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dulowmindeves NA 110 asflyusesduuas (@,) nd viewailouduivinnmesuuaaining Tuase
A a1 v U ¥ Y & 3 A A [ < [ =
fle NA fanies yusessunas (@,,) veudulouiinezian vieliinnsiesunandn fuanslugu
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[y

NNAIBY LA TNATNAUNTHDAUINMIANYDIUUUAINYIGIER (B) Ladiall

B=B,/L

'
=

wia B, 1JuA1 Bandwidth-Distance Product wag L Wussezn1aildvoua §9a1naunisiay

Y

[
Y ]

Wi IMdI8909528eNn19azgnaneanty dellleqwaniigreswuud Invvinty dmsuniieves

o = ¢ [

Bandwidth-Distance Product dniinuieidu anud-szegnie iedefissyuuuougdon (analog)

w38 gnnsdedeya (bit rate) - szaennd IeAnlUmMoNYRITEULATINEA

2.2 yiavawaulewni
o ¥ v I~4 1 o ;% é’ (-3 1 QJQI
n1sduunduleunuluyszinndieg ansadvualavatesuuuuiuegiuinayldadaly
A15Ra1s5an Inevnlundeuiuinagiasuidsassdana
- TAssas19vaasdulewn?

- LA S AU Iwadludulawn

=

dnsuniswusviinvadulownimuluunnisiiunisaznaiidalaeazdenluiiden 2.7 Tu

'
o w =

Fdataznantenmsnundulensilaedendassasravendulounidudidy Fsazsuludanis

o
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MMvueAIRssYHRnuenasuazuaanadty dnyuea1aq nnavilndulowidinaaudfvnnsieiy
ganly fasgazidensialuil
2.2.1 Wulsufaviiaunuauning (Axisymmetrical Optical Fiber)
4 Y Ao 3 4 v Y v a ¥ [ .
dulowandnnauldauduegaly dnilassadradusuuwnuanuing (axisymmetry)
namAe sUT1vBINTWINNARIAIRTTYE (refractive index profile) lufirmisiieenainununataves
uloum (fiber axis) visognaudnarsveadulowmluiudal () sxlidnuaeiauuinsiu Jwunse

Fungesaanidlaan fs

: s H s
\ ——1— noj Vo noJ

¥ s '
L —— unanay LY Ay —— !
:

n(r) A‘L n(r) n(r) .

> 1 > — >r

’ ’
b -a 0 a b b -a 0 a b b -a 0 a b

(N) UYUFTIUM (7) uuuiulfu'lﬂg‘ (7) uyuALLTaY

sUN 2.12 Wuleudviinaduduanduuusingg

duloumaileadiuduang (Inlddydnwaldenn ) wnetaduloumfansseirnmmenes
LALYDILAANAITIANAINTUNSWERIAIATSTTRNAVBAUTIELAD TNLEAAIAILANWULUBINTINTILAR
AnsITHRnUlLLLINIARRYI1 WEakWInTFnveuduloni 1Sana refractive index profile Tag
1 a o [~3 & o v a ¥ v a @ Aa @ (‘dg/ a I [ gj Ly
Amsssinaziduianduvessall () Wulowmedeaduduandd aziinsidudnuazvsatuiules
Feuansliifiuirinsssdrnuidaineinuueuluriess senisvesuunSrilsas UQ' 2.12 e9UU B197
mwlveusatuiadendeduleuteiiniin Wuwvuasseitudule @ninuasanandi step 7
wUa119u) AUe9ATITHRAMAINATINTULUILAUAY unuaedydnuwal n(r) Wiosanndu
1 d I3
AduisnduraesFd remmmmLLam‘IuﬁUmaaaumsﬂmmmamﬂ@

sU#t 2.12(n) Wushegreesduloumuiinaiuduiinduuusssum Tnefinesaziianssviisin

WiRsnaenLiledns (uniform-core optical fiber) &9 anunsauanaaunisvas n(r) tadu

") ny, 0<r<a 2.12)
nir)= .
ny=m~l=2A, a<r<b

i I3 o aa = '3 v v
L8 r LUU?S?J%IULLU']iﬁ@JWWQ@@ﬂQqﬂLLﬂUﬂa'N (Miaf\m@u&lﬂm\‘i) GUQQLausLEJLLﬂ’J

I v a [
a WuUsALYRIADS
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b Wusrilvoaranis senmesaivanduleniiues)
A WJuns 1o NLanIA1AINLANA 19UDIATTVLRNLY (refractive index difference)

SEPINIABI LAY HLAANRIVDEULELAD TANMLANNISA (2.9)

1 = 1

o 1Y = & U 1 1 1% & W Pl Y s 4:4'
ﬁ’]‘Vii‘UE‘U‘V] 2.12(%) L‘IJUG]’J@EJ’N‘U@QLﬁUIEJLLﬂ’JLLUUTUUUI@QV]NﬂW@ﬁ?UM‘WﬂL‘VisU’eJ\‘iﬂ’eﬁﬂﬂV]’eJEJ

Y

#0971 (dual-shape-core optical fiber) uazguil 2.12(p) Wudregavendulowiifidnssilinm
YanesAsiagaeA Uiy wisus1sveansnildnvaugaaiediduilagluniwidengy (W-type
optical fiber)

2.2.2 Fulaudrvtiansamndusing (Graded-Index Fiber)

[ 4 a

Wulouiaflansawasunng (I9dydnwaidoilu GRIN w5 GI) wse vnsAuazisanInduy

a1 = ) {

a = = v Y A o I3 a A
yilaassviiann ninedaduloudiniianssyilinmuesaes Wasuuadunuwnisaiinnsesnan
wnunatsesdulowiy lnemluidmuniduiuigudnarwesdulowiidniiansseivinmgean a1n
HurnsssiinvazAosq anaslunuseeen1aNIeenINLUIALENANAINAIRTU JuTANITUAT

~N o & o |oal s v & = a N o & a
assyiiinmveswnanfsluiuniinaeidetuinanfanes Tuvuenrnssyidinmvesunanasazin

d‘ & [ = 1 N o ¥ k% a Y a 13 sala
AINAADALUBDENT aﬂ@mgﬂqiLUaSULLUaﬂﬂW@ii%u%ﬂLVﬂ@QLﬂUIEJLLﬂ'JSU'LW]Lﬂi@Lﬂ@a‘UL@ﬂsﬁ‘Wﬂﬂqi

Y
[y

Wasuwladr1nssyilnninueanasag19sanilnd a1u1sawanalanleiandunisatinAnans nYunuen

[

SEdl v n(r) Aall

n' 1—2A(£) " 0<r<a

n’(r)= a (2.13)

nf(l—2A)=n§', a<r<b

Y

o 1, a, b, way A Jusuusiilduansdewlfudluneudu diu a w3e duavenids
(power-law) L‘fJuW’mﬁLmai‘ﬁﬁmu@gﬂiﬂwaqmwmlﬁuamﬁwmmﬁﬁﬂm (refractive index profile)
fregatu i1 o = 1 JUSveInsMiLansnssylitnmvesresutor1ves n(r) Tutiswes 0 < r <
a xiidnwazfuguaaumden (triangular profile) Tuvaedl 1 o = 2 Wlouiadainsaiaduliind
wdisUisveansnflurrafeatuiiduzunisluanidenia parabolic profile fiber wagd o fiduan
JultiFen JUnsmasdidnusldsoonuindu sudwes a aulufigaide a fanduetusivie a =
oo (infinity) aunNs7Lans A1ves n() Adisunuuifsdrfuannisd (2.12) uazidulouiiazineglu

Uszunn vosadiuduinduuusssun duanslugui 2.13
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n
€<— Q=00
«—t+—a=2
L a-1
+ n
I 1 Il T
! =r
-b -a 0 a b

UM 2.13 sUsevamnsviuansAassyilinimuaadulaudonidives o sinee)

n(r) n(r) n(r)
! y 7 L > r . > r
a a a
(n) o - Power Profile (v) Stepped o - Power (n) W—type o - Power
n(r) n(r)
A
1 > L » r
. a
(1) Trapezoidal Profile () Triangular Profile
n(,.) A n(r)
1 > 1 >
» vr
a a
(n ) Segmented Core (%) Dual — Shape - Core

UM 2.14 Wuleudeiiansadadudndluguuuudiig

sUTvRInIMALansmnssyiiinvendulauiaiiansandunnd amnsagnanudalid

sUs1auans1sInvendulaveiiuUseansamnsldauliadu (8] snwuzveudulounivie

NIARAABUANTLUTULUUAI) WansAesuN 2.14 Tnefigu 2.14(n), (V) uae (A) gNEeNWUUTBannIS

nszdavesdyganaanidulvunsan (multimode dispersion) wulowialuguil 2.14 (1), (), (@) uaz
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() \Wuduloudvdafanostudufin (DSF: dispersion shifted fiber) widuloumviadnuudifn

a [y

Aaslusy () wazylinpdayuaasluiy (v) azlinuaudilunisidnuninii lnsanzidenadinis

Y

poaudulunm wIevinslAweluTMZIAUAIU AN

2.2.3 ulaudaviaunuliauuins (Non-Axisymmetrical Optical Fiber)

wulouiyiaunulilanunns (non-axisymmetry) dngneanuiuuiiton1sldauuwuulnuniie?
Aa o a o v a Y PN a Y] Y
ndauamisalunssnerianisvesinslastulinsy linasaszaznisiwasiunsluduloui
[9] sdoi1dAsuNzaNNIN AUTTUUEDANTAELENsHAlABLTUA (coherent optical communica-
tion) @ uleunndauaudRiyuilisoniwuy PMF (Polarization Maintaining Fiber) &#3a11150
° | vo &
Juundoueanlanail

(1) wlUa Stress-Induced Birefringence

wulsumvilatigneenuuulviulaanfainianuay (stress) unseviludnuagladnuaeyila
duazdwaliiinnuaunsludineidnnenis navesnsiinanuAulus il gay azvinli
Anssyiinvvesaesluusasuunamliviniy SaduauaudfvesluIniuaud (birefringent) Wuly
windauaudiluihueslaninsanansmenmluiuidarieisgui 2.15 dluguin 2.15(n) whands

vl o | a 1 ::4' 1 qy [ vl 1 v aa

zgneaniuulvlianuaueidudes diugun 2.15() vdvesuaanfgninrualiiia1nmay (i
dnwarInay 2 919 vy tnanes) unnd1seentuandiudu Fulenesainguasiiuinfiguss

Adeiuniavemilunui Jasenduleuniuuuiliviaunudi (PANDA) dmsusun 2.15(@) uaan

v (%
[ [

a =~ = 1Y) 1 P A v 1% 1% = Y a . N o I3 =
Aedamadidnvazifeatudulandiinly wideniudulowia vseldnfa (coating) fidnwauziluadg

dugui 2.15(0) fivdnnisluviesfeafuiugun 2.150) iWeausiuniiaauaulsusiwnneig

£%
| o

[ IS I 1% a A= = 1 1 .
i Tneddnvazilugsurnseene dulounivilaiifagnisenin wuuynsesing (Bow-Tie)

Y Y Y
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cladding core

stress application
area

- v a v v _a >
(n) wwulounandunanniluagg () ulpuraviiauwua) (PANDA)

core

core cladding

cladding

Jacket stress application

area

o«

o - a y
(A) aulounanduiniioiiuagg () idulouriamiiannszey (Bow-Type)

sUN 2.15 wileufangnaeannuuulisiannaduineaiisanaudluinsuiaud

(2) ¥iin Geometrically Birefringent

ulowiaviin Geometrically Birefringent twduleufafignaenuuuld daanudu (stress)

o w 1

VsoLinkTINIEIivdIureInesinense Inen1seanwuuiusisvesnesiildnvaslaseainanl

aunng W vibinesfigusiaduaddas wandlugui 2.16(n) nieeravibidusuduuadagud

U

~ 1 [

2.16(m) viveo19in1sUTulTelassasludiuvesunanianegfnfiuneilvildnuvauzunndisesnly
Tneldinsiuasundasgunssvesnasuintn Auguui 2.16(2) uaz (1) LMANAYRINITEBNWUY
dulowiadingn Aileasispuaudfnisduluiniuaud (birefringent) iiuidulowis iewmema

WuLReINUEU ek LuiTanauntnl

core
- core

Pit
cladding cladding
(n) iulourafidnediiugg (v) wulounaziia Side-Pit
core
core
cladding cladding Tunnel

.

> v e - % - v da '~
() wulouriandnedidugauua ) idulounandvestunne)agdrusny

3‘1]17; 2.16 @uleunawiin Geometrically Birefringent
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2.3 Jaaldindulowia

o Ya v

= 9 v wa o g v oo P Y o v o
Wesnniduleuiafiguantlunisindygrasadadiagnldvindulends Fsioadulan

'
a

TUsauasiinnuusgnsvesilioans nsidenidiangnuanstsiugouiinasonuaudini suIka v

o0 = =

duloufig dsisssmnidsdslunsdentdianimunzay uonmiloannisdutanlusuauds dosdl

o9 v v Y o 3 Qq' o § v & v 3 A a 1 o 1 o
navilidulowmilauudeusineragyinlidudunaudns ilanusmuine talagliupninite @

4 a

Tandosdlduinlirinisaaneudygiu (attenuation) LaNdAUDY LAYADIAINITONANAITOUNTD

9

Tadansduiuiy wWievinlianssyilinumvasuwasiianuasunladluanifulaiiesdntas vediie

sosmsiidulowilinuantalunsihdyaiauadanign Tuusessiagnldvindulowiageldlunig

q

Muunviavasdulawiidnmey aesaluil

2.3.1 @ulowiaviianii

Fulouiaild fuilusiniunanuialaluswasivseneudieYanuseiandani (S0,
Hudidy Arnssedvnmeesudafndaiussuia 1.458 finarue1iadu 850 wrluiuns N1
Wasuwlasmasseiinuuasut ildlasnisdevuansduvielsy (doping) a1sdudfisnfa i vn
nsiFeansusznaudsuanmesiuioy GeO, wioweoanesa P,0s 11lU axvreifiuaInssudinnum
vosud gty lunsdifidesnsvilidasssiivnnosudianas asdodsarssenavlssan
vigoolsdvie Tuseu B,0; 1l Anssvilinmvesufiiwdsuluidesnnansideasiiduusiunss

fulsnawesansidefiiand iy dwwanslugun 2.17 Mnumuadanany Janidudiulsznevvesmes

gl 1

¥ A A dll o Yo a o I a o
919UIENDUNIUAITLAD GeO, 1159 P,05 LW'P]V]’]Iﬂ/iﬂ'\@i'i?iﬂ‘lﬁﬂLﬁﬂﬂﬂﬂaimﬂ'\%ﬁﬁﬂ’l’lﬁi?ﬁu%ﬂL‘WU’PN

A A ¥

wAanRs Nonadudaniissedabeavsegnidenie B,0, lu vieudeaiu Jagnldidudiuvenes

Y

& [y aa A & A v [ v
’EJ’Y'ULUU’Jﬁﬂﬂi%LﬂVI%aﬂ’]ﬁiiiﬂﬂ’] Iuﬁumzwmwaumammmagmaamama B,03 Wunu

lassasramsluanaveuiaiinavinliganasuwaiiinginin 1,000 sarwaided dedeidu

Y a 1 a @A <) ¥ = a 1 < [ {
mamaamwumumaqmuqqu LLGIﬂﬂ@LU‘IJsU@LﬂEJGLUﬂTiNaG] QEJNIEﬂG]’]lI ﬂmymmmm’smmm

nandeslalleltnaianisnanviiaindeulessive (vapour deposition) usnainiiuAiddinuania

q
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Y
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148 = —

1.44

MAT TN

0 5 10 15 20
o 7 - -
nlesiyuamsmnmside (Dopant) (mol %)

JUN 2.17 navasasileiuAassyiiinimvasuianaesuly [10]

2.3.2 uleuddvtiananain
msldmarafnlusdadutanlunsindulowts freandununisudn mbidulewiiisagn
a3 uinidaldunseniidinisanveudyaauasiiaigs nelunaafinvzlinauBanguainiiuis vi
Tildaunsaasienesirdlvuiaanuineg wdeutuuials UsenoufunsmuuaaIAILLANA19UDs
AsTlvin seninemesiuuaanfinazlianuinninTanussinnuiy A1ved NA vasdulowiiviia
A oA & = Y] v Y a a a v | v v
wanafndadiangs Turanea yulumsivuamwesdulowiivlianarainazilaning Grelvanunsald

[ [

SAUFAF I ULAIIIANY Ffnuiamainiieldd o dlewdsianarainIwindusia
avududnduuulnunsiu fegiagueadulonivianataiin enauszneusie

1) Indawesu (Polysterene) Wudiuvasnes (n, = 1.6) lnsiluaniasian (Methacrylate)
Dudruesunania (n, = 1.49) uaw

2) alumsa (Polymethy) ludruaesnes (n, = 1.49) saufulalndiues (copolymer) ld
Dudhueaunanis (n,= 1.40) Jufy

wiindulaudvianarafnazdnuaudfnisidyarauada lifun wifvunzdmivau

= & iala P Ay v ° | o Y P
doansluszeznisduy LiAduwestlinioswmns inszdaunuitazan1saaveudygiadaliiing

9

[
= [

sioszuuInniin nMafiulseaniamuaaduloudeiindligatu erevinldlasnisesnuuuldlassadig
saufuszuIAIfunanadin na1afe Touiududiuvesaesuazldnarafinninarsindiues
(Polymen) \Judruvswaanns suduleuiuszsaniidodonin Plastic-Clad-Silica visei3anlaggo
71 PCS
Tuefnfinundulowiisdanatadndlddunuinlunsialdauiiduaeddyayal

sruudeansuntn eniiAinisanneudyiagemiuinainiwad wilutagdu idulouivie

33



Wndwesduluansusznevvaamaradnnduldsumnvaulaiiniy wazidswegluszninnsifouay

WU L‘WE]‘LJ'HJ’]ELGULUU@UﬂiQJLQWW”VINFLUQ’]u AIUTEUVEIAT LAY aasuauau,aq wiindulouiaviia

=

Indweszuaninuautfruuialsenis windlitedeegneauais lasanznisiniagussian
INADUNTINIVIUNTHEN FoaATefisniuUaenduroidUsznaunIsuaran Nl InG oNeg19un
wszlusenindupeuiingd agvibiiaasfiviidudunsetuinlade

2.3.3 Wulauiaviindue

a v

uonnievrnunLazwaanny ﬂ‘aEJ?,JI‘U Lﬁ ‘U’Jﬁ(ﬂ‘ﬁaﬂﬁﬁ‘VIi‘UV}’]Lﬁ‘lJIEJLLﬂ’JLLa’J n15U"

a

a5UsEnaUsuTedLA Ll A asuiunumlursnnddlendianndu [11] @ulewifivinanain

Fanuszinnuiivigeslse (fluoride glass) Niliwgeslsaiduansusenaundn iy ZrF,, BaF,, LaFs, AlF,

' @ 1 v v £ a & va aa o
hay NaF (FI'NﬂGU']EJI‘MLﬂuiﬂLLﬂﬁ%uﬂW@@@ii@NﬂmﬂNUmﬂmﬂWﬂﬁiaﬂﬂQUﬁ ﬁmm AUz

=

0.001-0.01 fdstenlawmns (dB/km) (0.01dB/km fiaruenady 2.5 luasew) uifidedensiitunay

mswdnduloumninnuenuing ldamnsansevilalasdednmdeudulonniild @ulsuiivia

v
a

Radngnldanuluaniden Foansldrudileutnlugasmuemdug Wiy
iloufvdaiivihunainmysimmenn (rare-earth elements) aaswiinfie toadldon (erbium)

wazillofiflon (Neodemium) Tnsnstidansusazaiainlufuniuiansiiusslomiannlunsldo

Léil‘us[,EJLLfQﬁ‘ﬁlLﬁEJ’JFQWJ‘UmisUEﬂEJﬁiyimmLLﬁﬁﬂWEJIHLﬁ‘LJIEJLLﬁﬂiugﬂﬂaﬂéjﬁy@’]mLL?NIG]EJG]N Tnglunniuuag

fa o o

o Y < o = ! v 1 a v o X 2/ i%
wanasadiludyaraliindenou fMeg1avegunsaliimdgnidewasiautuanaindulew

Y

[

yinilaun i@ulowiuawes (Fiber Laser) wavgunsalvensdnyanns wawiseosuiineataudanaie

T o

1093 (Optical Amplifier) {ufu

2.4 msuaneuleuia

nszvaunsandulowiilunutlidu 2 duneunanie

- TUABUMTATELLTILTINTHBTYU (preform) uag

5 = ¥ 1

- JupuMsAudulowi

J = = | 1% = ¢ & = ' Y Aa oy

JunaulLINABNITIATELNWYIALAY WINBsH (preform) LTunsiaTuuwyisuAIRTILd U Y
AUONA1IUTENI 10-25 Tafuns ware1Useuin 10-120 WuRung tnewrianinesud deadl
lassasnnglududertuiduloutandeanisudannusenis nandfe ddruvewifiluneseylu
LwINuNaN waz druvetnminiluupanisegseuuen lnerwimduriuaudnavesdiuiiiunes
(2A) wazdruiduunanas (28) (Furiugudnalssiniawis) desdidadiudeatuiuidulanion
AoIN1INARAIT (24/2B) = (2a/2b) Wie 2a uvuadurugudnalavesnasuay 2b Wuruinidu

HUALENANYDIUAAAFY ABINANTURIDE19T 2.5
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roufnan
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damveaud i oy iduringudnan 10-20 dadwns

- D

ufiiiluned uozunaniy

§

(n) lasvasvvasursunaniwesy

(¥) MWL YaILYiIunIWIWa T (aymn:n'fﬂu HBC Telecom)

UM 2.18 dnnwaizvasrianinesy

Adegnei 2.5 lunisuanduleuifesniseanwuulvilivuinduriuaugnais 50/125 luaseu

A

lngnsnsgulriansnesudvunduRIuaudna1e 10 fadwns dvesianiidunesluuviminesy

AsHivwnduRUAUEnaI ity

3591 Mnadnvendulouniideinisie 50/125 luaseu uuneaI1ul Wulowiinnasle

¥ IS 1 6 6 ;74 1 & Qy = g.JI L7
FLADNUFUNIUAULINANUVDIADT 2a = 50 luAseu LASLAUNIUAULNAWNUDILATAPNVIID VINLEAU 2b =

125 lupsou
eResanludmeaadulouds ecls (2—") -
2b) 125
J d v o - L ' o -

ustitiasanawiazaadwlouiafianudniusivawiauronivesa
S o 2A 2a _ 50
wuAe =

2B 26 125
e (24)=2  (2B) =2 x10=4

125 125

SoawaduduguinavansnasluurioninasuilA iy 4 fafiuns Ay

(%
1Y

a a 1% v a 1 qy/ = v [ . . [~ o I

Junpuiaesrosnsuandulonii Senintuneusudulonia (drawing fiber) lBunsuumns
= s A o [ v Y = I3 v Y oy = a

WiW@iNWL@iUNVbLLa'} ll’]LN{L‘MViaallaga’]EJLLa'ﬂ@Q@@ﬂlnLUULausLElLLﬂ'QVW]ENﬂ’ﬁ sUQT]'Uﬁ%L@U@IUﬂ']i

nanEulowAIIEastunau dsanaludl
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2.4.1 N1SLAS8ULIaNSNasY

[

3 a 1 = I3 o ¥ aa ndy
JUADUNILASUULTININOTU (preform) @munsanseyinlavateds asil

2.4.1.1 F5aaauwnuluniianii %38 Rod-in-Tube Method

Fsaeaunuluwvianid Widshusunldasansnuszaadn.a. 2493 Tuistuvanilvasdiun

<3

ISP =

LﬂuﬂaimzLmamawzle,emm%emmdau ?huﬁuauwiﬂLLﬁ’aﬁLﬂuﬂaéﬁ]wmmwuﬁﬂmqaﬂ’i’]a'awum

e & Y v aa a o v & ° ' v | A & &
LLﬂa@@ﬂI@EJﬂqiimﬂaqiim@LLﬂTV]lIﬂ']@iisﬁuclﬁﬂLV@WQJW@Qfﬂi ‘r\]']ﬂuu‘i]guf]LWNLLﬂrﬂua?uwLUULL@@@WQ

wnaggluwuinaiidvwnduiugudnatsnenaglduwiwinlddunssaddulines AUy

Y

2.19(n) udnseeresywierestuLmanfsasivisninesuazldluiefeadiu Alufeidudamuin

=

n wsznanillAsduledenivisaesasgniniivaeuazaeenduieoderiuluign Tugy
2.19() Wwisideniugy (n) winuilinaw nensldanuieusnuianilidunduiaanmsaud
a4 (collapse) agladudaiuiuiavesnaslanvy Wunisantdosinsfienainduseninemesiuaziaanis

Tugu () 19

naeauRna (Tube) o
I |
—
aon rod 1911

Tube

Rod

Ianudou

4
nosj

”
5 unana
noj

’

unanm

(n) (2)
JUN 2.19 mMawnSeuuvisuianinasudesaeaunuluuvieuda

2.4.1.2 33vselummasuaadty wse Double Crucible Method

a
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No. Item Description
1 | Optical Fiber | Number upto36 | 481072 | 84w 96 | 10810 120 | 13210 216
Material PBT (Polybutylene Terepthalate)
2 | Loose Tube
Number 1-6 4-6 7-8 9-10 11-17
Material Plastic rod or pipe, nature color
3 | Filler Rod
Number 5-0 2-0 1-0 1-0 7-1
Tensi Material Polyethylene coated FRP rod
4 ension :
Member Dia. Of FRP nominal 2.3 mm ",0'7":’7:[ nominal 3.5 mm
Water . . .
5 Blocking Tape Material Plastic thread(s) and / or Plastic tape(s)
6 ;;;Z’fg Material Aramid yarns
7 | Rip Cord Material Plastic thread(s)
s T Material One or two side(s) plastic coated aluminium tape
Barrier Thickness Aluminium : nominal 0.2 mm
Plastic coating : nominal 0.05 mm
Material HDPE, Black color
9 | Jacket
Thickness Nominal 1.7 mm
10 | Cable Diameter (Approx. mm) 14 15 17 19 21
11 | Cable Weight (Approx. kg/km) 151 187 242 300 380
o ot P o
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A1Naf199 LU

- annIMINgANUIANTENINUTEWA %39 ITU (International Telecommunication Union)

. amﬂuqmammsuaﬁﬂmaﬁﬂé (EIA : Electronic Industries Association)

« %UI89°U IEC (International Electrotechnical Commission)
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« MU897U ASTM (American Society for Testing and Materials)

« §1UNULNATFINEAAMNTTY (ANB.M38 TIS : Thai Industrial Standard)
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3.4.1 ¥iaduifienvionadu (single-fiber loose buffer)
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4. Fiber Optic Safety Issues
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Module llI:
AilauInsgIuNsinAAlalewiLEs

(Fiber Optic Installation Standard)

5. Fiber Optic Cable Installation
5.1 n13d159atEn1sAARS

5.1.1 ﬁamé\’qé\’aqﬁﬂmsﬁﬁaﬁ]Lé’umqﬁﬁaqﬁﬁmiamﬁqmmmﬁaiaLL%’T’Jﬁ'}LLmﬁwmdauﬂﬁ

AnRd 1AEABITAYINS188ZLREAVBBAUNIIUNISIANISAARIA8LALTA N1530naUaNELALDa (W)

[

FwNeT1wadeanisinnsgunsailuguiuuvesiid Auto CAD ve3sguUioankuu (Detail Design
Drawing)

5.1.2 fpeiimsiauekuulaainnisdisialaefesianslssunnnisinuiugunsal desld

[

oehationssil

5.1.2.1 sgpganoiadandedld Sruauuazdwnisgadasie (Closure) Srunuuazqai
fowhnshnsslipouaefiuiy Suaukazgaiidesinisiadaafiiiy wasduiugavesaudu
Tosiamun

5.1.2.2 Typical Drawing sumLmesamﬁqmmLazLLamagméfmeia (Closure) thagsu

' ]
a A a QU

lysdeslinsvinig WeiiansaneudAnisiamg

(% (%
v Y a Y I

5.1.3 fAnAsdasiansauazUseiliudymuagauassanavuaiiioudasie Inspector aTu3

Y

WaZNLATYMIAOUNIIAARA

cal v

5.1.4 gRnnsnasduiasarinnssuianaunsalndedddaunmunneunisinnslviasuiiuy
dielinisfnsaduliegnagnssaasdulunuszeziainivun

5.1.5 vaslasusugakazaniunisindussuesmudenivun ginnazdeunlonuule

a F%

gnfee AseuNTsAnAtISINuanITIBadsavandunlunsinfsaeaansaussydumis fie

(% '
1% I ¥ v v

yanas1evioTeeany Wasa (Closure) WazUan s1uNIT1wazBean1sRAnAITanaunsalusenaudu’

AUALAANTUN19359 (As-built Drawing) Tusnasid@ruseasiudaauluruinnsgaiy A3 waglu

3ULUU Digital File Format (Auto CAD)

5.2 ufnnanaaiiaaInid (Aerial Installation)

nsindeaeadalowianfiasaduluuwiueinia (Aerial Installation) Taguviuluiuien

Invaanisiiding fszduanuasnudennasiunsidialnirdniunieasdearsinsauuiny
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seismslaihdrugiinnafu nam dalaitlifiendueglitinefisda ondurisidosiuauunie
masalflFRndauuuldau (Undereround Installation) 1l4355ee lureléiniu Inemsasreionaz e
Ui uuNnsguaulesy (Civi) wazlunsindemniianuisadesiuniisnussnisse
samRanieensulag asdosfifnudermunvemihenutiug egnunsens
5.2.1 nstUniameunia (Concrete Poles)
5.2.1.1 fUisvadanounInzaadliinrinnisasas uazeglunuiseliuin
Tl
5.2.1.2 @neunsnazdedhifisesuaniosesin

5.2.1.3 1@Paun3s Liafnsidnaeiaanalazdadbiides

5.2.1.4 ayuanvasantdnagdedilanuunasguiimualiniumisns

AINGATDUEN (1UAT) ANanTuAY (s )
8.00 1.50
9.00 1.50
10.00 1.50
12.00 2.00

5.2.1.5 fRUNIENAUEUNUAUNYATUNN kazimyusoulauaieaInNiaaIny
avlifosndn 30 gu. vniwAnduyudumudusennain
5.2.1.6 Managdasnuiudvnivasnudydnuel CAT dduagninian (Auniueen

OU) FIANNY 2 1UAT

sUuanaaIneunsauaz N THUAYanyal
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5.2.1.7 msUnenasunindaslmineanalviluddesnin 3 was

5.2.1.8 \@azdeslilfnangluin (dalivuanglnaie Cable Guard)

5.2.1.9 sainianegluiufidmyana (enuldsvougmanidvesiuiiiuae
anwaldnwT)

5.2.1.10 ¥henuazenudadiviinstn wu wiviy fiu Yu n31g 1 a
5.2.2 NSRRIt (Stays 39 Guy)

5.2.2.1 @18 Guy I=fesfuazitiunldvunwasasinuaiafidmualuuy

5222 mﬂﬁuﬁﬂumuﬁwﬁaﬁmu Jzfosiinds Guy Protectors wagnua-unq
gaununng 30 vl

5.2.2.3 Anchor Rod, RC Log azdestlsasiulddosnin 1 wns

5.2.2.4 ns@anedmauudiilszosnannni 40 was axdedas Guy Sundnana 2
U4

,'/ Optical Fiber Cable

-
N

"

Stay

-~ \, / L

¥ Steel Pipe
\
r ~— GUY WIRE PROTECTOR :
X sa:w:ncqﬂw/ Ls'.ae Walk Guy Pole Plae
bolt

/ Anchor Rod

1 Loop —

\ / Insulator

. 7 RC.LOG 17

sULaAINITAARI LEAD GUY Ua SIDE WALK GUY

5.2.3 nMsandslimauans (Cross Arm)
5.2.3.1 Wl§HfauaUsyana 6 92 x 4 1 x 1.5 3,
5.2.3.2 lWifldavdoadulfidoudmunu Tidnseuarlifisendn
5233 Qﬂﬂiaﬁmﬁmwﬁu Bolts, Braces, Nuts
5.2.3.4 feslidriidruyana (eniuldveygrnanidvesaauiiiuarednual

oNYT)

[
U 4

5.2.3.5 NNsAnntazfadluidesuazsiunianfnsenisaininanglndnssiinseslauly

2819198 30 .
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5.2.3.6 gsiowiuitudvn uazvudydnual CAT ddu vwindmidnesanugelivesnii

3 @7 ANuuU99 Cross Arm duiiueanauud 2 919 wazuaadiulavaiau wnldldinouane

3

v3eliuduss dRndsansavdenddsuldnouaslmi niougunsaiusznaunishnsnaziin
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doudnwal CAT Tyallvidmuau
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CAT.

YY)
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5.2.4 NMSNINEULALDA LN

% L3 o/

ARnfsIzAoInInareallanddydnualdnegaudenmuaves nan lneildeuazdyanual

Y a

299 CAT vunuazviinvedaila Length marking Tutnouliings wazdislasein1snsontonnanans

Y

wALUa

4
u— Stripped Lines

SURFACE MARKINGS ANID STRIPPEL UINES (EXAMIMLE)

sUuanvTIgazidenisasivuaenila

5.2.4.1 Tumsmaane anginilasieslasunisufifegesednseds azdedlignanniy
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Nulpenss aeedaszgniheendnihuisedisegluaniuivanzauiunmsmaaewiniy
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Figure - The Stationary Reel Method of Cable Placement

Pull Ropes

Figure - Setup for Moving Reel Method

5.2.4.3 m3fnnaeiadadidninuen 4,000 wasAe Drum AISKUNITNIAETE
sonilu 2 Praiietestunuidemefiintuiuaiainda (Back Feed Method) Tnannsans
Drum mLﬁaﬁﬁﬁhLmu'ar"iqnmqsuaqwszwwmﬁ?uq Wiossmnansiadaluidusserniands
avA3niavesnue lnstatsaedaninluiusenaindiumiafiang Drum Tuaudedu
yna wdansulindaneiaidafivdonslu Drum Sna3iiisean wnduuda (Figure 8)

Fouiuliudusumeaeiadaludnmmilaaugasseenia luseninmsincs wadadedlidgn

Anviserineeieaiintesndt 20 WhvesdusuAudnauenanvedaLda
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|

o
——1

11 ((
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/) Cable drum
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FULFRINITWINGIETIANYNTLYAIINY 1ITIETNAD

5.2.4.4 lun1sasane sesldgunsalivdailiuunzay (Pulling Grip) wazldsontglu
nsUseAasany wazlisugnlivinmsiuiuusafsgegavesansiada uwazlidougynliiinig

Atlagdin1ssitulas 90 a9 LAY 4 9n

O%ED(O Q By

|

I | |

Optical Cable Strength Member  Pulling Eye Swivel Pulling Rope

1 !
|

FUuanInIsIUdnargne Pulling Grip

.
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Figure - Setup for Stationary Reel Method

sUuansmswmareiaiialnedsen vieuszaad

5.2.4.5 Tunsalfninaniaidasiin AP lildany Messenger Wire vunaldus1u

6

Augnanelaiiind 5wy, (4 AWG) wagly Lashing Wire sfiauanuiaa uiaduriuaugnas

U

Taigndn 1.41 s,
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Lashed Lashing wire r l
1 \ damp
] i Cable support 3 wraps of lashing
y :-&_‘ 9 .: o — e e and spacer wire around serand
Cable Guide—» s " é ol G 10w ‘ I\
N ! e I P &)
[ “‘ "’ 7 *

el Messenger Ifu.n gs6cm)| __ [14in uw,mn:!
Lasher 16 in. (40.6 cm) T 16 in. (40.6 cm)

Wire 5 mm. / -
(Messenger Laching wire
Wire S mm. Electric stanless 1.41 mm.
Pull Ropes "

0 I

2

Figure  Drip loop dimensions

FULARINISANAIEIELUY AP (Lashing Cable)

5.2.4.6 TumIn1naufossnuIA1NAIUesds Strand #3e Messenger Wire 195

[
Y

autauuz1nvelseu Niilssuy Span wag Sag AesliiliumNlssumuun el Tnenald

Sag 9z luLAiu 1% ve9 Span

/v

ORNED
TEAD-ENT EINTR

Figure -Deadend Assembly

FUuaninIsingsa1euvuly Preform Deadend
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5.2.4.7 Tumsiens Iidenldaunsallunstaansnilalivungauivanimwinaey
D] a 9 val o g & a Y v i = = @ ¢ A
wazdasBnangiadaliiianuduas Matlmeiadaloumeesdidgniunsenariuangunsaivse
dedue
5.2.4.8 migamenedlninwmasiailaliegludnuueassliuinian vindainy
[ [ = v & v = [ N v £ Y o o [
udu Ludeainisdeuan Wedlas enTu ansyiu vsedeuniioudas lvvilagsednseias

Yo U a 1 IQI o ¥
Lilviiinsdnsaifiudngeganiunal
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Ly

5.2.4.9 lunsdimnasndadendtudsinvne wusulithelavansealni fos
14 Cable Guard

5.24.10 m’iwmmwﬁaL.L‘UaQVLWWwzﬁaqamzﬁummqwmmslmLﬁ@lﬁﬁi‘ﬂﬂd'}mu
wilouwlasetados 60 9y, Wetuwumieulawdiliunsedvaraimdauissauiy wazdn
anrun 8 1. Suaneweidars 2 419 (dwsu naln.) sainislAssennqadesliifuandadinns

lAwegeganiualy

9

Andamuldagsdini

vidauilas so W,

sUuansnIsmIaaIesaLdasudoutaslni

5.2.4.11 apwadainaudiaionzdeclitaenseiisestiviosesdnan

5.2.4.12 @1waan Lashing Wire agdoslingauniounnaanainaiaiaila

5.2.4.13 sgfupugeuean1sninaieaauuan b msqqmﬂﬁuaw%muﬁﬂ
4.40-4.50 3. ynuduavunn 22 4. Iﬁwmmaﬁizé’ummqq 4.40-4.75 3. UWAAITHINTILUI
angliussinvdelanlnegedon 30 9y, LATMINNIAEIBHIUNILEN AUY Fo8 wIoUSI
fifsolvyisiuasdodnaienarlioniufiseduaings 5.50-5.90 u. uazanefinaazios

Tainegaunsaraauiull
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5.2.4.14 agfpsfinnstnguaninnuasesagiaidalouiiimiasiuauuiiianiuning
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Y
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v
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Y Y 1 Yo & Y o g v Yy
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5.2.4.15 n3lNfoainn1snInaneniszes Span 11nn11 528 Maximum Span lag
Taifinaden TUSnen Inspector @eo1aReiiarsanlifnfsas Messenger LATUAINAIL
Y PURETHY
5.2.4.16 mspensasailalonniasaldouunsensalnlildviesosaruaia lng
7% Horizontal Directional Drilling (HDD) wagainnuuannuazyie Riser i9dadis n15979
Y a va dy (= o 3 4 a0 v % I I Y] 1 . 2
vesevaaialaldnuininlifimudndusedivenn Tisvesediiuie Riser Inunsala
U b4 gj 4 @ = 1 a
waznisneaenunmunvzfealulunuunsgiu wasaussilourensinihdiugiinia
NTUYNTAN NMsTalrwAsUsEwAlve waznulssuiinendes dunsasisviesevansiaida
Uown JUF-11 wazvie Riser azsisnfulumuunnsgrunulus TiSesvie Sub-Duct (Ductline)
A8 HDPE @¢uunn Diameter 33 1y, $7U3u 3-4 viaynyaniin13319vie GSP nse PVC

q

w9 4 93 Aglu Sub-Duct dosdidionyiidng Nylon suiaduriugudnandlitesndn 1 uu.

a

Uaevia Sub-Duct AodiiTantalateviafaunsanuininviela

9

1%
I

5.2.4.17 msfesaadaitedmusitiismunlfidunuusesrieinzaz i (Bridee
Crossing) IWansavievila GSP wia PVC aualiitiosndn 4 h swau 2 vie Sadnfulassadis
drnunaonuLl nieuvownuas Riser 11 2 fuvoudeasniu 3ansiaviovin GSP n3e
PVC ifulassadazmulnduluaumnumuizauaziduisivitsanuiiendos

AMUUA RS89 Sub-Duct (Ductline) ¥Mm2e HDPE @anuuna Diameter 33 Uy, 31U3U 3-4
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yie Yn9Afitin1snevie GSP wde PVC wua 4 2 nelu Sub-Duct Feafidenyiidae Nylon
yunadusugudnaslidosndt 1 uy. wagaunsaFuused (Tensile Strength) lnlaidosndn
130 fadfu vi3e 13.27 Alansu Uanevie Sub-Duct Fesi¥anTauareviedsanunsafuiild ve
findldlunsimunduluy JUF-11 snumnasgiuenules)
5.2.4.18 nsdinsfnsaadaloutnsdiduadaléfuuumari festeniadaniely
vielanios Maviodosasimaldfudau 2 vio suiaduriugusnanlidesnivieas 4 i
wiauvann JUF-11) ynszessenitstonndeuesinUszanalaiiiy 200 wns viedesasusiag

enlddesduvialwaleNauuds (HDPE)
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5.2.5.1 wuad Ground 21 ULEIAS Ground U805 b
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5.2.5.2 anowadavavin Self Support waz Fig.8 Mduwuulane (Metallic) 9zfq
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5.2.6 910azL98AT09 Cable Installation Materials @Syl Figure-eight

5.2.6.1 wianuseifudaian (Stopper Clamp)

- wanUsenudatan (Stopper Clamp) agfssndnainimanialiu (Cold-Rolled Steel)
wagrunssuInsnanfivineay ldfisesdmd Usuandn ‘vﬁasﬁamwémﬁuq finan
n3IBMSHAR TioraiinsunsreduguitRnule

- wanUszAudaian (Stopper Clamp) azdiosritunisyudingd wuuguieu (Hot Dip
Galvanized) LLazﬁﬂmamﬁaL‘flulﬂmmmmgm ASTM A153-95 Standard Specification for
Zinc Coating (Hot Dip) on Iron and Steel Hardware

5.2.6.2 Machine Bolt ez Double Arming Bolt

- Machine Bolt uaz Double Arming Bolt az#asudndasindnndazyu (Mild
Steel) wagrunssUASMsHAATIMLNzay Tfiseudmiduiuani w’%asﬁamwéaaﬁuq fiin
MNN3INABNMIHER TenaiindunsnefugufoRsmls

- Machine Bolt dfasilnmuanifnuuinsgiu ASTM B18.2.1-1981 Square Bolts

- Machine Bolt wa Double Arming Bolt fagfasriuntsgudangduuuiuiou (Hot-
Dip Galvanized) LLazﬁﬂmauﬁ’aLi“]ulﬂmmmmgm ASTM A153- 95 Standard Specification
for Zinc Coating (Hot-Dip) on Iron and Steel Hardware fRa3suusAansosngidu

5.2.6.3 fianvas (Eye nuts and Eyelets)

- uInUeLnaYItiantiiae (Eye nuts and Eyelets) liiduluany EEl - Standard for
Steel Nut and Bolt #3aLguwin

- flanvi3a4 (Eye nuts and Eyelets) agfoan1un1syudingduuuiuiau (HOT-Dip
Galvanization) LLazﬁqmamﬁaLﬂulﬂmu ASTM 153-82 Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel Hardware

5.2.6.4 Galvanized Nut

~ Galvanized Nut Hazfomandnenssuisfmunzan luisousmiusunnina vied
Founmsesdun MAnannssuiBnsuan fenaindunefuguioaeld

¥/ a CX

- Galvanized Nut ﬁﬁ]wmu@mauuammmmgm ANSI B18.2.2-1986 Square Nuts

- Galvanized Nut Hazdosrinunmsqudsnzduuuiuiou (Hot-Dip Galvanized) uazd
ﬂmﬁmﬁaﬁ]ummmmm?u ASTM A153-95 Standard Specification for Zinc Coating (Hot
Dip) on Iron and Steel Hardware dwsuauiidundeingdaslsiman Galvanized

5.2.6.5 wiuusenu (Washer)
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- wnuUseiu (Washer) 9sdoan@ndionssuisimanzay ldfiseudmil U3 wind
vieiidounnsesdug MAnINNIITBMSHAR Tioraifnsunsieduiui iRl

- uudseiu (Washer) agfasiunsyudensduuuiusou (Hot-Dip Galvanized)
LLa3ﬁﬂmauﬁaL‘cﬂu1Umumm§m ASTM A153-95 Standard Specification for Zinc Coating
(Hot Dip) on Iron and Steel Hardware

5.2.6.6 yawanUszAuTuauasnIukuUAsIazuuulAs (Cable Suspension Clamp
& Curved Cable Suspension Clamp) LLa3sqmﬂﬁsﬁ’uaauﬁLﬁamé’umaaawm (OFC Clamp)

- Gﬁumu@hm YDIYAMANUTAUTUAIENULUUATIMAZRUULAT (Cable Suspension
Clamp & Curved Cable Suspension Clamp) Hagfosnandaenssuisfimanzan Fusuus
avtudeslifisendvil U3 wandm viseiidounnsesdug Minonnssuianisnda flo1aiia
gunseiuguuRnule

- Gﬁumu@hm YDIYAUANUsTAUTUAIEN UL UUATIMAZKUULAS (Cable Suspension
Clamp & Curved Cable Suspension Clamp) Javdomnnms yudangaiuuiuseu (Hot-Dip
Galvanized) LLazﬁﬂmamﬁaL‘flul‘dmmmmg’m ASTM A153-95 Standard Specification for
Zinc Coating (Hot Dip) on Iron and Steel Hardware

- ypUsziuegiionduasagniu (OFC Clamp) Fossanuuuiiielddudnasazniu
Tudnuwaedlidomsnaranibatvasasnusenaniu f5esduda aenihdudaduiua
aeieidafesdifiufiafiannsnduiaansldiduedned (Juuvau vie Weailu) nandae
Aluminum Alloy Casting A1duAT51U#INA Grade LM-6 Fununansdmsuluauiulin
(Isolator) w@ma1n High Quality ABS Plastic anunsatesiuussauludesnin 2,000 Thanlu
anwen1AUNg

5.2.6.7 wianadulsinmaau (Cross Arm Brace)

- widnadulfiniaau (Cross Arm Brace) avfosnandaenssudsimunzen Lifises
A9l U5 wnndn M%@ﬁsﬁamwéaqﬁm FLAnInNNINITNTHER TlennAnsunsiefu
AIRNEN

- wnAduliiniay (Cross Arm Brace) azfossiunisyudsnzAuuuguiou (Hot-
Dip Galvanized) LLasﬁ@mamﬁ’&ﬁummmmmgm ASTM A153-95 Standard Specification

for Zinc Coating (Hot Dip) on Iron and Steel Hardware

5.2.6.8 Thimble Eye Bolt ez Angle Thimble Eye
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- Thimble Eye Bolt uag Angle Thimble Eye Bolt fagsipanansonssistuguuuy
%ou (Heat Forging) lneliifiseasmi U3 unndn wiedounniesduq Minainnssuisnis
W TlenaiinduneiugufoRamls

- Thimble Eye Bolt ez Angle Thimble Eye Bolt 5@3é’aﬁﬁ@mauﬁamumm§m
ANSI C135.4-1979

- Thimble Eye Bolt uaz Angle Thimble Eye Bolt fagdosktunssudansuuuia
50U (Hot-Dip Galvanized) uaziinaauUfiduluniuuinsgiu ASTM A153-95 Standard
Specification for Zinc Coating (Hot Dip) on Iron and Steel Hardware

5.2.6.9 Anchor Rods

- Anchor Rods #3gfaandnaienssuisTuguwuuseu (Heat Forging) lnelaiivae

18 UT an31 BIadTaUnnTeIdus MANAINATINATNITNER N9naLAnsdunsI18AU

S,

Ufusaule

eX2p

- Anchor Rods fagsipafinauantifiniumnsgiu ANSI C135.4-1979

- Anchor Rods Hagfear1unisgudsngduuuiudou (Hot-Dip Galvanized) uag
ﬂmﬁmﬁaﬁ]ummmmm?u ASTM A153-95 Standard Specification for Zinc Coating (Hot
Dip) on Iron and Steel Hardware

5.2.6.10 Strand Ground Clamp

_ Fudhuseg 89 Strand Ground Clamp Hazdeswandenssuiaimuvay Funy
wiardudeslifisensvd Us uandn wieiideunnsosdug Minainnssuisnisnan e
AndunseiugudRnule

(%
| |

- fudanusineq 499 Strand Ground Clamp HagdassumsyudsngAuuuguiou (Hot-
Dip Galvanized) LLazﬁﬂmamﬁaLﬁubl‘dmmmmg’m ASTM A153-95 Standard Specification
for Zinc Coating (Hot Dip) on Iron and Steel Hardware
5.2.7 M3dnsie (Fusion Splice) @18 Fiber Optic

5.2.7.1 lumsieuseaewndatufiosissnuseinge T

5.2.7.2 ma\ieusedanilnemsideudioanudou (Fusion Splicing) it

Y 1 |

5.2.7.3 @1 Loss Nyndnsiousiag Core azdatlaiin 0.1 dB soyn

5.2.7.4 gunsaln3es Fusion Splice MlElun15viins Splice Aaadimnngs awnse

A1 Loss 1893n Splice Lalud
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5.2.7.5 iimaidensonaduaesuszianie gaudonseseninemis (S)/Striaght
Joint %58 BJ/Branch joint) LLaza;m%amiaﬂmsmq (TP/Terminate Point)

5.2.7.6 nsdimdugafeusaszuinamns deufiugailieuseatly Splice Enclosure
udoriunues CAT lnsazdosfiarsavandousofimnzaniiiofinga Enclosure agng
Uaonny LLaslnjayapmiﬁﬁwmiam&”’q Enclosure Nang Span

5.2.7.7 nsdindugaieusioUatania (TP) deutiausiaiu ya ODF Ndawmsesliniy

o [ a

‘ﬁ@ﬁﬂﬁu%ﬂ’ﬁuqﬁﬁﬂL?J’W’e]’]ﬂ’]iLLﬁSﬂ’]iG]ﬂ@fﬂ‘Q@ ODF

[
v v 1

5.2.8 N15AnFI9nFnsa (Splice Joint) kagn1s Loop @18 Fiber Optic

5.2.8.1 iudnnsgadiaseaieialla (Enclosure) 5o Loop ae fiuanlwinfiingie
wlas viseusnunlivaensiusegndnsevseduiiminu
5.2.8.2 M3 Loop @18 9nUs¥asAvednis Loop ae Fiber ivawiseuanelilunsdlan

Fout139 Tuns Loop iduruaudnatsdentulumuinssylunsneiiivun wazaigazsios

1 s

Liiulifaduianluily duniugudnatsves Loop A35agagsainiaUszanal 1.0 wns

Y

(Bnviuai CAT Uniea) el wualyivininas Loop lussueyng 2,000 was sudafiivua

U3 CAT

G ol
° 1 mee1 hiviesnd 10 nins

LOOP firdusgudnana
° ITUIHN 60 WILAMIUXI 12-24 core]

1103 80 W.M.AMIVAIY 48-72 core]

>
A

120 %30TV 120 core

FUUANINTSANAIE Y Loop

5.2.8.3 NAMTTIMOUY YUIAAUNTIWIG 6 1asTulY wazgaduvieasntiy

A v A Yy A Y] A °
auw u3e Mesal 9363 Loop anawadaliiiienisusuussvsedautig
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Fa Optical Fiber Cable / Optical Fiber Cable

5 ) ‘\\ / Stay
1 Loop X
9) \\ Insulator
1 Loop - \

X GUY WIRE PROTECTOR
Road 2 fAnchor Rod
A% RC.LOG

1 o i W a & =
NSAINOUYU NISAUNBTINAUURAZNITAAAIAAI(Stay)

SUUaRINITANAY 878 Loop 19nTsuazasnauy

5.2.8.4 M3 Loop @8 dmsugadinsie Splice uaziumiansiiu Enclosure @115y
A3 Splicing T wilelFfianeiielsIarunsarinis Splice lazan luinazi@u Fusion
Splice %39 Mechanical Splice GLumuamé}gﬂmm%mmiamﬂﬁa Taelun1s Loop @y wag
M3y Enclosure laimsiagiiuliafuianluliinguiu asazegeannianyseana 1 wms
AUTDNNUATDINTINTN

5.2.8.5 M3Ams Joint Box Wie Optical Fiber Closure i38msinaesasialil

- drsrniumisvaaianlifinflazshnisiaks Closure Fsgunuuvess Closure fitha
wuulaa (Dome) wiade wazkuuwvavluuwIney sedmnlfindsiianlniazifaving
nsuftRnuvesdmiindinislaing Sdldougeliiads Closure Mianluih uusian?l nam
Mnstnieg

~ Shwaizuavdiuusznouves Closure datannudadedlduuuueiu faeadreenldon
2 fu wragduanunsafivendieenlduinnit 1 du aneluuszneudie Splice Tray vie
§aLfiu Protection Sleeve, Core fiber uaz Tube Tegludnuuziivasnfy fosduviai

aunsanuufuAuT Ul U196 ﬁm’mu%aLmLLa3wum1u&iaamwgﬁmmmawizwm

vy wasvrdgmsuliwuiuiuans Strand

FUuansanualyye Enclosure Nlylunmsideunagn Splice
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- Tuusazymazssdigunsalusenounouldan wazanunsonenuavUsznauiivenis
| a a I & a Ay = oa o b PN P~ Y !
daangialalalunisinnanniluviiafnesdaiaiuialvidnianiiu iedngunsaldanad
1NN UazAoany logo CAT AReddl vu1nfIdnysgelsvan 2% 13a3uu Joint Box MNd7

Trdmvau

- 1 Fiber \uviln Figure-8 Tusnuazdndiudidu Strand #3e Messenger Wire
1 U 1 d' a ¥ o . a 5 a =® o
ponneu findrufisnaiusentaiiivateans Messenger Wire vsaiaidads 2 WWeoutariu

Y 1

- NIAAAIAIBLAZNNT Splice NIYAARKD

q

q U v =

O awwdanindnsieazdotionnueily 10-15 wes ilenaneiadanlaieane
19 2 Ldueanwaaliug Tube 817 Uszanad 1.5 wng

O vhanuagenn Tube 19 uazdaisuawmsofavuneiavlsesdn Tube nsdliila

= [y}

willaunu

L vinsfndsnsedenaaiadadidusiunuanisanssly Closure

L Uan Tube oon 19nde Core Fiber 115z 1 A5 A1 Ndz97a Core
PUUNENARNY

Q Loop uazden Tube Wiy Tray Tnglvansedsures Tube vasuangiadans 2
Aulinseiunsaindnig Splice nsafiumn Core Fiber

) . a < v a A

L naaesdn Loop @ Fiber fawifivlu Tray Tianganunuuwuifiag loop uasiie
nsAaRagUnsal Protection sleeve udidnLAwaeuas Core gaiiuluaen

L vinns Splice T Core assnudnnasgiudisinun wiouifiu Protection Sleeve

1 Heat udseafiunieu Loop Core Fiber Tu Tray TsiSeuSosmuvuinisseuves Tray

5.2.8.6 WedmAunielu Enclosure nazUsznauiasanadn 191 Enclosure Tunvu

[
Y v

W1iuane Strand vasaldalulassezrnsanalnindsenna 1 was Jsnsinnsandnseil

3

A11150919 2 v
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o '@ <
nuayany

Thimble Eye Preform

v Yy
CAT naznuninvauy

Eye nut Support

Preform

TUZHIS

Uszann 1 mns

o
Ay g
LOOP fiifiusguanaia
o 60 ¥.3.MWMTVA WY 12-24 core
L 80 WM MTUAIW 48-72 core
o

120 W ALEWMTUA M 120 core

&
o/ o/

FUuanInTAnssansase (Splice) uuy 1 loop

9

- CLOSURE 9zfloaiidnydnuni

Trimble eye bolt Preform Y04 CAT Mufiueaniuoinouy

N .
\ Support Support
o /
a

Preform
° -
e
ay . 4
° LOOP iiifuenguinana
60 BILAWMTUAW 12-24 core

a o p1aay > w

ITUTNN 80 ¥LIMTVXWY 48-72 core

111075 120 %48 TV 120 core

o
o/ o/

FUuannIsindsgasane (Splice) uuu 2 loop

5.2.8.7 \fivae Fiber d@aufvzfoinig Loop wurugudnasmuiszylunisiad

fAvue tagrisananan linilalailantis Ussuna 1 ng

a1suanadurnaudnatanis Loop angudazuuin

yunaiaLa (Core) WURUALENA1989 LOOP (cm)
12,24 60
48,60,72 80
96,120 90
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5.2.8.8 ldanen (Support) din Loop sruaelisausesuseui 4 9a laadfiAnig
v A A v 3 A o ]
Weenvesaaialan Loop Aedluliamuiuunmvuamingu
5.2.9 mahaeiailaidiluaniil (Site) Mdwenans uazg Container
5.2.9.1 Mstaga@ntdl 2 wuu
- WUUT 1 Aerial 38 Overhead lngnismiatadaluduanlniiieglnderasaniil
‘Vﬁag’f Container

U

- LL‘U‘Uﬁ 2 Underground 1men15911 Riser hag Duct L%auﬁialﬁﬁﬂmﬂﬁ ‘1/1%@@
Container

5.2.9.2 T3 Loop aneiaida 10 wins Menduanvhenoudnanid (Site) nieneu
Yovvio Riser asldfuiitoidnanid

5.2.9.3 m3ldgunsniBaansfuenasiuuen Fesdnsauarldqunsaiiivilsaneiada
\inAulaeniugegn

5.2.9.4 @57antagan1sonangntanazindnaa1idnulasaaannid uiniaiu

Fudu Trdnansu

% (%
v 1 [y o

5.2.9.5 linnsiagauiuin AMue13 30 @3, AU Connector U%Lamgﬁms Wiotn
anoadaiann wagliegalaulaseu Connector uag Cable ietosfulaliidudily
Tuaaiila

5.2.9.6 MmeluanilazdesdnSewsednanandavusrannanevse Ladder seidy
Jo Smanelviseusos wlusaiieane

5.2.9.7 aw¥iia IPT Msinanewn ODF agnesUan Cable Sheath neuas Rack way

11l Loose Tube meldln (Coils) itepruuasnsie
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SIDE VIEW

M [ BTS Room
& thFlor

Bargas

=

CAT/TAC OFC 2€

Mot T eiecrcat Pote or CAT Pote Oy

H

TOP VIEW

Cable Lacenr

Fander [eiry
/ BTS Room
Sesiond 1 Ih Floorl

Fain Tight Viexiie Coudit |

jus]

FRONT VIEW

EEEN

|RIRINIBININIE

0
[T

T

[T

wecer Entry

Ran Tght Fleuble (ontut

mEEE

RN

[T

[T

- —— -

- -

T TTTTT

T T VT

Electical Pele or CAT Pole Only

Orc wEsemdnny smas
soalfmieInfnd) taie ore

I

FUlanINIT

(

214

oop aeuaznIsinaldaldIan idiuy Container
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5.2.10 MsAnda ODF (Optical Distribution Frame)

5.2.10.1 Q‘Uﬂiﬂj Optical Distribution Frame (ODF) finnssluusiazanni Connector
sgdondunuunnggiu FC/PC n3a LC/PC w3e Type audarinunves CAT §1uauLviniu
$runuangloud (Fiber Core) uazazdesiitedoszyriavesasloudts saialdndlidaau
11 Connector 1u7 uresanslondaidulalusuiuy “Fiber Core Color - Tube Color”
wieufetievesaniifunsUatena uaz Core landslsllfihunldaudostannseuiury
TiseuSeume du Armor vasanaiaidaleumliUassassliwazldmuiuanelnognsminu
uliseuseenae

5.2.10.2 Adapter aaadu Type mudofiunves CAT uagi1nualsial Insertion

a1

Loss 984 Connector Miausilanaaanbiiiu 0.3 dB wazwila Connector Loss S3UAUAN

Y 9

¥ =

Splice Loss 71 Pigtail wén Jrgegalsitiu 0.5 dB segn Tasmsvaaeusie OTDR
5.2.10.3 ODF fifasfinsauutRack Mount fasldsunishnssasnadeusos uazduns
5.2.10.4 m3iuanedeslignnasiu wiedeadfuiaianiegunsaldu uazlifa
1umsUTRnwesdmihdilunsdsingg lueuian

5.2.10.5 myvinyuanesesdulunuwnlauazisaiinislaslidesndi 10 9u. lae

Vuinga 90 aaAlaense

/4

.
Iy
g et w g

=

sUuananIssosaIeimald) Rack uay ODF
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5.2.10.6 n1sunaneLazn1sLAy Fiber Tu ODF £ADINADINUTBAINUAYBY

USENARER ODF 1w

‘PP PR PP PR RN N

RACK 24 PORT

FUuansanyalzved ODF Uazmsininy Tube uavag patch

5.2.10.7 Anfasiunid Core gniadn1y Core Assignment Drawing Wazdves Core
MINNINTFIU EIA/TIA-359 wae EIA/TIA-598
5.2.10.8 Loose Tube 7 ODF iiioliiAnanuissuseslailiane Fiber Optic 1fin

n15 Loss wagiiausa Core liigndaamiudidulnednisesdves Loose Tube Tl

WM EIA/TIA-359 wag EIA/TIA-598 wsaiaiau198reai1a9ziin153naves Loose Tube

14
S o

ALHNAINYY LSUAU Tube 71 1 FSu (BL) Tube 7 2 #du (OR) wazdasluidudunianua

AodlviERnRIreRandlignABmIIiunILnITInisesves Tube
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ANINUEAEIAUTNINTFIUVBS Core WAz Loose Tube

Position No. Color Abbreviation
1 Blue /13 BL
2 Orange / & OR
3 Green / 1@ GR
a4 Brown / flﬂma BR
5 Slate / tm SL
6 White / 917 WH
7 Red / Lag RD
8 Black / AN BK
9 Yellow / idas YL
10 Violet / 1174 Vi
11 Rose / wuy RS
12 Aqua / ¥ AQ

Fiber core
_.—.~:—='§F;‘

Cable jacket
et

g‘zjummamlsznawaﬂmﬁmmsmﬁﬁ)ﬁ Tube ae Fiber Core

5.2.10.9 {neuan Core 909 Fiber fidne Pig Tail #1ulu ODF (Cable Marker) finly
PYNYNADI AU WAzISEUTY

5.2.10.10 @uUnt1 ODF 9gmesdl Label vantaanniuateniy wazaisunves Core

Fiber TWigndas uaziSeuseeaiuny

117



5.2.10.11 n158m Cable Tube fiu Cable Tray amoslaifinuinanisilia Cable Tray
= A | = P = Ql' .
DULATINBAIINYTIVDY Loose Tube B819LfIBaNE LINBN15/901A131930 Splice NN

[ 4 v
asIdAladznIn Yasndy
5.2.11 nm1sanasansialdalanunsefnasluviesasans (Underground Installation/Duct
Cable)

52.11.1 msAassansialfandesdsvarvluluvieldfu Asuni1sAnastuazdag
DONKUVKAZYINNITES19MBTR8d18 (Duct) nstldeevinlanuuunIay Tainuewn (Pull Box)
NNIEE 200 bUAT AIUKUUNINTEIU JUF-11 wisensilasaviesesarelanuludoiniasias
sesairavannuuinlug (Man Hold) wagais Riser musukuvannsgiuaulesi@ad

a 4 o .
s1vazdealumdenulysi (Civil Work)

5.2.11.2 aawadaiild asidunuu Duct Cable sudarvunues CAT

Filler (if need)

Fibers & Flling Compound

Bufler Tube :
- Ceniral Strangth Member (FRP)

-
W |
$=——— Wator Blocking Tape

|
Water Blocking Material

Asamid Yam
Aluminum tape
Cable Sheath
Rip Cord

. __Duct Application

FUlanI 98 WaIUUsENOUYEY Duct Cable

5.2.11.3 midasaadaldfuneluedosansinda nan fifleguda In¥esansinia
aeluviefidl Sub-Duct 31988 ynlaifl Sub-Duct 319 1A Sub-Duct vide HOPE e
yuaduEuguSnats 33 ua. $1uau 3-4 vieluvie Main Duct GSP w3a PVC wua 4 2l
foani1sTesarenigly Sub-Duct desilianyiiig Nylon vuawdusugudnatslivesnda
1 1. wagUaevio Sub-Duct FesdiagUaaneviefianansafutidmiels

5.2.11.4 \femsgeaiigsimunlinisiadanuuiesansluvielddu 1% Loop ane
widalivszuna 8-10 wes uasvwiadwiiugudnalsuszana 60 wuRuns iuludein
NNTzEzUIzaI 600 LIRS

5.2.11.5 lunsdivewniid Riser 1%f Loop anewaidaliussanas 5 wns waviluunmdu

FUAUINaNIUTEUIN 60 LURLLAT
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5.2.11.6 Iadnde (Splicing Joint) Iivatsangdnaag 10 was ien1sdnsie Loy
TmsaeseuduigiuiunsinseiallaLuuLYILeINA Wavihn1sAnseudd liRnfgase
AoLi1iu Rack NAnAalu Pull Box %58 Man Hold w¥euiiuany Loop Suuiatduniu

AugnaeUsEanM 60 lwufing triseusey

sUuany Splice Box dmsusudnsieareiaidaluvenn

5.2.11.7 Splice Box dwiuaeiadaldiu awdosdauaudifiannsatosfudlfiiu
DYNALAZIANUNUNIY

5.2.11.8 msmsanewada Aasld Pulling Grip w3e Pulling Eye duiivansansiaidale
WAaTi9sie warAITTuiv Strength Member wuiiazdutemizdenatowenda wazaas
Hostuldlddnaemdauazasings swivel iitetesiulilfaeiuindundonsswing

A1579 Swivel MFTuLUUT Fuse 39a117150UUALSIAS L eNINLTIRUAUNINARI AU

Pull line

i ,.._,_@mm-—nn\‘\‘

Swivel

I ——
ORI DI

Factory-installed Poulin grip

Fg?OD(OI‘l@—I—-

Optical Cable Strength Member  Pulling Eye Swivel Pulling Rope

sUuansaUnsaliulareaeiienargseevie (Pulling Grip)
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5.2.11.9 nsUaseiaila Aa5lY Cable Feeder 38 Flexible Tube lun1suaseane
wbatnluluviedesaiense Sub-duct

5.2.11.10 myvaeduasada arslasunisudeduszninanisimasaial wiean
wsadoamussninalioniadanasniivesiedosans aefildvdedunisidondssianiill
Hudupsrerefufofeu wienaewda suise¥esmads

5.2.11.11 mswWasufiamesdsuuiseau Wedesmswdsufieniswesaoiadalild
son IneBasenagszminsiiufuinviedesans dsanansauiussersenlilulufiemaiidoans
1§ wndeanisidsuseduanviesunialdviedndunildild Lisht weisht pulley 97
Uszmesaneiadall

5.2.11.12 szpgisaaiada Ingunfissornianisaeangiedalonnid1unsanebe bu
Sresn9UTEINN 1-1.5 NY. AIUEUNRSIeIEAIesRT (Winch) Tngldisunsienseniny
Fomeseaoiada unsmnszesniannnin 1.5 nu. asuwuadu 2 fressamadaiiiunia
“Back Feed” Tnwnansiaifaifiuguiauun (Figure 8) inansmaudafsioluidutaeg a3
AeaneinilanisaunsaUiulasmMUANALLIIRITINEIREILA wniunIT e unfiss
14 1a3esazdioamganisinnulaednlulid wazasinihdauansdiussfuazainundild

% J

usELnsavuinAnananinasnnisands lunsainismeatawaalisniuindn 919ty

o

wsanuAuwueTssdualdald uiadsiinisarvauussslrduiusiuluyng 90 wagliiu

q

Anszyludeimun

Method for sections shorter than 1 km

Microprocessor controlled

pulling device
Microprocessor controlied

pulling device

Method for sections longer than 1 km

l— Approx. 1 km —|
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Application of
lubricant,
not when CCDPs
are used \

sUuanviansivaIeseevialnelysenyiyuliivazay
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5.2.11.13 \alaseevialdnu svdasfiunutng (Maker Tag) Mdulilunng vain
wida uiudiefinad agfesdinuantfinusonnan1zwIngey fouanisIuazdensial

' (%
IS U

sinaneaida Judeuliidasuada Joanufiduniauagtanema
5.2.12 MyinA1N15geyde (Loss) g OTDR uag A1 CD, PMD

5.2.12.1 lumsinssenaidamniinisdaseaswnda (Splicing uaznsideusasie
Wasie (Connector) Agaydevatiaianiuaiug1Iung LLﬁB?ﬁW@ﬁgLﬁﬂﬁLﬁﬂ%’]ﬂﬂ’ﬁ Splice
Tne¥ndae OTDR wUU@BIMNe (two-way) S2u7aAn CD uag PMD sywinanniiiiandslagld
BNIAEIULALITNITAIUIN

5.2.12.2 gUnsalkaznisia Fosld Dummy Load (Launch Cable) Aifinansenalais

191 2,000 was sipwdiu OTDR wiemndesnssedulatvanedniazlinanaaaunugy

Lawunch Cable LC1 Launch Cable LC2

[ L~ =]
- Fibre under Test —
I v
/f
|
|
|
|
|
|
|
|
|
|

J
CNeba
4D
W
L
AN
ene
P
<
.

P T

sUuamanisiio Dummy load ilenagay Fiber #7g OTDR
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5.2.12.3 f4A1528xUa19d18 Nhananauseuind 80% U89ANUNI19NLND LYY

5¥8¥N9 40 nul. T9R3A1 Range 45 nal.

S5 Aot 5 AL TN, 11736 000 - e
Al e e [mcier Do (e e

SES AR/ EANTAAN LD .

LT LTS B

A

ML T ¥

wz

L

il
(e 1N ATLAR WRAN ik

sUuanInIsin OTDR Wildngimuaniunatssaios 80 % veanine

5.2.12.4 m53aA1 Loss 92A89v11n15Ia7IUanen1eanazaung (two-way) tagiineii

Talans 2 ansiumeanade lneldiiasemunsuimuin sniiuanugentise sylaulvia

AUlAAIUNTY kAR Loss 3e@aliAunIuiIus A1 Loss UNAniuanuena@istala fod

18l 0.33 dB/km 71 1310 nm wag 0.20 dB/km # 1550 nm

5.2.12.5 i splice loss sagabviAuniadiieesalul a 9m splicing 3091 1

] 14 OTDR nmg@eoua1n station A LUgs station B, A1splicing loss

Splice 71

1 14 OTDR nm@auann station B LUg station A, A1splicing loss

Splice 71

] @ splice loss Qﬂ‘ﬁl 1 = (x+ y)/2 (azfwslaitiu 0.1 dB)

5.2.12.6 @ splicing loss G]IE]‘\;@LQ?iIEJﬁQ section = splicing loss U ﬁg@ﬁ

+.e. H(N)I/N dB/30 (AoslaltAin 0.05 dB)

x dB 4 3m

y dB &4 M

[(1)+(2)+(3)

5.2.12.7 vandildlunsvagau OTDR 7ifn Averaging Time aghstioy 2 undi

5.2.12.8 #1 Loss 7l Connector imf‘ﬁ’mgﬂ Splice Tu ODF ag@aslaitiu 0.5 dB

5.2.12.9 m3tiuan Splice lisiasiiugn Splice Tu ODF
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5.2.12.10 Apuevesseiada (5eninege 2 adiuandlunsmvendes) deedl
Aifuaueikansluwuy Detail Map
5.2.12.11 msmaefuiinmeas (index) lu OTDR wensvadevansiaidaiion
gndesmudormuavesinan dsetnsdelud
| INDEX OF OPTICAL FIBER CABLE
1 MM CABLE 1,310 nm. USE 1.468
1,550 nm. USE 1.468
1 IPT 1,310 nm. USE 1.47
1,550 nm. USE 1.47
L] NOKIA 12,48 C 1,310 nm. USE 1.47 (1.4667)
1,550 nm. USE 1.47 (1.4667)
" PIRELLI 1,310 nm. USE 1.47 (1.467)
1,550 nm. USE 1.47 (1.467)
] HBC 12 C. 1,310 nm. USFE 1.462
1,550 nm. USE 1.462
"] TFOC 12 C 1,310 nm. USE 1.467
1,550 nm. USE 1.467
] TFOC 8 C. 1,310 nm. USE 1.467
1,550 nm. USE 1.467
5.2.12.12 @ Loss i¥ald dosladifurainnismiuin
5.2.12.13 n13@aAn Pulse Width Tu OTDR iilensnageudesirildimnzanty

ANENVBLLALTATIRBINTIAEDU

A519ENINIS Set A1 Pulse width NUSZEZN1NATNINTGIN

5 ns(0.5 m)J 20 ns(2 m. ) 100 ns(10 m.)| 300 ns(30 m.)| 1 us(100 m.)| 3 us(300 m.)| 10 us(1 km.
2 km. X X
5 km. X X X
10 km. X X X X
20 km. X X X
40 km. X X X
80 km. X X
140 km. X
260 km. X

REMARK: 1 us (100 m.) luaaidusanegds Event Dead Zone
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5.2.12.14 \@304 OTDR MMdfagsosliunsgiu derlunsiaiinesnss maslddunig
Calibrate snuLIafvisngas

5.2.12.15 m3inA1 CD way PMD

[} ¢ Chromatic Dispersion (CD) i station A-B azdesfianluiiuaidualées
Fregnell 1ldadasiledn CD Analyzer na@auann station A T station B @1 CD not
more than 3.5 ps/nm.km at 1310 nm, 20 ps/nm.km at 1550 nm x sg8en19 (km)

] @1 Polarization Mode Dispersion (PMD) i@ station A-B agmasfielaiiiuaine
Tudoriuunvenadaloutiiiuas Tildiasosiiotn PMD Analyzer nadauain station Al
§/4 station B A1 PMD Not more than 0.20 ps/km Dispersion Limits +Juf1 PMD @dgnves

1 a

= Y < ' [y 1 a 1Y | Y
Lﬂia“lJ’]EILﬂLUafLEJLLﬂ'JVlf"”I']'HJLi’JG]'NG] ﬁ]%ﬂ?ﬂ?iﬂ&l@ﬂiUléﬂﬂﬂlﬂJLﬂ@ Error IUﬂWi’iUﬁﬂﬁiymu']m

(%
LY v o v

Favduegiumatinveanis Mod dyaaliiihiudygyiauassig InefidnDispersion Limits

£
=]

LEPIRIUATITINASH

A15191EA9AT PMD Limit vaandavieadalandafiainusanigg

Table 1

Transmission Bit PMD
SDH SONET Rate Time Limit!
OC-1 51.84 Mb/s 19.29 ns 2ns
STM-1 0OC-3 155.52 Mb/s 6.43 ns 640 ps
STM-4 0C-12 622.08 Mb/s 1.61 ns 160 ps
0C-24 1,244.16 Mb/s 803.76 ps 80 ps
(1.2 Gbps)
STM-16 0OC-48 2,488.32 Mb/s 401.88 ps 40 ps
(2.5 Gbps)
STM-64 0C-192 9,053.28 Mb/s 100.47 ps 10 ps
(10 Gbps)
STM-256 0OC-768 39,318.12 Mb/s 25.12 ps 2.5 ps
(40 Gbps)

' Dispersion is tvpicallv limited to 10% of the bit time

A13190EAIAT PMD Limit vaaasatigwardalondifianusanazinaiianis Modulation i

Modulation format

199

OOK NRZ 40 Gbit/s 40 GBaud 25ps
OOK NRZ 10 Gbit/s 10 GBaud 10 ps
OOK NRZ 2.5 Gbit/s 2.5 GBaud 40 ps
OOK NRZ 1 Gbit/s 1 GBaud 100 ps
ODB 40 Gbit/s 40 GBaud 3.5ps
DPSK 40 Gbit/s 40 GBaud 3ps
Coherent DP-QPSK 100Gbit/s 25 GBaud 30 ps
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5.2.13 M3 IANANIATFIUNSANGITEY Path Way
MFINMIANRLaETAAT Loss Tasaeinilaud I}Eﬁ@éfﬂﬁ@ﬂﬁ’]ﬂ’]’iﬁ’]U’JﬂJLﬁami?f\]ﬂ@Ujﬁ
AfiinldannisindalakiuAnpsgiufitimuelag CAT vdeold winlskihudRndaoaiinisudlaly
lamuAnsgu
5.2.13.1 ynmsfnandIeuidiudn Loss vesaeannnguiiuaiiinliass
] Awien Loss vasanslay
L1 = (A1 Loss/Km 7iblsa97u x svezaneain OTDR) + 1
[ fruamAenees Loss Ainldfuiiduinlng
L(dif) = A1 Loss 911 OTDR - Splice Loss — Connector Loss — L1
L] A % Ae1sues Loss Loy
%L(dif)={L(dif)x100}/L1
Tunsd@fduindalally D/W Fiber andilddaslaiifu 10% sadininlunisufoaanitlelsl
anansausulsisininfiduunld Iveseutufy Inspector Wunsdlly wieuuanunauaduaunly
wnasansasunu (ne Inspector faausnwniu Auditor 1iSe ’e3rnssuves CAT wienaudunew)
5.2.13.2 /MM wiugn Splice Lagd1uIu Loop WeSeuisufiusiuaud
Andaass
[ Anadiwiuga Splice Ingdnuwanugn Splice = {Round Up (svezaneain OTDR
/ 8,000} + 1 Srunuiinnnassdedliiiuafild +1 mnsuaudinasaiuninidlituasnis
Splice MAUINAUENAISATITSUNIY
(1 Aruradd udu Loop laed1ual Loop = [{Round Up (Sg8za1sann OTDR /
4,000)} - 11 x 2 + 2 + [Round Up (szgzangann OTDR / 2,000) — Round Up (Szggangann
OTDR / 4,000)] nsdlidunsaifilaitinngi Fixed Loop TENINNN
5.2.14 MR IANAAMNA MDY System

[

8991NN15ANGILarINAT Loss vasanataldandininA1finlaniuuinsgiudeninua

Inspector fioafinnsanirsruuildeudulumuinnsgiuniels Tagvinisuiumean System
Margin 7iléa34

5.2.14.1 ¥MMIAMUINATINEBUNIAT System Margin 31nA1seeniuulag

] 91771 Power Budget = Min Tx Power — Rx Sensitivity

[ Systern Margin = Power Budget — Loss Waviaiaiiléann OTDR

(] @1 System Margin 71l§ AveuInAdm3awiniu 4 dB
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MIUNNTANUIUNIMUARA ILFAIANNE1IAAULAEINUNTTIIUDTI LagHINAT System

Margin #1131 3 dB Inspector Aasfioinszuuludiafiosnm

¢ A4 A Ao & v v a & a %
i’]ﬂﬂ’]’i’qﬂﬂ’im Lﬂ’i’e]x‘l%J’e)‘VIﬁ]’]Lﬂuﬂaﬂiﬂlﬂ’l’iﬁﬂmﬁ’]ﬂmL‘Uéﬂ,EJLLﬂ’J

a . st
yawrsasllodmivvan

I Carrying Bag

2 Fiber Cleaver

I Fiber Stnpper
£ Alcohol Bottle
5 Cotton Pad

B e-5C Cut Spacer

d18 Optical Fiber

< ‘ .
LWAS84 Fusion Splicer

= ar
wATa4Iavmadaay OTDR

Power Meter uas

Light Source
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Closure

Alurniniurn
High Plate

Angle Thimble
Eye Bolt

B-lashed Cable
Support & Cable

Spacer

Cable Extension
Metal Arm
M1 M2 M3

Cable Guard
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Cable Lashing Wire
0.045"

Cable Name Plate

Cable Suspension

Clamp

Curved
CableSuspension

Clamp

Double Arming Bolt

Double Expension
Shield

luadauan

#771U

Double Arming
Eve Bolt
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Figure ( 8 ) Cable
Clamp
Forged Eye Nut

Galvanized Steel
Ground Rod
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Figure ( 8 ) Cable
Clamp
Forged Eye Nut

Galvanized Steel
Ground Rod

Wansauns
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)
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Machine Bolt

Omega Steel Omeega

Type BU Type

Owal Eye Bolt

Pole Bracket

Preformed
Guy Grip Deadend

A9 1nszEENIe |
Measuring

Wheels

ar =
utavR
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ANANUIN A

AsanunisnadauLalia lewi?

nsnagauatlalewdaudadunisnagaulu 3 dqufe

1. n1snadau Optical Fiber Characteristics

Attenuation & Optical Fiber Characteristics

: Not more than 0.33 dB/km at 1310 nm
: Not more than 0.32 dB/km at 1383 nm
:: Not more than 0.20 dB/km at 1550 nm
:: Not more than 0.21 dB/km at 1625 nm

Mode Field Diameter : Shall be conformed to ITU-T Rec.G.652.D.
Cladding diameter : 125 m % 1 pm or better
Cladding non-circularity : Less than or equal to 1%

Core concentricity error : The value shall not exceed 0.6 llm
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Cable cut-off wave length (A,

Cable cut-off wave length (A : Less than or equal to 1260 nm
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Chromatic dispersion coefficient (CD)

Chromatic dispersion coefficient : Not more than 3.5 ps/nm.km at 1310 nm
: Not more than 20 ps/nm.km at 1550 nm
Zero dispersionwavelength : 1300-1324 nm
Zero Dispersion Slope : Max. 0.093 ps/(nm2.km)

Polarization Mode Dispersion coefficient (PMD) : Not more than 0.20 ps/vkm
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2. N15nAdau Mechanical wag Environment

2.1 Tensile Loading test
Test Method
Tensile Loading
Period

Criteria

: IEC 60794-1-2 Method E1A or EIA 455-33A
: At least as specified in the specification
: At least 1 hour

: Attenuation change before, during and after testing

shall not exceed 0.05 dB @ 1550 nm and no physical

damage.

: A fiber strain shall not be greater than 0.33% during

and after testing.
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2.2 Impact test
Test Method
Impact Energy
Number of Cycle

Criteria

: IEC 60794-1-2 Method E4 or TIA/EIA-455-25C
: 4.4 N.m According to Table 1 in TIA/EIA-455-25C

: 2 in 3 different places spaced not less than 500 mm

apart

: Attenuation change during and after testing shall not

exceed 0.1 dB @ 1550 nm and no physical damage
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2.3 Crush or compressive loading resistance test

Test Method
Test Length

Load

Position
Period

Criteria

: [EC 60794-1-2 Method E3 or TIA/EIA-455-41A

: 100 mm

: 4,400 N (Armored cable)

: 2,200 N (Non armored cable)

: At least 3 times at 3 places where not less than 500 mm apart
: At least 10 minutes each

: Attenuation change during and after testing shall not exceed

0.1 dB @ 1550 nm and no physical damage
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2.4 Bending test
Test Method

Mandrel Diameter

Criteria

: IEC 60794-1-2 Method E11B

: 20xD (D is outer cable diameter excluding messenger wire)

Number of Cycle : At least 10 cycles

: Attenuation change during and after testing shall not exceed

0.1 dB @ 1550 nm and no physical damage
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2.5 Repeated bending or cyclic flexing test

Test Method : IEC 60794-1-2 Method E6 or TIA/EIA-455-104A
Number of Cycle : At least 10 cycles
Bending radius : 20xD (D is outer cable diameter excluding messenger wire)

Angle of Turn : £90°
Criteria : Attenuation change during and after testing shall not exceed

0.1 dB @ 1550 nm and no physical damage
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2.6 Torsion or twist test

Test Method . IEC 60794-1-2 Method E7 or TIA/EIA-455-85A

Test Length :1m

Number of Cycle : At least 10 cycles

Angle of Turn : +180°

Criteria : Attenuation change during and after testing shall not exceed

0.1 dB @ 1550 nm and no physical damage
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2.7 Water penetration test

Test Method . IEC 60794-1-2 Method F5B or TIA/EIA-455-82B
Height of Water 1lm

Cable Length :3m

Period . At least 24 hours

Criteria : No fluid leakage

142



2.8 Temperature cycling test

Test Method : IEC 60794-1-2 Method F1 or TIA/EIA-455-3A
Number of Cycle : At least 1 cycle
Cycle and Temperature : 1 cycle consists of -10°C for at least 16 hours and 70°C

for at least 16 hours excluding soaking time
Criteria : Attenuation change during and after testing shall not

exceed 0.1 dB/Km @ 1550 nm and no physical

damage
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3. n1snagau Construction Check and Visual Inspection
3.1 Construction Check Iassasnsnieluvsaalalonimdoadunudonmunues nan
wazdinsnaaoulugiumge Sasellil
3.1.1 Thickness of the Cable Jacket
Test result : Measured value shall be in accordant with the value specified
in the specification
3.1.2 Thickness of the Armor
Test result : Measured value shall be in accordant with the value specified
in the specification
3.1.3 Outer Diameter including Messenger Wire
Test result : Measured value shall be in accordant with the value specified

in the specification
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Centralized Strength
Member Jelly

Cable Jacket

Aramid Yarn

Buffer Tube
Ripcord 2

Armor

Ripcord 1

Inner Sheath Water Blocking Tape

Filling Element

Helically-or Longitudinally-Laid Plastic Tape

A Filling compound using jelly

Centralized Strength
Member

Water Blocking Yarn

Aramid Yarn
Armor
Buffer Tube
Ripcord 1 Ripcord 2

Water Blocking Tape

Filling Element Water Blocking Yarn

B. Filling compound using dry core

FIGURE 2-2.1 : ROUND LOOSE-TUBE OPTICAL FIBER CABLE
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Suspension wire (Metallic or Non-Metallic)

Buffer Tube

Cable Jacket

Armor Centralized Strength Member

Ripcord 1 Ripcord 2

Inner Sheath Water Blocking Tape

Helically- or Longitudinally-Laid Plastic Tape
A. Filling compound using jelly

Suspension wire (Metallic or Non-Metallic)

) Buffer Tube
Water Blocking Yarn

Cable Jacket

Centralized Strength Member
Armor

Ripcord 1 Ripcord 2

Inner Sheath Water Blocking Tape

Filling Element Water Blocking Yarn

B. Filling compound using dry core

FIGURE 2-2.2 : FIGUREEIGHT LOOSE-TUBE OPTICAL FIBER CABLE
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Ooo
2
%oo °° o0
&S

Information Marking 3.00 mm. Wid
Optical Fiber
Thixotropic Jelly Compound
Loose Tube

Ripcord 2

Water Blocking Yarn

White Color Strip 3.00 mm Wide

White Color Strip 3.00 mm Wide

Ripcord 1
Central Strength Member
Water Blocking Tape

Additional Strength Member
Outer Sheath

Water Blocking Yarn

Figure 2-2.1 Cross-Section for ADSS cable
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3.2 Visual Inspection

3.2.1 Marking

Test result : Measured value shall be in accordant with the value specified
in the specification

3.2.2 Length

Test result : Measured value shall be in accordant with the value specified
in the specification

3.2.3 Packing

Test result : Measured value shall be in accordant with the value specified

in the specification

Stripped Lines

FIGURE 2-2.6 SURFACE MARKINGS AND STRIPPED LINES (EXAMPLE)

Cable outer surface markings shall be permanently marked with suitable size, easily
readable and UV-proof with the following information at every interval of 1 meter throughout
the length of cable.

1. The CAT’s logo

2. The word “CAT TELECOM”

3. CAT’s contract no. (1%l ey

4. Type (e.g., G.652.D) and number of cores

5. Date of manufacture (month/year)

6. Manufacturer’s name

7. Drum Number/Number of drum (e.g., Drum XX/YY)

8. Length marking
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wdanfnaslitulidnazniauviueinia wseseevialanuiniy 913985ULTIINABUBNNINATIU
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A1ANUIN C

Formuanishnasnutiedeasuuen
1. SunsunsAang
1.1. finsa FODF uay FODP fianildumauazaaniivaiemi (In-plant Preparation)
1.2, wisnaw/fane/eadneaiu Civil
1.3, gflumsne/Aasaeida (Cable Placing)
1.4. \Feusawndausazgaraddnaiu (Cable Splicing)
1.5. Terminate taidadi FODF
1.6. naaaunsidoules (Testing)
1.7. \iuau (Site Cleaning)
2. Farmuadialy
2.1 mMsNuAla
2.1.1 aowadaiivviuuuanuuuInuy msignsenazia
2.1.2 Hafaedatiuda wils gunsaiuuanlnih vietaniideu
2.1.3 fefianulawenada deslitesndi 20 wihweaduiugudnanneuenveuala

YV 1%

2.1.4 dmuiadaiianmiiauniviethia deaudslifiuinmy uasdosouunimseasy
ol
2.1.5 yafiaidafosvieniendnisiosviaiaia festavieuay Sub-Duct TSeusossiudta
vio Sub-Duct lsflaldaushe
3. Cable Work

o

3.1. gaeAydmsusu Cable Work

3.1.1 m3vuds msuada waziansinge
3.1.2 MIIMUTIMIALALTS

3.1.3 mananeiaLda (Cable Termination)
3.1.4 NMIATIVNULALNTTUNNT LU
3.1.5 anuvasnnelunisyineu

3.1.6 MsvadeUdedyaal

3.2 Arial Cable
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3.2.1 AnugaInsiasuaida 5.50-6.00 . lleseauiusiuuazlaseaunualniliisein
VO 22/33/115 kV Uszunu 1.2 4.

3.2.2 nsalimadanianiugunsalissgady ndewdas Cap, Bank “a lidndnudaiivun

(% '
o w A

Tuudaznsdl wu Aaddasundnmiuiiedouunada wie sag awialwiinouds
gUnInlAINE"?

3.2.3 ussnsluduadalurnsinseedlaiiiv 360 nn.

3.2.4 \aia Sag Aealailiu 1% %3058y Sag Usvunadldiiy 40 @, dmsusvezvinaan 40
.

3.2.5 fidies Spare taila

O vnq szeznie 2 nu. - 1 Spare 30 .

Q '«gm%ammt,mﬁa (Splice Enclosure) — 14 Spare 15 1. Wgoednaves Splice Enclosure

L Riser Pole ﬂqﬂéfu (f\;msﬁ’laaﬂamﬁ, 9nPipe Jacking, Bridge Crossing) — 1% Spare 15 w.

d msfhwivanaeda Spare vhlasihuduvmenauduiugudnatsszunm 50 v,

3.3 NIFnsioLALla

3.3.1 11 Splice Enclosure WUy Straight Joint

3.3.2 1% Spare Tngmsunaneisaeing drsnewdn Splice Enclosure 419a2 15 a1, 1iloany

mmiumﬁmé?ﬂLLaxﬁwgq%’ﬂm

3.3.3 laloyaaliinnis Splice vuan Fosuuitusruwhity

3.3.4 nsdAReRadldas Fusion Splicing

3.3.5 Amnugapdslugaidensse (Splicing) sie 1 9alaifiu 0.15 dB

3.4 In-Plant (udaswaLdaluannil)

(%
G L2 |4

3.4.1 inidadesindauunaadaviofosasviefiflegifuniednasteulsl

3.4.2 71 Fiber Optic Distribution Panel (FODP) 4% Spare itdannugnifimanzaslnenis
Loop 15

3.4.3 @1y Pigtail Aasly Optical fiber ¥fiatRAaaiu Optical fiber voualda naAsdLaLla
1w route Yy G.652 @ Pigtail fasldwin G.652 duadalu route Ty G.655
@1y Pigtail Aesldviln G.655

3.5 nsuALal/eonanil/d1inau

3.5.1 175n15.01/080 2 I5AD

L Underground: Tnansvh Riser wag Duct Lieusaitne1nns

156



O Arial 30 Overhead: Insmsmaailalaanlnihiieglndenaisannil uazwiasely
femsuazmydaiadafivnzay vianilseaadaluiolansuasBainizenns
IWauisgafiaziiadadingienas (uunensd dndudesinanfiudunidndeinns
iiesessuadaneuinonnns)

4. Civil Work

4.1 I9dAey

4.1.1 Pipe Jacking

4.1.2 Riser and Under Ground Duct (GIP and PVC)

4.1.3 Bridge Crossing

4.1.4 Pullbox

a

4.1.5 Mstlsnauuargouiiuiaiion

4.2 Duct Cable

4.2.1 msdesaadassalduulnamiomasalniidmuslidusuuiurieasn (Pipe Jacking)

O 1l4vievdn GIP au1m Diameter 100 mm (4 §2) $1uau 1 vio

L 1vi%eevia Sub-Duct (ductline) i1@e HDPE #f1vu1a Diameter 29.8 mm §1u3u
3 yieynqedifinisneie GIP vie PVC aunm 4 7

O melu Sub-Duct Fosflidoniivag Nylon vunadusugudnansldidaanda 1 au.

O Janesie Sub-Duct desiifaniinvanevie fianunsofuundwiold

4.2.2 msdesaadaiiotuuitiidmuslidusuudesvieinizasnu (Bridge Crossing)

O Wsndviewdn GIP 3o PVC vuna Diameter 50 mm (2 47) Sndnfulassadrsayniy
AABALLY NiauUeWNLAY riser 11 2 @uYBBIEYINY

L 35ns8avieviia GIP wSe PVC Whiulassadvasmnuliduluaunnuwanzausazdu
AFmhenuiietostvun

Q veindldlunmssmuaduiuu JUF-11 suanesgiuves NT

4.2.3 asainsnaatdalifuuenuiioainnisasalaauuysen19sa bl WUUUNIafesioe
wdaluvie Tne1avinuuin 100 uu. W5ed Sub-Duct 31U 3 vislashosdiusin JUF-
11 ynszerszviaverinlaiiu 200 u. viedosaedoudusianeandoadwiolui

QO pvc Tunsdinaunsie (in Sand) Aesiianumun 5.7 + 0.35 . waglunsdiiviunounis

W@3UWAN (in RO) foellimumun 3.0 + 0.30 Wy, AMUNINTFIUNEAS UTIgnaImMNTTUT

uan. 216-2524
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3

O HOPE flidusnugudnanssan 125 uu. A2109u1 10 48, AUNINTFIURER S
QAAMNTIUN WBN. 982-2533
O ap Juvievhsemdnevdingd ilnuauiRvin Medium Grade Class B muunsgIu

'
a v (3 =)

NAFRNUNDRANUNTIUN UBN. 277-2532

9

4.2.4 waidafouvialdfu sesealiuniutine (Maker Tag) MAuliluyneg vainaida uiutie

[

AINEN AzAesllnuaNUANUABNNANITLINGBY ABILAAITIYALIDYARI

a

O vdnansiada

il 2
= U

O fuideud Hdesaeida
O Feaouiisumuazuatenig
5. desflefildlucufnng
5.1 indesilouazgunsniiitaelunisindaaida léu
5.1.1 Tensioner
5.1.2 Puller
5.1.3 Traveler
5.1.4 Dynamometer
5.1.5 Winch
5.2 idasflefldlunsifeuseindaléiun
5.2.1 Fusion Splicer
5.2.2 Cleaver
5.2.3 Stripper
5.3 wsesflefldlunsnaaeuléie
5.3.1 OTDR
5.3.2 Power Meter and Light Source
6. nﬂswﬂaauﬁaﬁm“iy'}miu%umau Commissioning Test, Provisioning Acceptance Test
(PAT)
6.1 End to End Attenuation Test 1nan1514 Power Meter and Light Source 1U3guLigy
Fuandildannnisdian
6.2 Splice Loss Test lnan1sla Optical Time Domain Reflectometer (OTDR) lagen Splice

Loss ¢i0 1 gaseadaliiu 0.15 dB Wiaiafianuenindu 1550 nm
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A1ANUIN D

AB819519AZLIYANITATIVSUNUVYIETASIVILALT A bUA WUUT 1

5719821 8A IUNITATIVEDUNDULIUITUANA

. J - -
Section | tawvue Yarduna ssurmvandun | viaawa
dune (nw.)
= -4 red
swadun i laidi UG

1. MInTIvABULUUARRMUEigUaTIAlY

msunian Wudu

2. giumldGuammamnlasu/l
o widoudulaiu
. o d v
o Tuaygenimmienuiiieates nvy, MEA,
PEA, NTUNSINAN, WTMNMTNN, AU,
UR, BUI. 189

3. giuinldsudilenasewiinmsldianinn
waziaanudarimun _PEA.

4. JFUPMAIIMIUTTEUUAINTITINS
Fouiosum

Ve v vo o - o e
5. giuilddavintheussmadiou  uium

-
a W

AAR
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519821980 1UN15M5IVFDUIU Arial Cable

. ‘ -
Section | lauvue Yarduna SLUINNIVDAFUNIY wiin
1dung (na.) ada
Twadun anéiaq Ligndas NUYNA

1. msannAtaIna (Aerial Cable

Installation)

a a a
1.1 szzanugevaaalanniiuiu (Clearance
form Overhead Cables) fisz£11991n
Inifhusegs e muaveanisiviiig

a o a «a .
1.2 mshnaaaadioriugunsaiusigaduly
audarimun

1.3 aAnuasveaala (Tension of Cable)

1.4 §in15 Sag laitfiu 40 cm. 84 Span 40 - 50
wns (Sag < 1%)

- a vl
1.5 fin13 Loop talia (30 way) Liviamnsvey
2 nu.

1.6 MsAnm Support ¥3e Clamp

o -1 .
1.7 mMsananeatuadulan (Riser Cables)

1.8 Aansthevenaugauivsnaianmummn

WENANY

2 mseansawala N (Aerial Cable

Splices)

2.1 m3@AnA Splice Enclosure aglluanm
Geudes

- - a v od & v
2.2 imswaaiateas 15 wasinianadu
Yoo

o YV ada = - - o
2.3 MsANABAILIS Fusion Splice 18LATHIAN
#io OFC

2.4 {ims Set Core Alignment Me5onlulin

- “
vUATWMARD OFC

2.5 A1 Splice Loss laitfiu 0.05 at 1550 nm

3 Cable Incoming

3.1 psBaeadnuatesdingmu

1 ] 2 < = & | BF
3.2 A6 WﬁwmE]‘EBBH“IHH‘EB‘ENWLUEL'PJ’]QHSQ

o
Sadd

=i =l = 1 »
3.3 UNTIWHBWALUR 15 Y. EUManAns

160




51882198A1UN15M52980U9U Civil / Duct Cable

- -
Section | Lauwuy Yarduma SLUINNVDUHUN iin
tduna (ny.) waia
Twazdyn QnAeg Ligndas U

Pull box

1.1 funud Pull box MULUUARRAY

1.2 MNALazsAYDY Pull box MULUUANAY

1.3 thualaldatinuazseduiauavautive

1.4 szavuinulaeseuiinsdeuiouion

Duct Route

2.1.myNnuuvisuazsnnuviauluanu

WUy

2.2.5eAumsnavie, Janaunduluany

UNIHIY

2.3.97U7U Sub Duct ASU

2.4.Sub Duct iimsgavangnaieuios

2.5.minaasvvieissans

Pipe Jacking

3.1. msvasnulilvtasasdeme

d Vs
3.2.m‘muﬁauswaaqﬂwaunawa GIP uay
PVC

3.3.MINAABLYID Pipe Jacking

P a X doe v oo a
3.4. MIFDUNIITIVT/NUNVIN il DULAL

Bridge crossing
4.1. MmsAnnvioiumuause
- [ v e
4.2. Mms\eusiavie PVC/GIP i Pull box

Riser

5.1.GIP Pipe

5.2.M3AAM Riser Support

5.3.5ub Duct fimsgauinenaGeuios

6. Cable incoming

6.1 ANSANAY Riser

6.2 nsaaed Sub Duct Sluaaediause

6.3 mafnaniafesaevianuadatndna

=
BEREF]
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519a2198A1UN15ATIVFDUU In - Plant

Section |  lawvany Farduma szgzievandune | vile
tun (nu) waa
Twandn QnAae liigndias U]

Fiber Optic Distribution Rack (FODR) uax Fiber
Optic Distribution Panel (FODP)

1.1 FDOR usx FODP liumsandtetreduudosuay

fuay

1.2 widalifunsisfadaiunuar FODR aghegndos

uarvaoniy waxil Cable Tag venswandun

1.3 Pigtail Wuwiiaieatu Optical Cable
(G.652/G.655)

1.4 magwh Connector uar Through Connector
gndpaevion

1.5 msfwun Core vanalagnsiasm Core

Assignment Drawing

1.6 Unshaseuifuguih Connector ALl
ooy

1.7 wiuthevds Marking ven Core vauailaiiany

Pigtail Anlaggnsin

-
£
:
g
2

unsvds FODR #nliagngniasuazduuios

1.9 @ims Loop ndaliedhuiiumedindes FODP

1.108ms¥mae Pigtail # FODP stndstosuariwdo
msvheu

1.11 msansmd § FODF

mslésu OTDR (Optical Time Domain

Reflectometer)

2.1. wiswnsli¥unsuduusis (Calibration) ludasms

emsslumsinathegndios

2.2. nammmasauiabadiuluastodmun (f1 Cable

Loss, Splice Loss, Link Loss)

2.3, syueeduiilémaasudie 1550 nm

2.4, érenuemumda (sewine 2 galunsmivanades) fid
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Infidssarmenlu Detail Design Drawing

2.5. fuivinmvasasdidgniosu Spec. vouadaiilélu

NUARAY

msld OTDR ¥adn

Link Loss = Cable loss + Splice loss

3.1. e Loss wasyn Core wouaida (Hiluuavndy)

3.2. #1 Loss fiqadnsiadosliviu 0.1 dB

~
MImA Link Loss iwvamvas Ca

Source uar Power Meter)

4.1. wiasflild¥unsuduuss (Calibration) udewam
isemsslumsinatiegndos

4.2. dnmemusves¥ygaildds

4.3, dnrrsziuanuussesdygrailidy

4.4. é1 Loss #¥lenuanaseulumsatrsliduiiian

INMIANINU
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A18E19518aZLDIANITNTIDSUNUVL18IATIVILALTA LA LUUN 2

CONSTRUCTION ACCEPTANCE TEST DATA OPTICAL FIBER CABLE WORK
nMsasIvaauNsasuaialondn

Contractor Route Distance
Contractor Name Route Name Route Number (M
No. o de KM
Fouiunitiude Fordunne woavidunig
mnﬂﬁtgty'a sorvaadung
Description Result Remark
eadn sy | laiku NUNYLA
1. sumemmaidia

1.1 msismimeada

12 swadaivunandsiondusia Figure-Eight wls Round

Type iw‘qmauu"inm Annex 2

1.3 14 Materials Julustodmvunn

1.4  memnvinsdne (Sag) lsifiu 1 9% wosszuz Span

1.5 erulaendovesszuzsieenatslih Lidesnia 30 wwudiums

1.6 #esrvu Ground nnszerbiviu 250 wms WM. W

1.7 ms Splice awada biviugaaz 0.05 dBM

1.8 Cross Arm & Extenstion Arm Installation

1.9 High Marker (dsuvanfasdariouuas gilishnir 3 Sruuudy

ogiidisarumsziin 5 x 8 i wenfudauisassinu

1.10 Symbol of CAT at Cross Arm (viudendri “nav.” vum
#idvsgsliishnia 3 ) & Closure (wudvndvi “nam.”

suwidnwigaszinu 2 x % 1)

2. swdedsgngal ODF

2.1 gunsal ODF #ldanasgu

2.2 Connecter of ODF sisnthanasgiu Fo/Pe Snnuirasly

ufuazdasfitheBesry Code Aluguuvu Fiber Core Color -

Tube Color

23  msismauadanislu

2.4 Termination of Cable

2.5 Numbering of Pigtail Cord

2.6 Termination of Ground Wire

2.7 Name Plate (szyfeami#umevaems)

2.8 Site Cleanlines

3. ywudnviasaauazadrs Riser

164




31

vio HDPE war Subduct gnsiasnudorimun

32

vennlAnmsgm JUF-11 §iu e v

33

dwpldnasgiu

34

deiisrerhaedsznadianinndousald

35

wovveagluszduideaiuou

36

a¥ Riser 1AM mMILUUS M. .ococecrececeeeerc R

37

vio GSP gndnsmsdiorivun

38

vio PVC gndpsmutiariwun

uafrvisfosmemlauazyovinli

4.1

-~ - - .
Inmsdemambalivszana 15 umsfuluisiinnszerdszanu

600 wins

4.2

vennlinmsgmu duou.......... Ua

43

dwelfnasgiu

44

dniadlszuzaneyszinu

45

wovvsagluszAuideatuouy

4.6

vioumzarnu Aoslévie PVC wia HDO Liieunda 4 2 4 vie
uazdpdiuavnuar Riser w1 2 Auveudsarmunarios

Sudduct lulmiowils

4.7

1% Subduct gninsmmdionmun(uiuguinatsmeuenlsitios

i1 30 s v 2.5 F 0.3 un)

4.8

vio PVC gndpsmudiaimun

ufesmeiadaluveuin

5.1

1% Subduct gnAswmudarimun(duiuguinaameuenlives

i1 35 1. melulifesnda 30 . wn 2.5 £ 0.3 1)

52

fnsdemeomdalivseina 8 - 10 wns ynquawndid Riser

suilnmesunia

6.1

THalArmsgIu 1M iy

6.2

wnlides

mMydanAuiiouu

7.1

FOOTHPATH INTERLOCK

7.2

ROAD REINSTATEMENT CONCRETE 0.25 M

73

ROAD HOTMIXED 0.10 M

For

CAT Inspector

Contractor Project
Manager

Name

Signature

Date
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Module |V:

6. OTDR (Optical Time-Domain Reflectometer)

OTDR ugunsaififnduiiuu iieldmsaaeuindmniweiniglulasaisanslowdn
wesvaedne Fiber Optic 1ases

wdnMsTuYeains OTOR iasiuihuarensuuame?d (Connector) funilwandule
WAt uasfidesnisinsedafuades OTDR 1des OTDR s Optical Pulse winluluane Fiber
Optic wasfidsoanluazaziounduuiduais Fiber optic neluiades OTDR azATI9dUMIE#7
Detector fiagnneludaiaioses AuLANsssEMInefiszazna15uds Optical Pulse panluauds

'
(VY]

Lansudyaned ﬁ]%ﬂﬂﬁ?ﬂ?ﬂé@@ﬂﬂ’]LﬁUiSEJ%ﬂ’NiJEJ'TJ“U@\TﬂWEI Fiber Optic AITLANINAVDILATDY

AR U

OTDR unuuauaztduszeenuwagunUAzLanIUsIMLangaduld wansdsgui 6.1

Optical Time Domain Reflectometer (OTDR)

Optical Time Domain Reflectometer Fiber Network

Laser
Fusion Bend Connector Crack Fiber
Coupler Splice Pair End
v = O—’\/—CD—D—Q—'
] : ' ; flechanical '
E ] : : Splice ! :
= = =5 =
| : ' : ; ! ' :

i
||

Detector
Pulse
Generator
Analyzing Circuitry + Display
"Intelligence"

5U# 6.1 nann1svineuvadaIas OTDR

Relative Power (dB)
t—

OTDR Measurement Display
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6.1 %’aga?‘i’a‘lﬂ%uﬂém OTDR

. VEBX *0
VePAL FX300

5Uf 6.2 Taseadradunnvaanias OTDR B%e VeEX u FX300

o/

1MNFUT 6.2 anansaadunsaramIeasusazaulFFl
1. Yutiudintaya (Save Trace/Result)
2. Yunduniinaenan (Home Key)
3. YuilnUniA3os (Power Key)
4. YuANIg v ang g8 921 (Navigation/Marker Key)
5. YuBudfumda (Enter Key)
6. Yenidndds (Escape Key)
7. Yudenlusunsuussend (App Key)
8. YudeAntiae (Lock Screen)
9. Yuuanslszinnisldan (History)

10. NtN9&UEE (Touch Screen)
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6.1.1 AruaNTANRyvaLATas OTDR B¥a VeEX ju FX300

SPECIFICATIONS

Optical

OTDR Multimode Singlemode
Wavelength (£ 20 nm) 850/1300 1310/1490/1550//1625
Dynamic Range (db)’ Refer to Ordering Guide Refer to Ordering Guide
Pulse width (ns) 3, 10, 25, 100, 300, 500, 1000, 3000, 10000, 20000
Event dead zone (m)* Refer to Ordering Guide Refer to Ordering Guide
Attenuation dead zone (m)* Refer to Ordering Guide Refer to Ordering Guide
Distance Display Range (km) 0.5t0 80 1to 400
Distance Units Kilometers, meters, kilofeet, feet, miles
Distance Measurement Accuracy (m)* £ (0.5 + resolution + 2x10°x L)
Sampling resolution (m) 004108
Sampling points Up to 256,000
Loss resolution (d8) 0.014d8
Attenuation Linearity (d8/dB) £0.05
Group Index Range (loR) 1,3000 to 1,7000

Measurement time

Preset or Live (real time)

Internal memory capacity (SO card)

>5,000 traces, Belicore GR196 and Telcordia SR-4731 sor format

Fiber analysis

Automatic, event table, user defined PASS/FAIL thresholds

Fiber type 50/125 ym | 9/125 um
Intelligent Link Mapping (V-Scout) Intelligent Link Mapping using intuitive icons derived from multiple test acquisitions
OTDR Laser safety 1EC 60825-1, Class 1M

Optical connectors (OTDR/LS)

Fixed or Universal 2.5 mm, UPC or APC interface, FC/SC/ST/LC adaptors optional

Optical Test Options Multimode | Singlemode
Visual Fault Locator (VFL) Optional
-Wavelength (nm) 650 £ 10 nm
-Output (mW) Max 1 mW
-Laser Safety IEC 60825-1, Class Il
Light Source (LS) - (O/P shared with OTDR) Optional
-Wavelengths (nm) 850/1300 1310/1490/1550//1625
“Output power (dBm) N/A >-45M/>-6 MM
-Level Instability (d8) N/A Better than £ 0.05 SM / £1 MM (15 min)
Optical Power Meter (OPM) Optional
-Calibrated wavelengths (nm) 850/1300 1310/1490/1550/1625
-Power range (dBm) - PM1, PM2 60 to +3 (PM1) / -40 to +23 (PM2) 65 to +10 (PM1) / -50 to +25 (PM2)
~Accuracy, % +8 25
-Uinearity, % +6 225
Optical connectors (VFL/OPM) Universal 2.5 mm interface, FC/SC/ST/LC adaptors optional
Notes:

1. Unless noted, all specifications are valid at 23°C £ 2°C (73.4°F £ 3.6°F) using FCUPC connectors
2. Typical dynamic range after three-minute averaging and SNR = 1

3. Typical dead 20ne using 3 ns pulse and reflections below -45 dB

4. Typical dead 20ne using 3 ns pulse and reflections below -55 d8

S. Excludes uncertainty due to fiber refractive index (I0R) setting

168




Optical Test Functions

ORDERING INFO.

Optical Spedifications | Test Application
Multimode OTDR
Wavelength (nm) Range (dB) | Dead LAN Access | FTTXPON | UvePON | CATV Metro | Long Haul
Zone (m)
850/1300 28/30 <1/4 %) 15
Singlemode OTDR
Wavelength (nm) Range (d8) | Dead AN Access | FITxPON | Live PON | CATV Metro | Long Haul
Zone (m)
Medium Range
1310/1550 . 39/36 <1/4 2 2 15} 5
1310/1490/1550 39/35/36 <1/4 %)
1310/1550/1625 39/36/39 <1/4 1) [ 1) 15
1310/1550//1625(F) 39/36//39 <1/4 & 5 5 5]
1310/1490/1550/1625(F) | 39/35/36/39 | <1/4 15 2
1310/1550//1650 (F) 39/36//39 <1/4 2 2 5] &
Long Range
1310/1550 43/43 <1/4 & 2
1310/1490/1550 43/38/43 <1/4 5]
1310/1550/1625 43/43/39 <1/4 %4 2 1) 2 %]
1310/1550/1625(F) 43/43/39 <1/4 & %) =) 54 15
1310/1490/1550/1625(F) | 43/38/43/39 | <1/4 15
1310/1550//1650 (F) | 43/43//39 <1/4 4 %) ) 15} 5]
Ultra Long Range
1310/1550 45/45 <1/4 54 4 2 1) 14
1310/1550/1625 45/45/41 <1/4 2 2 2 ) %4
1310/1550//1625(F) 45/45/41 <1/4 & 1% %] 5] 54
Combo Multimode/Singlemode OTDR
Wavelength (nm) Range (d8) | Dead AN Access | FTTxPON | LivePON | CATV Metro | Long Haul
Zone imj
850/1300/1310/1550 | 26/27/38/35 <1l/4 5] %] 7]
General Specifications |
mw Size 290 x 140 x 66 mm (W x H x D)
OPM (410 10 65 dm) 11.40 x 5.50 x 2.60 in
Standerd Weight Less than 3 kg (less than 6.6 Ib)
High Power OPM (425 to -50 dBm) Battery U-lon smart battery, 5200 mAh 10.8 VDC
PONT OPM (dual wavelengths, 1550 nm (+23 dBm) Power Supply (AC Adaptor) Input: 100-240 VAC, 50-60 Hz
and 1490 nm (+7 dBm)) Output: 15 VDC, 5.33 A i
Visual Fault Locator (650 nm) Operating Temperature 0°Cto SO°C (32°F to 122°F)
=== OTDR laser fitted) Storage Temperature -20°C 1o 70°C (-4°F to 158°F)
: {per Humidity 5% to 95% non-condensing
: ! Display TFT 7* full color touch-screen display
Ruggedness Survives 1m drop to concrete on all sides
Interfaces Standard: US8, RI45, 10/100-T Ethernet
Optional: Bluetooth, Data Card/GPS, WiFi
Languages Muitiple languages supported
System Memory 128 Mbyte RAM, 2 Gbyte SO
VeEX Inc. © 2017 VeEX Inc. Al rights reserved.
2827 Lakeview Court VeEX is » registered trademark of VeEX Inc. The information contained in this
vea Fremont, CA 94538 USA document is accurate. However, we reserve the right to change any contents
Tel: +1.510.651.0500 &t any time without notice. We accept no resporsibilty for any erors or
The Verification Experts Fax: +1.510.651.0505 omissions. In case of discrepancy, the web version takes precedence over any
c € .@. www.veexinc.com D05-00-047P £00 2017/01
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I 304 FFR-20 Fiber Ranger

FaiawuEmiie ia OTDR l ] — i
. B dnduuainme Ta VFL

o
AN a ARG

wihae LCD

Ui 6.3 Tseadajunauaaia3as FFR-20 Fiber Ranger
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6.1.5 anuaNTATIdAyuaATas FFR-20 Fiber Ranger

Specifications
Model No. FFR-20A FFR-20B
Wavelength 1550nm 1310nm
Fiber Type 9/125 um Single Mode
Connector Type FC/PC
Max. Output Power 60mW
60km (2 1dB, Reflection event)
s Roas 20km (22.5dB, Non-Reflection event)
Distance Accuracy(m) % (2m+0.2%x distance) (Reflection event)
Event Dead Zone 15m (Reflection event)
VFL Function
VFL Wavelength 650nm
VFL Output Power Mo
optional for higher power (3, 5, 10mW)
General
Power Supply AA Battenes 3 pcs
Battery Life (Fiber Ranger) 2 5,000 times typical measurement
Battery Life (VFL) > 10 hours
Operating Temp. -5 ~ +40°C
Storage Temp. =10 ~ +60°C
Relative Humidity 0 ~ 85% (non-condensing)
Dimension (mm) 190x100x50
Weight (g) 450

Note: Specifications subject to change without notice

Ordering Information

FFR-20X-AA-BB
X: Laser Source type AA: VFL Output BB: Connector Type
A= 1550nm 01 = ImW FCLC (FC-LC adapter)
B = 1310nm 03 =3mW SCLC (SC-LC adapter)
05 = SmW STLC (ST-LC adapter)
10 = 10mW SE (Set of FC/SC/ST)

Example: FFR-20A-03-SE (1550nm, 3mW output, connector Set)
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6.1.6 1A389 OTDR B¥a Anritsu MT9083A

Specifications

MT9083A/B/C ACCESS Master Common Specifications

Size: 270 (W) x 165 (H) x 61 (D) mm

Without protector (option 010) 106 x 6.5 x 2.4 inches
Weight: 2.2 kg (4.8 Ibs) including batlery
Dimensions and Mass Size: 284 (W) = 200 (H) * 77 (D) mm
With protector (option 010) 11.2 x 7.9 x 3 inches -
Waeight: 2.9 kg (5.4 Ibs) including battery
Display 6.5 Inch TFT-LCD (640 ~ 480 with backlight, transparent type). enhanced indoor/outdoor optional
Interface USB 1.1, TypeA x 1 (memory), Type B x 1 (USB mass storage)
Data Storage Iinternal memory: 440 MB (up to 1000 traces),
External memory (USB): up to 30,000 traces with 512 MB
12 VDC,
Power Swwply 100 to 240 VAC, Allowable input voltage range: 90 to 264 V, S0/60 Hz
Type: Lithium ion
Battery Operating Time*": 8 hours
Recharge Time: <5 hours (power off)
: . Backlight off: Disable/1 to 99 minutes
Power Sudey Fosiom Auto shutdown. Disable/1 10 99 minutes
Vertical Scale 0.13, 0.33, 0.65, 1.3, 3.25, 6.5, 13 dB/div
IOR Setting 1.400000 to 1.699999 (0.000001 steps)
Units km, m, kft, ft, mi
Languages User selectable (English, Simplified Chinese, Traditional Chinese, French, German, lalian, Korean, Portuguese,
Russian. Spanish and Swedish - contact Anritsu for availability of others)
Sampling Points** Normal: 5001, High density: 20001 or 25001 (MT9083A and B series), up to 150,001 (MTS083C serles)
Sampling Resolution*? 5 cm (min.)
Reflectance Accuracy Single mode: 2 dB, multimode: 4 0B
Oistance Accuracy 21 m 23 » measurement distance x 10°* + marker resolution (excluding IOR uncertainty)
Single mode: 0.5, 1, 2.5, 5, 10, 25, 50, 100, 200 km (MTS083A and B serics, except 780 nm: 0.5, 1, 2.5 kom)
Distance Range 0.5, 1, 2.5, 5, 10, 25, 50, 100, 200, 300 km (MTS083C series)

Multimode: 0.5, 1, 2.5, 5, 10, 25, 50, 100 km
Fault locate: Provides end/break location, end 1o end loss, fiber length
Standard OTDR: User selectable automatic or manual set-up
Construction OTDR: Automated, multi-wavelength testing
Testing Modes Light source: Stabiized Light source (CW, 270 Mz, 1 kHz, 2 kMz oulput)
Loss lest sel (optional). Power meter and Light source
Connector Video Inspection Probe
Visual fault locator (optional): Visible rod light for fiber identification and troubleshooting
Auto or manual cperation. displayed in table format
User defined PASS/FAIL thresholds:

- Refloctive and non-reflective events: 0.01 to 9.99 dB (0.01 ¢B steps)
Fiber Event Analysis ~ Reflectance: ~70.0 to ~20.0 dB (0.1 dB steps)

- Fiber end/break: 1 to 99 dB (1 dB steps)
Number of detected events: up 1o 99
Macrobend detection
OTOR Trace Format Telcordia universal. SOR, issue 2 (SR-4731)
Real tme sweep**: 0.15 sec.
Loss modes: 2 point loss, dB/&km, 2 point LSA, splice loss, ORL
Other Functions Averaging modes: Timed (1 to 3600 sec)

Live Fiber detect : Verifies presence of communication light in optical fiber
Connection check: Automalic check of OTDR to FUT connection quaity
MMNMTMMWWMWMMWDPC
Operating temperature and humidity. 0° to +40°C (MTS083A and B series), <80% (non-condensing)
rnuws-%mmcmmmm

. Storage temperature and humidity: 20" to + , <B0% (non-condensing) i

Environmental Condtions | 0 ratien: Conforming to MIL-T-28800€ Class 3

Dust proof: MIL-T-23800E Class 2
Drip proof: IPS1 (IEC 60528), JIS C 0920 TYPE |
EMC EN61326-1, EN61000-3-2
LVD EN61010-1
Notes
o rﬂwdﬂwnnqomwmm
2 : Exner hugh consity value is selected ding on range
«3 : Except 780 nm

& : Resolution: Low Densty. Except mocels 062, 068 -1 sec. or less
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6.1.7 1399 OTDR 8%a MaxTester 7308

SPECIFICATIONS®
Display 7in (178 mm) outdoor-enhanced touchscreen, B0O x 480 TFT
Interfaces Two USB 2.0 ports
RJ-45 LAN 10/100 Mbit/s
Storage 2 GB internal memory (20 000 OTDR traces, typical)
Batteies Rechargeable thum-polymer batter
12 hours of operation as per Telcordia (Bellcore) TR-NWT-001138
Power supply Power supply AC/DC adapter, input 100-240 VAC, 50-60 Hz, 8-16 V DCIN 15 Watts minimum
* Wavelength (nm)® 1310/1550/1625
- Dynamic range (dB)° 39/37/37
Event dead zone (m)* 08
Attenuation dead zone (m)* 35
Distance range (km) 0.1 t0 400
Pulse width (ns) 51020000
Linearity (dB/dB) $0.03
Loss threshold (dB) 0.01
Loss resolution (dB) 0.001
Sampling resolution (m) 004105
Sampling points Up to 256 000
Distance uncertainty (m)' £(0.75 + 0.0025 % x distance + sampling resolution)
- Measurement time User-defined (60 min. maximum)
| Reflectance accuracy (dB) +2
| Typical reaktime refresh (Hz) 3
_ Laser safety ] I
Notes
a. All speciications valid at 23 °C 2 °C with an FC/APC unless otherwise specied
b Typial

¢. Typical dynamic range with longest pulse and three-minute averaging at SNR= 1.

d. Typical, for refiectance bolow -55 dB, using a S-ns pulse. .

e. Typical, for reflectance below ~55 dB, using a 5-ns pulse. Attenuation dead zone at 1310 nm is 4.5 m typical with reflectance below -45 dB.
f. Does not include uncertainty due to fiber index.
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GENERAL SPECIFICATIONS
| SzeHxWxD) 200 mm x 156 mm x 68 mm (7 7o in x 6 'k in x 2 % in)
Weight (with battery) 1.20kg (2.8 1)
Temperature  Operating =10°C10 50 °C (14 *F 0 122 °F)
Storage -40 *Cto 70 °C (-40 °F to 158 °F)*
Relative humidity 0% to 95 % noncondensing

Output power (dBm)* -25
| Modulation CW, 1 kHz, 2 kHz

BUILT-IN POWER METER SPECIFICATIONS (GeX) {optional)*
Calibrated wavelengths (hm) 850, 1300, 1310, 1490, 1550, 1625, 1650

Power range (dBm) ¢ 27 t0 -50
Uncertainty () * 5% % 10aW
R 0.01 = max to ~40 dBm
0.1 =-40 dBm to -50 dBm
| Automatic offset nulling range *'  Max power to ~34 dBm
Tone detection (Hz) 270/330/1000/2000

VISUAL FAULT LOCATOR (VFL) (oPTionaL) LASER SAFETY

Laser, 650 nm £ 10 nm
CWiModulate 1 Hz

CAUTION: VIEWING THE LASER

YN P~h°1&‘25[ﬂ\1>'|.5@“(0.7mw) mﬂ(mmw

' Laser salety: Class 2 EYE LOUPES, MAGNIFIERS
AND MICROSCOPES) WITHIN A
DISTANCE OF 100 MM MAY POSE
AN EYE HAZARD.

ACCESSORIES

GP-10072 Semiigid carrying case GP-2016  10-foot RI-45 LAN cable

GP-10-086 Rigid carrying case | GP-2144  USB 16G micro-drive

GP-302 USB mouse GP-2185  Carry-on size backpack

GP-1008 VL adapter (2.5 mm to 1.25 mm) GP2205  DC vehicle battery-charging adaptor (12 V)

GP2001  USB keyboard | GP2207  Stand suppor

Notes

2 ~20°C 10 60 °C (=4 *F 10 140 ') with he bamary pack.

b Typical outpet power is gven a 1550 nm.

¢ A1 23°C21°C, 1550 am and FC connector. With moduies in idie mode. Balery operated sfter 20-minute warm<p.
d Typeal

e. At calbration conditore.

£ For 2008 08, fom 10°C 1030 °C.
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6.3 WaRauU SC/APC (SC Connectors)
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OTDR and Fusion Splicer Training
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- 1990 AUABDINTS Bit Rate qqs‘ﬁuﬁ"'ﬂaﬂaemiam%’s Tngaeneludu 10 Gb/s fiszey 80

nu. Felinnsisumalulad Optical Amplifier wag Wavelength Division Multiplexing

Light-wave U

- 2000 L‘?’hqqﬂ Next Generation

The World Optical Fiber Demand

UniNet))

— Optical Fiber Tasanns

UniNet Backbone (UniNet 11) ./
70’s Optical fibers + semiconductor lasers

80’s

90°s

00’s

10°s

l

Low data rate. single channel

l

High data rate. multiple channels
(Optical amplifiers (EDFA) + WDM)

l

Enabling components for sophisticated
reconfigurable optical networks

l

Optical interconnects for next-generation
computercom?
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Current optical fiber communications capabilities

Bit rate : single channel 10 Gbit/s (many upgraded to 40 Gbit/s) : system

bit rate exceeding 1 Th/s

Distance : ~80 km without amplification

Transmission medium : silica singlemode fiber

Operation wavelengths: 1550 nm/1310 nm windows

Optical sources : semiconductor laser diodes / light emitting diodes

Optical amplification : fiber-bases optical amlifiers (erbium-doped fiber amplifiers,
Raman fiber amplifiers)

The bandwidth made possible by optical fiber communications has made the
internet economically feasible.
wannsaoans Optical Fiber

{1@1%’aﬁwﬁfyjﬁm%’umiﬁamﬁaa&aN"lu Fiber Optic

« Optical Spectrum Characteristic

« Optical Wavelength Standard

« Wavelength Division Multiplex waveform

« Measuring Power of Optical Fiber

Electromagnetic spectrum

lightwave
visible
radio microwave infrared ultraviolet
Frequency—{—|—————F—~4— 1
(HZ) 10% In'." IOH ][l" !nlll “’)II ")I! ”]l.\ ”]IJ ]0”’ |n]"
Wavelength— |+
(m) 100 10 1 10! 102 10° 10% 105 104lfi07 10% 10°
PR
700 nm 400 nm
(10°m=1pum; 10 m= 1 nm)

Optical Spectrum

*In optics and photonics, due to conventions, wavelength unit (nm or pm) is often

adopted.
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(o]
1kHE 1MHz 1GHz 1THz 1YHz 12Z2Hz
Frequency . /[ I | . I | |
Wavelength 1vMm  1km 1m imm 1nm  1pm

c=felen
c: Speed of light ( 2.9979 m/us )
f: Frequency

~: Wavelength

n: Refractive index

(vacuum: 1.0000; standard air: 1.0003; silica fiber: 1.44 to 1.48)

Electromagnetic Spectrum

Lightwave spectrum A

visible N\
£,

uv Near-IR

| L.
' = wavelength (nm)

400 700 1000 2000

frequency x wavelength = speed of light
In free space (i.e. vacuum or air) vAh=c=3X10°m/s
eg. A=1pum=1000 nm=10®m,v =3 x 10" Hz=300 x 10'> Hz= 300 THz

Optical carrier frequency ~ 100 THz, which is five orders of magnitude larger

than microwave carrier frequency of GHz.

b ]

Optical Spectrum

e T
| I [ [ | | I

1260 1360 1460 1530 1565 1625 1675

Wavelength (nm)
+ Original band (O-band): 1260 to 1360 nm
— Region originally used for first single-mode fibers
+ Extended band (E-band): 1360 to 1460 nm
— Operation extends into the high-loss water-peak region
= Short band (5-band): 1460 to 1530 nm (shorter than C-band)

= Conventional band (C-band): 1530 to 1565 nm (EDFA region)
* Long band (L-band): 1565 to 1625 nm (longer than C-band)

* Ultra-long band (U-band): 1625 to 1675 nm

Optical Spectral Bands for fiber optic communications
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Silica optical fiber loss spectrum

The Internet
are cllamed n here.

~0.2 dB/km
attenuation

Today: 10% of the light remains after more than 50 km of fiber

Optical Wavelength

Wavelength-Division Multiplexing (WDM)

* WDM combines or multiplexes multiple optical signals into a single fiber

by transmitting each signal on a different wavelength A.

[analogous to Frequency-Division Multiplexing (FDM) in radio communications)
x, ?n

A,

7‘ S

single optical fiber
Ax

= Telecommunication carriers can potentially multiply the capacity
of their fibers by WDM, without the expensive investment of laying
extra fibers underground or undersea.

Optical Wavelength
Decibel Units Decibel Units (2)
¢ The decibel (dB) unit is defined by + The decibel is used to refer to ratios or relative units.

P 1t gives no indication of the absolute power level.
Power ratio in dB = 10 log —PE- Tl eentafie 1w+ A derived unit called the dBm can be used for this

1 remaining percentages purpose.
Poswer loss Parcant of * This unit expresses the power level P as a logarithmic
s =y pover it ratio of P referred to 1 mW.
ekl ot SI; EE * The power in dBm is an absolute value defined by
2 63
3 30 - P J.l:l m
: ] Bowe Seval i A0 =10 lag 22 2W)
10 10 1 mw
0 1

Measuring Power of Optical Fiber
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AuauUAvasEng Optic Fiber

L ]

Core
Buffer
Coating
OFO0T Frw Wt Wirs
CORE
Transmits the Light Signal
Germanium Doped Silica Glass
CORE

CLADDING CLADDING
Keeps Light Signal Within
COATING
COATING

Protects Optical Fiber From

Abrasion and Externa

Numerical Aperture (NA)

Acceptance / Emission Cone
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L

Material Aspects

4

Silicon (Si) Responsivity (A/W)
; 1.0 >
*+ Least expensive %ffa.’"!tum j ”/ P —
iciency = 1/» o
-
Germanium (Ge) \\// /

« “Classic” detector
Indium gallium arsenide

(InGaAs)
* Highest speed

Multimode cable

Singlemode cable

* 9/125

InGaAs

Silicon

500 1000 1500
Wavelength nm
Multi-mode

62.5 micrometer Core

125 micrometer Cladding
250 micrometer Coating
0.275 Numerical Aperture (NA)

Single-Mode

9  micrometer Core

125 micrometer Cladding
250 micrometer Coating
0.13 Numerical Aperture (NA)

Single-Mode Fiber (SMF)

Step-Index type with very small core

Most common design:

9/125 um or 10/125 um, NA ~ 0.1

Bitrate x Distance product: up to 1000 Gb/s * km
(limited by CD and PMD - see next slides)

n g—— y
s e ]_rl_l
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Step-Index (S1) Fiber

+ Most common designs: 100/140 or 200/280 um
* Plastic optical fiber (POF): 0.1 -3 mm &, core 80 to 99%

Cladding
Core - 5&026\355
Refractive ' , & ' T
Index (n) | T Primary coating
1.480 }oee 1000 S5 (e.g., soft plastic)
0 me—— |_'I_I:|
140 pm

* Diameter (r)

Multimode Step-Index (MM)

>

N7 N L
AR e VNSV 0 VAN

Pulse broadening due to multi-path transmission.

Bitrate x Distance product is severely limited!

100/140 pum Silica Fiber: ~ 20 Mb/s * km
0.8/1.0 mm Plastic Optical Fiber: ~5 Mb/s « km
- -

Multimode Gradient-Index (GI) Fiber

+ Doping profile designed to minimize “race” conditions
(“outer” modes travel faster due to lower refractive index!)

+ Most common designs: 62.5/125 or 50/125 um, NA ~ 0.2
Bitrate x Distance product: ~1 Gb/s * km

,_,_.--* 1

AKX OO

177 7] IR S
1450 | i/ ENE
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Transmitter Connector Cable

e,

Splice Cable Receiver

Link Loss =
(Fiber Length (Km) x Fiber Attenuation per Km) + (Splice Loss
x Number of Splice) + (Connector Loss x Number of Connector)

Fiber Attenuation

Particles
Source

Ray of light

Splices
« Fusion Splices

+ Most common permanent fiber connection
» Very high performance and reliability
+ Insertion loss 0.01 to 0.1 dB, no reflection

+ Automated splicing tool costs $10k to $50k Protective sleeve
! |
* Mechanical Splices — ] -
+ Permanent and non-permanent types T Splice

+ Insertion loss 0.1 to 0.5 dB

* Index-matching liquid used to minimize loss & reflections
+ Epoxy or UV hardened elastomer based

+ Less expensive tools ($100 to $1,000) required
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Connector Technology

+ Ultra-high precision

+ Optical axis aligned to better than =1 Key —»

pm (single-mode) iber
* Physical contact of the glass end ‘
surfaces necessary to avoid strong Ferﬁ
reflections.
+ Sleeve

« Connector cleanliness is paramount
- dirt can add insertion loss, and hié
damage connections. #

UAVDIN ‘7 / /
Connector :

F-SMA FODIMIC ESCOM ST
TSC TSC-Duplex T-SC/APC-8°9° MFR) (male)

.

MER/ (ferale) Lc LC-Duplex FCIPC

wdrd

FCIARC DN E-2000 | E-2000/APC

Fiber Standard Specification

Fiber attenuation | Fiber altenuation | Connector

Fiber Type Wavelength /km * / km # Loss Splice Loss
Multimode 850nm 3.5 d8 2.5 dB 07508 | 0.148
S0/125um | - y3504m 15d8 0.8 dB 075d8 | 0.1d8
Maltknode 850nm 3.5 d8 30dB 075d8 | 0.1dB
62.5/125um | 43000m 15d8 0.7 d8 0.75 dB 0.1dB
Single "{,‘:ﬂ: 13100m 0408 0.35 dB 07508 | 0108
Single “},‘:ﬂ; 1550nm 0308 0.22 48 07548 | 0.10B
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Single Mode Fiber Standard Specification

Standard per NZDS per Bend- ith Bend-
ITU-T 6.652D ITU-T G.655 ITU-T G.657.A1 ITU-T G.657.A2
Parameter U:t
IEC 60793-2-50 B1.3 | IEC 60793-2-50 B4 IEC 60793-2-50 B6_al 1EC 60793-2-50 B6_a2
Max. /Typical Max. /Typical Max. /Typical Max. /Typical
Teldor Fiber C
Attenuation®*®), Loose Tube
Cables:
@ 1310 nm 0.35/0.34 NA 0.35/0.34 0.35/0.34 dB/km
@ 1550 nm 0.23/0.20 0.23/0.20 0.23/0.20 0.23/0.20
@ 1625 nm 0.25/0.22 0.26 / 0.23 0.25/0.22 0.25/0.22
Attenuation, Tight Buffer
Cables:
@13100m <0.40 . <040 <0.40 dg/km
@ 1550 nm < 0.30 - <0.30 < 0.30
Mode Field Diameter
@ 1310 nm 9.2:0.4 NA 8.6x0.4 8.6:0.4 =
@ 1550 nm 10.4x0.6 9.620.6 9.80.5 9.6+0.5
Cable Cut-Off Wavelength <1260 <1480 <1260 <1260 nm
PMD (Individual fiber) £0.2 <0.1 <0.2 <02 ps/km*?
Cladding Diameter 125%0.7 125£0.7 125%0.7 125%0.7 um
E:f;lcladdmg Concentricity <05 <05 <05 <05 um
Cladding Non-Circularity <1.0 <1.0 <1.0 <1.0 %
Coating Diameter (un-dyed) 2455 2455 245%5 2455 um
Proof-Test Level 0.7 0.7 0.7 0.7 GN/m*
Induced Macrobend loss (1 turn around mandrel)
Mandrel Radius 10 7.5 mm
Max. @ 1550 nm 0.5 0.4 dB
Max. @ 1625 nm 15 0.8 dB

wwiasnufiauas Optical Light Source Training

- A30IRERUAN Loss Tuane Optical Fiber agn9dy

- pSevintiasuas (Optical Power Meter) luiasosinssaumdwasluniaeing (W)
%39 dBm T nsuTnAa e U InIenIuLas WU AuLssvesdya ulaloniuasuas
walawesialen Tufidldnsiaaeulugavesnindsdayannuaz99sdu (Line Driver)

dl' % o w ¥ U s d'o.; s

- 1ATRYIAAANLEN A¥UTENOUAIY Power Meter Wazdlwugeas (Sensor) Inefidnigules
%agjmﬂum%aq (Built-in Sensor)

- ipsesniauas (Stabilized Light Source) Wuasasiudauas Fe19aziduunasinie

¥

WaILeadA (LED Source) w3aiaiwas (LD Source) Al Auagiuaiumngaylunisly
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Nnuaggnldsiuiuiasasinfiidauas (Optical Power Meter) lun13inn1sannauvas
GRTRTRIIGN

- Attenuation Loss U89,AanaamEUn19aIneun19naUanen1amseisenin Total Loss
Stabilized Light Source @1ulugjagUsznounie Main Frame Lay Plug-in Unit @43

A v oy v
a18ANLgIAAULMEDN IIRUAINULANNT EY
P v YY) PR o o Ao va v a

- gunsallansaldnsiadudyaruuaddaviawuu CW (Saudsdygrailidearsieyadsa)

LaTLUU modulate MBAILD 270 Hz, 1 kHz way 2 kHz

Optical Power meter

Main features
+ +10 to -60 dBm range (standard models)
* +23 to -50 dBm range (high power models)
« Calibrated wavelengths at 850, 1300, 1310, 1490, 1550, and 1625 nm
« 2 kHz modulation detection
+ dB Reference store facility
» Measurements in dBm, dB, and microwatts

« > 40 hours of battery life
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Specifications

ftem _______|Specification

Detector Type
Range

Calibrated Wavelengths
Calibration Accuracy

Linearity

P-100/P-200: InGaAs

P-100/P-200: +10 dBm to —60 dBm, (+10 to —50 dBm @
850nm)

850, 1300, 1310, 1490, 1550, &1625nm
+0.2dB (+0.5dB @ 850nm)

Standard Units (CMAS/P-100 and CMAS/P-200)
1550/1310nm: +0.2dB, between +5 to -60dBm
850nm: +0.5dB, between +5 to -50dBm

CATV Units (CMAS5/P-100C and CMAS5/P-200C)
1550/1310nm: +0.2dB, between +23 to -40dBm
850nm: +0.5dB, between +23 to -40dBm

ftem _________|Specification

Resolution

dB Reference
Modulation Detection
Stability (8 Hours)
Display Indicators
Low Battery Indicator
Auto Power-Off
Battery Life (Alkaline)

Connector Adapters

Low Battery Indicator

0.01 dB

Yes

2KHz - visual indicator

+0.1 dB

4 digit, 7-segment LCD

visual indicator

AUTO OFF - visual indicator

>40 hrs. continuous use

CMAS/P-100 and CMAS/P-100C: FC, ST & SC

Visual indicator

lom it

Power One 9 Volt Alkaline battery

AC Adapter Input: 100-240V, 50-60Hz Output: 7.5V @ 2 Amps
(option)

Operating -10 to + 50°C (+14 to +122°F)

Temperature

Storage -25 to + 60°C (-13 to +140°F)

Temperature

Relative Humidity 0 to 95 non-condensing

(%)

Size 5.70”H x 2.95”W x .98”D (145mm x 75mm x 25mm )
Weight 0.56 Ibs (250g )
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Operating Controls

NS

O

®

N

C:)uj
—=] [=] (2]

daB et
. ] W Zero ref =

5

« Button #1  Fiber Optic Input

 Button #2  External AC Power Jack

« Button #3  Liquid Crystal Display (LCD)
e Button #4  Ext. Power

« Button #5  On/Off Key

 Button #6  Auto Off Key

. Button #7 A (Wavelength) Key
 Button #8  dBm/W Key

* Button #9  Zero Key

« Button #10 Ref Key
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Measurement Description

1. Fiber Optic Input
The units are equipped with a universal connector. A variety of adapter caps are
available on FC, SC connecter.

2. External AC Power Jack
Attach the optional AC Power adapter to this jack.

3. Measurements are displayed in:
« absolute power (dBm)
« relative loss (dB)
« microwatts (W)
« define wavelength
» low battery (AUTO OFF)
« REF (indicates stored reference value)

4. Ext. Power
The External Power indicator lights up green when you are operating the unit on the
optional external AC adapter.

5. On/Off Key
Power the unit on by pressing this key.

6. Auto Off Key
This key enables the Auto Off function which will power down the unit when no keys
have been pressed for 5 minutes.

7. N (Wavelength) Key
Press this key to cycle through the calibrated wavelengths (850, 1300, 1310, 1490,
1550, and 1625 nm).

8. dBm/W Key
Press the dBm/W key to toggle the unit’s measurement mode between dBm (absolute
power) and puW (microwatts). Hold the key until “HELD” is displayed (about 2 seconds)
to switch to dB (relative power).

9. Zero Key

Press the Zero key to automatically zero the power meter. See “Auto Zero”
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10. Ref Key
Pressing the Ref key momentarily will display the current dBm reference power level
for approximately 2 seconds. Holding down the REF key until “HELD” appears in the
display (approximately 3 seconds) will store the current dBm reference level. Separate
reference values can be saved for each wavelength. These will be retained when
power is turned off.
nsnasaugUnsallwiusfeaufin Visual Fault Locator (VFL) Liladuvn Fault dayaiialy
VFL qumﬂmﬁﬁé’%’umiaamw‘umL“fJuﬁmwé’m%’uqﬂmﬂimﬂaumﬁﬁaqmil,ﬂ%aﬁalw
dosuuunnn dwsunisasavaeuduly nisimunduniaenduly nsnaasuaudeiie e
Fumaain (madavidensusninlumeiadalluesestdn) waznsdeusiodild
\sesnsaduanuianatavesnnlilugaiaiwes 650 wilummsidu emitter Javanzdmiu
nsnsreapuiduleiiemseuuuiadlnives awnsadenlnunednaldseninemiud CW uas
Al 2 Hz Fsldfuegrsunsnarslunisdearsdouas n1sindruusenavvesselifa Wuiwes
optical fiber LLasmmﬁm
FOC COMMUNICATION CO., LTD L #@% 14 Visual Fault Locator & wainlul Visual Fault
Locator Uizﬂa‘uéf’gs%aﬂuﬁfqﬁ@m%’uwé’mmmﬁaﬂéawmmﬂszLmmﬁaiﬁwwsamwiamamwu
wazn1s¥nufineuniuldesiaiula Visual Fault Locator e VFL dmfunisléaiuniaauiud
§09n13 Feuandneann VFL iusizursnnsuiildslaulniendesnatainsssun FOC
COMMUNICATION CO., LTD léoanuuusainios VisiFault Ismunusienaln nsdidivuinngsinda
dmsunsldnuneauuiarldfuniseenuuumumdnassmansifionuasainaune
n1suszgna ldenuy

- msFeaskarnsUnsssnwleniatiuag

[

- szuusnwanudasndenisinsiwazingesnwinsssdsdgialviuesesusin

- szuulnuesesuiin CATV wagnisungesnw

- MFIFUEIRUAIEAN N ILLES

1Y

- WAnkagITegunInieaufifa

- LASPIRTIVVUALMAUILALAINTIIULEUNG VFL 2u1aUnm
- mslgeuluu Single mode, Multimode wag Plastic Fiber

- gunsalszautud 1 Yaeadua ludnludesditunouinuaudasnsds

- AINTITUAMURANAIALUY fiber optic NINUMIULAZITEUINY
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- FLEpNNNSYaNAB universal VUM 2.5 kay 1.25 ul
- ALABNLALYDSLUUNATIS DU UADLTDY

- Husglevdsaudu OTDR Liedielun1sseynuinnaIn

JBNVUANIUNATA
LUU FL650-1S
ANNYIIAAUNAN 650nm + 10nm (635nm a@u150vale)

wlipvosnsosasdygias FP-LD

AN11509n @ L ARIUNS DIV

A8 5 mw 10 mw 20 mw 30 mW
NPNEBITIH >5 kM >10 kM >20 kM >30 kM
YINDLE TIRaEINa 2.5 Uu. @mTUTWe 1.25 mm, FC (18) - LC (B)9)

Y

sUwuumsAniiusy - 3via CW uag Pulse
2

AAA Pulse Hz 893 Hz/ 9 Hz

wrasnglu LunmesSanilat 2AA
LUALADS LunmesSaailat AA
gamgilunisviey -20 °C e 60 °C
gamfilunisdmiu - 40 °C fi1 85 °C

iR D 25 x 195

Ymitn 100 ¢ (ifuumnes)

LWALNIUINTIIU - Pen-type Visual Fault Locator

LUU 333

VFL-650-2S Yyavanalanly
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Access jumpers, easily find the fault point
moment jumperl

<

Visual Fault Locator Anazlswazldaruadnals

=

Fiber Visual Fault Locator (VFL) 1uiedssilodfgydmivyaniesdelnivesosuiinynyn
fumileuinissnaaourusetiles VFL lallinisluaiesflofifinagniianluyaiaiesiiovesnn sy
wtelinuszynsuAninyde macrobends Tuloufhuaddegmaduasseynisusenuiiadud
Lialutadliwesnseluunien

AULANANIBE19UNNTENIN VFL Lasiademnaaunusaiiosdounasiiiauauas fnds
Juigwaalnaindauas Unfindd VFL avldunasniialaalgasaing (635-650 nm) ANaaLas
souAroavesawoslasluie 1 mw uietiosnin iesaandanuuasgs aaliasguadnives
VFL Tnensa

Visual Fault Locator figUsuazamiaunnsiisiu visadtenafidnuasmiionuinm uinds
aflﬁ]gﬂa%’mﬁu‘[,ul,ﬂ‘%aai’mmsazﬁauuawaﬂmLuuL’JmLLwaaUaﬁ’a (OTDR) LLazmm%gqanmﬁau
NABINAFDUTUIALAN

VFL faesusuinn: msdnseuazliifinde Weld VFL uwududalowiiiuasiegnieldnig
nAdaUILYINIASARRany VFL agrelsimusie VL wuulddudalowtduas nneldnisnaaeuagly
Fuila VFL Fausnansanniademagouainuseiiios VFL lﬂlé’ﬁflﬁ’ﬂagjﬁmsmaauﬁaﬁlﬂLuas‘aaﬂaﬂ
fiflanuenn 2 nu. wietosndn VFL @nunsaldiiiensiaaeuninuserioswstadlnuavselowiith
wasluuaieniieini 2 nu. ilesarnnisaaveuvesunastidauaaes 635-650 nm Inglowin
1ua9 macrobends analiaunsansiadulaiu 1 nu. Tuloudnaslafluuauway 500 wastule
withuaslvuniie wuistuiedusssdmsunmsaunismuusuloufihuasiuedafnvesans

LD A bLN LA
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3501514 Visual Fault Locator

4 o =

WuhgafiunIesilenaaeuausieiiies Ausniinuazdewinfeviavazendiulaleved
1IAOKAZATIVFOUMENARIgansIAY ndugadrudarailufivausu VAL awnsalisusdeiy

Optical Connector Limsglalaunssluseninammeaeudl

a

VFL LRULNUNAN9999 L8 bAIEILEIRN I8 LEIINLADS hasINELYasasnillniuasaaufiniian

3

WN13® macrobend wasnvavniainloumiduaslaeialUazdesnasinivessous louwmduas
Macrobends lianunsausaiiulanaanciuniaie walaeviiluazuaadiulaautines anaiusey
v 2 & a Y o = o = 2 & ° o
winlaruudninvesaeadalewiidiwas Tueddvdvesdain anunuduudulowadluans
LALTALAUSUNMAIULT IS IVDIENITN
VFL wag OTDR Tester vausiuiiu iediuanfsgauwnniintulowiiiuas OTDR awnsali

¥

a wa o 1 VY a wva =4 Y 1% o
E;J‘Ug‘U{51\1’1‘14‘1/1i’]Uﬁ%EJ%VI’NI‘Uﬂ’ﬁMEAﬂWﬂ VFL “U’JEJIMNU{]UGN’]ULMUWHLLWﬂMﬂGU’e]\‘iLﬁ‘lﬂEJ‘lﬂLLﬁﬂ

Y

'
=
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weaiulAmeNdogans Al

VFL dnagseytianisendnvisenisiteusienlis L:ﬁamaﬂﬂﬁgﬂmaﬂmmﬁu VFL de3a319qn
Wintuleuiiuas 1vinmees VAL dunsandannaudunsguasnlaneiwsiin

AasgyiuntsuinUninIsaeatanusaldivenaasuaiuseiiosvadlennidiuasly
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anwaslAeINY JunouusnileliinIaamnaauANRBIlaIAan15INANAERIALALATIVADUIALTOY
#9UDININ NOUNILENINI L UTULATINAFBUAIUABLLDY AI1NYINANUALDIALALATIVADY
AILTBNABLAIANABINTIFFRUTNATDMAGRUMNABIIBMINUlABE19gnsas LUAnTeIndaU
AUFDLLBILALATIVADUINLNNTLUAINES

AaszydwndeauiaUninsatendeanunsaldiiiodunt macrobend Tulowiitduas

1 < ] ¥ 1 % Ly} I3 < <@ £ [ o

9¢14913An1U macrobends lipugalivasdesdluludinesuazudaialauin weq dunisiaiy
TwEulownunwas N5 macrobend A28 VFL 813y iviadilngs

Macrobends wag splices nsgayLdsgeusinguiloudulunisinniy OTDR VAL ¥1gln
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anansaszynsUsenuThdunaydelags
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UIFTUIUNTY

[1] U3 naw Insauunay 311n (ww) “aleunsgiunisinns drsssnwilassewndalowiaul

Wa”: NTENN: LSRURUSEY nav Insauwiay 911a (Www): Favney 2555.

[2] US¥m naw Insauwian 911a (W) “alennsgiunsindnsasieanstoya”: ngamwe:

A9AY 2555.
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Module V:

7. FTTX

lasanemsdndis vse Access Network Wulasstneideulvunn1sidiia (Access nodes) d
dldusnisuanenia (End users) liiasduglduinsluniedgende uwasdlduinaiiogsinne uazda

WulpsaueNdausalunuan1snaaiuLes a8 seauLiinInissoen1anisdiousanninalas sy

n13lna 138 MANs (Metropolitan Area Networks) lasstingnisidniatieidulassdnedugavinesswing

= 1 1 4 a . aq U/ [ IS a -Qy 1
\AS0UNY LW YuEeNeeiu (Local exchange/ Local office) 1n131153U-dsvoyaiivaeyinueg

fusinaralunissu-dedoyanauandlugun 7.1

Optical fiber or W \ |

other medium (i.e.
radio/twisted pair
copper or coaxial)

|
Radio/satellite (WiFi/WiMax) "H‘m
Local office/ /,'/

exchange/ i Twisted pair copper cable (xDSL)
hub/POP [ T Qm

— Hybrid coaxial fiber (HFC)

— Optical fiber

JU# 7.1 msu-dedoyalagardednarvilnginge [1]

-dl <@ oA Y U ] ¥ a ¥ U d‘ a ]
NNFUN 7.1 asdiudiinistdmnandunsiu-duloyanannvaneilaldun aduing/aiiey
(21deinalulad WiFi/WiMax) a1enadunsaiiinied (nalulad ADSL/xDSL) anglauenifeasiuriule
witias (Hybrid coaxial fiber) wagnisldidulaunhuasegianedgyliuinig lagdnsinisiu-ds

Toyalagnuandlunisei 7.1
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M13199 7.1 vilavaunalulad vllnvasdanals dns wazunsgunsiu-dedayasineg [1]

Transmission rate

Transmission  downstream/
Type medium upstream Standards
Cable modems Hybrid fiber 160 /120 (Mbit s7™) ANSI/SCTE-40,

coaxial (HFC)

ADSL (asymmetric Twisted pair
digital subscriber  copper

line) (5.5 km)
ADSL2 : ADSL2+ (5.5 km)
VDSL (very high- (1.5 km)
speed DSL)

VDSL2 : VDSL2+ (0.3to 5 km)
Wifi Wireless
WiMax (radio/satellite)
Fiber access Optical fiber
network

(with 4 Channel
bonding")
7/0.8 (Mbit s™)

8/1: 24/1 (Mbit s™)

55/15 (Mbit s™)

55/30 :100/100 (Mbit s7")

24/1 (Mbit s™)
70/25 (Mbit s™)

2.5/1.25 (Gbit s™") and
2.5/2.5 (Gbit s™)

DOCSIS 3.0, ITU-T J.222
[Refs 116-120]

ITU-T G.992.1

ITU-T G.992.3, ITU-T
G.992.5
ITU-T G.993.1

ITU-T G.993.2
[Refs 117, 121-125]

IEEE 802.11b, 802.16e
[Refs 24, 117, 126]

ITU-T G.983.1, G.984.1,
FSAN [Refs 117, 127-129]

Optical fiber Optical
(5-50 km)  node

EOM ) N

.
o

Hub

O
0%

IO N N N N AN AN
1 1 1 1 /1 3 73
[ ~ 1 [~ 1 || |
. v VvV 178
Coaxial
cable o o o o o Ao o
1 11 C 31 C31 C3 31 [
O 5 o] 1 o] [
Vv | ..l/_“_ 1
Trunk RF Line KrF
amplifier amplifier
P> > >
4 1 C3J 11 311 3 C—

(500-2000 homes served)

5UN 7.2 msiu-dedayalagandaiailalouianiuassiuiuiaidanuulatanidea [1]

JUN 7.2 wansilaszuuiu-dedeyaiildinidalounniuiassiuiueidaiuulakendea tdule
widuasazgnldlunouduvesszuuaIngu (Hub) y1unanuadaduszeznisuszuna 5-50
Alawns nndwadanuulalendgaszgnldnuiieneanlyualuduldnusely usmsildsuuy

Q’lj ¥ 1 a a a & @ a ad
naudluusemalnglawn usnsiatdadumesiin wazeaiy

TAS9918N15601D9 %38 access network NoNEULAULEWAIULAWNEIDENLAET @NUITOWUS
pontaduassdiunan q Ao druvesnisdsdygin (Feeder) Lagdaun1snIzdey gy

(Distributor) siauanslugun 7.3 lned Feeder asiludiuszninadagunisany daluuanialna
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(Remote node) wagda Distributor aztfudiuszninaluuamialnadsmisenisideudeiniodne
(Network interface unit #1350 NIU) Tnuamslnanilsiianansasesiu NIU Iémanesn Tne NIU azgn
Aanaislue1ans wiouenains &1 NIU fvthitinlinisdeansseninagunsainneg uldldedn
siulnsmisldlnsinana (Protocol) #linreq uazassdosiinisuasinslameamaniunduziuuy

cs' v A o & vy
ﬂa'NLW@ﬂLﬁﬂqiﬂaaqiﬂqﬂqiﬂﬁqL'ﬁﬁ]l@

Feeder Distributor
NIU
| |
Local < > RN ; :
exchange i i
NIU
sUi 7.3 Tasstnemsidndalasendordulonfaniues [1]
Local exchange Curb/ Premises
or office cabinet
o [ > onu [SETTTITTO NIU FTTC/FTTCab
Lo [ | » ONU NIU FTTB/FTTH

JUN 7.4 1asea¥19v04 Access network lagandeidulouiaiues visa FTTx [1]

Access network Niandatduleuiiduaslagnuansusuin 7.4 lngfinismedunus NIU a2

Juagiusluuuuagseugnaseninagldiuguateyieadiu wie Local Office (LO) 67 ONU (Optical

(%
a 174

network unit #39U9ASASEN Optical node unit) azilugndugnvendulontiauinas uazmiuns

YOI U ARG IURUUVEY Access network Tiondardulaniiuadndieinduviiale viedend

FTTX

Aa o

FTTX Wurngannaindnin Fiber-to-the-X el X munefisanuiilag Mfifs ONU gniindseg
& A & v a v Y o = A a | S . v Y o
Fenelugaganendulouniuasazluis viaisendigamesiiue (Terminate) wulowiiiiues

Ylaves FTTX uagduvisves ONU lagnuandlunisnd 7.2 uaggui 7.5
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A15199 7.2 ¥NUBY FTTX wazawnuavas ONU Tunsaznsal

yinauag FTTX FLMUIYDs ONU
FTTCab Fiber-to-the-cabinet ginane (Cabinet) Tngluunansdeguuen
FTTC Fiber-to-the-curb Tuigsvauauu (Curb)
FTTB Fiber-to-the-building 9luDIAI5/An
FTTH Fiber-to-the-home 19lutu
FTTA Fiber-to-the-antenna vuadyaliaey

Vldeo Server
=

ETTCab
(neighborhood
or FDI)

Broadcast video FITB: Fibar to tha Business EXTGzh: Fiber tothe Cabinet

FTTC: Fiber to tha Curb FTTH: Fiber tothe Home

sUl 7.5 JUuUUA19 vas FTTX [2]

Optical line Optical splitter Optical networking units
terminator demultiplexer
' ONU
ONU
OLT n
|
Optical fibers ONU

31]‘17; 7.6 lassa319%anaas PON (Passive optical network) [3]
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FTTX Uszneusnegunsaimainaila dauanslugud 7.6 1éiua OLT (optical line terminal/
terminator), A7LeNdygy1anas (Optical splitter), waz ONU a]mﬁudﬁhﬂawﬁiﬁiﬁ%amiaqﬂmaiﬁga
anudaduduloufniuas uagsening OLT uay ONU aziiusgunsaifiduuuuniadnl (passive
devices) amun fstulassaanuuignifendnedorislouiatuauuumain viodoudoniy

Wou (PON 38 Passive Optical Network) fi7 OLT aginfsadiuinTavngvivodyy1nimineg Yaediu

(%
Y]

H1USN13 (Service provider) anuudysraazgnasiuduleunidwasluds Splitter vieinns

T o

'
¥ = o

wendeyayrasludadunissingg TUdadldau Fednuiuves Splitter Yusgiuszeyn1esendng OLT &

ONU wazduaugldanu @i ONU deiilanannuiwas Wugunsainsudgyeyinain OLT uiulad

<

Fuaalvimungandiionlvinisdearsanunsaldald wu lussuu FTTH ONU %Qﬂam@]ﬂmﬂumﬁ
1we3 (Routen) wielgliluthuansaldswdumesidnld slnves PON anmsaudslsiduauwda
nane it
1. ATM PON (APON) #3aunsasai3en Broadband PON (BPON)
2. Ethernet PON (EPON) itag Gigabit Ethernet PON (GE-PON)

3. Gigabit PON (GPON)

PON Tgmanuenimduiuanssiulun1siu-dedyaiauain OLT lUds ONU ardyayraugnas
970 OLT lUgs ONU 9zgnisendt anlan3uila (Downstreaming) waglunienduriuindayaaugnds

910 ONU TUds OLT aggniseni Swansuils (Upstreaming)

7.1 APON

Maximum 20 km

A
Y

Splitter/combiner

OLT RN J ONU

52
ONU

5Ufl 7.7 154319999 APON [1]
1n59919909 APON gnuansfagudl 7.7 sUuuunisdsdnyyraivdn ATM (Asynchronous
Transfer Mode) gl#lunsdsdayaias downstream 910 OLT lugs ONU luaizinnsds upstream

nusiag ONU T OLT agldsuuuu TDM (Time Division Multiplexing) Tnednsinisdelaeiialy

293 APON @950 upstream tag downstream Uszanas 155 Mbps Wag 622 Mbps #Ua19U Lhag
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ANNEIRaY 1.5 luaseu gnlddmsunisdauu downstream wag 1.3 luaseugnlddmiunisds
WUU upstream 8e19lsinu APON lalaunsadsdyaiad IP 138 Ethernet packet ¢t 15197 7.3 1a

ayutoyasng 9 tAeaiu APON LilneAs

M13199 7.3 dayaiineadasiu APON [1]

Ll gssiiny gt Gt |

Upstream 1300 TDM 155M
Downstream 1500 ATM 622M
7.2 EPON

Yeyninsdsdayeyras IP packets Tu APON aunsaunlalinualulalu EPON Taglu EPON
@1313044 IP packets {11 ethemet frames lalaenss Ingluusiay packet azUsznausiedeyanaz
dvludaanenis uarggnddlumuddulaedeiios enansavitlideyaausagnadlulalaeauysal

Aauanslugun 7.8

-1 -1
@ ONU 1
Downstream R @
] =] = [ P
OLT Splitter ONU 2 ——
<

&
Q>
@ ONU 3

)
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ONU 1
Upstream C
G =
2 2
OLT [ MUX ONU 2
Multiplexer @V\
onus 2

)

gilﬁ 7.8 n) A15d9 downstream %) A15d9 upstream Tu EPON [1]

91n3U7 7.8 n) azvituladinisdsdyaiamuy downstream Tu EPON 69 splitter azuen

174

Yoy aludadulaniauduni Wedyyialuiis ONU wiaz ONU az80u5U packets AiRinIs

(%
Y a v [ 1% o

Wil uagasiaviseufias packets Fvdely usdmsudaaas upstream YNINNTAILANUNIG
nanlaeis TOM fauansluguil 7.8 9) Tnsusdazdosaazgnimunlidmiuusas ONU Tunisds
dyoudieldliAenssumunierniefude frames avungnadluss OLT fegu

EPON l¥Aanuenaaduannnia APON Tnsagldfanmieanuninuenadulunissu-asdyyio
Tnouasanuemndy 1.49 luaseudzgnlilunisds downstream wazmueiedu 1.31 luaseuas
grl#lunnsds upstream eeslsfinn ldfimsimuamnueniadunasd 1.55 luaseulidmiunisds
Fouananadaild (CATV) Ve wasdinsivuantisnsenuenindugae 1.53-1.56 luaseulidimsu

5%UU DWDM (Dense Wavelength Division Multiplexing) 8naigd11sun1seninsalunisn1ant

137371 7.4 agudeyasneg e EPON

M13199 7.4 dayaiineadasiu EPON [1]

Upstream 1310 DM 1.25G
Downstream 1490 Ethernet 1.25G

1550 (CATV way

DWDM overlays)
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7.3 GPON

GPON gnaanuuuLitalinisds IP packet ¢188adu Tnsdaarunsadedoyanuy ATM uay
Ethernet l¢Bnsne Tasas1sves GPON azinileufiues EPON fauanafisguil 7.9 Tne splitter annsn
wendayaaildds 128 ums Taoiiszgnsiiunnsnswes ONU dhillnagn wazlndgatfuaindiums
v99 OLT léfgegail 20 Alaiuns

GPON gneeniuuLiteUszaninngegalumenveanislduvudiny nsdentizs Ay
HANEUVBITEUUAINTUNITVEI8AIVBIANUABINTT waznsatvayud miuaunsalaneg lneaindn
@nvneud GPON 2¢l#lunsdauuy IP packets 3o Ethernet frames agaifgiilosanmisadaluy

ATM lalfuanfueldneduies

X X 1x32
Split n?tlos 1 %64 or

1x128

OLT ONU

i
ONU E

<— Maximum differential between —>!
! the farthest and nearest :
ONU from the OLT: 20 km

5Ufl 7.9 Tas9319989 GPON [1]

v [

AN5147 7.5 %’agaﬁtﬁ'awaqnu GPON [1]

Upstream 1310 DM 2.4G
Downstream 1490 ATM, Ethernet, WDM 2.4G

1550 (CATV @y
DWDM overlays)

Tutszwlve a Jagiu wSevis FTTX dwulueg) Wuiuy GPON Funasgrufiieidesiven

o w A

anvoudeyeynd (Attenuation) ¥@en15aedyayIauan OLT TUfis ONU ve3 GPON idfgyfieumnsgnu
ITU-T G.984.7 &slamuunpandves GPON 1issms1e?l 7.6 Tnglulsvimelngagldnana B+ 1Wundn
AatuAMsaaneud I avisemsandegeaaiieeusulafe 28 dB uarAnmeIgIEanldlafe 40

AlaLns

209



A5 7.6 ARENTTANNBUARYRIAIANG 9 Y89 PON AIMNAsgIU ITU-T G.984.7 [3]

Class B+ 13-28 40 40
Class C 15-30 40 40
Class C+ 17 -32 60 40
40 km N
Level 1 splitter Level 2 splitter,

FDH 14 '\

(Fiber distributed HUB) 2 core drop cable

(last mile)

> G.984.7(10)_F7-1

gﬂﬁ 7.10 1A39319909 GPON m1unsg1u ITU-T G.984.7 class B+ [3]

#298191A59519%99 GPON Au3ATFIY ITU-T G.984.7 Aana B+ Leigauanadsgud 7.10
Taevhaluann Hub s ONU awdl splitter Uszanauaasmeu lufitnedsdayanamin OLT 81 ONU 2y
QﬂLLEJﬂﬂENﬂ%g\‘I vidaru splitter gosiatiuies Tne splitter lumauusnaziluszovdusedv 1 Alawns
2106 Hub wa splitter ffiaasagvisandusnilusedvauilawns Tusgfuszazenngléda

aewdalounilussergaefeldailngjagldany drop wire aaspeiviin G.657

12
a v A

wenNUGaEl PON Bnvanguuy Wi PON LY ethernet frames Tun1s3u-detayangnaifen
39139171 Gigabit Ethernet PON %30 GE-PON wagfsanaldinailn WDM unvietfiuainunineeed

L

wuusIavilaandae unsndaSen WOM-PON Tnefdasdesiliuvasiniauasdmiu WOM uasiishsu
AgoadishSunasiivnzansu WoM wutulaeinsldfamesundaslunisnseswesdymiomas

PON édlFgnitmnnluidu PON galifianunsniu-dedoyaldsmstulussdu 10 Gbps wie
138171 Next-Generation PON (NG-PON) Taun 10G-PON, 10GE-PON LJudu mm%é’agnﬁan'jf]
XG-PON Tagdnwus X inandnusninfinunedaavdu (10 Gbps) Tnglu NG-PON fuudldiulunisld
mmmaﬂﬁluﬁﬂn‘ﬁuﬁm%’u downstream (1575 - 1580 nm) LLazﬁy’uaﬂﬁ’m%’Umi upstream (1260

— 1280 nm) wedusun1saifladanslgniueniud 1550 nm
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] U 1 o A 1 v A A ¥ v A
ﬁ']‘lﬁ‘i“l_]ﬂ'ﬁslj@llUWEQLﬂ'ﬁ@“ﬂqﬁl"iws[ﬂjﬂ?']ﬂﬁﬂ']ﬂauLQW’]%ﬁENﬂ'J'HJEITJﬂau@’JEIﬂ‘UﬂE] 1625 nm
< Vo1 2 & 1 = o o .
bae 1650 nm %qulmmm’m&J’nﬂaumaaﬂmqmﬂmmm’mauamw downstreammg 41N

NOFAUAIT LNBTBINUNITTUNIUYDIAAULEIV AU L TINUT UL

=

Aanlanauwain FTTX WWuniséeansaesnie (Two-way Communication) fatiuazfosdl

LY

AN AALAT LAaLAITULAINIFDIHM9HIUDY OLT waz ONU Taavludnndaunas wasaisunasils

LT azilgaunmiiAningunsalluils ONU i OLT agldfaidauanduawesaiin DFB (Distributed

o

Feedback Laser) wagfasuka Uy APD (Avalanche Photodiode Detector) 1ummzﬁ§ja ONU %89

Aldnusnduaweslalon wazlvlnlaloaviinii-lo-18u (p-i-n photodiode)

UIFTUIUNY

[1] “Optical Fiber Communications”, John M. Senior, 3" Edition, Pearson/Prentice Hall,

20009.

Y v

uaya 10 NINHIAN 2563)

[y

2] Wndaléann https//www. limratech.ae/telecom/ (Fudid

o Ay

[3] Wdelaan ITU website: https://www.itu.int/en/Pages/default.aspx (Duwﬂu%’ayja 11

NINHIAN 2563)
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Tus1u Optical Fiber

Tusudi 1
- msuenany OFC Tnsnsliindesilefignds
\3asiiauazaunsal
- @18 Optical Fiber ¥ila Fig. 8 130 ADSS ¥U1A#19¢ 19U 12 CORE, 36 CORE %30 48
CORE A menduay 2-3 1ins
- RAULLAS
- Audaaty OFC
- Cutter Unnuds
- nUuanela

- AsEAEdnYiAUEznENe OFC

- gunsalmnuaendediuyana (galle , e , seain, WM, i)

< o ar T = = i
1. LASRINBAIUSULATE NEE OFC 2. finei +Aandaanans + Ansnlua

4. Connector #114 5]

Connector Types
\\ , h‘ ﬁ\ w
N \ -
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. 6. #12l Patch Cord riN4 °) + @"e! Pigtail
5. 418l OFC 24 Core Fig.8

_—
-

P—— 7 A4 N

Optical Fiber (250 jtm) ﬁ" ® ﬁ"@ 9‘&

Water Blocking Gel Filling

Rip - Cord

~._Loose Tube
“._Corrugated Armared Steel

.\ Water blocking Tape
“._HDPE Outer Jacket

UFCB612

0
({

7. lun2etn T
H 8. hIUNIUFNE

‘
;
\t/‘

' =4 & '3
9. NABILATEINE (kBAN2TRA 99.9%, Y]
: (ERT 10. AAULIRT , NEANTN KIMTECH
Electrical Tape , Cable Ties)

¥
[

Tunaun1sU{URNY

1. 9nany OFC mghseedlanainueniuseanad 1.5 Luns
2. Uan Jacket OFC 1A711817 75 9. aglAIadiialanalense Cutter Tunde Tinae
Loose Tube + Ripcord Strength Member a1u#inuua

3. YNANNELEIR Tube waziuaememunuaslmssusae
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Strength Member
10 cm

ANuwmunuaglu

Ripcord (el 15 %, d1u strength member @ Tube muunsgudeniiialy 75 @

dels 10 @,

Loose-tube 817 75 i,
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Tusun 2

A5m583 Closure e FORM @18 OFC $9n15AnMD

a4 o ¢
LA3DNUD LLaquﬂim

@18 OFC ¥ln Fig. 8 ¥i39 ADSS (12F, 24F, 48F)

- Closure anuvunvasany OFC (12F, 24F, 48F)

- ipesile Tool Kit

- gunseillesiudruyana (geile wium seasih de vaan)
- Fusion Splice (Sleeve)

- LRANDFRAAIMSUYINAINNALDA

a |

- feidndudiavinanuazenn

Y

a wa

YUABUNITUAURY

o

1. msdasaaidadniuise ndouda Strength Member l3suses

2. find Loose Tube Wi Splice Tray w¥audnifiuiduloui

3. madendeiduloui nieutieaiugasiose Protective Sleeve $1uaumay Core 1uly
Ui

- dafiuduloutandeusta Protective Sleeve adly Splice Tray

- SIPNUNANISITBNADIINATNNANTLTBNAD

Adjustable Arm(s)
(or Temple)

Top Shield

Side Shield(s)

Anti-fog Lens Marking

Impact-resistant
Lens(es)
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Tusui 3
N131W7a78 Drop wire Fiber 1W11Usa Fast Connector

a4 o ¢
LAY LLaZQﬂnim

@18 OFC 9u1m 1 C %138 2 C ANUIUITZUIN 3 LUAT

- 91 Fast Connector 2 7
- \A3esile Tool Kit 1 49

- VFL 1

- Power Meter 1 ¢

- Light Source 1 §1

JunauN1sUHUuRMY

1. Yonay OFC mamuﬁﬁmuﬂﬁlugﬂ

2. §in Core Fiber fiUan yhanuazoInudvuALazANEIIMTTILe
3. fiasseny OFC 1y Fast Connector Yasfavie 2 fu

4. naaeulagly VFL

5. nageulagldy Light Source Wy Power Meter

6. Uuiinuanle

SC-APC SC-UPC

13 SC Fast Connector

Fast Connector Fast Connector
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Testing with a Light Source and Power Meter

1) Set a reference with a reference grade launch cord using the 1-cord method (see Figure

1).

light

source

DA

launch cord

s

=iy

2) Verify low loss at the connector pair B-C between the launch cord and receive cord (see

power
meter

Figure 1. Set a reference

Figure 2).
launch cord receive cord
light n A \ B{:D C \A D power
source b meter

Figure 2. Verify test cords for low loss

3) Test in one direction. Do not disconnect the launch cord from the light source. Attach the
launch cord to one end of the cabling and the receive cord and power meter to the other

end of the cabling (see Figure 3).

receive cord

N

launch cord

light
source

power
meter

i Zum, e
X cabling Y

Lig

Figure 3. Test permanent link in the X-Y direction

4) Then, without disconnecting the launch cord from the light source, move to connection

Y. Move the receive cord and power meter to connection X (see Figure 4).
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receive cord launch cord
power D \ c B \
meter E {1} : {11

X cabling Y

A light
D source

Figure 4. Test permanent link in the Y-X direction

Note: Use the worst of the two measurements as the final test result. If the difference in the

two measurements is greater than 0.2 dB, the reference could be wrong, something may be

wrong with the test cord, or there may be a bend in the fiber.

aunsainagaulwiuaseaufnuuu Single Visual

Fault Locator VFL Wiansaagautdule
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Tusuil 4

nsldiadesiioTuasnaaouilosiu

a.1 nsldinTesile Visual Fault Locator nsavaeugaidsvendilouiiluszeindy

4.2 nslda3e Fiber Identifier AuW1 A5I1980U wazfiavnvesdyaauadludulowiat
Wat

4.3 NMINTIVAOULALILATIZYAT Optical Attenuation Loss (OAL)

4.4 g Patch cord UauA304 Optical Light Source wag Power Meter 9713u 3 sy

4.5 \levadeu Patch cord muhded 4.4 Wi wansvaaeulaidulumuunnsguiidmun
Tiihnisnaaounudod 4.4 8nass mnwanismeaeudsadliiiulunumnsgruiisimun 15
UseifiunanisnaaeuiUdey Patch Cord iéulul

4.6 &Lsﬁsqmﬂ%'m Optical Loss Test Set (OLTS) FeUszneudie Optical Light Source 911U

1 1A399 kazlATeY Optical Power Meter §1u7U 1 1A309 n130519dauA1 OAL wudulonialu

[ %
Y

Snuasfiamafies finuenaiay 1310 nm SIUIWTEY 2 Aes
4.7 Suiinaguuariianeininsaaeus OAL veaduloufin 2 Core
4.8 nsl#A30e OTOR Optical Time Domain Reflectometer
4.8.1 wmaauﬂ%’ummmmaam%ﬁ OTDR 919191 ANLE1IAEY (Wave Length),
1a1lun1sin (Averaging Time /Acquisition time), Adstin sinuuesuas (Reflective Index) 1Hu
Fiu
4.8.2 ¥nsiafisssuiien wSeudufinnaasluniews Hash Device fidmn3o
1% Tnedsde File 1fiu OSP-OFX xx (o ilumuneian Core finsaaaou)
4.8.3 pyvdeuLazInIzvradiléaniaies OTDR #ae Emulation Software
4.8.4 Yaanuervenduloniuasfidusli

4.8.5 TALkarILAIIENAN Bi-Directional Splice Loss, Connection Loss, Fiber Loss

way Reflectometer (Event Return Loss) 984 Connector LU%EJULﬁEJUﬁJUmmmi’m
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Q Optical Fiber Identifier

Optical Fiber Identifier w3ei3unduq 41 Fiber Iden fiowdasilodmiunsaainauas nioy
vanfiamnanislavesuas danmusugigdlunisnsiaasy sosfurwnangliuadoonlindaus 0.25
mm, 0.9 mm, 2.0 mm, 3.0 mm L‘fJum'%"aﬂﬁaﬁdw&Jéfm%JUms“L%mué’mmmaaumaé’ﬁyaumuuaa
dlesnnlddesinindiiaislunismaaey Wesudogunsainseuanswittiu sessunsléday

suivanglniueseaUsn Single-mode way Multi-mode

L Iviwuaseauin Visual Fault Locator

nsuaseugunsallwiuafeaun Visual Fault Locator VFL tiedumn Fault
Hoyaiily
VFL LLUUmﬂmﬁj”Lé’%'UmiaaﬂLmumL‘ﬁuﬁLﬂwé’m%‘qﬂa’mimﬂaumﬁé’mmam‘%aqaﬁaiw
dosuuunnmn dmsunisasraaeuduly nstmuadunisenduly msnedeualusowlsiie
Fumaain (madavidensusninlumeiadalyluefestdn) waznsdeusiodild
Lﬂ%@x‘i@li?f\]{mﬂ?WMQ@W@WWJENW]WI%IEJ@J@LaL‘UEﬁ‘ 650 ululnsidu emitter Jaumunzdngy
nsnsreaeuiduleiiemseuvutailives awnsadenlvuaednaldsenineminud Cw uay
AUA 2 Hz Feldfuagraungnaslunisdeasmsuas nsindiudsznovvesestifa Wulwes

optical fiber wavaduy 9
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FOC COMMUNICATION CO., LTD 1#@% 14 Visual Fault Locator §uslugl Visual Fault
Locator Uszneusereanisfigadundssumilendemuusinszunn ieliannsanusenansznu
warn1sSnwIineruniulaegesiula Visual Fault Locator fie VFL dwsunasldaiuninauiud
§99015 Feunnsn9a1n VFL fustzursunniudildsalanliviondesnaiainsssuni FOC
COMMUNICATION CO., LTD Téeonuuusiaiaies Visual Fault ldvuniusenaln nsdldilauia
nximSadmsunsldanunirauarldTunseenuUUN NS NaS SAaRsIlaALaEmINEUY

n1sussendldau

1. msdoasuaymithzeinuilouintiuag
2. ’i%UU%'ﬂ‘l:ﬂﬂ’J”liJUaa@ﬁﬁlﬂ’]iaﬂél’jﬂLLazﬂﬁﬁﬂU’lLﬂ%aﬂﬂlﬂ Fyealniueseausin
3. szuulnliuesoaufin CATV uagnstizedne
4. mFuiRetvaenleuiniuag
5. WAnuayidugunInloaudida
AENUR
1. 30Tt umumiuaziinTadudunie VEL awiatinm
. MSIeULUU Single mode, Multimode wag Plastic Fiber

' (Y] gj d' [ 1o I~ U a :’1 % v}
. 9UNTUITAUTUN 1 Uaonngm Tigndusesiivunausuainulasnsiey

. FLEBNNISLYBNAD universal UM 2.5 way 1.25 Uil

2
3
4. FansaduauRANAIALUU fiber optic AiMunuazIZEUdY
5
6. Fudonaesuuuiadriouuusoiiios

;

. fuselevusudu OTDR wetelunsseyAURanaIa

O Fumaunsldeu Optical Power Meter

1384 Optical Power Meter 1Juinsosfilddmsuaawatluszuuans Fiber Optic e
n139din156e Light Source AatA3osriilauas @slusyuvans Fiber Optic Azdruasdi 850/1310
/1550 nm Faduawafinsnnsiuesldiiu mnﬁ#uﬂawmwamwawiaLﬂ%ﬂ Optical Power
Meter tieiafuasiideunnuas fuasfunmanlumogyidouassss Yaromsazinauamio
dB eonunletes avvilviiin Loss woz viilduszansamuenisdsdyaaanas Ingluduneud
thiausil ¢l#iA3eq Optical Power Meter u JW3208 Tngia3psguduanunsoirluussgndl4ls
desanusiaiu uiazdvie ndnnsldauazadiegiu

oo

JunaUNISIYLATDY Optical Power Meter il

Mme : msTANazaIatnduRavas Connector N9 wioliaAInlaliAI U TIEIns
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1. 1WUaLAT03 Optical Power Meter L38ua187A0IN1TIA NUIDDIZUAAIAT AINULIIARU

LAd AIN1AIWEY MW bagA1 dBm

3. deuaneiiniuaies Light Source ngldane Patch Cord apudusionulneiiyniiausie

9849 Connector algluns Set A1 Reference TagsananIn

<
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4. nadu dB wseUu Ref (WaIusEvio) Lievinn1s Set Reference ¥esany Patch Cord 1AS8Y

AzuansAdu 00.00 dB

5. vitn1sUanane Patch Cord siaidnAugaden Connector WnlUsaidnfiugasoane e

wagynelsdeansin arusridu Light Source wagyinendu Power meter

6. LATDITHANIAN Loss tuanesin Ineazlisiuiuany Patch Cord Mts1aawtion H4tile
= a ~ v a a o 1w a o |
VEeUAI8A2550 30 U A1 La7kan 9t wasunA19La9ile buA1uIAT Loss

Budget 8nA3Inil
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f79819N15ATUIUAT Loss Budget

Tunisansaadaiildans Sincle Mode @iiAn Loss 0.33 dB/km 817 6 Alawuns i
Fusion Splice 2 99 \euste Connector 2 0

A1 Loss Tuane 0.33x 6 = 1.98 dB

Splice 2 30 : 02x2=04dB

Jousle Connector :  1.98 + 0.4 + 1.5 = 3.88 dB

A1 Loss Mis13ald 2.18 dB

11 Loss Budget — aiisinlél (3.88 - 2.18 = 1.7 dB)

1.7 dB A9A1 margin

mnAialalAuAl Budget MTRTI980U Connector wagn1sLAuaedeyyI
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[ oTDR TESTING
HaNSUURIIUAILIATIY
i nbau JURugenU13elAssUIesEUL Fiber Optic N15ldiATae OTDR insvezansvin
A o d‘ 1 o a wva a o ! d’l
WsevingaioN15gonU13e NamMsUfURulAwalul

4.1 1A399 OTDR VeEx u FX300 #linnsaussazansviaviatines

- A '
11 4.1 17589 OTDR VeEx 34 FX300

€
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nsisuldeau

4 o e 4
311 4.2 {@uUHI Connector 1WuATe OTDR

a Y a0 W . . oA ° ) PRy a v
Ll@gUNI Connector NeanuUany Fiber OptIC V]QISV]"Iﬂ'ﬁ'Jﬂi%EJ%LW@‘Vi"@WLﬁEJsU'ENﬁ']EJLGU'TV] Port

OTDR #ifLAses

naidaniy OTDR

= -
710 4.3 w501 OTDR
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\UaATes OTDR salAsessudoya Jusnduuyvdnuadaniiy OTDR

b N N 1
pTe 1y
o3 Wit

.‘a—_ﬁ
M P

717 4.4 madeniatouazmsldou

“a991nLY OTDR LLﬁ'Jﬁwmmﬁ%mﬂugﬂﬁ 4.3 Iﬁ&gqmmugﬂﬁ 4.4 \Fen Click 71 1310 ua
Front panel

Mode Manual

Distance (km) 0.50 %uagiﬁuazazmaﬁwi’w

Pulse Width (ns) 3

Resolution (m) Auto Tngunfazidan Auto
Time (m : s) 00:30 uAIwAlFazsa
Plot Auto Scale Trace 19 Click gn

ey : shieduuenmiotlfasdnfududunmsgu
Wavelength (nm) SM1310

Refraction Index 1.4677

Backscatter -80.000
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= < o
71 4.5 manaGudunsia

AATIANIN Start WAAANALANT Events Wa159LA39UszanaNa Useunad 30 Junil NNy

wanen1saunum Inedusuaduiiseussunn 30 3undl Aidslinounsn Inuansmegeuluy Real
Time Aifmunalaegldau Tun1siamans Fiber Optic nateduluaiagagimss wu szaznis

[

a18979 Uangane wazaiowanin 8313 30 Juniinigad luddladiswauld

NsuaNINaANIN AN SzEZNI9R199 AU

71 4.6 msuanananiniald
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AN IAlANLATILAAINARAD 89 LUAT LanIIN@Ie Fiber Optic fillgynel 89 wmstiuainvany
aeilandedygy1aa1naIas OTDR Tuasell Aingislassdeygraann Splitter L2 TUds ONT Avu
AtFu3n1s a18an Splitter L2 LUge ONT szaganef 150 1ums 9a1n Name Plate inliane

Nt AlunanslugaUszanal 89 wng

1l 4.7 nrsueraananimiald

AR LATILATDILENINARD 36 LUAT LARIIE1Y Fiber Optic Atgn9l 36 wasduainvane

aneflafiBadyanamina3adluds ONT fithu OTDR 20 Splitter L2

310 4.8 nsuaawmaniniald

AR LATILATDILENIHARD 4,567 LUATVID 4.567 Alaluns ua@nsinae Fiber Optic HUaym

'
aa

7i 4.567 Alawns TuanUaneaneilsfidsduanuaineies OTDR 910 Splitter L2 Tuga Splitter L1

<
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319 4.9 nanaaanamindald

ATIRLATIATDIUANINARAD 3,186 LUAT 138 3.186 Nlaluas LansINae Fiber Optic Sdgymn

7i 3.186 Alawns tuanuateansilaiiBadayamainiedes OTDR 910 Splitter L2 TUd Splitter L1

nuenn  lunsdingedyaiuann Splitter L2 TUds Splitter L1 Tullonsruaudqlvivingasliien

mignunguadiuilagasanuntingeutisaoanmiiguigininaniansiaiawa lnegdnih

annvaeIuinyeuludIuvesszaeean Splitter L2 fasy ONT tugualdusnisivingu
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4.2 1A%94 OTDR 8%8 EXFO §u Max Tester 7308 #linnsaussozansvin

nsuanINaAINInlaNszezNIeA1ee A

717 4.10 msuaaawad i ld

o

AIALAAD 228 LWAT 2INTEUEVOENY Fiber Optic 1 230 AT 9INNNTBsd1a1nTIU

AlduIns LU Splitter L2 uaze1 Loss 8g1 3.2 dB s¥ee 64 RS NHANanN1sEedya e

Y

£ ]

1389 OTDR Aseil WJufih Connector msilswea Splitter L2

= A itrs | = = L= - -

Fie 4 A0 My 2 DG urneestaf Bererminsty

—clm_'z 68 uaT Loss. 6.8 dB
-

71l 4.1 1nsueranasniald

31nN1516ATY OTDR Wuinseey Loss ¥@4ane Fiber Optic 811 6.8 dB svew 68 15 84
Toyayiauann Splitter L2 lugadnuglduinig wudn seeendelaaniases OTDR 2.5 Alawns Ae ay

'
=]

Fiber Optic ¥negiiszey 2.5 Alalns
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aadl 2 Logs p.6dB

3T F
@7 3 Loss 0.7 dB el

. Bk

LB

71 4.12 manaaanaaiald

31NN1589dRYYI18aINLATRY OTDR ARAINUINEYA Loss 119isA 3 30
= A a v A

09 1 ABEILAT Loss 11 7.0 dB svey 68 1T
= A a v A

09 2 ABEILAT Loss 11 0.6 dB ey 334 AT

9091 1 AoBauad Loss 91 0.7 dB seey 1.8 Alawns

segengalaannesas OTDR 2.8 Alaluns
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A5 4.1 N15NAABIVOAATHY OTDR N3202934 5 N laIuAs

AYan miiald @Tawas) nlefiFuamanuiianma
1 4.95 1%
2 4.90 2%
3 4.95 1%
4 4.99 0.2%
5 4.98 0.4 %

- A -
A15190 4.2 N1INAABIVOAATOY OTDR N5202934 10 N laAs

A%an miiald @Tawas) nlefiFuamanuianma
1 9.95 0.5%
2 9.98 0.2%
3 9.88 12%
4 9.99 0.1%
5 9.95 0.5%
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= A - - -
A3 191 4.3 N15NAABIVOUATOI OTDR N3202934 15 N laAs

AYan miiald @Tawas) nlefiFuamanuiianma
1 14.90 0.67 %
2 14.98 0.13 %
3 14.99 0.07 %
4 14.95 033 %
5 14.95 033 %

= Bl = - -
A3 90 4.4 N15NAABIVOUATOI OTDR N3202934 20 A laas

a3 mitiald Rlawas) nlosiFuamanuianain
1 19.95 0.25%
2 19.89 0.55 %
3 19.99 0.05 %
4 19.99 0.05 %
5 19.98 0.1%
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- 4 - - a
A15NN 4.5 N1TNAABIVOUATOY OTDR N520£934 25 N lawas

AT miiald @lawas) nlesiFuamanufianaia
I 24.95 0.2 %
2 24.95 0.2%
3 24.95 0.2 %
4 24.96 0.16 %
5 24.96 0.16 %

= A - - -
A3 190 4.6 N15NAADIVOAATHY OTDR N3202934 30 i lawAs

a3 miriald Rlawas) nlesiFuamanuianaa
I 29.95 0.17 %
2 29.90 0.33%
3 29.90 0.33%
4 29.95 0.17 %
5 29.99 0.03 %
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- A -
A1390 4.7 NSNAADIVOANTOI OTDR NI202034 35 N 1auAs

AT miiald @lawas) nlefiFuamanufianaa
1 34.95 0.14 %
2 34.99 0.03 %
3 34.90 0.29 %
4 34.99 0.03 %
5 34.95 0.14 %

A5 99 4.8 N15NAABIVOUATOI OTDR N520£934 40 1 lauAs

a3 mitiald Rlawas) nlefiFuamanufianaia
1 39.99 0.03 %
2 39.98 0.05 %
3 39.95 0.13%
4 39.99 0.03 %
5 39.99 0.03 %
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- A = - -
M3 190 4.9 N15NAADIVOAATDY OTDR NTZU2934 45 N 1A1AS

AYan miriald @Tawas) nlefiFuamanuianaa
1 44.95 0.11 %
2 44.99 0.02 %
3 44.80 0.44 %
4 44.85 033 %
5 44.88 0.27 %

- A - - -
A13191 4.10 N5NAABIVOAATOI OTDR N52U2034 50 N la1As

a3 miriald RTamas) nlefiFuamanuianaa
1 49.94 0.12%
2 49.95 0.10 %
3 49.99 0.02 %
4 49.95 0.10 %
5 49.89 0.22 %

-~

winomg weiiduamnnuiianain = [(Me3e-miniald)/miedal x 100 %
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4.3 4389 FER-20 Fiber Ranger

517 4.13 msuaraanamniald

\A389 FFR-20 Fiber Ranger lviidausia Connector fup3adnow uddresllawniad wainaly
Scan Afdnlaazuanaduiiagfe 25 m @wviadl 25 Was 1sed FFR-20 Fiber Ranger 1584310
Splitter L2 TUa ONT 9s@fign 61899710 ONT LU# Splitter L2 Winane Fiber Optic lildvin weinig

Tansese agylidyaudeunduuiinios vinlieaseademels
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4.4 n156e&1Y Fiber Optic %39n15 Splice Fiber Optic

MRN8 Fiber Optic aniszer iy udiliinnisanseargiialidlduinisialy

Y

31U

31/ 4.15 m31laeneo Fiber Optic Tiiunaiduloud
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JU7 4.15 WWun1sUasnane Fiber Optic Wiefviinis Splicer soany dduusnAedeslasn
. . Y @ 1Y 1% Y o a @ 1o § < o o
@18 Fiber Optic lviiuusdiduloum uanhnseawiivgldureneansgedidaiiterinninuaze1nves

anelowni YNsHnlaeLA3a9laRNIZNNg

5
| e ~ 7
f ; -:’!‘ =

317 4.16 M3ABA W Fiber Optic

119818 Fiber Optic asluronnaueaInls 2 9aualrdenlmdnn Yadasouiases LUn

= o . a o < . . =~ 1 [
LATDININTT Splice FDLATDININULATAEY Fiber Optic ﬁ]%@ﬂlfﬁ@ﬂ@l@ﬂu
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- ° A } 4 N
j_lh‘l 4.17 '011!‘!1')'?1OOHZ]:G1UMO"1H&)U"DHQ

U7 4.17 Aondsa1nyiinis Splice ae Fiber Optic w@5audd Aaanuaseuldnyn Splicer
wanhanelleuaudou Weliuszaesgasaliuduse Wevhniseuiadawarldlnufaididaeve

= o 8w . . . 2 o < v v
wa Wedasiuuidiuaznisnssnuresats Fiber Optic 9 Splicer Lasavinnisiivaneliiseusosy

4.5 nMsindyeaiiiaas PON Power Meter PPM 50

= A
311 4.18 1A5049 PON Power Meter PPM 50

[ . A 1 < v o [V ENS-Y] a a v Y a 1A
#89971n115 Splicer Wousaaeiaianas vnsiadyayraiatsarendiugldusnising
Foyaaunviveliun dyauninagan 1490 nm zdedliaglugg -15.00 84 -22.00 fsgldauld

LAYiNNTSIAs VAN ONT wazyinn1sUnsusaule
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4.6 wuUUsEiuAMUNIa lavasdtanatinlunisidasas OTDR LEAIRIA1519N 4.11-4.13

- A - '
A15190 4.1 M31l5215uA509 OTDR B0 VeEx U FX300

A - ' > -
1A309 OTDR U110 VeEx jU4 FX300 szaumssaiiv
wniiga | wn | 1thunan | ey | fesiiga
v ¥ -
Havessiiiv
- o A
1. Design ¥03AAT04 /
2. s l¥auazainioaens ¥ /
3. MsdaszozaMiug /
4. Mumanuatsveauyl¥anu /
5. Msguaine /

= - A - '
15199 4.12 M3sziun3es OTDR v EXFO 34 Max Tester 730B

1304 OTDR G0 EXFO 11 Max Tester 730B szaumslsziiu
Wwatersziiu wniiga | 1n | thunan | dou | Yesiiga
1. Design VoA NAT 04 /
2. mslFuazaindoaems ¥ /
3. MsdaszozaMuiug /
4. Mmumanatoveauy ¥ /
5. MIQuasNENIY /

= - A
15190 4.13 M3152iun503 FFR-20 Fiber Ranger

1384 FFR-20 Fiber Ranger seAauMsUsziiv
ol sziiv winiiga | 1 | thunas | s | esiiga
1. Design ¥0A AT 04 /
2. mslFuazaindiwaemslfanu /
3. M3daszozaNuiud /
4. ammannatsveswy ¥ /
5. Msguaine /

d9U MsnedeuLarnIsaeuaIudoyaiuRnINYUTEN NFBumesln AasUalstu S1dnwmaw)

l4un3es OTDR
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\A389 OTDR 8%d VeEx 3u FX300

Y o A 1o = cU g v = = =

dof Tmnuwiugngs dlsiduldauivainuais nnnazasn wuamesnunIY 38 Touch Screen
wazunalildunuianae Touch Screen Tgaulals

Jaide [ Waasaalaianuny

\A389 OTDR 8% EXFO u Max Tester 7308

Fo6 Waesends Anuwiuglndies VeEx gu FX300 wanazain

Faide Junauiulufian Touch Screen Lifivunalildiianas Touch Screen 1@y

1A399 FFR-20 Fiber Ranger

Yy a a a 2 o ' S ]

Jof WaATans? Anukdugliunn wnwiagan dininen

Jaidy Beszuzuineelaaes Hendutios d1szesNvntesnin 25 U, AsliAslandAn 1PI999Y

Leimg O 4.

vanewn d3Uaudealdinias OTDR vesdramaiia USEm ndutmediin aesuaisdu S1in
(unnvu)

- 1303 OTDR B¥e VeEx u FX300 fuaildunniign

- \A393 OTDR B9 EXFO §u Max Tester 7308 fealfidususuans

- \A383 FFR-20 Fiber Ranger grldlunsdlfilsifiinSos OTDR B%e VeEx Ju FX300 uaz

OTDR %8 EXFO §u Max Tester 7308 T#l#anu
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Tusuin 5

nsnAassinAInIaslulaseeg FTTX
Tulassdne FTTX dadulassgnewuu PON (Passive Optical Network) gunsalwna@vifid ey
Ngnfofkendyminuas vienisuniuiiluin aldawmes (Splitter) nquiilasduieanu splitter

w0gVNUNTNARDY

gunsain1smaaag
1. Splitter vn 1 x 2
2. Splitter ¥ilm 1 x 8
3. wuasiiauas (Light Source)
4. fIANTAaLEs (Optical Power Meter)

5. wnyAasa (Patch cord)
A5N151Na8g

1. @9 light source 11U optical power meter Wd9nAidefiesnain light source Tuin
Jup,,

2. 11 light source sawdnfu splitter 6271 1 Jaduniina 1 x 2 LLﬁafmﬁwé’qLLmLmﬁwmmﬂwas‘mﬁ
1 ¢e 2 wagnasndl optical power meter Yufinandu P, way Py, auadu

3. seweimordnanesnil 1 ves splitter Miludamasndunnves splitter il 2 Faduvin
1x8 LLﬁﬁmﬁ’]é’aLLmLmﬁwmmwa%mﬁ 1 ¢e optical power meter TuiinAndu P,

4. seledinenesndl 1 veq splitter #1912 11U ONU @se optical power meter Ay
auuAldu ONU gnuAimaanas wardurinandu Poy,

5. nlaozunsulasetng FTTX fagudl 1 Tduwumeids ar gasieq sugd eldun Py,
Py 4% Poyy tnarmualiien P, fAviiude 1 lngaiunsagisnisAmualaainngugving
NINARDY

6. UuBnAMInlaaunadiunse Wsuisuanialanuainewiale
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1x8

1x2 cl
; osure
splitter splitter 15
Closure ~core
SR
12-core
OLT
ONU
\ ) Box 1
JUN 1 lpezunsuvesssuy FTTX
HANIINARDS
witinfdauas A inld Amdanasdildainnsdmam
dBm Watt dBm Watt
Pin
PSll
PSIZ
PSIZ
IDONU

a5Uuaz19150INANISNAR DS
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Aaunndeyaurauas (Splitter) wazn1sAIUIMIUBIAY

. < cag v o o [ =l 1 a a o 1
Splitter LUNQUﬂimmI%ﬁWM?UﬂW?LLHﬂ EUEUTEULLEN %maqwmmﬁum LAE1UBDATINIAIUNT

a o 1

uendyeyraaslawinnulunsazwesyn wandeultlulassdng FTTX azlldnsiaunisusndaygialu
WHRENesILYING U Munefianng wesne1RnnITdMaILaseIRNnaanNU W AuTuLes

[y P 1% 1 [

A298199 1 RAUIUAMIAUANABONIN splitter YHARANAR AIFUN 2 DAIMIRIBUNY

Y

WINAU 1 mW

outl = Pout2
Pin
Pout2

Pin = Poutl + Pout2

gil‘ﬁ 2 Ideal 1 x 2 splitter

v a

359 fadunailen 1 mwW aggnuensenivaeanesmumduiing fu dsluaimduedne

Qe

s a1 1 owoA

NIADINDINALAANNIAUAD 1 MW WI5AI8EDS NIDWINAU 0.5 mW 1ns1g splitter RBUUINIAUTNE

fu snulandgmruaudussnedu

dAaaeieil 2 i1 Splitter ludiegaf 1 gniddewluringauafinuu 1 x 4 29 1LIUNIAY
MawoMNalaeAIMABUNALINALTUR0E197 1

2
o 1 3

a o o 3 o o A | o A Yy a A W
0N ﬂ']ﬂ']aﬂLaqmwmﬂﬁaW@imﬁ]gﬂﬂqLW’] ] NUAD 1 mW s15med naatninu 0.25 mW

YANNNRIUNANENTE AIAISILEILDNNADIIUNUIEYD dB way dBm taen1silaguniad

Y Y

waaluntievasindluiduniananuiiesinananulsainlasaunisy 1 wag 2 mudieu
dB = 10log,oP(W) (1)

dBm = 10log,oP(mW) 2)

98199 3 1NFIVYIN 1 WAIUAIMSBUNAlUnIBYeY dB waz dBm

o

9591 M

[ [

WBunwm 1 mwW ansaiasudumddluniie dB lanad

dB = 10log,,P(W) = 10log,,(1073) = —30 dB
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(%

wazaunsaasudumiie dBm lasail

dBm = 10log,,P(mW) = 10log,,(1) = 0 dBm

=

° ' = ] Y a [ =
nsAwIMAINSELdesEnIgaaen lneludeuldvuie dB lunisuentisAinisgeyde

o

nsAwInANsgdsdnvaztansarmuInlafiaunsi 3

Loss (dB) = 10log, B (3)
1

208191 4 NFRLNN 1 AIUAINNITELFEYeT Splitter

o 1

3591 AInsaqdsves splitter anunsadualalaeiinualiaiiidsdunndu P, uazen

q

mdsednmdu P, luaunisn 3 ald

. _ Pout _ _
Splitter loss = —10log, b= —10log,00.5 =3 dB

n

NA10ET 1, 3, uay 4 azmuldiiusansaduaidues wazansagydelumie

o w

983 dB 16 I lidndslnusiagladnauwindu a1nfiegransaiusangn A1iasdunnda 1 mw

o w

%39 0 dBm = -30 dB st splitter NEAMTGaULEEWIGU 3 dB MAADIRNAFINITOAIUIN

Y

IolagiAnmadunaunauiuAmsandeves splitter dstusaglaamauednauigu 3 - 0 =

3 dBm 139 -30 — 3 = -33 dB TagA -3 dBm wag -33 dB wisulasnduandusasluniievesing

IowA

EAANAUAD 0.5 MW

=

agalsimuuslusufun sxlinsgadeiatulud splitter owilinasiummaaeising

YRS

(%
a ! a

og.J/ s 1 1 [ ! o v Aa aa a ! I = =
V]Qﬁﬁ)ﬁW’e]iV]illLV]']ﬂUﬂ']ﬂ']ﬁQ@u‘V\M Iuﬂimuﬁ'ﬁ]3LiEJﬂ’]’]ﬂ’]ﬂqiquﬂﬁla’JULﬂUﬁia Excess Loss %4

o

ANU1S0ANUIALARIENNIST 4

Excess Loss (dB) = —10log,, % @)

in
v
U L ¥ 1

AU D1L5INIIUAN excess loss Vo9 splitter 151A89UILIAIUIUTUNITUIAINITAIA A

LDIANARIELTUY
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fiae/19i1 5 Splitter AI3UN 3 3iAn excess loss iln

outl = 0.4 mW
Pin=1mW

Pout2 = 0.4 mW

31]‘17; 3 Non-ideal 1 x 2 splitter

2
o 1 v a1

3591 #1 excess loss V94 splitter @ILTIAT

P 04+04
Excess Loss (dB) = —10logloM = —10log, o

Pin 1

= 0.969 dB

9NF081991 5 WLTUIIAT excess loss UBe splitter 111U 0.969 dB WiletnunsamiuAINg

gaydeundivas splitter fudenfiufaiegen 4 aglvAnsgandeves splitter wuulilgauadtivindu

0.969 + 3= 3.969 dB ATIUAWIIFAT excess loss kATAINITIYLALAINNTHENAAILEIVR splitter

I o w

ranusamuInAImasluldaznesale wu 31ndaeg19n 5 Aiiadunesaiednnves splitter

anunsorwIndladu 0 dBm — 3.969 dB = -3.969 dBm W38 -30 dB — 3.969 dB = -33.969 dB

apsadloudasdumdslumietnfazlaanaainu 0.4 mw iy
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Tusu 6

All-Optical network wiring termination training device
XIYUAN Network generic cabling training room
Instruction Manual
All-optical network wiring termination training device

Optical Network Pds Training Platform

/Note: Before using this product, please read the
product manual carefully and keep it for future use.
If you need help, please contact the manufacturer as
follows:

T: +86 (0)29 8339 6918

M:+86 (0)13474479856

E:1204453783(@qq.com

W:www.s369.com

\Xi'an KAIYUAN Electronic Industrial Co., 1dt.
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Special requirements and important instructions
1. Read the instructions carefully before use.

Please read this instruction carefully before installing and using the device, and install
and operate the device according to the instructions. And save it carefully for later reference.
2. Device installation

The user can install the product by himself, and the specific operation method is
operated according to the procedure of the training item in Article 5 of this manual.

3. Safe use of electricity

The power socket provided by the user on site must have reliable neutral and earth
wires. If the user can't guarantee a reliable ground wire, a reliable ground wire must be
specially connected to the metal casing of the device, and the grounding resistance of the
ground wire must be less than 4 ohms.

The on-site power socket must be matched with the power plug of the device. The
rated power of the power socket must be greater than 5 times the maximum power of the
device.

Series power supply between devices is not allowed. It is not allowed to place anything
on the power line, nor to tread on the power line.

The power socket must be unplugged during the maintenance of the devices.

On-site electricity must comply with relevant national or industry standards.

If it does not comply or does not meet the above requirements, the device casing may
be charged, which can cause personal injury.

4. Fixed device

Before the equipment is put into use, it must be fixed firmly and operated safely in
order to prevent dumping and injuring personnel or equipment.
5. intellectual property

Xi'an KAIYUAN Electronic Industrial Co., Ltd. owns a number of national patents for this
product. According to the "Patent Law of the People's Republic of China", it is forbidden to
produce, sell and use these patented products without the consent of the patentee.

Xi'an KAIYUAN Electronic Industrial Co., Ltd. owns the intellectual property rights of

the instruction manual. According to the "Copyright Law of the People's Republic of China", it
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can not be used for profitable activities such as printing, publishing, ommercial purposes and
other profitable activities, without the consent of the copyright owner.

"XIYUAN" is a registered trademark of Xi'an KAIYUAN Electronic Industrial Co., Ltd.
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OTDR Testing
Product technical specifications and structure diagram

1. KYPXZ-02-01 Technical specification of Optical Network Pds Training Platform

Category Technical Specifications of Products
Product
model
External

KYPXZ-02-01

iz Length 1800mm, width 610mm, height 2500mm

Voltage/ i
Alternating Current 220V/150W
Power

1 Open platform

2 Disc bracket

1 Core Switch Model

1 Convergence Switch Model

1 Digital Player

1 Web camera

main 2 Optical Fiber Transceiver

1 Optical Ethernet Switch

1 Pipe bender

device 1 ODF

1 24 port patch panels

4 Combined optical fiber patch panels
4 Cable management

1 Optical Fiber Connection Box

1 PDU socket

The rack can be used for installation of cable pipes and outlets.

Matching

Training

. Each device can meet 2 to 4 people training at the same time.
population

2. KYPXZ-02-01 Schematic diagram of product structure of Optical Network Pds Training

Platform
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3. KYPXZ-02-06 Technical specification of All-Optical Network Wiring Termination

Training Device

Category Technical Specifications of Products
Product
KYPXZ-02-06
model
External . .
. Length 600mm, width 580mm, height 1800mm
size
Voltage/ .
Alternating Current 220V/50W
Power
1 19-inch open platform+keyboard
1 Fiber Optic Wiring Termination Tester
. 2 19-inch combined optical fiber patch panels
main
“™ |1 oDF
Matching
. 2 Cable management
device ; ; ;
4 Optical fiber information socket
1 Digital Player
1 PDU socket
Training . - .
. Each device can meet 2 to 4 people training at the same time.
population

4. KYPXZ-02-06 Schematic diagram of product structure of All-Optical Network Wiring

Termination Training Device




Product characteristics
KYPXZ-02-01 Product characteristics of Optical Network Pds Training Platform

1. Real simulation and provide a complete training platform for all- optical network
buildings, equipment rooms, management rooms, optical port socket in the working area.

2. Realize the complete fiber-optic link structure of the fiber-to-the-home (FTTH)
system from the Telecommunications room to the user terminal.

3. Full simulation core switch and convergence switch.

4. Configure various optical fiber patch panel for fiber fusion, cold connection and
wiring operations.

5. Floor installation, vertical operation, stable and practical, saving space.

6. Configure standard U digital player with professional product voice explanation.
KYPXZ-02-06 Product characteristics of All-optical Network Wiring Termination Training
Device

1. The product realizes 8-way multi-fiber jumper and link simultaneous test function
at low cost.

2. The product is equipped with four kinds of optical fiber couplers of SC, ST, FC and
LC. It has the functions of wiring, termination and continuity test of 10 different optical fiber
jumpers and links.

3. The indicator light of the product configuration has two display functions of
continuous and intermittent flashing, which intuitively test the switching of various optical
fiber jumpers and complex optical fiber links.

4. The product is equipped with 48-port optical fiber distribution box (ODF), 8-port
SC+8-port ST combined optical fiber distribution frame, and various optical fiber information
sockets. It can simultaneously build multiple complex optical fiber links at the same time and
carry out practical training and testing of optical fiber communication engineering installation
and construction technology.

5. The product selects common engineering equipment, including SC port + ST port
combined fiber distribution frame, 48-port SC fiber distribution box, SC, ST, FC, LC and other
fiber couplers, a variety of transparent fiber information professional devices such as sockets,

highlighting the combination of theoretical teaching and engineering.



6. Product configuration digital player with remote control and U disk, insert U disk to
automatically play the voice commentary, convenient for teaching and training.

7. The product is equipped with a special training material package to facilitate teaching
and training.

8. According to the real engineering application case of network and communication

room, the product adopts floor-to-ceiling installation and vertical operation.

Main training functions of products
KYPXZ-02-01 Main training functions of Optical Network Pds Training Platform

1. All-optical network buildings optical cable overhead installation training.

2. All-optical network equipment wiring termination technology training.

3. All-optical network management wiring termination technology training.

4. All-optical network work area optical port socket installation training.

5. Wear steel pipe wiring installation training.

6. Network camera installation and software debugging training.

7. Optical fiber cold welding and fusion training.

8. Cable permanent link installation and test training.
KYPXZ-02-06 Main training functions of All-Optical Network Wiring Termination
Training Device

1. 10 kinds of different connectors fiber jumper on-off test training.

2. SC-SC port optical fiber link construction termination and test training.

3. ST-ST port optical fiber link construction termination and test training.

4. FC-FC port optical fiber link construction termination and test training.

5. LC-LC port optical fiber link construction termination and test training.

6. Different interface complex optical fiber links termination and test comprehensive
training.

7. Practical training of optical fiber fusion skills (Combining with optical fiber welding
machine for training)

8. Practical training of the optical fiber cold welding skills (Training with optical fiber

cold connection tool).



9. Installation and training of optical fiber information sockets.
10. Optical cable wiring, cable opening, cable management, disk fiber and other

engineering skills training.

The basic operation of the product

Before using the product, first plug the power switch of the core switch model,
convergence switch model, digital player, network camera, and optical switch into the power
socket of the device, and then turn on the power.
Optical fiber patch panel
1. Concept

The optical distribution frame, abbreviated as ODF (Optical Distribution Frame), is an
important supporting device in the optical transmission system. It is mainly used for optical
fiber fusion of optical cable terminals, optical connector installation, optical path adjustment,
and excess pigtails, storage and cable protection, etc. It plays an important role in the safe
operation and flexible use of fiber-optic communication networks.
2. Structure and classification

Optical distribution frame are typically 19-inch rack mounts and are suitable for
installation in standard communications or network cabinets. The optical distribution frame is
composed of a casing, an internal component and an external interface. According to the
number of external interfaces, it can be divided into 8, 12, 16, 24, 48 ports, etc. According to
the type of external interface. ST, SC, FC, ST+ SC combination, etc. As shown in Figures 4-1
and 4-2.



Figures 4-1 12 ports ST Optical distribution frame

Figures 4-1 16 ports ST Optical distribution frame

3. Functional characteristics

Optical cable fixed protection, optical fiber termination function, line adjustment
function, optical cable core protection, identification record function, optical fiber storage
function.
4. Application

The fiber distribution frame is suitable for horizontal wiring or device termination
between device rooms, as well as mutual terminal connection of centralized points. Generally
used in various management rooms, device rooms, central computer rooms, etc., the
installation methods are mostly 19" communication cabinets, racks and standard U-type

installation.

Optical fiber distribution box
1. Concept

In practical applications, in some large central computer rooms such as parks and
enterprises, a single distribution frame cannot meet the needs of large-capacity connection
wiring. The optic fiber distribution box provides an application scheme for high-capacity fiber

optic wiring.



2. Structure and classification
(1) Structure

Typical optical fiber distribution box is composed of a plurality of fiber distribution
units as shown in Figure 4-3 and Figure 4-4, and each unit has a drawer structure. When
welding and adjusting the wire, the corresponding drawer is pulled out along the track and
operated outside the frame, so that there is a large operation space, so that the units do not
affect each other. The drawer is provided with locking devices in both the pull-out and push-
in states to ensure stable and accurate operation and safe and reliable connection of the
components in the unit. Cable introduction holes are provided on the front and rear sides of
the cabinet, so that the indoor (outdoor) optical cable can be penetrated into the box for

wiring welding.

Figure 4-4 Fiber distribution unit



(2) Classification

There are many classification methods for optical fiber distribution boxes. According
to the number of interfaces, there are 12, 24, 36, 48, 72 ports, etc., according to the placement
method, there are vertical and horizontal, according to the installation method, there are wall-
mounted, cabinet and rack.
3. Functional characteristics

The fiber optic distribution box is basically the same in function and occasion. Its
function is to provide more and wider wiring units in the same space. It can be used in a large-

density large central computer room, which can save a lot of space.

Optical fiber connection box
1. Concept

The optical fiber connection box, also called the optical cable connector box and the
barrel, as shown in Figure 4-5. It is suitable for straight-through and branch connection of
overhead, pipeline, direct burial and other laying methods of various structural optical cables.
In the optical communication network, due to the limited length of the optical cable and the
need for the optical cable to branch on the transmission line, the optical cable connector is
generated, and the optical cable connection box provides conditions for the connection and

branching of the optical cable and protects the connector.

Figure 4-5__ Optical fiber connection box

2. Structure
The box is mostly made of high quality reinforced plastic with high strength and
corrosion resistance. Optical cable holes are reserved on both sides for the penetration and

insertion of the cable. The internal structure includes a support frame, optical cable fixing



device, an optical fiber mounting device, a fiber optic connector protection, an optical cable
and a connection box sealing member.
3. Functional characteristics

The optical fiber connection box can prevent material aging of materials caused by
heat, cold, light, oxygen and microorganisms in nature, and has excellent mechanical strength.
The rugged cable splice case and main structural components can withstand the worst
environmental changes while flame-retardant, waterproof, so that vibration, impact, cable
tension, distortion and other protection.
4. Application

The optical fiber connection box is generally installed outdoors, and is widely used in
communication, network systems, CATV cable television, optical cable network systems, and
the like. In optical fiber communication networks, optical fiber connection points are the most
prone to failure, and the most suitable cable connector box must be strictly selected.
Optical fiber disk box

The Optical fiber disk box, as shown in Figure 4-6, is a device for connecting optical
cables for the fusion and branching of optical fibers. During operation, the optical cable is
introduced into the splice tray, welded, and finally packaged in the box. The fiber optic box
can be superimposed, which can expand the capacity, and is extremely convenient to install
and use. It is the core component in the device such as the optical box, the ODF, and the
connection box. The fiber optic box is generally injection molded with high- strength

engineering plastics, and has the characteristics of flame retardant and long anti-aging time.

Figure 4-6 fiber optic box



The fiber optic box can be divided into 4 cores, 6 cores, 8 cores, 12 cores and 24 cores.
The pigtails and cable bundles have their own cable passages, which are layered and managed
to effectively protect the optical fibers from damage. The fiber optic box generally has a three-
layer structure, the lowermost layer is a wiring board, the middle is a welding plate, the top
is a cover plate, the welding and wiring are integrated, and the operation is very convenient.
The fiber is fixed in the fiber optic box to ensure that the bending radius is greater than

40 mm. The 24-core indoor cable terminal box continues as shown in Figure 4-7.
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Figure 4-7 24-core indoor cable terminal box continues

Installation Technology
1. Installation of rack room

The bottom and top of the rack are the installation parts of the machine room. The
top of the rack has a bend angle, which can be connected with the installation rack of the
engine room. The bottom is fixed to the ground with expansion screw.
2. Introduction and routing of optical cables and optical fibers

(1) The optical cable is introduced at the top or bottom of the bobbin, fixed and
grounded in the terminal module, and the loose tube is stripped with a special stripping tool,
then the flat tube with good toughness is sleeved from the tail until the two tubes overlap

about 10 mm.The joint is protected by a heat shrink sleeve. Introduce the bare fiber with the
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flat tube from the right side of the rack into the fiber distribution frame module (the ribbon
cable must be installed with the fiber distribution box, and the bare fiber is placed on the
protection tube and embedded in the fiber distribution box as shown in Figure 9-12). The
optical fiber distribution frame module is welded to the single core cable, and the fusion joint
is clamped in the plastic groove, and the excess length is coiled.

The single core cable from the optical distribution frame module is movably
connected to the inner end of the adapter. The outer end of the adapter is movably
connected with the tail wire of the wire, and the pigtail of the wire is set by the adapter, and
is reserved by the left column winding area and then enters the optical device through the
top or the bottom of the frame.

(2) The bending radius of the optical cable is not less than 15D, where D is the diameter
of the optical cable.

(3) The single-core cable and bare fiber bending radius is greater than 37.5 mm.

3. High voltage protection grounding of optical cable

After optical the cable metal reinforcing core is cut to the excess length, the reinforcing

core seat is connected by the confluence bar, which is connected to the machine room

ground.

Training program
KYPXZ-02-01 Training program of Optical Network Pds Training Platform
Training project #1: All-optical network link construction training
1. Platform construction
Step 1: Install the rack. Connect the top hat, column, and base, and then fix the
operation table to the 24-26U position of the column and install the support feet.
Step 2: Install the orifice plate. Install an orifice plate with 4x25 holes in the middle of
the front of the rack and the remaining five orifices in the lower part of the back of the rack.
Step 3: Install the cable tray. After installing the 30x30 foot sleeves on the two cable
reel racks, they are screwed on the two side pillars on the back of the rack. The four mounting

holes of each reel rack correspond to the 1U, 2U, 4U, 5U of the posts respectively.
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2. Equipment installation

Step 1: Install the front device.

Fix each rack-mounted device on the front pillar to keep a gap between each device
for easy training.

The camera is mounted on the top of the rack through a special bracket for the word,
and the notebook is placed in the middle of the table.

Install the four 86 bases at the bottom and install them in the four of 25 holes of the
hole plate to allow the cable to pass through. Install four information panels with couplers
(modules) on the 86 base.

FD access switch comes with two SPF optical modules to ensure that the optical
module is fully inserted into the SPF interface of the switch.

After the installation of each device is completed, connect the CD core switch, BD
convergence switch, FD access switch, digital player, and the power cable of the camera and
laptop to the PDU power socket, turn on the external power supply, and turn on the
corresponding switch to check each device. And make sure the power supply is normal. Lay
the manual bender flat on the base of the console frame.

Step 2: Install the back device.

Tightening the 3 steel cable to the top of the cable tray, and fixing the two ends with
a U-shaped card. After the outdoor optical cable is inserted into the optical fiber connection
box, the cable is hung on the steel cable, and the excess length of the optical cable is wound
around the two cable trays, and fixed with a wire tie.

Use a dedicated bracket to mount the optic fiber transceiver on the upper two well
plates.

Use the straight-through connection to bend the formed steel pipe as shown in the
fisure, fix it under the orifice plate with the pipe clamp, insert the indoor optical cable from
one end of the pipeline, and pierce the other end to leave a certain length for later
connection.

The installation location of the equipment is shown in Figure 5-1.
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3. Camera debugging

Step 1: Use a super five 568B line-sequence jumper to connect the camera to the
laptop, turn on the power, and the camera enters the self-test state.

Step 2: Set the LAN IP, subnet mask, and gateway of the computer. If you don't connect
to the Internet, you don't set DNS.

Step 3: Open the IP Camera software, right click on the camera in the list, select
“Network Configuration” to set the camera IP, and the IP address of the camera should be in
the same subnet as the IP address.

Step 4: Open the camera monitoring software and right click on the left margin to
enter the “ Group Settings”. Right click to create a new group and click below to find the
camera. Double-click the found camera, set its parameters on the right, rename the device
name, the user name is admin, the password is blank, and the rest of the parameters are
unchanged. Click “Add” to add the camera to the newly created group and click “ OK” to
return computer.

Step 5: Find the added camera in the left group, double-click to display the monitoring
screen, switch to the “Control” tab, and remote control of the camera can be realized in the

software.

- 13 -



4. Device connection
After the device installed and debugged, each device is connected by fiber to form a
fiber link of "camera - CD switch - BD switch - FD switch - information panel - terminal

computer", so that the camera and the laptop can interact with each other. There are many

ways to connect, and Figure 5-2 shows one of the possible connections.
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Figure 5-2 System connection diagram

Training Project #2: Fiber Fusion Speed Training

Completed in 3 hours. Please carefully study the drawings and technical requirements,
pay special attention to the type of work tasks, cable length, termination position, site
management, etc. Please standardize the installation, give priority to the quality of work, and
complete the competition task within the specified time.
1. Work preparation

First: Prepare 2 single-mode optical cables with 5 meters long and 48 cores. As shown
in Figure 5-3, the table is fixed with nylon strap and glue, and a circle is made in the middle,

taking into account the position of welder and tool, so as to facilitate rapid operation.
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Second: Open the cable. First, peel off the outer skin of the cable for 800 mm, then
leave the inner sheath 30 mm and strip 770 mm as shown in Figure 5-4.

Third: Splicing one SC pigtail at one end of the cable and connecting the test device
as shown in Figure 5-5.

Forth: Check device and tools. Allow players to try tools such as fusion splicers, cutters,

and strippers. Prepare equipment such as alcohol and dust-free paper.
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Figure 5-3 Cable is fixed on the countertop
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Figure 5-4 Cable cable length requirement diagram

2. Optical fiber fusion speed training

Two optical cables are required to be annular joined, and the optical cables are
sequentially welded according to the chromatographic order of the optical fibers, and the
connecting strings are formed into a single path. As shown in Figure 5-5, place the fused fiber
on the table and not in the splicer tray. Record the number of splice points while ensuring
that the light loss is small. At the same time, the appearance quality of the welded joints, the
operation specifications, labor protection with goggles, and environmental sanitation are

evaluated.
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Figure 5-5 Optical fiber speed training wiring diagram

Specific operational technical requirements and precautions are as follows:

First. Please use the optical fiber fusion splicer operating instructions in accordance
with the regulations. Use a fusion splicer to splicing the optical fiber and clean the fusion
splicer in time, and ensure that each splicing is done.

Second. Each heat-welding protection tube must be installed at each welding point.
The heating time is adjusted correctly, and the casing shrinks are centered.

Third. The fiber sheath and the resin layer must be removed, and each core fiber is
cleaned at least 3 times with alcohol.

Forth. The optical fiber stripper must be cleaned in time after each use, removing the
resin or debris adhering to the stripper.

Fifth. Correct use and cleaning of optical fiber cutting knife.

Sixth. Allow the soaking of dust-free paper with alcohol during the preparation phase.

KYPXZ-02-06 Training program of All-Optical Network Wiring Termination Training Device
Optical Fiber Complex Permanent Link Wiring Termination

Competition task: Optical fiber complex permanent link installation (corresponding to
WSC-TP02 M5)

Players are required to complete the construction and installation of optical fiber

complex permanent links. The specific tasks are as follows:
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Optical fiber complex permanent link wiring termination (30 minutes)

Please perform the All-Optical Network Wiring Termination Training Device (product
model XIYUAN KYPXZ-02-06). According to the routing and termination locations shown in
Figure 5-6, eight optical fiber permanent links are built, all using single-mode fiber jumpers.
The wiring principle is shown in Figure 5-7. The fiber jumper selection and plug-in are required
correctly, and the corresponding fiber link indicator blinks. Please maintain a reasonable radius
of curvature of the optical fiber, and use Velcro to tie and manage the line, neat and beautiful.
Please do not need to install the patch panel cover for easy inspection and evaluation. There
are 9 types of jumpers used in each optical fiber link, totaling 16 pieces, as follows:

Optical Fiber Link 1: 1 SC-SC, 2 SC-ST (one inside the patch panel).

Optical Fiber Link 2: 1 SC-SC.

Optical Fiber Link 3: 1 ST-ST, 2 SC-ST (one inside the patch panel).

Optical Fiber Link 4: 1 ST-ST.

Optical Fiber Link 5: 1 SC-FC, 1 SC-ST (one inside the patch panel), 1 ST-FC.

Optical Fiber Link 6: 1 FC-FC.

Optical Fiber Link 7: 1 SC-LC, 1 SC-ST (one inside the patch panel), 1 ST-LC.

Optical Fiber Link 8: 1 LC-LC.
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Figure 5-6 Optical Fiber Complex Permanent Link Terminal Location Diagram
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Figure 5-7 Schematic diagram of the optical fiber complex permanent link
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Each links of the optical fiber links 1, 3, 5, and 7 has three optical fiber jumpers, two
optical fiber jumpers outside the instrument, and one optical fiber jumper inside the optical
fiber distribution frame. Each link of optical fiber links 2, 4, 6 and 8 has one optical fiber
jumper, which is connected to the outside of the optical fiber distribution terminal tester
(1) Optical fiber link 1 (3/5/7) wiring termination steps

Step 1: Insert the ST fiber end of the ST-SC (ST-ST/ST-FC/ST-LC) fiber jumper into the
No. 1 (No. 3/5/7) ST fiber coupler of the fiber distribution frame. The other end is inserted
into the corresponding fiber optic coupler of the lower row of the optical fiber wiring
termination tester.

Step 2: The SC-ST fiber jumper inside the fiber distribution frame is connected to the
SC fiber coupler and the ST fiber coupler of No. 1 (No. 3/5/7).

Step 3: Insert the SC end of the SC-SC (SC-ST/SC-FC/SC-LC) fiber jumper into the
No. 1 (No. 3/5/7) SC fiber coupler of the fiber distribution frame. The other end is inserted
into the corresponding fiber optic coupler of the upper row of the optical fiber optic wiring
termination tester
(2) Optical fiber link 2 (4/6/8) wiring termination steps

Use SC-SC (ST-ST/FC-FC/LC-LQ) fiber jumper to connect the SC of the upper and lower
rows of No. 2 (No. 4 / No. 6 / No. 8) of the optical fiber cable termination tester (ST/FC/LC)
fiber Coupler.

The optical fiber wiring termination tester's optical fiber indicators 1-8 can visually
display the interruption of the eight optical fiber link terminations.

Maintenance and service
1. Maintenance of power failure of device

If there is a power failure in the device, first check if the power socket board switch is
turned on and restart if necessary. Then check if the power plug is plugged in and re-plug it if
necessary.

2. Other faults

If there are other faults in the use of the decive, please contact your local service

center or company.

3. Spare parts
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Local maintenance centers and company stocks often use spare parts to ensure
maintenance needs.

Recommended training room layout
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