfibre splicingis of two types¢ Mechanicakind Fusion Letusdiscuss
both typesin detail.

Mechantal Splicing

Thissplicingtechniquecomprisesthe precisealignmentof two fibre optic cables,held in placeby a
selfcontainedassemblyrather than a permanentbond. A mechanicabpliceis usedto hold two fibre
opticcablesallowingthe lightto pasghroughseamlesslywith atypicallossof around10%(or 0.3 dB)

In this processyou must usean alignmentdevicealongwith anindexmatchinggel Thegelusedmust
have a similar refractiveindexto enhancethe light transmissionacrossthe joint, with minimal back
reflection

Steps toperform mechanicakplicing:
Stepl: Preparethe fibres

Thefirst stepis topreciselystrip the fibresof their protectivecoatingsjackets tubesandstrength.

Fig.3.2.2: Preparindibre for mechanicaéplicing

Step2: Cleavethe fibres

After stripping,the nextstepisto breakyour cablesusinga fibre cleaver Now, usethe cleaverto create
asmall,cleancut onthe cableswith endsperpendiculato the fibre axis

Step3: Mechanicaloining of fibres

In this step,you just haveto placethe fibre accuratelyendstogetherin the mechanicabpliceunit. The
indexmatchinggelinsidethe equipmentwill do the rest, like linkingthe light to the endsof your cables
If usingan older unit, you may haveto use epoxyinsteadof the indexmatchinggelto alignthe fibres
correctly.

Step4: Securingunited fibres

Oncedone with these steps, placethe fibresin a splicetray and then inside a splice closure Now
the completedmechanicalsplicerendersits own protection for the splice Ensureto sealthe cables
carefully,asthis will preventyour cablesrom experiencingnoisturedamage

Fig.3.2.3:Mechanicabplicing
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Typesof mechanicalsplicing
V-GroovedSplicing

Thistechnique takes a V-shapedsubstrate, and the two fibre endsare butted in the groove Once
the two are properly placedinsidethe groove,they are bondedby an indexmatchinggel Thisindex
matchinggel providesproper grip to the connection The V substratecan be composedof ceramic,
plastic,silicon,or anymetal.

| Vgroowe spicing of optical fer
Fig.3.2.4: MechanicaSplicing V-GrooveSplicing)

However the fibre lossesare more in this techniqueascomparedto the fusiontechnique Theseosses
are dueto the core and claddingdiameterand core positionwith respectto the centre. Here,the two
fibresdo not form a continuoussmoothconnectionasthe joint is semipermanent

ElasticTubeSplicing

It isatechniqueof splicingthe fibre with the help of the elastictube, whichmajorlyfindsits application
in the caseof multi-mode optical fibre. Herethe fibre lossis similarto that of the fusiontechnique
However the needfor the equipmentandskillis slightlylessthan the fusionsplicingtechnique

Ely=ic material

Annal aligrment

Basticbube 5 of I

Fig.3.2.5:Mechanical SplicinElastietubesplicing)

Here, the elasticmaterialiis rubber, insidewhich a smallhole is present Thediameter of this hole is
lessthan the diameterof the fibre to be spliced Taperings doneat the endsof both the fibresto allow
easyinsertioninsidethe tube.

Whenthe fibre with aslightlylargerdiameterthanthe holeisinsertedinsidethe hole,thenit ultimately
getsexpandedDueto this symmetricity,a properalignmentbetweenthe two fibresis achieved

FusionSplicing

Anothermethod to join fibre optic cablestogetherto form a permanentconnectionis fusion splicing
Here,a machineor an electricarcis usedto produceheat and fuse/weld glassendsthat are precisely
alignedtogetherfor seamlessransmissiorof light. It hasa muchlower attenuationof around0.1 dB.
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Fig.3.2.5: FusionSplicing

Overviewof FusionSplicing

Strippingthe Fibre:

w Itisaprocesof removingthe protectivelayer,whichisa polymer,from aroundthe fibre.
w Thisprocesf splicing begins biyisingthe two endstogether.

w Itisdoneby passinghe fibre viaamechanicastrippingdevice We canalsousea speciaprocedure
for stripping,whichcan be done using sulphugcid.

w Sometimes, hoairisalsousedto removethe coating.

w Thereis alsoa methodwhich useschemicalsunder a definedtime. It is calledas solventcapture
method.

w Thisprocedurealsohelpsto getrid of coatingsandcladdings.
w Toolsused incleaning thestrippingandcleavingare very important.

Cleaninghe Fibre:

w Itisaprocessf cleaninghe Fibreswith alcoholandwipeslike alcopad.
w Useof IPAis notadvisableasit attractsimpurities.

w IPAishygroscopidn nature,whichiswhy it absorbsmoisture.

w So,mostaqueoushasedcleanersare usedn cleaning.

Cleavinghe Fibre:

w Thefibre is cleavedisingthe scoreandbreakmethodto makeit flat and perpendicular to itaxis.
w Amicroscopdsusedto analysehe qualityof the fibre.

Splicingthe Fibre

w Usingcoreor claddingalignment,the fusionsplicerautomaticallyalignsthe two cleavedfibresin
the x,y,zplane;then, thefibresare fusedtogether.

w Prooftestis doneto confirmthat the spliceis firm enoughto tolerate handling,packagingand
prolongeduse. Then, it is removdtbm the fusionsplicer.

w Recoatings done,or a spliceprotector (heatshrinkabletube with strengthmembrane)is usedto
safeguardhe barefibre area.

Opticalsplicingprocedure

w Placemenbf splicingprocessinspectindibre optic spliceclosurecontentandthe supplementary
kits.
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w Cablanstallation inthe ovaloutlet.
w Cablepreparation.
w Organisatiorof the fibreswithin the tray.
w Installingheat shrinkablesleeveandtesting it.
Hleanc an
Fibsar ‘ I [
Bukder hoider
Plers to be
wpliced
L Fesion splicng of optical ey |

Fig.3.2.7: Fusionsplicingprocess

FibreSplicedStill Unprotected
w Thebasicfusion splicingapparatushastwo fixtures (sheathclamps)for mountingthe fibresand
two electrodes

w Aninspectionmicroscopes usedto placereadyfibre endsinto the fusionsplicingapparatusThe
fibresarethen alignedandfusedtogether

w Nichromewire was useckarlierin fusion splicingsthe heatingelementto fuse fibregogether
w Carbordioxide(CO2)asersgelectricarcs,or gasflames areusedto fusethe fibres.

w Electricarcfusion(arcfusion)hasbecomea populartechniquefor splicingdue to smaltsizedand
automatic fusiorsplicers.

w Opticalfibre connectorsor mechanicakplicescanbe usedbut havehigherinsertionlosses|ower
reliabilityandhigher returnlosseghan fusion splicing.

Fig.3.2.8: Basicsplicinginstrument

CablePreparationfor Splicing
Followingare the checkgo prepare OF@r splicing:

Checkhe installed cablendwhetherit hasall the parametersasper the plan.
Lookfor the damageor anyissues

Makesurethosebendratiosare asper the measurement.

Makesurethat the cable igplaced ora stablejoining pit.

Securehe cableproperlyto avoiddamage.

Checkhat the fibresare joinedasper the colourcodingandsequence.

— B
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Material and EquipmentUsedfor Splicing

2=

Pigtail (2in number
Fibreopticcable gtal (in nu )

Mechanicabplice
Fusiorsplicer IPAcleaner& wipes

Cleaver

Table3.2.1: Equipmentsedfor Splicing

Steps forfusionsplicing
Stepl: Preparethe fibres

Thefirst stepis to stripthe fibresof their protectivecoatingsprecisely.

Fig.3.2.9: Preparethefibres

Then, similar to mechanicalsplicing, strip the protective coating around the optical fibre using a

mechanicafibre stripper until you reachthe barefibre cores Cleanthe strippingtools before starting
the process
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Step2: Cleanand cleavethe fibres

Cleanthe barefibre usingan IsopropylAlcoholwipe. Do ittwice usinga different part ofthe wipe.
Oncecleanedavoidtouchingor contaminatingthe surface.

Now, use the cleaver to create asmall cleancut on the cableswith endsperpendiculato the fibre axis.

—ln

. N

Fig.3.2.10:Cleanandcleavethe fibres

Step3: Fusethe fibres

Thefibre isnowreadyto fuseusingthe fusionsplicer It involvesthe alignmentof the fibresandheating
to meltthe fibre endsandfusethem.

Alignmentcan be manualor automatic,dependingon the fusion spliceryou are using Oncethe end
facesof the fibre are flawlesslyalignedand centredon the electrodes the splicerunit usesan electric
arcto melt the two fibre endsandfusethem together.

Fig.3.2.11:Fusiorof fibres

If the fusion splicestopsthe processn between,it maybe dueto the followingissues:

w Pooralignment ofthe wires ontheir guides
w Fibresarenot cleavedat a perfect90-degreeangle
w Dueto the presenceof someresidualplasticcoveror dirt onthe endof the fibre

Step4: Protectthe fibre

A fusionspliceusuallyhasa tensile strengthbetween0.5 and 1.5 Ibs and will not breakduringnormal
handling Eventhen, it is advisableto provide protection from bendingand pulling forcesand ensure
the fibre doesn'tbreakduringroutine use

After the fibres are successfullyfusedtogether, it's time to either re-apply a coatingor use a splice
protector.

Youcanusesiliconegel, heat shrink plastic,or mechanicakrimp protectorsto securethe splicefrom
externaldamageandbreakage
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— 3.2.3 Tips forBetter Splices

1. Tipsl1: Thoroughlyandfrequently cleanyour splicingtools. Whenwaorkingwith fibre, keepin mind
that particlesnot visibleto the nakedeye could causetremendousproblemswhen working with
fibre optics Excessiveleaningof your fibre andtoolswill saveyoutime andmoney.

2. Tips2: Properlymaintain and operate your cleaver Thecleaveris your most valuabletool in fibre
splicing Within mechanicalkplicingyou needthe proper angleto insure proper end facesor too
muchlight escapingnto the air gapsbetweenthe two fibreswill occur Theindexmatchinggelwill
eliminatemostof the light escapebut cannotovercomea low quality cleave

3. Tips3: ForFusionsplicing,you need an evenmore precisecleaverto achievethe exceptionallow
loss(0.05 dB and less) If you havea poor cleavethe fibre endsmight not melt together properly
causindight lossand highreflection problems Maintainingyour cleaverby following manufacturer
instructionsfor cleaningaswell asusingthe tool properlywill provideyouwith alonglastingpiece
of equipmentandensuringthe jobisdoneright the first time.

4. Tips4: Fusionparametersmust be adjustedminimally and methodically If you start changingthe
fusionparameterson the splicerassoonasthere is a hint of a problemyou mightloseyour desired
setting Fusiontime and fusion current are the two key factors for splicing Hightime and low
currentresultin the sameoutcomeashighcurrentandlow time. Makesureto changeonevariable
at atime andkeepcheckinguntil you havefoundthe right fusionparametersfor yourfibre type.

_ 3.2.4 EvaluatingSplices

GoodSplices

Youcanlook at the spliceafter the installationusingboth Xand Y views Someof the damagedoesnot

have any effect on the optical transmission Theseare acceptable and the examplesfor good splices
are shownin the imagegivenbelow. SomeFibrescancausewhite and blacklinesin the splicebut are

not consideredaults. Theseare shownin the followingfigure:

Q | ~5

White Line

G - &

Blurred Thin Line

e

Offset

=

Diameter Difference

" =0

Dirt on Fiber

Fig.3.2.12: Thesdlawsdo not affect opticalftransmission
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BadSplices

Splicingolackspotsor linesare knownasbadsplicesandthesecanbe corrected.But they cannotbe
correctedmorethantwice. Other badsplices' identitiesre core offsets,bubblesandbulging splices.

 aiin.
0%

Bubble

NS
Fan\

Q — —— =0
NS

Black Shadow
Fig.3.2.13: Thesdlawsrequirea redo

SpliceProblemTroubleshooting
Somecommonproblemsandtheir likely causes arshown inthe followingfigure:

Contaminated electrodes.
Fusioncurrent muchtoo
high.Prefusion memuch

Not fusedthrough

Fusioncurrent too too long. Prefusioncurrent

low. Prefusion me muchtoo high.Auto feed
too short. too small.Gaptoo large.

Currenttoo high.
Feedrate too slow.
Prefusion metoo long.
Prefusioncurrent too high.
Gaptoo wide. Contaminated
electrodes.
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Bubbleor Inclusion
[ 2YyGF YAyYleidSR Uo SNJ
faces. Poor cleave. Fusion
currenttoo high.. Prefusion
currentor metoo low.

Enlargement
Auto-feed too fast.
Incorrectcurrent.

Fusion splicergenerallyhave stored programsfor
mostU 6 SaNdthe user carmodity those program
parametersor create new ones.Referto the
instruc on manualor ask the manufactureis
thereis anyques on about usingthe splicerwith
the U 6 $aMare installing.
Itissome mesnecessaryi 2 & L)X A OS 2t RSNJ Uo
either in restora on or modifyingnetworks. Older
U 6 Snigibecomebri le andhard to strip.

Addi onal problems

5 NA >

Fig.3.2.14:SpliceProblemTroubleshooting

— 3.2.5 Optical Fibre SafetyOverview

Wear disposable aprorte

Keepall food and beverageout
of the work arealfU 6 S NJ
par clesareingestedthey can
causeinternalhemorrhaging

minimizeU 6 $adXleson your

clothing, Fibepar cles onyour

clothing canater get into food,

drinks,and/or be ingestedby
other means.

Alwayswear safetyglassewith
sideshieldsand protec ve
gloves.TreatU 6 $iN&
splintersthe same as you would
glasssplinters.

Never lookdirectly intothe end2 ¥ U6 S Nd IQduare S a
posi ve that thereisno light sourceat the other end. Use a
U 6 $p\N& power meterto make certairthe U 6 & Nark.
Whenusinganop caltraceror con nuity checkerlook at te
U 6 S NJ aft ahBledt least6 inchesawayfrom youreye to
determineif the visiblelight ispresent.

Onlyworkin well
ven lated areas.

Contact wearersnustnot
handletheir lensesun |tey
havethoroughlywashed
their hands.

Donot touchyour eyeswhile
workingwith U 6 &N
systemsun | they havebeen
thoroughlywashed.

Keep alcombus ble
materialssafely away from
the curingovens.

PutallcutU 6 Bidkkesina
safeplace.

Thoroughlycleanyourwork
areawhenyouaredone.

Donot smokewhile
workingwith U 6 $pitJ
systems.

Fig.3.2.15:Safetyrules
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— 3.2.6 SplicingSafety¢ Normsand Rules

Duringsplicingfollowingsafetyrulesmustbe followed:

Optical Fiber Technician

It isadvisedo wearsafetygogglest all timesof installationandother exercisegndactivities.You
mustinsistthe personworkingwithout aglasswearit

Disposeof the bi-productsat the proper disposakrea.Make surethey are removedcarefully,and
no onegets harmedecausef the waste

Covetthe tools before storing

Clearthe toolsproperly forthe nextuse

Always makeise ofFDU.Youcan replace FDWith the useof water or soda
Always havecrapswvhichcan be usedbo pickthe diffusedproductsinto the skin

The objectandwastesare verytiny and candiffuseinto the skin,whichis verydifficult to remove
with barehands.So,makesureto wear protectiveclothing

Makeuse ofscotchtapeto pickthe small pieces dibre

Usedark colour paperwhile working, becausethese can help showthe smallparticlesthat are
emitted while working

AlwaysuselPA epoxyandanaerobic adhesivwehile working

Alwayswipe the tool with alcohol

Remember thaepoxycannot be removedrom clothes

NevertouchanyFibrewith barehands offingers

Terminatorsare veryhot from the curingovens.So be cautioughile handlingthem
Becarefulwhile handlinga glasspieceasit cancut theskin
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— 3.2.7 SafeHandlingProceduredor Optical FibreSplicing ———

Objective:
Ensurall personnefollow propersafetyprotocolsto preventinjuries,equipmentdamage andnetwork
reliabilityissuesluringU 0 bidHcsplicingactivities.
Key Safety Guidelines:
1. PersonalProtective Equipment (PPE):
1 Alwayswearsafety gogglesto protecteyesfromtinyU éeshads.

1 Useprotectiveclothing(gloveslabcoats or longsleevesjo preventskincontactwith U 6 NJB
fragmentsor chemicahdhesives.

2. HandlingFibre Scaps:
1 CollectU tesaapsmmeditelytoavoidaccidentalembeddingn skin.
1 Usescotchtapeortweezersto safelypickuptiny piecesofU ce.
1 Workoverdark-coloredsurfaceso easilyspotstrayl 6 fidgments.
3. Chemcal Sfety:

91 Handleepoxy,anaerobicadhesivesand IPAcarefully;avoid direct contactwith skinand
clothing.

9 Clearanyspillsmmeditelyusingproperdisposamethods.

1 AvoidusinglPAexcessivelgsit attractsmoisture;preferaqueousbasedcleaningsolutions.
4. Tool Sefety andMaintenance:

9 Alwayscovertoolswhennotinuse.

9 Clearalltools,cleaversandstrippersaftereachsessiorio removeresidue.

9 Inspecfusionsplicersandmechanicasplicingunitsbeforeuse.
5. SpliceClosueandEnvironmental Safety:

1 UseFiber Distribution Units (FDU)or water/sodaalternativesto safelyhandleR A i dza
particles.

w
puls

1 Ensureropersealingdfspliceclosuredo preventmoistureingress.

1 Properlycoilandsecuresparel 6 NdSidethe joint closureto preventbendingor breakage.
6. GenealPrecautions:

1 NevertouchbareU @eendswith bare hands.

9 Disposefallby-productsandsaapsin desigrateddisposabreas.

9 Beawareof potentiallongtermhazardsf safetyproceduresreignored.
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— BExercise

N

ShortQuestions

1. Explairhowrefractionanddispersionaffect signaltransmissionn opticalfibers.

2. Whatarethe differencesbetweenfusionsplicingandmechanicatplicingin fiber optic networks?

3. Describehow the choice of wavelengthband influencesthe performanceof an optical fiber
network.

4. Why is it important to use compatible connectors and protection sleevesin fiber optic
installations?

5. Howdo OTDRandpowermetershelpin identifyingfaultsin an opticalfiber network?

Fillin the Blanks
1. Thebendingof light insidethe optical fiber core due to differencesin refractiveindexis called

2. A is usedto removethe outer coatingof afiber before splicing
3. Excessiveignallossdueto scatteringor absorptionin the fiber isreferredto as .
4. The device that helps locate faults and measure distance along a fiber cable is called an

5. After installation, accurate must be recordedto ensureproper network operation
andtroubleshooting

Multiple ChoiceQuestions(MCQs)

1. Whichproperty of opticalfiber isresponsibleor light bendinginsidethe core?
a) Attenuation
b) Refraction
c¢) Polarization
d) Dispersion

2. Whichof the followingtoolsis usedto ensureproperalignmentduringfiber splicing?
a) Fiberstripper
b) Cableblowingmachine
c) Fusionsplicer
d) Lightmeter

3. Whatisthe typicalreasonfor usingprotectionsleevesluringfiber termination?
a) Toenhancesignalspeed
b) Topreventdustcontamination
¢) Toprotectthe fiber from mechanicabtress
d) Toreducelightreflection

P
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4. Whichtest instrumenthelpsmeasurethe powerlossbetweentwo pointsin afiber link?
a) OTDR
b) Powermeter
c) Fusionsplicer
d) Cableblower
5. Whatisthe mainpurposeof updatingasbuilt documentationafter installation?
a) Topreparefor warrantyclaimsonly
b) Toimprovesignalstrengthautomatically
c) Tokeepaccuraterecordsfor maintenanceandtroubleshooting
d) Toincreasdfiber count
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—Notes

Scan the QR Code to watch the related videos

https://iwww.youtube.com/watch?v=AL90m4LvEg

Optical Fiber Splicing Safety

Iy


https://www.youtube.com/watch?v=A-190m4LvEg
https://www.youtube.com/watch?v=A-190m4LvEg
https://www.youtube.com/watch?v=A-190m4LvEg
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— KeyLearningOutcomes ¢

Bythe end of this module, the participantswill be ableto:

1. Explairthe processof handlingfault notificationsin an opticalfiber network.
2. Describethe stepsinvolvedin rectifyingfaultsat Pointsof Presenc€POPS)
3. Discusshe importanceof documentingandreportingfault rectificationstatus
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UNIT 4.1fFault Notification

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Discusssignal strength and quality Key PerformanceIndicators (KPIs)used in optical fiber

networks

Describenetwork designprinciplesandfiber optic systemintegration

Discussproper fiber cable termination techniques,including the use of advancedprotection

sleevesandconnectors

Describehe route and cablemarkingconventiongor long-term maintenanceandidentification

Demonstratehow to interpret fault notifications receivedfrom the Network Operation Center

(NOC)r supervisors

6. Showhow to determine Turn Around Time (TAT)for fault rectification basedon ServicelLevel
AgreementgSLAS)

7. Demonstratehow to accesandinterpret asbuilt drawingsfor fault locationanalysis

8. Showhowto verifythe necessaryoolsandsafetygearbefore headingto afault location

w N

ok

— 4.1.1 Fault Notification

Faultnotifications are;

w Intimations receivedabout fault in link, cable ends, connectorsor tools & equipment from the
customerscontractoror NOC(Network OperationsCentre)are relayedto the network operations
maintenanceeamandthe sameisrectified andthe informationis relayedback

w Thefollowingpictureindicatesnormaloperationandwhat happensn caseof afault.

NORMAL OPERATION FALURE €3
Swatch Spetrh

XE X =
r ‘ r‘
o= S i —

Fiber Protection Swilch fiber Protection Switch

Fig. 4.1.1: Normal operation and failure

&
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— 4.1.2 Steps Process of Receiving Fault Notificatioh———

A network operationscenterviewsthe procesof receivingthe fault from the customer,contractorand
the stepsare asfollows.

Step1 - Anoperator zoomsin from a macroview to the areaof concern Transceivedetectsa fiber
fault betweena hub andone of the points(sometimescalleda spoke)

Step2 -Theoperatorisimmediatelynotified aboutthe ¥ | dppraidhatelocationasdepictedin Ww S R Q
Operatoracknowledgeshe fault andrelaysinformationto the network operationsteam of the area

Step 3 -Oncethe fault has been fixed, information from the Wb S (i 8 & NJ¥ @layedbackto the
operatorwhothen closeghe issue

Fig. 4.1.4: Step-Jault cleared

A
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— 4.1.3 Fault Notification Guidelines

Oneshouldadhereto the following guidelines
w Crosscheckthe fault.
w Confirmthe{ [ ! tthédlires
w Setthe priority with the teammembers
w Getin touchwith all stakeholdersnvolvedin fault rectification
w Arrangefor permitsor approvalsandequipmentif needed
w Document fault, reasonsandreport; documentresolution

— 4.1.4 Fault Notification Process

Oneshouldadhereto the following fault notification process

RECEIVE AN EVENT,

HOST, FMP TRIPLET
13 EVDI._E'LE R.i':gcgnoﬂ DETZRMINE AND NOTIFY
ARE DEHNED? ' APPROPRIATE TEAM
¥
CREATE TROUBLE TICKET
CORRELATE EVENTS y
1 LCG EVENT
START ESCALATION PROCESS !
T CONTINUE maochtTi
N PATH UNTIL
WAIT COOL OFF ERIOD Esc:kﬁgocoanscreo
I INFORMATION RECEIVED

Y

Fig. 4.1.5: Fault notification process
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— 4.1.5 Fault Notification and Response in Optical Fiber——
Maintenance

In opticalfiber communicatiometworks,faults suchasfiber cuts,signaldegradation connectorfailures,
or splice errors can disrupt service and affect customer satisfaction Rapid detection, accurate
interpretation of fault alerts, and swift responseare critical for minimizingdowntime. This chapter
explainshow to interpret fault notificationsfrom the Network OperationsCenter(NOC)or supervisors
and how to estimate Turn Around Time (TAT)for fault rectification basedon ServicelevelAgreements
(SLASs)
UnderstandingFaultNotifications
Fault notifications are alerts that indicate a problem in the optical fiber network Thesealerts canbe
generated by automated monitoring systems,NOC technicians,or supervisorsbased on network
performancemetrics,alarms,or customercomplaints
Sourceof FaultNotifications
w Network Operation Center (NOC) NOCscontinuouslymonitor network performanceusing reak
time datafrom OTDRgyower meters,andtraffic analysigools. Whenananomalyis detected,such
as unexpectedattenuation or signalloss, a fault alert is generatedand communicatedto field
technicians
w Supervisoror Field Reports Techniciansor supervisorsat a location may report issuessuchas
visibledamageto cablesconnectorfaults, or servicedisruptions
w CustomerComplaintsEndusersor clientsmayreport slowinternet speedsjntermittent signalsor
total serviceoutages promptingfault verification

KeylInformation in FaultAlerts
Whenafault notificationis receivedit typicallyincludesthe followinginformation:
1. FaultLocation
w GPSgoordinatesor site name
w Routesectionor segmentnumber
w Nearestidentifiablelandmarks
2. FaultType
w Fibercut
w Highattenuation
w Connectoror splicefault
w Wateringressor corrosion
w Crosdfiberinterference
3. Timeof Detection
w Whenthe fault wasfirst detected
w Whetherit isintermittent or persistent
4. ImpactArea
w Numberof usersaffected
w Criticalityof the fault (e.g., backbonevs distributionline)
5. PriorityLevel
w High,medium,or low priority basedon SLAandnetwork redundancy
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b. Interpreting FaultAlerts
Accurateinterpretationensureghat techniciangespondappropriately
1. Asses$aultTypeandImpact
w Determineif the fault islocalizedor widespread
w Prioritizerestorationfor criticallinesor high-payingcustomers
2. Verifythe DataSource
w CrosscheckNOGgeneratedalarmswith field reports
w Confirmreadingswith OTDRor power meter testsbefore deployingresources
3. EvaluateEnvironmentabr ExternalFactors
w Checkfor adverseweather conditions, construction work, or vandalismthat may have
causedhe fault
4. Planthe RepairApproach
w Identify requiredsplicingtesting,or materialreplacement
w Determinesafetyprotocolsbeforereachingthe site

— 4.1.6 Estimating Turn Around Time (TAT) for Repair———

Turn Around Time (TAT)is the expectedduration from fault detectionto fault resolution and service
restoration AccurateTATestimation helpscoordinateteams, set customerexpectations,and comply
with contractualobligations
UnderstandingSLAsnd TheirRolein TAT
ServicelLevel Agreements(SLAsYHefine the maximumallowed downtime, responsetime, and repair
time commitmentsbetweenserviceprovidersand clients SLAgypicallyclassifyfaults basedon priority
levels

w CriticalFaults Must be resolvedwithin 4¢8 hours

w Major Faults Shouldbe resolvedwithin 24 hours

w Minor Faults Repairamaybe scheduledwithin 48¢72 hours
Failure to meet SLAcommitments can lead to penalties, financial compensation,or reputational
damage

FactorsAffecting TAT
1. FaultComplexity
w Asimpleconnectorfault maybe resolvedwithin hours
w Afiber cutrequiringtrenchexcavatiorand cablereplacementcouldtake days
2. Accessibilityf the Site
w Urbanareasmayallow quickeraccess
w Remoteor disasteraffectedzonesmayextendrepairtime

P
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3. Availabilityof Resources
w Toolsspareparts,andtrained personnelmustbe availableon-site
w Weatheror logisticissuesnaydelaydeployment
4. SafetyandRegulatoryConstraints
w Permitsmaybe requiredbeforetrenchingor repairwork
w Environmentaprotocolsmustbe followed, possiblyextendingrepair schedules

Stepsto EstimateTAT
1. Reviewthe FaultNotification
w Confirmlocation,fault type, andexpectedrepair complexity
2. Assesgvailabilityof EquipmentandPersonnel
w Verifyif fusionsplicers protectionsleevesandtest metersare on-site
w Confirmthe presenceof trained techniciansaand supportstaff
3. CheckSLAPrioritization
w Referto contractualobligationsto classifythe fault ascritical,major,or minor
4. Accountfor Environmentabnd Acces$-actors
w Estimatepotentialdelaysdueto weather,roadblockspr safetyconcerns
5. Providea RealisticTimeline
w Communicatehe estimatedstart andendtime for repair
w Includebuffer time for unforeseencomplications
6. Documentthe TAT
w Recordhe estimatedandactualrepairtimesin maintenancdogs
w Usethe datafor future performanceanalysisand SLAcomplianceaudits

— 4.1.7 Route and Cable Marking Conventions for Lamegm—-
Maintenance and ldentification

Accurateroute and cablemarkingis essentiaffor ensuringthe safe,efficient, and sustainableoperation
of optical fiber networks Welkdocumented markingsassistmaintenanceteams, prevent accidental
damage simplifytroubleshooting.andfacilitate future expansion®r upgrades Thissectionoutlinesthe
key principles,types of markings,and best practicesused in optical fiber installationsfor longterm
maintenanceandidentification
Importanceof Routeand CableMarking
w Quick Identification Enablestechniciansto locate specific cables,splice joints, and distribution
pointswithout unnecessargiggingor disruption
w Safety Preventsaccidentakutsor damageduringconstructionor routine maintenance
w Compliance Ensures adherence to industry standards, safety protocols, and regulatory
requirements
w Documentationand Troubleshooting Helpsmap cable networks accurately,allowing faster fault
isolationandrepair.
w Future Upgrades Simplifiesinstallation of new lines, reducesdowntime, and improves network
scalability
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B. Typesof Marking Conventions

a. RouteMarking

Route marking refers to the identification of cable pathways,ducts, or trencheswhere optical fiber
cablesareinstalled

1. RouteMarkers/ Signage

w Installed at regular intervals along the cable path (e.g., every 500 meters or as per site
requirements)

w Includesnformationsuchas
o0 Routenameor D
o Cabletype (e.g., Singlemode,Multi-mode)
o Installationdate
o Safetywarnings(e.g., & h LIGFb&dDbNot5 A 3 ¢ 0
2. GPSr CoordinateMarking

w Precisemappingusing GPScoordinatesensuresthat cable locationsare recordedin digital
assetmanagemensystems
3. ColorCoding

w Routesare sometimescolor-codedto distinguishbetweendistribution lines,backbonecables,
or temporarycables

b. CableMarking
Cablemarkingrefers to the identification of individual fiber optic cables,splices,and joints for easy
recognitionandmaintenance

1. CableTagsr Labels
w Waterproofand U\tresistanttagsare affixednearjoints, cabinets andterminationpoints.
w Informationmayinclude
o CablenumberorID
0 Typeof fiber (SMF/MMF)
o Lengthof cable
o Manufactureror batchnumber
2. SpliceClosureviarkings
w Spliceclosuresare labeledwith:
o JointlocationID
o Dateof splicing
o0 Typeof protectionsleeveused
3. MarkerPaint/ Spray
w Usedfor temporarymarkingsalongopentrenchesor constructionsites
w Requireperiodicrenewal
4. Panelldentification

w Patch panels, distribution boxes, and termination cabinets are labeled to show
incoming/outgoingcables

. —
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5. EmbeddedMarking

w Insomecables,nformationis printed on the sheathat regularintervals(e.g., everymeter) to
aidin visualinspection

C BestPracticesn Routeand CableMarking
1. Standardizedrormats
w Useconsistentabelingacrosssitesfor easiercrossreferencing
w Exampleda w4CDISTO4% couldstandfor RouteC,DistributionLine045.
2. DurableMaterials
w Labelsandmarkersshouldwithstandweather,sunlight,chemicalsandphysicalear.
w Usematerialssuchaslaminatedtags,metal plaquesor industriatgradeplastics
3. Documentation
w Maintaindetailedrecordsin network managemensystemsincluding
0 Mapdiagrams
o CablelDs
o Splicdocations
o Installationhistory
4. Periodiclinspection
w Schedulénspectiongo ensuremarkingsemainvisibleandintact.
w Replacdadedor damagedabelsduringroutine maintenance
5. Safetyintegration

w Markings should include hazard warnings, safety protocols, and emergency contact
information.

6. FutureProofing
w Usescalablenumberingsystemdghat allow for future expansionsvithout confusion

~4.1.8 Accessing and Interpreting A&uilt Drawings for Fault__
Location Analysis

Objective
To train technicianson how to efficiently accessyead, and interpret asbuilt drawingsduring fault
diagnosisand maintenanceasks ensuringfasterandsaferfault localizationandrepair.

Stepl ¢ Understandinghe Purposeof As-Built Drawings

Asbuilt drawings are detailed maps or schematicscreated after the installation of optical fiber
infrastructure Theyrepresentthe exactlocation, layout, and specificationsof cables,joints, splices,
conduits,andnetwork elementsasthey existin the field.

KeyUsesin FaultLocation
w Pinpointingcableroutesandjoints
w ldentifyingspliceclosuresand patchpanels
w Verifyingdepthandprotectionlayers
w Locatingnearbyutilities or hazards
w Planningsafeexcavatiorpaths

. —
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Step2 ¢ Accessinghe As-Built Drawings
1. Locatethe Digitalor PhysicaCopy
w DigitalAccess
o0 Login to the networkassetmanagemenportal or documentrepository.
o0 Navigateto the projectfolder or site-specificdocumentation
w Physicahccess
0 Retrieveprinted diagramsstoredin the field office or maintenancevan
o Verifythat the copiesare up to date andcorrespondo the fault location
2. VerifyVersionand Revision

w Checkthe version number and date to ensure that the drawing reflects the latest field
changes

w Confirmthat updatesfrom previousmaintenanceactivitiesareincorporated
3. ConfirmPermissions

w Ensureaccessightsare grantedif usinga securedsystem

w Obtainsupervisompprovalif accessingensitiveinfrastructurediagrams

Step3 ¢ Interpreting the AsBuilt Drawings
A. Readingthe Layout
1. Identify KeyElements
w Cableroutes(solidor dashedines)
w Jointlocations(markedwith dotsor boxes)
w Spliceclosuresandpatchpanels
w Distributionpointsandnetworknodes
2. Locatethe FaultArea
w Usethe fault notificationto matchthe reported segmentwith the map.
w Example & C | mgioried between Joint 12 and Joint 13 Iy Tracethis segmenton the
diagramé
3. CheckSurroundingnfrastructure
w ldentify other utilities like electricallines,water pipes,or gaslines
w Note potentialexcavatiorhazardsor restrictedzones

B. UnderstandingCableSpecifications
1. CableType
w Singlemodeor multi-modefiber cablesindicatedwith labelsor legends
2. CableDepthandProtection
w Notetrenchdepth, conduittypes(Glor RCQipes),or protectivelayerslike sandbedding
3. SpliceandJointInformation
w Typesf splicesused(fusion,mechanical)
w Protectionsleevesandsealingmethodsapplied

C Usingthe Legendand NotesSection
w Reviewsymboldor clarity (e.g., trianglesfor distribution points, circlesfor joints).
w Readannotationssuchasd Y | A y-inétek cjfearancerom powerlinesé
w Verifyinstallationstandardstestingcheckpointsand maintenanceaecommendations
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Step4 ¢ ApplyingAs-Built Information in FaultAnalysis
1. Markthe FaultPath
w Highlightor annotatethe segmenton the drawingto planaccessoutes.
2. EstimateRepairRequirements
w Identify required spare parts like splice kits, protective sleeves,or cables based on
specifications
3. Asses$SafetyConcerns
w Checlor nearbyutilities and plan safeexcavatioror repair steps
4. Coordinatewith Teams
w Sharethe drawingwith supervisorr field teamsfor on-site alignment

Step5 ¢ Documentingthe Faultinvestigation
1. RecordObservations
w Notediscrepanciebetweenthe asbuilt layoutandfield conditions
w Documentanyrequiredchange®r updates
2. UpdateAsBuilt DrawingsPostRepair
w Addnoteson modificationsmadeduringfault rectification
w Ensurduture maintenancegeamshaveaccuratedata.
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— Notes
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UNIT 4.2Fault Localization and Restoration

— Unit Objectives|@

By the end of this unit, the participants will be able to:

1. Discusshe functionalitiesof advancedDTDRandhowto interpret OTDRracesfor fault diagnosis

2. Describethe techniguesfor diagnosingand rectifying faults in optical fiber systemsusing
specializedools.

3. Determinethe testingproceduredor ductintegrity, includingair-tightnessandkink-free tests.

4. ExplainWavelengthDivisionMultiplexing(WDM)fundamentalsandtroubleshootingtechniques

5. Demonstratehow to use advancedest equipment(OTDRpower meter, light sources precision
cutters,etc.) for fiber testingandtroubleshooting

6. Showhow to identify fault locations using OTDRtraces, signalloss patterns, and Wavelength
DivisionMultiplexing(WDM)analysis

7. Demonstratehow to interpret asbuilt drawingsto locate physicalsites and undergroundcable
routes.

8. Showhowto coordinateexcavationcablepulling,and preparationof jointing pitsif required

9. Demonstratethe proper technique for fiber splicing using advancedprotection sleevesand
connectors

10. Showhowto analyzeOTDRand power meter test resultsto assessplicingeffectiveness

11. Demonstratenow to securefiber joints usingcouplers sleevesand FiberReinforcedPlastiqdFRP)

12. Showhow to evaluatethe needfor additionalduct protection (e.g., RCQipes,chamberingbased
on site conditions

13. Demonstratethe correct procedurefor backfilling trencheswhile ensuringstructural integrity
andenvironmentalsafety.

14. Showhow to verify fault rectification by performing final OTDRtests and confirming network
stability.

15. Demonstratehow to monitor and supervisefault rectification activitiesto ensureadherenceto
SLAsindminimizedowntime.

16. Showhowto escalateunresolvedaultsor significantdelaysaccordingo organizationapolicies

— 4.2.1 Fault Localization and Restoration

FaultLocalizationand Restoration

To obtain best result from optical fiber, it would be
essentialto find out and make user adoptable and solve
the fiber failures within allowed repair time. The
methodologyappliedto find out andlocalizethe failuresof
fiber is termed as localization Merely detecting and
locatingthe fault is not enoughand hencethe next stepis
to rectify the fault and close this isknownasrectification

Fig. 4.2.1: Fault localization and restoration

140




Participant Handbook

— 4.2.2 Steps Fault Localization and Restoration

Fault localization and restoration steps:

Fig. 4.2.2: Fault restoration steps

4.2.2 Cable System Faults

There are various cable systemfaults which must be rectified. The variousfaults , the root cause,
equipmentrequiredfor rectificationandthe remedyis depictedconciselyin the followingtable:
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Typical Cable

System Faults

Faulc Cause Equipment Remedy
Bad connecror Dirt or damage Microscope Cleaning/
polishing/
retermination
Bad pigrail Pigrail kinked Visual fault locator Straighten kink
Localized cable Kinked cable OTDR Straighten kink
attenuarion
Distributed increase Defective cable OTDR Reduce stress/
in cable attenuartion or installation replace
specifications
exceeded
Lossy splice Increase in splice OTDR Open and redress

Fiber break

Loss due to
fiber stress in
closure

Cable damage

Visual fault locator

OTDR
Visual fault locator

Repair/replace

Fig. 4.2.3: Cable system faults

— 4.2.3 Problem Identification Flowchart

Followingsthe problemidentificationflowchart

I TROUBLE! I

Use "blinky

for electrical
continuity.

tester” to check Test R Fail
for electrical
continuity.
Pass
Reterminate
one or both
ends. See
infographic
below for
Use "blinky Corfe:;rl.:g‘leor
ps| Dester™ {0 check Test Result 1 -

Suspected CCA
conductors. CCA
should be removed

and replaced with
solid copper cable.
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Fig. 4.2.4: Problem identification flow chart

— 4.2.4 Preparing for Fault Rectification

Understandingandadherenceo the followingis mandatoryfor fault rectification
1. Followingare important questionsto be askedbefore embarkingon fault rectification

w Faultcould be one of the breaksinterrupting service It could be consideredas losspoint that
couldcheck/verifiesandsolved?

w Howlongisthe route- 100m or 100 Km?Cablingype?
w Whatsortof fault locatoris readilyavailable?
w Whoisavailablewith whichskills?
2. Followingchallengesre encounteredduringfault rectification
w Withoutlink disruption, Transmissiosignalis difficult to measureand sometimeit isimpossible
w Incaseof locating,A (difliéult to locateNon-metalliccables

w specificdevice/ instrumentsare broughtin practicefor localization/identificationof optical fiber
fault.

w Routelengthscanbeverylonge.g., 100Km
w Unavailabilityof skilledstaff.

. —




