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PTL.CAL FI BRE MANAGEMENT SYSTEM This invention relates to an optical fibre
managenent . system and in particular to an optical fibre splitter array
suib-assenbly for incorporation in the node of an optical 5 fibre
t el econmuni cations network. I'n the UnitedilKingdom the tel ecomunications
network includes a trunk network which is substantially conpletely
constituted by optical fibre, and a | ocal access network which is

substantially conpletely CQMMWMFI exibility in the

copper access network is provided at two points en route to the custoner;

firstly, at street- side cabinets ving up to 600 |ines; and secondly, at
di stribution point SE& \hrﬁ'ge%*cﬁm&% Gh&S optigalofibre; RRNAGENSIE has

about 250, O0kerter, uamidrigs quenckidudiay 838,40 Gpts cedbifadire, spia.it&hd birgay

di stributio 3.l m| hol es. an 0|nt boxes. ntuIIy,
it is expec?se‘ggt% % 'ﬁﬁfyerﬁtzlrr elAnée Wt rEJic’nrf:l ﬁﬁl ng et h2O%8 ¢ ? ot @B gf#ca

be consti But&idbigy t¢lﬂ@pmmmanﬁ¢4¢m&engbm¢rks a fixed, resilient,
transparent 20 telQQP@E%“U%ﬁ%bgn&lﬁbaghasEHECEH%FCOEREnEEStlBBL'ﬁgkwogﬁcess

net wor k, with capacity f oreseea service requlremen

One way of acM iRy RhFSURbuRETHETKo “dricdt dsn §uPs yambhabby FPbPéehei-w)rk
in tﬂe fgg mdﬁnsaci&uﬁhldmgle&ﬁa"ﬁ&movabaa ftalrndtgtf 1oeke aHcasS tﬁ@@%ﬁﬁhy
as this expl o ) stin val uabl e access net wor k
|nfrastruct\L,“}'D'E'cq'l éﬁchsggﬁg ﬁg?‘ﬁf&ulﬁ" bt hp PR TTHERE 4 PYseCOBRRL
thereby toulmhirmssul tFllerxmﬁuitad iwpaledlcbppersaucags necwoekt be pﬁq:@idéart

of the I nvestmng d er&{@é”tfé Qtp.he ?%ﬂ@ggl Egyégfgntag Ié{,:ust in

time' basis. 30 It s uld al so enab prloviston of extTa rrhes to
new or exi st cﬁéPbP@F% SARY iM% xtB| &Pr 69@3|léme@r' r ee@nisiegondlivon at

t el ephony sarl\slteﬁ_spudlrbrprmnﬁsn dere0nP| gtehidal ubune ArioRf 3 t he, ned¥Ri k
shoul d be S|n%tl%]m)de optic fibre, wth no_bangdw im'ting active

el ect roni cs "Wt RS YRRE P8 3&’9?“50@apeoo%ﬂseauéﬁgPﬁgrBHP9 5‘é§§$ve dptPeal
net wor ksl § POsd) neltisch T.ah million distribution points and 3.7 million

. manholes and joint boxes. Eventually, it is expected that
the entire network, including the access network, will be
— constituted by fibre.

The ultimate goal is a fixed, resilient, transparent
20 telecommunications nfrastructure £for the optical access
network, with capacity for all foreseeable service
requirements. One way of achieving this would be to create
a fully-managed fibre network in the form of a thin,
widespread overlay for the whole access topography as this
25 would exploit the exXisting valuable access network
infrastructure. Such a network éould be equipped as needs
arise, and thereby could result in capital expenditure
savings, since the major part of the investment will be the
provision of terminal equipment on a ’‘just in time’ basis.
30 It should also enable the rapid provision of extra lines to
new or existing customers, and flexible provision or

reconfiguiation of telephony services.
In order.to be completely future proof, the network
should be single mode optical fibre, with no bandwidth
35 limiting active electronics within the infrastructure.

Consequently, only passive optical networks (PONs) which can



-2--aoffer this total transparency and conplete freedom for upgrade, should
be consi dered. The nost common passive optical network is the sinplex
sirngl e star, with point-to-point fibre for each transnit and 5 receive
pat h, fron1the exchange head end (HE) to the custonmer network term nating
equi pnment (NTE). This network design has been used throughout the world and
neets all the access criteria. It involves high fibre count cables, and
uni que el ect pefepti thps oiciadn rakEpameénNVE &pd eawhplemse orfsreedfiive FOr

resul ting |nh§rgngeco§LPﬁ§Q 8@|¥oQ§1h$§%&f'ed for | arge business users, who

general ly al 8B Equl r e securit Iverse routing, which increases the
cost still furt her THRh Rty SPmTeR BBFPééIIe 8PF} 2k rie BRF fahfe (dfgERMPL ex

flattened deyjggschasagnapled pbencorscapti ®f 4P et traheker ana
step further. These passive conponents allow the E% r transmitted froma
single tr&nsFREEEVEIRABR (FEQT (TR SFCRADIGFeat Qﬂé§h$ CUR&PTSY
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service di glgfgcieegv\g?{glg'é%\l) 14 Do P tPHEY gl dnﬁﬁﬁ 8oL SISt URftomed.N The

practice, thé conpetltive cost constraint o e eX|st|n% copper networ k
precl udedOdoresul eipg Ahifdts £POF AR ngRitistPe el BRROAT BV OR i BRAEISdue

to the high sé\@ihééscngref %w w&iétraanmlssdmyecgnmecw tBeututyres In

t he meantlmecii eleghong for s 1 uscnesseusers éosé %fff Pu ose havi ng

more than 5 $+1h@E§ScEA bt BBaby BPehR FRrEeHatit e Twi der
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Stortford3 =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
technology in a system for telephony on a passive optical

20 network (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 praétice, the competitive cost
constraint of the existing copper network precludes domestic

25 customers from having just telephony over fibre, due to the
high capital cost of eguipment. This may change in the
future. In the meantime, telephony for small business users
(for example those having more than 5 lines) can probably
break this barrier.

30 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
demonsnraéed by BT s local loop optical field trial (LLOFT)
at Bishop’s Stortford. _

35 In summary, the use of splitter based PON architecture
will reduce the cost of fibre deployment in the access

network. When compared with point-to-point fibre, savings



357 . In summary, the use of splitter based PON architecture wll
reduce the cost of fibre deploynent in the access network. When conpar ed
wi-t h point-to-point fibre, savings -3- will result from (i) reduci ng
the nunber of fibres at the exchange and kn_the network; (ii) reduci ng
the ampunt of termnal equipnent at the 5 exchange; (iii)

sharing the cost of equi pnent anongst a nunber of custoners; (ivV)

provi di ng agiidhifesut despread, | ow cost, fibre infrastructure; and

10 (v) pyovidin hi gh degree .of flexihbility a Lng. ' Lust .
in-tinme' equ{’p)mant %rﬁ’%‘é%/it eegpr}uoquesl? on #ﬁ%ﬁ ?Slt oan%ﬁ y? M%Irlgﬁi {aéé‘t ife
can be tailored tothe methwoxndkgi sting infrastructure resources (duct and

other clvil WY KS) rebficing tnfOtahollel WO/ LEANSAAL CNdfubment Clafl NchEe

option for flufure services to be provid erent wavel engths to the
t el econmuhbi cat i ons exgkiagigeior TPON is in the 1300nm wi ndow. By

transmitting. ;&) QHIGH ng\eVRs eRGERS, 0f OLRAE phEhY Cifonddie haasniivaebard
access for cable tel evisiion and 20 high definition tel evision, or business
services, such as KU§FOMSTSFate data, video tel ephony or video

conf erenci ngii€an peogyidiinded.a ThenhugeiBasdwedtih pdientiabsof fiEbbee

prom ses virtuall I pacgityy for the transparent network.
Eventual ly, it wxlﬁ%aﬁ?ﬁ%ggs%%bl %n to transmt 25 hundreds of .
wavel engtBs &ihul t arevising & hilgh deatespmeht flgxikichiay oggndnabpeveéap

conponents, such as ypak’ QW-RARA: | RN HmeHRY anaNghvdicd Hirvi¥ildd. pl exers
(WDMs), optical fil t]er_s, fibre ampliifiers and tunabl e devices, no

. : . ves
forward. For this pagéticaaliy. rBRYi 3relhieabree oAt folraiforsd Socauit
network to hehedisal 10 g o feadmryc Uitk vods ®@fkkces (duct and other civil

works).
i5 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
— services, such as broadband access for cable television and
20 high definition television, or business services, such as
high 2it rate data, video telephony or video conferencing,
can be provided. The huge bandwidth potential of £fibre
promises wirtually unlimited capacity for the transparent
network. Eventually, it will be possible to transmit
25 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.
For this potential to remain available, and for the
30 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
limit disruption.
35 Resilience implies separacy of routing, and exploiting
the existing infrastructure of underground ducts and other
civil works is a prime requirement of the design philosophy.



servi-ces, then it nust be designed and engineered to provide very high
I'evel s of security and resilience. Even for sinple POIS, advance warning
and-live mai ntenance are essential to limt disruption. 35

Resilience inplies separacy of routing, and exploiting the existing
infrastructure of underground ducts and-other civil works is a prine

requi rement of the design phi | osophy. -4- Analysis of this resource has
i ndi cated that se rac fron1creat|ng r|nary rlng t opogr aphi es, coul d be
achi eved by kY B+ﬁerE§BP€§emﬂF§h B+ FaRefy tRaEJSRRAT2EY ndrem
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cases, ther €RFITHERHRRF alSAFe %ﬂﬁaﬁﬁ(&éeﬁoﬂhﬁhrﬁ%‘ée virdsEisg duekls EhAgs
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route, i.e. acrosa river r. over may br|d es b % e onlé choi ce.

15 FIRPROH 1 AT SR iR HBP PSBEGPERY upFI PEES can
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tabl e I nept rans e} bre

sui 1GPIdddE OO 058! 2g0d 88 7688, % LGNS AP %aﬁlegé £698-L4!

pat hs), duplex ex or pl €x élngle f
Si mpl ex  worldl rpme r&%%%ﬁ;es»hql?ﬁa WJchrrp#%xM‘yur@lf ox h!ealll nfadet pondaridse to

the two fibraeREeHE}JIAHT FBHE OthndOVWY S rotiadtiEneiid sihrofed decLoyest
optical insertion’loss,, due to the absence ‘of dupIeX|ng couplers; and the

| onest ret uPYLGAEe TifnRS 10 fhf SBR] ANCT FWTensleri 1 3GE0ST orb¥ers
refl ections caf dvass ddidiwalbd iBrgast, h mpafeattﬂzet loi1SMdhoile.r ecei ve pat hs.

Dupl ex @ﬂ? hal f dughgxa@% g%g%t%%%ha %e%nfor the PON topography will
be influenced by ransmission techniques, and the
availability of suitable splitter components. Transmission
options are simplex (two fibre paths), duplex, half duplex or
diplex (single fibre path).

20 Simplex working increases the complexity of the
infrastructure due to the two fibres per circuit required.
However, it benefits from the iowest optical insertion loss,
due tTo the absence of duplexing couplers; and the lowest
return loss, since such systems are insensitive to

25 reflections of less than 25 dBm with separate transmit and
receive paths. Duplex and half duplex working each have an
insertion loss penalty of 7dB from the duplexing couplers,
and diplex working replaces these with WDMs, with a reduced
penalty 6f 2dB. .

30 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
PON networks. '

35 In an optical fibre communications system, transient
changes in optical attenuation can cause transmission errors.

These changes are caused by transient bend loss at various



i nsertion | oss penalty of 7dB fromthe dupl exi ng couplers, and diplex
war ki ng.repl aces these with WDMs, with a reduced penal ty of 2dB. 30
In.view of the long termaimto provide a total fibre infrastructure, and

the present early state of passwe‘téchnol ogy conponents, it is
consi dered beneficial to opt for 5| rrpl ex working and a relatively | ow | evel
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error against the systemnargin, at both 1550nm°15 an
procedure WRRIPTIRIRRRS DYSBIERS CRYFPT altIEASHiSlte LPFFEE tithyadiagent

][ugnl ng a flz}hgﬁfeéﬂ on? mhel?aidmeagnh :‘Egrmlh@ﬁsaﬂa@suhemra_;tu&earles n@ﬂ?tﬁ& t he
t e OoSIIlon as | e 0S I on | |
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margi n of 0
24 f*bre splice tray, and running a finger along the splices.

Error loss measurements are made of the fibres at splice
position 14, as this splice position is almost in the centre,
and so is more susceptible to transient losses than other
20 splice positions. As shown in Figure 15, at the optimum
operating position of the receiver making the error
measurement (that is to say at a system margin of 0 4B) at
both 1550nm and 1300nm there is a large percentage error
occurrence as a result of the transient losses caused by the
25 fibre handling. As the system margin is increased, the
percentage error occurrence falls at both 1550nm and 1300nm,
but there is still a significant percentage error occurrence
at 1550nm even as the system margin approaches the dynamic
range (typically 15 dB) of the receiver. The normal
30 operating position of the receiver is the optical power
nominally detected at the receiver to achieve a bit error
rate (BER) of 109 or better. The results at 1550nm are far
worse thaﬁ those at 1300nm, due to increased bend sensitivity
at 1550nm and hence larger transients. This is potentially
35 worrying if splicé trays are to be installed in a system
cperating at 1300nm with later provision for operation at

1550nm. This is because there may be a point at which a



both -1550nm and 1300nmthere is a |arge percentage error occurrence as a
result of the transient |osses caused by the 25 fibre handling. As the
systemmargin is increased, the percentage error occurrence falls at both
1550nm and 1300nm but there is still a-significant percentage error
occurrence at 1550nm even as the system nargin approaches the dynanic range
(typically 15 dB) of the . recejver. The nornmal 30 operating position
of the recei Y¥FtPR MRy ARSTAfe poiieh ROnPARAL) NFeleFToRF ATt hA0PBBe| WY t o
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i nvention,i r O e a fihre man nent syste whi ch does n
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at a first location and a transmtt ecelver pair at a second |oca
Sinilarly, £t dfrclfe REy BEOr€onsibres ecFafﬁFYd-rf‘Z r§tPtF-|°I§ﬂ-e gbeRatsi ng

a transm tt efetBleen fiwes idilfreaidmn 1ok at ilR@ei Vehua!, a §§ﬁgme t9gatiNmagnd a

second f connect n rapsmtter at the second | ion to a recelver
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connecting a transmtter at the second Toca a recei ver
| ocation. |® t RéngdRt eRLTBRIAN BPYi o fdanstidovhedni &ati ensfirst fibre

connecting a transmitter at a first location to a receiver at

20 a second location, and a second fibre connecting a
transmitter at the second location to a receiver at the first
location. Again, a single circuit may be constituted by a
plurality of optical fibres interconnecting a transmitter at
a first location and a receiver at a second location, and a

25 plurality of fibres connecting a transmitter at the second
location and a receiver at the first location. Single
circuit management can also be thought of as starting at the
point where a circuit breaks out from other circuits, and
continues until a multiple circuit is reformed.

30 The optical fibre communications system of the
invention provides single circuit management and so ensures
that optical signals carried by any given single circuit are
not degraded by installation/maintenance operations carried
out on other single circuits of the system. This 1is

355 accomplished by ensuring that each single circuit is housed
and routed as a separate entity at a point in the network
where re-entry for installation/maintenance purposes is

1thththun laced

[T



systen1such as a PON, however, a single circuit is one or nore fibres
¢carrying 20 optical signals betmeen a first fibre separation point and
either a custoner or a second fibre separation point. Throughout the rest
of this specification this should be taken as the definition of a single
circuit The optical fibre comunications gystemof the invention provides
S|ngle circuit managenent and so ensures that optical signals carried by
any given single 25 <circuit are not degraded by installation/mi ntenance

operations cgésé 816Ut @hugl hetheSig¥dse ol rﬁMéﬁtmntﬁﬁoﬁyﬁé§WhnTb&ﬁ1ic%l
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carried by a gn single circuit are n degr aded ndl i ng_operations
carried out ’%% g H’B?e PEFaSLREs cqarliﬁﬁﬁdts 88%p 1~ er‘? ‘gﬁl EPF
each single cirewits.10 i ncl udes at | east one spllce connectlng first and

second fibres, and yheregei {]‘#JF?’?’%& ce%;r%l f nE2Ch Ség(?%e g”l h Firsgﬁft br e

housed in a respectlve sp ntageousl e or
| eadi ng 10 & ngMedesspkicd aasdy oseh@@de@a mtanm%pvemu \iersrtbr@d osecnagd

mechani sm  afthtde Obndd BALISECERE Iili&d(@adi &8 Tchﬁa'éjJ.:ﬁlé Ceikbaytl S

housed in a respective fibre routing néchani sm ferent sgllce tray
desi gns can /35 OUtRRE l%.as??EW%FE%Y%u$Pll§®IFE%Ytra§dV§n §§8€P§i¥d
with a si ngHﬁneBldSﬁUéhcha\ﬂJ.&QttVﬁHﬁd ﬂeidﬂﬁ@stot%g&er%@ﬂcbﬁﬂﬁéstﬁﬂﬁ 180
splices; and a gl e el enent

I | S associ.ated w singl e
o eart, haviPARR (P P GREPRFEL Bl BiDES diohi nen AR A e e 3h ERghPE
splices.15n dduh fsgcindfifthmes d easldesy, tHoherdkdoselieachkray isehbunagdhdnses

two 5p|icesmé¥Bﬂé¥§%§%¥¥5fg LQEtILQrﬁeEBﬂth&.”E%E%¥é¥ﬁht splice tray

_ designs can be used. Thus, a "single circuit" splice tray is
associated with a single circuit having two first fibres, two
- second fibres and two splices; and a "single element" splice
20 <tray is associated with a single circuit having up to eight
first fibres, eight second fibres and eight splices. 1In the
first of these cases, therefore, each splice tray houses two
splices, whereby =esach of +the fibre zrouting mechanisms
associated with each splice tray houses a respective pair of

25 optical fibres.

Preferably, the splice trays are arranged in a stack,
each splicé tray having a main body portion for holding at
least one splice and for storing fibres leading to the or
each splice, and a fibre entry/exit portion for feeding fibre

30 to/from the main body portion. Conveniently, each splice
tray is mounted in the stack so as -to be movable from a
stacked position, in which it is aligned with the other
trays, to first and second operating positions in which the
fibre entry/exit portion and the main body portion

35 respectively are accessible.

The invention will now be described in greater detail,

by way of example, with reference to the accompanying



assoelated with each splice tray houses a respective pair of 25 optical
fi.bores. .Preferably, the splice trays are arranged in a stack, each splice
tray having a main body portion for holding at | east one splice and for
storing fibres leading to the or each splgce, and a fibre entry/exit

portion for feeding fibre 30 to/fromthe main body portion. Conveni ently,
each splice tray is nounted in the stack so as to be novable froma stacked.

posi tion, ira;\_mbpﬁlgg,t _-i_ﬁ vaﬁigmed with the other trays, to first and second
operating position the fibre gntry exit rﬁ;)ort on mai n
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for one side, an optica econmuni cations né
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constructed in acceidanee W tQ thepbRypaLk@Re RHiie Zokm Q:Hberéﬁﬁﬁéh.’t‘.@
view, formthe opp05|te sid of the node of Figure 1 Figure 3

per spective A%y Howrhfy 7 Cl’fjeerfbﬁel(ﬁu’i‘—? gbires 1 and 2 nmounted in a footway
box in a storage 1@ipasiet idnisFagwersbdcrivepevspecshoveigewhs ode bo

that of Fi gy e%‘f? ut s r}g &Q@ng (?Od_edngunfooq: n tﬁ%xf OPIEW%V bgéfl ‘?fﬁ'et iS

wor ki ng posi ti gure i's ‘ah exp Perspective View of
splltterl%lrrmgﬁlstutprmsenblles of the node of Figures 1 and 2; F| gure 6 is a

perspective simlagiji9hai of Hi gﬁ’éfséec@f&eswwglﬂﬁ.rfaﬁr OE tN%at of
sub- assenbl % t hen Joarts bei ng i n helt operat i ve positions; E gure IS a
per spect i ve "R f3 .o ofSR1E | fhe node 2 mounted in the fOOtwaY box

in its working position; _
Figure 5 is an exploded perspective view of one of the
15 splitter array sub-assemblies of the node of Figures 1 and 2;
Figure 6 is a perspective similar to that of Figure 5,
put showing parts of the sub-assembly, then parts being in
their operative positions;
Figure 7 is a perspective view of one of the splice
20 trays of the splitter array sub-assembly of Figures 5 ahd 6;
Figure 8 is a plan view showing the fibre entry/exit
vortion of the splice tray of Figure 7.
Figure 9 is a perspective view of one of the bend-
limiting tube manifolds of the splitter array sub-assembly of
25 Figures S5 and 6;
Figure 10 is a perspective view of one of the coupler
array mats of the splitter array sub-assembly of Figures 5
and 6;
Figure !1 is a perspective view of the coupler array
30 back cover of the splitter array sub-assembly;
Figure 12 is a plan view of the break-out tray which
forms part of the node of Figures 1 and 2;
Figure 13 is an enlarged perspective view of part of
the break-out tray;
35 Figure 14 is a perspective view of another form of
splice tray which can be incorporated into a splitter array

sub-assembly; and
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20 trays of the splitter array sub-assenbly of Figures 5 and 6; Figure 8 is
a.plan view showing the fibre entry/exit portion of the splice tray of
Figure 7. Figure 9 is a perspective view qf one of the bend- limting tube
mani fol ds of the splitter array sub-assénBily of 25 Figures 5 and 6; Figure
10 is a perspective view of one of the coupler array mats of the splitter
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tray T includes

i5

20

25

30

orimary-coated fibres. As is described in detail below with
reference to Figure 12, the tray T includes a break-out
region B in which individual fibre end portions, formed by

cutting into one of the tubes, are led to the splitter array

-sub~assemblies S;» S, and S,. In this connection, it should

be noted that the tray T stores a sufficient length of the
cable C so that, after cutting one of the tubes in the middle
of this stored length, and stripping back that tube to expose
its optical 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
leave spare fibre which can be stored for 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 1 prior to mounting.

One of the splitter array sub-assemblies, S,, is shown
in detail in Figures 5 and 6. The other two 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
oy 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, in use, it has two incoming optical fibres (one

t he



reglen B in which individual fibre end portions, forned by cutting into one
of. the tubes, are led to the splitter array sub-assenblies S17, S2 and S3.
Ire this connection it should be noted that the tray T stores a sufficient

| ength of the 20 cable C so that, after cuttlng one of the tubes in the

m ddl e of this stored | ength, and stri ppily back that tube to expose its
optical fibres, each of the orlglnally continuous fibres forns two fibre
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t ot
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a splitted WsRbmers. These fibres are termed transmit fibres.

Similarly, the output mat 7 carries fibres which carry
telecommunications signals from customers to the exchange.
These fibres are termed receive fibres. The mats 6 and 7 are
made of a flexible polymer, for example an elastomeric
20 polymer such as injection mouldable zantoprene, or
polvurethane. The Dback 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
25 cover 8.

As shown in Figure 7, each splice tray 4 has a main
body portion 2 and a fibre entry portion 10 which also
constitutes a clip-on test area. Fibre access to the main
body portion 2 from the fibre entry portion 10 is via a

320 channel 11. The main Dbody portion 9 is of oval
configuration, having an oval base 9a and an upstanding
peripheral wall %b. A hollow mandrel 12 is provided on the
base 9a adjacent to the entry channel 11. The mandrel 12 is
of rounded square cross-section, is sized to ensure minimum

35 bend requirements for live fibre passing around it, and has
a fibre inlet aperture 12a through which dark fibre can pass
for internal storage. A channel 13 is defined between the



back.cover 8. In this connection, the input mat 6 carries (as is described
bel ow wi.t h reference to Figure 10) fibres which carry tel ecommuni cations
signals fromthe exchange to 15 custoners. These fibres are terned
transmt fibres. Simlarly, the output-nat ¥ carries fibres which carry

t el econmuni cations signals fromcustoners to the exchange. These fibres are
termed receive fibres. The mats 6 and 7 are made of a flexible polyner,
for exanpl e mandkadt bReznd I perimierajueiallagb, i phecthapnehold d@fddng

zantoprene, 4,04 ?P£¥H59tgﬁgﬁnei 1 4 Nehi PRCKeadPViFourfll ithe MBHA adfof the
flexible polypro ene which is also injection npul dable

i nher ent fleiﬁ%ilPPyaeﬁﬁﬁﬁﬁ?tqﬁhdeqrfiﬁkPnth%'naf% Bsﬁnd%#1§r§eHQQTfﬁ%rny
agai nst the ﬁba%*sSabaﬁkleéaﬁ@l&@r bynw@bmkd )Z&K:G\Iﬂrlc&ngﬁ&v?hg.\MEdming
Figure 7, _eag ce tray as I.n_bo ortion 9 an | br entry
portion 18 ?‘Bﬁg 1 §8 %‘6?15"[“}%3?[1&9 188 on t‘gls Sy rae‘%xla)sr ccé"sf'lsfrl

the main bodyspmeadsnfﬁohruhethhahnbie1énadyapemml@n ;@elgewu@nalﬁoﬁuﬂéhnel
L baene EBI Bnalo Xrtjp.gét b8Mtnd chinnl 10VakiCANGLIULAL! Qe RAMAEIAN

oval base 9a an standi ng peri pheral | ow man 12 is
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two outgoing, g4, besastét@tt@ecmaoeﬂ a(r.eé/ef:ﬁbﬁﬂ channal; J6,4 eagds - £6p8xi he ang
channel 14 adj acent to the region back to that portion of the channel 14
whi ch adjélh%r?ﬁbd%h&ﬁﬁQ access to the associated fibres in order to

measure the light passing there along, and hence to determine

the quality of the splices. These clip-on apertures, and

-associated light measurement apparatus, are described in the

specification of our International patent application WO
20 93/00600.

Similar diverging channels 20a and 20b are provided to
lead £fibre between the port 17c and the 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

25 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 wvarious
channels 11, 13, 14, 16, 18a, 18b, 20a, 20b and 22. One of

30 these tabs (indicated by the reference numeral 23a) is
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 mandrel. |

35 Each tray 4 is pivotally mounted on the splitter array
back cover 8 by means of a leash 24 and a retaining ring 25

which are moulded integrally with the rest of the tray. The



13 adjacent to the mandrel 12. The fibre entry portion 10 of each splice
tray 4 10 includes three fibre entry/exit ports 17a, 17b and 17c (see
Figure 8). Diverging channels 18a and 18b are provided to lead fibre

bet ween the port 17a and the channel 11 vjpa respective apertures 19a and
19b. These apertures 19a and 19b constitute what are known as "clip-on
apertures”, and 15 provide easy access to the associated fibres in order to
measure the 1é86h passéNgekbBRr eralyong, hasd thencerhd deheraridne24lbiejqualkidt y
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hol di na i br&F? Stﬁeﬂ?ﬁarﬁ‘ﬁ?&'ﬁﬁﬁ?ﬁ’e%‘eif, I’i%{‘ Iiil‘?%i%,gcrsab,“qi%"%zﬁé,n 560
and 22. One miv3fed hese dvwdis flrnandicbat edhby thays ef mridve € tawketal p28a) des

general |y V- shaped. cand cgxi.gds 1 ageihe.ur e endupl e peti ppgral ryal |

9b renote fromthe man about “hal tway acrdss,” an ove, that portion
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tray 4 is pigotal e IPHE 6o 0f Jiiea S t  @ls aldpbbsRRACK teO0Vehe8 HyshBpBE Of
a leash 24 and a tetaining ring 25 which are noul ded lntegralg% gﬁth he
rest of the §9BfLgyRation_they hagecyhen bRecbEaYii%y+R REE #HRc%/ns 23%a

and 24b j oi ngte t egebhaingy Ay e @4ca Igisvotididitngtrang42is sheldriati on
fit within apgsrfgj\./gn Zgyf %Lge%efgiggggb%%ﬁ,c%\ﬁ%r paj.x;o%eae.l. Frilc%'ér?ent of the
15 tray is limited by the leash 24 as its two arms 24a and 24Db
straighten out. In the fully pivoted-out position (the first
operating position), the fibre entry portion 10 of a tray 4
is exposed.

Each of the splitter array sub-assemblies Sys s, and s,

20 is associated with two fibres (four fibre end 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

25 ring, telecommunications signals can travel to/from the
exchange in either direction round the ring. For
convenience, one of the directions is termed the main
direction, and the other the standby direction. In practice,
only main fibres will be used for normal signalling, the

30 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

35 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



11) In use, a rod (not shown) passes through all the 5 retaining rings
25 and t.hrough apertures (not shown) in the top and base plates 5a and 5b.
In-this way all the splice trays 4 are retained by their back plates 5c,
but each can be pivoted out away fromtheigther trays in the stack to
provi de access to its clip-on apertures 19a, 19b, 2l1a and 21b. 1In 10 this
position, the arns 24a and 24b take up a generally straightline
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see Figure mting tube 2 proprietary 1tem made” of
g
polypropﬂﬁknéeﬁlngéﬂy from the splices wvia the channel 13 and the

reversing channel 16. A length of each of the fibres is
stored in the main body portion 9 of the tray 4 by passing
‘these fibres one or more times round the mandrel 12 and under
the V-shaped tab 23a. The fibres’ natural resilience will

20 ensure that the loops of fibre expand outwardly into a
configuration of varying diameter turns. The provision of
stored fibre vermits a minimum of ten re-splices of each of
the splices <o be carried out during the lifetime of the
assembly.

25 The two fibres which are associated with the mats 6
and 7 leave the main body portion of the tray 4 via the
channel 11. They are then led to the porf 17c of the entry
portion 10 wvia the c¢lip-on windows 2l1a and 21> and the
channels 20a and 20b. These fibres are then led to the mats

30 6 and 7 within a bend limiting tube 27c (see Figure 6). One
of 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

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

The two main fibre end portions and the associated



- 13 -. tubi ng which, though flexible, cannot easily be bent beyond m ni num
bend radi us requirements for live fibre. The bend limting tube 27a
termnates in the port 17a of the |owest splice tray 4, and its two fibre
end portions are led into 5 the main badygpartion 9 via the channels 18a
and 18b, the clip-on apertures 19a and 19b, and the channel 11. These
fibre end portions are then spliced to the ends of a pair of fibres which
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of the single circuit. Consequently, the entire single

circuit between the break-out point and the splitting point
is separated from all other circuits in the region where re-

20 entry for installation/maintenance purposes is to be
expected. This ensures that optical signals carried by this
circuit are not degraded by installation/maintenance

operations carried out on other circuits of the system.
The two standby fibre end portions associated with
25 this splitter array sub-assembly S, pass from the break out
tray T to thé second lowest splice tray 4 of that assembly.
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
30 joined by splitter means to the same eight output fibres as
the corresponding main input fibre. The fibre arrangement on
this second lowest splice tray 4 is the same as that for the
lowest splice tray. Similarly, fibres enter and leave this
splice tray 4 in bend limiting tubes 27a and 27c.
35 Thus, the two standby fibre end portions and the
associated pair of fibres to which they are spliced also
constitute a single circuit, thlS c1rcu1t startlng in the
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The two main fibre end portions and the associ ated 14 Pair of fibres to
whi ch they are spliced constitute a single circuit, this circuit starting
in the break-out region 8 of the break-out tray T (a first fibre separation
point) and finishing at the input to the splitter mats 6 and 7 (a second
fibre separation point. Throughout the length of this single circuit, its
fibres are routed 5 separately from the fibres of other circuits, so that
si ngl e circubteakrageneagiveshl b§. thbubreak-bht bragkToandr égndahBngf atthe

break. out Lrgie T bhge {40) IBLL: [ADEe £OLY ! A ALS $60263kGH0( 88 rous ¢

described in great det | ow wWith respect to ure 13 romthe other
cut fibre entFpeeiabRd. VEHidsctRoMPLBr £idIRP pBRE| BRF &P@st'hewlf%dsﬂ-ﬁgtlﬁe

splitter arrgyréuptassenbty Slpyéd Mduﬁetae sleg:rai—add £t @laeeyana;qletst er
whi ch the¥ are fed into the owest splice tra t hat assenbl
|

flbres. opbi QR PBSRREEe SRk i FFBTE o0 JOIT oNSTALE (TR T RRTRAERERE
splitter matsesubtg. 7 within the bend limting tube 27c. Clearly t he

fibres carried by t,ﬁrﬂ rsemal(fﬁ ﬁtfggglefga{;:a {]Nl% $ha cggg{gh 19 e

Consequently, the i re si ngl Peui vveen e br a
splitting po¥nefi Eigupasafeaind réomrsl custheerlsplitce ctm:ss| nALShehleegnbme

where re-entyy-{Qbehdst al HaL4 ORI HRI Qﬁéé‘énéﬁs@HxﬁQPS@ﬁliéethQFS expest ede
This ensures that optical_signals carried his circuit are not degraded

by i nst aftPatS e melfivt e ighce ’?fpéireét"l%dcér“r |d€'&a&&t tox oPhEr oBer efi £BS8f t he

system The t¥wyst antiys f idie eMdhRoit@tt Fideesatedmvetbht BEStRB! mhter
rom the break out o the second

b-
bl e tray 5 S 7 (R T3 SRRy € R SRR, i P RRAT S, T BRS Jar e
spliced to tis Iedréo iticehorere 12d lbdcla togivée pustoBeand piizmed toawnrd

termed standiyidpul HhRECELndafngaclng! Jube SUARAY dnpuks Lidy egrd sbal ned

by splitter means to the sane el ght output fibres as correspondi ng main
i nput fi bfe it §$herrahR r2edemattioon t i of skkentravwesyiaprheechpapelsi s

the same as th@tarfd)rzolmeth@\/\@ﬁpsah'ﬁﬁn&éﬁé/ 28 d@nlp, Ghlr 8e2chafAber
and | eave this splice tray 4 ﬁgd limting tubes 27a and 2 c. Thus, the

two standby HbreIEnd‘sﬁort?‘b?%e aht®TR® &<so& daF? bFOf ithbEFes Phhich
they are splioet filne dlesid fibeeausi s eeiLted ,w:I'dh @& giwveni tustamérng in

t he break-o £ f tiraved! t r p on
poi nty—and TSR ahih Hase 1oud, ETEuBE, b Malonn . pubd (ChE EuBEIBEhbe
separ at i &h pf@dntryetmseeothw pnsltn@em 1gde ‘mer cepde a¥sbyi atth@d wétlh khewnai n
fibre end p%tﬂfwsnlsmﬁqsI%Ineleurecu de aﬁp'otﬁ)éddlf)es r afeed. sepghakely

fromother circuits throtghout 1t’s % S hat smgle circult
management HEQYR Libre unit is led he port 17a of

he splice tray 4
within a bend limiting tube 27a. The blown fibre coatings
are stripped away from the four fibres "downstream" of the

25 port 17a.

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

30 channels 18a and 18b, the clip-on apertures 19a and 19b, and
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,

25 and then back to the mandrel after passing along the channels
14 and 16. The two spare (dark) customer fibres pass through

the aperture 12a and are stored inside the mandrel 12. The
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15 The remaining eight splice trays 4 in the sub-assenbly S1 of Figures 5
and 6 are custoner splice trays. As the fibre arrancenent in each of these
custoner splice trays 4 is the sanme, this will be described in detail for
only one of these trays. Thus, one of the output fibres fromeach of the
mats 6 and 7 (that is to say 5 a transiit® fibre and a receive fibre) is
led to the port 17c of a given custoner splice tray 4 inside a bend
limting tube 27c¢.. Thege two fibres_are. | i nt hn ti of
the tray 4 vF¥°t ﬁre“’c%aﬁhBF%S 2BESEn S ?ﬁg c"fa%‘é%(ni \rIT\II??IﬁO\%gi 1£)‘$a!)1éar11:glré 1 b,
and the chansplitéd ko dde tfeeseift Anss zaeeisyn | Tidores fypmfEheedags &
four-fibre b Sf i 144 ogl-at LEh | Vg te rSughaa tHe
uni t has fou%ﬁglinblr'etsmfenlg;ﬁ%i ng eg.%%bg:qo%eﬁﬁg tlﬁib? bﬁ}n%é?edagae?mee% t he

cust omer andsPhécRodelRery ish@aReIH oeSvi ¥ i Bt HBHMg! Techfqlidths&dsep
108590) . TEhepgysigweEtSsbhows tirhye uni baks bedthe theiped! fibaesl Hake a
splice tray 4 within a bend limting.tube 27a. The blo J‘ibr%‘oc%i ngs are
stripped awayePgbh ERLE GioF9Dr(ERaRddRNF LP LR TBR THeE ot FeSL 4P made
Two of the féabheeagwithk rlitetin t ¢f hehewaskiembdy )whitthese ef{ brée lepigtded t o

the transmt, a recej [ r t / I rJed
live fibr es)ljairggw%gg %’%f?%e?%g‘??\é bﬁyl%{??%ﬁttger@% dcltcéle og'fﬁdio?é’ n‘?’f%ytt} d\}é:%a
t he channel scra8adahbel8pndrad &éRi pandnunpert thesVishanad 98B, 28Ad t he

channel 33 The twopyd hago f#iNas QOWMEGHhARD RINE offl BMRS chigltoler spIRdet €

use) are fed to the main_bod of the splice tray 4 via_the

20 ortion 9
channel s 22 BRaY$ 14 A?Fdfo"il‘-{efiqi‘f s HiRFAeSHaSPIGRT (HRETREr SEOR 2 T hi n
the channel d8socépndtéledonackibeet bt owandidreafumrt passs tptateng shagle
channel s 14 apd 16, The.two, spare (dark) cu r fihr t e
aperture 1 2% BRE &t egg%%r%ldr\?%ls? dic(atd%ﬂtel?n n%’& gﬁrﬁeel oil.%fﬁ:: otga\;\%ﬂe"l \%’9?‘ i‘q'l;!re g;
pass round thatsmbdrasid 17,2, aadd terainagi ngplatethe otraasmisfsm/regsd ver
receive fisbres; 25 kr @t 6 a | C B SFOLgdsi BiagiRl ice
hol der, and ‘?%Jégs[%%i cgbhroaﬁgg‘ra%g pos&ﬁﬁz_’ogr{;e |§&}H1ef§%&i£on515. Ag Wit t?qt he
two | owest spireeltrayss afikersh e IRV ISERPFAGRISS iﬁ%‘ Eheefdoreso Ae
stored (enabJ){HQrUBiEQuEQB,r%&mﬂﬁe%ﬂﬂﬁi dRESuitlr hagagbrehtf e tefl the

ei
B

assenbly), these fibre | engths |ikew se stored by l.ogping_them each
one or nore THEes B%dt??lee’fFBE&{Ithf 4 q%rfdé‘}attshé %—ndsg'sﬁgﬁeauttgﬁ 3a.

The two fi bre&sbreadfngmt cheashlbfttéhematst aner £e@l toetheaypldtand wbreratynwo
fibres sphicag,therehs fromLhe.asspei Al ed. foUa e 100 Jd RiuaiBirt.
constitufe a single crrecuit, this circuit starting at the output of the
splitter nal@ithth;5E(Q§ﬁQqQ§ted splice tray 4, these fibres are spliced
to two fibres of the customer’'s four-fibre blown fibre unit.
This tray 4 thus houses only fibres forming part of a single
circuit, and the tube of the blown fibre unit separates the
25 fibres of that circuit from fibres of other circuits of the
system all the way to the customer’s premises. Consequently,

the entire single circuit between the output of the splitter

mats 6 and 7 and the transmitter/receiver pair of the
customer is separated from all other c¢ircuits. In
30 particular, in the region where re-entry for

installation/maintenance purposes is to be expected (that is

to say in the region of the node N), single circuit

management is ensured, so that optical signals carried by any

given single circuit are not degraded by

35 installation/maintenance operations carried out on other
circuits.

In order to access the splices within a given splice
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16 fibre separation point), and termnating at the transmtter/receiver
pair of the custoner. Thoughout the length of this single circuit, its

. fibres are routed separately fromthe fibrgs of other circuits, so that
-single circuit managenent results. Thus, fromthe exit of the splitter mats
6 and 7, the output fibres fromthe 5 splitter mats are fed to the
splitter arrayrgyb-fssenbl ysSlhaddd¥dry hecassembaéedHendoli bl ddng Uthe
27c. Wthin 'g_hg associ at.ed spﬂ ce tra’g.4rL t hese fi brtes %e sgé'h_ced tqQ two
fibres of the*BUBLBMER F1AFF -41 bT® BPSRAPPor PThR% .SOrntiSt Py LA7Enh At
houses only fthbagsofior ofnghpastack sudfiglentlycfat tamhihadadss dfo tde

bl own fibre uppt. ar at.es fl : ' bt L L L Qr f. qt\her
circuits of t%%£§§§ em f8’ éa%es t%(;e)gjs\é/aly owﬁ% g%é?%ﬁerogggg}%ﬁgsg).SQLO%)’
Consequent Sy, theeteai re 3 ngeéntaigedt ipemosditicme kit ptd bendhd igyitimeer
mats 6 and 7 gpgdethe transmitter/receiver pair of the custonmer is separated
fromall other circuits. In particular, in the region where re-entry for

i nst al | ati on/ mai nt et e YR p§PELS scptpBeE pELPERS ((HERTSS 8 Wy | Fhshe
regi onI of themandeel) 12s iorfgl?e glil;zre(wistplﬁﬁfh’slgﬁd‘@ﬁttl i 5a1e|nzsur @fdedseot iRplace
optical 15 sjgnals arri e y Il ven sin circupt _ar not
Gograded by TReERP SEMEnAtRERRL Rt b ST O P BHERE o8 fhes
circuits. 1Pn Hibeestdabtings tiersplamestantly.n owEvesn dfieycean be uged
tray 4, it '_Sté‘egﬁé%&)é R ALE RN JnfdS rmzbo;&;mham r1 AL ?9 EeBgS e I N
position, prior to the pulling that tray out of the stack sufficiently far
to gain accesElRothhe EepReeRion, it tghapisbde ingred Fbafecard Spdrat PRgT
postion), 5 tdentpsyvidé SupBed T NGhdsN usQTid icUs tmeird praandeki %hkgaent
of a

tubes. The t re_custoner fibres stored within _the mandrel 1
gi ven spli cem&%@?4 SLET HFOIEEd TO°R efiSacRt IPHARRY | QEtVPBLeénﬂft t HRNY)
custoner b6 toeetetvadttof ahhepeit@lf lhmnes Hexniinzgd (MIE) i apothankkyghange.

h  they, . L ; 5 b i
Corvice. (1 5FA0 BELLoSE, LEnPPVEAE MLED SHBYORE! A WblaBReLhn REE: 00T O
In this case, the two spare fibres are removed from their

- .storage position .within the mandrel 12, and are led to the
fibre entry portion 10 of the tray 4 via the channels 13 and

20 11. They then leave the tray 4, via the apertureless channel
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 sub-assemblies S, or S; of the node N. The tube 27b

25 terminates at the port 17a of this tray 4, and the two fibres
are led into the main body portion ¢ via the channels 18a and
18b, the apertures 1%9a and 19b, and the channel 11. Here
they are spliced to two "exchange" £f£ibres, and all spare
lengths of £fibre are stored in the same manner as that

30 described above for the other splice trays. In this
connection, the "exchange" fibres could be either a second
pair of fibres from the break-out tray T (direct exchange
fibres), or a pair of output fibres from the mats 6 and 7
(indirect exchange fibres).

35 These two spare fibres and the associated "exchange"
fibres thus constitute a single circuit, this circuit

starting at the splice tray 4 which originally stored the two



can provide up to 32 lines using customer prem ses equi pnent (CPE)

el ectronics such as an optical network unit (ONU) 15 matched to an opti cal
li-me term nal (OLT) at the exchange. Each pair of fibres can also provide a
Megastream service.) In this case, the twpgspare fibres are renoved from
their storage position within the mandrel 12, and are led to the fibre
entry portion 10 of the tray 4 via the channels 13 and 20 11. They then

| eave t he trapa#e gihrebhe apdrterel essisdasiche 2 2attirtthd hergaitoul/ L raandr
enter a bend L 27b eg Figyr t 7 rout ed V|a
t he back cover pl ae}’an r{‘I‘Pf'eanot ﬁéé spl [ gg‘ tetrl'g:25 4J¥é%su§fg$ g R%; cé:tcué'y of
anot her of t@eesunaessentends &2 @heSStanmﬂettﬂ)dérweﬂWt@bor27daf25:he
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the main body portion 9 via the channels 18a an the apertures 19a and

19b, and BhelBhERReFane. tubpr e Thi\FifE & RIXBE- | d’-ht‘-\ﬁo tegpdmatGs" afY hhes
and al | spargoifBgihstré épbi@e aiﬁﬁt@rvﬁibﬁ@ HHe twr@amn%rf F3 birlaat a3@

descri bed above trays necti on,
the "exchang® ep?F%{;%é C%BF& t& % Cl?e’ceo 3 ’é}FlBiebeF‘églFr RCORES
br eak- out tresyoTsidgtiectiexah&age fmi:roe.ug)nom:r 'tthoalengﬁh oof pthi&i biasglier om
the mats 6 rgu;({:nd;l_E@Chﬁ {Iaa(w ::fd &blse t;%@:atel a t}j{]%%% FY8, 3RaLg

fibres and the associated "exc ange res us co single
circuit, 1PhictReF ced ¥eui s+ i 9@ HnIlfe @mq@é W%M%W%N@Snal Mausy or ed

the two 18rSatRef pla,rle&, _&Dctﬁéarf&f@élﬂga@ hh%e% e bhe@kpQubst by T
his case, the single circuit does not extend to

or at the

the transmi t%%??secgi’?ér tB&l CUSEOMRE TS HRRE graésedc hethdw' PRRFY" of 1bKEs
four-fibre umtd mxeté@useﬂarmtéhﬁ Seofe thbetwdhel svagl elb}:é@uivithhuSthe
ext ends bet the 0| splice tray. 4 where the pairs
fibres are sep 'ate l% dlqﬁ reil’r'gaé%a%at Fhﬁ pglp , ;ﬁrﬁ ?%s%ag
where a hBl t3nteer rscniiﬂ{c%éic,r@r?‘eé vibhitn mp assgoiattes] deddelimétingetube
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Throughout the |ength of this single circuit, its es are routed
separately fS6iR1he FPBr & ofPt fid® cFyeui'e¥change fibres are passed

either to the break-out tray T within a bend limiting tube

27a, or to the mats 6 and 7 within a bend limiting tube 27c.
20 In particular, in the region where re-entry for

installation/maintenance purposes to be expected (that is to

say in the region of the node N), single circuit management

is ensured, so that optical signals carried by the single

circuit are not degraded by installation/maintenance
25 operations carried out on other circuits.

As each of the splice trays 4 is associated with a
respective single circuit, these splice trays are termed
single circuit splice trays.

The bénd limiting tubes 27a, 27b and 27c¢ of each of

30 the splice trays 4 are provided with respective support
manifolds M (see Figures 6 and 9). Each manifold M is a
sliding friction fit on a flanged portion (not shown) of the
chassis back plate Sc, and is provided with an open aperture
28a for supporting the associated bend limiting tube 27a, and

35 with a pair of closed apertures 28b and 28c for supporting
respectively the associated bend limiting tube 27b (if there
is one) and the associated bend limiting tube 27c. The
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sO single circuit managenent results. Thus, fromthe point in the first
tray 4 10 where the two pairs of fibres fromthe custoner are separated,
the "spare" fibres are routed separately fromthe two "live" fibres within
the tray. On leaving that tray 4, the "spgge’ fibres pass to another splice
tray 4 wthin an associated bend limting tube 27b. These fibres are
spliced to "exchange" fibres in this second tray 4, and the two "exchange"
fibres are paaat¢dokdsh#er atre mhdebpvEakangettivaymdbubieli Gials8 npeee. | i M ting
tube 27a, or to th it.Ai end lJimgi e_27¢c..ln
particular, in theefr‘e |%er161v$%?1€z’rs\é\4;}el%t$§8?grm$%s arqfltg %o%#?rﬁ?ﬁ %ﬁg#ﬁgesl'

pur poses to BheerpdPudd ®athal P tdisays yhraseenkdglonbeinghefnddenyical

single circubbnSBPABLNBAL ticS @sU Bsht SRat N8l QALICAH S| 98akhese4 be@d Y
the single circuit are not degraded by instaflation/ i ntenance operations
carried odt YRtdther dhecdiats. ® Jgpcludes an AknpuknsbettRE SpK FeASLRINH s

asso;:i ated wkhé lﬁaiﬁS:Dﬁpﬁi:Vﬁ}SiF]él,gL&cgiderlﬂﬁpuﬂ iﬁ&ﬁ: U ifer trfe%}éivar 7ttQIe][de
single circuit_splice_trays.,Ihe i mp.ting tubes,27a an C o
each of the ss%??@%yt%ﬁﬁ‘sf%%érbgepro Bl \rg"f"n %tpsec%s? v%n%ugéo?‘Fa °f &
.M (see Fi gapesteérandl9)whidiacioysesd fal dxR ifuseds| ¢aaplges r (nbtoshomn)lon a
flanged portiop £56t cabpue) f%régefggf;wéhi;s2§usQ&CtEﬁHb%§ A%e i‘%qbé’ﬁ‘é a

provi ded with an open aperture 28a supporting e assocl at e
limitinglPuberoved ¢hapiet K2 peeyndia d‘}%ﬁ@ifﬂap@-t ulse randaed 38c begr a
supporting respees | yel yohhe a0 ahadinenans mwikikeint Baed2 Feqhlifeldene i S
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of the sub- agskind®d 1 .amheputt MAitbreatof aokrekbiegstive- axdephbhyarbeonglefr
I dentical co r | t ' ; 6 ' b escribed.in 5
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20 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
adjacent raised portion which defines the curved end wall
35a.

25 The mat 6 thus forms a 2x8 splitter for the transmit
fibres, with one of its inputs being the main transmit input
fibre and the other the standby transmit input fibre. As
mentioned above, only main fibres are used in normal
operation, so the mat 6 acts as a 1x8 splitter. However,

30 shouid there be problems with the main fibre route, the mat
6 will still act as a 1x8 splitter with the standby receive
fibre as its input fibre.

Similarly, the mat 7 constitutes a 2x8 splitter for
the receive fibres.

35 Figure 11 shows the splitter array back cover 8 of the
sub-assembly S, in greater detail. The back cover 8 is formed
with a pair of longitudinally—extending grooves 8a adjacent



(spILtter) The two splices are stored in a recess 35b. 15 The two
pl anar couplers (not shown) are housed in an aperture 34 adjacent to the
aperture 31. The two fibres pass fromthe nandrel 33 to their planar
couplers via the curved end wall 35a of. agecessed portion 35 of the mat 6,
and via respective curved slot 36. The eight output fibres of the 20 two
pl anar coupl ers pass round the mandrel 33 via a slot 37. These fibres then

|l eave the mai,6¢%he laRPEEE Y€ OVEBH! tHeOlgradveheh f aThand greovese 8a

recessed portion 35 e ad] acent L ai ed ortlon e e
curved end waPfud3at ?54‘1 kneks 3’ %Grrrrsil\g gﬁég c) |at ?gyggor t he

transmt fibirg, soi tenameeofthe sflepubsleYngft I‘réiermbaplsraﬂgﬁ#t CReare by br e
and the ot heg thglﬁ%a@gg¥ t{ANsH ¢ ﬂgnﬁaéﬁtyé%er H%id?”ﬁﬂé”ﬁﬂ%sagoﬁ%d anly

main fibres Sre used rn normnal operatlon so the mat 6 acts as a 1x8
splitter.5 foweVver,againsbul theheebaseipr obpeks RLEKSt h8Smai n £ibr &MSut e,

the mat 6 WéJtm éééioactlessaoiﬁa sRl indtea Wtdt t&tﬁ§tmbyegeeﬁl o€ ftmre
as its input |m ar | ¥ he mat_ 7 const{:tute a_2x8 %5 o t he
receive fi br]%%"k35°ver isp SGF‘%dlYIEHoﬁB tRe“8p f’f"é‘t eP arf & s

of the sub-agseriixhS, cafi gfeeatsﬁapﬂeﬁaldverThgrbavks002/&;1 Sormeﬁormdbheth a
pair of |ongi tUdtfP %I Yir ét eﬁlg#%%l% QOV8s 8ea:d1taocet@1te chassa® 5 mtthh@theend

renote from THE ese grooves reduce the thi ckness of the
back covép imat$i & and 7efionlyanandelehedntherae¥VeRnbility of the back

cover, thereby ens%f*}@%\fﬂ@ su'r'%a'é%eoft{?ﬁebﬁégkc@d/@ér @'1@5 atl@% @&bﬁu@e@nd 7
5 fi rn1y agai nst

chassi s_ back slgscognecgal
it shoul d bewhbkea tHatrality enf i@@ﬁb"n’uéf-ntaﬁéi’ﬁéél‘%eé&}é‘ﬁ &3 ’“\ﬁth
an in-turnedodse ShapgénflapgpeBhgWhbehedawibhr anpppedloter ofr apeetu2ed

formed in the, mnkfglds MEL,PoLdehNExPasK SOYRE LR-bUGACRARSEACR Wold he
15 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.
Figure 12 shows the break-out tray T in greater
20 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
cable is cut in the middle of its stored length. One of the
cut fibres forms the main fibre for the splitter array sub-
25 assembly shown in Figures 5 and 6, and another the standby
fibre for that sub-assembly. The remaining fibres can be
main and standby fibres for other splitter array sub-
assemblies S, and S; of the node N, or can be stored around a
mandrel 39 at that end of the tray T remote from the cable
30 entry portion 2. The mandrel 39 has a rounded rectangular
cross-section, and is sized so that fibre coiled therearound
does not exceed minimum bend radius requirements.
The break-out region B of the tray T is formed with a
plurality of curved upstanding fingers 40, adjacent pairs of
35 which define sixteen fibre feed channels 41. The two fibre
end portions that constitute the main fibres associated with
the lowest splice tray 4 of the sub-assembly S,, are fed



10 mats 6 and 7 firmy sandw ched therebetween. The outer surface of the
back cover 8 is also provided with a plurality of |ongitudinally-extending
ri-os 8c, the base of each rib being formed with a plurality of apertures
8d. These apertures 8d extend right threugh the back cover 15 8 to its

I nside surface, and constitute a matrix of tie points for the attachnent of
cable ties which are used to tie the bend limting tubes 27a, 27b and 27c
to the sub- a§§e‘|¢bll<391 Shei guret1zhamosd t4le brkak- dst 19 ayay througst erhe0

detail.  As HRRhiedN&tkARAME, thé ""QnE??p%ontlUﬁe Lpbl esape) atoged dy thg

track 3, before the cable exits the bredk-out tray T via the entry portion
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fibres for ochennepbl Mertlae rae skHputassmyb M ean&aa@ﬂe%weém@m daf or

can be StoreglﬁEQUQHdap§F99§ﬁé 3 A t;uﬁ? %Qg Qiltgﬁetﬁfyrg-Jﬁﬁﬁﬁéigléﬁg1:he

cable 30 entr ortilon e rrandre a round ecta
Cross-secti oﬁrO&nHWPSCE‘Fz‘éHb% ? hath¢ i Bre Edrres than m%ﬁ@tdbééumdzend

exceed mini rrynhbemelgradbeszmcasg&rme% with Rheako@ubtl #6108 B pdy thd ray

Tis forr{g % pI uraléii %f c rvedq{i%zta_}ndl ng fi n&grs 40, adj acent

pairs of “35 e??i%‘“ en ¢ /ehBAREPS BHEOUGH AR RESTHILE end

portions thauzcamsta t nabsede poaitdohi BYEsoAsshei aireGkMdut tiegdewest ($Rd ce

tray 4 of thg, H?' asls§ﬂbl yan§0 gre I&g in 21 taréreou?h t@e fir t channel 41
sag R Yy poeﬁl o’

(that is to hr ou t Be ‘channer™ Rgardst P he en
Simlarly, taeseobate@dreithdapburtbes abertepestdtiute the standby fibres

associ at ed Wi th the sAe-JdVeSemS Bkl @?oﬁrf‘e{cfu@ése d %dsz%q;lh@et%%%o“d

channel (As there are sixteen channel s 41, the break-out tray T can
handl e 5° §| xt2eF%paiFE GRCH HrPhdEEeMt ithfs, SXPhangR F6IYRF 3% estuslpre

end portionschs ooméx® via one or more splitting (flexibility) points such
as the node N described 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

20 would lead to a respective secondary splitting point. In
this case, each of the single circuits associated with a
customer tray 4 would start at the output of the splitter
mats 6 and 7, and terminate at the input to the secondary
splitting point. Alternatively, if the "customer* fibres

253 leading to the secondary splitting point are fed back into a
multi-fibre tube, the single circuit terminates at the entry
to this tube. 1In either case, in the region where re-entry
for installation/maintenance purpose is to be expected,
single circuit management is ensured.

30 BEach of the secondary splitting points would be
similar to the node N, but each incoming fibre would be split
four ways rather than eight ways. As the outgoing fibres
from a pfimary node do not go directly to customers, the
terms "customer splice trays" and "customer fibres" used

35 above should be taken to mean splice trays and fibres
associated with either actual customers or with downstream
splitting points. Of course, in the preferred 32-way split

This Sheet Has Been Replaced



cut fubes.) The two fibres then pass into the bend linmiting tube 27a
associated with the lowest splice tray 4 of the sub-assenbly S1. 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 in.place by ties (not shown)
associated with a further aperture 44. 1@ A preferred formof TPON
i ncludes a 32-way split, that is to say each fibre fromthe exchange serves

32 actual CUSSOIRIS M ONLOMdBYE RIGULE BRI s6f b@xbgbbhmyp%a% sugh as
the node N descri bed above. As the node N defines an 8-wa pl i It could

be used as & n‘é‘?‘ilespFP?FanoBbflnPe ifR umhindiesadh e%@o?efﬁ%ngcﬁéﬁéﬁer"
fibres | eavidgrudie padeoweusd |eadl thea f&SPeslecondargonfedys Sp}ddltd NBe

poi nt . Inthls 15 case, h of the.single circuits assgciated wt
cust omer tra&F A Woulds starfg EiRd ﬁé’ld% l%?r’fh@otgﬁrl ttg? ﬁat?%%ndgs‘e

first fibbe mapwmt i ordpei Mouldindet evimiidar &b tthkei mode (X, t Hmtseeandary
[itt j t t
splitting p<1 on(l gse?QQghghQéﬁe$§B§EagJo%ldpg+é1 $p1 AL §RAL i, agl}%/eﬁag Ee

"cust oner" res [eading to’t secondary s T tEF ng point ar
into a rrultlthfﬁfbﬁé-‘?t%é’ait%e single circuit termnates at the entry 20 to

&E' s tube (a se]g:ondtf lvﬁflla.l waafga@émpomai the eiyeerof J.t'@ezt: h§r§89' on
ere re-entr or tallation t enance se tQ expect e
single circdi fd’gﬁé’ tdesé:réﬁ’?ﬁ Egovﬁa’cﬂ Eﬁ'ée]s% esﬁlnl Fglaﬁglt
poi nt s woll dame zsaard:llay bo sdepnedetd) shit EAEE eireadriregdiiderentaul d be

split four g%g:g: i'Rhher gttl.agse S YBYS- tdo‘sarﬁpglpé§tt9.lﬁt?g%ia@90f bg‘fgr%{ﬂg' a

pri mary nod not gd |rect y 10 custoners cust
trays" and t&gsoywden jofr 6¥Ligee§raysvussfoand bhetakzn epdnformspfi the

tr?ytstand fgguafct@s:sosrawd Mt @i t%&ﬁd et u?lm&ﬂ%dwr SpYr %Iibéié’ﬂ‘i‘ﬁ&fz gam
splitting points urse, in e referre

form of TPORSVERELn cﬁﬁ%‘%%ﬂ’ﬂr%’ s%uBeaiz'g%%Wdh??/ hBdés ? qydrF't HR £Ekeng
]Ehere wolg gflnemfwrnlmdﬂal 'cN;3 @ﬁc@xeﬁaﬂq@gfﬁabgbﬁ gahude cwfdcmgahshémdatug
our secon e. . served..\, wa | re
ngai e the ok, MYk "BELAe Vo8 ERYPas atbat 1B 06 Ao ERFERY, TR hecn

I ncom ng (eﬂ@-hang@)“—mhlb'refvmlqalllb'sdspllt four ways rather than eight ways.
It will be apparenittbatnt%txgﬁaeaneplehtattertﬁérgxféﬂ SRR o depslg Ded

above is extrenely flexible in 1t 10 can rea apte to suit
di fferent réaevpeﬁgﬁpges Sifgle circuit management. In partlcular, in

20 the region of a node N (that is to say where re-entry for
installation/maintenance purposes is to be expected) single
circuit management is ensured, so that optical signals
carried by any single «circuit are not degraded by
installation/maintenance operations carried out on any other

25 circuit.

An important advantage of the sub-assemblies described
above, is that the splitters and the associated fibres can
all be factory fitted. Thus, the fused and planar couplers
and their associated fibres can be made and positioned in the

30 mats 6 and 7, and the associated fibres can be led to their
splice trays 4 within bend limiting tubes - all at the
factory. When the sub-assembly is to commissioned, the
fitter needs only to cut one or more tubes of the cable C,
feed main and standby fibre end portions to the lowest two

35 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 portions to the main and standby input fibres



partircular, it is adaptable to any splitting ratio by varying the nunber of
splice trays used and the size and formof the splitter array mats 6 and
7.- ~ Moreover, by co-locating several splitter array sub-assenblies in a
node, Sp||ttlng 15 froma plurality of ext%ange fibres can be acconplished
at any given point, using different splitting ratios in each sub-assenbly

i f required Lo II b rent that the arrangenent descrlbed above
ensures si ng?ie eFTEui nsge%gégienent Efn part@% a? rEanfO t fig retcﬁ’or?é' °g

node N (that" ¢estomeny @hbresreoccthe Lilyres resk a4 dat |m5rﬂ;4mtleha:ﬂn@eomme|@ses
is to be expggiedd hagke £ rC@ht tHIRNAGEIENEhel SinfoRSH &5 sﬁPliQ&t work

optical signals carried by single circuit are not degraded by
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litt d th ted fi f.act fit Th h
Tlsed and pl SNET SUBI BPCIGRES s SSLbEFHREAPFEBPB can Do PRNR ande.

posi ti oned iendd i3 tiate thikesd esuardthhe tbsofites duildests ta.mn:elia bee toO

el 1 oDl Oy Spdut LlyLendnb] itk UBERa - Rlhus Bonbltel AELOT Vo

When t he sub-asse y 1S t'o conm Ssi one needs onl o cut one
or nore tubefikye taeratian Ghef epdingi hrave sramiNotedrautenf Gblet ptaskt o

the |onesy oW %Kl ide HHAWS odpé}fattlbﬂ] gwhaea%@ﬁbl yrrnatsor;ﬁa%aateesuute' br e
end portions jce the main and standby fibre end

in the break-out trag g
portions to TIAPSTSELIR RESFBRLFHH LR ft’oY%sflbres 28arripdelyyt Fe?@ﬁ? in
the two spl ildemittriays, twines.t 0 spllce "cust onmer"” flbres to the fibres already

present in the oth S C hi s unt .of gkilled
wor k whi ch has to gé cholg %ivnd%? Pl%sare ecfxt ehg ) Hﬁrr?a p%ﬁg
particul ar, fidw dYsetdn ewsmmwmm t olgasughoat case,i maoisptietsphgciag

for spli{i§in@RURREeSso tM' 8A¥EhssbRBly would not include the mats 6
and 7. In a first type of spur joint, all twelve tubes of
the fibre cable C would be cut, thereby forming twelve main
fibre tube ends and twelve standby fibre tube ends. The
fibres of six of the main fibre tube ends would then be

20 spliced to the fibres of six of the standby fibre tube ends
in single element splice trays 45 (as is described below with
reference to Figure 14). The fibres of the remaining six
main fibre tube ends are then spliced to "customer" fibres in
24 single circuit splice trays 4. Similarly, the fibres of

25 the remaining six standby fibre tube ends are spliced to 48
"customer" fibres in 24 single circuit splice trays 4. Thus,
two fibres are fed, in bend limiting tubes, from a breakout
tray (not shown) to each of the 48 single circuit splice
trays 4, where they are spliced to "customer" fibres in a

30 similar manner to that described above with reference to
Figures 5 and 6. As with the customer splice trays 4
discussed above, single circuit management results for each
of these 48 splice trays.

A respective main fibre tube end and a respective

35 standby fibre tube end are fed from the break-out tray to
each of the single element splice trays 45 (see Figure 14),
each tube end being in a respective bend limiting tube (not



bend limting tubes ensure that the fibres guided therein are never bent
beyond t he m ni mum bend requirenents for live fibre even when the splice
trays are pivoted out of the stack 10 to _either of their operating .
positions. This guarantees the tr ansmisgi%n performance of live fibres
carried by the bend limting tubes. The sub-assenbly described above could

al so be -adap or e.kNsa_spur j.int. lL,n_such a.case, splitting is
15 requi red,éﬁ%'gg’t thgugggéggﬁbF’f} JV\tK%SI g)er?gt'lilrr{‘éié%(?g t }eﬁati;'%ﬁ a%l(jbfngl n a
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t ube ends. The, fibres of six of the nain fibre tube ends woul d then be 20
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el ement spl iperiplytat5wd b 46b.desEihhedabedanV td t¥hd eh&l €NsSay OpSLELAR
14). The f‘{}ar%s of ,éhe 8 ei nei Si X i n f'iﬁre.tube ends are tt]_en
spliced to "tlstEME "CHT bFEES P UL % RGFELRP ¢ fi t*¥pl¥itée ?ré@‘?"l‘.a 48.
Simlarly, tCrarnndkesddf 29,t hel remdi ARNngre Xordwrddd fnbrtaet uhd rendsdar e
spliced to 1Ci 'y Tihrnes,. L0, 2 ' ' | ljice. trays. 4. hus,
two fibres ﬁr?ﬁ 04|Er31 oeﬁ]aﬁld%mb%) ?lﬁl 'ﬂ?%g%ffs%arrﬁcdéﬂ%r%%g&%t tt° r %ygfzﬁﬁto}-
shown) to eddhiote t Rel48Trsineglensi rolit Spei channgls 41 #Aere dhegcbien

spl ihcedfto "ﬁékﬁéﬁﬁﬁilz_é éhbﬁﬁgll ndaadg(i:e&irdliﬁsarmdm{h ‘E&‘ﬁdtchhﬁ%ydq_?&ffé?ﬁdtébovi
with reference to Figures n . th the customer “splice trays

di scussed a@@%ﬁo%?mg?%ali?ﬁuﬁe rﬁ?&g%?rﬁﬁﬂ%%ﬂ?%quéﬁ Thehr ot ePReeilg
splice traydirectispexti ve main fibre tube end and a respective 35 standby
fibre tube end aref fr.amat he -out,1ray,to eagch . of the single

el ement splice trafg%g’S g(lg{eeel%;i %ftjérngearﬁ) , lejé%: {giio g%d 18eitty 9 rP’éngded
respective B & mumbeF ofbéibnetretention tadisowd, fout heldihgr fibrehknbend
limting;§ubafe A48 AP Hehed'® 49 ey tray 45 has a main body portion 46

and a tube .
The tube entry portion 47 of each single element

splice tray 45 includes two tube entry/exit ports 55a and
55b. Channels 56a and 56b are provided to lead fibre between .
the ports 55a and 55b and the channel 48.

20 The single element splice tray 45 is provided with a
leash 57 and a retaining ring 58 (similar to the leash 24 and
the retaining ring 25 of the tray 4). The leash 57 permits
the tray 45 to be pivoted out of a stack of trays to enable
access to the tube entry portion 47.

25 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
is led to the port 55b of each of the splice trays 45..
Inside each tube entry portion 47, the tubes are cut away to
expose the fibres. The fibres are then fed into the main

30 body portions 46 of the trays, where they are spliced. The
eight splices in each tray 45 are then positioned, four in
each of a pair of splice holders, and the splice holders are
then mounted in the regions 53. The fibres leading to the
splices are then stored in the main body portions 46 of the

35 trays 45. A length of each of the fibres is stored in the
main body portion 46 of the associated tray 45 by passing
these fibres one or more times round an upstanding mandrel 59



entry, portion 47. The main body portion 46 is of oval configuration,
"havi ng -an oval base 46a and an upstanding 5 peripheral wall 46b. Fibre
access to the main body portion 46 fromjhe tube entry portion 47 is via a
channel 48. Channels 49, 50, 51 and 52 e provided in the mai n body
portion 46 to guide both main and standby fibres to a pair of splice holder

regions 53. 4T, ﬁa&?aggs' FQ% sl $42 d&h@%&ﬂgeéﬂ ﬁ&x\!?féi ngegbfﬂgﬁh /0d1
permits main and stan res to approach eac he splice hol der
regi ons 53 W%ﬁﬁfepp‘&ﬁe e et9WFs. OfachiBFRgl TRAMhePURGHY t £y B85 is

al so provi d@Snmgbratﬂuﬁbarf o:faxfylbarge iR Hd rO e Urafes S@ﬁ@rph@bﬂsﬂgnf blere in

15 th |s 49 to 52. The .tub t t h |
ol cront " opl FERTH opLAES (HTHOE 528 e B EPyP AT T © s SEad9s6he

Channel s s56ai aatdibéboéir thpr assdmilyo | ead fi bre between the ports 55a and

55b and the channel | 4§5_},?°gdn' ied verD€oR! Y %% %Tgﬂﬁ_- Sjpélrfce ?%Qxlrﬁgehs%l

provided with a | éa5h a retarning ring eas
and t he retabaveg phhy 25 %fof hther fybay arfheuteadthes7figured t Ent hhespay 45

to be pivot eqbeytb&in@ ssslas@&e@fté h%ﬁ%tbﬁe%naéisr@&cﬁﬁat 8:1hle ot HR@CBALIY
portion 47. main _fibre tube end is ledto the port 55a

of each of ’EHPEBI FEéYf’réy§545‘es&ﬁab§dsﬁgﬁaﬁy f FBPeTPUBLNLAE $LX| BACES the

port 55k qof tepEed afret NoFgHEd csr&ﬁﬁaSa45)reJanslod<t aﬁfaytubmeai:haweélypn 47,
the tubes are ﬁut anay to|§6BPse t | bres 2T e, hen f$d into

the main 30BBEGEPIEiHHE £ 1% tf’éﬁgul&h%?]el‘ﬁevaé’rse Splsllé‘eﬁlng
ei ght spl i cesemantasiplilcay ﬂﬁaﬁse46hennpdblbeonedd f ofhis edtkhroatavpair
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The fibres 1eading to ft sp ices are then stored 1n the main
portlons 46t©faFﬁ§S§55PP§yE°ABtS AorefiyEnrefusdch of the fibres is stored

in the nain body Rﬂ:ﬁxh&i‘sl‘lﬁ ofoih@leﬁégcw@@dofr?yuﬁ%séyn@asahagnhmgse

fibres one or ¥D£res gg%mgggngh%nsggitggnlgg varle For example, the
spur could be formed from the fibres of one cut tube. In
this case the spur would contain 16 fibres (eight main fibres
and eight standby fibres from a single cut tube) and 88

20 fibres {(from the remaining eleven tubes - either cut and
spliced or uncut and coiled) would continue through on the
ring. In each case, however, single circuit management is
ensured for each of the single element splice trays 45.
Thus, the single circuit associated with a given single

25 element splice tray 45 starts and terminates at the break-out
tray T, a respective main fibre tube end being fed to the
splice tray 45 in a bend limiting tube, where its fibres are
spliced to the fibres of the standby fibre tube and which, in
turn, is fed back to the break-out tray within a bend

30 limiting tube. The single circuit here is, therefore,
constituted by a plurality of fibres (eight in the example
above). '
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25 and under the tabs 54. The fibres' natural resilience will ensure that
‘the | oops of fibre expand outwardly to a configuration_of varying dianeter

turns. The provision of stored fibre perpits re-solicing to be carrled"out
during the lifetime of the assenbly. 57 26 - I n a [ThislShcettths Besh Reflsd

t he spur joint described above, only six of the tubes
in these tubes being spliced to "custoaﬁéﬁﬁéibres in 4
splice trays 4 as described above. The ning six u Iooped

around a break-out tray. Alternatively, instead of using 48 single circuit
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ternlnates t the preak-out tray T (fjirst 20 and second fibre separation
poi nt s), espect {VEYREFR BSore aifRe ey BLRHY FedVRETERB SFCPAcE 45
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CLAI M5 1. An optical fibre nanagenent apparatus for managi ng a

plurality of optical fibres, the apparatus bejng such that the fibre(s) of
each singl e3ecircui® B¥YSEEM)@SeiGhdfMade dof Sk | 3/ aVReFBiR 8 F&r AN,

from the fifhres Eilddelefdiggi £6, aWRErRRBY sHliicealtisdPNEd Sheaseaednbia any
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wher ei n eacliidireglieadimguitio |sraonJ¢qz§.me tray is housed in a respectlve
fibre routing mechanism.

4. A system as claimed in claim 2 or claim 3, wherein
each splice tray houses two splices, whereby each of the
20 fibre routing mechanisms associated with each splice tray

houses a respective pair of optical fibres.

5. A system as claimed in any one of claims 2 to 4,
wherein the splice trays are arranged in a stack, each splice
tray having a main body portion for holding at least one
25 splice and for storing fibres leading.to the or each splice,
and a fibre entry/exit portion for feeding fibre to/from the
main body portion.
6. A system as claimed in claim 5, wherein each splice
tray is mounted in the stack so as to be movable from a
30 stacked position, in which it is aligned with the other

trays, to first and second operating positions in which the

R



10 Jleast one splice connecting first and second fibres, and wherein the
splice(s) of each single circuit is/are housed. in a respective splice
tray. 3. Apparatus as clained in claim2, wherein the or each first
fibre leading to a given splice tray is.hpused in a respective fibre
routi ng nmechanism and the or 1 5 each second fibre leading to said splice
tray is housed in a respective fibre routing nmechanism 4. Appar at us
as cl ai med i fibkai MenZrgiy/exlidi Mpcktimrer eand eathesplnatian t raygdpoupestivn
splices, whereb eﬁ@f@eff Lhe ;Lp%gslgféing mechani snms associated with 20
each splice frag ouses? a réspective pair of optical fibres. 5.

Apparatus as clained in any one of clains 2 to 4, wherein the splice trays
are arranged in a stack, each splice tray having a main body portion for
hol ding at | east one splice and for storing fibres leading to the or each
splice, and a fibre 25 entry/exit portion for feeding fibre to/fromthe
mai n body portion. 6. Apparatus as clained in claim5, wherein each
splice tray is mounted in the stack so as to be novable froma stacked
position, in which it is aligned with the other trays, to first and second
operating positions in which the fibre entry/exit 30 portion and the main
body portion respectively are accessible. - 27 - fibre entry/exit
portion and the min body portion respectively are accessible.
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