- 1 -.»CPTI CAL FIBRE-RAHAINGVMECHANI SM This invention relates to an optical

# fihre management system and in particular to an optical fibre routing

smechani sm f or splitter array sub-assenbly 3 for

i ncorporation l n awmmmmmmm\nmn optical -filbre tel ecom*runiycati ons networKk.
I'n the United Kingdom..4+he tel ecommunications network includes a trunk
network which is substantially corrpl eteI y constl tuted by optical fibre,
and a | ocal access -networ RETDCa S (5 pNISH| et el y
constituted by copper pairs. Fl exi bili ty in the copper access network is
provided at two p0| nts en route to the custorrer firstl at street- side
cabinets serving upFic 60WTHeR ik Setorildf S Ca SHRBUCIEH eonllen'?
sferV| gg arougw\gls«éé)mJS Aﬂéd?:egoqol Ratr@tat,l akd t:be aet workl dab abigete 250QuCOTKmM
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and 3. 7 nilTSOR® " hEAhEPEs “é’n(:?ﬁ 01Tt b"o‘x%rs Ixr;le'lrL\t't]ngI g/ §%E" %?de—%&esﬂﬂ 1tﬁhat
the entire ne:bmorkncbmobmdlcngnt he. raccesg nebder k,ow | 41 he ODESASL | t UtieRr Dy

fibre. 20 The g&,g%? . 998 oihSs Relixed, -esil ilent, transparent
t el ecommruni ca?l ons Inirastructure for the optical access network, Wlth\ﬁ

capacity for all- fdrmesdeablne tash Kidee g quitoe S Omere Ve F 155 8 ERA
this woul d be,to,gseake + ranfilldetwmnagesh éhbie sebworktinlilye dorphetfelay

“thin, 25 wi despread overlay for. t whol e access _t Rogr.ap t woul d
expl oi t the.c3d StHhgYal abcl’%t’a%%%s ~ré&twork C§| Af ?asﬁqar uc é?ggsSB{ scw

netm?r:( COU|,da;b@"1 equ ppethsaanteads y arbseleard vt heordyi totkd rlexsulqonnﬁr

capital expenditure savnn SI e e f V&S tIRNS I
be the 30 prvision oretermhal ey %rw CE%eolr aoqaé’etssoneltﬂrﬁlwqtfl}{IrelesS basi sldl!c%t
shoul d al so ®nabre poentaped ppewstentbﬁ eiéﬁltézmlelrnesltrétlﬁewa& it ¥ ng

customers, angd{| %ého*z'n%tl%r Oﬂéﬂp Of,5 re§0nfoiogur 8hboON afnd ek epbpayy,- at
services. In order to be conpletely future proof th; Petwork 35 st'{__oulld be
10-15_l1ines. In total,
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13 the network has about 250, 000km of underground ducts, 83,000

cabinets; 3.1 million distribution points and 3.7 million
manholes and joint boxes. Eventually, it is expected that

- the 2=ntire network, including the access network, will be
constituted by fibre.

The ultimate goal is a fixed, =cesilient, cTransparent

)
(@]

telecommunications infrastructure for the optical access

network, with capacity for all foreseeable service

reqguirements. One way of achieving this would be to create

a~ fully-managed fibre =network in the ferm of _a thin,

25 widespread overlay for the whole access topography as this

would exploit the . existing valuable access network

infrastructure. Such a network could be equipped as needs

arise, and thereby could result in capital expenditure-

savings, since the major part of the investment will be the

30 provision of terminal equipment on a ‘just in time’ Dbasis.

It should also enable the rapid provision of extra lines to

new oOr eXxisting customers, and flexible provision or
reconfigﬁration of telephony services.

In order to be completely future proof, the network

35 shoulid be single mode optical fibre, with no bandwidth

limiting active electronics within the infrastructure.
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~ limting active electronics within the infrastructure. - 2 Consequently,
! only passive optical networks (PONs) which can offer this total
‘transparency and conpl ete freedom for upgrade, should be considered. The
nost conmon passive optical network is the sinplex single star, with
poi nt-to-point fibre for each transmt and receive path, fromthe exchange

head end (HE) to the custonmer network term nating equi ppent (NTE). This

net wor k desi%?f‘sh%%ue‘b"e%)‘v URRY 2! %lﬁp?h%a%??‘g’%’ﬂbs 8 B He GRtess
criteria. |toffw®l wes i ghtfalbr e raaspk reallyes anande omp heree 10f 24 tdm o-opt i €
provi sion at HE and NIE ff)r each custonert. The resulting inherent cost can

onl'y be justiq9etH T ors FAP4R SHuSPhess ts8rs, who generally al so require the
security of diver S¥her gusitngemmwhinchasaéreasesiche tosvoskils The tsHalephe

advent of - optii gale %Oég*},t ersscangl, wavel engt hs e 15 flatdaned dew G5 MAs and
enabl ed the contept” of the PON to be taken one step further. These passive
conponent s H4IRE {heaGowe= AT ZhenPEESGPLLoRPASERYI EF t a3 iltd &Mt @ MRF

di stri lbu_t ed n@d%‘ﬂ@&e&@ﬂ&%ﬁi@%&@@n&nﬁ h@zl*r@bd yI rBﬁ'ﬂ@irE%t%ﬂkhSdéﬁ’l idqg Hawe
capital investnent. Ln 1987, BT denpnstrat splitter chpology in a
system - or I&8phdf§ o P 'pH e '”o‘ﬁti'é%ﬁflea n@f\ﬂorrﬁe?%(ﬁ}? V\n&f‘% g%ffgsway
split and usimgdrine di Ytsiamolnakt inplagx {itDM) conmt ngahlie@0Mehd. uRiigie
conbi natj on ed S| . . epykce, digital (1SRN
to be pirgviege%?@t‘oo a?l‘lf)?lc%%tl{)oa{rr%sl%sl.d}% %Q;%gtg F?ejﬁf{e heogo%bée_l?iﬁ%a}@%ét 25
constrai nt ofesttHeciand stinhgreoppetoset Work prRetl Rfesiderdsicd £e5St Srerse

from havi ng J st d&l ephony oygs HehBeealdue d1&d heeqlli g €ARI Eakbuedsly ff
equi pnrent. This-nmay change in the future. In the neantj e %el eghony for
smal | busi n€<s aFSe SOV exdhift e HHOSRAHEYi TS nbret thahls FERERFEcan
probably 30 breakThhi s sa&emiter ofThepwidal r apge takrser aindes warve Lleingttdr-

Coract i B Y PUPLDES SRR B oL BB co ve
taken one step further. These passive components allow the
power transmitted from a single transmitter to be distributed
amongst several customers, thereby reducing and sharing the
capital- investment. In 1987, BT demonstrated splitter

20 technology in a system for telephony on a passive optical
networkX (TPON), with a 128 way split and using time division
multiplex (TDM) running at 20Mb/s. This combination enabled
basic rate integrated service digital network (ISDN) to be
provided to all customers. In practice, the competitive cost

25 constraint-of the existing copper network precludes domestic
customers from having just telephony over fibre, due to the
high capital cost of equipment. This may change in the
future. In the meantime, telephony for small business users
(for example those having more than 5 lines) can probably

30 break this barrier.

The wider range of services and higher capacity
required by business customers makes a 32-way split more
attractive for a 20 Mb/s system and this has been
demonstrated by BT's local loop optical field trial (LLOFT)

35 at Bishop’s Stortford.

In summary, the use of splitter based PON architecture

will reduce the cost of fibre deployment in the access
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denonstrated by BT's local loop optical field trial (LLOFT) 35 at Bishop's
Stostford. In sunmary, the use of splitter based PON architecture wll
‘reduce the cost of fibre deploynment in the access network. \Wen conpared
with point-to-point fibre, - savings w-lIE result from (i) reducing the
nunber of fibres at the exchange and in the network; 3 (ii) =educing the
amount of term nal equi pnent at the exchange; (iii) sharing the cost of
equi pnent anmpelgeeris nuiben cfompapadbrersh PPYRtpEEvPELR§ d1OFEn, savings

- wi despread, oW cosiyu1fi brgn. 10 infrastructure; and (v) providing a high
degree of flexibility and allow n ‘just _ip-time equipment and service
provi sion. ‘Additi & Ur'i/l,nq:’d\'lhear’(’:‘f‘f?’f"é’étﬂFe"tgﬁeﬁeafai‘ §r E§ 87§ ¢ The

exi sting infrastr-uddredeasaoyurces (duct and other civil 15 works) . Total
network transparency wll retain the opti faor_ .future-servLces 16
provi ded on differ eyneta‘{/%\f@ eﬁgltehsa’f‘%m?heg{el%crcr)nr%r'r‘ér#i cé(tzlﬁg%}s{l%ﬁ\%hi%ﬁ ??re
TPON is in the 130Gxnhamgwjow. By transmtting at other wavel engths, other

20 services, such as, hrqadband aceessotorsgiablf del sxbabor andnuhbek of
definition tel'evision, or” business services, such as high bit rate data,

vi deo tel ephony or SHSFE"GHif er enci ng, can be provi ded. The huge bandw dth
potential of(fjprefyamiseRs Vartuakhy unrhigddmeapaciéy febsthe fibre
transparent 25 network. Eventually, it will be possible to transmt

hundr eds!®f wavel edgtHFEsGTHATHEoX1Y, as the devel opment of technol ogy
in optical conponertryvislichy as miagh odehaad basélsxibndvslyengmid dildioiigHs

mul tiplexers (VWDMB),,. opti.cal_ filters,. I ﬁ{r@ [ 51%*" | e

devi ces, noves forV\dru(?Pc 30 on{re t%ogllp%{ée}rpl{ ieaa toégr\}el(rarcra?n a_va%la le, and for
the access networ Rddd thensdd t §Odr evicHé LRENPEIENE2 PR ceP 1 L@F %4 i3 S UiHfen

it must be dggi aned and,engkngeer ed-tQ-Br Q¥kd8rces (duct and other civil

15 works). -

Total network transparency will retain the option for
future -services to be provided on different wavelengths to
the telecommunications, which for TPON is in the 1300nm

- - window. By transmitting at other wavelengths; other

20 services, such as broadband access for cable television and
high definition television, oOr Dbusiness services, such as
high bit rate data, video telephony or video conferencing,
can be provided. The huge bandwidth potential of fibre
promises virtually unlimited capacity for the transparent

25 network. Eventually, it will Dbe possible to transmit
hundreds of wavelengths simultaneously, as the development of
technology in optical components, such as narrow band lasers,
wavelength division multiplexers (WDMs), optical filters,
fibre amplifiers and tunable devices, moves forward.

30 For this potential to remain available, and for the
access network to be used to provide many and varied
services, then it must be designed and engineered to provide
very high levels of security and resilience. Even for simple
POTS, advance warning and live maintenance are essential to

35 limit disruption.

Resilience implies separacy of routing, and exploiting

the existing infrastructure of underground ducts and other



~very high levels of security and resilience. Even for Sfﬂﬁ+f%—4¥§ﬁ5——&dvaﬂee

war#ing and |live maintenance are essential to 35 limt disruption.
‘Resilience inplies separacy of routing, and exploiting the existing

i nfrastructure of underground ducts and-otsher - 4 <civil works is a prine
r.equi renent of the design philosophy. analysis of this resource has

i ndi cated that separacy, from creating primary ring topographies, could be
achi eved by civnkiwgrkbeispaneromdl esqwhrehestroenty dedimemyt Ing oty 5

connection pg Qi§s£€cg§)thgsth@sgﬁ Sl BQsStaE itk QMY ksepd Fh B, def ré @
create rings roh1t e existing star configurations, ignsglocalltle wil |

have exi sti ngr#a@Et B3It R maGY I £3PF 0% FRRETARIK: bl 8V i ASPAPVES. Th
BT' s suburbpinhk NgEWeRKS s AR YCﬁdcﬂehaas,ns:h@?dmcﬁbaénanva\febagmaﬁﬁ%p)fl:{-ﬁ:\s

can 10 be served on rings_ usin tlng ucts nd, b
links of 2007PorefEseD OFBFthFS % c8n© g& 8535? &% S%ﬁ soﬁggcggggo ere

will be natural or Jmn orace b@und@reese mhemgs;ﬂqpnmcathelnQSlﬁanngt Pear

provi ded, and_ip.these.cases te fibr i e C t -
e. across rlﬁ%?slgiﬁag%ogﬁérs?%J Acéi%) %§)5¥il QabQ e§ geifl H &“ﬁgggﬁ?a?

e onl
The archit ectiutle aldopy ethé dri rthe aRAN st G@o@ﬁapﬁ?tﬂlllled bel PrBT Lﬁerﬁc}éﬂnbhgﬁn

tTansn]SS'Onnégﬁggkgue§naﬁﬁgléhﬁasayﬁb&ﬁbt%éEYO@fa@&tié@|@O%F&ftﬁéﬂs can

components. Transm ssion options are sinplex fibre paths Iex
hal f dupil@x %2 S?BvﬂﬁpPéxr%§9ﬁgP§lPﬁbﬁélﬁ§Pﬁﬁ %gFﬁﬁPefn%o %i 6&1 dgis

t he conpl exidyc®d 1heksi Bffr agiomucirurieeshie 4 ofthehénwo3bikbren per aivensgd.

required. However, it benefits fromthe Io st .optical i tyd S

due to the abdehed® ?aﬁﬁﬁleghﬁﬁecg egg na aﬁe%%b&gg reﬁéﬂhﬁ%ﬁ%ﬁf

si nce such syméEQSpnyelcaSenSthveahootr@bl@cpwodgdmfdn§u§Qtﬁh¢S§5Qﬁ§ﬁﬁwth
separate tr%ﬂ§£%0n§€g fgggggvgnpg%g agggph%%taqqu@If 1dupl e MUK NG, Lach

‘have an i nser 0sS penal ty romthe dug exi ng couplers, and
di pl ex wbbBkiomg @%%Iaﬁ@slvﬁﬁsérmﬂﬂﬁsV[N@V Wet Rhg PBUUCEHCLISE  penalty of 2dB.

~ The architecture adopted for the PON topography will
be influenced by transmission techniques, and the
availability of suitable splitter components. Transmission
options_are simplex (two fibre paths), duplex, half duplex or

20 diplex (single fibre path).

Simplex working increases <the complexity of the
infrastructure due to the two fibres per circuit required.
However, it benefits from the lowest optical insertion loss,
due to the absence of duplexing couplers; and the lowest

25 return ldss, since such systems are insensitive to
reflections of less than 25 dBm with separate transmit and
receive paths. Duplex and half duplex working each have an
insertion loss venalty of 7dB from the duplexing couplers,
and diplex working replaces these with WDMs, with a reduced

30 penalty of 2dB.

In view of the long term aim to provide a total fibre
infrastructure, and the present early state of passive
technology components, it is considered beneficial to opt for
simplex working and a relatively low level of split (<32) for

35 PON networks.

The present invention provides an optical fibre

routing member formed with a plurality of input channels for
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_In viewof the long termaimto provide a total fibre _infrastructure; and
7 the<present early state of passive technology conponents, it is considered
‘beneficial to opt for sinplex working and a relatively low | evel of split
(S32) for 35 PON networks. The present-invention provides an optical fibre
routing nenber fornmed with a plurality of input channels for TH S SHEET
HAS BEEN REPLACED sousing respective input optical fibres, and with a |
plurality gbkusuhputeebannels fppubionstngal eSigendd vecutputh eppleadlity

fibres, wherein the .input channels_ar itio ] o first f
the routing® rﬂ)“btr;fu%nggfaﬁ‘élegﬁt pﬁ?rcﬁgr?%g?’ a'r%gg%%llé”f??o%él platznosgggggand
edge of thefibutsng «iemarn amel imheceihateroutFagPREAtrérnes R @it h

a curved gubdestorsqgubding. Lhe OUlPUlerdddy e dd ol BacplRPUhaghanEehset 0
t he output channe in such a manner that the fibres are not curved

beyond nicni poAibéadedr #did raqBPFERENEE Forot i vee FOWptiddienitte. 209
advant agousl;ife r8i GORRBN r8dg€ngf mtRBeFOULI BEriBEbLRL thcanstkaiegui@e forst

and second edges. Preferably, the routin er. further c ri ses hplder
means for hBWEPhE? <SS t?%F-XHEarﬁléb\ﬂ?isch‘l:g‘Bri% € +HE  hpli apgg}?gs & fﬁ%
out put %Lfsbfbbtfe_ﬁr_ tda g sedi r guiude neamsnbernghedsi thenddbresguinie nhe
output fibres fromthe splitter a 0 the. out hannsl e -

i nvention ffﬁ‘lfﬁg p?e. ?r(lfgs mé"ngp uF;Ft grgntr%af%]%lr%d W uﬁ; a paitrSS offggha%l?lé?s
for housingopespett f¥brienput optical fibres, a plurality of channels for
housi ng T espect i Ve Pyt pul o020 PPt hCal odhdi e84gad drol dRE TRAMS T néBVsENG
the splitter means which Splice the input fla‘ries to the pl alir.l)(/ of

out put fi br@ensAdvaREAgEdIs| §irthe A} | EEEPT tedigsesgenerpg:lell{?r y,  tae
rect angul ar -608{ hgumirigyr Wit hchde copwirickannedsdandnthes 2Zooubpusing

channel iti i i
channel's posi}eId sang ope gode thereol, and.uharein e, e |sulauaed
.to the oadtpfitbebannehe curved guide means teing positioned to guide the
output fibres from the splitter means to the output channels.
The invention further provides a spfitter mat formed
with a pair of channels for housing respective input optical
- - fibres, a plurality of channels for housing respective output
20 optical fibres and hdider means for housing the splitter
means which splice the input £fibres to the plurality of
output ZIibres.
Advantageously, the splitter mat 1s generally of
rectangular configﬁration with the input channels and the
25 output <channels positioned along one edge thereof, and
-sherein the mat is formed with a curved guide for guiding the
output fibres Irom the splitter means TO the output channels
in such a manner that the output fibres are not curved beyond
minimum bend radius requirements for live optical fibre.
30 Preferably, the splitter mat is made of a flexible

polymer such as injection mouldable zantoprene or

polyurethane.
The invention will now be described in greater detail,

by way of example, with rererence to the accompanying
35 drawings, in which: -
Figure 1 is a perspective view, for one side, of an

optical fibre telecommunications network node incorporating

THIS SHEET HAS BEEN
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in such a manner that the output fibres are not curved beyond mi nimum bend
radius requirenents for live optical fibre. 30 Preferably, the splitter nat

'is made of a flexible polymer such as injection noul dabl e zant oprene or

pol yuret hane. = The invention will now besdescribed in greater detail, By
way of exanple, with reference to the acconmpanying 35 draw ngs, in whjch:
Figure 1 is a perspective view, for one side, of an optical fibre

t el ecommuni cetite@as selworkrnoderapcospdrasisegblTesS SHEET KWAS BEENIRERISACED

& ihree splidler greay subsassenbhies,eacneat WALEReisn; constructed in

accordance wi e I nvention, gure is a perspectlve view, formthe
opposite side, of dimurmpde dﬁ5FPgmﬁ¥%Pe¢ﬁ1ﬂﬁe’ieVs ﬁﬁﬁsBBEUQRPQﬁ%ﬁﬁ
showi ng the ynogle ofr Fhgurgegeloand: gupeunted in a footmay box in a storage
position; Figure 4 1s a perspective view sinmlar of Flgu 3, but
showi ng t he node 2 ThAlERd*i A5t He P20t ARG bR Viﬁﬂl?ﬁ?%%%&wﬁ?%g 8§§ “on;
Figure 5 i s mingexds odedapar speaibiune odi ewnofa ofiecofvayhebospliint t @r saraxgae
sub- assenbl i es of the node of Figures 1 and 2; Figure 6 is a perspective
simlar to t9AEoF° 1gure 5, but showi ng parts of the sub-assenbl t hen
parts being in 15 fipire operist | ¥e cpESORICCATS FIiRH eSFMLS ax p“é?sbgéfi

vi ew of one { f%wg spl bae shhaYsqotntheocsp! bt kehinReEay nS Wired STRIENAY oﬁox
Figures 5 ant gure 8 is a plan view showing the fibre entry/exit

portion & the %%ﬁlﬁ%r¥%59 BPSFFgbfe 7. 20 Figure 9 is a perspective view
of one of the bend-pllqaﬂémgst ubeeﬁ’ambﬁéﬁd‘éeﬁﬁpéhthspl vieerofiromey of the

sub-assenbly of _Fi
t he coupl erysplltte uarrezsay sur]ad as’seErlz u1rees ‘oT t%e ntr SB%‘:H&?:& eiNaq'td Oﬂe of
Figure 6 is a perspective similar to that of Figure 5,

but showing parts of the sub-assembly, then parts being in

15 their operative positions;
_ Figure 7 1s a perspective view of one of the splice
trays of the splitter array sub-assembly of Figures 5 and 6;
Figure 8 is a plan view showing the fibre entry/exit

- portioﬁ of the splice tray of Figure 7.

20 Tigure ¢ is a perspective view of one of the bend-
limiting tube manifolds of the splitter array sub-assembly of
Figures 5 and 6;

figure .0 is a perspective view of one of the coupler

array mats of *he splitter array sub-assembly of Figures S
Y J Y

25 and 6;
Tigure i1 is a perspective view of the coupler array
pack cover of the splitter array sub-assembly;
Tigure 12 is a plan view of the break-out tray which
forms part of the node of Figures 1 and 2;
30 Figure 13 is an enlarged perspective view of part of
the break-out tTray; and
Figure !4 is a perspective view of another form of
splice tray which can be incorporated into a splitter array
sub-assembly.
35 Referring to the drawings, Figures 1! and 2 show a node
N forming part of a ring topography PON. The node N includes
a stack of three splitter array sub-assemblies S,, S, and S,




~array mats of the splitter array sub-assenbly of Figures 5 25 and 6;
Figure 11 is a perspective view of the coupler array back cover of the
'splitter array sub-assenbly; Figure 12 is a plan view of the break-out tray
which fornms part of the node of Figures 1 and 2; 30 Figure 13 is an

enl arged perspective view of part of the break-out tray; and Figure 14 is
a perspective view of another formof splice tray which can be

i ncor por at ed, {1t ﬁréQkLEB‘ér capLay. sup-assenbly. c§518€‘t¢r£:hﬂght Foldte a
drawi ngs, Figures 1 and 2 show a node. N form ngflgart of rin topot]%r aéohy

PON. The nodé ™ i nc?WiesCeRTsedcRNof tAFBE EBFPEREP érrlloﬁys&f? Pdss M Es
S1, S2 and Se hreapdhar bt eak-Duti 4 rayabl A & i o twdabl @ s ewhiFdly U s

a ring (loop), centred onaloc;_ ..excha h
br eak- out tra%/ T VTR a @381 8° en‘ta‘rfuﬁ(?rt?gﬁoég?éggggﬁgtr eﬁq%Z)Egg%%e? gaesny ng

t hrough a3 nc:dasslmeati damx cablee (1hen passeradtl 1 exstl PRBaStemMFrRCk
general ly: ayg ne{g afe\j; a6l 13 0fed hﬁhet A Tviahd Hee s stdhe Araynd a

t he portion 2 br'es are housed in twelve flexible tubes (not
shown) madé360ffp1bas$| @§erreftqé¥ﬁ&di ipacHedt’ et He spathes coMred ni H@tels&ﬁ’t n)

primary-coatbgd id¥ 63 asAS dsS 4eset bbed=hBrdst aite helmu wadtamlrre; eliee to
Figure 12, the tray T inclugdes a break-out. region B | d| Vi q,!
fibre end pSRHHHE, - FXRTRY DYPr Ut t ity §5tSE SGie 25 tlﬁlerét tb are glét
the splitd erweafrerla%cesuboassmtb&e e3$281, 182 amdyS3r r.nctllmdsscomnéaa;‘ﬂamouq

should be noted that. the tr res ;2 C f 5 bl
C so that, &ft%e°tuttiig’ 8%5 o %R,Q u%els %S‘;Hrf ér?d] +P€9&Hsphlféggfgre ©

| ength, and cstutiipp igrtackad het tth?béihtlzﬁsexw@e leldt §°or§1h|ec§lplf1-|t5teés arggch of

the originalg I%.Ca%ryén{%a%@sfg bres ahares twonfihie epdnpeibansisheseulengt h
is sufficient to be to the? splltter array sub-assenbl |

2 and
S3, and to ©°F0 NRA &BaFetRPbEEFNITCH CHFSHE STHr e Ot 1 ?H?E%ugg -¢hE
Fi gures 3 and A sShowot hearpuatiag eficthagnede O itha tubes in the middle

of this stored length, anc stripping back that tube to expose

its optibal fibres, each of the originally continuous fibres

forms two fibre end portions whose length is sufficient to be

- - led to the splitter array sub-assemblies S,, S, and S,, and to

20 leave spare fibre which can be stored Zor future use.

Figures 3 and 4 show the mounting of the node N in a

footway box F, a dome-shaped cover D being fixed to the node

base ! prior to mounting.

One of the splitter array sub-assemblies, S, is shown

25 in detail in Figures 5 and 6. The other twé sub-assemblies

S, and S, are the same as the sub-assembly S,. The sub-

assembly S, includes a stack of ten splice trays 4, each of
which is 8mm thick. The trays 4 are supported (in a manner
described below) by a stainless steel chassis 5 constituted

30 by a top plate 5a, a base plate 5b and a back plate 5c. Each
of the splice trays 4 is a single circuit splice tray, that

is to say, -n use, it has two incoming optical fibres (one
sach for <transmitting and receiving), and two outgoing
optical fibres (one each for transmitting and receiving).

35 The three plates 5a, S5b and S5c are welded together, and the
top plate 5a of the sub-assembly S, can be fixed to the base

plate 5b of the adjacent sub-assembly S. (not shown in Figures



- footway box F, a done-shaped cover D being fixed to the node base 1 prior
to nounting. One of the splitter a-rray sub-assenblies, S1, is shown 25 in
‘detail in Figures 5 and 6. The other two sub-assenblies S2 and S, are the
same as the sub-assenbly S 1. The sub- asgembly S. includes a stack of ten
splice trays 4, each of which is 8mmthick. The trays 4 are supported (in
a manner described below) by a stainless steel chassis 5 constituted 30 by
atop gl ate 55aan@.| baseypl mé &ndbo indoanktacly pladttes ScnotEashowoi. t hSigplliae
trays is asingle circuit lice. tray,.that, LS.t , shN WSepdt
two i nconi ngmoouprfnlg'c% %’?%F"éscégnlé)% é%(‘:ah%yftoc_% Talr%nE%t?il§8¥arslg Fgcgtihve: rfg‘%}?sand
two out goi nges ot lealS.f ebResh¢ onkea eaichP for teafsRi-ees§§Lad Sr cRiSHRRPET 35
The three plalfs 58no5bs R9n PCi Arenuehded kogether, and the top plate 5a
of the sub-assenbly S1 can be fixed to the base %I ate 5b ogi%he afi#ﬁacent

sub-assenbly S., (F&e sHAFEIH Fi §uFls SPF Tnd* %) * DY e dRs T 6f Sho ity
b?' tﬁ (no';) shawng n,blaSi;nginha-_bxét n‘ﬁpml'tﬂgrbalr‘mycaatbe, used tao shilx tithe plmtay 5a
of the sub- asse S. .and _t plate 5b of. the - S3t rt
means (not sorﬂﬁih)c?%efhg' nod& %.hlg ﬁoen%%%gsls?’g 5§§$sg§§§gggrxfs%aﬁ%%&%%o
ts}pl itter arr@s imtdéscanbedt petl ogplyittter-eafezgnemtty, Fagdra $pDi thidred ray
ack cover 8, .| thi S CONDEEL: AR L S| BRYL s MBhaBs CREBRES ne( @k dhd RS ¥d bed
bel ow with e ed}ené(;%le l’f% Elggur% 163 ??EFes S\hglgcﬁ ?:arry t el eecon#u%i,cati ons
si gnal s 19 ousfens@hange 0249 ctsPERBrs27The§SETMPHr e$ T4ME "tér méd RS s t
fibres. Simgilganlag: ¢ he o pghepat 7ngarri esafirfhees Mbebscaiiiych carry
t el ecommuni cati ons signals fromcustoners to the exchange. , These.fibres

are terned redESAMMYRYRAL AP FhER2ESafdol &4 FMEFRS of © a PP iGREn9e
pol ynmer, fomrmeandierds almstereeidc retepoley fébreach aseimaestéd androllatsl e
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flexibiliiypedgess thach | ,ruseWiee vkas 6manddablare 7RPEPRFEREy afdi nst

the ChaSSisjyﬂyﬁﬂééﬂéhéﬁ byfﬁﬂﬁrgﬂgﬁ cover 8 is made of flexible
polypropylene (which is also injection mouldable). This
inherent flexibility ensures that, in use, the mats 6 and 7

are held firmly against the chassis back plate Sc by the back

20 cover 8.

As shown in Ficgure 7, each splice tray 4 has a main
body portion ¢ and a <Zibre entry portion 10 which also
constitutes a clip-on tTest area. Fibre access to the main

body portion 9 from the £fibre entry portion 10 is via a
25 channel 11, The main body portion 9 1is of oval
configuration, having an oval base 9%9a and an upstanding
peripheral wall 9b. A hollow mandrel 12 is provided on the
pase %a adjacent to the entry channel 11. The mandrel 12 is
of rounded square cross-section, is sized to ensure minimum
30 bend requirements for live fibre passing around it, and has
a fibre inlet aperture !2a through which dark fibre can pass
for internal storage. A channel 13 is defined between the
mandrel 12 and the peripheral wall 9b, the channel 13 leading
+o a further channel 14 which leads around the inside of the
35 wall to a splice holder region 15. In use, this region 15
houses a splice holder (not shown) for splicing two incoming

fibres to two outgoing fibres. A direction reversing channel
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20 cover S. As shown in Figure 7, each splice tray 4 has a nmain body
portion 9 and a fibre entry portion 10 which also constitutes a clip-on

‘test area. Fibre access to the main body portion 9 fromthe fibre entry

portion 10 is via a 25 channel 11. The maibn-body portion 9 is of -oval
configuration, having an oval base 9a and an upstanding peripheral wall

9b. A hollow mandrel 12 is provided on the base 9a adjacent to the entry
channel 11. The emdslr ebodi2the cbinnelindddadgeseatcitosdheecEigder ils a4 t o

ensure nini num end regyi LeMenLs fQhnki Ve 4f LBk € nPASSIAGsARANE Hdnnand
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i nternal storhgedacenannel th8 nandgeeinéd: bet ween the mandrel 12 and the
peri pheral wal | 9b,Tﬁé1ef§B§eneénch3;|r@aéicﬂgn tw adfturédden chanrel tdawhich
| eads around the inside of the 35 wall to a splice. hol der,.region-15., |

use, this’regiondss RbHsRsIaPERI PRETHOFYRF ?BEFSSHQ\%) qf7<]5"r ag‘& iqc7i%ng( St%b
incomng fidras-d osiWwo QuUt@RigAGf idiemelA digecindnlBbversi pgovhdedelto 9
- 16 leads fromthe channel 14 adjacent to the ion-. 1 to,that
portion of tﬂ%ar%hgﬁr?éfle 14°WAPER adioi ﬁér%hel c a%&gl Qg}i% géﬁgglgllé%t {6 the.
nmandrel 12. Adwoedtbve eneryupestiidm BWdof! Buch EpeseeaPpafuras L@ (s

three fibre affrylxit (RAL! Sukia o 70 ABYA1HE (650ip KhgUEBBLurBEVEr aiitty
channel s 18a and 18b are provided to lead fibre between the port 17a .and
the chanh®l Dmowide easSpecidSAsapbft (es ABCHYCI9b I1PRESe ‘afgeP-FG%s a

and 19b congtidute what ;e baewA nas chelrepa Dongpeshdnesrce arwl dbd epmaviale

easy access to the associated fibres in order to asure_the |ight pgssing
there al ong, ththdIH@hEEYt &TdetHt nf RE* CEhe -qﬂ%ﬁstey %#TP? h%nsﬁpfagggl.rgg'These

clip-on aperddy®siated 1 psisOciaiatrdnght apmsurarentasppstsedian the
described in the _specification of \r i o pat ept ApPL+ £aki oo WO
15 93/ 00600.5BC S T 5t O \?éflr g?‘ﬁ% c%en%ﬁaz%gélangg%(%b argelé%rovi ded -t o
lead fibte Etiees0@he port 17¢ and thé channel 11 via

Similar diverging channels 20a and 20b are provided to
lead fibre bLetween the port 17c and thé& channel 11 via
respective clip-on apertures 2la and 21b. A single channel

- 22 is provided for leading fibre between the port 17b and the

20 channel 11. The channel 22 is not provided with a clip-on
aperture.

Each splice tray 4 is also provided with a number of
fibre retention tabs 23 for holding fibre in the various
channels 11, !3, 14, 16, 18a, 18b, 20a, 20b and 22. One of

25 these tabs (indicated by the reference numeral 23a) 1is
generally V-shaped, and extends from the curved end of the
peripheral wall 9b remote from the mandrel 12 about halfway
across, and above, that portion of the base 9a between that
wall portion and the manarel.

30 Each tray 4 is pivotally mounted on the splitter array
pack cover 8 by means of a leash 24 and a retaining ring 25
which aré_moulded integrally with the rest of the tray. The
leash 24 of =ach tray 4 has two arms 24a and 24b joined
together—by—a ninge 24c. Its retaining ring 25 is a friction

35 fit within a groove 26 formed in the back cover 8 (see Figure
11). In use, a rod (not shown) passes through all the

retaining rings 25 and through apertures (not shown) in the



respective clip-on apertures 2la and 21b. A single channel 22 is provided
for~leading fibre between the port 17b and the 20 channel 11. The channel
'22 is not provided with a clip-on aperture. Each splice tray 4 is also
provided with a nunber of fibre retentdam tabs 23 for holding fibre in the
various channels 11, 13, 14, 16, 18a, 18b, 20a, 20b and 22. One of 25
these tabs ;indicated by the reference nuneral 23a) is generally V-shaped,
and ext ends dgppmddienssis vetlacad ok thé Speri pherehisvaiay 9bliewbee spildmet he

mandrel 12 about | f i
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retaining ripg2y which, ace; gouhdgdeiategealion witdh L herd esta ob1bhe tray.
The leash 24 of each tray 4 has two arms 24a and 24b | oi ned to%eth r.- by
a hinge 2%c.thitss pesaFhPRg rilffy 257F s 45 raRe| &r‘?b35°?)FJf WPt H n98D§FGovE 26
forned in tRe haghwovwer Gdreeddalirdn 1ls loppésed a tiood theot vsbaaped

passes through all the retaining rings 25 and through t t
shown) in tK&MG IWEF LAY Bkl r}ﬂq’aﬁ e‘gg%ré 2he 5627 B ?ngg%y%'g??ksgg &5l ce

traysf4 ar ert]:rh@t atereah hyng heiingbacsk pf akepiSwmtdsitowachrann4bds phebded rout
away fromthe other trays.in st ack pPrQ\ ACLIESS i I RH@N
apertures 1§§,Slf§‘b°,n Zglg grrll%j E%Eglﬁ%ﬁé ftﬁ:as ggl\sé: ?ﬁliovn, tlhe %‘?ﬁmsééiasgngh 4b
take up k0 gemewalisy Listirtddyty i Hee s gud bt #ont FastBppdsel £83t RB%V-SRaped
configuratigr fhepdhayeuhenthhend rayi i e dilddwi-dicipos iAs od i@ heettairsitng
ring 25 of a pivoted-out tray 4 is held in rgosition b tlg retaining r,od,
the pi vot al ORSF&FEMI GOsite D) t P i s T ¢ t'clr%y’?’?’l’:ﬁél%/%?—Ea ﬁ S 5stirfag wo
arms 24a ands24fxpostdai ghten out. In the fully pivoted-out position (the
first operating pgsitio the fibre entry

exposed. Each of t QCEpP?%f%‘P saﬁ?lrla%/t%ﬁb- ass%%g{%{aag& 1, gze%n%r'ggz%l%aissé:’
associ atied wist lastswx ifd thrdeswiflourwéi fibread (Fouy diid)refend portions) of
the eight fibres in the cut tube of the cable. The remaining
two fibres (four fibre end portions) from the cut tube are
stored in the break-out tray T as is described below with
reference to Figure 13. As the cable C is in the form of a
20 ring, telecommunications signals can travel to/from the
exchange in either direction round the ring. For
convenience, one of the directions 1is termed the main
direction, and thé other the standby direction. In practice,
only main fibres will be used for normal signalling, the
25 standby fibres only being used in the eventuality of main

fibre failure.

The two main fibre end portions associated with say
the splitter array sub-assembly S, pass from the break-out
tray T to the lowest splice tray 4 of that assembly, the

30 fibre end portions being supported in, and protected by, a
bend limiting tube 27a (see Figure 6). This bend limiting
tube 27a is a proprietary item made of polypropylene ringed
tubing which, though flexible, cannot easily be bent beyond
minimum bend radius requirements for live fibre. The bend

35 limiting tube 27a terminates in the port 17a of the lowest
splice tray 4, and its two fibre end portions are led into

the main body portion 9 via the channels 1l8a and 18b, the



the eight fibres in the cut tube of the cable. The remaining two fibres-

“ (four fibre end portions) fromthe cut tube are stored in the break-out
‘tray T as is described belowwith reference to Figure 13. As the cable C
isinthe formof a 20 ring, tel econmuni cations signals can travel to/from
the exchange in either direction round the ring. For conveni ence, one of
the directions is terned the main direction, and the other the standby
direction. Idlip-asdii&pertapky mBan dridr esbwi bhdbehesethdrorelnor hml These

-signal ling; the 25.standby. fibres anl ' i v al ity of
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supported in, and protected by, a and limting tube 27a ésee FLgure 6).
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ringed tubimgmmhichres howghibbexidlihe caphpteeasirky therbentobeyond the

m ni mum bend r.adi us, requirenents f live fibre., T 5.t ting tube
27a term nat@e 1 FYNe BS6r ‘oﬁg 8f ?h% };SS s% yls%}_fi!(}go t%f'{;)‘jch% félr??e%tg“to\tf\:o
fibre end pexamrs arededdian chet e e ouwodyrayoM)i Ge1Q9vilgdt RFayhiFeal s

18a and 18b, ,fh p'liJcJes Gl Qh@”tcﬁQEBIeW?é, 198 adk 1he @ndd e neRanael nkl.

These fibre end portions are en spliced to the ends of a pair of fibres
which (a&° _dedeseripiedfBePowhear S SRS at’éd wibR tFeanpdt s B afdddr. Thfe
two splices @r&Ahery peghhhonedsi n ay51spkicee Jrol deen WaitChtHes fiepesroust ed

in the region 15.  The four fibres leading tq t | ices are then_stored
in the maif%FR} pdt tFioh B2bF Eﬁéyt P&?t_&%\ﬁ %h ﬁoé’g% YhaY £ bPEsPEFBF 19

exanpl e t hozeefsie0orfibii@sbioeak oounoteayides bedoumd |Et avwendfeloh2 ehd spheces
Spl i cos v, a Fffe CIRAMRTS 17808 the  PR/e e g e 167K Lenath -6f dach
_of the fihressiuze stbeed fiet Boowai noBodit Jer t psRagdof ovREardhy 4MHP 2
passing thegedifnes e &F MRER LhMESahewBd thengandrele 13rénds Ubdeb
stored fibre permits a minimum of ten re-splices of each of
the splices to be carried out during the lifetime of the
- assembly.

20 The two fibres which are associated with the mats 6
and 7 leave the main body portion of the tray 4 via the
channel 1!1. Thevy are then led to the port 17c of the entry
portion 10 wvia the clip-on windows 2la and 21b and the
channels 20a and 20b. These fibres are then led to the mats

25 6 and 7 within a bend limiéing tube 27c (see Figure 6). One
gf these main input fibres terminates on the input mat 6,
where (as is described below with reference to Figure 10) it
is Joined by splitter means to eight output fibres.
Similarly, the other of these main input fibres terminates on

30 the output mat 7, where it is joined by splitter means to
eight output fibres.

The two standby fibre end portions associated with
this spliéter array sub-assembly S, pass from the break out
tray T to the second lowest splice tray 4 of that assembly.

35 Here, these two fibre end portions are spliced to two fibres
which are led back to the mats 6 and 7 and so are termed

standby input fibres, and each of the standby input fibres is



the V-shaped tab 23a. The fibres' natural resilience will 15 ensure that

. the~l oops of- fibre expand outwardly into a configuration of varying
‘diameter turns. The provision of stored--fibre permts a mninmmof ten
re-splices of each of the splices to betarried out during the lifetine of
the assenbly. 20 The two fibres-which are associated wwth the mats 6 and
7 leave the main body portion of the tray 4 via the channel 11. They are
t hen | ed to;tohenermruy 157l ioft ¢ heneamy yto poke | dama Oeyghtt ABLBREPpLIHRTRFN@EWS
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means to ei ght outrpat rfambliﬁsnaT@Eghmoslslamlbtyrd\rsbrflel@ndhposubonssembly

associ at ed dhis splitter arcay e f k
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the out puft il ésmf ﬁ@m ehbh ﬁl?h@nrﬁa{%do‘ﬂs e 2nd HatP:i §%t§ay°aaf1r*aﬁsm t

fibre and ajneceiyg fisRre)these fibres are spliced to two fibres of a
four-fibre blown fibfe unit associated with a given customer.
Such a unit has four fibres in a single tube, the tube being
fed petween the customer and the node N by the well known

20 fibre blowing technique (see EP 108590). The customer’s
blown fibre unit is led to the port 17a of the splice tray 4
within a bend limiting tube 27a. The blown fibre coatings
are stripped away from the four fibres "downstream® of the
port 1l7a.

25 Two of the fibres within the unit (the two fibres
which are to be spliced to the transmit and receive fibres
from the mats 6 and 7, and so are termed live fibres) are fed
to the main body portion 9 of the splice tray 4 via the
channels 18a and 18b, the clip-on apertures 19a and 19b, and

30 the channel 11. The two other fibres (which are spare fibres

not for immediate use) are fed to the main body portion 9 of
the splice tray 4 via the channels 22 and 11. All four
fibres then pass round the mandrel 12 within the channel 13,
and then back to the mandrel after passing along the channels
35 14 and 16. The two spare (dark) customer fibres pass through
the aperture l12a and are stored inside the mandrel 12. The

two live fibres pass round the mandrel 12, and are then



is.led to the port 17c of a given custonmer splice tray 4 inside a bend

- limting tube 27c. These two fibres are led into the main body portion 9
"of the tray 4 via the channels 15 20a and 20h, the clip-on w ndows 2la and
21b, and the channel 11. In use, these fidbres are spliced to twa fibres of
a four-fibre blown fibre unit associated with a given custoner. Such a
unit has four fibres in a single tube, the tube being fed between the

cust oner anddliecetdeo Nchy thensweit lkmdwre2@ifvebrid daesn fgom ethai gass( See
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t he channels 35 14 and 16. The two_spare- ( cust oner gf§% pass,
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lifetine ofggﬁetggggnb 3? Fﬁgggzgﬁgfergg%gfhg JjllkZ\Msés bei ng s%ored gy

| oopi ng the®®8&Eh one or nore tines round the mandrel 12 and under the
V-shaped tab 23a. tReOrggs tdpAcCesusiitmedp! irg@sew t Bitdradgi veBhspal | €Re

mandrel 12 of a given splice tray 4 can be used to replace
the two live fibres of that customer in the event of these
- fibres failing. More importantly, however, they can be used
20 to provide that customér with additional lines or service.
(In this connection, -t should be noted that each fibre pair
can provide up to 32 lines using customer premises equipment
{CPE) electronics such as an optical network unit (ONU)
matched to an optical line terminal (OLT) at the exchange.
25 Each pair of fibres can alsé provide a Megastream service. )
In this case, the two spare Zibres are removed from their
storage position within the mandrel 12, and are led to the
fibre entry portion i0 of the tray 4 via the channels 13 and
11. They then leave the tray 4, via the apertureless channel-
30 22 and the port 17b, and enter a bend limiting tube 27b (see
Figure 6). This tube 27b is routed via the back cover plate
8 to another splice tray 4 - usually a splice tray of another
of the sug—assemblies S, or S, of the node N. The tube 27b
terminates at the port 17a of this tray 4, and the two fibres
35 are led into the main body portion 9 via the channels 18a and
18b, the apertures !9a and 19b, and the channel 11. Here

they are spliced to two "exchange" fibres, and all spare



10 tray 4, it is necessary to renove the rod holding the retaining rings
25 in position, prior to the pulling that tray out of the stack
~sufficiently far to gain access to the splices. In this position (the
second operating position), the tray 4 i;3 maintained in position by its
bend limting 15 tubes. The two spare custoner fibres stored within the
mandrel 12 of a given splice tray 4 can be-used to replace the two live

fibres of thahqqyst oger 41rbféﬂeaegerat@£ea hese thébrand anhhngr My ethat
importantly, however, they can be used 20 to pI‘OlVJ de that cust oger
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to an optic & termnal - e exchange. ach pair of fibres
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are renmoved framihei roy SIHApQeposidjon within the mandrel 12, and are |ed
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routed via the ha cove ate 8 _to anot her spI 1c r S
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tube 27b0 tenmﬁmataesratctllfmel gart oh7a G ankied pragion 4ndtt RBOVWO PEDLEES 35
are |ed Intohgg S%CQP%%a %r%'ona%a % EQSVQEQHnﬁhﬁhlgﬂ 8pen &ggrthQ%

apertures 184 an t'he “Channel Her are spliced to t
"exchange” RBBréer amHpartispatke-2s9OCt BFRA Hensd lfH"B'rte”’eEr &UDEoLdd i A
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connection, the " exchange" fibres coul ther as iRres
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tubes 27a, %Zgi QQd%7%(§}é%%% éﬂer injection moulded filled nylon.
Figure 10 shows the input mat 6 of the sub-assembly S,.
The output mat 7 of this sub-assembly, being of identical
construction to the inputr mat 6, will not be described in

20 detail. The mat 5 includes an input slot 29 for receiving
the main input fibre, and an input slot 30 for receiving the
standby input £fibre. These two slots 29 and 30 lead to an
aperture 31 which houses a 2x2 fused coupler (not shown).
The two cutput fibres from this fused coupler are led via a

25 curved channel 32 around a mandrel 33. The mandrel 33 has a
radius of 20mm, and so fulfils the minimum bend requirements
for live fibre. Each of the fused coupler output fibres 1is
spliced to an input fiZre to a respective 1x4 planar coupler
(splitter). The two splices are stored in a recess 35b.

30 The two planar couplers (not shown) are housed in an
aperture 34 adjacent to the aperture 31. The two fibres pass
from the mandrel 33 to their planar couplers via the curved
end wall 35a of a recessed portion 35 of the mat 6, and via
respective curved slot 26. The eight output fibres of the

35 two planar couplers pass round the mandrel 33 via a slot 37.
These fibres then leave the mat 6 via respective output slots

38 which fan out over the recessed portion 35 and the



the splice trays 4 are provided with respective support manifolds M (see
Figures 6 and 9). Each manifold Mis a 10 sliding friction fit on a fl anged
“portion (not shown) of the chassis back plate 5c¢c, and is provided with an
open aperture 28a for supporting the assgci-ated bend limting tube 27a,
and wth a pair of closed apertures 28b and 28c for supporting
respectively the associated bend |imting tube 27b (if there 15 is one) and
the associ atyed end | b8l §bagpbeheod7childle defnhésl dheMarmaddendf wall
rnjection myyl ded filled nylon. Figure 10 shows the input mat 6 of the
sub- assenbly’sgl. The output mat 7 of this sub-assenbly, being of identical
construction to thehienputc mat=mis viddmenot bed deskyibed far pBederarFmithe
mat 5 i ncl ug i nput 9 ;kar i LecgisVi he A1 mhbEe;: nangd an
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shown) . The o YEPUtadd S es Jhom thiss f ysedegoupker asedl ednvi aoamad
curved channel 32 around a mandrel” 33. The nandrel. 33 has a ragius. of -
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recess 35b. “30"*The tWo pl anar couplers no% shown) are housed in an
apert ur el 84 fadjracerst itts tinowperithpre 31. The two fibres pass fromthe
mandrel 33 to theig;plangs Couplermyia thaseutueds endwvaldpBherof dor
recessed portion 35 of the'mat 6, and via respective curved slot 36. The
ei ght out putthfj Freeeiste e85t wo pl anar -coupl ers pass round the mandrel 33
via a slot 37. Thesguflebt esshbes twaveplie:amitaray dacdspestevé ot phe
slots 38 which fan qut qver the recessed.portion .35 and the 15_- .-
adj acent raFf¥ed 35S which gcf@fqtr‘?ets%[eﬁél arv laee%%c}\(/véiciveﬁga?sTﬁgEﬁgtd 6
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g reduce the thickness of the back cover in~this end region,

and so enhance the flexibility of the back cover, thereby

ensuring that, in use, the back cover holds the mats 6 and 7

20 firmly against the <chassis back plate 5c. In this
connection, it should be noted that this end region of the
back cover 8 is formed with an in-turned L - shaped flange

8b which can >e snapped over grooves 284 formed in the
manifolds M to hoid the back cover to the chassis 5 with the
25 mats 6 and 7 firmly sandwiched therebetween.”

The outer surface of the back cover 8 is also-provided
with a pluralizy of longitudinally-extending ribs 8c, the
base of each r:1d beiﬁg formed with a plurality of apertures
8d. These apertures 3d extend right through the back cover-

30 8 to its inside surface, and constitute a matrix of tie
points for the attachment of cable ties which are used to tie
the bend limiting tubes 27a, 27b and-27c¢ to the sub-assembly
S. ) '

Figufe 12 shows <the break-out tray T in greater

35 detail. As mentioned above, two loops of the cable are
stored in the track 3, before the cable exits the break-out

tray T via the entry portion 2, and one of the tubes of the



menti oned above, only main fibres are used in normal operation, so the mat
6 acts as a 1x8 splitter. However, should there be problens with the main
fibre route, the mat 6 will still act- as a 1x8 splitter with the standby
receive 10 fibre as its input fibre. Sinmilarly, the mat 7 constitutes a
2x8 splitter for the receive fibres. Figure 11 shows the splitter array
back cover 8 of the sub-assenbly S1 in greater detail. The back cover 8 is
fornmed 15 wmkbhe a padwt of n | Oryinidhial ¢¥-e5& G TRE rowirds 8&4&djCdcéRe to
that and rempte-fromthe, groove 28, \These-0r-gevese83piiedusce atrlha vt Biugkness
of the back™cover in this end region, _and so enhance tEe ngxibiIit% of
the back covesembherebgvnensufiqy-thRat> 1 ude, *Phe?BIERSEoVEF REPES The
mats 6 and 7; 20 i-p@ - ragai Nst- e wbassi s hack-giate e, finrédi san be
connection, it should be noted .that thi,s _end_regi on_ of caver. 8 is
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grooves 28dx49&mpU: &6 $ hendmeni 6 Ol dse Miode bl dot hmbdrk scowed goune a
chassis 5 with.th 5 mats 6 rfirndy. sandwi ¢ her.ghetyeen. e
outer surfatERBFer h%gbsék%&ve% iosg al'so pro iaeagﬁgf%h %8& Vit tabI%f
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back cover 30°8°to0 Its I hside surface, .and constitute a matrix of tie

poi nts flér dbes arehchnentdoni BhPre PPBE wWARELHSar8IHSEG™EB fie the bend
limting tubes 27apn2#h-ad RAC Adyitde sUWr agserdday TSisFifogured +2 tdhews
the break-out tray T in greater 35 detail_.. As nenfjon e, L | .qops
of the cabl®laF2lisYoPk ‘i“ﬁv?cheunfsr%%’f{gé?gbfelf%?eerst h}ed’caab jeaq'le%af(}} §a§*\r¥e§ o
break- out +hayhTawfanéheientey pobtreolfe2d ghdnorésoft 1t he Thgbd&yooff itre

cable s cul,in,ihe giddle, of dis slored-denddh el dfieciaed Lafes

forns the nBl'A ??5?%0?%rt e splitter array sub- assenbly shown in cures 5
and 6, and anet heweshe splanekbytrilbrée P6r RatsS WRIRSERIEBNG yS:/ Tharferf§hi ng

fibres can pﬁrough the first channel 41 (that is to say through the

channei nearest the entry portion 2). Similarly, the two

fibpre end portions that constitute the standby fibres

associaéed with the second lowest splice tray 4 are fed

20 through the second channel 1. (As there are sixteen

channels 41, the break-out tray T can handle sixteen pairs of

fibre end portions, that is to say all the fibre end portions

from two cut tubes.) The two fibres then pass into the bend

limiting tube 27a associated with the lowest splice tray 4 of

25 the sub—asgembly S,. This tube 27a passes through an aperture

42 in a raised portion 43 of the break-out region B (see

Figure 13), and is <tied 1in place by ties (not shown)
associated with a further aperture 44.

A preferred form of TPON includes a 32-way split, that

0 is to say each fibre from the exchange serves 32 actual

(9]

customers via one or more splitting (flexibility) points such
as the node N descriked above. As the node N defines an 8-
way split, it could be used as a primary splitting point, in
which case each of <the " customer® fibres leaving the node

would lead to a respective secondary splitting point. Each

(99)
N

of the secondary splitting points would be similar to the

node N, but each incoming fibre would be split four ways



mai.n and standby fibres for other splitter array sub- assenblies S. and S.
of the node N, or can be stored around a mandrel 39 at that end of the
‘fray T renmote fromthe cable entry portion 2. The mandrel .39 has a
Founded rectangul ar cross-section, and i.s, sized so that fibre coiled

t herearound 10 does not exceed mini mum bend radi us requirenments. The
break-out region B of the tray Tis formed with a plurality of curved

upst andi ng fja%;g S 4Qan2di agent R3lrs ofyg wWhhgh Aafddiegi ¥t gebsfi Hrem f aed
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portions, that 15 'to say al the Tibre en ~portions fromtwo cut tubes.)
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the number of splice trays used and the size and form of the

splitter array mats 5 and 7. Moreover, by co-locating

- several splitter array sub-assemblies in a node, splitting

20 from a plurality of ei&hange fibres can be accomplished at

any given point, using different splitting ratios in each
sub-assembly i1f required.

An important advantage of the sub-assemblies described

above, is that the splitters and the associated fibres can

25 all be factory fitted. Thus, the fused and planar couplers

and their associated fibres can be made and positioﬂed in the

mats 6 and 7, and the associated fibres can be led to their

splice trays 4 within pend limiting tubes - all at the

factory. When the sub-assembly is to commissioned, the

30 fitter needs only to cut one or more tubes of the cable C,

feed main and standby fibre end portions to the lowest two

splice trays 4 of the sub-assembly, store spare cut fibre end

portions in the break-out tray T, splice the main and standby

fibre end ﬁortions to the main and standby input fibres

35 already present in the two splice trays, and to splice

"“customer" fibres to the fibres already present in the other

splice trays 4. In this way, the amount of skilled work



R

"custoner splice trays" and "custoner fibres" used above should be taken
t'o mean splice trays and fibres associated 3 with either actual custoners

or with downstreamsplitting joints. O course, in the preferred 32-way

split formof TPON, the nodes N coul d-al:g0-be secondary nodes. In this
case, there would be four nodes N, each serving eight actual custoners,
and the four secondary nodes woul d be served via 10 a 4-way split primry
node. Here agdidn Hase qar izearcanmdce, ouwwwnd sbeesiini Icaducedt ke pode nNmubut
each incor ng, (exchapge) ; filace naul gl beospl ool Aoy raher dbanaeight

e -

ways. It wi Il be apparent’ that the type of splitter array sub-assenb
descri bed aboreiicatext3phbtyne| ERithIP -1 RE PBRIP25eEan réaff?Vehe adipt ed
to suit different Lequiferents. chfuparthstlaie dibidss adapablkactreianyre
splitting ratio by varying the nunber of splice trays used and. the,size
and formof eET sPEREL & vaayt Rait 161G 2 Rbr eSﬁér‘,‘eWn&S-l‘o%at rAg <
several splistit-ale akkay +hdb- aasesblies tnaes node pisplidd ing 2F thensaack
plurality of exchange fibres can be_ acconplished at , i it .. .usi ng
i fTarent o CLEIBT &1 COoiT ORERStodt aoseunry™ 1 Fous PugTinleel srl
advant age ofc rtahe resis-ias eyt § cesnates ro ekt vabbileres scahat ed hby sphet teng and
the associ atlgqliftiilglrgesc. 25 all be factory fitted. Thus, the fused

and- pl anar couplers and their associated fibres can be made and ggsiti ned
inthe Mats 6 andThke arB-eR&ECEBLBCT 2T B8 PRHrARCEAF B 9 &d 5% PEnePPP T8N i ce

trays 4 withign hend 1 ikt spart yeasic. alinatuthea foaeteyr yno Vieni theng is
sub-assenbly is to commi ssioned, the 30 fitter .needs only 1o or,
more tubes GFIEHESCablS® CChef BBRAET APRhd §P§Eﬁ8b§1°§1 b‘rneCleunc{cfe ptgr?%irgagstg t he
|l ovest two amgliTce trmys fiefct Ingpsub_-fa$$exrzblj3gi_r5i.oraallspavel'wtt\_flbb$e0énd
portions '”tﬁarée Q5aK- QU ”@&Jalé%é Cﬁ#b,het Sé‘%fmﬁ'o%éﬂgbyweib_@r Raghd

portions to the main and standby 1 nput res 1 ready present in the two
splice traysibaed twoepknde andustofkye EBRESYt I ike f FBPRs cafeady The

preie”t in the Qthess SR G tEAYS ofhid N-1BES Walbe tdRdANMDGAL dOft 15k | bed
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o 3 spliced t& the fibres of six of the standby fibre tube enas

a in special (single element) splice trays 45 (as is described

pelow with reference to Figure 14). The fibres of the

20 remaining six main Zibre tube ends are then spliced to

"customer" fibres in 24 splice trays 4. Similarly, the

fibres of the remaining six standby fibre tube ends are

spliced to 48 "customer" £fibres in 24 splice trays 4. Thus,

two fibres are fed, in bend limiting tubes, from a breakout

25 tray (not shown) to each of the 48 splice trays 4, where they

are spliced to "customer" fibres in a similar manner to that
described above with reference to Figures 5 and 6.

A respective main fibre tube end and a respective

standby fibre tube end are fed from the break-out tray to

30 each of the splice trays 45 (see Figure 14), each tube end

being in a respective bend limiting tube (not shown, but

similar to the bend limiting tubes 27a, 27b and 27c). Each

tray 45 has a main body portion 46 and a tube entry portion

47. The main body portion 46 is of oval configuration,

35 having an oval base 46a and an upstanding peripheral wall

46b. Fibre access to the main body portion 46 from the tube

entry portion 47 is via a channel 48. Channels 49, 50, 51



whi ch has to be carried out on site is reduced to a mninum 1In

. particular, the fitter does not need to carry out any intricate splicing

for splitting purposes. Mreover, the bend linmting tubes ensure that the
fibres guided therein are never bent beyond t he m ni mum bend requirenments
for live fibre even when the splice trays are pivoted out of the stack to

ei ther of thei.r peratln si;tions ThIS rantees th ransmss
per f or mance 35F Pi v%rﬁ Bfggggﬁfiri“gdt% e gjen&' B9 37—'1 ﬂ“ng’stﬁi e #’ﬁgh

sub- assenbl yades @ridoetk aibdve Cobkes atso ab@aadaptfed pifiore uksceldenr a-gtpmns -
joint. In sygh a FRSCendfntl] RUIFHINg LSq;iegul bRdyeSQ A& SubhAsaanb! yauoul d

not include the mats Ina first type of spur joint, all ‘twel ve
tubes of tRerfiisse vable a@%aFanBE"cu{—Dﬁeﬁere%y AORTAATE t WRF Ve Afni ARE5

fibre tube zendscanditasl va sitandbys fihie dgpee ierdai ddweci dddires of six of
the main flbre t ube ends woul d t hen he FLI ced to hg fibres of SIX of the
p

standby fibre tube®BRBsSPLACEPEERYl “Psifighes RI RTRATFeSpFtER #raAYEP2E Phs is
described RBebew wétenef enenedst 654 gore nbdyiinghef fHibe esnof+rtehevaﬁlous
remai ni ng si fi t ends are then spliced to "custoner"” fibres
in 24 spli ce)lsltarnéles °4. legrSletrﬁ Iu%rel y, the fibres of the remaining six standby
-fibre tube ends afbe spibecedntey4Sporustner’" 4§ beash nspUiepl teavt r 4ys 4.

- Thus, twp fl'n%&%ae%r %wfoe@untenehggg/!ekmtwgcé %,aa‘dr 3572 beseka&is&éearay
(not shown) to each 48 splice trays 4, where th eé are sp |cedto

"cust oner” RNBr é$H ﬁr& Qrﬂwlé]redn'éﬁnéreaflofﬁﬁéﬁ bgEwerRpHE aB%x‘?ESwr?ﬁ and
reference t@gskl guilaesch‘é AIHhfhelA 4gSpecti ve mal n fibre tube end and a

respective standby fibre tube_end are fed f t he bre ay, 1P
each of the spli ce¥P?af§elzf5ce( sBB2¥ §6r e-m:f’4‘§l cﬂlFBbg aﬁ%ast}é tﬁz i a
respective lfremdilniimgt imiguat Bide (Ehati lshowo, that legsim Parahd the bendihingting

tubes 272, 2{qa0d BEChkn g, UH2Y 4Reh23.2nM8Y NoDERYDOELLOR 20 2808

tube entry portlon i n 'body portion 4 oval con guratlon
35 havi ng akeowalvarsse At ahdaaftapst aﬁduuﬁgygeltmmaé:rle/\che%btoFF Pe

access to tlggbrgale@mliq,dkoqogltdrprhﬂG fromthe tube

In use, a main fibre tube end is led to the port 55a

- of each of the splice trays 45, and a standby fibre tube end
20 is led to the port 55b of each of the splice trays 45.
Iinside each tube entry portion 47, the tubes are cut away to

expose the fibres. The fibres are then fed into the main

body portions 46 of the trays, where they are spliced. The

eight splices in each tray 45 are then positioned, four in

25 each of a vair of splice holders, and the splice holders are

then mounted in the regions 53. The fibres leadiﬂg to the

splices are then stored in the main body portions 46 of the

trays 45. A length 6f each of the fibres is stored in the
main body portion 46 of the associated tray 45 by passing-

30 these fibres one or more times round an upstanding mandrel 59

and under the tabs 54. The fibres’ natural resilience will

ensure that the loops of fibre expand outwardly to a
configurafion of varying diameter turns. The provision of

stored fibre—permits re-splicing to be carried out during the

35 lifetime of the assembly.
In a modified version of the spur joint described

above, only six of the tubes are cut, the fibres in these



entry portion 47 is via a channel 48. Channels 49, 50, 51 and .52 are
provided in the main body portion 46 to guide both nmain and standby fibres
'to a pair of splice holder regions _ 53, The channel 51 is a direction
reversing channel, and permts main ahddgféndby fibres to approach each of
the 5 splice holder regions 53 fromopposite directions. Each splice tray
45 is also provided with a nunber of iLbre.ret Lon_t abs f.ar i ng
fibre in th u@%ﬁi%%gngcﬁgﬁthg 18 t6u§%9m$%e ?%gggén?Py§305§#6%84$§§%9ea0h
‘splice tray448s I@siowlhatesabawet ubeleht FyrekiinPoFis 3HEHNACEEDS ER&nnel s
S6a and 56]?0%;5&1 preyLHed at & degad Jidre-bet weent & hga POVESy DS@ndBdag5ale and
t he channel 48. The splice tray is provided with a | eash
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splice holders are then npunted. in thg regi ons S%i The f%bre% qu?igg to
the splicednér&i0hén StRTAY | d1PRESTET TP Boly SHdtti%nE 6 P he? S r &ys 45.
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assenbl y. - - :



In.a nodified version of the spur joint described above, only six of the
t'ubes are cut, the fibres in these -20- tubes being spliced to "custoner"
~fibres in 48 splice trays 4 as described above. The remaining six uncut

t ubes a@is Saggy\p a break-out tfay. Alternatively, instead of using
48 spl\ t g é plice trays 45 could be used. 5 This alternative
woul d, howe LAG pl\/Jle— used in cases where there is no need to access
spur joints for future use. Obvi ous! YQLAIMS ei t her type of spur joint, the
nunber of fibres form ng the. spur can be varied. For exanple, the spur_
could be forned fromthe fibres of one cut tube. In 10 this case thhe spur
woul d contain 16 fibreaPtiefyht AaPRefi BPESAAd BEBRETst aRdBYY i BRES f rom a
single cut tubg);and 8F fhptes ddammitshe:pemuicisiiel eeepetubes -iraiuther
cut and spliced or _uncut and.coiled) woul d.conti nue t hr ug| e ng.
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along a secy c{](??] S Lfrdihie 4 (?)%Telm%ﬁmaharwhaaémheﬁelf\owﬁng QA nsmber
is fornmed w a curved gui de ut fibres.from t he

for guidi ng ae out i - ) L
i nput channgP&m™e® “ther &Jt%"%&h‘ﬁéil s P SUtA*B9nk ?le?u PRECCAHET iBTES are
not curved h@yonﬁnﬁtnbﬁuﬁhbead toadiHes ouemt remembsl § ot nl swehopt it@aindgy bre.

2. Aroutin clained in_claim.l e e
routing nenb?tt cBﬁ?:tl S theT PS5t “an a(eal\gg?eoglofn ’ﬁlﬁg %eg gr(?ﬁli%l%

menber as c&@qmmrlemelnt$aforrllbvecbatma,l fthreher conpri si ng hol der means
for housing splitter nmeans

2. A routing member as claimed in claim 1, wherein a

common edge of the routing member constitutes the first and

15 second .edges.

- 3. A routing member as claimed in claim 1 or claim 2,
further comprising holder means for housing splitter means
which splice the input fibres to the output fibres, the
curved guide means being positioned to guide the output

20 fibres from the splitter means to the output channels.
4. A splitter mat formed with a pair of channels for
housing respective input optical fibres, a plurality of
channels for housing respective output optical fibres and
holder means for houﬁrng the splitter means which splice the

25 input fibres to the plurality of output fibres.

5. A splitter mat as claimed in claim 4, wherein the
splitter mat is generally of rectangular configuration with
the input_channels and the output channels positioned along
one edge-théreof, and wherein the mat is formed with a curved
30 guide for guiding the output fibres from the splitter means
to the output channels in such a manner that the output

fibres are not curved beyond minimum bend radius requirements

. ///




which splice the input fibres to the output fibres, the curved guide neans

bei ng positi i the output 20 fibres fromthe splitter neans to
‘the outFmecBﬂhﬂEPSS BEENA splitter mat formed with a pair of channels for
housi ngl r espegpi xeep nput loptical fibres,2a plurality of channels for

housi ng~respective—output- opti cal fibres and hol der means for housi ng the
splitter nmeans which splice the 25 input fibres to the plurality of output
fibres. 5. ZIprspliivet eptiarlasidirgimed in claim4, wherein the splitter mat
is generally of rectangular configuration with the input channels and the
out put channel s positioned along one edge er.eof and Wpereln the ngt IS
formed withda curvddsS3digiicde #3F §di d?h%“?‘ﬁ it ptt 3+ T bresC¥ r Skt Fe
splitter neansreia the euflput-echaarelis imadsuct & nMEmmerbldapol yree ous pok
fibres are not curve d be an ni b radi TH' S SHEET
HAS BEEN REPEACEBCCT29M. grdw}bﬁ\?ggg]nt“?’%gle ol gwie?ﬁ{efer mat as
claimed isn claim4 or claimb5, mhereln t he splltter mat is made of a

fl exi bl e polynmer such as injection noul dabl e zantoprene or pol yurethane. 5




