215784 8 UNDERWATER OPTI CAL FI BRE CABLE This invention relates to an
~optical fibre cable suitable for underwater use. Such cables are subjecKEE}
t.o tensil-e |oading during laying and in use to radial conpressive |oad

due to 5 hydrostatic pressure which increases in relation to t’hé?gr& @t
which the cable is laid and is present for the entire life of the®

In order t.o protect the op- tical fibres of known optical fibre underwater
cabl es from mechani cal stresses caused. by such | oadings on the 10 cable
whi ch woul d give rise to attenuation of the optical signal and may cause

t he fJbres to break in view of their fragile nature. it has heretofore been
t he praptlce to provi de UNSRWATER QPRTTEAL fF e cokges With nmetallic re-
inforcenent radially outwardry of the 11Dbres aga nst the ten- 15 sile and
the radial conpressive loading to which it will be subjected. Exanples of
an optical fibre cable provid- ed mﬁth nmetal l'ic reinforcenent disposed
radially out- wardly Qf. the o tlcal fibres thereof ar e di sglosed i .

B A 2021262 and GB. ATHGBTOH Pooh retatey o a efti itﬁ%gr(tﬁPEP&
reinforcenentilsuﬂuabaﬁwﬁonuunﬂewxiwetmmseal fibre cables reduces the

flexi- bility of the @ﬂ%= e, | u RY t he
cabl e both of which factors ma {$§ %égfe%ﬂﬁdgﬁét e ca%? Pb%%%ﬁ dPPFQ%ﬁ | t.
Further, as wi | |ldxims andpin eesateel t’h@l%lbe‘m'w’af‘%%iﬂ% laadpnel dird. the

greater the yﬂrmqntdmsmt?dI;sﬁegﬁméomfeﬁninélegyuedﬁam 2hiYoRUL VAR HLY Of
the optical Tibres, thus increasjing 30 -2- the diifficulty of the cable
Laylng operatloﬂepth at which the cable is ]aJd and 1s preSent for the

entire life of the cable. 1In order to protect the op-
tical fibres of known optical fibre underwater cables
from mechanical stresses caused by such loadings on the

10 cablé which would give rise to attenuation of the optical
signal and may cause the fibres to break in view of
their fragile nature, it has heretofore becn the practice
to provide underwater optical fibre cables withmetallic re-

‘inforcement radiall};outWardip of the fibres against the ten-

15 sile and the radial compressive loéding to which it will

' be subjected. Examples of an optical fibre cable provid-
ed with metallic reinforcement disposéd radiajly out -
wardly of the optical fibres thereof are disclosed in
GB-A-2021252 and GB-A-2082790.

20 The presence of the metallic reinforcement in the
known underwater optical fibre cables reduces the flexi-
bility of the cables and increases the weight per unit

" length of the cable both of which factors make the Jay-
ing of the cables more difficult. Further, as will be

25 appreciated the deeper a cable is tobe laid, the greater
the amount of metallic reinforcement required radially

outwardly of the optical fibres, thus increasing

30



"Al'so the greater the anobunt of netal per unit. length in an optical fibre .
cable the greater the risk nmetal corrosion giving rise to the production of °
hy- B Mrogen which acts on the optical fibres to i-ncrease the attenuation
of to'p’tical signals being transmtted thereby. An object of the present.
invention is to provide an optical fibi2e-cable suitable for use underwater
10 havi ng a construction which elimnates the need to pro- vide the cable

with metal l'ic Mdienfditehewltyagfathy sebdsr dapyigie torenptient fibres

thereof agai nst tensiAﬁs@ndhéagkaht@wnmsa{m&rhoa&tngedspeadﬁn%n%.on the
depth at which the cable is to be laid underwater. The pregent

r. 15

i nvention provil®Edh bpidRPPtised fabre &4 1%he Bredtier whber rask
conprising a ceftitsl ¢6PPosibf Eesinipant st Handave Nprvescvhbahors hgbedded
in plastics material wth lg,he ggaces P‘Ietwe n the sirands, of .the central .
nmenber bei %g £ i9MgF i ¥Righ sABLPaRD APy oRFicq)  LIRFes st Bl APFFEREE ¢ he
pl astics nmat eritde ot eguat Lyhi ofir thel opttictalksignel prbvidgdtnahbmitted
helically exter}’q_l N9 ooves whi ch are closed by at 1east one | ayer disposed

S

over said pl ast t erial, at |least sone of the grooves containing at

| east. one optical fikneokjentnof the gaiesaad ingroutvienchat kpnpmgvdde
substantially igj feai bi"?bﬂe“?/ bae %‘!BR%’H]& Neor Oﬁssasnaeﬁag@.ek»ayer

aginst radially conpres- sive, hydrostatic loadings encountered in use of
the cabl elQ n thsingpsdieansbruchdomemhicl fhimimateedthn ppedekpgr ®5%-on

'substantial ly Jyjkonphesshbie livhdmeta1dbic Fdindrdehont NFhEgg11Y scous -
subst ances such as petroleumjelly and _silicone grease, in addition to
liquids. An ewﬁﬁ%r%.".a°£u‘r~*'§bpef|1ic($aiG#‘?%egmhee"m pEpinshdeikaend
fibre el ementsriakibllecomptessiyeCivadPig B peMdrekelh 86n Gld @abthid¥ @hich
rovi ded vith e Tabkels t0 B 219 WiATEA T br oo are provided
15 _ The present invention provides an optical fibre cable
| suiﬁable for underwater use, compriéing a central tens;
ile resistant stranded membér which is embedded in
plastics material with the spaces between the'strands of
thé central member being filled with a substantially
20 incompressible fluid, the_plaétics material having a
‘cylindrical outer shrface provided with helically'edemﬁng
gfoo&es.whichﬂareﬂclosed by .at least-opne..layer disposed
_ovef_said plastics material, at least some of the grooves
cbntaining at least one optical.fibre element, the said S
25 grooves containing a subétantialiy incompressible fluid to
support the, or each, séid layer aginst radially compres-
sive,,hydrosfatic 1oadings ehcquntergd in use of the cable.
In this appIiéation the term 'fluid' as used in
the expression 'substaqtially_incompressible_fluid' is
30 intended to-inélude_viscous substances such as petroleum
jelly and siliéone gfease,-in:addition tp_liﬁuids. An
example of a suitable liquid is silicone oil.
The optical fibre elements in the cable may com-.
prise unjacketed optical fibres, optical fibres pro-
35 vided with tight jackets or optical fibres provided with
loose jackets. When the optical fibres are provided



‘than 5 mm The strands of the central nenpb

4'acket ‘thereof in each optical, fibre ele- nment is filled, or substant&ftﬁy

-3:-mdth | oose j ackets the space between the optical fibre and the | oose

filled, with a sub- stantially inconpressible fluid. 5 The | af&(?)
di sposed over the plastics material may conprise a water barrier, such—as a
metal sheath, in direct contact with said plastics material. Alternative-
ly this layer may conprise a |ayer of plastics which may be interposed

bet ween t he pl astiwstihral essé&l jarkletss weher space betﬁben shehopslaaHEEabre

sheath,  When the LeTegll Yosue §EONLO%ALAOYES (B BaBhossla bl 2 cliyer gt

pl astics,. the. plas?lcs have a cy Rar I'nner “Sur
vi ded W s h radlalIwenhwasdfylb«dendrngub$benQMaéhye£11ﬂedd witb eheub-

grooves. In the c opt Sibg Sg1uglhenment s conprising | oose
j acket ed opti cal ?ég?gglgfﬁ%se ri srnay ?1% He spaces between the grooves

and the | oose packets. FFleeltayey, d%ﬁﬁ°§¢609€§rh§be Rlpgtisc meperiaddmay

circunferential wgg ﬁis§aédw§ﬂéfn@éfﬁﬁérOUEﬁEhSHEf@Cﬁe%Q% shehtll, eqher
rise exanp

3 e
steel wires, arome¥iEephl Gantast (withgsaid Eé?sxbﬁﬁ P?EF€1FHreaé§te§Hétlve‘

preferably they inzy uelmanm&eﬁtmayleaﬁxbyleenduatawe eifepRalstieeN whS ch may
ag%nts of the |nve tion, the

copper wire. 25
cabl e is devoid of 3 1ntLp ?%?82%%% ag alnst ?en5| & BRECrAdlaPrntoipMadste
| oadi ng radi al®y oh@maldrysb¢hthe epmecaﬂ sheathel eWbeins thiee hedficalll yorder

that the inventiongggyihg Q%&%suaﬂerdéged ssogdla Qﬁreo%"‘gqgs@%tss
thereof, which are glven way of exanple onl { now b escr|B mnth
reference to astics layer may have a cy 1ndrlca1 inner surface pro-

vided with radlally inwardly extending ribs which ex-
tend into the grooveé. In the case of the optical fibre

15 elements comprising loose jacketed optical fibres, these
ribs may fill the spaces between the grooves and the
loose jackets. _

Preferably, the grooves have a radial depth and a
circumferential width at said cylindrical outer surface

20 not greater than 5 mm.

The strands of the central mémber may comprise for
exaﬁple, steel wires, aromatic polyamide threads or car-
bon fibre thfeads, and preferably ihey include an elect-

NS | rically conductive element such as a copper wire.
| 25 In:the preferred embodiments of the invention, the
cable is devoid of an& reinforcement against tensile and
racial compr‘essn’e loading radially outwar-dly of the optical
fibre elements thereof.

In order that the 1nvent10n may be better under-

30 stood, some embodlments thereof, which are given by way
of example only, will now be described with reference to
the accompanying drawings, in which:

Figure 1 is a'frégmentary pérspéctive view of part
of a submarine optlcal fibre telecommunlcatlons cable

35 show1ng the structure thereof;



the acconpanying drawi ngs, in which: Figure 1 is a fragmentary perspective
view of part. of a submarine optical fibre tel ecomunications cable 35

showi AGN he structure thereof; Figure 2 is a radial cross-section of
anot such cable; and Figure 3 is a part radial cross-section of yet
¢anot h&r” such cable. 5 Referring now to Figure 1, there is shown a

'sub- narine opticalpfibre &eigconpyRisat b?BésQQQE%l%Wbtoqbla%Jt‘?{er“S ach .

underwat er at depths greater:than 1000 netres he cabl e has a cyI|
core 1 of plaskdkle net®di al and a central tensile resistant menber 2 which

is embed-. 10 dedrigeFeiB.is Ahpasenbgridli erbBe-srditaldy dfnaIgOst,
consti tuent of th@rcable t he iXIS of which is shown at 3 and i's desi @€d

to provi de the®¥ %"V\?‘ET‘Psﬁ‘?? ®rent tensile strength to withstand
substantia#ly all d{efdsueri:egsnbe toaﬁlnggSet her ehe réudisnGHoa rag Sfpt he

cable. The 15 e gs ndnganpact an rs aII
stranded rrenber ,E‘é %L uraf‘gf gFie Panggt al;‘lpé’r’?g&i'bﬁr? 9 ayers
with the stranfer mstacﬂua@ematayeas dégpthdi ggebsleirc &hlanp |lr00@p[mmne$ senses.
The strands 4 ge éme%&é aacmﬁakéka*ﬁawg hi gl % g]staee%;'.,la%e%l Snoth

and for exanpl.e are typi cal Z Steel wres. Alternat y may conprise
aromatic pol y#Rd | 2ecenrralistonsilepppsisbaatt peahes \Rh%%\l@ enthedsi | e

st rengt h 1@onpajed| €héLe imat Oi'hétﬁelnbh%r QslguthbaY-%dtlEQﬁd\i@m&%s‘ﬁ .
reduci ng the netal, cont et[lt tthe ng ﬁﬁ ¢ astics material in
whi ch the centFHISHEWRT T stRGpeaRis. cEhpr P2Es 2 Iéfg‘érc%’\ﬂﬂ shewhatan .
i nner surface vdnh m)ndmi@neﬁ tbepouot desthbacabieesdrbeGuff ildiement r al \o/
menber. The mﬁ%ﬁsff%rgﬁﬁ%ﬁé%hoéo|9¥gﬂstand substant1ally all of the

tensile loadlngs thereon durlng 1ay1ng of the cable. The

15 central member 2 comprises a compact ant1tors1ona11}
stranded member having a plurallt) of strands 4 arranged
in coaxial iayers with the strands in adjacent layers
extending helically in opposite_senses.

The strands 4 are formed of a material having high

20 tensile strength and for exaﬁple_are typicéll& steel
wires. Alternatively they may comprise afomatic polyamé
_ide.ﬁhreads or carbon fibre threads which have a tensile
strength comparable to that of.steeliwires but have the
advantage ef redueing the metal content of the cable.

25 The plastics material in whieh the central member
2 is embedded comprises a layer © which_has an inner
surface which conforms to.the outer sufface pfesented
by the central member. The plastics material of layer
6 may be a polyolefin, such as polyethylene, polyvinyl-

30 chloride, nylon or other plastlcs material having a low
'coefflclent of thermal expansion.

The spaces 5 betueen the strands 4 of the embedded
central member 2, and any spaces between the member 2
and the layer 6, are filled with a substantlally incom-

35 press1b1e fluid, for example a petroleum Jelly or a



6 may be a polyolefin, such as pol yethylene, polyvinyl- 30 chl ori de,
siykon or other plastics material having a | ow coefficient of thernmnal
expansi on. - The spaces 5 between the strands 4 of the enbedded central
menber :2, and any spaces between the nenber 2 and the |ayer 6, are fi¥lec
with a substantially incom 35 pressil§le fluid, for exanple a petrol eum
jelly or a
conpr essi veilbadhaggréasel insprdeed toheuppoantds har membregulagainst

Cross-section, hoygxgglm@gﬂgpggggg%?ggédaﬁgeﬁtgglf@lhgirgQgﬁ i Fﬁra"ds

r adi al

advant ageousl y have cross-

5- silicone grease in order to support the nenber agai nst

reduce the size e spaces

t her ebagween for arenpiecuhey Anycressragetdioal hioweyess sheac tihen stTheds
outer surface of fhg Leyeh @iragdthwsma% blS anaGebus1y huviendrgzal- and

provided witha plurality of helically ex
cl oséd b§estiadsr whishoredusFethendizs ofnthe: shacss: rheargpsat

are 10

endi_ng grooves 7. These grooves
wgen,

and which in the £sbodkEmplesbBel mayFbgUReapee@idailsdh @ réaiseiserildnar

of the grooves 7 contai

f d b ter-tight petal sheath 9. At least d _preferabl h
" the ot ooves 7 contai AVa CPERS: SHAEABS: Al iR BRSO Srofvid e @iy thE 1

shows the cabl e beong proisdeglintdiricpli aald priowvd delde wdrtthsa ipd urtad iftgr mafof

unj acketed optic
provided with tig

g pr ot Lot
chel 1Bty exERHRNFe WRREVER) 700 MR, Miisidle & 7

| oosely houst@ wi ehpredhbygrodeysr7 digmossdnayera apd im g@intiactemithartdiea
circunferential wigd{brab bha whicRdin' thel eRblodimewtl AhROWH ilnaqur%‘ﬁ»enqt

greater than 5 mm and.the remaini ng spaces in the grooves are fi

| ed wi_th

a substantial ly i ReBRPLEES| Bl wateg; harrdereformed £¥p& watefnyighty metad

silicone grease.

:;"-./
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sheathubd wiAthileast some (and preferably each) of the
grooves 7 contain at least one optical fibre element.
Figure 1 shows the cable being provided with optical
fibre elements in the form of unjacketed optical fibres
&, however they may comprise optical fibres provided
with tight or loose jackets. The optical fibre elements
§ are loosely housed within the grooves 7, which have a
radial depth and a circumferential width at the cylind-
rical outer surface of layer 6 not greater than 5 mm,
andhthe remaining spaces in the grooves are filled with
a substantially incompressible fluid, for example a
petroleum. jelly or a silicone grease.. The fluid within
the grooves supports the walls thereof and the layer 9
closing the grooves against radial compressive loadings.
A further plastics layer 10, for example of a
polyolefin such as polyethylene is provided over the
sheath 9 and other layers, for example of anti-ship-worm
protection may be provided radially outwardly thereof.
However, the cable is not provided with any metallic re-
inforcement radially outwardly of the optical fibre
elements 8§ against the tensile and the radial compress-
ive loading to which the cable will be subjected. Such

reinforcement which has heretofor been used despite



25 the grooves supports the walls thereof and the layer 9 closing the
grooves against radial conpressive |oadings. A further plastics layer 10,
for exsupl e of a polyolefin such as pol yet hyl ene is. provided over the
B\ and ot her | ayers, for exanple” of antl-shlp wor m 30 protection
: Q@ pfovided radlally outwardly thereof. However, the cable is not
‘provi d&d wi t h theydhBadraptages ??ﬁ%‘?b%%ﬂt”&eé'(ﬁ%q RIAYERWR )Y 8iseuesed

optical fibrenlsepeshF Riridainisécéseatgiisi tke asfibbiemendi BbcaQBR IS Ehel Ve
| oadi ng to which the ca '

t ed. 5 f t which
has her et of or pﬁ'«?esr?’\fseealb'aaéscpﬂtérgf T?fgﬂ’gﬁg{%@\}ﬁ é’&g a@ggglf’gtsg cteggpew t IhC
previously di dosskiog sl et Hounirtnmakcetiminat hohhefenbadsmant thec&u§
of the presencg Hstdrb&idilo W@rcéﬁﬂs"ﬁ?tfih%% {;Egs%hg gag Eg and of

the virtual elimnation of voids In the consStructio
filling thd spdmesm the strapds 4 nef sthangentral mpmbeengr b.'rtthﬁnbbr- 2 with

sub- stantiall kﬂaﬂﬁﬁmrlqssnm&nﬁé&&@m ﬂiﬁi)denfi'hll!sagb?rW‘ gaﬁgs in the
grooves 7 not OCCUpI ed b i cal ﬁe el enent s stantially

t
i nconpr essi bl e #3i%P2 1't'h‘il? %°%Y<‘E%p i BAt oPCGRPIedhY| t¥78| getigal
whi ch are unavdiidats ee]:emdr’fts nBnud et siiles bint hal Tabliacbhpresaipiwi rtual ly
no spaces in.t ty uct € bl e a freefro mat er.i al and
which will all t(ggveiv rgéil al'l‘Hue qulpé'g o é %u %\%]%fgn ‘T‘ﬁl Fgafﬂfghof'oi‘ﬂé cabl e
enabl es i 110 o whiledt @ne rund v i dorde et tee | madifigstune ©5 theochbldleostatic

pressure at anyndgRt A Mal£ 1y . J«S"§pééeé”ﬂa€#8ds€9{}k {el W‘f“ﬂ Lhe

prior cables where the netallic_reinforcenent provid vvardl y (o
of the optical “@bdredhish (ﬂ)"rf‘m%?%df%%@e'hﬂ%ﬂ'laﬁdaﬁﬁd“hécbe“il ér e&éeu with

an increase inrigdiendesbliapsd SEptke 20abié 0r ThesCa8bh€ure of the cable

enables it to withstand radial compressive loadings due

15 to hydrostatic pressure at any depth underwater. This
is in marked contrast with the prior cables where ﬁhe
metallic reinforcement provided radially outwardly of
the optical fibres was considered essential and had to
be increased with an increase in intended laying depth

20 for the cable.

In connection with the above discussion regarding
the metalllc reinforcement of prior cables it is to be
understood that the metal sheath 9 in the embodiment
-functions only to provide a water barrier and does not o

25 provide any significant mechanical resistance to either
tensile or radially compressive loadings on the cable.
Typically the thickness of the sheath 9 is of some
tenths of a millimetre and remains substantially of
that order no matter at what debth-the cable is to be

30 laid. The sheath 9 may be of aluminium and may be ob-
tained by extrusion on to the layer 6. Alternatively it
may be a metal}ic tape, again possibly of alumihium,
which is wound longitudina11§'along the layér 6 with its
edges either abutting or overlapping and subsequently

35 soldered, welded or sealed with a mastic material.



In connection with the above discussion regarding the netallic
r'etnforcement of prior cables jt is to be understood that the metal she

9 in the ermbodi ment functions only to provide a water barrier and does -p_‘/t,
25 provi de any significant nmechanical_ r7es_i stance to either tensile or
radi ally conpressive | oadings on the cabl’e. Typically the thickness of the

sheath 9 is of sone.tenths +¢f 1zl ) e 'a i t1ally. of
that order no matter at I&h&?edgjgpﬁ({%ﬁfgblee?gséi 0 b_é,;%?)gd{‘)bﬁfc_g?d%&ﬁlese
sheath 9 may be ofithgmi MnJdRckstedaprbd ight tiaokatasy aptirasl ditores duthe

layer 6. Al ternatiygk¥aid cBhiprided IRV TiltARS AV TURPWItH 1 &se

al um niiwm whi ch i,sggound I angl tudinally along the layer 6 with its edges
ei ther abutting oP3§¥&rFapiig & 1d5g ARARS Pefareers dhferart ickl detbes
sealed Wi th asmastaind whieelicalse jackhhrtfhetﬂa%fqpténﬁalh fniély ?;_eglaemb ?t:_ﬁcg? g
not conprise either unjagketed or, ti j acket ptical. fibres but jnstea
conprise optical PFfof agr g\‘/“i%&éd’\ﬂ { clthoc?fgljcégkeftol&ret f Smens LRLSES - S
between the optical substendialdyd invenpress jtdek 4l ik dufr; eshinggletey be a
plastics or netal tybeyl oRt GalssHisig element, contains, a coa s
substantial ly i nCB%?gés‘?:“gﬁ gihfcllrit% g)trl ors;lélf%r?p % & &5 ol %h% Jr}?llflyd o‘_'f“é\hm
silicone grease. the flagketnisuppertise thec wal lsuthemnesft lagadaists ntakrabicomp-

agai nst radi ab Cm‘si%-léﬁéfiil%?l P@gf'ﬁg?ﬁlﬂsﬁ'{cﬁﬁghx%yg?ﬁl space is completely

r emai ni ngspacei sc ed wi.t space | 0

conpl etely fill catandRe WEth §ha e AdYyigeked fi tddis spase d paatbieonpletely
wiithst and the conmpiddeidveilthadibeg flaid @heatiiciket diisdifomhdd do&pasEe
oD ol b e s Bebpre Ve bt 1 WLl 2L
than if the space were completely filled. This may be
15 achieved by increasing the wall thickness of the tube
forming the jacket.
_ Referring now to Figure 2, there is illustrated
submarine optical fibre cable which has a construction
the same as that illustrated in Figure 1, except that
20 there is interposed between the metal sheath 9 and the
core 1 a layer 11 of plastics material, which may, but
need not, be the same material as that forming the layer
6 of the core. Thus it is the plastics layer 11 which
closes the grooves 7 in the embodiment shown in Figure
25 2, rather than the metal sheath 9. As illustrated, the
| inner surface of the layer 11 which is in direct contact
with the outer surface of the core is cylindrical with
a circular cross-section. However, this inner cylind-
rical surface may be pfovided with radially inwardly
30 extending ribs which extend into the grooves 7 to reduce
the spaces left in the grooves not occupied by the op-
tical fibre elements which have to be filled with the
substantially incompressible fluid.
_ The optical fibre elements in the cable construct-
35 ions discussed in connection with Figure 2 like those in
the cable construction cf Figure 1 may comprise unjack-
eted optical fibres; tight-jacketed optical fibres or

loose jacketed optical fibres.



Referring now to Figure 2, there is illustrated submarine optical fibre,
cabl e whi ch has a construction the sanme as that .illustrated in Figure 1,
Hhat 20 there is interposed between the netal sheath 9 and:the
core %-l'ayer 11 of plastics material, owhich may, but need not, be the-
sane material as that form ng the |ayer 6'of the core. Thus it is the

pl astics |ayer 11 whi q{}hcl 0SS thg ?r é 6 I n the, enbodi gent shown in
Figure 25 2, rather ) 1PRe gelemgnt £ aLF, 1pege dreketsdr
surface of the Itztyasrmlllsvﬁwhq: splasdlcsdiayeaniatérpbshdt betaeglear thel f ace
of the core is | | {.C r - [ this

i nner cyl i nd- rft%:/daﬂg]g{ﬁfg%%ﬂn%gs %%g{b{' o'y/%gedg Qfﬁagggh ?ny:_g%ﬁﬂey SPF S
extending ribs Rftoteeitdivl 1eeset heckebovet theooptinsd fhbrepademenekt in
the grooves Not AREUNEkkVoVde, O Lhogh LhDFeeehensnt STHE Vg 14 s0€
filled wth 5tqhe- subeeé aggtl ao |y i nconpr essi b ?w drr§ F\'}é},@ogtglbggl qfng'r

el enents in the & Johshignte %5has|‘5h§ ﬂ?@%u@géﬂrﬁﬁ §9nﬁéepp§now Bis
Figure 2 like thase ddbléle:.mkﬂsﬁﬁﬂélﬁtiﬂCFigﬂr@szl OHbRe+ePBY theMRE1IRal
unj ack- eted optlcal efs brreov)vé"g cket e tIC€| fibres or | oose

j acket ed optical®FIbres.P e "ﬁ‘ne Pt P ‘Frf?'b? agf eREnthearoreodse and

j acket ed, the rineferfendsd pl 2isin cBigayer 3| nesch)oeedtbenvmeslhheece iead
met al sheaty My 5. ard ARG t n e 9 acgets of
t he optlcallrbfl br el elé’grféents 5 goﬁﬁd}iﬂigg an égiggfs H;'gel 'Jﬁ The
cabl e illus- tratigh i IMRe eizcket %hetb'anﬁogfenefa# pbastmst pvnmasatlhe

cabl e illustratafhifen 3 gurene. hé‘pi’\@é/ﬁrgrémegei2Cﬁ£vgr90¥§§ep€vﬂ%5ﬂeq$‘at the/
outer surface of the core and referenced 12 in Figure 3, each contain a

single optical FEMIFGHHPIL R STOMPR 2y af bhei eanef rafdiussasr sheded

outer surface of the tubes 13 so that the tubes contact

15 the bases of the grooves over the entire width of the
grooves. A plastics layer 15 disposed over the core 1
in contact with the outer surface thereof is provided
with radially inwardly extending ribs 16 which extend

~ into the grooves to fill the spaces therein left free

20 by the tubes 13. Thus each rib has a radially outward-
ly opening semi-circular recess having the same radius
as that of the outer surface of the tube 13.

When the tube 13 is formed of a plastics material,

for example a polyolefin such as polyethylene the o/

25 . layer 15 may be of the same material. However, this is
not essential and for example the plastics tube 13 may
be nylon and the layer 15 a polyolefin.

In the cable illustrated in Figure 3, an optical
fibre element occupies all of the space in each groove

30 12 subsequent to the closure thereof by the layer 15,
and accordingly the need to provide any substantlally
incompressible fluid to fill spaces in the grooves left
unoccupied by the optical fibre elements is eliminated.
However, the space remaining within each tube 13 which

35 loosely houses an optical fibre should:COhﬁain,and



mnth a |l oose jacket in the formof a plastics or metal tube 13. The
fieli cal grooves 12 have a base which is sem-circular in section an
same radius as the outer surface of the tubes 13 so that the tubes
15 t he bases of the grooves over the enéire wi dt h of the grooves.
pi astics | ayer 15 di sposed over the coré i'n contact with the outer

surface thereof is provided with radially inwardly extending ribs 16 which

ext end |nto t he fall [ ft f

Cubes 13 Thus coeprevably be! conb1epaegtr iees Bobl, shbEantiaalycing,
recess having theC¥ppresathle ﬁkuxﬁafoofsunpoouueg thef wedlsf ofheheube 13.
Wien the/tube 13 4igbd OfgEeh o ﬁa@mftes,ﬁpp@%sigg' %ﬁaaanggggltdgffggol yol efin

such as polyethylene t he 25 %60 _ e sa l
However, this is 3RRVeskerEenmeg ?dvlﬁkahbfeu§ﬁeoﬁléQPBGsJ?erttﬁ opy be

nylon and thes| ayercdb Bipobyoleiie &abibeceabtpubtlyat aﬁﬁagtkgtﬁgg%e 3,
an opti cal flbreéglenent occuples all of the space in each groove 12
subsequent to th Yt ther eof by the | ayer 15, and accordingly the need
to provide any substantThéIyayﬂnonyreSspbbgtibﬂlﬂat@r&hh'1§p3668rbﬁ bhea
grooves |eft unogg b el enents i,s eli
éﬁ%ﬁ“k{?hérﬁééﬁﬁ & %ﬁ EgecﬁﬁrﬁﬁPBHdégg “FBBSEP? houses

However, the space remain N ea
an optical fibre %hﬁﬂﬁhi?xﬂneﬁxguwan, afd phisesheayhbe7caspkeveryafilled

W oubstafy | Sluden s SONHESSII & 119 dr (01 2 30P0ET hLRA,E 0T VA1 | S O e

tube agai nst radi al conpre55|ve as dl scusse 6vE N connecti on
with the use of |oose $hcat ed 'iﬂﬁ eybﬁdealenfhsmbg stranhdscabl theonebhtuali on

illustrated in Fisgferimay include an electrlcally conductive element, for

example a copper wire, which is used together with the

metal sheath 9 to provide electric power to optoelectronic
15 repeaters for the optical signals being transmitted. One or

more of such conductive elements may be embedded
in the other strands 4 or wound around those strands.

In prior arrangements, the metal sheath has been used
to supply power to such repeaters with the water surroun-
20 ding the cable functioning as the return conductor and
a plastics layer over the metal sheath acting as a die-
lectric. 1In the proposed arrangemenfs for the embodi-
ments of the invention, it is the plastics material of
the core 1, fhat is thé_plastics layer 6, which acts as
25 a dielectric and accordingly the plastics layer 10 or
18 covering the sheath is not subjected to electrical
stresses which together with the action thereon of the
surrounding water leads to the formation of so-called
'water-trees' in this plastics layer and to corrosion
30 of the metal sheath, in the prior arrangements.

From the.foregoing it will be appreciated that
embodiments of the invention can be made more flexible
and easier to handle than prior underwater optical fibre
cables which have utilised metallic reinforcement

35 radially outwardly of the optical fibres and that the



¢ condu
“the nmetal sheath 9 to provide electric power to optoelectronic 15

The layer 15 of plastics material is covered by a water-tight nmetal sheath
17 corresponding with the sheath 9 in Figure 2, and this sheath 17 is
cover 10 with a further |ayer 18 of plastics material. In any of the
enbod ts the strands of the central nenber may include an electrically
ve element, for exanple a coppedOwirre, which is used together with

repeaters for the optical signals being transm tted. One or. nore of such
conductive el enehiBinpayiee %gbéﬂﬁbdth“fﬁ€cﬁﬂﬁéﬁ;§ﬁ4¥ﬁﬁ§tihﬁ gt far ound
thos?e strandsi wdpﬁgeﬁ eétiﬂ@gﬁﬁ_a?tﬁafﬁt aad[rawinaww &H;g&)ﬁiﬁi%lutSﬁd .;gﬁl
supply power to_such repeaters w he er. . surroyn- di n e &abl e
functioning as fHRT %tﬁ$n1 BﬁﬂﬁEFthSnBtgngI“%ﬁ°& ql%gﬁ"é‘re KR4 9. ShEar
sheat h acting asabsdbeingetransmittetlhehprebpysed arrangenents for the
enbodi - nepts of the invention, it is the plastics material of the core 1,
that is the plastics layer 6, which acts as 25 a dielectric and
accordingly the plastics |ayer 10 or 18 covering the sheath is not
subjected to electrical stresses which together with the action thereon of
the surrounding water leads to the formation of so-called '"water-trees' in
this plastics |ayer and to corrosion 30 of the nmetal sheath, in the prior
arrangenents. Fromthe foregoing it will be appreciated that enbodi nents of
the invention can be nade nore flexible and easi.er to handl e than prior
underwat er optical fibre cables which have utilised nmetallic reinforcenent .

© 35 radially outwardly of the optical fibres and that. the - 10 -

el imnation of such reinforcenent reduces the risk of hydrogen being
produced and acting on the optical



fi*Bres to increase the attenuation of the optical 's'i'_g_ nal s bei ng

transmtted thereby. - 11 - CLAIMS: 1. ﬂ' n ﬂ ﬂﬁ

suitable for underwater use, conprising qlcentranm"ﬁ "I l, ﬂ , ,

st randed rrerrbeé!a/g'! %h is enbedded in plastics materi%l tw #h & her spac
between the st f the central menber being filled with a 5.

substantial 'y trconpaessptlieall fithre i&mlelasui?fam eﬂ'dxglu,t'@é/,l.mgt@r use,
cylindrical ou I e pravide elica endi ng, grooves It
are cl osed by ggrnngs}% né Icanet% g“ | SPOSE O\fe%‘SJS%anﬁpl%%zﬁ dmemher which
| east .sone of GReegbedded eonmdlammg:samdt@asntalonamptumlsﬁaéﬁe tﬁé@ﬁ@éﬁ

the 10\said greﬁxeétf,‘»gah@' 'anh% TR '.T?égl %@%%S%Pef igidto

support the, or each, sai d |ayer agalnst Fessi
hydrostatic § oSHPAGantAaddyt dneempressd bl tﬂiencsbblfd@ plastiombiatasial

claimed in cl aha»;nsw/aeeguanaeah@aqpfdlﬁ%lr fgd}rneac% gimvllsde\jaqwm%w d@ kgt ed

optical fibres ble as c¢lainmed . in cl ereln sai

optical fibre SKERBALBEBREPVES yhdickaaTr (slesest b titd Maast tanghtl dxwesket s.

4. A cabl e d$spbsededvier Sgagﬁplas‘ﬂl@selnﬂt%&?ilométpal'ea?& fécf)ixli& & SRDL S
conprise optic res provided wit se jackets cabl e as
cl nged i npcl gLOQVQWnerel PALPABES gcge &%vu? t°rPé°1§ﬁt11 b slengnt 1 Hehe

| oose j acketO tﬁeléogrpnveachoopalmalngf |abrsa|b:sltelm:rita]113' fnridgsladare@s:.ble fluid
I I h onpr.essi,bl e
substantially £} gﬁggogé PheD 3rsulghant é\Qd M.a]yecf" rrpgamertel r?‘{j‘rfélgalcﬂaq%yer

cable as clained in one &f the préceding ¢crai ms,
di_sposed over TﬂésﬁYasthtéfﬁﬁﬁéFFl&I 1@Gﬁlpmlg§e$na;0\mt@rrelﬁar1m arse roflittactcable .

contact with said plas-
2. P cable as claimed in claim 1, wherein said optical

fibre elements comprise unjacketed optical fibres.
15

3. A cable as ciaimed in claim 1, wherein said optical
fibre elements comprise optical fibres provided with tight
jackets.

4. A cable as claimed in claim 1, wherein said optlcal
20 fibre elements comprlse optical fibres provided with loose
jackets.

5. A cable as claimed in claim 4, wherein the space
between the optical fibre and the loose jacket thereof in

va each optical fibre element is filled, or substantially filled
\ A 25 : :

H

with a substantially incompressible fluid.

6. A cable as claimed in any one of the preceding claims,
wherein one said layer disposed over the plastics material
comprises a water barrier in direct contact with said plas-

tics material.

30
7. A cable as claimed in. claim 6, wherein said water

barrier comprlses a metal sheath.

8. A cable as clalmed in any one of clalms 1 to 5,

wherein said layer or one of said layers comprlses a layer

35 of plastics.



30 tics material. 7. A cable as clained in claim ter
"barrier conprises a netal sheath. 8. A cabl e as M“gmp of
cl ai ns o 5, wherein sal d | ayer or 0n§20f sai d Ia rmses a* ayer
of pIa - 12 - 9. A cabl e aS“clTainmed in claim38, wherein satd

o

o ast - es 1 qye nghasﬂgca;%ungalseg WERET S P O Whegeh i L0 b Al

|nmardly exte rib I Choextend I nto sai r ool
as claimed inicsilagermes 2| ayhadrsca@pem teuefagen proyigdedywétbi n

said ribs filly, gtgae fPﬁcfﬁ“QF&Y‘?eQxiQﬂdﬁ?%ﬂ?&Kﬂ'&?cﬂfeibﬁné’pih@@' shiilre

el ements and sal d grooves. A cable as clained in claim8, 9 or.10,
wherein 10 Enepytastics Iayer i s interposed between said plastics }_,,f'

material and a water barrjer A cabl e as claimad n _claim
11, whereish sal® wat eb ‘6%?3?e?5c6ry'rﬁ|1f“§é’slé‘ fetadm sheathen18laim R dsy e as

claimed in an)’a;gﬁ@n@@dt{@ e18smdignerls, wHertdtbn . s\bﬂﬂerﬂbkhEJMOQMGS have a
radi al depth and a ciycunf erenhl al width at said 1cy“andrl ? % é surface
not greater tHERPSESMPetyeen theclpose dagkgtn £ fiy° é‘ﬁ R8T

precedi ng cl ai¢gFemtheschndt Baiat gaodscaf. said central nember com 20

prise steel wires. 15. A cable as clained in any one of clains to 13,
wherein the strnnds oA eabilecest rdlaimenbdm ocohaim sk, afoant 1 €, pghyaeiise

t hr eads. ca c d . - | 0B, 1 13 .
wher ei n the st? P%gsal h% tc"nr;al1 %ﬁé‘p‘g&rr%éigléagﬁp sh®d ﬁl%it:cs
materla] and a kater barrier o

o/

12. A cable as claimed in claim 11, wherein said water

barrier comprises a metal sheath.

13. A cable as claimed in any one of the preceding
15 claims, wherein the grooves have a radial depth and a
circumferential width at said cylindrical outer surface

not greater than 5 mm.

14. A cable as claimed in any one of the preceding
ciaims, wherein the strands of said central member com-

20 prise steel wires.
. /2

15. A cable as claimed in ‘any one of claims 1 to‘?ﬂ—
wherein the strands of sa1d central member COmpflS(

aromatic po]vam:de threads.
/3
16. A cable as claimed in any one of c]alms ] toz}#,

25 wherein the strands of said central member comprise

c6rboh fibre threadsf'

17. A cable as claimed in any one of the preceding
claims, wherein the strands of said central member in-

clude at least one eléctfically'conductiﬁe element.

30 18§. A cable as c1a1med in clalm 17, uhereln the or each

electrlcally conduct1\e element comprlses a copper wire.

19. A cable as clalmed in any one of the preceding
claims and devoid of any reinforcement against tensile
anag radial compressive loading radially outwardly of

35 the optical fibre elements thereof.



car hon fibre threads. 17. A cable as clainmed in any one of the preceding
. cl.aims’, wherein the strands of said central ast one
electrically conductive el enent. 30 A caﬁiﬁuis cl ai ned | n claim17,

wherei.n the or each electrically conductlve el e p

wire. 19. A cable as clainmed in any one of the @vmd

of any reinforcenent against tensile-add radial corrpreSS| ve Ioadl n

radially outwardly of 35 the optical fibre el enents thereof.

20. A cable as clainmed in any one of the preceding clains, wherein sal d

central nenber is adapted to with- stand substantially all of the tensile

| oadi Ags, on the20ab| A dabileg alsayiladmek tilhe atdblome of tdie pn‘kncemtrig:al fibre

cabl e swtablef ude ter use. sukstanyi | | herein described wth

reference to Fi gure % %W%re o the%la%cc%rrpar?lhﬁ"*gf%grlas adégp cgté mdth'
stand substantlally'all of the tensile loadlngs on the

cable during laying of the cable.

5 21. An optical fibre cable suitable for underwater
use, substantially as herein described with reference

to Figure 1, 2 or 3 of the accompanying drawings.

10



