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Non-Metallic Armoured Optic Drop Wire for FTTx
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UNAFURUINNS
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LLf’ﬂ‘U‘Uzymmﬂ Non-Metallic Armoured Optic Drop Wire for FTTx

a o

nndyauagadeluszuunasiansldeu

1. aasduan

ATIUTEN U Insauunauuiennd dada (uvivw) 3o U NT Anwiideesnuuuany
n35%3978 Non-Metallic Armoured for FTTx (Non-Metallic Armoured Optic Drop Wire for FTTx (Round
Type) 1-2 F)) videany N-MA for FTTx lLiflave ilesesiuseidouves nwu. uayldoenuuugunsaldudnane
WuIn 39 (Drop Wire Clamp for Non-Metallic Armoured Round Type) #38 N-MA Clamp Fadunswdau
n19UgYeY1ve USHN NT 5995Ua18 Non-Metallic Armoured for FTTx w¥oudndeans N-MA for FTTx
91U3U 1,600,000 Luns $UUsENI 13,000,000 UM kag N-MA Clamp anlgau

ndadasaldarnans N-MA for FTTx lWsvegvilsiindl nutlymaadeusediulonfhuassswing
a8 N-MA for FTTx fuanevesyngunsal OFTK 1An High Loss vasguftRnudnluudly siwluszeznils
Lﬁ@{]@mﬁ;mﬁm%ﬂ 9 U’N‘Iﬁuﬁﬁ?’]L‘%ju{;]ja\‘lLﬂgﬂulﬂiﬁgﬁﬁﬂﬁuﬁlﬁiﬁﬂLL‘Vl%i;‘LJLalI‘VW]LLWULﬁ@LLﬁﬂ@%?ﬁLﬁ@%ﬂ
H1n51 dauauian duauanpsgIu duneuazuInsgnAInTIwAas 1 dgyegs (Uuu.1.4) dw
PMYRarUINITINAIUNNEIE 1 (UNw.2.4) duwnulseary JANGSU XDT INTERNATIONAL CO., LTD (XDT)
fndnananyUssimadunazsiunuy U3em lrlues sewda aeuihiiadu $1dn (FOCOM) funudiviing Taedl
druuinsvegeuasaeuLiivy (Mav.) dunwiuneuliulassaddlndidudinaeuiiisvnazingedne
gunsallnsauunay (mgg) Wi msmiAudoya naaeuluesufuAnisuazninauny ieviuuimig

Ansgsindgegnsansaaly

2. NANITARUUIIY

nan1sadeulaziivieyaninau audouseduloufinasseninsane N-MA for FTTx
aevesyngunsal OFTK wugadessoidulonmiiuasuuanlidih nwu. ¥ Loop ane 1inussdnsiumis
GRS Meinoufnu3seiinng Loop @ a;m%awiaaeﬂu Loop 7snusiufnwuuinisuitym lng
mMsmumnadeudeiduloufiuas Uszendihyagunsal OFTK wnldiiteussndaeildanes aanmuanmnsa
Yaneas NS ULTIRwesans Fiber Drop Cable WUUaIAREINTR (1x 1.2 mm) Wiouwuuiduainfindes (0.4
X 7) OD 1.2 mm umawnufld Sanfinduiiewionadsuuudinia ID 7.0-9.5 mm 813 150 mm Han1s

negeuluisslfuRniskaznInauNH NN AU



3. agUuazdalauauue

=

naanlasInsAneIdsunletymais Non-Metallic Armoured Optic Drop Wire for FTTx

% a

ansaunlalaymmaiedygiasasagdslussuurdnisinasddaulanudmaneiinmun legldan

o
o <

Ay o YaeNsaiduloniiuas ndlimhenuniieiveaneunsian1sAnulligineitemsiu e
i lduidaymuazuiulsdeimuagagunsal OFTK Usuadsuvenadsuuuiinid ID 7.0-9.5 mm 3nAy

8717 100 mm 4 150 mm LLaSLﬁmmmmu Stainless Steel Rod OD 1.2 mm #1717 130 mm

Clip VDO nsi3ausasany N-MA for FTTx https://www.youtube.com/watch?v=_24ILTiSJfGw
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TAsIN15ANYI8
wilaUgymiang

Non-Metallic Armoured Optic Drop Wire for FTTx

a o =

nadaauasgadeussuundsnnnsldau

duaeuifigularUnsssnwaunsallnsauuay (Mgg.)

1. anandunwazan ey

nskiuasnads (N.) wewnss1vAvaLUnYIIessdeoures nilu. Aty
ndninasinsindsarsfearsuuailniiives v, (28 fquisu 2566) dmuadeny “as
dea1s” mneanuhaethdyaansauneuviefldluAanisinseuuiay Aansnszanedes
Ingnsvimiusznouseaedoasdn (OFC: Optical Fiber Cable) uazanensyane “anedoans

VAN~ viingAIinanedeansidunmanvetaieyie (Network) Sidurugudnans (OD: Outer

Diameter) < 18.0 fiadtums (mm) Lag “@enszany” (Drop Wire) M18ANNINEEDE1TNMD

[y

wennaredearsnaniiioindyayraludaldu3nig (End User) § OD < 7.0 mm uavang
A a v = A &
doansnnuiladeslildiudsznaunilulavy

~ v a O & Ao 1)

NTeleuvnd N, FuRnRIdedpansNddiulsenauvadlane AULE1UDs NN,
FAINANTENUAD USEN INSANUNIANLITIR 9100 (U9YW) 58 USEN NT laganizlaseuie ODN
(Optical Distribution Network) 28403015 FTTx (Fiber to the x) tduleniauuas FDC (Fiber
Drop Cable) %38 Last Mile 1d@18 OFC Round Type 1AS9@319@18@WIUSULTIAIHEAANLEY
anlane [1]

WDI995USELT8UVRY NWL. EIUUSNITNAADULAYEDUMIEU AINANI8IULATHAUN
(uvagty) kagdIuIUNNYIT895IUANBIIYDDNWUVEAI1ENTLANULEULELNIUILEISULTINIA I
fealaseaselifidrudsenavvedlansdasnudninawnslaneldoare Non-Metallic
Armoured for FTTx (Non-Metallic Armoured Optic Drop Wire for FTTx (Round Type) 1-2
F[2] #unsgnu ITU-T G.657(A2/B2) [3] se¢5uszilivuves nvlu.

ndnIuNIInaaeuluieslfiinisuazatrauinlulaunves nnu. 31wy

100,000 w115 (M) wazlwadiuil nwa. sy 22,000 m (Wweu 2563) nanisnagautdulunu

Wunennvue Usen NT 39kaeantaniviug [2] niouandaaie Non-Metallic Armoured

for FTTx tivatrunl4lussdnssiuqu 1,600,000 m suuszuna 13,000,000 uin wazld




aaﬂLLuuqﬂﬂiﬂié’U%maLmea (Drop Wire Clamp for Non-Metallic Armoured Round
Type) [4] 38 N-MA Clamp Fadunsndauniedaygives USEn NT sesiuans Non-Metallic
Armoured for FTTx

1A5978 ODN U3n15 FTTx @18 Non-Metallic Armoured for FTTx (N-MA for FTTX)
Lﬂ?j‘aﬂmizwj’mﬁﬁﬂﬂmaww (Terminal Closure) M‘%aﬁ SDP/ODP (Splitter Distribution Point)
a4 Splitter awéi’quauaﬂmﬂﬁmé’aqﬂﬂizﬁ ONU (Optical Network Unit) Aasaneluennis
Uaneane N-MA for FTTx Haaaasnuidensefuaisvesyngunsal OFTK (Optical Fiber
Termination Kit) [5] A1gusneAnssinuag SDP/ODP aunmusznoud 1. (Hneile) uaz

melupimsumnisgunsal ONU awdseneud 1. (va1ile)

MWUTENAUN 1. a1y OFTK LTausiasumiisy SDP/ODP wazsunisgunsal ONU

ndsnAnasldauale N-MA for FTTx lUszeguila wunldudendsdiunanves

U3IM NT 31ty High Loss Fudeseanludenitnge vinsdialymen o wuiidndudes
= £ v o W ! a = ¥ Aa £ o v !

wWagulUldangdudaiinung suiunaunuieuitymiiindudingn ndefunsulymeaiu

Wan drunnsgIusazdunaaauivtoyatsruiodndayau ATz LuIM ATy

High Loss 3aiiousiendsnssldeiuans N-MA for FTTx ag1eanissely

2. AU INELaTINgUTTAIAYRINISANEIITY

Tagusvasdvadlasanisinuided iewdlelamvians N-MA for FTTx \Andyaia

=

waaade (High Loss) Tussuundsdadsldau suaindriaiudeyasivrnaimavesdym

o

[
(Y

n1sAnasldauaney N-MA for FTTx i Jeyniunainsaane N-MA for FTTx dilaseadalal
winngan Jymunaingunsaldvdavsegatiause etdayniundnseinialveiazuud
maudly Mefiwwimaudludesazanliiduguassalunsufifiauiy Sdunuiuazliavde

ningaunstyan

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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3. YUABUVINITANBIIRY

[ LY

1) drnaziAvteuatluinisiaanuans N-MA for FTTx N4naLd1adawan

Y v 9
¥ '

1,600,000 m @ ﬁuﬁﬁﬁflﬁymlﬁm High Loss wSaRamsldauy

2)  agudeyaildannmsdrsianisidamuans N-MA for FTTx

3)  yedsUsULUUATY N-MA for FTTx (d1il) n3egunsalilesnuuulusinioisnis
dul (i) TuvesuFudnng

4)  ve@euUAuLUUATY N-MA for FTTx (in3) iegunsalileonuuulmiviedsnns
dula (dndl) maau

5 ayUnadavisrenuideidiaueduinis wefiansanivumduninsgiuves

USEN INSANUIALLIIR 9189 (UANTL)

24

4. Uszlgvui USen INsANUIANLAIIR 310a (Ur1vY) aZlasu

' 1%
v A 14 [

1) untgyymang N-MA for FTTx WIdn@eiinaaian 1,600,000 m auuUseanm
13,000,000 v MAndsyvdayayrauuasaayide (High Loss) nassinsaldau

2)  dswanunadnunIdeuntynians N-MA for FTTx 1An High Loss assnsall

A 2 I3 v ¢

N weiluesianuilviesdns

3) @anwuUaly Fiber Drop Cable #3agunsalkiteym High Loss (9n3)

4)  A@519NINANBABIANTININUITINULIANTTUNNS DUDDNWUUNAR A UISDI5U
N3UasuRUavaanAlulad way/v3e NaNNUTNINTFINNMUIEIIUIIYNIS

ANAUR

I 174

A
5. ‘f]zymmﬂamuu,azwqwg]mnﬂfmaa

TAs59%8 ODN daisuusnis FTTx dreduilisuliusnng vue.illedt Quanedw) 14
&8 Fiber Drop Cable %in OFC Flat Type (anelassadnawuw) ndsnldauiluldssosmiaiud
flvpransen uitinzaiifnssuauguusaiuudslygmidulowinimasiisademe g
mﬂ‘f]q;mﬁLﬁméﬁuQ’Lﬁaﬁmﬁwﬁmmiﬂﬂ%’ﬂwﬁuQL%mmzymﬂU'ﬁzmmjﬂu IasuAtugiing
@18 Fiber Drop Cable ¥l OFC Flat Type penuUUdMUNMSAndesyavaeay 9 liwngiu
Snvuznisldnumes vua fileft fisveranssnndis 300 m Gresgunsnsigean)

ntlaymnfiAnsuans OFC Flat Type uua.iilleft Iéenuuuans Fiber Drop Cable
lasaaiiegy “Fig8” §o@1e Optical Fiber Drop Cable (Round Type) (Optic Drop Wire for

v co

FTTx (Round Type (1-2 F) w3oans OFC Round Type wuuldouriiluuazuuutlosiudnise

unzsesiuszeznsanglnatazanleymnansznuainlssau

ahuaauLﬁEmLLa31J°W§Q%’ﬂmqﬂﬂim‘1mmmm (m33.) https:.//www.tottcal.com
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@18 OFC Round Type wuutlasiudninaung (Spiral Steel Pipe) ndna1n Stainless
Steel 137 SUS-304 vievidulowiidnaslagsey aigasniusulseds (Suspension Unit) W&
PNEuaIAREY 1¥1.2 mm auau (Sheath) HAMA1NTER FRPE (Flame Retardant Polyethylene)
Ho “Armoured Optical Fiber Drop Cable (Armoured Round Type) (Armoured Optic Drop
Wire for FTTx (Round Type)) anunmuseneud 2. adunanisdinuiidevesdiuudnsvageu
LagapuifisuLayhouilisades wieneenuuugunsal OFTK munwusenoudl 3. dmiu

\WonsoUauaneviidesnIuvedans OFC Round Type

Suspension Unit
1.2 mm. Steel Wire Strand

Tight Buffer Tube

Web Optical Fiber

Strength Member
(Aramid Yarn)

Armoured
(Spiral Steel Pipe)

Sheath

Optical Fiber Spiral Stainless Steel Pipe

L TTTVINY

|
Tight Buffer Tube

AMmUsENaUT 2. @18 Armoured Round Type ﬁaﬁm Spiral Steel Pipe

AmUsENaUdl 3. @18 OFC Round Type \Wouseruyngunsnl OFTK

w997 iy, UsenavhuRnasanedeansiiilassadrdanefualnfives nvu.
mslihdaugiinae (nwn.) AfiusznIAiunILLN Faifugne OFC Round Type wuuldauiialy
fansasnuduwssianduainlaneuazats Armoured Round Type fiflansagniunasinge
JastudninaungaananlaneinseiisuniuuseniAves anw. wag nna.

Wiesesduszifuuves N, uaz na. USEM NT Anwndseesnuuuanenszany OFC
Tassadslifanedlostudnifaunedoans Non-Metallic Armoured Optical Fiber Cable Drop

Cable (Non-Metallic Armoured Optic Drop Wire for FTTx (Round Type) 1-2 F) #3918 Non-

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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Metallic Armoured for FTTx (N-MA for FTTx) [2] lassasianauarunsadesiudniiaunsgle
seAunilamunnusenaud 4. nieueanwuugunsalduda N-MA Clamp [4] sassuanelasaasng

AUNANAUNNUIZNBUN 5.

Armored FRP

Tight buffer

Optical fiber

Outer sheath (Nylon)

3.540.2 mm

T bl

nwUsEnaudl 5. gUNIaldudA N-MA Clamp WuInsaA3N Nylon-6 kag ABS

o

T .61, 2567 U3 NT Sadeansdostudnifaunglaiflans N-MA for FTTx hads
Wan 1,600,000 m suUszanad 13,000,000 UM WEIINNUMLDNENE N-MA for FTTx TURndels
susveznile Huisuudalamiiin High Loss U Port FTTx fithane N-MA for FTTx luldem

ReTURIBMRLAEINKLTUINT FTTx druaudeninigudilunsiaasudayaiuniy
\3e3iiotn OTDR (Optical Time Domain Reflectometer) #u High Loss f\gm%amialﬁﬂmlﬁ’s
thuaeseminaans N-MA for FTTx fuanevesgunsal OFTK sumiisg SDP usnenensfidnssuy
@l levihmsudludndegadensednanluvi iwlulsvanm 2 erfindias Jgmidy
ndundnds 60% loAndgmign o drunudontisuldsululdaredesiudnidauns
Armoured Round Type Julfismaunuinasy wieusefunisldamas N-MA for FTTx $3a512
uazudsduianiatlymilinty

fodunnnoudnuisoesnuuuans N-MA for FTTx 9ailiexsioans N-MA for FTTx
fluangvesyngunsal OFTK aglu Loop (N, uaz nvin. 3l Loop aeld) winewiiany N-
MA for FTTx anfiassldaru nww. wag nva. %1 Loop a1esiumisg SDP n1euanenans il
oy High Loss Wintushumisg SDP i usisiuviis ONU melusnansgaidiousienglu Loop T

1tgymn High Loss tAnTu

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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5.1 NTAANBURYINVTONTELHENUES (Attenuation or Loss)
nsanneudnyaareduloudniuas (Fiber Optic) Wawssuiisuiunisanveu

fusnansdeansdu o ‘ﬁﬂ’J’]ﬁJLﬂﬁ@ﬂ’j’ﬁl’jﬂULLﬂ"U@\‘lisﬁJSMNLLaBﬂ’Niﬁ]‘éjﬁy@ﬂm dulowAtuesd

ANITAANBUdYYIMABTYEEN e Araanaudyyrainilisluindiva (dB) @i

AuIlARNaENNSA (1)

P
Signal Attenuation = IOIOgF’ (1)

o

[
Y

vaimsgapdeluidulounituas (Fiber loss) Tamndfgyain
1) Absorption loss
2) Scattering loss

Splicing

Impurities /\/\

== =
Input ) Qutput
Bending
Absorption
Scatterin Bl
& Heterogeneous M. ..__).——-
Structures
Scattering P
RL(dB) = 10log;y —
L __ / Fiber Loss P'

Transmitter Output

1

Power Budget

\ Splice Loss

Link Loss

- Fiber Loss

l Connector Loss

Receiver Sensitivity Margin

Distance from Transmitter

Credit: www.gbic-shop.de

AMwUsznaui 6. nMsgeaydedyaauas (Loss) uulasenewduleuniues

[

1) Absorption losses AiB N5gaLAdYIMKALLDIINNITAANAULAIIINGIA

o

v [
=) S =

Usgnavlunmisadradulountdas n1sgeyidetazduegivesausenavresasiniiuag
N3zUIUN1TNEA (Fabrication Process) td@ulewAliinas nsasudygiauasiudulonia
nellAnn1snsyanemvesidunaids wasnuuanlasuduaudounsludulowna

uauinnsgayidendanuiaiiasnnnsganduias Jadeiiiaudale 2 nsdl fie

® Intrinsic Absorption flanisganfulaInINaslEviduleuiduas 1ean

w3 Silica Usansuldlunisasraduloniidivasasiinsganduuas lngay

a"auaauLﬁEmLLazﬁwqﬁﬂmqﬂmaﬁmﬂmmm (m33.) https:.//www.tottcal.com
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aAnauKas Ultraviolet 1nnia@n#in3nuenindu 0.1 um Uazin1sganaunas

Infrared 11NNgANANEIARY 10 um

® Extrinsic Absorption Ao MsganAuLALesNaTTIFeUueyludleuiih
uas inanniniedudesuvessglanluduloutiuasluduneuvosnis
vaeumaiun asfidevuludulouiminaiiinnnmvasumaniiduaing
dAyrInITannaudygaiausdesulanzu1stila Tuusuia 1 ppb (Parts

per Billion) t51au1saannsgeydeiilalagnisldingauniannuusansuin

2) Scattering Losses Msgayidonasiiiinainnisnszansuasielinniinszdn
nszevesuaszviliuasfidunduduloufniuasianisvdsy Mode lvduasiiduin
n3aeu Mode dwasiiiumisly Core wnsnszanseeniuen Core

n15gUABILUY Scattering Losses MtAnainn1snszdnnszateuauisld 2 viin Ao
WUULSELaY (Rayleigh Scattering) wazuwuull (Mie Scattering) miE,j;QJ,LaEJVlNLLﬁQﬁQ 2 WUV @Le)
uanaudnuazmsmenmitliauysalvesdulouiihuainnszuiunwan feomelulad
mamﬁmiuﬂwﬂ’ué’ﬂzimmmﬁﬁmﬁmmﬁlﬁ TavlBunn13gayLduI Uy Scattering Losses s 2

I~ [ dy
LuULJun I

[

® LuuLIELan (Rayleigh Scattering) LARINLAsTIAUMSlUARNTENUAUTNQTE
gualndiesiuauenadunadildlunsdadygin inliuawnnnszans
oonlulufianisineg Tgiidevusgludoutuintuludunonsuiunimandu
TouAuasdasldaudouussana 2,000 °C wisliuiauia Preform viasy
avanneufsvisimbiduduloutiawnan neuangumgivendulowini
LEnED 20°C ad1esamda vuaunislunsndntumeui AelfiAnauld
dilnanevesmIutLTe L et Andnguuaan o Fulwidouty dnns
qagﬁaLﬁawmmﬁﬂﬁzmEJLLUULsél,amﬁ%l,ﬁmﬁuuaﬂwﬁm Ultraviolet uas

Infrared WUSHARUAUAINNYNIARULAIAINFUNITN (2)

Rayleigh Scattering Loss = — (2)

AN AeuaiinaINN1INTEiaNsE ALl UULSEaRiiA Uz 0.3 dBkm™

NANUYIAAY 1300 7m Wae 0.18 dBkm™" NANU8NIAAY 1550 i MIUAGU

® Luull (Mie Scattering) #39138n8n081991 Uniformity Loss LARTULEBI91N

Aanuldanysamialasaiiegunsansruenvesduloniiiinas a1mnunain

ahuaauLﬁEmLLa31J°W§Q%’ﬂmqﬂﬂim‘1mﬂmmm (m33.) https:.//www.tottcal.com
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ANURAUNAUDIT88RBIENIN Core AU Cladding vilvadwiinisininsenang
Core fu Cladding usazgaanrmenvendulondninasdanmsgydoiiaiu
uazaInANRuLUsTeLdusuAudna nelidwmaduuasfinnnsznuiinnis
nszdanszaeeen nsgrydsnauvuiidazuusiulnensaifuaueniaduni

aunsii (3)
Mie Scattering Loss = — (3)

nsgaydearnnislésse (Bending Loss) vaudulouiatuasuuadu Micro Bend
way Macro Bend $188x18unv8 Micro Bend LAnannnisansetduluniuiiasiunindadiia
Anseasnnsenisiassevuadnagluidulonis mstusadulouialiuuusiunieyinliin
nslfseruaEn anmsduaziiiouveddasiaidisesiudulonforailiiianisldwed 9
nsyediavsenisnszwnnilviiinsesdadiu i linisdadyaraunasnigludule uiadinng

gydevisen1sinivvadua

G.657.A2/B2
G.657.B3

i
= 5

AMNUTLNBUN 7. WAAINIAUTDILAI L ULEULELNIUILEILA9D

Macro Bend fianislésedifivunaluginnndn Micro Bend vesduloufatiuas 1
Usingmsaififedudodulogneafunirfaiitusnitfiuinsigiuaeyssamiu o fuuss
amuszneudt 7. WeidulegneesnniAuly uasiiifumseganslunnunanswendulouitiuas
Aamsineenuenwaunatsnndukanszaedoeniunanefianis 8.3 aiinnsldadenas
Wilvi9ATITULIIT8Y Macro Bend fagBunntumintu vilidyninseuauazgaydedoyald

o

a A o i a i A «
LLaﬁWNﬁ@WﬂJﬂnﬂauau‘ﬂﬁlfJ@@ﬂqﬁLﬂm Macro Bend 311003 @INUAINNY1IAAUYND ﬂ'ﬁqu}l’ﬁﬂ

dyayr1uniinann Macro Bend agviliszugnislunisdadoyaanas

ahuaauLﬁEmLLaxﬁwqq%’ﬂmqﬂﬂmﬁmﬂmmﬂu (m33.) https:.//www.tottcal.com


https://www.tottcal.com/

connector
or
other component

Incident
<. The ferrule s flat light *| Prs:ﬂﬂzfi) —) Prronesiiteed

polished
Pincident

UPC APC

Backreflected Transmitted light

P P
IL= ]_O[Og[MJ RL = 10l0g[ incident J
Ptmnsmr’ﬁed Preﬂected

Credit: Dr. Sammart Sang-Ngern

Awdsznaun 8. Connection loss

Connection loss M3agdguaaniinainnisieusaiduleuiidiuas (Connection
Loss) induaInnaifeuseiliauysa wenanflusiinsosiionnoe1aiintesdnauuindn &

rdwalAinNITanduwasINNTAEoUNaUSENN "Fresnel Reflection” vilvilinnsaayide

38N "Fresnel Loss" @11150AUnlaannaunsh (4)

Fresnel loss = —10log(1-r) (4)
2
< n,—n
e =
n.n
r = YUMVDY Fresnel Reflection
n, = Aytin1sinues Core
n - siimsinmvesiinaseg syt

| - T _VVave‘_lengm Courtesy of G. Keiser : FTTX Concepts and Applications
combiner 1xN<64 i
| Packet | optical splitter LS3EED
oLT 1310 nm \ | 004/
’ (voice/data)
< 1, SDUs
| IL'W ) ! Single bidirectional

tical fib
(voice/data) optical fiber

| Video

OLT Local ONU

HH
—H
BH
EE = - =
T HH

MDU/MHU/MTU

| i
[ «—— GPON: max. of 10 or 20 km —b:
1

1550 nm
(video)

.
1244/2488 Mbps downstream

155 to 2488 Mbps upstream
4_

Central office

ANUSENBUR 9. FTT-GPON Network

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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10

[

U3IN13 FTTx 1A59918 ODN 11msgufviunn Loss Nidegyeiail
<

1) Optical Connector Loss 0.40 dB /Point

2) Splice Loss < 0.05 dB /Point
3) Safety Margin s¢n319gUnsal FOF &3 ODP/SDP >3.00dB
4) Differential Optical Path Loss < 15.00dB

5) Optical Return Loss (ORL) >32.00 dB

6) Connector SC/APC Return Loss > 60.00dB

7) Connector SC/UPC Return Loss > 55.00dB

8) AranAnaudyIal (Attenuation Loss) vasidulanniiiines (ITU G.657A)

® AueNMAAL 1310 nm < 035 dB /km
o AruENMAAY 1383 nm < 0.33 dB/km
® AugTAdY 1490 nm < 0.27 dB/km
® AuENMAAY 1550 nm < 0.25 dB/km
® AuETARY 1625 nm < 0.27 dB/km

5.2 f]zuum High Loss wag Differential Optical Path Loss 1a54918 ODN

U3N19 FTTx tmalulad GPON (Gigabit Passive Optical Network) 31121 64
Port/Pon fnannauvnduas (Attenuation Range) AMuufsgu ITU-T Rec. G.984.2 Class B+ L
Ay 28dB armendulowiiiuaslaiiu 20 km $1wau Splitter Tiiu 2 $u (Order) USRS
FTTx 527319 OLT ' ONU/ONT Sude¥ayarulasayte ODN sguy TDM (Time Division
Multiplexing) ansnsadadayanaies) Yeenslunanderfududulowmdiandudeiu log

nsuusattunsdeyalviugldvate aula

1A39918 ODN U313 FTTx A1 Loss Ndeafiasaunduiiawdenn High Loss uagan

DOPL (Differential Optical Path Loss) %3@ Diff. Path Loss

High Loss
A1 High Loss 1as991e ODN fidadenisiinlanateanye wu A1 High Loss a1

Jaymanidulewmduadldlauinsgiu (nsdliindesunn) idulouiidiuasdinislase

(Bending) n3agnnaviu  Iawaudeidulounidiiasiiussdaussfeasnaninuidenienynse

9

(Splice Loss) aUnsal Connector wnu Ferrule 9130 widudaliagean (Connector Loss)

ahuaauLﬁEmLLa31J°W§Q%’ﬂmqﬂﬂim‘1mmmm (m33.) https:.//www.tottcal.com
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A151An High Loss anunsaiinldndlurazadialasedne ODN wiendannliusnng
FTTx ludlussesuis fedifgumndyn muasind) Loss 1nnniuinsgiuveslasetig ODN
iluszuu FTTx A& auaianasainnisideuun@ seuu FTTx Magin loss wialulag GPON
< 28dB (Managementp 31-32dB) n15tAn High loss azvhlidmaaiuasiisunazasianis
aniAsannvietiostufua High Loss i wansznufiasiindusisils RC-ONU uaz RX-OLT
£1 High Loss tAnilaiaida OFC (feug SDP) ANwas RX-ONU uay RX-OLT 9gdid Loss g4 1iin
Hoyvdungulufirmailanda OFC usda High Loss WAafiss Port Wi (& Splice) 31NG
SDP lUudn (Drop Wire OFC) axdldn Loss 1iintuanizasas Port 1 4

(%

N134An High Loss anavinlivuiunisudateyavnuanawesiludyyin Digital
Aansfincfiouliannseiieseianaildfuiandu <07 uasiu) vio “17(uasia) ediuan
mssudsiiniiisuazansiuauaniiioninina Bit Eror Rate (Surudeyaiifaiisuuioudo
NMTTudsdaya) USns FTTx tu PON wignfuldidulouidaudusedlvuinisgnAmane
518 uifiuAn High Loss tiies Port tiealu PON tu nsfudedeyaitluauysal ONU Port day
finsdosatoyalvaidn q nmsuneliAanshauiiailu PON i dwwansenusio ONU #
suly PON Wenfuinauada Haduen High Loss AAeTuies Port WeneanansEny
sionannsliUINITIes FTTx Tuninsauves PON 1y

Tuuansdiil ONU &4 Sync. agJ:LLGi Port ﬁﬁm High Loss ¢4 LM Bit Error Rate a@gau

v a o

Urunanafiegs aunsal OLT agvihnisveganisSudstayaiu ONU il (§aildyayias Sync.) e
SnwiAnINYes ONU fmigulu PON thegafu dyayiuves PON U8 Sync. Undviligugdmanu
Mnszvimeideittlaingunsal Hank 391015 “Ua/iln” w3e Reboot Port Tusl Litalyl ONU

nauuvuld w1 High Loss Slagnudlvdadumelinisusnisldfiadiosnm siudewn

1
a o ] 1

AnnMluNTslEUINIT S8UUTIN Management System wawmsLdedn denasisainuianelaly

nshAuinsanTiegnANe1RenannIsiduInIg FTTx

Differential Optical Path Loss

A1 Differential Optical Path Loss (DOPL) @af1 Loss 5¥#314 Port Tu PON 1Rgnfiu
wmsgIufmunal DOPL <15dB Hgmne DOPL festlosfudausidunouniseanuuy iwse
#1n ONU Port Imﬁg’f SDP 983 PON Wfgnfuiian Loss anuwsansiafu ONU §hduninnda 15
dB vliAnmunatlunisinsdedeansszning OLT AU ONU lu PON iignfuusnsig a1 DOPL

Al uaNnIsN (5)

Differential Optical Path Loss (dB) = a.d (5)

ahuaauLﬁEmLLa31J°W§Q%’ﬂmqﬂﬂim‘1mﬂmmm (m33.) https:.//www.tottcal.com
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AFIUTEAVENTELEY (a) A1 Loss (dB) Aunaanauns (1)

seeEne (d) = yhedilawns (km)

ONU-specific packet
ONU-specific packet .
- ONU-specific / M*F‘Q—F]J_J
ONU-specific J/@/MF'%FJ packet @
packet > - - :
. F/ 7 e : - - N — ""’.,""
7 mo/_@@ﬂpj o M4 -

Splmer" ~ i
ONU-specific Q
B packet
\ %F"; 3 Na— @—G‘—Fﬂ;’ ]

Credit: www.tutorialspoint.com

AwUsznauil 10. Mssudadiaya GPON FTTx Sudsuuu TOMA

n1s3udateyainalulad GPON FTTx Sudswuu TDMA (Time Division Multiple
Access) Mmafianisutsiandielddosdygiusiudu nszuiun1svineu OLT asadig
msanateenidudindn 9 158n71 "Time Slot" fMuuali ONU uragdauay OLT & Time Slot
yosmaosmmnaimmuslunsivdsdeyanunimuszneuil 10. ONU usiagfiudstoyaniu
Time Slot fifuun 1o ONU filiiatieyn DOPL szuuilen Loss 11nnin 15dB uasldiaanlu
ALY ONU fasudesnosiiatniu Time Slot TunsSudetoya ndeymdayayn
Delay 8only yhilvigainmuinisues ONU sduilaunwsiosaadugnls

yw1 DOPL onafamnanainaunmussnisidenderdulonitiuasioinios
Fusion Splicer %38 Connector 1A Loss &4 anugvenduloniituasiuadiunnuaug
ponlUTAMNEILANAISAULIN AT Loss Laz/MiAINE1@1891 IAd Qe 1 adLaIR DL AN
sveEMe Port 11 1y PON wansseanluuinnin 15dB nisesnuuuiiiawainld Splitter
vanedu videinsidygaluliuinisan splitter Aidnsdutu aunmgunsaifildlussuy
1w Splitter gUnsal ONU #390155UNIU3INAT8UBnaeiinn1siAsse  dnanenisayide

dyaaulaguniu

AULANGI93ZINN High Loss AU Differential Optical Path Loss
Tnevilusinasduauseningdn High Loss (Anndsldam) fud Differential Optical
Path Loss (AAnausyuy) imszidiorenan RX-ONU Tu PON ifenfunniuSsudiouuds wuii
fieAunin 15dB Fnazueninia DOPL Faudunsdilafia uafiuieswdriufionisiia High
Loss Bulu PON iea91nAn Loss salulasetng ODN 1nnnd1 Magin Loss 91nn1séwan AN
Loss LAnangaLdeusiaiduloufiniuas (High Loss) fesluudlatymiidumeg inszdinis

ponukuugniesazliileniain DOPL leiag

ahuaauLﬁEmLLaxﬁwqq%’ﬂmqﬂﬂm’lmﬂmmﬂu (m33.) https:.//www.tottcal.com
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MUNINIFIULUAmMUANTTTA DOPL 143aA17 OLT unéfa SDP/ODP (3n81484) AN
Loss Wiag Port saawpnasnuliiiu 15dB filalde1 RX-ONU Tu Port WhenfuudSeusiiau

Wlowud1 RX-ONU dfifsneiuiu 15dB udseyintu DOPL WWudsilidgndes

5.3 59usuidgunnang N-MA for FTTx A1A&uIy
druianlasuuwdesteymiany N-MA for FTTx 1fia High Loss nasinnsldaulusses

wil Wedinseilymdiuianguseaiunudiuninsgiunazdiunageusiuiudoyaluiug

c =

d197051903  Feanwudgyynisldaruans N-MA for FTTx U3n13s FTTx

Toya loIuNNUNA1I1Y5184) 5UTNNS FTTx NfnRAsseats N-MA for FTTx W1

Y o
TUuszunm 2 oindisuddemn High Loss tindutiielunsiageutaelemn High Loss AL
ondeusatdulowiiassenineaey N-MA for FTTx fuaigvesgunsal OFTK fauwdng SDP
(L4 Loop a1e) usgaweusaiduleumuikasiuvisneudigunsal ONU vn Port laifideymn

(Loop @ne)

A 1

wilnaudentrgsdnnegadounaidulonininaddndiululssuin 2-4 919ind

q
¥

Jamiunduandndia 60% Wainlgymen 9 ninnugentizalmuasulUldasdesiudniin

o

wng Armoured Round Type Jutfisnauny (13a3513) wiousedunisldeuany N-MA for FTTx

FIns1IkAERIEIUNART ATy TIAnYY

mwusznaudl 11. inudeyatayyians N-MA for FTTx fiufidsgysugs

YRugAUTE NT Anwn3dueaniuuans N-MA for FTTx (W.f. 2563) nwu. uag nwa.
#iluvonUszniaderudeanisgy (Loop) aefoasuualwilwesnsluihisaosantym
aw?iaaﬁuul,aﬂw%ﬁﬂqa%’ﬁ (w.f. 2567) A wUszneudl 12. (@eile) nviu. sonUsznia
AvualELAazAUuia1ensEany (Fiber Drop Cable) 1y 12 dusegliusn1s d1uiuany

sunngiusnsliiie 60 1du Anueaensyaelidiin 500 m wazuiiaesau (Loop)

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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aniiuagsauiaiia (Loop Cable) auginian1zafinfeaIsdeans (OFC) it du nua.
JUTEaZBeAILLAN Loop Cable daslaiiiu 2 1asafu wiazae OD Liiiu 60 1wufiuns (cm)

a18luag Loop ealiliAiu 15 m

nsAnseuazdousoduloufniuasans N-MA for FTTx vausfnuide (w.a. 2563)
9% Loop @18 N-MA for FTTx fieuidg SDP uazgunsal ONU tileanelid miudeutigs
(Service) qniensaidulouininacisaniliagluas Loop sioun (wa. 2567) nviu. uag nvia.
Usznaviu Loop @18 Fiber Drop Cable Fatiuane N-MA for FTTx Aowing SDP laifl Loop
FasumidsiliAnTam High loss WRnfiduvisd udqaideudeiduloutuasteudigunsal
ONU a3l Loop wiloufundulsifilymn High loss andadanailym High Loss anidiessie
dilauffiuasszmineane Fiber Drop Cable fugunsal OFTK wansnsilansil Loop wagene

1418l Loop

Structure

' e St
4"
N

. Structure
- AramidiYarn
o"

: ' ¢

ro— — [ g
'\ light:buffer:

*s Mightibuffer; S

\ ERRE \ gt duller OFC

OFC Armored ERP/

amUsEnaudt 13. Tassad1aane OFC Round Type wisSouifisuiiuans N-MA for FTTx
Uy High Loss USN3 FTTx fAnduianizans N-MA for FTTx widne

Armoured Round Type hifillggmn Wiefinnsannisindaldaugaaeusaidulowiidasddyn

gunInl OFTK milauriuusigunsnidudauaglassaiaanssnsiuaunimusenaun 13. nanfe

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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1) @18 Armoured Round Type 181219 Tight Buffer Wumae Aramid Yarn auau
14¥a FRPE dudnangnie Drop Wire Clamp

2) @1y N-MA for FTTx lasaasnennelu Tight Buffer iuseunae FRP (Fiber
Reinforced Plastic) 3113u 8 wnu Weagkn OD 0.5 mm auduldian Nylon-6

(Tight Buffer lai#u Aramid Yarn) §ufia N-MA Clamp wuamsaguaa

naaesldiiofs Tight Buffer LUSeuLilaulnseadneans Fiber Drop Cable Tieaoq
TAs9as19nuI1@1e OFC Round Type Tassadaaulidusaduaniu (Friction) 1314 Tight
Buffer Auauaufuas vaifians N-MA for FTTx fusadeanufisiio Telitoauigiudoy
Tusadeanuves Tight Buffer avdwmasogaidouseidulouiiiuamielsl

AMUSNITNRFaULATARUMEU (M79.) druautfunsulsulassasaluiidu dqu

¥ 1

aouifisunazihssinugunsallnsesuiey (magg) WiSoudyifertossiussananes u vieq
Useaul 139, Usenaume d@iuauian duinuiinsgiy d1uv1guazusnIsgnaAnNganwnas 1
d1910057993 (Vuw.1.4) dinnguazusnisgnaiunusil 1 (uuw.2.4) funulssanu JANGSU
XDT INTERNATIONAL CO., LTD (XDT) Q’m%mmamﬂﬂizmﬁmazﬁaLmu usun lvliwes oan-

fin ADUINTLATY TR (FOCOM) dunusnutislulsemealne Inafidiuau v, Wi

h \ ——
) _——_ J/
N PSS A

awusEnaun 14. Ussusifegntasmvuauuiniwnlami High Loss a1 N-MA for FTTx

U

4 —~d )
N-MA for ETTx JArDNAD BEIEEL] RLLLUE
» . sl
1.6 umag OFTK ilngain

1.6 ATULAT LA Ficld Test

N-MA for FI'Tx
Triction
New design

[

Fasuigrunuvaslaym WAL

AmUsEnaufi 15. fuuauuinauidam High Loss a@1e N-MA for FTTx

1 [

Anuiufvszguduigiuanuiiazidueiainanyaieusdsedulawisiinas
58139818 N-MA for FTTX fiuanevesyngunsal OFTK mewmananauyinidegniteuses aglu

13 Loop winauldau nviu. wag n¥ln. ¥1u Loop angendiinussfiauazissingaidouses an

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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AVARIUALANIUTENING Tight Buffer fuaulIuiuvesany Armoured Round Type (Lifluss

WFean1u) wazaty N-MA for FTTx (Relle) waneneiu uAnUseyusiuimuniuInieanidumy

[

&
JU

(%
o

1) Anwvundayviany N-MA for FTTx #ida@eiinmasiian 1,600,000 m 7iLin

Uy High Loss wdsanasldau

2) USudgdonmun (013) visefinyIsnsindsianganunlaymssesen

Mszyuuounanglilssanu XOT wdnane N-MA for FTTx Nilusudeaniudesdnuiu
1 534 (1,000 m) MU wdsznaui 16. WiethumaaeulUIgufigunuauTRNIINaLALNIaUES
Wisuiiuiuang N-MA for FTTx 7 uS¥n NT daaeidnadeianuazais Armoured Round

Type Uasfiudnifaung @lave) lueslfusinig

5.4 nagaud1e Armoured Round Type uaz NMA for FTTx lTuasujjianns
%@%aﬁ]’]ﬂﬁuﬁﬁmﬂﬁ High Loss TAsa9ne FTTx \infidunisane Fiber Drop Cable
Fouseiuamsvesyngunsal OFTK Aewithd SDP usneimsuaziintanizans NMA for FTTx
lai Loop anewitiu Sinszeiidesiutlymenaunan
1) lassassansunneneiu
® @18 Armoured Round Type kAunans Tight Buffer WiAae Aramid Yarn
Fre5unsifshazusaln Yuseaunle Spiral Steel Pipe auduyy FRPE
AaantABaveu unu Tight Buffer Tusadeaniutios ileldileds Tight
Buffer aglviamuilo (7719619813 5 m)
® a1y N-MA for FTTx kAunane Tight Buffer ﬁjmau FRP nay 8 wnu (Tight

Buffer Ll Aramid Yarn) wnu FRP Baduiauds auausiy Nylon-6 Rau

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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wazudsundesdunisiauny ieldiiens Tight Buffer Tusadonniu

11nA71 (FIp8198713 5 m)

2) aunsalfugauwuaduans Armoured Round Type §uBnsiag Drop Wire Clamp
POUTUBALENANIZEIUEENIUEDNNLT Clamp  wia1e N-MA for FTTx 3U8in
aeanuafegUnIniduda N-MA Clamp wunssguan

3) inuefufiRu gaileuderisiaies Fusion Splice LAZAAAINAIEYDIYR

gunsal OFTK

Lﬁ'a%mswzﬁmmmaﬁuaﬂﬂﬁgmtﬁaaﬁu 11@18 Armoured Optic Drop Wire for
FTTx (@edeosiudninaungiilany) uagans N-MA for FTTx (@etesiudninaunzliilans) 1
naaeuluiesufumnIs failane N-MA for FTTx Minnvedeuduiogsnnangidaniiients
340 (Research) 5331 122,000 m (1.7.2564) anedndoidnads (Warehouse) 5311 1,600,000 m

(1.71.2567) wazanei XOT U5udsslomi (New Design) (w.A.2567) oehsas 1 5434

5.4.1 nagauagusuieanu (Friction)
wsadoan1usEning Tight Buffer fufanveriuiilefusedaussfeseninsgadonse
geawalviiAn High Loss 9ailieudenielil nadeuAusadeaniusiediaans Armoured Optic
Drop Wire for FTTx $1u3u 1 fheghawazans N-MA for FTTx $119U 3 feehe fela3esinuss

feazlden (Force Gauge) MmuAWUTZNOUN 17.

Sheath
(FRPE) Aramid Yarn Tignt Butter
s (Fiber Optic)

A— I 7
L

OFC Round Type

A— i )
- |
Sheatn FRP Tight Bufies  MMA for FTTx
(Mylon-g) (0.5 mm *&pcs|  [Fioer Opbe)

AWUsENaUN 17. nadeulsudenniusening Tight Buffer AuTanvieviy

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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A151991 1. Ausadeaniusendng Tight Buffer Auanmiavy

Armoured N-MA for FTTx
Sample Optic Drop Research Warehouse New Design Remark
Wire for FTTx (2021) (2024) (2024)
1 46.00 19.88 3.80
2 aruAlila 50.00 10.80 8.50 sample length
3 48.20 13.50 4.20 100 cm.
Aver 48.07 14.73 5.50
Unit Newton

nan1snadeullaunTneuALIIEYANIUYeSENs Armoured Optic Drop Wire for
FTTx ﬁﬁmaw’ha Spiral Steel Pipe léidosandiarusadeaniutiosuniiesldions Tight
Buffer fdeulvianuilo @1 N-MA for FTTx 8n 3 faeg1anan1snadeunsadsnniusening
Tight Buffer fuanyieviumuns e 1.

WiguigukssdeanIuans N-MA for FTTx ¥4 3 #39819 @184 Ui ITumILse
\deanugedn (48.07 N) findsldanulatvanganeqaiiensio Loop 14 2 Uany @ngv Ndadeun
193971 (Warehouse) fAusadganIuLiies 30 % (14.73 N) vosa1gs Yugyiidy asuivasdu

[

w3 deAN1usENINg Tight Buffer Audanevulidwmansenunanisldauudnis Loop waghl

9

Loop yasteusiaidulaumiuasiiteegdtysodaym High Loss

5.4.2 gUnsaidudingny Fiber Drop Cable

@18 Armoured Round Type lassa3ne “Fig.8” atwdzniusunssnaduainlang OD

1.2 mm agauuuiises (Web) uenidulouiiduasegauan dnsgrudmuausadsldou =

800 N (81.57 Kgf.) n1sfnaslderunenianizaisdzniuaanuinudaiu Drop Wire Clamp

dauaey N-MA for FTTx lassasisanenauliiilave u1asgiuiinuausafsldaiu = 300 N

(30.59 Kgf.) dudinsiggunsal N-MA Clamp wwinsagudn msdudadesdenanevianuniinsed

(%
=1 Y o

v839UnIad N-MA Clamp fusanaviuuuang NetusnaiuagniumuLsme funidenaag
Y a =~ = =% a 1Y) ! Ya . 4{ 1
onfluseRedeganilafinusanavivasdmalinindn High Loss vield
NAHOUNITIVEANEMIATUTINIUAL L TINATIUIINQUNTITUERAEENS 2 TAT3a319078
LATDINAFDUKIIAILLIUBY (Horizontal Tensile Testing Machine) sgag193e1inegunsaliu
8n 6 m AuSIMA@BaY 50 mm/min vaznadoudoudyyINLEINasAN1TNAdeUAIY

AMnUsEnauN 18. wag 19.

ahuaauLﬁEmLLa31J°W§Q%’ﬂmqﬂﬂim‘1mﬂmmm (m33.) https:.//www.tottcal.com
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nan1saaougUnsaifudaans Fiber Drop Cable ¥ 2 TassadisAnfunssdaniiy
1AsEIUNIARGILFL naafeans Amoured Round Type anpagnusuussiaduannlave
OD 1.2 mm Sunssfiswuuyiateads 1,578 N (160.91 Kgf.) @8 N-MA for FTTx luadasian
FregmeaeuiuusiaLuuiateiade 608 N (61.99 Kgf.) vagnaaautloudmanuastied
ENCPTITERE Optical Light Source Ua’lsmﬁﬂﬁfym’lmumﬁwLﬂ%‘aﬂ Optical Power Meter

Nneegrmaaeuliian Loss LAATY (Fues Open Liaanefiagniinane)

NaUN 18. NAdauLIResEnINgUnsalfuBaiuane Fiber Drop Cable

,

1

be
9

7 =]

Light

@pticallzowerdVeted

b =

DU ‘UEUfyf]mLLﬁﬂmﬁ@ﬂﬂ'ﬁV]ﬂﬁE]ULLaSLLﬁﬂ\‘igleE]EJINﬁLa‘&JW]EJﬁ]']ﬂﬂ’TiVW]ﬁE]‘U

AwuUsznaud 19. 4

NnUgynsaiieany Fiber Drop Cable giigatasiainslvigunsalivdnanedoans
Uanageenilaliusinsyinseaunils duuinismaaeulagaauiisy (W.A. 2564) agd1uud
Weadeteaniuugunsal N-MA Clamp wuansesuaulilanans N-MA for FTTx aaniladiuss

NIYINITAUNTNTINITODNUUUABAAABINUNAVIAGDUATUAITIN 2.

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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M19197 2. w3aReTENINRUnIalduiuBnany Fiber Drop Cable

N-MA for FTTx
Armoured
Sample Research | Warehouse | New Design
Round Type Remark
(2021) (2024) (2024)

1 ++1,578.00 ++ 573.30 **592.00 **721.40 Distance 6 meter

2 ++1,583.00 ++ 574.20 ++ 576.60 ** 668.30 Speed test 50 mm/min

3 ++1,574.00 ** 598.10 **657.80 ++ 601.90 ** g Lé‘laqummﬂ Clamp
Aver. 1,578.33 581.87 608.80 663.87 ++ @YADYV
Unit Newton

ajuiUesiugunsaidudnany Armoured Round Type wagane N-MA for FTTx Ll
danansenusiansiensldnu lagianigaty N-MA for FTTx siuuniagunsal N-MA Clamp e
naeaiinelugunsaignnaviuaulisuluaganefiawiunineenainiuliiinansenusonisly

L% 1 a0 a é{ 1 d‘
Nighs! v;ﬂmamqmaauluum Loss tAATUTLUINNAADUAUNNUTENBUN 19.

5.4.3 gaausataulanianiues
HANITNAFBULSHASANIUTENING Tight Buffer Audanviaviuiazisanaseningane

o = Y A

Augunsalduianniiegimaasuniuinaeilaifia Loss vindu Jadugavinenineliin High
A = ! ¥ v ) d‘ v 1 o Aa v ! Y v
Loss Fieaaigeusaidulouiniaimunindsznaun 20. Yaunndnenaurinidenewdag SDP 9
Loop @eiie Service Tunenas wanauldaiuasa nnw. v Loop @18 2191innsau (Weak
Point) 9 nusenusedn o adigagaeusalAuiegly Loop lidassuuseissedn
- v Y o = v A A D o | Y a wa @ =
ogeudaidulowiuasiidademinerteaatelade Wy guiuRnuvainued

Y r-ﬂ' . . o A T PN v
AMNDY LATBY Fusion Spllce ﬂmﬂqwmqﬁﬁallmiﬂqi Art Test aNUTLYLLIRNLNRUNE AL ?!WV]’]SJ

e

'
a

1%

AuNNYnaUnsal OFTK Nldatuisantunuls laslanizaAanIn Protection Sleeve 71y

ITOUANANAIAT Trozia1lunIToULALIAVaRLLaIYEY EVA (Ethylene Vinyl Acetate)

Tension Strength Member
100 mm o Stainless Steel Rod
- 60 mm — e
| A Inner Tube Ethylene
+_—""Viny Acetate (EVA)
Clading Core
A e |
—INylen-6 or FRPE‘

- .
Splice Point Ay

Nylon-& or FRPE

Sheath ,
|

Heal-er\nk Tube

% — — -
3
N

Tight Buffer Tube

Outer Shrink Tube
Polyolefin

AwUsENaUN 20. YAL¥eNRBTENINgENY Fiber Drop Cable fuanguaayagunsal OFTK
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@18 Armoured Round Type auiuvial FRPE dlfuntinnguga ane N-MA for FTTx
U Nylon-6 fifnauudslifinnuBangu arnauiuinanss AldTaquansiaiu ot
\Weusouariusievionaddiuuuiinig® (Heat-shrink Tube) n1anneluvievndsuasiag EVA
Y84 Protection Sleeve AaandflunsiainizliunnasedslitosgdAgyaudwalviia High
Loss viselal maaey “useis-usedn” vieveadduuuiinmivauiuiuiiunneiisiy

thanes fewiuiumiloutazuansdunndouse wonifugaifeudesiuans
Protection Sleeve LiigaEN9ifeI0819a¢ 3 AIBE9 kawyil Protection Sleeve mumevianag

ALUUINIIDN 3 A1 NAADULITIAINIUAINUTENDUN 21. NANISNAADUANUAITIN 3.

AWUsENBUN 21. nAdey “UseRe” aeausaidulaniiuas

M19197 3. wSIRNPALTRURBTENINEIY N-MA for FTTx fluangvegnaunsal OFTK

splice Protection Sleeve Inner Optic Protection Sleeve
Sample Covered with Black Heat Shrink Tube Remark
Nylon-FRPE | Nylon-Nylon | FRPE-FRPE | Nylon-FRPE | Nylon-Nylon | FRPE-FRPE
1 79.00 88.00 85.00 78.20 223.80 109.00
2 89.00 78.40 82.40 99.70 224.00 107.00
3 85.20 85.20 84.40 113.20 220.00 111.10
a - **%¥67.00 - - - -
Aver. 84.40 83.87 83.93 97.03 222.60 109.03
Unit Newton

*** Gragredraasaaunsaindadeuseldiyuihgulnduda

U yiaunpdmuuuiinninigluniazararaileinnuieu 1wy suseuvseauldl 9ns1masa (Shrink Raito) 3:1

dugeuiisuiaringeinwaunsallnsauuag (1333
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IALTOUABYIILANIE Protection Sleeve SukTeAIwUUTINAIEINIEnaNlIUANA1SIY

Wy 84 N (8.56 Kgf.) naaaiiudiieg199nitaumanuauiusening Nylon-6 fiu Nylon-6 1487

1
o

YU11gU Protection Sleeve Tlufo819530157 nan1smadeuAILsRtanaseg1nutoes

9

[y

A

2

VAR ULIIRIgAL¥aURan1elu Protection Sleeve vy Tight Buffer nowyiuvianun
AIVIBNAGAILUUINTT HANIINAABUALYBNADTENINY Nylon-6 iU FRPE wagsening FRPE
iU FRPE 1N1#Ngy UAYAL0eusasendng Nylon-6 fiu Nylon-6 189011015199 3.

NAFaULSIUARILANNZATRNLTaNABTENINY Nylon-6 U FRPE (Rawiiausaildanu

a a = ! YA ! a < a a
339) Ungaitousiasverldiiadurine 300 mm JanmuuasmiuduuRnaugandes (R 5-6 5av)
YaurnegeuloudyaInuas Kan1INAaBuLAAeT Loss 39 uusadngn Loss 11 §i1 34dB 1ile

ingenulunendeutasdunsdulouiiiuadiynindunsunngaunindseneun 22.

awusEnaun 22. Ingaitousoseningane wulounitigadeneignsiduassing

deudaldulouinuamINInIgIUANUa8ue4 Protection Sleeve eyuUany

& v ¢ A A < o ' Y & a ¢ a
AU 2 AU AUTTAIALTIDLINANNLTUTATRNAD  JaLNaTeRunYAUnsal OFTK i
naneAmnIn JUHUR(U1eITN) viavinwrlunisnsAgungiuagsyegliateu Protection
Sleeve annusetiely 813Linlnss@1NAN Protection Sleeve s¥ninTsauIUvMaNfy Tight
Buffer mua nUsenauil 23. Han1imageulsilnyaidousatsaideniegedia 60 % vo9

meagranageulueslf U1 (6 370 10 fee9)

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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Protection Sleeve (60 mm.) Heat Sink Tube (100 mm.)

(OFTK Kit)/ /

75
|4

// X

Tight Buffer

\
Non-Metallic Armoured for FTTx

nNAlwssaN N

AwUsEnaul 23. IaLleusasEningane N-MA for FTTx fiuane OFTK Kit dlwsianie

lngaguaalausioats N-MA for FTTx ae¥ngunsal OFTK m1uu1nsgIuLay Wa

NSNAFDUAIUITOTRISULTIRaLUInSalamunaeing “ldaiunsasassunselnla”

5.5 Anwnssudsiwensaiduleniitiuassasiuussnauazuselngaivousa

5.5.1 Yyvnaadeudaiduloudaiuasdaeyagunsal OFTK
L'%iyL%Wﬁﬁ?ﬁéﬁ&l’ﬂj’]mﬁLﬁﬂ’;%ﬁ]ﬂﬁﬂﬂﬁuﬁﬁ’]ﬁiyj’mgﬁ (Uuu.1.4) ﬁuﬁﬁnuﬁwﬁ
(Uuw.2.4) 3Mn531n153970 XOT wazdiu n3v. (19101) saudasizinwuaniawntatdgmnn
wieunnanadeusiaats N-MA for FTTx (adaian) fmeyngunsal OFTK luviesufoAnisdmu
3 9819 ﬁiﬂaaqamé’lﬂﬂé’mumﬁauﬁﬁﬂuaumG‘hmeﬁ SDP (lai Loop @18) 473U 5 #aae
wmaaqﬁqLLazﬂmﬁ;m%ammLﬁuTaLLf’f’JﬁWLLm (Uoudy g ulainanan1snaaau)
magelurieslfuRnIsiin High Loss 2 690819 (310 3 M18E19) 08 19MARUAIAANILLAR

High Loss 2 #8813 (310 5 f1ag19) ajusiumeg1elidniunne 4 dieg19 (310 8 f1ee9) Ain

Ju 50 % Amnudemegaiiouseiininussdn

mwﬂiunaw 24, mﬁumﬁmmammmma N-MA for FTTx ﬂ‘UE]‘Uﬂ’im OFTK g @U1191899

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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Payaninaunandymaniieusasenineang Armoured Round Type fua8ve9
yngUnsal OFTK lisessunsadngnadne viesiiuiiganinssuaauiunsiviogaiiouseliagly

Loop taatleym High Loss 1indu (uwseda) HUuRnuwidgmiiinauwiusigaiiousesas

aa

5 ﬁ:lliﬂﬁ?ﬁlﬁ WWU?ULL?\‘I@QI‘UW@%@&@WLL‘U‘UlIﬂ'YNHLLWuQ"i]G]L%@m@LﬂMISLLﬂ’JUWLLﬁQ@’]N

o w

awdsznaudt 25. wansldemanuisnanilym High Loss Tdegnafutardday

¥

AMnUsEnauN 25. iy

q

SaanpaznusunsRsluvievadange %amamﬂwmmuaﬂ

A0ARdRITUALUEENIINIAINIELTLIVIYIINTTIU XDT wugthwInawideym
ydounaiduloudniuasdinuainniulanssunse Wistiuai1uudusiway Protection
Sleeve As¥iNLaNT Tight Buffer LiAI59NauIuYeIany Lugna OD 581iNauIuYedaeny

Tight Buffer fianuusnsingduunn nsdlgufuifnusuauseulivinzau? o1afinlnsseinie

Y

9n¥an EVA waeuasatedudnliihuiium

Protection Sleeve OFTK Heat Sink Tube (100
(ID 4.0-4.2 mm L 60 mm) Non-Metallic Armoured for FTTx eREIIe iy e( mem)

OFTK
Tlght Buffer

_—z—#

Heat Sink Tube (100 mm)

ﬁﬁ—_

Protection Sleeve OFTK Non Metallic Armoured for FTTx

OFTK  (ID 4.0-4.2 mm L 60 mm) | | T'Eh‘ Buffer |

Approx 40 mm
= I 60 mm L
“ I 100 mm 1 “

AWUsENBUN 26. ALTBNRBNINSFIUANUATY Protection Sleeve MuUa1EaUIUg 2 9N

2 audeunazszuziantuniseunsmlusunsulafivaies Fusion Splice

ahuaauLﬁEJULLaxﬁ’]qq%’ﬂmqﬂmm‘lmmmm (m33.) https:.//www.tottcal.com
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noufinuifeyngunsal OFTK §u @18 Armoured Round Type iausiofasie
Pre-Heat Shrinkable Tube [5] &l 2 AmE1IAD 220 mm wag 270 mm funiudendedule
uithuasszezilaanse1a 1184910 Pre-Heat Shrinkable Tube sonuuUNNdIM§Ua1Y OFC
Flat Type lassafradulouiihuaiiogiudenlnonsaduloufniuadiinisedous u
a8 Armoured Round Type Tassad19nay Tight Buffer uenanawiuedoudalaidntes e
\Jousiasne Pre-Heat Shrinkable Tube THauluszazinamilaufn “usafs-usman” vsnaga
Fouserdulouiiuandumglidlouidigademe

Ynaunsal OFTK LLﬁjﬂigmLU?{EJumw Protection Sleeve ID (Inner Diameter) 4.0-
4.2 mm 817 60 mm (JUN195514 1D 3.0 mm 817 45 mm) @UNTAFIUITVAUIUVRIAY
Armoured Round Type 4u1¢ OD 3.5 mm létasliszeziliaansdu funeusiy Protection
Sleeve agviuqainsaiduloniniuas i Tight Buffer wagviudangauiuvesanss Whluda
agUszana 10 mm aunwdszneud 26.

Protection Sleeve JuinAsg1uiildsulassinedulouituas 1D 3.0 mm g12 45

mm wesunliugaeusayn KIT OFTK ID 4.0-4.2 mm &13 60 mm AI8LNANARBINITIEYL

9 9

=]

Dnanedu Lwi:u{]ﬁymmié?amﬁaaaumm%fau (Heating Chamber) 204LA304 Fusion Splice
MIUNT FA38I Fusion Splice @aun1n Protection Sleeve ¥u1a 1D 3.0 mm 8717 45 mm 3
IUiLmﬁuaumm%fausummmgmm%"m°1 Wi Protection Sleeve 3u1@ ID 4.0-4.2 mm 817 60
mm FosalusunsaundouLanty (A3es Fusion Splice Uadvoilusunsuouil) fuioa

(navinw) Taluswnsuauausaulinsmuvune Protection Sleeve

- B :
ANUsENRUN 27. AN Protection Sleeve WagmsaitauaUTouiiNaiugaTeNsie

971 OD ¥1I9QUIUVDIANYY (3.3-3.5 mm) AU Tight Buffer (0.9 mm) Lanaaiu
fl4 2.4-2.6 mm n3dleU Protection Sleeve Muguniuazsrazaliivunzanvdonaunn
Protection Sleeve flsllsnasgiununinlszneud 27. eraLinlnsaeinimanas EVA aes
avanedudaliduiiud qaifeudesewinsansans N-MA for FTTx fugunsal OFTK #ilsl Loop

aefiausele dulonmtnaeiainlssinagaieuiainseesfiilewniin High Loss Tu

ahuaauLﬁEmLLa3ﬁw§q%’ﬂmqﬂﬂm‘1mﬂumﬂu (m33.) https:.//www.tottcal.com
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5.5.2 ufitgyvaadeudaiduloudaiuasdaenisatnanulans
antlymussingadouderdulouituas andamnlnssernimainiag EVA viaou
avaneduBaliduiing Jeyanndufiinuihasasmuiuussisaeniluevadduuuiinn
(100 mm) Freifinauudusavesgaidoudeliosisd asnadosfudiuuzinainiains
Admnganlssnu XOT° uugthunmanidgmaadouseidulouituasnenisauain
lang (Stainless Steel Rod) OD 1.2 mm 813 200 mm luvianada1uuuiiniens 220 mm a1y
aUsznauil 28. Tudauwes Protection Sleeve lsivfaawy Tight Buffer limsviuauiuves
ae uieaniymilnssenianielu Protection Sleeve nsdlaushegamniiliivanzan
naaesUFuIUAguINLY Protection Sleeve VUIAUINTFIU ID 3.0 mm 817 45 mm
sea¥ulUsUNTUEUAINSBUIATIUYDNATEY Fusion Splice Lil8991n ID Protection Sleeve
3.0 mm llanunsnauiuauiuresans N-MA for FTTx (OD 3.3-35 mm) I§ nsideudedule
withuaesnein3a Fusion Splice snududpalinuaneaasuladuniaennindndu
fumeuiensoduloutuaniunnilinauiuas 1 duladunieenlssana
100 mm Yaeans® 8nanulaauiug1iuszuiad 50-70 mm mﬂﬁ?uﬁﬂ Protection Sleeve 11
auilaiUnauiuas snuazauvienadiuuuiinn 1D 7.0-9.5 mm 817 220 mm LiessiaLdy
TouAtuassieades Fusion Splice mm%umauﬂﬂa ﬁﬂﬂ‘ﬂ?m?i'au Protection Sleeve u1&734
WiTeusauareunmIouferetsuAuTouTetiATa Fusion Splice (Protection Sleeve ¥l

|NgAERNsBIay Tight Buffer) munmysznaui 28.

. Heat Sink Tube (220 mm)
Protection Sleeve Tight Buffer
OFTK (ID 3.0 mm L 45 mm) & Non-Metallic Armoured for FTTx /

Approx 100 mm " 50-70mm Stainless Steel Rod
(OD 1.2 mm L 2000 mm)

Tieht Buffer Protection Sleeve .
Heat Sink Tube (220 mm) & (ID 3.0 mm L45 mm) Non-Metallic Armoured for FTTx

I Approx 150 — 170 mm !

MWUsENaUN 28. LwIneliuussgaensiaany N-MA for FTTx fugunsal OFTK

nasousawdulawiItLasagiy Protection Sleeve Yatausauas Tight Buffer
wanasamunmUszneui 29.(1) thataanulang OD 1.2 mm 812 200 mm 2NANINANTTEE

WaauuluuAuKud Tight Buffer l@auvianadaiuuuiin1ie13 220 mm unguainaiulans

* T5991u XDT atuayuiduainlave OD 1.2 mm 813 200 mm wagvienadaend 220 mm lunisfinuifensadl

a"auaamﬁauLLazﬁ’]qq%’ﬂmqﬂmzﬁmﬂmmm (m33.) https:.//www.tottcal.com
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munmUsznaun 29.2) aaeaullaaiuiouainfnandlusulasunilaiielaeinielali
Wnlnssaniady lagadeudeidulouiiiiuasseninaie N-MA for FTTx duategagunsal

OFTK finnulavigvieviusigvionadnwuuinninunimyusenaui 29.03)

e W

(3

AwUsEnaun 29. Tussunuannulaelurienadmduiqaeuseidulewiiiiueg

ndanneasadenderduloniiinaiszninats N-MA for FTTx fuaneveayn
gunsal OFTK e Protection Sleeve 4119 ID 3.0 mm 813 45 mm AuaIAlanges OD 1.2
mm 877 200 mm YRaLdeuseuararnalanetunfevienauuUiin AR 1D 7.0-9.5 mm
617 220 mm Ifwaidufiimela iloveasuussisnazusstndenderdulonitinassieds

AINENTINIY 10 Mpg1e thumegeuusafawssln (Meile) Han1snaaeunNAIBg 1KLL

[
= L2

A vualidfan Loss 1AnTu dyqauaildsumaduiuat 0.01-0.12dB Weilussda ualile
Uaoousslaai Loss nautdnlng 0dB
guassAtuneuiiienadduuuinn nsauaulviaiamulansegsiuninnans

NOAADUYINEIN VNA2981981AANULa YL INEDDNUNNYUDNYIBVAKUULINTD

AwUsznaun 30. fegrainmulndesniannviedmsunaaauuInsgIy IPx7

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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maUftRmiluausigadouseriuvevedduvuiinnudaanulanslndesnsn
uanfieva anaisuenilonadifudilunelugadoudeduloufniuamdold 21n
AawTAves Protection Sleeve ansnsndastuigaieudeiduloudiuadd anlasiadng
994 Tight Buffer %uiuﬁaﬁué’w UV Acrylic %’uuaﬂisﬁj%ﬂ Nylon, PVC (Polyvinyl Chloride),
PU (Polyurethane) 38 PE (Polyethylene) as;hﬂmashwﬁﬁqﬁﬂmauﬁ’aﬂaqﬁ’uﬁmazm'm%u
(isos¥umisliauaniisudinszesnaiuiu 9) wasiumisaidousoduloufiuauaiu

NA1989INARNLARLDRINIOUINY  WADIYATRNABLTUINABALIAT WU agluiuriaiuan

(%
o

o1ensiithiugts thinmeuenagluadnluadsanuidemeadensodulonfthuamsll
Nnternaiiusisusoigadensodulouiniuasmunmusznouil 30. 19

armenslavgluaarnienadsii 2 419 3 free uazinegsfiannaalilug 3 dreehs il

MARBUAINLIATEIY IP-XT WFtindn 1 Wn (030 m) 13an 15 uadl (IEC-60529 uvi <1

. A ) I Ao ! AN Y W e o |
m $e8LL3a1 <30 min) LN@N’]@Jﬂ'\EJIUG]']@EI’NV]@Ja'ﬂ@@qlﬂ;maaaﬂuq llu’]ﬁ')?ﬁﬁqﬂmi]@ﬁ]'mﬂ@ﬁ@l]

' [
U = Y a

shegsitmmmuliiluaynsogmaaeulithitfdy fudunsiediainsliananilanslng
PanUUBNYIENAGAILUUINTY

Tngasuitmadousaiduloniniuaissnineats N-MA for FTTx Auangvesyn
guUnsal OFTK viuqailiesisiosne Protection Sleeve 4119 ID 3.0 mm ©12 45 mm ANNAINAY
laig OD 1.2 mm 817 200 mm Yumevenadaiuuiin1l ID 7.0-9.5 mm 813 220 mm Jasiu

n154Aim High Loss 9aLiiausials wedasdami Protection Sleeve daniianadarnuuiinia

uaralnaulansiiiuaInyagunsal OFTK i NT dpdiauiuad edaudeiuadnusjaiansuas

nguszasnvanslasimsanwdTeaseiinszsylunisufifudaesdidunuei

5.5.3 Uszenaiyagunsal OFTK uudtgymyadausaidulaudiavues

9 9 v

Uszidumauanlasuunldvanadsiuuiiniient 220 mm (OFTK £12 100 mm)

aglumuiigainaiulazes 200 mm ldanevesyngunsal OFTK win JgymiAe usEw NT

[
v A 1

dngayngunsal OFTK drseslundaudidnuiuainlsusmsdunindluadaianegials nswan

q
(% '
1

#uninlagiu (Wnsiau 2568) Tursusendmieyagunsal OFTK dvienadsmuuuiiniignd 150

mm Fsdnwanudululdlunisihyagunsal OFTK fidadauiuda (ianawuuiinia 100

uaz 150 mm) suszendldau dandaglnddanaunualaniulansazlanialii

a"auaauLﬁEmLLazﬁwqﬁﬂmqﬂmaﬁmﬂmmm (m33.) https:.//www.tottcal.com
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1D/4!0-42mm

L 60)mm),

AnUsznauil 31. Yaaunsal OFTK vienedauuuin1iend 100 wag 150 mm

Yngunsal OFTK mudanivum OES-004-056-06 Aegaiussygunsainsouldeu
U313 FTTx 1 Port aun1wuseneudi 31. Usznausie
1) @18 Fiber Patch Cord 811 > 3 m w@uleunauias Tight Buffer OD 0.9 mm
Uanevi 2 dudl Connectors wuu SC/APC (Ferrule Zirconia Ceramic)

2) Protection Sleeve 4u1@ ID 4.0-4.2 mm 817 60 mm MUY 3 Fu

1
=1

3) MeUAEALUUINT ID 7.0-9.5 mm 8717 100 mm 3 U (U19NUNRIAT88717 150 mm)

4) Cable Tie 371U >4 Fu

dndyagunsal OFTK wdeusiaaney N-MA for FTTx lngussynadvedlnaiuwagly

¥
Yo a

yngunnl OFTK AidndesnudliAnusslomigaan annsnussgndidesiuldd

1) (OFTK Kit) @ Fiber Patch Cord 817 > 3 m

2)  (OFTK Kit) Protection Sleeve enlguu1a 1D 3.0 mm 817 45 mm soslnauiu
Ya3ag 81 a1Useyndientd Protection Sleeve ID 4.0-4.2 mm 813 60 mm
(ynguUnsal OFTK) viuanideuselsi Protection Sleeve Wialawne Tight Buffer
Wity szesdnauiuresais Indifesnnsgudeudedegunsal OFTK i

3)  (OFTK Kit) viovadsuuudinm g72 100 mm (uisituiiens 150 mm)

4)  (Awanee) aanulans altaNedgnIusULIIRYedaIe Fiber Drop Cable 11

AuYALTENsBITRNNALIUAIAANLlay OD 1.2 mm axlaviseld

dugeuiisuiaringesnwaunsallnsauuag (nigg.) https://www.tottcal.com
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Protection Sleeve ID 4.0-4.2 mm L 60 mm

(OFTK Kit)
OFTK

AN

Heat Sink Tube (Approx X-3 mm.)

Tight Buffer /

N
_— L

Heat Sink Tube (Approx 3 mm.)

Stainless Steel Rod or Messenger Wire
0D 1.2 mm. L = (X-3) -20 mm

Non-Metallic Armoured for FTTx

—=

OFTK Non-Metallic Armoured for FTTx

60 mm

f ] -

I Approx 70 mm L
Protection Sleeve ID 4.0-4.2 mm L 60 mm

| Approx X - 3mm | (OFTK Kit)

awusEnaun 32. Ussenduiyagunsal OFTK udeuseansuuulngniousoduy

naaesliyngunial OFTK 7l U3t NT dtouudathundeusteans N-MA for FTTx
wudnszeratedy U¥uidsunsaudBeu Protection Sleeve wamwng Tight Buffer (laiffuauau
apdn) duneudeuseidulouitinatanunsnidou Protection Sleeve ID 4.0-4.2 mm @y
Auauanes N-MA for FTTx Idviliszezida Tight Buffer du (OD aw 3.5 mm)

yagUnsal OFTK flanunsavhunldaulsiasde 1) ane Fiber Patch Cord 8713 3 m
2) Protection Sleeve 9119 ID 4.0-4.2 mm 13 60 mm Wag 3) ienadn1uuuiingg ID 7.0-9.5
MM €77 100 mm VIsiiuiidatiosa 150 mm uay Cable Tie nyagunsal OFTK

fifosdamifiuAeanniulans Stainless Steel Rod OD 1.2 mm @sfiHusnfiudivh
AuaENIUTULIIRITaIaTe Fiber Drop Cable lassa$1e Fig “8” wuUseyndldeanu anmusy
wsefedl 2 gUnuvAadumalanzduieands (1x 1.2 mm) uaziduainfinded (0.4 X 7) OD 1.2

mm naunulivsell deslenauiuindasenvseld

A

J 6 1

mMwusznaui 33. Ussenddyngunsal OFTK uazanniunveuseuuuilniniseusedy

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com
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naaewiugaLdouseidulouituasheievadsuuuiinamaiseuen Lasen
ionAdnuuuinIg ID 7.0-9.5 mm A211817 100 150 180 200 mm LwSuuaInaIulanzain
uanSuusIieuesans Fiber Drop Cable wuuLdwies wuufindeiuag Stainless Steel Rod
wazgngUnsal OFTK LﬁamaaaL%auﬁiaLé’uiaLLﬁ”JﬁﬂLLaQLLUULTJmm%awiaéu’u UINANITNAB DI

Uszgnaldyngunsal OFTK nilluadsanunldan

AwUsznaun 34. Ussendingngunsal OFTK wazgunsalndundeusowuuiUngaiiousadu

naaesszegmihyngunsal OFTK wanideuseans N-MA for FTTx uuuilnssezans
&u % Protection Sleeve 1avnz Tight Buffer funaunIoudiaganaztunouufifud
easSen
LIUAIDE AU
1) wissuvlonadsuuuiin @il 1) 812 100 150 180 200 mm
2) WIPUAINAINAINAIWALNIUTULTIAIY83a18 Fiber Drop Cable EuaInLien
uaztduaInfnde) (Vanuazlivanauiu) am Stainless Steel Rod aInAINULS

ALLEULTI X=20 mm (X = ANUEMVIBNAAALUULNT?)

dugeuiisuiaringeinwaunsallnsauuag (1333 https://www.tottcal.com



https://www.tottcal.com/

32

3) davienadnuuuiiniy (Fuil 2) e1auszua 3-5 mm (@wsuiionainni) 61
AufURuiiaud g lidnduseanseudeil

4) wisuyang N-MA for FTTx waganevasyngunsal OFTK

Fumeunafousan

1) aavievadsauuuiin1nvia 2 U uaz Protection Sleeve fuauIuYeIAE F1u
Tagunils

2) Weauiuruany N-MA for FTTx wagaievasyngunsal OFTK 813Usedad 50
mm 9ntudanawiuuduloudatiuas (Tight Buffer) eanuszanal 25 mm
AU MUTZNOUN 34.(1)

3) 1Wenseidulourniinasselades Fusion Splicer % Protection Sleeve Lame
Tight Buffer (lilviuawiuvesany) fupoutnfinnunmdszneud 34.2)

4) haeaasnuUiuLugaideude Houtonadu (Fuil 2) uuinaamuite
fenliammnuegluiumisiidosnismunmuszneud 34.4) feufoRnud
mudunglisndudeunioudod

5) \dewienedduuuiinnuiagugaidousouazalnnuniouauaufouniu
awseneud 34.(a)

e nsdlifuviovedy Guil 2) fumenu Sunoudourionasy Yol

U ] a o IS qy d'
anaUlNaNUIeNAFA1LUUTINTY (FUN 1) eRANINIYUDN

wigumegunaaeuvievadduuuiinniudazaue aanauldiduainifelven
awuuarlivesnawiu duaedindgienauiunaglivanauiy aianiu Stainless Steel Rod
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Research Study
Addressing Issues with Non-Metallic Armoured Optic Drop Wire for FTTx

Signal Loss in the System After Installation

1. Background and Problem Statement

The Metropolitan Electricity Authority (MEA) published a royal gazette regarding MEA
regulations on the guidelines for installing communication cables on electricity poles
(June 28, 2023). The regulations define "communication cables" as cables used for
telecommunications or broadcasting, including main communication cables (OFC:
Optical Fiber Cable) and distribution cables. "Main communication cables" refer to the
primary cables of the network with an outer diameter (OD) of less than 18.0 millimeters
(mm), and "distribution cables" (Drop Wire) refer to cables branching from the main
communication cables to deliver signals to end users, with an OD of less than 7.0 mm.

All communication cables must not contain any metallic components.

According to MEA regulations, the installation of communication cables with metallic
components on MEA poles is prohibited. This affects National Telecommunications
Public Company Limited (NT), particularly the Optical Distribution Network (ODN) for
FTTx (Fiber to the x) services. The Fiber Drop Cable (FDC) or Last Mile uses OFC Round

Type cables with a metal wire tension-bearing structure [1].

To comply with MEA regulations, the Testing and Calibration Service Division under the
Research and Development Department (formerly) and related departments
collaborated to research and design a self-supporting, non-metallic, animal-resistant
optical fiber drop cable under the name Non-Metallic Armoured for FTTx (Non-Metallic
Armoured Optical Fiber Cable Drop Cable (Non-Metallic Armoured Optic Drop Wire for
FTTx (Round Type) 1-2 F)) [2], following ITU-T G.657(A2/B2) standards [3], in compliance
with MEA regulations.



After laboratory and field testing in MEA areas totaling 100,000 meters (m) and Provincial
Electricity Authority (PEA) areas totaling 22,000 m (April 2020), the test results met the
set targets. NT then issued specifications [2] and procured 1,600,000 meters of Non-
Metallic Armoured for FTTx cables with a budget of 13,000,000 baht. NT also designed a
straight-line drop wire clamp (Drop Wire Clamp for Non-Metallic Armoured Round Type)
[4] or N-MA Clamp, which is NT's intellectual property, to support the Non-Metallic

Armoured for FTTx cables.

The ODN network for FTTx services uses Non-Metallic Armoured for FTTx (N-MA for FTTx)
cables to connect between terminal closures or SDP/ODP (Splitter Distribution Point)
cabinets, installed outside buildings, and ONU (Optical Network Unit) equipment
installed inside buildings. Both ends of the N-MA for FTTx cables are connected to the
Optical Fiber Termination Kit (OFTK) [5] outside the building at the SDP/ODP cabinet (left
side of Figure 1) and inside the building at the ONU equipment (right side of Figure 1).

Figure 1. OFTK cables connected at the SDP/ODP cabinet and ONU equipment

After the installation of N-MA for FTTx cables, some areas reported high signal loss (High
Loss), requiring maintenance. In some cases, the problem repeated, and the area had to
temporarily replace with former animal-resistant cables. Upon receiving these reports,
the procurement, standards, and testing divisions collected data to analyze and find a
permanent solution to the High Loss issues after the installation of N-MA for FTTx

cables.



2. Objectives of the Research Study

The objective of this research study is to address the issue of high signal loss (High Loss)
in N-MA for FTTx cables after installation. The study will begin by surveying and
collecting data to identify the causes of the issues, such as whether the problems stem
from the N-MA for FTTx cable structure, the clamps, or the connection points. The data
will then be analyzed to determine the causes and find solutions that are convenient,

do not hinder existing operations, have low costs, and do not infringe on intellectual

property.

3. Research Methodology

1) Survey and collect data on the issues with the 1,600,000 meters of N-MA
for FTTx cables procured, focusing on areas experiencing High Loss after
installation.

2) Summarize the data collected from the survey on the use of N-MA for
FTTx cables.

3) Test prototype N-MA for FTTx cables (if available) or newly designed
equipment or methods (if any) in the laboratory.

4) Conduct field tests on prototype N-MA for FTTx cables (if available) or
newly designed equipment or methods (if any).

5) Summarize the results and prepare a research report for management to
consider as a standard for National Telecommunications Public Company

Limited.

4. Benefits for National Telecommunications Public Company Limited
1) Resolve the issue of High Loss in the 1,600,000 meters of N-MA for FTTx
cables procured with a budget of 13,000,000 baht after installation.
2) Provide a research report on resolving High Loss issues in N-MA for FTTx
cables after installation as organizational knowledge.

3) Design Fiber Drop Cables or equipment to address High Loss issues (if any).



4) Enhance the organization's image as an innovative entity capable of designing
products to adapt to technological changes and/or regulatory standards set

by government agencies.

5. Field Issues and Related Theories

In the early stages of providing FTTx services, TOT Public Company Limited (at that
time) used OFC Flat Type Fiber Drop Cables. After some time, areas with long cable
runs and coastal areas with strong tidal currents began reporting issues with damaged
optical fibers. The stakeholders consulted with experts from Japan, who advised that
OFC Flat Type Fiber Drop Cables are designed for short-distance installations and are
not suitable for TOT's long cable runs of up to 300 meters (maximum installation

standard).

Following the issues with OFC Flat Type cables, TOT designed a "Fig-8" structured Fiber
Drop Cable and procured Optical Fiber Drop Cable (Round Type) (Optic Drop Wire for
FTTx (Round Type (1-2 F)) or OFC Round Type cables, both standard and animal-
resistant versions, to support long-distance runs and reduce issues caused by wind

forces.

The animal-resistant OFC Round Type cables (Spiral Steel Pipe) are made from SUS-304
grade stainless steel, fully encasing the optical fibers. The suspension unit is made from
a single 1*1.2 mm wire, and the sheath is made from ERPE (Flame Retardant
Polyethylene). The "Armoured Optical Fiber Drop Cable (Armoured Round Type)
(Armoured Optic Drop Wire for FTTx (Round Type))" is shown in Figure 2, which is the
result of research by the Testing and Calibration Service Division and related
departments. The OFTK equipment for connecting both ends of the OFC Round Type

cables is shown in Figure 3.
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Figure 3. OFC Round Type cable connected to OFTK equipment

After MEA announced the prohibition of installing communication cables with metallic
structures on MEA poles, the Provincial Electricity Authority (PEA) followed suit.
Therefore, standard OFC Round Type cables with metal suspension wires and Armoured
Round Type cables with metal suspension and animal-resistant armor violate MEA and

PEA regulations.

To comply with MEA and PEA regulations, NT researched and designed a non-metallic,
animal-resistant optical fiber drop cable named Non-Metallic Armoured Optical Fiber
Cable Drop Cable (Non-Metallic Armoured Optic Drop Wire for FTTx (Round Type) 1-2 F)
or N-MA for FTTx [2]. The round structure provides some level of animal resistance, as
shown in Figure 4. NT also designed the N-MA Clamp [4] to support the round cable

structure, as shown in Figure 5.
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Figure 5. Straight-line N-MA Clamp made from Nylon-6 and ABS

In 2024, NT procured 1,600,000 meters of non-metallic, animal-resistant N-MA for FTTx
cables with a budget of 13,000,000 baht. After some areas began using the N-MA for
FTTx cables, they reported High Loss issues with the FTTx ports using these cables.
Upon receiving complaints from FTTx users, the maintenance team used an OTDR
(Optical Time Domain Reflectometer) to measure the signal and found High Loss at the
connection points between the N-MA for FTTx cables and the OFTK equipment at the
SDP cabinets installed on electricity poles outside buildings. After reconnecting the
problematic points, the issues reoccurred in about 60% of cases after approximately
two weeks. The maintenance team temporarily replaced the cables with the former
Armoured Round Type cables and suspended the use of N-MA for FTTx cables, notifying

the procurement division of the issues.

During the research and design of the N-MA for FTTx cables, the connection points
between the N-MA for FTTx cables and the OFTK equipment were in a loop. However,
when installing the N-MA for FTTx cables, MEA and PEA prohibited looping the cables at
the SDP cabinets outside buildings, where High Loss issues occurred. In contrast, the
connection points at the ONU equipment inside buildings, which were in a loop, did not

experience High Loss issues.



5.1 Signal Attenuation or Optical Loss

Signal attenuation in optical fibers, compared to other communication media, is
superior in terms of distance and signal capacity. Optical fibers have low signal
attenuation per unit distance, measured in decibels (dB), and can be calculated using

equation (1):

P
Signal Attenuation 1()10g;’ (1)

o

The main causes of optical loss in fibers are:
1) Absorption loss

2) Scattering loss
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Figure 6. Optical signal loss (Loss) in an optical fiber network

1) Absorption Losses: These are the losses of optical signals due to the absorption of
light by the materials used in the construction of optical fibers. These losses depend on
the chemical composition of the materials and the fabrication process of optical fibers.
When optical signals are transmitted through the fibers, the light energy disperses, and
some of it is converted into heat within the fiber. This results in the loss of light energy
due to absorption. The factors causing absorption losses can be divided into two main

cases:



e Intrinsic Absorption: This refers to the absorption of light by the pure materials
used to make optical fibers. For example, pure silica glass, which is commonly
used in optical fibers, absorbs light, particularly ultraviolet light at a wavelength
of 0.1 um and infrared light at a wavelength of 10 um

e Extrinsic Absorption: This refers to the absorption of light due to impurities
present in the optical fibers. These impurities, often metal ions, are introduced
during the melting process of fiber. Even a small concentration of these
impurities, such as 1 ppb (parts per billion), can significantly attenuate the light

signal. This type of loss can be minimized by using highly pure raw materials.

2) Scattering Losses: These are losses of light caused by the scattering of light as it
travels through the optical fiber. When light is scattered, it causes the light traveling
within the fiber to change modes. This mode change results in the light beam spreading

out from the core to outside the core.

Scattering losses can be divided into two types: Rayleigh Scattering and Mie Scattering.
Both types are caused by imperfections in the physical characteristics of the optical
fiber due to manufacturing processes. Current technology cannot completely eliminate

these issues. The details of these scattering losses are as follows:

e Rayleigh Scattering: This occurs when light traveling through the fiber
encounters particles that are similar in size to the wavelength of the light. This
causes the light to scatter in various directions. Impuirities in the glass, introduced
during the manufacturing process, contribute to this effect. The fiber is heated to
around 2,000°C to melt the glass preform, which is then rapidly cooled to 20°C.
This rapid cooling process creates density variations in the glass, leading to the
formation of small particles. Rayleigh scattering losses are inversely proportional

to the wavelength of the light, as shown in equation (2).
1
Rayleigh Scattering Loss = Yo (2)
The light loss due to Rayleigh scattering is approximately 0.3 dBkm™' at a wavelength
of 1300 nm and 0.18 dB/km at a wavelength of 1550 nm, following the equation.



Mie Scattering

Mie Scattering, also known as Uniformity Loss, occurs due to irregularities in the
structural uniformity of the optical fiber. These imperfections create micro-
fluctuations in the refractive index between the core and cladding, leading to
increased light scattering within the fiber. The degree of scattering depends on the
wavelength of light and the irregularity pattern along the fiber’s axis, resulting in

energy loss due to the scattered light escaping. The scattering loss is proportional to

the wavelength and is given by the equation:
Mie Scattering Loss = — (3)

Bending Loss

Bending loss in optical fiber is categorized into Micro Bend and Macro Bend.

Micro Bend occurs due to small-scale, localized bends along the fiber caused by
external pressure or mechanical stress. These microscopic bends alter the refractive
index, causing light leakage and resulting in signal loss. Variations in fiber coating
thickness or structural inconsistencies also contribute to this loss.

The diagram below illustrates how light propagates when the fiber is bent.

G.657.A2/B2
G.657.B3

7.51
= 5

Figure 7. Light Propagation in a Bent Optical Fiber

Macro Bend refers to larger bends in the optical fiber that exceed a critical radius.

This phenomenon occurs when the fiber is bent beyond the minimum bending radius
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defined by industry standards (as shown in the diagram). When the fiber is excessively
bent, the light traveling within the core leaks out, leading to additional signal

attenuation.

Light is refracted out of the core more, causing it to scatter in multiple directions. The
smaller the radius of curvature, the greater the intensity of Macro Bend, leading to
weaker signals and data loss. Light with shorter wavelengths is more susceptible to
Macro Bend than light with longer wavelengths. Signal loss due to Macro Bend reduces

the distance over which data can be transmitted.

connector
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other component
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Figure 8. Connection Loss

Connection Loss occurs due to incomplete connections in optical fiber links.
Additionally, small gaps at the connection points can cause light loss due to reflection,
known as "Fresnel Reflection," resulting in what is called "Fresnel Loss." This can be

calculated using equation (4).

Fresnel loss = —10log(1-7r) (4)
2
When = {nl — n}
n,n
r = Size of Fresnel Reflection
n = Refractive index of Core

n = Refractive index of the medium that is far away
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Figure 8. FTTx-GPON network

The FTTx service ODN network has the following standard loss values:
1) Optical Connector Loss: Standard specifies < 0.40 dB/Point
2) Splice Loss: Standard specifies < 0.05 dB/Point
3) Safety Margin between FDF equipment and ODP/SDP: > 3.00 dB
4) Differential Optical Path Loss: < 15.00 dB
5) Optical Return Loss (ORL): > 32.00 dB
6) SC/APC Connector Return Loss: > 60.00 dB
7) SC/UPC Connector Return Loss: > 55.00 dB
8) Signal Attenuation Loss (ITU G.657A Optical Fiber):

- Wavelength 1310 nm: < 0.35 dB/km
- Wavelength 1383 nm: < 0.33 dB/km
- Wavelength 1490 nm: < 0.27 dB/km
- Wavelength 1550 nm: < 0.25 dB/km
- Wavelength 1625 nm: < 0.27 dB/km

5.2 High Loss and Differential Path Loss Issues in ODN Networks

FTTx service using GPON (Gigabit Passive Optical Network) technology supports up to 64
Ports/PON. The optical attenuation range, according to ITU-T Rec. G.984.2 Class B+,
should not exceed 28 dB, with the optical fiber length not exceeding 20 km and no
more than 2 levels of splitters. FTTx service between OLT and ONU/ONT transmits data

through the ODN network using TDM (Time Division Multiplexing), allowing multiple data
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channels to be sent simultaneously over the same optical fiber by dividing the

transmission time among multiple users.

In FTTx ODN networks, special attention should be given to High Loss and DOPL
(Differential Path Loss).

High Loss

High Loss in ODN networks can be caused by various factors, such as non-standard
optical fibers (rare), bending or compression of the fiber, damage at splice points due to

twisting or pulling, damaged connector ferrules, or dirty contact surfaces.

The occurrence of High Loss can happen during the construction of ODN or after
providing FTTx services. This issue arises because signal quality deteriorates due to
excessive Loss beyond standard ODN structure levels, leading to significantly reduced
optical signal transmission in FTTx systems. The FTTx system has a normal operational
Margin, and the ODN loss for GPON should be < 28 dB (with a management range of 31-
32 dB). High Loss causes optical signals to weaken, resulting in increased attenuation or

complete loss of transmission.

High Loss can occur in various locations, including RX ONU and RX OLT. If High Loss
happens at the OFC (near the SDP cabinet), both RX ONU and RX OLT will experience
severe signal loss. If High Loss is at the OFC joint but only in one Port (such as a bad
Splice), Drop Wire OFC will then suffer signal degradation at specific Ports.

The increase in High Loss can also disrupt data transmission and digital signal display.
This results in the inability to correctly read binary values of "0" (low signal) and "1" (high
signal), leading to an increase in cumulative transmission errors known as Bit Error Rate

(BER), which represents incorrect data bits.

In FTTx services via PON, multiple customers share the same fiber transmission line.
Even if only one Port experiences High Loss, it can cause signal problems. However, if

the ONU Port has severe High Loss before data transmission occurs, it can impact the
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entire PON. If one ONU cannot function properly due to High Loss, it may also affect
others in the PON system, reducing service quality.

In this case, the ONU may still remain in Sync, but if High Loss increases and the Bit
Error Rate rises significantly, the OLT device may start blocking the ONU signal (causing
loss of Sync). Since the ONU is linked with other ONUs in the same PON, the signal

disruption may affect overall transmission quality.

A common issue is that devices appear to be "frozen" or require frequent reboots to
reconnect. However, High Loss can cause permanent disruptions in the service, leading
to ongoing quality issues and difficulties in identifying the exact source of the problem.

In some cases, customers may even cancel the service due to repeated failures.

Differential Optical Path Loss

Differential Path Loss (DOPL) refers to the loss difference between PON Ports within the
standard limit of DOPL < 15 dB. Preventing DOPL issues must start at the design phase,
as different ONU Ports in a PON system can have varying loss values. If the loss
difference between ONUs exceeds 15 dB, signal transmission can become unstable due
to inconsistent optical connection quality between the OLT and ONUs in the PON

system.

Differential Path Loss (dB) = a. d (5)

Loss coefficient ( a) Loss (dB) calculated from equation (1)

Distance ( d) = Kilometers (km)
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Figure 10. GPON FTTx Data Transmission using TDMA
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Data transmission in GPON FTTx using TDMA (Time Division Multiple Access) employs
time division techniques to share the signal channel. The OLT (Optical Line Terminal)
creates a schedule divided into small intervals called "Time Slots," assigning each ONU
(Optical Network Unit) and the OLT a specific time slot for data transmission, as shown
in Figure 10. Each ONU transmits and receives data alternately within the assigned time
slots. When an ONU connected to the system has a loss greater than 15 dB, the light
takes longer to travel, causing other ONUs to wait for their time slots, resulting in delays

and degraded service quality for another ONU:s.

The DOPL issue may arise from the quality of fiber optic connections made with a
Fusion Splicer or Connector, which can have high loss. The length of the branched fiber
optic cables may vary significantly, causing the light signal to travel different distances,
leading to a loss exceeding 15 dB for that port in the PON (Passive Optical Network).
Design errors, such as using multiple layers of splitters or providing service from different
splitters, can also contribute to the problem. The quality of equipment used in the
system, such as splitters, ONU devices, or external interference causing fiber bending,

can also affect signal loss.

Difference Between High Loss and Differential Path Loss

High Loss (occurring after use) and Differential Path Loss (occurring during system
installation) are generally confused because when comparing the RX ONU values in the
same PON and finding that the value is greater than 15 dB, it is often said that
Differential Path Loss has occurred, which is a misunderstanding. But in fact, it is High
Loss occurring in the PON because if the design is correct, there is no chance of
Differential Path Loss. According to the standard, the Differential Path Loss
measurement is used to measure the value from the OLT to the SDP/ODP. The Loss
value of each Port must differ by no more than 15 dB. The RX ONU values in the same
Port are not used for comparison. When the RX ONU values differ by more than 15 dB,

it is stated that it is Differential Path Loss, which is incorrect.

5.3 Compilation of N-MA Cable Issues for FTTx in the Field
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The logistics department has been notified of issues with N-MA cables for FTTx, where
high loss occurs after installation and use for a period. To analyze the problem, the
logistics department coordinated with the standards and testing departments to collect
data in the field. The survey was conducted in areas where residents experienced issues

with N-MA cables for FTTx in FTTx services.

Initial data from the surveyed areas where FTTx services were installed using N-MA
cables for FTTx showed that high loss issues began to occur approximately two weeks
after installation. Upon inspection, high loss was found at the connection points of the
fiber optic cables between the N-MA cables for FTTx and the OFTK equipment before
entering the SDP cabinet (without looping the cables). However, there were no issues at
the connection points of the fiber optic cables before entering the ONU equipment on

all ports (with looping the cables).

Maintenance staff reconnected the fiber optic cable connections, and the problem
reappeared after approximately 2-4 weeks in 60% of the cases. When the problem
persisted, the maintenance staff temporarily switched to using the original Armoured
Round Type animal bite protection cables as a replacement. They also suspended the

use of N-MA cables for FTTx and informed the logistics department about the issue.

Figure 11. Data Collection on N-MA Cable Issues for FTTx in the Surveyed Area

While NT Company is researching and designing N-MA cables for FTTx (2020), the
Metropolitan Electricity Authority (MEA) and the Provincial Electricity Authority (PEA)

have not yet issued any prohibitions regarding looping communication cables on
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electric poles. This is due to the problem of cluttered communication cables on electric
poles (2024), as shown in Figure 12. (Manually) MEA has issued a regulation stating that
each pole must not have more than 12 Fiber Drop Cables per service provider, with a
total of no more than 60 cables from all providers. The length of the drop cables must
not exceed 500 meters, and looping is prohibited, except for loop cables, which are
only allowed at communication cable connection points (OFC). PEA has provided
additional details, stating that loop cables must not exceed two loops per pole, with
each loop having an outer diameter (OD) of no more than 60 centimeters (cm), and the

length of the cable in the loop must not exceed 15 meters.

Figure 12. Optic Drop Wire Position at SDP Cabinet, N

Installation and connection of N-MA fiber optic cable for FTTx during research (2020)
Looping the N-MA cable for FTTx before entering the SDP cabinet and ONU equipment
was intended to provide slack for future maintenance (Service). Later (2024), the
Metropolitan Electricity Authority (MEA) and the Provincial Electricity Authority (PEA)
announced a prohibition on looping Fiber Drop Cables. As a result, the N-MA cable for
FTTx before entering the SDP cabinet does not have a loop, which has caused high loss
issues at this point. However, the connection point of the fiber optic cable before
entering the ONU equipment still has a loop and does not experience high loss.
Observations indicate that the high loss issue at the connection point between the Fiber
Drop Cable and the OFTK equipment differs depending on whether the cable is looped

or not.



17

o Structure

' _.w= Structure
-

AramidhYarn 4

R J &
\
Nylon.6 \
L4 " N R Tightibutter,
'\ ERPE '\ T’@m buffer, \\ OFC

OFE Armored ERP

Figure 13. Comparison of the Original Round Type OFC Cable Structure with the N-MA
for FTTx Cable

The high loss issue in FTTx services occurs specifically with the N-MA for FTTx cable, but
not with the Armoured Round Type cable. When considering the installation and usage
of the fiber optic connection points, the same OFTK equipment set is used, but the

cable clamping devices and structures differ as shown in Figure 13. Specifically:

1) The Armoured Round Type cable internally contains Tight Buffer OFC wrapped
with Aramid Yarn, with insulation made of FRPE material, and the cable is
secured with a Drop Wire Clamp.

2) N-MA cable for FTTx, internal structure: Tight Buffer OFC, wrapped around FRP
(Fiber Reinforced Plastic), 8 cores, OD of each core 0.5 mm, insulation using
Nylon-6 (Tight Buffer OFC, not wrapped with Aramid Yarn), N-MA Clamp is held in
a straight wedge shape.

When testing by hand-pulling Tight Buffer OFC to compare the structures of both Fiber
Drop Cable designs, it was found that the OFC Round Type structure had no friction
between the Tight Buffer OFC and the insulation. In contrast, the N-MA for FTTx cable
exhibited noticeable friction when pulled by hand. This led to the initial hypothesis that
the friction of the Tight Buffer OFC might affect the fiber optic connection points.

The Testing and Calibration Service Division (TWS), previously known as the Filling
Division before the restructuring, has been renamed the Telecommunications
Equipment Calibration and Maintenance Division (TWT). They invited relevant

stakeholders to a brainstorming session in the TWS meeting room. Participants included
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the Procurement Division, Standards Division, Bangkok Central 1 Sales and Customer
Service Division (Bonn.1.4), Pathum Thani 1 Sales and Customer Service Division
(Bonn.2.4), representatives from JIANGSU XDT INTERNATIONAL CO., LTD (XDT), a cable
manufacturer from China, and representatives from Fiber Optic Communication Co., Ltd.

(FOCOM), the distributor in Thailand. The TWS division hosted the meeting.

Figure 14. Meeting with stakeholders to determine solutions for High Loss in N-MA for

FTTx cables
N-MA for FITx arioso TinianEe
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Assumptions about the origin of the problem Operational guidelines

Figure 15. Determining solutions for High Loss in N-MA for FTTx cables

The meeting concluded that the high loss issue might likely be due to the connection
points between the N-MA for FTTx cables and the OFTK equipment set. During the
research phase, the connection points were in a loop, but during actual use, the
Metropolitan Electricity Authority (MEA) and the Provincial Electricity Authority (PEA)
prohibit looping the cables, leading to tension and torsion at the connection points.
Another reason is the difference in friction between the Tight Buffer OFC and the
insulation of the Armoured Round Type cable (no friction) and the N-MA for FTTx cable
(noticeable friction when pulled). The meeting agreed on the following operational

approaches:

1) Investigate and find solutions for the N-MA for FTTx cables, totaling 1,600,000
meters, that were purchased and stored, which exhibited high loss after

installation.
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2) Revise the specifications (if necessary) or study appropriate installation

methods to address the issue in the long term.

Figure 1

The meeting assigned the XDT factory to produce 1,000 meters of low-friction N-MA
cable for FTTx, as shown in Figure 16. This cable is to be used for comparative testing of
mechanical and optical properties against the N-MA cable for FTTx purchased by NT
Company and stored in the inventory, as well as against the Armoured Round Type

cable (with metal) designed to prevent animal bites in the laboratory.

5.4 Testing Armoured Round Type and NMA for FTTx Cables in the Laboratory

Data from the high-loss problem area in the FTTx network indicates that the issue
occurs at the connection point between the Fiber Drop Cable and the OFTK equipment
before entering the outdoor SDP cabinet. The problem is specific to the NMA for FTTx

cables that are not looped. Preliminary analysis suggests that the issue may stem from:

1) Differences in cable structure:
- Armoured Round Type Cable: The core consists of Tight Buffer OFC wrapped
with Aramid Yarn to withstand tension and torsion, surrounded by a Spiral Steel
Pipe and insulated with FRPE. This structure provides flexibility, and the Tight
Buffer OFC has low friction, allowing it to slide easily when pulled by hand

(sample length: 5 meters).
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- N-MA for FTTx Cable: The core consists of Tight Buffer OFC surrounded by
FRP with 8 cores (Tight Buffer OFC without Aramid Yarn). The FRP core has a
hard surface, and the insulation is made of Nylon-6, which is very smooth and
hard to prevent biting. When pulled by hand, the Tight Buffer OFC exhibits

higher friction (sample length: 5 meters).

2) Clamping devices:
- The Armoured Round Type cable is clamped using a Drop Wire Clamp, which
separates the bridge cable for clamping.
- The N-MA for FTTx cable is clamped using an N-MA Clamp, which clamps the

entire cable in a straight, wedge-shaped design.

3) Technician skills: The connection points are made using a Fusion Splice machine, and

the quality of the OFTK equipment cables.

To analyze the initial causes of the problem, Armoured Optic Drop Wire for FTTx
(rodent-resistant cable with metal) and N-MA for FTTx (rodent-resistant cable without
metal) were tested in the laboratory. The N-MA for FTTx cables tested were randomly
sampled from cables procured for research (122,000 m in 2021), cables stored in the
warehouse (1,600,000 m in 2024), and cables newly designed by XDT (2024), with one

sample from each category.

5.4.1 Friction Test

Friction between the Tight Buffer OFC and the surrounding material when subjected to
twisting and pulling forces at connection points can result in high loss at the connection
points. The friction force was tested on one sample of Armoured Optic Drop Wire for
FTTx and three samples of N-MA for FTTx using a precision force gauge, as shown in

Figure 17.
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Figure 17. Testing friction between Tight Buffer OFC and surrounding material

Table 1. Friction force between Tight Buffer OFC and surrounding material

Armoured N-MA for FTTx
Sample Optic Drop Research Warehouse New Design Remark
Wire for FTTx (2021) (2024) (2024)
1 46.00 19.88 3.80
2 Unable to 50.00 10.80 8.50 sample length
3 read value 48.20 13.50 4.20 100 cm.
Aver 48.07 14.73 5.50
Unit Newton

5.4.2 Fiber Drop Cable Fastening Equipment

The Armoured Round Type cable, with a "Fig.8" structure, has a metal tension-bearing

bridge with an OD of 1.2 mm on top and a groove (web) separating the optical fibers

below. The standard specifies a working tension of > 800 N (81.57 kgf). During

installation, only the tension-bearing bridge is separated and wrapped around the Drop

Wire Clamp. The N-MA for FTTx cable, with a round structure and no metal, has a

standard working tension of > 300 N (30.59 kgf). It is fastened using an N-MA Clamp with

a straight wedge shape. The entire cable must be inserted into the groove of the N-MA

Clamp, and pressure is applied to the cable. The pressure is inversely proportional to

the tension. There is a concern that if the tension reaches a certain point, the applied

pressure could cause high loss.
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A test was conducted to determine the tension and pressure from the fastening
equipment for both cable structures using a Horizontal Tensile Testing Machine. The
distance between the fastening devices was 6 meters, and the test speed was 50
mm/min. During the test, an optical signal was continuously fed, as shown in Figures 18

and 19.

The test results of Fiber Drop Cable clamping devices, both structures, the tensile
strength passed the installation standards, namely, the Armoured Round Type cable,
metal tensile bridee cable, OD 1.2 mm, received an average destructive tensile force of
1,578 N (160.91 Kgf.), the N-MA for FTTx cable in the test sample warehouse received an
average destructive tensile force of 608 N (61.99 Kgf.) while testing, feeding the light
signal at the source with an Optical Light Source, the destination measuring the light
signal with an Optical Power Meter, all tested samples had no loss values (Open light

value when the cable reaches the breaking point).
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Flgure 19. Optlcal Signal Fed Throughout the Test and Dlsplay of Damaged Samples

from the Test
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Due to issues with vehicles snagging Fiber Drop Cables, stakeholders requested that the

fastening equipment release the cable when a certain level of force is applied. The

Testing and Calibration Service Division (2021) and related departments designed a

straight wedge-shaped N-MA Clamp to release the N-MA for FTTx cable when a specific

force is applied. This design aligns with the test results shown in Table 2.

Table 2. Tensile Force Between Fastening Equipment and Fiber Drop Cable

N-MA for FTTx
Armoured
Sample Research | Warehouse | New Design
Round Type Remark
(2021) (2024) (2024)
1 ++ 3,565.69 ++ 573.30 **592.00 **721.40 Distance 6 meter
2 ++3,553.92 | ++574.20 | ++ 576.60 ** 668,30 Speed test 50 mm/min
3 ** The cable slipped out of
**598.10 **657.80 ++ 601.90
++ 3,593.15 the clamp.
Aver. 3,570.92 581.87 608.80 663.87 ++ The sample cable is broken.
Unit Newton

Preliminary Summary of Armoured Round Type Cable Fastening Equipment and N-MA
Cable for FTTx [1]

The installation and usage are not affected, especially for N-MA cables for FTTx. The
position of the N-MA Clamp cable inserted into the equipment is compressed until it
deforms, and the cable insulation breaks apart. All the tested samples showed no loss

during testing, as illustrated in Figure 19.

5.4.3 Fiber Optic Connection Points

The test results for friction resistance between Tight Buffer OFC and the covering
material, as well as the tensile force between the cable and the fastening equipment,
showed that all samples met the criteria with no loss occurring. The final factor causing
high loss is the fiber optic connection point, as illustrated in Figure 20. The difference
during the research phase before entering the SDP was that the cable was looped when

servicing later. However, in actual usage, the MEA prohibits looping the cable, which
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may create a weak point due to tensile and torsional forces at this point. The

connection point within the loop does not need to withstand such forces.

Several factors are related to fiber optic connection points, such as the lack of proper
skills among operators, low-quality fusion splice machines, or the absence of regular Art
Testing at appropriate intervals. Finally, the quality of the OFTK equipment set,
especially the quality of the Protection Sleeve, cannot be controlled, as the
procurement area varies in terms of color, curing time, and the melting point of EVA

(Ethylene Vinyl Acetate).

Tension Strength Member
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Clading Core il
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Figure 20. Connection Point between Fiber Drop Cable and OFTK Equipment Set
Cable

The Armoured Round Type cable has FRPE insulation with a smooth, highly flexible
surface. The N-MA cable for FTTx has Nylon-6 insulation with a hard, non-flexible
surface. When these cables with different insulation materials are connected and
covered with a black heat-shrink tube, the adhesive inside the black heat-shrink tube
and the EVA material of the Protection Sleeve will have significantly different adhesion
properties, potentially leading to high loss. The "tensile-torsion" test was conducted on

the black heat-shrink tube with different insulation materials.

Take the wires with the same and different insulation and connect them. Separate them
into connection points and wrap only the Protection Sleeve for 3 samples and wrap the
Protection Sleeve followed by the black heat shrink tube with adhesive for another 3
samples. Test the tensile force and torque as shown in Figure 21. The test results are

shown in Table 3.



Figure 21. Testing "Tensile-Torsional" forces at fiber optic connection points

Table 3. Tensile force at connection points between N-MA cables for FTTx and OFTK

equipment set cables

splice Protection Sleeve Inner Optic Protection Sleeve
Sample Covered with Black Heat Shrink Tube Remark
Nylon-FRPE | Nylon-Nylon | FRPE-FRPE | Nylon-FRPE | Nylon-Nylon | FRPE-FRPE
1 79.00 88.00 85.00 78.20 223.80 109.00
2 89.00 78.40 82.40 99.70 224.00 107.00
3 85.20 85.20 84.40 113.20 220.00 111.10
4 - ***67.00 - - - -
Aver. 84.40 83.87 83.93 97.03 222.60 109.03
Unit Newton

The connection point of the Protection Sleeve alone received an average destructive

tensile force of 84 N (8.56 Kgf.) An additional sample of the insulated connection point

between Nylon-6 and Nylon-6 was tested by wiping the Protection Sleeve with a wet

cloth to quickly cool it. The test results showed a significant reduction in tensile force.
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The connection points of Protection Sleeve and black heat shrink tube with adhesive
are clustered between Nylon-6 and FRPE and between FRPE and FRPE, but the

connection points between Nylon-6 and Nylon-6 are high as shown in Table 3.

Torque test of the specific connection point between Nylon-6 and FRPE (actual

connection point). Twist the connection point with a handgrip distance of 300 mm, twist

clockwise and counterclockwise until the threads stop (=5-6 turns). While testing,
inputting a light signal, the test results show a Loss value running according to the
torque, Loss value 11 to 34 dB When cutting to see inside with inputting red light, a red

crack appears on the fiber as shown in Figure 22.

Figure 22. Twisted connection points between the fiber optic cable showing damage

with red crack points visible.

According to the original standard, the connection points of the optical fiber are
covered by the Protection Sleeve at both ends of the insulation. The purpose is to
increase the strength of the connection points. In reality, the quality of the OFTK
equipment varies. Some operators lack the skills to set the correct heat and duration
for baking the Protection Sleeve, which can result in too much or too little air pockets
between the cable insulation and the Tight Buffer, as shown in Figure 23. The torsion
test results showed that up to 60% of the samples tested in the laboratory were

damaged (6 out of 10 samples).
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In summary, the N-MA for FTTx cable connection point with the original standard OFTK
equipment set, the test results can support the straight tensile force according to the

criteria but “cannot support the torque”.

In summary, the connection points of N-MA cables for FTTx using the standard OFTK
equipment set can support direct tensile force according to the criteria but "cannot

support torsional force."

5.5 Study of Fiber Optic Connection Methods to Support Tensile and Torsional

Forces at Connection Points

5.5.1 Issues with Fiber Optic Connection Points Using OFTK Equipment Set

Invite relevant experts from the Suan Ruang Rat area (Section 1.4) and the Pathum
Thani area (Section 2.4), engineers from the XDT factory, and the TWC division (host) to
jointly analyze and find solutions to the problem. Conduct laboratory tests by
connecting N-MA cables for FTTx (from the warehouse) using the OFTK equipment set
on 3 samples. Simulate real-field installation at SDP cabinet positions (without looping
the cables) on 5 samples. Test the tensile and torsional forces on the fiber optic

connection points (with continuous optical signal input during the test).
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In the laboratory, 2 out of 3 samples showed high loss. In the field tests, 2 out of 5
samples showed high loss. In total, 4 out of 8 samples failed to meet the criteria,

accounting for 50%. The damage at the connection points was caused by torsional

force.

e % ) O A &% / '
Figure 24. Experts installing N-MA cables for FTTx with OFTK equipment at the

simulated field.

Field data indicates that the connection points between Armoured Round Type cables
and OFTK equipment set cables do not support lateral torsional force. In some areas
with strong currents or non-looped connection points, high loss issues (due to torsional
force) were encountered. Field operators addressed the issue by reinforcing the
connection points using a method of wrapping the bridge cable with a tensile force-
receiving tube and applying adhesive at the fiber optic connection points, as shown in

Illustration 25. This method significantly reduced the high loss problem.
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Figure 25. Wrapping the bridge cable with a tensile force-receiving tube at the fiber

optic connection points.

In line with the recommendations from the expert engineers of XDT factory, the
solution for fiber optic connection points is to reinforce the wire with metal
reinforcement to increase strength and the Protection Sleeve should cover only the

Tight Buffer, not the cable insulation. The reason is that the OD between the cable
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insulation and the Tight Buffer is very different. If the operator does not heat it properly,

air pockets may occur from the EVA material melting and not fully holding the area.

Protection Sleeve OFTK Heat Sink Tube (100
(ID 4.0-4.2 mm L 60 mm) Non-Metallic Armoured for FTTx SR e( mnt)

OFTK
Tlght Buffer

_—:—#

Heat Sink Tube (100 mm)

X 7
N, i/
/ Protection Sleeve OFTK ; “ \ Non-Metallic Armoured for FTTx

OFTK  (ID 4.0-4.2 mm L 60 mm) ‘ I Tight Buffe | |

Approx 40 mm
gt E I 60 mm :
“ ! 100 mm I h

Figure 26. Original standard connection point, Protection Sleeve end, insulated on both

ends

Before studying the OFTK equipment set, the Armoured Round Type cable was
connected with Pre-Heat Shrinkable Tube [5] with 2 lengths: 220 mm and 270 mm. The
connection position of the optical fiber is the long open cable. Pre-Heat Shrinkable
Tube is designed for OFC Flat Type cable. The structure of the optical fiber is
embedded directly in the sheath. The optical fiber does not move. But the Armoured
Round Type cable, the round structure of the Tight Buffer is separated from the
insulation and can move slightly. When connected with Pre-Heat Shrinkable Tube, after
a period of use, it occurs. “Pull-pull” force at the fiber optic connection point causes

fiber optic damage.

OFTK kit solves this problem by changing to Protection Sleeve ID (Inner Diameter) 4.0-
4.2 mm, length 60 mm (standard model ID 3.0 mm, length 45 mm). It can be inserted
into the insulator of Armoured Round Type cable OD 3.5 mm, helping to shorten the
cable opening distance. In the wrapping process, the Protection Sleeve will wrap the

insulation into each side by about 10 mm, as shown in Figure 26.
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The standard Protection Sleeve used with fiber optic networks has an ID of 3.0 mm and
is 45 mm long. However, the version used with the KIT OFTK connection point has an 1D
of 4.0-4.2 mm and is 60 mm long because of the need for a short cable opening
distance. There is a problem setting up the heating chamber of the Fusion Splice
machine. Most Fusion Splice machines have a heating program for the standard
Protection Sleeve with an ID of 3.0 mm and is 45 mm long. In the case of heating ID 4.0-
4.2 mm and is 60 mm long, a special program must be set (some brands of Fusion
Splice machines have this heating program). Some operators use a heating program that

is not consistent with the size of the Protection Sleeve.

Figure 27. Protection Sleeve quality and heat setting affect the connection point.

From the OD between the cable insulation (3.3-3.5 mm) and Tight Buffer (0.9 mm) differ
by 2.4-2.6 mm. In the case of heating the Protection Sleeve with improper heat and
time or the quality of the Protection Sleeve that is not up to standard as shown in
Figure 27, there may be air pockets from the EVA material melting and not fully holding
the area. The connection point between the N-MA for FTTx cable and the OFTK device
that does not loop the cable may be twisted. The fiber optics may pull and cause

cracks in the glass, resulting in High Loss.
5.5.2 Solve the problem of fiber optic connection by metal wire reinforcement

Reduce the problem of twisting the fiber optic connection, reduce the problem of air
cavities from the EVA material melting and not fully holding the area. Information from
the operator brings the tensile bridge wire wrapped in a black heat shrink tube with
adhesive (100 mm), which helps to increase the strength of the connection point very

well. Consistent with the advice from the expert engineer from the XDT factory,
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recommends a solution to the problem of fiber optic connection by splicing a metal
wire (Stainless Steel Rod) OD 1.2 mm, length 200 mm in a black heat shrink tube with
adhesive length 220 mm as shown in Figure 28. In the Protection Sleeve, only the Tight
Buffer should be wrapped. The insulation of the wire should not be wrapped to reduce

the problem of air cavities inside the Protection Sleeve in case of improper heating.

Try to modify using a standard Protection Sleeve with ID 3.0 mm and length 45 mm,
supporting the standard heating program of the Fusion Splice machine. Because the ID
Protection Sleeve 3.0 mm cannot be worn with the insulation of the N-MA for FTTx
cable (OD 3.3-3.5 mm), when connecting the optical fiber with the Fusion Splice

machine, one end of the cable must be opened longer than the other.

The procedure for connecting optical fibers starts with opening the OFTK cable
insulation for a length of about 100 mm, the N-MA for FTTx cable end opens the
insulation for a length of about 50-70 mm, then put the Protection Sleeve on the OFTK
side and put on the black heat shrink tube with adhesive ID 7.0-9.5 mm, length 220
mm, connect the optical fibers with the Fusion Splice machine according to the normal
procedure, then slide the Protection Sleeve to put on the connection point and heat it
with the heating chamber of the Fusion Splice machine (Protection Sleeve covers only

the connection point and Tight Buffer) as shown in Figure 28.

Heat Sink Tube (220 mm)

Protection Sleeve Tight Buff
OIQ(. (ID 3.0 mm L 45 mm) ight Bu 'i"\mon-l\!letallic Armoured for FTTx /
_I—E—: |a_ =
1

oFTK Approx 100 mm " 50.70mm Stainless Steel Rod
(OD 1.2 mm L 2000 mm)

/ >
/ \
/ Tight Buffer Protection Sleeve

Heat Sink Tube (220 mm) (ID 3.0 mm L 45 mm) Non-Metallic Armoured for FTTx

I Approx 150 - 170 mm

Figure 28. Guidelines for improving the N-MA cable connection point for FTTx with

OFTK equipment.
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Figure 29. Steps for installing metal splice wires in black heat shrink tube at the fiber

optic connection point.

After connecting the optical fibers and covering the splice point and Tight Buffer with
the Protection Sleeve, as shown in Figure 29.(1), place a metal tracer wire with an OD of
1.2 mm and a length of 200 mm at the center of the exposed insulation area aligned
with the Tight Buffer. Slide the black heat-shrink tube with a length of 220 mm over the
metal tracer wire, as shown in Figure 29. (2). Finally, apply heat from the center towards

one end to ensure proper adhesion.

Air Duct: Finally, the connection point of the optical fiber between the N-MA for FTTx
cable and the OFTK equipment set was established. The metal sheath was covered

with a black heat-shrink tube with adhesive along its entire length, as shown in Figure

29. (3)

The optical fiber connection between the N-MA for FTTx cable and the OFTK
equipment set was tested using a Protection Sleeve with an ID of 3.0 mm and a length
of 45 mm. A metal wire with an OD of 1.2 mm and a length of 200 mm was used to
cover the connection point and the entire metal wire with a black heat-shrink tube with
an ID of 7.0-9.5 mm and a length of 220 mm. Ten samples were tested for tensile and

torsional strength (by hand) in the laboratory. All samples met the specified criteria with
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no signal loss. The optical signal loss varied between 0.01-0.12 dB under torsion, and

the loss approached 0 dB when the torsion was released.

The process of covering with a black heat-shrink tube while ensuring the metal wire
remains centered is quite challenging. In some samples, the metal wire protruded

outside the heat-shrink tube.
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Figure 30. Example of a metal wire protruding from the tube for IP-x7 standard testing.

If the connection is covered with a black heat-shrink tube with adhesive and the metal
wire protrudes outside the tube, is there a possibility of external moisture leaking into
the optical fiber connection point? In reality, the optical fiber connection point is
covered with a Protection Sleeve, which has water-resistant properties. The inner layer
is insulated with a Tight Buffer, and the outer layer is covered with UV Acrylic. Materials
such as Nylon, PVC (Polyvinyl Chloride), PU (Polyurethane), or PE (Polyethylene) are
used, which have water and moisture resistance properties (not suitable for prolonged
submersion in water). The optical fiber connection point is suspended in the air and

only exposed to rain or water droplets.

There is a concern that if the metal wire protrudes outside the black heat-shrink tube
and the connection point is submerged in water, external moisture might leak inside.
Samples were prepared as shown in Figure 30, with the metal wire protruding from both
ends of the black heat-shrink tube in 3 samples, and 3 samples where the metal wire
did not protrude. These were tested according to the IP-x7 standard, submerged in
water at a depth of 1 foot (0.30 m) for 15 minutes (IEC-60529: water submersion <1 m
for <30 minutes). Upon inspection, all samples with protruding metal wires showed

water leakage, while all samples without protruding metal wires showed no water
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leakage. Therefore, during installation, the metal wire should not protrude outside the

black heat-shrink tube.

In summary, the method of connecting the optical fiber between the N-MA for FTTx
cable and the OFTK equipment set, covering the connection point with a Protection
Sleeve, ID size 3.0 mm, length 45 mm, with a metal wire, OD 1.2 mm, length 200 mm,
covered with black heat shrink with adhesive, ID 7.0-9.5 mm, length 220 mm, to prevent
High Loss at the connection point, but must provide a Protection Sleeve, provide a
black heat shrink tube with adhesive and a metal wire in addition to the OFTK
equipment set that NT has purchased, which conflicts with the purpose and objectives

of this research study that specifies that the operation must have low cost.

5.5.3 Application of OFTK Kit to Solve Optical Fiber Connection Issues

The question arises if switching to a black heat shrink tube with a length of 220 mm
(OFTK length is 100 mm) is feasible. Internally, a 200 mm long metal wire is used with
the existing OFTK kit. The problem is that company NT has purchased a large number of
OFTK kits for inventory. How should the inventory assets be managed? It is known that
currently (January 2025), some companies sell OFTK kits with black heat shrink tubes
that are 150 mm long. Therefore, the feasibility of using the already purchased OFTK
kits (with heat shrink tubes of 100 mm and 150 mm) is being studied. Can nearby

materials be used to replace the metal wire?

1DJ4/0:4'2 mmi :
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Figure 31. OFTK Kit with Black Heat Shrink Tubes of 100 mm and 150 mm Length
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The OFTK kit, according to specification OES-004-056-06, includes the following
components ready for use in FTTx 1 Port service, as shown in Figure 31:
1) Fiber Patch Cord with a length of > 3 m, Tight Buffer OD 0.9 mm optical fiber,
with SC/APC Connectors (Ferrule Zirconia Ceramic) on both ends.
2) Protection Sleeve with ID 4.0-4.2 mm, length 60 mm, 3 pieces.
3) Heat shrink tube with ID 7.0-9.5 mm, length 100 mm, 3 pieces (some areas
purchase 150 mm length).
4) Cable Tie, >4 pieces.

If the OFTK kit is used to connect N-MA for FTTx by applying nearby materials and
maximizing the use of the already purchased OFTK kits, the following preliminary
applications can be considered:
1) (OFTK Kit) Fiber Patch Cord with a length of > 3 m.
2) (OFTK Kit) Protection Sleeve: If using ID 3.0 mm, length 45 mm, the insulation of
the cable must be opened. If applying, choose Protection Sleeve with ID 4.0-4.2
mm, length 60 mm. (OFTK Kit) Cover the connection point with a Protection
Sleeve, covering only the Tight Buffer. The insulation stripping length of the
cable is close to the standard for connection using the OFTK Kkit.
1) (OFTK Kit) Black heat-shrink tube, 100 mm long (in some areas, 150 mm long).
2) (Cable Scraps) Metal wire. If using the tensile strength wire from the Fiber Drop
Cable at the connection point, can it replace the metal wire with an OD of 1.2
mm?

Protection Sleeve ID 4.0-4.2 mm L 60 mm Heat Sink Tube (Approx X-3 mm.)
(OFTK Kit)
OFTK

Tight Buffer /
\ﬁ/j\—_
— =

Heat Sink Tube (Approx 3 mm.)

Stainless Steel Rod or Messenger Wire Non-Metallic Armoured for FTTx

OD 1.2 mm. L = (X-3) -20 mm

—

/ N \
OFTK ' | - | Non-Metallic Armoured for FTTx
I Approx 70 mm
Protection Sleeve ID 4.0-4.2 mm L 60 mm

| Approx X - 3 mm | (OFTK Kit)

Figure 32. Application of the OFTK kit for short open connection points.
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The OFTK kit purchased by NT Company was used to connect N-MA for FT1x with a
short open cable length. The process was adjusted to only cover the Tight Buffer with
the Protection Sleeve (without covering the black insulation). The fiber optic connection
process allows the Protection Sleeve to slide over the insulation of N-MA for FT1x,
making the Tight Buffer opening shorter (cable OD 3.5 mm, Protection Sleeve ID 4.0-4.2

mm).

The OFTK kit ready for use includes a 3 m long Fiber Patch Cord, a Protection Sleeve
with an ID of 4.0-4.2 mm and 60 mm long, a black heat-shrink tube with an ID of 7.0-9.5
mm and 100 mm long (in some areas, 150 mm long), and Cable Ties. Additional items
needed from the OFTK kit are the stainless-steel rod with an OD of 1.2 mm. Previously,
the tensile strength wire from the "Fig 8" structure Fiber Drop Cable was used. There are
two types of tensile strength wires: a single solid metal wire (1x1.2 mm) and a stranded

wire (0.4x7) with an OD of 1.2 mm. Can these be used as replacements? Does the black

insulation need to be stripped?

\

Figure 33. Application of the OFTK kit and available materials for short open connection

points.

Prepare black heat-shrink tubes with an ID of 7.0-9.5 mm, lengths of 100, 150, 180, and
200 mm. Prepare metal wires from the tensile strength wire of the Fiber Drop Cable,
both single and stranded, and stainless steel rods. Use the OFTK kit as shown in Figures
31 and 33 to test short open connection points and gather data on the application of

the existing OFTK Kkit.
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Figure 34. Application of the OFTK kit and available equipment for short open

connection points.

Experiment with the application of OFTK equipment to connect the N-MA for FTTx
cable in a short open cable distance, covered with a Protection Sleeve only Tight Buffer.

The sample preparation steps and operation steps are detailed as follows:

Test Sample Preparation

1. Prepare black heat-shrink tubes (Iltem 1) with lengths of 100, 150, 180, and 200
mm as shown in Figure 34. (3)

2. Prepare tensile strength wires from the Fiber Drop Cable, both single and
stranded (with and without insulation stripping), and stainless-steel rods. Each
wire should be X-20 mm long (X = length of the black heat-shrink tube) as
shown in Figure 34. (3)

3. Cut the black heat-shrink tube (Item 2) to approximately 3-5 mm long (for
locking the wire) as shown in Figure 34. (3) This step is optional for experienced
workers.

4. Prepare N-MA for FTTx cables and the OFTK kit cables.
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Connection Procedure

1. Slide both black heat-shrink tubes and the Protection Sleeve onto one end of
the cable insulation.

2. Strip the insulation of the N-MA for FTTx and OFTK kit cables to approximately
50 mm, then strip the Tight Buffer of the fiber optic cable to about 25 mm as
shown in Figure 34. (1)

3. Connect the fiber optic cables using a Fusion Splicer and cover only the Tight
Buffer with the Protection Sleeve (without covering the cable insulation) as
shown in Figure 34. (2)

4. Attach the wire to the connection point and slide the locking tube (Item 2) over
the wire to lock it in place as shown in Figure 34.(4). This step is optional for
experienced workers.

5. Slide the black heat-shrink tube over the connection point and the wire, then

apply heat as shown in Figure 34. (4)

Note: If the locking tube (Item 2) is not used, be careful not to let the wire protrude

from the black heat-shrink tube (Item 1)

Prepare test samples of black heat shrink tubing with adhesive for each length, divided
into single wire reinforcement with insulation stripped 1 type, unstripped 1 type, twisted
wire with insulation stripped 1 type, unstripped 1 type, stainless steel rod reinforcement
1 type, total of 5 types, 3 samples each. Black heat shrinks tubing with adhesive for
each length, total of 15 samples, black heat shrinks tubing with adhesive 4 lengths, total
of 15 X 4 = 60 test samples.
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Figure 35. Testing the twisting of the N-MA cable connection point for short-range open

FTTx cable.

From the test sample of the N-MA for FTTx cable connection point with the OFTK
equipment set, test 4 lengths of black heat shrink tube with adhesive (100, 150, 180,
200 mm), the tensile bridge wire of the Fiber Drop Cable, single wire and twisted,
"stripped-not stripped", insulated and Stainless Steel Rod, total 60 samples, feed the
lisht signal from the source with an Optical Light Source, measure the light signal at the
destination with an Optical Power Meter, test sample. Then hold the end of the black
heat shrink tube with adhesive and twist the wire in the opposite direction as shown in

Figure 35.

The test result of the connection point covered with black heat shrink tube with
adhesive length 100 mm. Starting from the complicated sample preparation process,
from the distance of the connection point not covered with insulation (Tight Buffer) 70
mm, the splice wire is 80 mm long (100 — 20 mm), the distance that the black heat
shrink tube with adhesive covers the wire insulation only 15 mm on each side, the
splice wire is placed on the wire insulation only 5 mm on each side, which determines
that the splice wire is at the center is quite difficult. The optical test result passed only
4 samples. For the other 11 samples (out of 15 samples), the heat shrink tube on one
side of the wire insulation peeled off, the connection point has a loss, the splice wire

changes position according to the torque.
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The results of the mechanical (hand pulling and twisting) and optical tests of the black
heat shrink tube with adhesive on the connections of 150, 180 and 200 mm long were
tested. One sample of 180 mm long black heat shrink tube with adhesive on a stainless-
steel rod showed a swing loss value of 3-10dB when the black heat shrink tube was
analyzed for cavitation (improper heating of the tube). All other samples passed the

tests.

In summary, the connection point of the fiber optic cable between the N-MA for FTTx
cable and the OFTK equipment set, the connection point, the Protection Sleeve covers
only the Tight Buffer (not the insulation of the cable), wraps all connection points with
a 150 mm long black heat shrink tube with adhesive, applies the reinforcement wire,
uses the tension bridge wire of the Fiber Drop Cable, single wire and twisted wire,
stripped or not stripped insulation to replace the Stainless Steel Rod reinforcement
wire, solving the initial problem, can use the original OFTK equipment set.

1) Fiber Optic Patch Cord OD 3.2 mm, length > 3 m

2) Protection Sleeve ID 4.0-4.2 mm, length 60 mm

3) Heat Sink Tube ID 7.0-9.5 mm, length 150 mm (the 100 mm OFTK set

needs to purchase an additional 150 mm)

The wire can be used with the cable bridge to withstand the tensile force of the Fiber
Drop Cable, with a 130 mm (150-20 mm) unstripped wire, replacing the stainless steel

rod.

Protection Sleeve ID 4.0-4.2 mm L 60 mm e ———— e

(OFTK Kit)
OFTK

Tight Buffer
\i;\—_
_— N ~—

Heat Sink Tube (Approx 3 mm.)

Stainless Steel Rod or Messenger Wire Heat Sink Tube (150 - 3 mm.)

0D 1.2 mm.L 30 mm — Non-Metallic Armoured for FTTx
/ e, V\
OFTK | prop— | Non-Metallic Armoured for FTTx
I Approx 70 mm !
Protection Sleeve ID 4.0-4.2 mm L 60 mm

| Approx 150 3 mm | (OFTK Kit)
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Figure 36. The 150 mm long black heat shrink tube with adhesive is the most suitable
connection point
In conclusion, the laboratory test results for connecting the OFTK equipment set
showed that covering only the Tight Buffer with a 60 mm long Protection Sleeve ID 4.0-
4.2 mm and using a 150 mm long black heat shrink tube (Heat Sink Tube) ID 7.0-9.5 mm
with a stainless steel rod inside, or alternatively using a single-core hard wire (1x 1.2
mm) or a stranded wire (0.4 X 7) OD 1.2 mm from the Fiber Drop Cable's tensile bridge
(without stripping the black insulation), is the most suitable and cost-effective method,

as shown in Figure 36.

5.6 Field Testing

Based on the laboratory test results, connecting the N-MA for FTEx cable with the OFTK
equipment set can utilize the Protection Sleeve and the OFTK equipment set's cable.
However, the black test tube requires a length of 150 mm. For the OFTK equipment set,
a length of 100 mm requires additional test tubes. The wire can be adapted to use the
tension-bearing bridge wire of the Fiber Drop Cable, whether single or stranded wire,

without needing to strip the insulation.

B 1S V4 -\

Figure 36. Demonstration of cable connection for field testing

Inviting representatives from the Suan Luang area (Section 1.4) and Pathum Thani
(Section 2.4) to exchange practical knowledge on fiber optic connection methods in the
field. Introducing basic maintenance of the Fusion Splice machine, such as if the fiber
optic connection point is not strong, it may break easily when removed from the Fusion

Splice machine, requiring an Art Test or replacing the Electrode rod based on usage
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lifespan. Teaching short and long fiber optic connections with stripped insulation,
covering with a Protection Sleeve specifically for Tight Buffer, as shown in Figure 36.
Providing black test tubes and stainless-steel rods for field testing in the Suan Luang

(Section 1.4) and Pathum Thani (Section 2.4) areas.

Figure 37. Long insulation connection point in Samranrat area

Results of field experiments in Samranrat area, open insulation connection points (220
mm) for a period of approximately 2 months (December 2024), more than 10 points,
there were 2 High Loss failures. The maintenance personnel connected new open
insulation connections at both points, as shown in Figure 37. There were no recurring
problems. Preliminary analysis: The open insulation connection method may have
weaknesses in the Tight Buffer that opens the long insulation. There is a chance of
damage from accumulated bending. During the period when the black heat shrink tube
with adhesive is wrapped in the Tight Buffer, if the flamethrower on the shrink tube is
not consistent or the air is not expelled well, air cavities may occur (area not collected

for analysis)
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Figure 38. Short Connection Point in Pathum Thani Area

Results of field experiments in Pathum Thani area, connection point of N-MA for FTTx
cable with OFTK equipment set, 1 point, the old method of wrapping Protection Sleeve,
covering Tight Buffer and insulating end of cable, wrapped with black heat shrink tube
with adhesive 100 mm long, there was repeated failure (High Loss), repaired the
connection point using the old method 3 times (repeated failure approximately 3 - 8
days). Finally, the 4™ time, changed to connect using Protection Sleeve method,
covering only Tight Buffer (not wrapping the insulation of the cable), using wire to cover
all connection points with black heat shrink tube with adhesive 150 mm long, more

than a month passed, no High Loss occurred.

Summarize the results of the experiment connecting the N-MA for FTTx cable with the
OFTK equipment set in the field. The data from the operators can use the cable and
Protection Sleeve of the OFTK equipment set immediately. The applied reinforcement
wire can use the tension bridge wire of the single wire Fiber Drop Cable and twisted
wire without having to peel off the insulation (tested at some points). The experimental
period was approximately 2 months, more than 10 points, there was damage from 2
connection points. Compared to the original connection method (not reinforced with

steel) which caused High Loss up to 60%, it is still within the acceptable criteria.
6. Summary

As per the regulations issued by the Metropolitan Electricity Authority (MEA) prohibiting

the installation of communication cables with metal components on MEA poles, NT
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Company has modified the Fiber Drop Cable for the ODN network in the FTTx service.
The change involves replacing the Armoured Round Type cable, which has a metal
tension-bearing structure, with the Non-Metallic Armoured (N-MA) cable for FTTx. This
new cable is resistant to animal bites and complies with MEA regulations. NT has
procured 1,600,000 meters of this cable at a budget of 13,000,000 THB and has
designed a straight-line N-MA Clamp, which is an intellectual property of NT, to support
the N-MA for FTTx cable.

The ODN network for FTTx service using N-MA for FTTx cable connects between the
SDP/ODP cabinet and the outdoor splitter to the ONU device inside the building. Both
ends of the N-MA for FTTx cable are connected to the OFTK equipment set. After
deploying the N-MA for FTTx cable for some time, issues of high loss were reported on

the FTTx ports where the N-MA for FTTx cable was installed.

The maintenance team used an OTDR to investigate the signal and identified high loss
at the connection points between the N-MA for FTTx cable and the OFTK equipment at
the outdoor SDP cabinet. After about two weeks, the problem recurred in 60% of the
cases. The maintenance team temporarily replaced the N-MA for FTTx cable with the
original Armoured Round Type cable and suspended the use of the N-MA for FTTx
cable, notifying the procurement department of the issue. It was observed during the
study that the connection points were in a loop, but the cable was still deployed. MEA
regulations prohibit looping cables at the outdoor SDP cabinet where high loss occurs,
but there were no high loss issues at the ONU connection points inside the building,

which were also in a loop.

The Testing and Calibration Service Division (TCSD), which was recently restructured into
the Calibration and Maintenance of Telecommunications Equipment Division (CMTED),
invited relevant parties, including the procurement department, standards department,
Bangkok Central 1 Sales and Customer Service Division (Bangkok 1.4), Pathum Thani 1
Sales and Customer Service Division (Pathum Thani 2.4), representatives from JIANGSU
XDT INTERNATIONAL CO., LTD (XDT), the cable manufacturer from China, and Fiber
Optic Communication Co., Ltd. (FOCOM), the distributor in Thailand, to discuss solutions.
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The issue was identified at the connection points between the N-MA for FTTx cable and
the OFTK equipment set, which could withstand tension but not torsion at the non-

looped cable positions.

The team jointly studied the solution to the problem of splicing wires at the connection
points, applying the OFTK equipment set to save costs. It is possible to use the tension
bridge wire of the Fiber Drop Cable, single solid wire type (1x 1.2 mm) or twisted wire
type (0.4 X 7) OD 1.2 mm to replace the splicing wire. Just provide additional black heat
shrink tube with adhesive, ID 7.0-9.5 mm, length 150 mm. The results of laboratory and

field tests passed the specified criteria.

Summary of the research study project to solve the problem of Non-Metallic Armored
Optic Drop Wire for FTTx, which has a loss of light signal in the system after installation,
can solve the problem according to the set goals. From now on, the relevant agencies
should publish the results of this study for those involved to know in order to solve the
problem and improve the specifications of the OFTK equipment set. Change the black
heat shrink tube with adhesive ID 7.0-9.5 mm from the length of 100 mm to 150 mm
and add a Stainless-Steel Rod OD 1.2 mm, length 130 mm.

Video clip of connecting N-MA cable for FTTx https://www.youtube.com/watch?v=24ILTiSJfGw
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