2162656 UNDERWATER TELECOVMUNI CATI ONS LINE This invention relates to

t el ecommuni cations |line suitable for use underwater and conprising at |east
two optical fibre cabl-es which are connected in series with a device

cont ai ni ng optoelectronlc repeaters therebetween#% As is well-known, the
opt oel ronic repeaters are pro- vided between two optical fibre cables
for a 1 fying and transmtting signals received fromthe optical fibres of
one cable to the optical fibres of the other cable. The co i of t he
devi ce containing the opto- 10 el ectronic repeaters to tz (Cﬁ)ééa fibre
cabl es must not only provide connections between the optical fibres of t he
cabl es and the optoel ectronic repeaters of the device but nust al so ensure
continuity of the mechanical strength of the cables and be watertight sogs.
to prevent damage 15 by water to the internal parts of the device and the
cables. A known underwater optical fibre cable has over a netallic water
barrier sheath, within which the optical- flibres are disposed, netallic

rei nforcenent agai nst ten- 20 sile and radial conpressive |oadings, which
reinforcenent is formed by st M [ € up around the metal lic water
barrier sheath. In tel ecOhRERWAIER S IBLECOMMUNTCONIONS LINE nderwater in
whi ch at | east two such cables are connected in series with a device
cont ai ni ng optoel ectro- 25 ni c repeaters therebetween, the continuity

bet ween t he -2- netallic reinforcenent of the cables is achieved either ér
by connecting the steelThisetnventhen giedladreretanitofecemhugibhtionsaline -
casing of the deMihly fEANEsAl uhlersaRedV iR ddmpPEs £451 B0 $Qakbatwbhe

ca5|ng of the device
V) optical fibre cables which are connected in series with

. a device containing optoelectronic repeaters therebetween.
5 As is well-known, the optoelectronic repeaters are pro-
vided between two optical fibre ‘cables for amplifying
and transmitting signéls received from the optical fibres
of one cable to the optical fibres of the other cable.
The connection of the device containing the opto-
10 electronic repeaters to the optical fibre cables must not
only provide connections between the optiéal fibres of
the cables and the optoelectronic repeaters of the device
but must also ensure continuity of the mechanical strength {
of the cables and be watertight so as to prevent damage
. 15 by water to the internal parts of the device and the (
cables.
A known underwater optical fibre cable has over
a metallic water barrier sheath, within which the optical
fibres are disposed, metallic reinforcement against ten-
20 sile and radial compressive Ioadings, which reinforcement
is formed by steel wires laid up around the metallic
water barrier sheath. In telecommunication lines suitable
for use underwater in which at least two such cables are
connected in series with a device cbntaining optoeléctro-

25 nic repeaters therebetween, the continuity between the



"5 forms: part of the reinforcenent of the line and therefore has to be
capabl e of resisting mechanical stresses whi'ch arise during laying or
_raising operat ions on-the line or by interconnecting the individual wre

of the cables' reéinforcement. 10 N In each case it is necessary.‘\
ef fect a ‘mechan- ical connection for each 2aM+e of the cables' reinforce:
ment. Thus, "ensuring continuity of the cables' rein- forcement is a conplex
and arduous task. Furthernore, the existence of the reinforcenent wires on
the cables 15 hetddddcacedsd orgementomfi ddie fddlrless aml adhisevedkesither

difficult to Progidgenglecdihe €HRNetleans taean dile QdEH Lhdiieop! the

cabl es and the optoelectroniC re- peat ers devi ce.
difficult to profreB saRdeetei ghrasdmee d’d"%éﬁ/ﬁ@e‘#‘ thie means dhrslets

. sheaths 20 - of pbbevgakldes noale Uagldx@vls@m%am rtgagﬂegqmoak@caev{@én c
repeaters begaus of the Ere ence of e reinfaorce: nt. W res o th

cabl es over fBe Bartief & €at’"ﬁ'§ RECESE P AP et e (3 p‘i’lé%’é?\fm'e
invention is to thVbdeb35capabﬂele@owwwmsﬁﬂngﬂﬁhdhaﬂhéﬂntsﬂﬁéséés wisch
underwat er in which af or E{IEI’I'[IO ned q_laflfsl cnu td S, A £ avocl) deoh Tﬂene or
present inventioft” EiF'SW YELNE [ 8Y ABEAIniTEY SHN& PP nel%rhslta'bl §

underwat er use, bgnintsiregnaectdag theo ioptivddudl irendisthomekles'in
series with 30 _a.devi-.¢e,eq@t ai ning optoel ectronic repeaters therebetween;
each cable conprising a central tensile resistant menber tical fibres
radi/al l'y oul®ardly of sailé geebecasgndta iamacesfianerte @ﬁ‘gﬁ‘w JURGRR My

of the optical fiBLEScohnlechiond FeYQIadHOTWiGY JfeitHOI AN + 598 Afdrce -
tensile and 35 Ladial fOTPr €93l VS MRS AT A BT, ol fhe
-8/ > _
forcement is a complex and arduous task. Furthermore,
the existence of the reinforcement wires on the cables
15 hinders access to the optical fibfes and thus makes it
difficult to provide reliable connections between the
optical fibres of the cables and the optoelectronic re-
‘peaters of the device. Also it is difficult to provide
a watertight connection between the watef barrier sheaths
20 ° of the cables over the device containing the optoelect-
ronic repeaters because of the presence 6f the reinforce-
- ment wires of the cables.over the water barrier sheaths
thereof. ' '
An object of the preéent invention is to provide.
/. .25 a telecommunications line sﬁitable for use underwater
in which the aforementioned difficulties are avoided.

The preseht invention provides a telecommunic-
ations line suitable for ﬂnderwatér use, comprising at
least two optical fibfé cables connectéd in series with

30 a device contalnlng optoelectronlc repeaters therebetween,
each cable comprising a central tensile resistant member,
optical fibres radially outwardly of said member, and a

“water barriér radially outwardly of the optical fibres,
but béing'devbid of any reinforcement against tensile and

35 - radial compressive loadings radially outwardly of the



optical fibres; said device being provided with athrough- cavity ‘i n“which
there is located a, or at |east part of a, mechanical connection connecting
the gables' central nenbers; means being provided for fixing.the-device re- -
5 'Qﬁétive to the cables' central menbegis; and a watertight casi'ng nmeans
sealvfigly connected with the cables' water -barriers and extendi ng over the
device. In order that the invention may be well under- stood, sone

enmbodi nent s th%&,%qfc,alwlmége sqalf/&ra@.yla@ybéﬂn {aioeﬁama' alen'a'thwou how
be described in nopre detail, ref erence bei ng e accongan yil ng
S

drawi ngs, in wﬁPHHtYFﬁﬂnﬂ?¥fh:?qu?n&ﬁt%ﬁﬁ?ﬁﬁdc?osgrséétFSﬁ fPﬁ§Ft°§f a

| i ne conpri sing,amelchasii dalo doriasoaidi &ﬁﬁméatlﬂé théi BaBles' central
teleconnunication cabl es conggcted |n S &sf . a. devhge ﬁontalnlng: o
opt oel ect r oni ¢ "FERELr LGHET eV *ﬂéﬁl or | L1Xipg hhGeASX1SECFEs™
the part of5 théa&ehec&mmmhexnahiﬁs1|aent#mmmmemb6rgurena hahaneahdggtthe
line Il-11 in 3 d
respectively | t(‘):%%ltlt édl na%sc?%%sﬂg'& 5 o%%nnecgég f’-h Eﬁguféb%,@gof wﬁgretrs of
t wo aIternatlvbamangnﬂnanﬂ(ﬁxﬁqnﬂﬂngmﬁweﬂTﬁh@ndevmaeer t el ecomuni cat i on

lines illustrated in tﬁ%.%@%@ﬂ“%%é%“ﬂﬁéfihéénéféﬁtmL%DbH“Q@&!ﬂLﬁHeQQtlCa
25 fibre cables connected in series wi.th a device containing

opt oel ect roni c St@9sat ol IRFRABMARET tHT el + ywhieh| pRESERVFR B¥nprvse a
pluralityiof opifi eXanfpiler &33h) aﬁlcpmwttea dEsELIHEE &\hthoiesaeebh\xq o

devi ces cont ai ni opt oel ectro re ers between, so acent .pairs o
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of such a deviwhlbherebetmeen In the |IIustrated | i nes the cables 1 and .
each have a central te Jd €518 Epg p A kes _house
in tubes 5 radially ou?ﬁé%gnye%f 6%% ra Cé%%g Leg% §£t§ﬁf9

barri er sheat hod andine comprlslpg at least two underwater optical
15  fibre telecommunicétions cables:cohpeeted in series with
a device containing.opﬁoelectronie repeaters therebetween;
- Figure 2 is a transverse section of the part of
the telecommunications line shown in Figure 1 taken along
the line II-II in that figure; and
20 ' Figures J3 and 4 are respectively longitudinal
cross-sections, similar'to Figure 1, of parts of two
alternative telecommunication lines. —
The underwater telecommunlcatlon lines illustrated e
in the drawings comprise at 1east two underwater optical
25 fibre cables connected in series w1th a device containing \s)
optoelectronlc repeaters therebetween. Typically the
'lines will comprise a plurality of optical fibre cables
cbnnecfed in series with respective devices containing
'optoelectronlc repeaters between some adjacent pairs of
30 cables other adjacent palrs being connected without the

1nterpos1t10n of such a dev1ce therebetween

In the illustrated lines the cables 1 and 2 each
"have a central ten511e resistant member 3 and 4, optlcal
' flbres housed in tubes 5 radlally outwardly of the -

35 central member, and a water barrier sheath 6 and 7



-4- radially outwardly of the optical fibre, but they are de- void of any
rei nforcenent against tensile and conpress- ive |oadings radially outwar

of the optical fibres.-Cables of such a construction are disclosed in N
de- 5 tail in our UK Patent Applications. g?s; 8509947 (Serial No. @
) and 8509948 (Serial No. In the il:lustrated enbodi ments of the present

i nvention, the central menbers 3,4 preferably take the formof a conpact

antitorsionally ;rbg_ hetgﬁkfggfeflgf ﬁnttggeﬁﬁé%?giﬁr

thereof bei ng f|IIe mnth a su stantla y i nconpr essi urd -
‘fluid as used |Vr?1tq1é>fe>@¢ﬂ(3§§?’drf°mfaﬁt4a¢ivstnbenpléSSﬁbﬂermprdss-

behng :Jsed her ei [ +ted 1|cn£d t\&‘as&%!ﬁl ;&&%m&f §Pcl€hﬁsog§%ﬁ%he'ﬂmﬂrglsly
and-si Ij cone gre i on o |iquids; an
- sui tadste |IQU?d ﬁéﬁ% cdﬂﬂﬂbﬁ SOt Ryfeton ?ﬁemﬂ%ﬁﬁlPﬁﬁdoﬁﬂl@Qrefﬂsres

are housed fa m S:m—:dal:lredadroaﬂe B acdeatt SAﬁ;b’tEi@éOioﬁ@dNbge £609hRYN(BErsAACES
I n the tubes areﬁﬁlled mnth sus%;qﬁ # é%g reSS|bIe fluid. The
wat er barrier shéath 20 ﬁﬂvi %% r||c and a prastics
| ayer (19 in Figures 1 amhAQhesnkwuBMKknhdn@mb¢@Emmntsrobatheeprebeath
G her |ayers, for Q%QHB]qlokﬂﬂﬂdeﬁﬁyéﬁ*%§ﬁﬂﬁ a% §Cé+€PegH¥18ngﬁgvkﬂ§dtm@

over | ayer 19. The various conpo- nents o 'ons 0
under wat er 25 é&ﬁWé?fl%ﬂﬂP%quﬁ(ﬁﬂQﬂQPRQWPEleﬂ $hr§e¢eésmambhraWGéh|ce

10, cont ai ni n@ OpteRl AP IXY q,erm We HtrHidd pm&lrbaﬁkb@§ng' k&'iﬁégt @chn
a Qkaggered manner. The centr tensile re5|stan menber s

cables 1 and 2 afe S AntdR Iy dnRAMREfissib e td 30the|6ﬂrmatfﬂéa§t a
part of which ISabomak@dﬂﬂﬁﬁhdfﬁxpﬂﬁksiﬁﬁﬂtshﬂbﬁﬁntﬁﬁlﬂﬁviﬁéoﬁgregbﬁble
thLGUgh cavity 9f1u1%e being used herein to include viscous substances,
such as petroleum jelly and 51llcone grease, in addition

15 to liquids; and an example of a suitable liquid is sili-

cone oil. The tubes 5 in which the optical fibres are
housed form so-called loose jackets therefor and the re-
maining spaces in the tubes are filled with a substant-
- ially incompressible fluid. The water barrier sheath
20 6,7 may be plastics or metallic, and a plastics layer

- (19 in Figures 1 and 4) is provided over the water barrier

{ sheath. Other layers, for example of anti-ship-worm pro-
e ‘tection may be provided over layer 19. The various compo-
. nents of the adjacent end portions of two underwater

o/ 25 cables 1 and 2 which are connected in series with a device

10 containing optoelectronic repeaters are stripped back
as illustrated in a staggered manner.
The central tensile resistant members 3 and 4 of

the cables 1 and 2 are connected by a mechanical connect-
30 . ion, at least a part of which is located in a through-
cavity 9 of the device 10. The through-cavity 9 is de-
fined by a watertight metallic casing 14 of the device
in which the optoelectronic repeaters are housed. These
repeaters are of a type known per se and hence are not
illustrated.

)
n



fined by a watertight nmetallic casing 14 of the device in which the *

opt oel ectroni c repeaters are houséd. These repeaters are of a type known
per @« and hence are not 35 i I'lustrated. -5- In the line illustrated
in res 1 and 2, the mechani cal connéction conprises a clanp 8, Which is
di s- osed enti rer within the through gavity 9 of the casing 10, and whi ch
Is fornmed as a cylindrical sleeve which is 5 conpressed onto end portions
of the cables' central mem bers 3 and A received therein to.connect the
nmenbers 3 and 4 end-to-Bhdth@slime aildpatrated dnt h’egdﬂeustlrahﬁd x) afe 8,
the ends of theydw{dies Aosh b isC T annect ed, wi t hin
the through cavity 9 bf/a]?reans ﬁ%ﬂf‘bln @oHEFQ gne 3\:/(31 ﬁ‘p g'evp‘celslcfhiss'
fixed rel ati ve ReheHehirly ‘31%%!"4t§€lcﬁhfﬁ&ghl caydéy r90t0fr dthet e awinppve, -

axially rel ati vio} hai®twhicHhi§ F6rméedi g¥ed leﬁﬁﬂ'}ﬁ%ta'lngsl%%% & ;&,Oawf
12 of the casing 14 of the device wth respective 15 central nenbers

and 4 by ns O™ $3%% n‘b"%%n‘iﬂ‘?s??lﬁté%ﬁl PEr the ®EPLS Sgr icsmitgly memyages
the central nezars ahcand Hroweelide i theaélhntegbahné%dl &hley mewbegidly ex-
tendi ng fl ange 1S, S red, _f e | d- by rreans of
t hr eaded. faster?é’gdsth%ﬁht htz cegrg&lng %Sndg f@ 3&& Wg Rh\ﬁag&&t"] tatt?%l ng
16 i s sealingl f]mme&:st éch%quﬁ!er@fcdbtememhees Bamnided mlagrabhs::ﬁ-camhﬂc-as
ndicated at laiwy silontucuel dnonih the eheghEn Ba90dy7 o b Felahs © .

or by use of nmastic materials if the sheaths are &rimed
mat er i al 5.1%he ofadt Mprdensd etRisd over the device 10 and is rrechanl cally =

connected to the |atteHHB/d&ﬁﬁﬁbcﬁoaﬂsaﬁﬂﬂed relatlve to the members

L]

3 and 4 such that it does not rotate or move axially \‘)

relative thereto. This'is'achieved'by connecting each end

surface 12 of the casing 14 of the device witﬁ:respective
15 central members 3 and 4 by means of a fitting comﬁrising

a collar 13 which grippingly=engages the central member

and is provided-with an integral radially outwardly ex-

tending flange 11 which is secured, for example by weld-

ing or by means of threaded fasteners, to the casing end
20 surface 12.

A watertight casing 16 is sealingly connected with

-—

the cables water barrier sheaths 6 and 7 as indicated at ~L’

17 for example by welding if the sheaths 6 and 7 are
metallic or by use of mastic materials if the sheaths are
25 formed of plastics materials.
The casing 16 extends over the device 10 and is
mechanically connected to the latter by means of an annﬁ-
. lar flange 15 which is integral with and extends radially
outwardly from the device casing 14 and.is mechanically
30 connected to the casiﬂg 16,for example by an annular weld
23, . :
Over the watertight casing 16 there is provided
a plastics layer 18 which extends between and is secured
to the plastics layers 19 of the cables 1 and 2. Further

35 layers, for example of anti-éhip—worm protection, are



"lar flange 15 wh
t he device casin
.16,for exanple b
i's provided a pl
pl astics ‘| ayers

of anti -shi p-wor

ich is integral with and extends radially outwardly from

g 14 and is nechanically 30° connected to the casing

y an annul ar weld 23. Over the watertight casing 16 theigi

astics layer 18 which'extends between and is secured to*fhe
19 of the cables 1. and 2= ®urther 35 | ayers, for exanple

m protection, are provi ded over layer 18 if

correspondi ng | aygiow iale’i Wveer Vidiaekr ov&rif heofpbbkpondinyel sydPs ibe

wat erti ght casin
connected to the

ro-
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fixedly connected to the stripped end portions of the

sheaths 6 and 7 of the cables 1 and 2 at 17 for example by

welding or with mastic material as discussed above. The
larger diameter second end portions. 22 are sealingly
interconnected and fixed relative to the device 10 by be-

ing welded to the flange 15 of the device casing 14 by

weld 23. Thus, there is provided a mechanical connection

'between the metallic casing 16 and the device 10, which

itself is mechanically connected through fittings 11,13
to the central tensile resistant members 3 .and 4 of the
cables. As a consequence, the weight of the casing 16 ic
supported by the members .3 and 4 rather than the sealing
connections 17 between the casing 16 and the sheaths 6
'and.7 during laying or raising operations on the line and

these connections are thus maintained substantially

_ stress-free. Altérnatife means for supporting the weight

15
20
s . 2
30

of the metallic casing to the flange 15 such that the

' sealing connections 17 are substantially stress-free may

35

be provided. For example, in a non-illustrated embodiment.
the flange 15 is omitted and a metallic covering is dis-
posed around the casing 16 over the outer surface of the

layer 18 thereon and over adjacent predetermined lengths



25 supported by the nembers 3 and 4 rather than the sealing connections

17 be en the casing 16 and the sheaths 6 and 7 during laying or raising
oper@ns on the line and these connections are thus maintained : ‘ .
subst¥eftial |y stress-free. Al ternativeé, means for supporting the werght 30

of the netallic casing to the flange 15 Zuch that the seal i ng connections
17 are substantially stress free may be provided. For exanple, in a

non-illustrate d S e nmet a
covering i's di g-feg'@ge ar oun Jecl%%g(ﬁlééi% %)%g&%hgg Oge?hguﬁahhgsofl PR
35 layer 18 @hépeéﬁlawfoa\ﬁér engagemenpreberevithed Thagohdy fuakttiles

outer surfacesogf thig mexendikd fvdiensaples, %Fgﬂsf e hb! %h%ﬂ%l of,
engagenent therew th. ‘The %pgéxfunctlon of this neta |c coveri isto” «
transfer the méﬁﬁhfaéﬁnﬁhé 4ty e (ﬁHYFTh%ubﬁ?%?ssaffﬁbéscéblﬁﬁe caﬁhsg/

5 5 Connect i onEodvherwsingd 2Rk dhcOPLhgathé i bpescal E‘Hﬁrﬁébb?sthe
whi ch are houseg |gstu 8s. 5 andtggllggl fibres connected {o
opt oel ect r oni ¢ “FEpESt &r's b Ari%e 1$Wﬁ%¥F%x§eﬂﬂdf?Bﬁ+Fﬁé ﬁéVFEé casi ng

end surfaces 12onnesgeided ot tihes o&;ﬂ;oea?rescmhapmeﬁlepeaheﬁsthﬁ thei dgvieée,10

Preferably the | | 16
substantial |y rﬁggﬁp?gggf?ngﬁ?ﬁhﬁniué% as dé%e %Ieﬁﬁ1f%f%9ce3 éplﬁgone
grease or sili&gadedi tubes &3, Qﬂ?lﬂwﬁ9Q§QﬂxMi¢hdn|¢heheaspngcab flbres of
the cabl egol apdefedhd1ynithek¢lenth inidPispscdali 19&9? éﬁ ?Rg Ya

0 e Ca

| oose-j ackets foroged by gubes the optical fibres
woul d be conneéféaeﬁowﬂﬁ Gp Subistanti gl las kﬂcqmnrﬂ%%4bbelﬁlbydfaspbnas

splicing. Elecarpetpodennf gelllye e emtyidornd I éébfﬁrtgflﬂQonedSche 10'€1J
provi ded by conductorsI%ncorHokgted n th | es and 2, for exanple by
the central tensile reltsréftant &S %ﬁl*% ?e?pBéF??ef ﬁ@ﬁths
(or by of the cables ‘1 and 2 are unjacketed - that is not pro-
15 vided with loose-jackets formed by tubes, the optical
fibres of the cables 1 and 2 would be connected to the op-

tical fibres of the device 10 by fusion splicing.

Electric power for the electric circuits of the
20 device 10 is provided by conduc*ors incorpofated in the
cables 1 and 2, for example by the central tensile re-
sistant members and metallic water barrier sheaths (or by
conductors adjacent the water barrier sheaths if the
latter are plastics), and it will be Unders£00d that elec-
25 tric connections between these conductors and the device -/
10 are housed inside the casing. An alternative embodi-
ment illustrated in Figure 3 differs from the above-
described embodiment only with respect to the mechanical
connection cOnnecting the central tensile reSistant mem-
30 ber 3 and 4 of the cables 1 and 2. In the embodiment
shown in Figure 3, this mechahical'CChnectidn is only
-partly disposed in the through-cavity 9 of fheﬁdevice 10
and comprises a tensile resistant element 26 which extends
‘through the through-cavity 9 with each end horéion 27,28
35 of the element 26 being disposed outwardly of the through-



* ¢onductors adjacent the water barrier sheaths if the latter are plastics),
and it will be understood that elec- 25 tric connections between these
.conductars apd the device 10 are housed ‘i nsi de the casing. An alter@§§5ye
énbodi - nent illustrated in Figure 3 differs fromthe above- descri '
enbodi nent only with respect to the mechari &l connecti on connecting the
central tensile resistant mem 30 ber 3 and 4 of the cables | and 2. In
t he enbodi ment shown in Figure 3, this mechanical connection is only -
partly di sposed ¢avite eveouahrredeterniped; idsgancee Mheared emmmdy imaas ke a
tensile resistanheeh £NEpY gﬁ?’ghlelg?ent a@d%owa%ganth&.otﬂyi%-ﬁavgéya#a%?y

with each end portion 27,2 the el enment 26 bei ng _di sposéd outwar
of - the through- roreg-fereX3mpler aTPreddtiimese¥haise dlangemd kiasient

: ][rayﬂw@fa Im_at al hr@?c,@f-ed't@vn\ghé é?ldCQﬁPiﬂﬁbe%ntliZt Q.’rfsit.mgldewi&ter eauﬁchd go#o‘e,

or exanple. T I ttinhgs_who anges 11 are.secured to t, e surfaces
19 of Ehe dedi chenei HiTn T Eansa I er i PRIPEYe ChEEAD A e RRr A
with the el éenent2@6, anddresppetiveecthapps 229, sdimiillaar tico cdlamyp 8 dli sussead

above, connect t fLee riian : 0 |_enent e £nds_of
t he cabl es’ cént?ﬁ v%én%§$§e§?4£g§tgF§;_é?ﬂyggkqgﬁést%?gggﬁ?gge?%€ ement
Al ternatively th26ceatthe eods afnbhescadblesdn coatmadhmenbens) Tohmrectenh-

end-to-end with {hpyresperti VRr80ghRLEVERDS 927, 38 tQfr s vil 1§ B e 2 dttral
nmeans of hardened wel ds. Another alternative_enbodinent i1]llustrated in

Figure 4 di}9er smemRersnd: énbdhi Renmeshard cad 1y goraected endpfp-2nd) wifeh
provi sion of twotleéxiéspéyt £a6i 868 3Brdisnspeygad swidthivhet ke et R 6L by Each
auxiliary casing 30 is geﬁalhic nd gﬁnerally_frusto-conical in form The
srall - er di anet®F2RRd°31"BF“BAER HGxCfirary casing 30 is seal -

- Another alternative embodiment illustrated in
Figure 4 differs from the embodiment shown in'Figures 1
15 and 2 by the provision of two auxiliary casings 30 dis-
posed within the casing 16. Each auxiliary casing 30 is
‘metallic and generally frusto-conical in form. The small-
er diameter end 31 of each auxiliary casing 30 is seal-
ingly connected to the water barrier sheath of a respect-
20 - ive cable at a connection 32 and each casing 30 extends
to and has its larger diameter end 33 sealingly connected
to an adjacent side wall of the device casing 14 via an
= _ annular flange 34 thereof. :
. "The connections 24 cOnnecting the'optical fibres
N 25. .of the cables which are housed in tubes 5 and the optical
fibres connected to the'Optdeleétronic'répeaters of the
device which are housed in tubes 25 are disposed within
the auxiliary casings 30 with the remaining spaces within
‘the casings 30 filled with a substantially incompressible
‘30 fluid, such as a petroleum jelly, silicone greaéé or
silicone oil. Thus, the provision of the auiiliary cas-
ings 30 further protects the connections 24 from possible
damage by water.
It will be appreciated that this further protect-

35 ion provided by the auxiliary casings 30 makes their



ingly connected to the water barrier sheath of a respect- 20 I vé cabl e at

a connection 32 and each casing 30 extends to and has its |arger dianeter

end 33_sealingly connected to an adj.acent side wall of the devi ce casing 14 | -
Vi a a@nul ar flange 34 thereof. The connections 24 connecting t-he eptical
fibres—25 of the cables which are fods&d in tubes 5 and the optical

fibres connected to the optoel ectronic repeaters of the device whi'ch are
housed in tubes 25. are di SPOS n.the auxiliary casings 30 w_th the
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bet ween those dBHHEded WETERS hachBRi KAOWEOhRLEEITHUNICE! B 1e oper- \.)
ation to establish the mechanical continuity between
_ those members, whereas in the known telecommunications
15 lines discussed hereinbefore the equivalent step of est-
ablishing mechanlcal contlnulty between the metallic re-
1nforcement of the cables involves making connectlons
with the individual wires of the reinforcement which are
laid up around ﬁhe water barrier sheaths of the cables.
20 _ Furthermofe, the absence of any reinforcement
| against tensile and radial compressive loadings radially
outwardly of the optical fibres in the cables 1 and 2
greatiy assists access to the optical fibres at the N
stfipped ends of the cables and hence enables more reli-
25 able éonnections to be made between the optical fibres of /
the cables and of the device 10..
. Furthermore, the sealing connections between the
__cables'watér barrier_sheaths_6,7 and the casing 16 (and
the auxiliary casings 30,'whén provided) can be reliably
30 made since aécess to their locations is also not impaired
by réinforcement wires on the cables water barrier
sheaths. | '

35



15 li nes di'scussed hereinbefore the equival ent step of est- ablishing
mechani cal continuity between the netallic re- inforcenent of the cables

i pvol ves. makiing connections with the individual wires of the r@orcengnt
which are:.laid up dround the water barrier sheaths of the cabl 20~
Furthernofe, the absence of any rei.nforggnent against tensile and radi al
conpressive 1oadings radially outwardly of the optical fibres in the cables
1 and 2 greatly assists access to the optical fibres at the stripped ends
of the cabl es andchqissenabl es nore reli- 25 able connections to be nade
bet ween the opticat—ftTbres of the cables and of the device 10.

Furthernore, the sealing connections between the cabl es water barrler

sheat hs. 6,7 and the casi g tkQ econthirdic Adnd a ¥n & asiNgsb BO, fvhetnBE Pvhded)
can'ﬁhuTellably 30 made si.nce acce to their | ocatjops is al not
pai red by rel ni BFEanERRRIIARD RY e LAl BH0 R bh FTRrE hRBERS. cnnec-
- 10 - CLAIMS: 1. ted 1nAsﬁﬂuasnwmnh(Hﬂdenmré|¢nntnﬂﬂfﬂgeoﬁOoenedefmaﬁer
use, comprising a %%%AQM%Hgyé(éﬂwJéJU éﬁ”éﬁb rgb {§9n§“ SS g

with a device con a|n|n op toelectronlc Tepe ers ere Tueeh® Bach LAte
conprising a 6entﬁah5518 F@@ﬂﬁﬂ?ﬂﬁﬁmﬁmhﬂn mptbiegal obibhres fﬁ@ieélyaduakly
out- wardly of said - EIOYr U WML, RATd | LIwd A ALY PLt - r%ig!l!yof)ughe

optical fibres, but being devoid of any reinforcement against tensilé an
radial conpressi v¥arddd Rfs thediontie R RSy diut Rebpgi deyoidppEsanyai d
10\ devi ce bei ngr@rm\flod-e@m@dm a@dlméwgfbmaé Yand AL t B&hpréSslhioeat ed

a, or at |east pa& 1nﬂb Jléyly outwardly of the optical fibres; said
N\ | 10 dev1ce being provided with a through-cavity in which
there is located a, or at least part of a, mechanical
connection connecting the cables' central members; means
being provided for fixing the device relative to the
cables' central members; and a watertight casing means
15 sealingly connected with the cables' water barriers and

extending over the device.

2. A line as claimed in claim 1, wherein said mechan-
ical connection comprises a clamp which is disposed with-

in said through-cavity and about the end portions of the

20 cables' central members to connect said members end-to-
' . end.
o/
3. A line as claimed in claim 1, wherein said mechan-

ical connection comprises a tensile resistant element

which extends through said through-cavity with each end
25 ' of said element being disposed outwardly thereof, and

respective clamps which connect the ends of said element

to the ends of said cables' central members.

4. A line as claimed in claim 1, 2 or 3, wherein said
watertight casing means comprises two symmetrically dis-

30 posed sleeves each comprising first and second

(T



connection connecting the cables' central menbers; means being provided for
fixing the device relative to the cables' central nmenbers; and a watertight
casi pg~yeans 15  sealingly connected with the cables' water barfiers and =
ext e g over the device. 2: Aline as clained in claim1, wherein

sai d mechan- ical connection conprises g clanp which is disposed wit.h- in
sai d through-cavity and about- the end p FtTons of the 20 cabl es' central
menbers to connect said menbers end-to- end. 3. Aline as clained in
claim 1, wherei ' - AQal ngectd m' S; ' ' I 8, ant
el ement whi ch eg?ggﬁgnﬁ%&gh dgai?orll t hroughérf:H;vi ty V\?'t?ﬁ t%%ﬁgﬁgh%%@ﬁgﬁ&

sai d el enent bePRgiBtepasddadm fauRte 19l reRtierpeterhefiratpsndhi ch
connect the endgoptisai Be@npitallihdine itife e d i elc2bhESwateA babr . .7
menbers. 4. Aline as c¢lained.,in clajm,1l, 2 or 3, wherein,said . \3"
watertight casifif AebiRSPESHIMSs &0k m?i%ea‘f? ¢TRd BRrtigREchednrgeves
each conpri §i ngséalshgadpd ineedbnnecteld.l - substantially cylindrical end
portions interconnected by an internmedi ate frusto-conical portion, each
first end portion being sealingly connected with the water barri of a
respective cabl §.and t Aeldecoré aldipmd iionsclheimy 5 wheeainngvg auxili-
ntercomnected ,py casifigsl B ANHATH ditidR dfa WOELEL Deh¥OcBUXbE! -
ary casings are d?’sposed W thin sard waterti ght casing neans each” aux liary
casi ng bei ng seBPPR§l gaednaiidd ary qasing feing rserlbnelyreapeected cabl e,
and to an 10  ggdj 8penwatelr bafrrisd GrlayikasgsctdvEncibee adl! L8 ¥ncasin
ext ends. 6, A line as a(illaiorPad [ ndcldai mb5, in jch said auxi-

10 . adjacent w sai evice to which the auxiliary
casing extends. ' - : &“’
6. ‘A line as claimed in claim 5, in which said auxi-

' liary casings are metallic.

7. A line as claimed in any one of the preceding
15 claims in which said casing means is metallic.
8. A line as claimed in any one of the preceding

claims, comprising means for supporting the weight of
the casing means such that the sealing connections there- \/
of with the cables' ﬁater barriers are substantially

20 stress free. W,

9. A line as claimed in claim 8, wherein said supp-
orting means comprises flange means extending radially
outwardly from the device and secured to said casing

means.

25 10, . A:line as claimed in claim 9, when claim 8 is app--
ended to claim 4,5 or 6 or to claim 7 when claim 7 is
- appended to claim 4,5 or 6, wherein said flange means ex-
tends between and is connected to said second end port-

ions of the sleeves of the watertight casing means.

30 _—
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“liary casings are nmetallic. 7. Aline as clained in any one of the
precedi ng 15 clainms in which said casing neans is netallic. 8. A line
. @s claimed in any one- of the preceding clains, conprising neans for

supporti ng the vieight of the casing neans such that the sealing cor@i ons
there- of with the cables' water barriers are substantially 20 st
freean 9. " Aline as claimed in claim8,~ vferein said supp- orting neans
conprises flange nmeans extending radially outwardly fromthe device and
secured to said casjng ne . 25 10, . A.line_as glaipged i.n claim?9,
when claim8 is aglz-' ende%llrtflom?:li"ausrﬁ:ga,‘?s""(":")?i 80 E?%)mc?ai wm;ar\fﬁé‘n S RUPROFt-
appended to cl ai mihs mgaes odmpreisesaddmétahfécneameréng ddsee seet wreumhd
is connected to saigk o0, t2n40 f e ertight
. cashpg/ neans. 30 aéadléigcc 11.5%7’1’%%%%?5% a?n@gcghgcﬁgi@%g ,etr\%)(}é‘\rggiltn sai d
support- ing meanslengihs e euher asurtaeesepf nfhai spesegbdesud®d faiigtional
casing means and QufFagdhasentheredetrrm ned I engths of outer surfaces of
the two cables in frictional 5 engagenent therewith. 12. A
t el econmuni cations |ine suitable for underwater use, substantially as
herein described vizh refpreftecsminh gatsodsabing, shkigubee3 for Rinflére:at «af

the acconpanylng(ﬂggqrgﬁksgéktially as herein described with reference

to Figures 1 and 2, Figure 3 or Figure 4 of the
~ accompanying drawings.
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